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How  to  Find  Product  Data  in  This  Reference  Manual 


THIS  VOLUME* 

Contains  Data  Sheets,  Selection  Guides  and  a  wealth  of  background  information  on  state-of-the-art  products  that  are  suitable 
for  new  equipment  design. 

This  volume  is  one  member  of  a  six-volume  set  of  reference  manuals  describing  and  specifying  Special  Linear,  Amplifier, 
Converter  and  Military/Aerospace  products  from  Analog  Devices,  Inc. 

IF  YOU  KNOW  THE  MODEL  NUMBER 

Turn  to  the  product  index  at  the  back  of  the  book  and  look  up  the  model  number.  You  will  find  the  Section-Page  location  of  any 
data  sheet  in  this  volume.  You  will  find  additional  references  for  all  other  Analog  Devices  products  currently  available. 

If  you're  looking  for  a  form-and-function-compatible  version  of  a  product  originally  brought  to  market  by  some  other  manufacturer 
(second  source),  you  may  find  it  by  adding  our  "AD"  prefix  and  looking  it  up  in  the  index.  Or  call  our  nearest  sales  office. 

IF  YOU  DON'T  KNOW  THE  MODEL  NUMBER 

Find  your  functional  group  in  the  list  on  the  opposite  page.  Turn  directly  to  the  appropriate  Section.  You  will  find  a  functional 
Selection  Tree  and  Selection  Guide  at  the  beginning  of  the  Section.  The  Selection  Tree  and  Selection  Guide  will  help  you  find  the 
products  that  are  the  closest  to  satisfying  your  need.  Use  them  to  compare  all  products  in  the  category  by  salient  criteria.  A  com- 
prehensive Table  of  Contents  is  provided  for  your  convenience  on  page  1-5  through  1-15. 

IF  YOU  CAN'T  FIND  IT  HERE  .  .  .  ASK 

If  you  can't  find  the  product  you  are  looking  for  in  this  databook,  please  contact  your  local  Analog  Devices  sales  officer  or  phone 
our  Applications  Department  at  617-937-1428  or  1-800-262-5643  (U.S.A.  only). 

See  the  Worldwide  Sales  Directory  on  pages  24-16  and  24-17  at  the  back  of  this  volume  for  our  sales  office  phone  numbers. 
*The  fax  retrieval  system  number  shown  on  abridged  and  preliminary  data  sheets  applies  to  U.S.A.  and  Canada  only. 
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GENERAL  INFORMATION 


Analog  Devices,  a  Fortune  500  Industrials  company,  designs, 
manufactures  and  sells  worldwide  sophisticated  electronic  com- 
ponents and  subsystems  for  use  in  real-world  signal  processing. 
More  than  six  hundred  standard  products  are  produced  in 
manufacturing  facilities  located  throughout  the  world.  These 
facilities  encompass  all  relevant  technologies,  including  several 
embodiments  of  CMOS,  BiMOS,  bipolar  and  hybrid  integrated 
circuits,  each  optimized  for  specific  attributes — and  assembled 
products  in  the  form  of  potted  modules,  printed-circuit  boards 
and  instrument  packages. 

State-of-the-art  technologies  (including  surface  micromachining) 
have  been  utilized  (and  in  many  cases  invented)  to  provide 
timely,  reliable,  easy-to-use  advanced  designs  at  realistic  prices. 
Our  popular  IC  products  are  available  in  both  conventional  and 
surface-mount  packages  (SOIC,  LCC,  PLCC),  and  many  of  our 
assembled  products  employ  surface-mount  technology  to  reduce 
manufacturing  costs  and  overall  size.  A  quarter-century  of  suc- 
cessful applications  experience  and  continuing  vertical  integra- 
tion ensure  that  these  products  are  oriented  to  user  needs.  The 
ongoing  application  of  today's  state-of-the-art  and  the  invention 
of  tomorrow's  state-of-the-art  processes  strengthen  the  leader- 
ship position  of  Analog  Devices  in  standard  data-acquisition  and 
signal-processing  products  and  make  us  a  strong  contender  in 
high  performance  mixed-signal  ASICs. 

MAJOR  PROGRESS 

Since  publication  of  the  selection  guides  in  the  current  set  of 
Reference  Manuals,  Analog  Devices  has  introduced  more  than 
200  significant  new  products;  they  run  the  gamut  from  brand 
new  product  and  market  categories  and  technologies  to  standard 
products  (with  improvements  in  price,  performance,  or  design) 
to  augmented  second  source  products.  All  of  the  newest  prod- 
ucts in  the  area  of  standard  data  converter,  amplifier,  and  spe- 
cial purpose  linear  are  included  in  this  volume,  with  our  latest 
offerings  in  DSP  and  special  function  products  for  audio,  com- 
munications, and  computer  peripherals  to  be  published  in  our 
forthcoming  DSP  Reference  Manual. 

Examples  of  the  variety,  performance,  and  innovation  content  of 
outstanding  new  linear  and  data  converter  products  to  be  found 
in  this  volume  include: 

•  AD8001/AD8002  800  MHz  single  and  dual  current  feedback 
operational  amplifiers  that  use  only  50  mW  from  ±  5  volt  sup- 
plies— first  amplifiers  from  the  XFCB  process 

•  ADXL05  second  generation  surface-micromachined  acceler- 
ometer  with  ±5  g  full  scale  and  better  than  1  milli-g  useful 
resolution 

•  AD7716  22-bit  quad-input  sigma-delta  ADC  with  105  dB 
dynamic  range  at  146  Hz  bandwidth  on  50  mW  from  ±5  volt 
supplies 

•  AD420  1 6-bit  complete  digital-to-4-20  mA  current  loop 
driver  with  serial  interface  and  3  MHz  update  rate 

•  AD720/AD721  RGB  to  NTSC/PAL  encoders  needing  no  ex- 
ternal filters  or  delay  lines 

•  AD878  14-bit  2.2  Msps  ADC  complete  with  SHA  and  refer- 
ence using  only  500  mW 
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•  AD607  complete  receiver  IF  subsystem  with  mixer/AGC/ 
RSSI  from  3  volt  supply 

•  AD9101  125  MHz  sample-hold  amplifier  with  350  MHz  sig- 
nal bandwidth 

•  OP291/OP491  rail-to-rail  input/output  dual  and  quad  op 
amps  that  work  down  to  a  2.7  volt  single  supply 

•  AD78S3/AD78S8  single/octal  input  12-bit  200  Msps  sam- 
pling ADCs  using  only  5.5  mW  from  a  3  volt  supply 

•  REF190  Series  precision  references  with  0.5  volt  dropout 
voltage,  ±2  mV  accuracy,  and  45  |iA  supply  current. 

Many  more  could  be  added  to  this  list. 

DESIGN-IN  REFERENCE  MANUAL 

This  volume  provides  comprehensive  technical  data  on  the  lat- 
est Analog  Devices  standard  linear  and  data  conversion  prod- 
ucts for  all  of  the  electronic  industries  we  serve,  with  particular 
focus  on  the  industrial,  instrumentation,  and  military  markets. 
This  Design-In  Reference  Manual  contains  technical  information 
on  all  of  the  standard  linear  products  that  we  recommend  for 
new  designs.  This  is  a  companion  volume  and  update  to  the 
series  of  Reference  Manuals  we  began  publishing  in  1992. 
These  manuals  include  the  two-volume  Data  Converter  Reference 
Manual,  Amplifier  Reference  Manual,  Special  Linear  Reference 
Manual,  and  the  Applications  Reference  Manual.  While  this  vol- 
ume provides  up-to-date  information  on  our  products,  products 
which  have  appeared  in  a  Reference  Manual  previously  may 
have  an  abbreviated  data  sheet,  so  it  is  important  to  retain  the 
entire  set  of  Reference  Manuals  to  have  complete  applications 
information  about  all  of  our  products.  If  you  need  one  of  the 
previously  printed  Manuals,  you  can  order  it  from  our  Litera- 
ture Center. 

In  the  approximately  2400  pages  of  this  volume  you  will  find: 

•  Recently  released  products  with  a  complete  data  sheet  con- 
taining all  application  and  packaging  information  required  to 
design  in  the  product. 

•  Design-in  products  appearing  in  a  previous  Reference  Manual 
which  may  have  an  abbreviated  data  sheet  containing  only 
specifications,  packaging,  pinout,  and  block  diagram  informa- 
tion, sufficient  to  make  a  design  choice,  but  possibly  not  suffi- 
cient to  complete  a  design;  the  full  data  sheets  on  these 
products  are  in  the  previously  printed  Reference  Manuals. 

•  Advance  technical  information  on  upcoming  new  products 
which  may  prompt  you  to  seek  more  up-to-date  information 
on  the  product. 

•  Selection  guides  and  product  function  trees  for  finding  prod- 
ucts rapidly. 

•  A  representative  list  of  available  Analog  Devices  technical 
publications  on  real-world  analog  and  digital  signal  processing. 

•  Our  Worldwide  Sales  Directory. 

•  The  complete  Product  Index  to  all  Analog  Devices  products 
currently  available  or  soon  to  be  released  which  are  covered  in 
any  of  our  Reference  Manuals  or  the  upcoming  DSP  Reference 
Manual. 
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The  product  data  in  this  book  are  intended  primarily  for  the 
majority  of  users  who  are  concerned  with  new  designs.  For  this 
reason,  existing  and  available  products  that  offer  little  if  any 


unique  advantage  over  i 


ducts  in  future  designs  are 


listed  in  the  Index,  and  data  sheets  may  be  available  sepa- 
rately—but they  are  not  published  in  this  book. 

TECHNICAL  SUPPORT 

Our  extensive  technical  literature  discusses  the  technology  and 
applications  of  products  for  real-world  signal  processing.  Be- 
sides tutorial  material  and  comprehensive  data  sheets,  including 
a  large  number  in  our  reference  manuals,  we  offer  application 
notes,  application  guides,  technical  handbooks  (at  reasonable 
prices),  and  several  free  serial  publications.  For  example,  Analog 
Briefings®  provides  current  information  about  products  for 
military/avionics,  and  Analog  Dialogue,  our  technical  magazine, 
provides  in-depth  discussions  of  new  developments  in  analog 
and  digital  circuit  technology  as  applied  to  data  acquisition,  sig- 
nal processing,  control,  and  test.  DSPaich®  is  a  quarterly  news- 
letter that  brings  its  readers  up-to-date  applications  information 
on  our  DSP  products  and  the  general  field  of  digital  signal  pro- 
cessing. We  maintain  a  mailing  list  of  engineers,  scientists,  and 
technicians  with  a  serious  interest  in  our  products.  In  addition 
to  these  reference  manual  catalogs — and  general  short-form  se- 
lection guides — we  also  publish  several  short-form  catalogs  on 
specific  product  families.  You  will  find  typical  publications  de- 
scribed on  pages  24-1 1  to  24-15  at  the  back  of  the  book. 

SALES  AND  SERVICE 

Backing  up  our  design  and  manufacturing  capabilities  and  our 
extensive  array  of  publications,  is  a  network  of  distributors,  plus 
sales  offices  and  representatives  throughout  the  United  States 
and  most  of  the  world,  staffed  by  experienced  sales  and  applica- 
tions engineers.  Our  Worldwide  Sales  Directory,  as  of  the  publi- 
cation date,  appears  on  pages  24-16  and  24-17  at  the  back  of 
the  book. 

RELIABILITY 

The  manufacture  of  reliable  products  is  a  key  objective  at 
Analog  Devices.  The  primary  focus  is  a  companywide  Total 
Quality  Management  (TQM)  Program.  In  addition,  we  main- 
tain facilities  that  have  been  qualified  under  such  standards  as 
MIL-M-38510  (Class  B  and  Class  S)  for  ICs  in  the  U.S.,  MIL- 
STD-1772  for  hybrids,  and  ISO9000  (required  by  many  Euro- 
pean customers).  Many  of  our  products — both  proprietary  and 
second-source — have  qualified  for  JAN  part  numbers;  others  are 
in  the  process.  A  larger  number  of  products — including  many  of 
the  newer  ones  just  starting  the  JAN  qualification  process — are 
specifically  characterized  on  Standard  Military  Drawings 
(SMDs).  Most  of  our  ICs  are  available  in  versions  that  comply 
with  MIL-STD-883C  Class  B,  and  many  also  comply  with 
Class  S.  We  publish  a  Military/Aerospace  Reference  Manual  for 
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designers  who  specify  ICs  and  hybrids  for  military  contracts. 
The  1994  issue  contains  data  on  379  product  families.  It  also 
contains  Mil/Aero  Product  Cross  Reference  Guides,  radiation 
information  and  space  qualified  products  information.  Our 
newsletter  Analog  Briefings  provides  current  information  about 
the  status  of  reliability  at  ADI. 

Our  PLUS  program  makes  available  standard  devices  (commer- 
cial and  industrial  grades,  plastic  or  ceramic  packaging)  for  any 
user  with  demanding  application  environments,  at  a  small  pre- 
mium. Subjected  to  stringent  screening,  similar  to  MIL-STD- 
883  test  methods,  these  devices  are  suffixed  "/+"  and  are 
available  from  stock. 

PRODUCTS  NOT  FOUND  IN  THE  SELECTION  GUIDES 

For  maximum  usefulness  to  designers  of  new  equipment,  we 
have  limited  the  contents  of  selection  guides  to  standard  prod- 
ucts most  likely  to  be  used  for  the  design  of  new  circuits  and 
systems  with  the  exception  of  digital  signal  processing  products. 
For  DSP  products  to  be  included  in  our  forthcoming  Digital 
Signal  Processing  Reference  Manual,  please  turn  to  page  24-6  at 
the  back  of  this  volume,  Otherwise,  if  the  model  number  of  a 
product  you  are  interested  in  is  not  in  the  Table  of  Contents, 
turn  to  page  24-4  where  you  will  find  a  list  of  older  products  for 
which  data  sheets  are  available  upon  request.  On  page  24-7  you 
will  find  a  guide  to  substitutions  (where  possible)  for  products 
no  longer  available. 

ICs  embodying  combinations  of  functions  that  you  need  but 
cannot  find  among  our  standard  offerings  may  be  available  to 
meet  your  specific  requirements  as  custom  designs.  For  more 
information,  get  in  touch  with  Analog  Devices.  A  complete 
Worldwide  Sales  Directory  is  included  on  pages  24-16  and 
24-17. 

PRICES 

Accurate,  up-to-date  prices  are  an  important  consideration  in 
making  a  choice  among  the  many  available  product  families. 
Since  prices  are  subject  to  change,  current  price  lists  and/or 
quotations  are  available  upon  request  from  our  sales  offices  and 
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AD795  -  Low  Power,  Low  Noise  Precision  FET  Op  Amp   9-64 

AD797  -  Ultralow  Distortion,  Ultralow  Noise  Op  Amp   9-78 

AD8 1 0  -  Low  Power  Video  Op  Amp  with  Disable    9-92 

AD81 1  -  High  Performance  Video  Op  Amp    9-107 

AD812  -  Dual,  Current  Feedback  Low  Power  Op  Amp      9-110 

AD813- Single  Supply,  Low  Power  Triple  Video  Amplifier   9-127 

AD817  -  High  Speed,  Low  Power,  Wide  Supply  Range  Amplifier    9-145 

AD818  -  Low  Cost,  Low  Power  Video  Op  Amp   9-158 

AD820/AD822  -  Single  Supply,  Rail-to-Rail,  Low  Power  FET-Input  Op  Amps   9-170 

AD826  -  High  Speed,  Low  Power  Dual  Operational  Amplifier   9-187 

AD827  -  High  Speed,  Low  Power  Dual  Op  Amp    9-200 

AD828  -  Dual,  Low  Power  Video  Op  Amp  ,   9-203 

AD829  -  High  Speed,  Low  Noise  Video  Op  Amp  9-215 

AD830  -  High  Speed,  Video  Difference  Amplifier   9-218 

AD840  -  Wideband,  Fast  Settling  Op  Amp   9-233 

AD841 -Wideband,  Unity-Gain  Stable,  Fast  Settling  Op  Amp    9-236 

AD842  -  Wideband,  High  Output  Current,  Fast  Settling  Op  Amp   9-239 

AD843  -  34  MHz  CBFET  Fast  Settling  Op  Amp    9-242 

AD844  -60  MHz,  2000  V/us  Monolithic  Op  Amp   •  ...v....  9-245 

AD845  -  Precision,  16  MHz  CBFET  Op  Amp   9-248 

AD846  -  450  V/us,  Precision,  Current-Feedback  Op  Amp    9-25 1 

AD847  -  High  Speed,  Low  Power  Monolithic  Op  Amp   9-254 

AD848/AD849  -  High  Speed,  Low  Power  Monolithic  Op  Amps   9-258 

AD5539  -  Ultrahigh  Frequency  Operational  Amplifier    9-262 

AD8001  -  800  MHz,  50  mW  Current  Feedback  Amplifier    9-265 

AD8002  -  Dual  800  MHz,  50  mW  Current  Feedback  Amplifier  9-278 

AD8004  -  Quad  3000  V/us,  35  mW  Current  Feedback  Amplifier   9-291 

AD8036/AD8037  -  Low  Distortion,  Wide  Bandwidth  Voltage  Feedback  Clamp  Amps    9-295 
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AD9617- Low  Distortion,  Precision,  Wide  Bandwidth  Op  Amp   9-300 

AD9618  -  Low  Distortion,  Precision,  Wide  Bandwidth  Op  Amp   9-303 

AD9620  -  Ultralow  Distortion,  600  MHz  Buffer   9-306 

AD9621  -  Wideband  Voltage  Feedback  Amplifier   9-309 

AD9622  -  Wideband  Voltage  Feedback  Amplifier   9-312 

AD9623  -  Wideband  Voltage  Feedback  Amplifier   9-315 

AD9624  -  Wideband  Voltage  Feedback  Amplifier  »•.   9-318 

AD9630  -  Low  Distortion,  750  MHz  Closed-Loop  Buffer  Amp    9-321 

AD9631/AD9632  -  Ultralow  Distortion,  Wide  Bandwidth  Voltage  Feedback  Op  Amps   9-324 

ADEL2020  -  Improved  Second  Source  to  the  EL2020    9-329 

BUF04  -  Closed-Loop  High  Speed  Buffer  3   9-338 

OP07  -  Ultralow  Offset  Voltage  Operational  Amplifier   9-352 

OP27  -  Low  Noise,  Precision  Operational  Amplifier   9-357 

OP37  -  Low  Noise,  Precision,  High  Speed  Operational  Amplifier  (AVCL  ^  5)    9-361 

OP42- High  Speed,  Fast  Settling  Precision  Operational  Amplifier   9-365 

OP77  -  Next  Generation  OP07,  Ultralow  Offset  Voltage  Operational  Amplifier   9-370 

OP90  -  Precision,  Low  Voltage  Micropower  Operational  Amplifier    9-375 

OP97  -  Low  Power,  High  Precision  Operational  Amplifier   9-379 

OP1 13/OP213/OP413  -  Low  Noise,  Low  Drift  Single-Supply  Operational  Amplifiers    9-382 

OP176-Bipolar/JFET  Audio  Operational  Amplifier   9-397 

OP177  -  Ultra-Precision  Operational  Amplifier   9-415 

OP  1 83/OP283  -  5  MHz  Single-Supply  Operational  Amplifiers   9-420 

OP200  -  Dual  Low  Offset,  Low  Power  Operational  Amplifier   9-432 

OP220  -  Dual  Micropower  Operational  Amplifier   9-436 

OP221  -  Dual  Low  Power  Operational  Amplifier,  Single  or  Dual  Supply    9-439 

OP249  -  Dual  Precision  JFET  High  Speed  Operational  Amplifier   9-442 

OP270  -  Dual  Very  Low  Noise,  Precision  Operational  Amplifier    9-447 

OP271- High  Speed,  Dual  Operational  Amplifier    9-451 

OP275  -  Dual  Bipolar/JFET,  Audio  Operational  Amplifier   9-454 

OP279  -  Rail-to-Rail  Multimedia  Operational  Amplifier   9-459 

OP282/OP482  -  Dual/Quad  Low  Power,  High  Speed  JFET  Operational  Amplifiers   9-461 

OP285  -  Dual,  9  MHz  Precision  Operational  Amplifier    9-464 

OP290  -  Precision,  Low  Power,  Micropower  Dual  Operational  Amplifier   9-477 

OP291/OP491  -  Micropower  Single-Supply  Rail-to-Rail  Input  &  Output  Op  Amps   9-481 

OP292/OP492  -  Dual/Quad  Single-Supply  Operational  Amplifiers   9-500 

OP295/OP495  -  Dual/Quad  Rail-to-Rail  Operational  Amplifiers    9-518 

OP297  -  Dual  Low  Bias  Current,  Precision  Operational  Amplifier   9-530 

OP400  -  Quad  Low  Offset,  Low  Power  Operational  Amplifier    9-534 

OP420  -  Quad  Micropower  Operational  Amplifier    9-538 

OP467  -  Quad  Precision,  High  Speed  Operational  Amplifier    9-541 

OP470  -  Very  Low  Noise  Quad  Operational  Amplifier    9-556 

OP47 1  -  High  Speed,  Low  Noise  Quad  Operational  Amplifier   9-560 

OP490  -  Low  Voltage,  Micropower  Quad  Operational  Amplifier    9-564 

OP497  -  Precision  Picoampere  Input  Current  Quad  Operational  Amplifier    9-568 
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Instrumentation  Amplifiers  -  Section  10     10-1 

Selection  Tree   10-2 

Selection  Guide  /ofiuS  iHM£<&  ,nart»JtKl  ws(   10-3 

AD524  -  Precision  Instrumentation  Amplifier   10-5 

AD526  -  Software  Programmable  Gain  Amplifier   10-8 

AD620  -  Low  Cost,  Low  Power  Instrumentation  Amplifier    10-11 

AD621  -  Low  Drift,  Low  Power  Instrumentation  Amplifier   i   10-15 

AD624  -  Precision  Instrumentation  Amplifier   10-19 

AD625  -  Programmable  Gain  Instrumentation  Amplifier    10-22 

AD626  -  Low  Cost,  Single  Supply  Differential  Amplifier    10-25 

AMP01  -  Low  Noise,  Precision  Instrumentation  Amplifier   10-29 

AMP02  -  High  Accuracy  8-Pin  Instrumentation  Amplifier    10-35 

AMP04  -  Precision  Single  Supply  Instrumentation  Amplifier    10-39 

Isolation  Amplifiers -Section  11    11-1 

Selection  Tree   ,   1 1-2 

Selection  Guide    1 1-3 

AD202/AD204  -  Low  Cost,  Miniature  Isolation  Amplifiers    11-5 

AD2 10 -Precision,  Wide  Bandwidth,  3-Port  Isolation  Amplifier    11-12 

Comparators  -  Section  12    121 

Selection  Tree    12-2 

Selection  Guide   ,  12-3 

AD790  -  Fast,  Precision  Comparator    12-5 

AD9696/AD9698  -  Ultrafast  TTL  Comparators   12-9 

AD96685/AD96687  -  Ultrafast  Comparators    12-13 

CMP04  -  Quad  Low  Power,  Precision  Comparator    12-16 

Matched  Transistors  -  Section  13   13-1 

Selection  Tree   "     13-2 

Selection  Guide  '   13-3 

MAT01  -  Matched  Monolithic  Dual  Transistor   13-5 

MAT02  -  Low  Noise,  Matched  Dual  Monolithic  Transistor   13-7 

MAT03  -  Low  Noise,  Matched  Dual  PNP  Transistor   13-10 

MAT04  -  Matched  Monolithic  Quad  Transistor   13-13 
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Audio  Components  -  Section  14    14-1 

Selection  Tree  ...  ... . .  ■   

Selection  Guide   14-3 

SSM20 1 7  -  Self-Contained  Audio  Preamplifier   14-5 

SSM201 8T/SSM2 1 1 8T  -  Trimless  Voltage  Controlled  Amplifiers    14-8 

SSM2024  -  Quad  Current-Controlled  Amplifier   14-12 

SSM2135  -  Dual  Single-Supply  Audio  Operational  Amplifier   14-14 

SSM2141  -  High  Common-Mode  Rejection  Differential  Line  Receiver    14-24 

SSM2142- Balanced  Line  Driver   14-26 

SSM2143  -  -6  dB  Differential  Line  Receiver    14-28 

SSM2160/SSM2161  -  Serial  Input  Hex/Quad  "Clickless"  Volume  Control  with  Master  Attenuation   14-30 

SSM2402/SSM24 1 2  -  Dual  Audio  Analog  Switches    1 4-34 

SSM2404  -  Quad  Audio  Switch    14-37 

Interface  Products  -  Section  15   l¥\ 

Selection  Trees   1 5-2 

Selection  Guides   15-4 

AD800/AD802  -  Clock  Recovery  and  Data  Retiming  Phase-Locked  Loop    15-7 

AD7306  - +5  V  Powered  RS-232/RS-422  Transceiver    15-18 

ADM202/ADM203  -  High  Speed,  +5  V,  0. 1  (iF  CMOS  RS-232  Drivers/Receivers    1 5-26 

ADM205-ADM211/ADM213  -  0.1  |iF,  +5  V  Powered  CMOS  RS-232  Drivers/Receivers   15-30 

ADM222/ADM232A/ADM242  -  High  Speed,  +5  V,  0.1  (lF  CMOS  RS-232  Drivers/Receivers    15-40 

ADM223/ADM230L-ADM241L- +5  V  Powered  CMOS  RS-232  Drivers/Receivers    15-47 

ADM485  -  +5  V  Low  Power  EIA  RS-485  Transceiver    15-57 

ADM690-ADM695  -  Microprocessor  Supervisory  Circuits    15-64 

ADM696/ADM697  -  Microprocessor  Supervisory  Circuits   15-72 

ADM698/ADM699  -  Microprocessor  Supervisory  Circuits   15-80 

ADM1485  - +5  V  Low  Power  EIA  RS-485  Transceiver    15-84 

ADM5 1 70  -  Octal,  RS-232/RS-423  Line  Driver   15-91 

ADM5 1 80  -  Octal,  RS-232/RS-423  Line  Receiver    15-95 

Motion  Control  Products  -  Section  16     mi 

Selection  Tree  -.   16-2 

Selection  Guides   16-3 

AD2S80A  -  Variable  Resolution,  Monolithic  Resolver-to-Digital  Converter   16-7 

AD2S81A/AD2S82A  -  Variable  Resolution,  Monolithic  Resolver-to-Digital  Converters   16-11 

AD2S83  -  Variable  Resolution,  Monolithic  Resolver-to-Digital  Converter    16-15 

AD2S90  -  Low  Cost,  Complete  12-Bit  Resolver-to-Digital  Converter    16-27 

AD2S93  -  Low  Cost  LVDT-to-Digital  Converter   1 6-37 

AD2S99  -  Programmable  Oscillator    1 6-48 

AD2S 1 00  -  AC  Vector  Processor   .-   16-51 

AD598  -  LVDT  Signal  Conditioner   16-63 

AD698  -  Universal  LVDT  Signal  Conditioner    16-67 
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Multipliers  and  Dividers  -  Section  17      17-1 

Selection  Tree    17-2 

Selection  Guides  •   17-3 

AD534  -  Internally  Trimmed  Precision  IC  Multiplier   17-5 

AD633  -  Low  Cost  Analog  Multiplier     17-9 

AD734  -  10  MHz,  4-Quadrant  Multiplier/Divider    17-11 

AD834  -  500  MHz  Four-Quadrant  Multiplier   i   17-14 

AD835  -  250  MHz,  Voltage  Output  4-Quadrant  Multiplier    17-17 

MLT04  -  Four-Channel,  Four-Quadrant  Analog  Multiplier   1 7-23 

RMS-to-DC  Converters  -  Section  18    is-i 

Selection  Tree   .   18-2 

Selection  Guide   18-3 

AD536A  -  Integrated  Circuit,  True  RMS-to-DC  Converter   18-5 

AD636  -  Low  Level,  True  RMS-to-DC  Converter   18-8 

AD637  -  High  Precision,  Wideband  RMS-to-DC  Converter   18-11 

AD736  -  Low  Cost,  Low  Power,  True  RMS-to-DC  Converter   18-14 

AD737  -  Low  Cost,  Low  Power,  True  RMS-to-DC  Converter   18-17 

Sensors  and  Signal  Conditioners  -  Section  19    19-1 

Selection  Tree   ;  U   19-2 

Selection  Guide  B  „  ,.,,.;.sgr.v*t  8OM0  "•>.<;..•*         r   19-3 

AD590  -  Two-Terminal  IC  Temperature  Transducer   19-5 

AD592  -  Low  Cost,  Precision  IC  Temperature  Transducer    19-9 

AD594/AD595  -  Monolithic  Thermocouple  Amplifiers  with  Cold  Junction  Compensation    19-12 

AD596/AD597  -  Thermocouple  Conditioner  and  Set-Point  Controller    19-15 

AD693  -  Loop-Powered,  4-20  mA  Sensor  Transmitter   19-18 

AD694  -  4-20  mA  Transmitter   19-24 

AD22100  -  Voltage  Output  Temperature  Sensor  with  Signal  Conditioning    19-31 

ADXL05  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-37 

ADXL50  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-39 

ADXL181  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-55 

TMP01  -  Low  Power,  Programmable  Temperature  Controller   19-57 

TMP03  -  Micropower  Temperature  Peripheral   19-72 


Signal  Compression  Components  -  Section  20      20-1 

Selection  Tree   .  ,.;  :..  20-2 

Selection  Guide   20-3 

AD600/AD602  -  Dual,  Low  Noise,  Wideband  Variable  Gain  Amplifiers    20-5 

AD603  -  Low  Noise,  90  MHz  Variable-Gain  Amplifier   20-17 

AD606  -  50  MHz,  80  dB  Demodulating  Logarithmic  Amplifier  with  Limiter  Output   20-29 

AD640  -  DC  Coupled  Demodulating  120  MHz  Logarithmic  Amplifier    20-40 
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Special  Function  Components  -  Section  21   21-1 

Selection  Tree    21-2 

Selection  Guide   21-3 

AD607  -  Low  Power  Mixer/AGC/RSSI  3  V  Receiver  IF  Subsystem    21-5 

AD608  -  Low  Power  Mixer/Limiter/RSSI  3  V  Receiver  IF  Subsystem    21-9 

AD630  -  Balanced  Modulator/Demodulator   21-13 

AD720/AD721  -  RGB  to  NTSC/PAL  Encoders   21-16 

AD831  -  Low  Distortion  Mixer   21-23 

AD7008  -  CMOS  DDS  Modulator   21-35 

AD9500  -  Digitally  Programmable  Delay  Generator   21-45 

AD9501  -  Digitally  Programmable  Delay  Generator   21-49 

AD9901  -  Ultrahigh  Speed  Phase/Frequency  Discriminator    21-53 

AD9955  -  85  MHz  Direct  Digital  Synthesizer   21-56 

Power  Supplies  -  Section  22    22-1 

Package  Information  -  Section  23    23-1 

Appendix  -  Section  24    24-1 

Ordering  Guide    24-2 

Product  Families  Still  Available   24-4 

DSP  Reference  Manual  Product  Families    24-6 

Substitution  Guide  for  Product  Families  No  Longer  Available    24-7 

Technical  Publications   24-11 

Worldwide  Sales  Directory    24-16 

Product  Index  -  Section  25    25-1 


GENERAL  INFORMATION  1-15 


■ 


7-76    GENERAL  INFORMATION 


A/D  Converters 
Contents 


Page 

Selection  Trees   2-3 

Selection  Guides   2-10 

AD570/AD571  -  8-  and  10-Bit  Analog-to-Digital  Converters  2-17 

AD573  -  10-Bit  A/D  Converter  2-21 

AD574A-  Complete  12-Bit  A/D  Converter   2-24 

AD670  -  Low  Cost  Signal  Conditioning  8-Bit  ADC  2-28 

AD671  -  Monolithic  1 2-Bit  2  MHz  A/D  Converter  2-32 

AD673  -  8-Bit  A/D  Converter  2-37 

AD674B/AD774B  -  Complete  12-Bit  A/D  Converter  2-39 

AD676  -  16-Bit  100  kSPS  Sampling  ADC  2-43 

AD677  -  16-Bit  100  kSPS  Sampling  ADC   2-57 

AD678  -  12-Bit  200  kSPS  Complete  Sampling  ADC   2-71 

AD679  -  14-Bit  128  kSPS  Complete  Sampling  ADC   2-76 

AD773A  -  10-Bit  20  MSPS  Monolithic  A/D  Converter   .2-81 

AD775  -  8-Bit  20  MSPS,  60  mW  Sampling  A/D  Converter  2-95 

AD776  -  16-Bit  100  kSPS  Oversampling  ADC   2-103 

AD779  -  14-Bit  128  kSPS  Complete  Sampling  ADC   2-115 

AD871  -  Complete  12-Bit  5  MSPS  Monolithic  A/D  Converter  2-121 

AD872  -  Complete  12-Bit  10  MSPS  Monolithic  A/D  Converter  2-137 

AD873  -  10-Bit  30  MSPS,  530  mW  CMOS  A/D  Converter  2-152 

AD875  -  10-Bit  15  MHz,  165  mW  CMOS  A/D  Converter  2-156 

AD876  -  10-Bit  20  MSPS,  140  mW  CMOS  A/D  Converter  2-169 

AD878  -  Complete  14-Bit  2.2  MSPS  Monolithic  A/D  Converter   2-173 

AD1671  -  Complete  12-Bit  1.25  MSPS  Monolithic  A/D  Converter   2-177 

AD  1674-  12-Bit  100  kSPS  A/D  Converter  2-188 

AD  1876  -  16-Bit  100  kSPS  Sampling  ADC   2-193 

AD7569/AD7669  -  LC2MOS  Complete,  8-Bit  Analog  I/O  System  2-196 

AD7575  -  LC2MOS  5  us  8-Bit  ADC  with  Track/Hold   2-202 

AD7701  -LC2MOS  16-Bit  A/D  Converter  2-206 

AD7703  -  LC2MOS  20-Bit  A/D  Converter  2-212 

AD7710/AD7712  -  LC2MOS  Signal  Conditioning  ADCs  2-218 

AD771 1/AD7713  -  LC2MOS  Signal  Conditioning  ADCs  with  RTD  Excitation  Currents   2-244 

AD771 1A  -  LC2MOS  Signal  Conditioning  ADC  with  RTD  Current  Source   2-265 

AD7714  -  3  V/5  V,  CMOS,  Low  Cost,  Low  Power,  Signal  Conditioning  ADC   2-271 

AD7721  -  CMOS  12-Bit,  468  kHz,  Sigma-Delta  ADC  2-287 

AD7821  -  LC2MOS  High  Speed,  uP-Compatible  8-Bit  ADC  with  Track/Hold  Function  2-295 

AD7853/AD7858  -  3  V  to  5  V  Single  Supply,  200  kSPS,  Single/Multichannel  12-Bit  Sampling  ADCs  2-299 

AD7870/AD7870A/AD7875/AD7876  -  LC2MOS  Complete,  12-Bit,  100  kHz,  Sampling  ADCs   2-317 

AD7871/AD7872  -  LC2MOS  Complete  14-Bit  Sampling  ADCs   2-323 

AD7874  -  LC2MOS  4-Channel,  12-Bit  Simultaneous  Sampling  Data  Acquisition  System   2-329 

AD7878  -  LC2MOS  Complete  12-Bit  100  kHz  Sampling  ADC  with  DSP  Interface  2-333 

AD7880  -  LC2MOS  Single  +5  V  Supply,  Low  Power,  12-Bit  Sampling  ADC   2-337 

AD7882  -  LC2MOS  16-Bit  2.5  us,  Sampling  ADC  2-341 

AD7883  -  LC2MOS  12-Bit,  3.3  V  Sampling  ADC   2-353 
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AD7884/AD7885  -  LC2MOS  16-Bit,  High  Speed  Sampling  ADCs    2-357 

AD7886  -  LC2MOS  12-Bit  750  kHz/1  MHz,  Sampling  ADC   2-369 

AD7892  -  LC2MOS  Single  Supply,  12-Bit  600  kSPS  ADC   2-375 

AD7893  -  LC2MOS  12-Bit,  Serial  6  us  ADC  in  8-Pin  Package   2-383 

AD7896  -  3  V,  LC2MOS  12-Bit,  Serial  8  us  ADC  in  8-Pin  Package   2-393 

AD9000  -  High  Speed  6-Bit  A/D  Converter      2-399 

AD9002  -  High  Speed  8-Bit  Monolithic  A/D  Converter    2-402 

AD9012  -  High  Speed  8-Bit  TTL  A/D  Converter   2^406 

AD9020  -  10-Bit  60  MSPS  A/D  Converter   2-410 

AD9022  -  12-Bit  20  MSPS  Monolithic  A/D  Converter   2-414 

AD9023  -  12-Bit  20  MSPS  Monolithic  A/D  Converter   2^122 

AD9027  -  12-Bit,  31  MSPS  Monolithic  A/D  Converter    2^129 

AD9032  -  12-Bit  25  MSPS  A/D  Converter   2-437 

AD9040A  -  1 0-Bit  40  MSPS  A/D  Converter   2-444 

AD9048  -  Monolithic  8-Bit  Video  A/D  Converter   2^155 

AD9050-  10-Bit  40  MSPS  ADC    2-458 

AD9058  -  Dual  8-Bit  50  MSPS  A/D  Converter    2-461 

AD9060  -  10-Bit  75  MSPS  A/D  Converter   2-465 
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Selection  Trees  —  Analog-to-Digital  Converters 


A/D 
CONVERTERS 





FAST 
SAR 

(<  MSPS) 


Encoders  No  T/H 


Sampling  with  T/H 


FASTER 
SUBRANGING 

(>  1  MSPS  <  20  MSPS) 


FASTEST 
FLASH 

(>  20  MSPS) 


Encoders  No  T/H 


SPECIAL  FUNCTION 
AUDIO/STEREO 
CODECS 
I/O  PORTS 
SIGMA-DELTA 



Sampling  with  T/H 





SINGLE 
SUPPLY 


DAS* 
FUNCTION 


1  DAS  =  Data  Acquisition  System:  MUX,  T/H  &  A/D 


Selection  Trees  —  Analog-to-Digital  Converters 


A/D  CONVERTERS 
FAST 


- 


ENCODERS 
NOT/H 


Parallel 
I/O 





Low  Power 
CMOS 


-  8-Bit 


14-Bit 


AD670  (10  lis)  AD7871  (12  |is) 

AD673  (30  us) 
AD570  (40  ^s) 


10-Bit 


AD573  (30  us) 
AD571  (40  us) 


12-Bit 


AD774B  (8  ns) 
AD674B  (15  us) 
AD574A  (30  |is) 


Serial 
I/O 


Low  Power 
CMOS 


14-Bit 


AD7872  (12  \is) 


g 


I 

33 

1 


A/D  CONVERTERS 
FAST 


SAMPLING 
WITH  T/H 


Parallel 
I/O 


-  10-Bit 


AD7776  (380  kSPS) 


-  12-Bit 


AD678  (200  kSPS) 
AD1674  (lOOkSPS) 


-  14-Bit 


AD679   (100  kSPS,  8-Bit  I/O) 
AD779   (100  kSPS,  14-Bit  I/O) 
AD878   (2  MSPS,  14-Bit  I/O) 


Low  Power 
CMOS 


Multichannel 


8-Bit 


-  10-Bit 


AD7575  (10  us) 


AD7777  (380  kSPS,  4  Ch) 
AD7778  (380  kSPS,  8  Ch) 


-  12-Bit 


12-Bit 


AD7890  (83  kSPS,  8  Ch) 


AD7870/AD7870A  (100  kSPS)        AD7874  (40  kSPS,  4  Ch) 


AD7875 
AD7876 
AD7878 


(lOOkSPS) 
(100  kSPS) 

(100  kSPS,  8  Word  FIFO) 


16-Bit 


16'Bit 


Self -Calibration 
AD676    (100  kSPS) 
AD1876  (lOOkSPS, 

AC  Specs  Only) 


AD7882  (400  kSPS,  16-Bit  I/O) 
AD7884  (166  kSPS,  16-Bit  I/O) 
AD7885  (166  kSPS,  8-Bit  I/O) 


2*1 


••>-•?  ;..  •••••• 


Serial 
I/O 


16-Bit 


Self-Calibration 
AD677 


Low  Power 
CMOS 


12-Bit 


AD7892  (400  kSPS) 
AD7893  (117kSPS) 
AD7896  (100  kSPS,  +3  V) 


14-Bit 


AD7872  (83  kSPS) 


i 
I 
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MONOLITHIC 


AID  CONVERTERS 
FASTER1 


NoT/H 


8-Bit 


AD7821  (500  kSPS) 


10-Bit 


AD875  (15  MSPS) 


12-Bit 


AD671T  (1.5  MSPS,  Bipolar) 


—  Multichannel 


8-Bit 


HYBRID 
WITH  T/H 


AD7824  (4  Channel) 
AD7828  (8  Channel) 


NOTES 

1  Subranging  or  1  /2  Flash 

2  Contact  Factory  For  Versions  Up  to  2  MHz 


With  T/H 


-  10-Bit 


-  12-Bit 


"KM 


AD9032  (25.6 


AD9040A  (40MSPS/TTL) 

AD773A  (20  MSPS) 

AD876  (15  MSPS,  CMOS) 

AD7776  (0.38  MSPS,  CMOS) 


16-Bit 


AD1382  (500kSPS) 

AD1385  (500  kSPS,  Self-Calibration) 


12-Bit 


AD9022  (20MSPS,TTL) 
AD9023  (20  MSPS,  ECU 
AD872    (10  MSPS) 
AD871    (5  MSPS) 
AD1671  (1.25  MSPS)2 
AD7886  (0.66  MSPS) 


AD7777(0.38MSPS,4Ch 


AD7778  (0.38  MSPS,  8  Ch,  CMOS) 


CMOS) 


A/D  CONVERTERS 
FASTEST 


SINGLE 


6-Bit  ECL 


AD9000  (77  MSPS) 


8-Bit  ECL 


AD773A  (200  MSPS) 
AD9002A  (125  MSPS) 


8-Bit  TTL 


AD9012  (100  MSPS) 
AD9048  (35  MSPS) 


10-Bit  ECL 


AD9060  (75  MSPS) 


— 


10-Bit  TTL 


AD9020  (60  MSPS) 

AD9040/9040A  (40  MSPS) 
AD9050  (40  MSPS,  300  mV) 


12-Bit  ECL 


AD9027  (31.5  MSPS) 


12-Bit  TTL 


DUAL 





8-Bit 


AD9058  (50  MSPS) 


LOW  POWER 


8-Bit  CMOS 


AD775  (20  MSPS,  60  mW) 


10-Bit  CMOS 


AD876  (15  MSPS,  185  mW) 


3 

6 
5 
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Selection  Trees  —  Analog-to-Digital  Converters 


A/D  CONVERTERS 
SINGLE  SUPPLY 


DAS  FUNCTION 


A/D 


I/O  PORTS 


8-Bit 

AD7824  (4  Ch  MUX) 
AD7828  (8  Ch  MUX) 
AD670  (In-Amp) 
AD8401  (4  Ch  MUX) 


10-Bit 


AD7777  (4  Ch  MUX) 
AD7778  (8  Ch  MUX) 


12 


Bit 


AD7890  (8  Ch  MUX,  1  T/H) 
AD7891  (8  Ch  MUX,  1  T/H) 
AD7858  (8  Ch,  Self-Calibration) 


8-Bit 

AD7575  (5  us) 
AD7821  (0.66  us) 


10-Bit 

AD' 


7776  (1 


75  ns) 


8-Bit 

AD7569 

AD7669  (Dual,  8-Bit  D/A) 


,  


Sigma-Delta 


12-Bit 


AD7880  (15  us) 
AD7883  (15  |is,  +3  V) 
AD7892  (3  us,  Serial) 
AD7893  (3  us,  Serial) 
AD7853  (3  us,  +3  V,  Self-Calibration) 


12-Bit 

■ 

■ 


AD7721  (468kSPS) 


-  16-Bit 


AD776  (100  kSPS) 


*-  24-Bit 


AD7713  (1  to  50  Hz) 
AD7714  (1  to  50  Hz) 


o 
o 

3 

I 

O 
O 


to 


A/D  CONVERTERS 
SPECIAL  FUNCTION 


I/O  PORTS 
A/D  &  D/A 


8-Bit/2  us 


AD7569 

AD7669  (Dual  D/A) 
AD8401  (4  Ch,  Single  D/A) 


-  12-Bit 


AD7868(83kSPS) 

■— I  14-Bit 

I  1 


AD7869  (83  kSPS) 


300 

I 


SIGMA-DELTA 


High 
Resolution 


-  16-Bit 


High  Speed 


AD7701  (10  Hz) 


12-Bit 

16-Bit 

-  20-Bit 


AD7721  (486  kHz) 


AD776  (100  kSPS) 


AD7703  (10  Hz) 


24-Bit 


3  V  Supply 


AD7710  (1  to  50  Hz) 
AD7711/AD7711A 

(1  to  50  Hz) 
AD7712  (1  to  50  Hz) 
AD7713  (1  to  50  Hz, 

Low  Power) 


AD7714  (1  to  50  Hz, 
Low  Power) 


Multichannel 


20-Bit 


AD7716(1  to  300  Hz,4Ch) 
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Sampling  ADCs 


X  nroiign- 

9 

put  Rate 

BW 

Reference 

3 

Res 

kSPS 

kHz 

Volt 

Bus  Interface 

Package 

Temp 

6 

Model 

Bits 

max 

typ1 

Int/Ext2 

Bits3 

Options4 

Ranges5 

I 

AD7821 

8 

1000 

100 

0-5  V,  Ext 

8,  uP 

E,  N,  P,  Q,  R 

I,M/D 

2 

r- 

g 

500 

200 

Int 

8  nP 

H 

I 

6 

AD7820 

8 

500 

14 

0-5  V,  Ext 

8,  MP 

E,  N,  P,  Q,  R 

I,M/D 

o 

AD7569 

8 

400 

200 

Int 

8.M.P 

E,  N,  P,  Q,  R 

C,  I,  M/D 

1 

AD7669 

8 

400 

200 

Int 

8,  p-P 

N,P,R 

C,  I,  M 

| 

AD7769 

8 

400 

200 

Ext 

8,  u.P 

N,P 

C,I 

AD7824 

8 

400 

10 

0-5  V,  Ext 

8,  uP 

N,  Q,R 

C,  I,  M/„ 

AD7828 

8 

400 

10 

0-5  V,  Ext 

8,  uP 

E,  N,  P,  Q 

C,  I,  M/D 

AD7575 

8 

190 

50 

1.23  V,  Ext 

8,  uP 

E,  N,  P,  Q 

C,  I,  M/D 

AD7776 

10 

400 

1000 

2.0  V,  Int/Ext 

10,  uP 

N,  R 

C,I 

AD7777 

10 

400 

1000 

2.0  V,  Int/Ext 

10,  uP 

N,R 

C,I 

AD7778 

10 

400 

1000 

- 

2.0  V,  Int/Ext 

10,  pP 

S 

C,I 

AD872 

12 

10,000 

70,000 

+2.5  V/Int 

12 

D,  E 

C,MD 

AD1671 

12 

1250 

2000 

2.5  V,  Int 

12 

Q,P 

C,  I,  MD 

AD7886 

12 

750 

1000 

5V,Ext 

12,  pP 

N,  P,Q 

C,I 

AD7891 

12 

600 

1200 

2.5,  Int 

8/12,  Serial,  pP 

P,S 

I,  M 

AD7892 

12 

600 

600 

2.5,  Int 

12,  Serial,  pP 

N,  Q,R 

I,M 

AD678 

12 

200 

1000 

5  V,  Int 

8/12,  uP 

D,J,N 

C,  I,M 

AD7853 

12 

200 

1000 

Int 

Serial,  pP 

N,  R,  RS 

I 

AD7858 

12 

200 

1000 

Int 

Serial,  uP 

N,  R,  RS 

I 

AD1341 

12 

150 

2500 

10  V,  Int 

16,  |j.P 

Z 

C,M/ 

AD7893 

12 

140 

1000 

2.5  V,  Ext 

Serial 

N,Q,R 

I,M 

AD7896 

12 

125 

300 

Int 

Serial 

N,  Q,  R 

I,  M 

AD7874 

12 

116 

500 

Int  (+3  V),  Ext 

12,  pP 

E,  N,  Q,  R 

C,  I,  M/D 

AD7870 

12 

100 

500 

3  V,  Int 

8/12/Serial,  pP 

N,  P,  Q 

C,  I,  M/D 

AD7870A 

12 

100 

500 

3  V,  Int 

8/12/Serial,  jjiP 

N,  P,  Q 

C,  I,  M/D 

AD7875 

12 

100 

500 

3  V,  Int 

8/12/Serial,  uP 

N,  P,  Q 

C,  I,  M/D 

AD7876 

12 

100 

500 

3  V,  Int 

8/12/Serial,  pP 

N,  P,  Q 

I,  M 

AD7878 

12 

100 

500 

3  V,  Int 

12,  pP 

E,  N,  P,  Q 

C,  I,  M/D 

Comments  Pag 

CMOS,  Bipolar  or  Unipolar  Operation  2-2 

4-Channel,  5  V,  with  8-Bit  DAC  5-1 

CMOS,  8-Bit  Sampling  ADC  CII 

CMOS,  Complete  I/O  Port  with  DAC,  ADC,  2-1 
SUA,  Amps  and  Reference 

CMOS,  Complete  I/O  Port  with  2  DACs,  2-1 
ADC,  SHA,  Amps  and  Reference 

CMOS,  Complete  2-Channel  I/O  Port  with  CII 
Input/Output  Signal  Conditioning 

CMOS,  4-Channel,  8-Bit  Sampling  ADC  5-6 

CMOS,  8-Channel,  8-Bit  Sampling  ADC  5-6 

CMOS,  Low  Cost  2—2' 

CMOS,  Single  Channel  Complete  Sampling  ADC,  5-5 
Single  Supply,  Twos  Complement  Output  Code 

CMOS,  4-Channel  Complete  ADC  for  Single  or  5-5 
Simultaneous  Dual  Channel  Sampling,  Single  Supply 

CMOS,  8-Channel  Complete  ADC  for  Single  or  5-5 
Simultaneous  Dual  Channel  Sampling,  Single  Supply 

Complete,  Monolithic  12-Bit,  10  MSPS  ADC  2-1: 

Complete,  Monolithic  12-Bit,  1.25  MSPS  ADC  2-1 

CMOS,  12-Bit  750  kSPS  Sampling  ADC  2-3i 

8-Channel  High  Speed,  5  V  Supply  5-9: 

5  Volt  Supply,  Variable  Range,  Protected  2-3' 

BiMOS,  High  Impedance  High  Bandwidth  2-7 
Sampling  Input,  10  V  Range,  AC/DC  Tested 

3  V  Supply,  Self-Calibrating,  Low  Power  2-2! 

3  V  Supply,  8  Channel,  Self-Calibrating  2-2! 

High  Speed  8/16  Channel  DAS  CII 

CMOS,  Single  Supply  Sampling  ADC  in  8-Pin  Package  2-3! 

3  Volt  Serial  ADC  in  8-Pin  Package  2-3! 

CMOS,  Simultaneous  Sampling  4-Channel  ADC  2-3; 
for  ±10  V  Input  Signals 

CMOS,  100  kHz  Throughput,  ±3  V  Input  2-3] 

CMOS,  100  kHz  Throughput,  ±3  V  Input  2-31 

CMOS,  100  kHz  Throughput,  0-5  V  Input  2-31 

CMOS,  100  kHz  Throughput,  ±10  V  Input  2-3] 
CMOS,  100  kHz  Throughput,  ±3  V  Input,  On-Chip  FIFO  2-32 


1> 

I 

r- 
O 

3 

6 
2 

I 
l 


Through- 

SHA 

put  Rate 

BW 

Reference 

Res 

kSPS 

kHz 

Volt 

Bus  Interface 

Package 

Temp 

Model 

Bits 

max 

typ1 

Int/Ext2 

Bits3 

Options4 

Ranges5 

Comments 

Page6 

AD1674 

12 

100 

500 

10  V,  Int 

8/12,  oR 

D,  N,  R 

C,  I,M 

Complete  AD574A  Pinout  Compatible,  Sampling  Input, 
AC/DC  Tested 

2-188 

AD7890 

12 

100 

1000 

2.5  V,  Ext 

Serial 

N,  Q,R 

LJi 

8-Channel  Single  Supply  Sampling  ADC 

5-76 

AD7868 

12 

83 

500 

3  V,  Int 

Serial,  (xP 

N,  Q,  R 

I,M/D 

CMOS,  Complete  I/O  Port  with  12-Bit  ADC  and 

5-68 

12-Bit  DAC 

AD7880 

12 

66 

33 

5V,Ext 

12,  uP 

N,  Q,R 

I 

Single  +5  V  Supply,  Low  Power  Shutdown 

2-337 

AD7883 

12 

50 

25 

3.0,  Ext 

12,  (iP 

N,R 

I 

3  Volt,  8  mW,  Complete 

2-353 

AD679 

14 

128 

1000 

SV.Int 

8,  ^P 

D,  N,J 

C,  I,  M 

BiMOS,  High  Impedance,  High  Bandwidth 
Sampling  Input,  10  V  Input  Range,  AC/DC  Tested 

2-76 

AD779 

14 

128 

1000 

5  V,  Int 

14,  uP 

D,  N,J 

C,  I,  M 

BiMOS,  High  Impedance,  High  Bandwidth 

2-115 

Sampling  Input,  10  V  Input  Range,  AC/DC  Tested 

AD7869  14 

83 

500 

3V,Int 

Serial 

N,  Q,R 

C,  I 

CMOS,  Complete  I/O  Port  with  14-Bit  DAC  and 

5-72 

14-Bit  ADC 

AD7871 

14 

83 

500 

3  V,  Int 

8/14/Serial,  iiP 

N,  Q,P 

C,  I,  M 

CMOS,  Complete  Sampling  ADC,  ±3  V  Input 

2-323 

AD7872 

14 

83 

500 

3  V,  Int 

Serial,  (iP 

N,  Q,R 

C,  I,  M 

CMOS,  Complete,  Serial  Interface,  16-Pin  DIP/SOIC 

2-323 

AD1382 

16 

500 

2200 

10  V,  Int 

8,  (jiP 

D 

C 

High  Speed,  Guaranteed  Dynamic  Performance 

5-20 

AD1385 

16 

500 

2200 

10  V,  Int 

8,  uP 

D 

C,M/D 

Similar  to  AD1382  with  Autocalibration  Ability, 
Guaranteed  Dynamic  Performance 

5-24 

AD7882 

16 

400 

400 

2.5  V,  Ext 

16,  nP 

S,Q 

I,M/D 

16-Bit  Self-Calibrating  ADC 

2-341 

AD7884 

16 

166 

83 

3  V,  Ext 

16,  uP 

N,  Q,P 

CMOS,  Low  Power  (250  mW),  5.3  (is  Conversion 

2-357 

AD7885 

16 

166 

83 

3  V,  Ext 

8,  |xP 

N,  Q,P 

I 

Similar  to  AD7884,  28-Pin  Package,  Byte  Output 

2-357 

AD1876 

16 

100 

1000 

3-7  V,  Ext 

Serial 

N 

C 

Autocalibrating,  16-Pin  DIP  ADC,  AC  Tested 

2-193 

AD676 

16 

100 

1000 

3-10  V,  Ext 

16 

D,N 

C,  I,M 

Autocalibrating,  28-Pin  DIP,  Parallel  Output 
Autocalibrating,  16-Pin  Narrow  DIP,  Serial  Output 

AD677 

16 

100 

1000 

3-10  V,  Ext 

Serial 

D,  N,R 

C,  I,  M/DS 

'X  indicates  that  the  internal  SHA  bandwidth  is  not  specified  in  kHz. 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

3This  column  lists  the  data  format  for  the  bus  with  "u.P"  indicating  microprocessor  capability— e.g.,  for  a  12-bit  converter  8/12,  y,P  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel 
(12  bits)  and  is  microprocessor  compatible. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +  70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85"C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  t  for  JAN,  „  for  SMD,  and  s  for  space  level. 

6CII  =  Data  Converter  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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o 
9 

I 
o 
o 

1 

o 
o 

1 

I 

CO 


Nonsampling  ADCs 

Conv 


Hate* 

iveieren^c 

Rut 

Res 

|XS 

V' ii  1 ,  'i  ina 
V  UlldgC 

1  dLKitgc 

Temp 

i  VI  out.  J 

Bits 

max 

Int/Ext1 

Bits2 

VSJJ 111/113 

rnminpntc 

VjUIlllllCIlLS 

Pace5 

ADC-908 

8 

6.0 

-10  V,  Ext 

8,  uP 

N,  Q,  E, R 

C,  I,  M/D 

CMOS,  +5  V  Operation,  Fast 

D 

AD670 

8 

10 

Int 

8,  p-P 

D,  N,  E,  P 

C,  I,  M/D 

Single  +5  V  Supply,  Including  In-Amp  and  Reference 

2-28 

AD7576 

8 

10 

1.23  V,  Ext 

8,  uP 

N,  Q,  E, P 

C,  I,  Ml 

CMOS,  Low  Cost,  Single  Supply 

CII  2-509 

AD7574 

8 

15 

-10  V,  Ext 

8,  ixP 

N,  Q 

C,  I,  M/D 

CMOS,  +5  V  Operation 

CII  8-63 

AD570 

8 

25 

Int 

8 

D 

C,  M/D 

2-17 

AD673 

8 

30 

Int 

8,  (iP 

D,  N,  P 

C,M/D 

2-37 

AD7581 

8 

66.7 

-5  V  to  (-15  V),  Ext 

8,  uP 

N,  Q,  P 

C,  I 

CMOS  8-Bit  ADC 

CII  2-363 

AD579 

10 

1.8 

10  V,  Int 

10/Serial 

D 

SMI 

High  Speed  with  Low  Power 

CII  2-61 

AD875 

10 

0.067 

2.4  V,  +4  V,  Ext 

10 

S 

C 

CMOS,  165  mW,  10-Bit,  15  MHz  ADC 

2-156 

ADC-910 

10 

6.0 

2.5  V,  Int 

8,  10,  uP 

Q 

C,  I,  Ml 

Bipolar,  Fast  with  Byte  Output 

CII  2-819 

AD571 

10 

25 

Int 

10 

D 

C,  M/D 

Complete  10-Bit  ADC 

2-17 

AD573 

10 

30 

Int 

8/10,  (iP 

D,  N,P 

C,  M/D 

Complete  10-Bit  ADC,  Byte  or  Parallel  Interface 

2-21 

AD671 

12 

0.5 

5  V,  Ext 

12 

D 

C,  Ml 

12-Bit  500  ns  Monolithic  ADC 

2-32 

AD7586 

12 

1 

-4  V,  Ext 

12,  |xP 

N,  Q,  P 

C,  I,  M 

CMOS  12-Bit,  1  MHz  ADC 

CII  2-383 

AD578 

12 

3 

10  V,  Int 

12 

D 

C,  M/D 

Complete,  3  ixs,  12-Bit  ADC 

CII  2-61 

AD7572A 

12 

3 

Int 

8/12,  uP 

N,  Q,  R 

C,  I 

Improved  Version  of  Industry  Standard 

CII  2-303 

AD7572 

12 

5 

Int 

8/12,  uP 

N,  Q,  E, P 

C  I  Ml 

Industry  Standard    1?-Rir  ADP 

Lid  LI  y    kJ  LallUal  LI  *    1       111  L  lu/v 

CII  2-299 

ADC-170 

12 

5.6 

-5.25  V,  Ext 

Serial 

N,  Q,  R 

I,  M 

Complete,  3  |xs,  12-Bit  ADC  in  8-Pin  Mini-DIP 

CII  2-817 

AD774B 

12 

8 

10  V,  Int 

8/12,  uP 

D,  N,  R 

C,  I,  Ml 

Faster  Version  of  AD674B,  Industry  Standard 

CII  2-109 

AD  ADC84 

12 

10 

6.3  V,  Int 

12 

D 

C,  I,  M 

Industry  Standard 

CII  2-809 

AD  ADC85 

12 

10 

6.3  V,  Int 

12 

D 

C,  I,  Ml 

Industry  Standard 

CII  2-809 

ADC-912A 

12 

10 

-5  V,  Ext 

12,  M-P 

N,  Q,  R 

I,  Mi 

CMOS,  Improved  Version  of  ADC-912 

CII  2-831 

AD5210 

12 

13 

-10  V,  Int/Ext 

12 

D 

I,  Ml 

Industry  Standard  (AD5211/12/14/15) 

D 

AD674B 

12 

15 

10  V,  Int 

8/12,  p.P 

D,  N,  R 

C,  I,  M/D 

Improved  Version  of  AD674A/AD574A, 

2-39 

D 

Industry  Standard 

AD572 

12 

25 

10  V,  Int 

12 

I,  Ml 

12-Bit  Successive  Approximation  ADC 

CII  2-31 

AD  ADC80 

12 

30 

6.3  V,  Int 

12 

D 

I 

Industry  Standard 

CII  2-803 

AD574A 

12 

35 

10  V,  Int 

8/12,  (A.P 

D,  N,  E,  P 

C,M/DJ 

Complete  ADC  with  Reference  and  Clock;  Industry  Standard 

2-24 

AD5200 

12 

50 

-10  V,  Int/Ext 

12 

D 

I,  M/ 

Industry  Standard  (AD5201/02/04/05) 

D 

AD7578 

|  12 

100 

5  V,  Ext 

8,  uP 

D,  N,Q 

C,  I,  Mi 

CMOS,  1  LSB  Total  Unadjusted  Error 

CII  2-335 

, 
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Reference 

Bus 

- 

Res 

(IS 

Voltage 

Interface 

Package 

Temp 
Ranges4 

Model 

Bits 

max 

Int/Ext1 

Bits2 

Options3 

Comments 

Page5 

AD7582 

12 

100 

5  V,  Ext 

8,  |xP 

D,  N,  P,  Q 

C,  I,  MI 

CMOS,  4  Channel,  1  LSB  Total  Unadjusted  Error 

CII  2-371 

AD1377 

16 

10 

Int 

16,  Serial 

D 

C 

Complete,  High  Speed  16-Bit  ADC 

CII  2-215 

Operation  over  -25°C  to  +85°C 

S 

AD1376 

16 

17 

Int 

16,  Serial 

D 

P 

Complete  16-Bit  Converter;  Industry  Standard  Pinout 

CII  2-215 

AD  ADC71 

16 

50 

6.3  V,  Int 

16 

D 

c 

Industry  Standard 

CII  2-801 

AD  ADC72 

16 

50 

6.3  V,  Int 

16 

D 

C,I 

Industry  Standard 

CII  2-801 

AD1170 

18 

1000 

5  V,  Int 

8 

N 

e 

7  to  22-Bit  Programmable  Integrating  ADC 

CII  2-203 

!  ■    ,.  tw  Mi  ft'*         s'  itf  i  -j        harm,  rettr*  auu  Aii-/  ■mo  >w* 

'Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

2This  column  lists  the  data  format  for  the  bus  with  "uP"  indicating  microprocessor  capability— i.e.,  for  a  13-bit  converter  8/12,  U.P  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel 
(12  bits)  and  is  microprocessor  compatible. 

-'Package  Options:  1  =  Hermetic  DIP,  Ceramic  or  Metal;  2  =  Plastic  or  Epoxy  Sealed  DIP;  3  -  Cerdip;  4  =  Ceramic  Leadless  Chip  Carrier;  5  =  Plastic  Leaded  Chip  Carrier;  6  =  Small  Outline  "SOIC"  Package; 
7  =  Hermetic  Metal  Can;  8  =  Hermetic  Metal  Can  DIP;  9  =  Ceramic  Flatpack;  10  =  Plastic  Quad  Flatpack;  11  =  Single-In-Line  "SIP"  Package;  12  =  Ceramic  Leaded  Chip  Carrier;  13  =  Nonhermetic  Ceramic/ 
Glass  DIP;  14  =  I-Leaded  Ceramic  Package;  15  =  Ceramic  Pin  Grid  Array;  16  =  TO-92. 

■"Temperature  Ranges:  C  =  Commercial,  0  to  +  70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25X  to  +85°C);  M  =  Military,  -55°C  to  +125°C. 
5CII  =  Data  Convener  Reference  Manual,  Volume  II;  D  =  Data  Sheet.  All  other  entries  pertain  to  this  volume. 
Boldface  Type:  Datasheet  information  in  this  volume. 
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Selection  Guides— Analog-to-Digital  Converters 


High  Speed  ADCs 


Through- 

Full Power 

Bus 

Reference 

Res 

put  Rate 

BW 

Interface 

Voltage 

Package 

Temp 

Model 

Bits 

MSPS  min 

MHz  typ 

Bits1 

Int/Ext2 

Options3 

Range4 

Page5 

Comments 

AD9000 

6 

77 

20 

6 

0  5-2  V  Fxt 

n  o 

C  Ml 

2-399 

MIT  -STD-883  Rev  C,  Devices  Avails 

lYlllj   o  J.  1  '   OOJ)  AVC  V  »            1/tV              i  IV  alia 

f  nw  Frrni*  Rutf 

AD9002 

150 

160 

8 

n  1-1-2  11  Ext 

DEI 

I  M/„ 

2-402 

Sinpte  Sunnlv  T  nw  Power  T  nw  Tnmit 
Clanacirance  Mil  -STD-883  Rev  C 

V>a_|/ai.ii.aiiee  ,  itiiLj       x  L-*  uuj,  i\t  v  >  vj 

TIpvipp  Available 

AD9012 

s 

100 

160 

8 

-2  V,  Ext 

E  I  O 

I  M/„ 

2-406 

1 1 L  Outputs,  Low  Powers  Low  Input 

AD9058 

3 

50 

175 

8 

+2  V,  Int 

D  I 

C,  M/ 

2-461 

Dual  8-Rit  TTI  Outmit 

AD9048 

8 

35 

15 

8 

-2  V,  Ext 

E  I  O 

C  M/ 

2-455 

35  MSPS  8-Bit  Video  ADC  16  nF  Inn 
Capacitance 

AD775 

8 

20 

8 

2.8,  0.6  V,  Ext 

N,  R 

c 

2-95 

Single  Supply,  Low  Power,  Low  Input 

AD9060 

10 

75 

175 

10 

+1  75  V  Ext 

E,  Z 

C  M/ 

2-465 

Fastest  10-Bit  ECL  Monolithic  ADC 

AD9020 

10 

60 

175 

10 

±1.75  V,  Ext 

E,  Z 

C,  M/ 

2-410 

Fastest  10-Bit  TTL  Monolithic  ADC 

AD9040A 

fit/  /VtUil 

10 

40 

48 

10 

+2.5  V,  Int 

N,  R 

c 

2-144 

SNR  =  53  dB  with  10.3  MHz  Input  @ 

AD9050 

10 

40 

40 

10 

2.5  V,  Int 

R 

c 

2-458 

Single  Supply,  M^ide  Range,  Low  Powe 

AD873 

10 

30 

200 

10 

3.0,  1.5  V,  Ext 

N,  R 

C 

2-152 

Single  Supply,  CMOS,  Low  Noise 

AD876 

10 

20 

250 

10 

4.0,  2.0  V,  Ext 

R,  ST 

C 

2-169 

Single  Supply,  140  mW,  3.3  V  Interfax 

AD773A 

10 

20 

100 

10 

+2.5,  Ext 

D 

C 

2-81 

Low  Power,  10-Bit  20  MSPS  with  On-C 

AD875 

10 

15 

10 

+2  V,  +4  V/Ext 

S 

c 

2-156 

CMOS,  165  mW,  10-Bit,  15  MHz  ADC 

AD9027 

12 

31 

200 

12 

Int 

D 

I 

2-429 

Direct  IF  to  Digital,  Wideband,  ECL 

AD9032 

12 

25 

220 

12 

Int 

D,  Z 

I,  M 

2^»37 

World's  Fastest  Complete  12-Bit  ADC 

AD9034 

12 

20 

150 

12 

Int 

D,  Z 

I,  M 

D 

20  MSPS 

AD9023 

12 

20 

115 

12 

Int 

Q,Z 

I,  M 

2-422 

ECL  Compatible  Logic,  with  THA  and 

AD9022 

12 

20 

115 

12 

Int 

Q,Z 

I,  M 

2-414 

TTL  Compatible  Logic,  with  THA  anc 

AD872 

12 

10 

70 

12 

+2.5  V/Int 

D,  E 

C,  M/D 

2-137 

Complete,  Monolithic  12-Bit  10  MSPS 

AD9005A 

12 

10 

38 

12 

Int 

M 

C,  Ml 

CII  2-697 

Complete  12-Bit  ADC  with  T/H,  Referei 
and  Timing  Circuitry 

AD9007 

12 

10 

38 

12 

Int 

M 

C 

D 

±5  V  Only  Version  of  AD9005A 

AD871 

12 

5 

15 

12 

2.5,  Int 

D,  E 

C,  M 

2-121 

Low  Noise,  High  Accuracy,  Wide  Dyn 

AD1671 

12 

1.25 

2 

12 

2.5  V,  Int 

P,Q 

C,  I,  M/D 

2-177 

Complete,  Monolithic  12-Bit,  1.25  MSI 

AD9014 

14 

10 

60 

14 

Int 

Board 

C 

CII  2-729 

Wide  Spurious  Free  Dynamic  Range 

AD878 

14 

2.2 

2 

14 

2.5,  Int 

P 

C,I 

2-173 

Low  Power,  Wide  Dynamic  Range,  Lo 

'This  column  lists  the  data  format  for  the  bus  with  "u.P"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  u.P  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  I 
(12  bits)  and  is  microprocessor  compatible, 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  vali 
reference  is  pinned  out. 

3Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic- Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Cer 
M  -  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  -  SSOP-Shrink  Small  Outline  Pack; 
Quad  Flatpack;  ST  —  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP— Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Lea 

4Temperature  Ranges:  C  =  Commercial,  0°C  to  +70X;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +  85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  o 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, }  for  JAN,  D  for  SMD,  and  s  for  space  level. 

SCII  -  Data  Converter  Reference  Manual,  Volume  II;  D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


Sigma-Delta  ADCs 


I 

B 
O 

o 

3 

6 
o 

2 

I 
I 

I 

CO 


Model 

AD776 

AD1878 


AD7701 

AD28msp02 

AD28msp01 

AD1879 

AD7703 
AD7710 

AD7714 

AD7711A 

AD7711 


AD7712 
AD7713 
AD7716 

AD1848 
AD1849 

AD7715 
AD7721 


Input 
Res  BW 
Bits  kHz 


16 

16 


16 

16 


20 
24 

24 
24 
21 


21 


21 


22 


16 


16 


16 
12 


50 

24 


10  Hz 

4 


16  3.4 


18  24 


10  Hz 
2.62  to 
262  Hz 

2.62  to  262  Hz 
2.62  to  262  Hz 
2.62  to 
262  Hz 

2.62  to 
262  Hz 
0.52  to 

52.4  Hz 

36.5  to 
584  Hz 

8  to  48  kHz 

8  to  48  kHz 


5  to  131  Hz 
210 


Through- 
put Rate 
kHz 

Reference 

Voltage 

Int/Ext1 

Bus 

Interface 
Bits2 

Package 
Options3 

Temp 
Ranges" 

Page5 

100  to  400 

2.5  to  50 

2  V,  Int 

3  V,  Int 

Serial 

Serial 

D 

N 

I 

C 

2-103 

C  II  2-295 

4 

8 

2.5  V,  Ext 

2.5,  Ext 

Serial,  (iP 

Serial,  uP 

N,  Q,  R 

R,  N 

I,  M 

C 

2-206 

CI  4-25 

7.2/8.0/9.6 

2.5,  Int 

Serial,  uP 

R,  P,N 

C 

CI  4-9 

2.5  to  50 

3  V,  Int 

Serial 

N 

c 

C  II  2-297 

4 

0.01  to 
1.0 

0.01  to  1.0 
0.01  to  1.0 
0.01  to 
1.0 

2.5  V,  Ext 
2.5  V,  Int 

Serial,  (iP 
Serial,  uP 

N,  Q,R 
N,  Q,R 

I,M 
I,M 

2-212 
2-218 

2.5  V,  Ext 
2.5  V,  Int 
2.5  V,  Int 

Serial,  (iP 
Serial,  (iP 
Serial,  fiP 

N,  Q,  R,  RS 
N,  Q,  R 
N,  Q,R 

I,M 
I,M 
I,M 

2-271 
2-265 
2-244 

0.01  to 

2.5  V,  Int 

Serial,  |j.  P 

N,  Q,R 

I,  M 

2-218 

1.0 

2.0  to 
200  Hz 

1  (max) 


2.5  V,  Ext     Serial,  uP       N,  Q,  R 


I,  M 


2.5  V,  Ext  Serial 


!  to  48  kHz     2.25  V,  Int  8 


8  to  48  kHz 

- 

20  to  500  Hz 
468 


2.25  V,  Int  Serial 


2.5  V,  Ext 
2.5  V,  Ext 


Serial,  u.P 
12/Serial,  nP 


S,P 

P,S 


N,  R 
N,  Q,R 


2-244 


5-40 


I 

1,M 


5-28 
2-287 


Comments 

16-Bit  100  kSPS  Oversampling  ADC,  Single  Supply 

Dual  Channel,  High  Performance  Stereo  16-Bit 
Oversampled  ADC 

16-Bit  Sigma-Delta  ADC,  0.1-10  Hz  Input  Bandwidth 

Complete  Voice  Band  Linear  Codec  with  On-Chip 
Filtering 

Complete  Analog  Front  End  for  High  Performance, 
DSP-Based  Modems 

Dual  Channel,  High  Performance  Stereo  18-Bit 
Oversampled  ADC 

20-Bit  Sigma-Delta  ADC,  0.1-10  Hz  Input  Bandwidth 
24-Bit  Sigma-Delta  Signal  Conditioning  ADC 
with  2  Differential  Input  Channels 
3  Volt  Supply,  PGA,  5  Channels 
AD7711  Function— 24  Bits,  No  Missing  Codes 
Similar  to  AD7710  but  24-Bit  Sigma-Delta  ADC  with 
1  Differential,  1  Single-Ended  Input  and  RTD 
Current  Sources 

24-Bit  ADC  with  1  Differential  Input  Channel  and 

1  High  Voltage  Input  Channel 

Loop  Powered  24-Bit  Sigma-Delta  Signal 

Conditioning  ADC 

22-Bit  Data  Acquisition  System  with 

with  4  Independent  Channels 

16-Bit  Parallel  SoundPort®  Stereo  Codec.  Stereo  ADCs 

and  Stereo  DACs,  PGA,  Attenuator  and  All  Filters 

16-Bit  Serial  SoundPort®  Stereo  Codec.  Stereo  ADCs 

and  Stereo  DACs,  PGA,  Attenuator  and  All  Filters. 

Operates  on  +  5  V  Supplies 

3  Volt,  PGA,  Low  Power,  3-Wire 

5  Volt  Supply,  FIR  Filter,  16-Bit  Resolution 


'Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

2This  column  lists  the  data  format  for  the  bus  with  "u.P"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  uP  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel 
(12  bits)  and  is  microprocessor  compatible. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  OutUne  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

■•Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  s  for  JAN,  D  for  SMD,  and  s  for  space  level. 

SCI  =  Data  Convener  Reference  Manual,  Volume  I;  CII  =  Data  Converter  Reference  Manual,  Volume  Hi  D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 
Boldface  Type:  Data  sheet  information  in  this  volume. 
SoundPort  is  a  registered  trademark  of  Analog  Devices,  Inc. 
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Multiplexed  ADCs 


Conv 

SHA 

Reference 

Bus 

Res 

# 

Time 

BW 

Volt 

Interface 

Packace 

Temp 

Model 

Bits 

Chan 

|AS 

kHz 

Int/Ext1 

Bits2 

Options3 

Ranges4 

Comments 

Page5 

AD7769 

8 

2 

2.5 

200 

Ext 

8,  p.P 

N,  P 

C,  I 

CMOS,  Complete  2-Channel  I/O  Port  with 
Input/Output  Signal  Conditioning 

CII  8-27 

AD7824 

8 

4 

2.5 

10 

0-5  V,  Ext 

8,  (iP 

N,  Q,  R 

R 

C,  I,  M/D 

CMOS,  On-Chip  Track-Hold 

5-64 

AD8401 

8 

4 

2 

200 

Int 

8,  uP 

I 

5  Volt  Supply,  DAC  Out,  High  Speed 

5-102 

AD7828 

8 

8 

2.5 

10 

0-5  V,  Ext 

8,  uP 

N,  Q,  E,  P 

C,  I,  M/D 

CMOS,  On-Chip  Track-Hold 

5-64 

AD7777 

10 

4 

2.5 

1000 

2.0  V,  Int 

10,  nP 

N,  R 

I 

Dual  SHA,  Offset  Adjust,  CMOS 

5-54 

AD7778 

10 

2.5 

1000 

2.0  V,  Int 

10,  ^P 

16,  uP 

S 

Dual  SHA,  Offset  Adjust,  CMOS 

5-54 

AD1341 

12 

8/16 

6.67 

2500 

10  V,  Int 

z 

C,  M 

High  Speed,  16-Channel  Programmable 

CII  7-25 

AD7874 

12-Bit  DAS  with  25  ns  Bus  Interface 

CMOS,  Simultaneous  Sampling  Four-Channel 

12 

4 

32.5 

500 

3  Vint 

12,  u,P 

N,  Q,  R 

C,  I,  M/D 

2-329 

(for  4  Channels) 

D 

29  kHz  ADC  for  ±10  V  Input  Signals 

AD363R 

12 

8/16 

40 

2000 

10  V,  Int 

12.  MP 

C,  M 

High  Speed,  16-Channel,  12-Bit  DAS 

CII  7-5 

AD364R 

12 

8/16 

50 

'2000 

10  V, Int 

12,  uP 

D 

C,  M 

16-Channel,  12-Bit  DAS  with  Three-State  Buffers 

CII  7-5 

AD7582 

12 

4 

100 

4  V-6  V,  Ext 

12,  |xP 

D,  N,  P,  Q 

C,  I,  M/ 

CMOS,  1  LSB  Total  Unadjusted  Error 

CII  2-371 

AD7890 

12 

8 

5 

1000 

2.5  V,  Ext 

Serial,  jiP 

N,  Q,R 

I,M 

CMOS,  8-Channel  Multiplexed  ADC 

5-76 

AD7858 

12 

8 

4.5 

1000 

Int 

Serial,  \i.P 

N,  R,  RS 

I 

3  Volt  Supply,  Low  Power,  3-Wire 

2-299 

AD7891 

12 

8 

1.6 

1200 

2.5  V,  Int 

12,  Serial,  uP 

P,S 

I 

5  Volt,  Input  Protected,  Range  Selectable 

5-92 

AD7714 

24 

5 

1-100  ms 

2.5  V,  Ext 

Serial,  (iP 

N,  Q,  R,  RS 

I,  M 

3  Volt  Supply,  PGA,  Prog.  Filter 

2-271 

■ 

ra. 


>iven  if  the 


:ference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicate 

i.e.,  for  a  12-bit  converter  8/12,  uP  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel 


'Ext  indicates  external  refei 
reference  is  pinned  out. 

2This  column  lists  the  data  format  for  the  bus  with  "|iP"  indicating  microprocessor  capability-i. 
(12  bits)  and  is  microprocessor  compatible. 

'Package  Options:  D  -  Hermetic  DIP,  Ceramic  or  Metal;  E  -  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 
■Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  s  for  JAN,  D  for  SMD,  and  s  for  space  level. 
5CII  =  Data  Convener  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 


Boldface  Type:  Data  sheet  information  in  this  volume. 
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8-  and  10-Bit 
-Digital  Converters 


— 


AD570/AD571 


— 


FEATURES 

Complete  A/D  Converters  with  Reference  and  Clock 

AD570:  8  Bit 

AD571:  10  Bit 
Fast  Successive  Approximation  Conversion  -  25|xs 
No  Missing  Codes  Over  Temperature 
Digital  Multiplexing  -  3  State  Outputs 
18-Pin  Ceramic  DIP 
Low  Cost  Monolithic  Construction 
MILSTD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


ANALOG 


PRODUCT  DESCRIPTIONS 

The  AD570/AD571  are  successive  approximation  A/D  converters 
consisting  of  a  DAC,  voltage  reference,  clock,  comparator, 
successive  approximation  register  and  output  buffers  -  all  fabri- 
cated on  a  single  chip.  No  external  components  are  required  to 
perform  full  accuracy  conversions  in  25p.s. 

The  AD570/AD571  incorporate  advanced  integrated  circuit 
design  and  processing  technologies.  They  employ  I2L  (integrated 
logic)  processing  in  the  fabrication  of  the  SAR  function.  Laser 
trimming  of  the  high  stability  SiCr  thin-film  resistor  ladder 
network  insures  high  accuracy,  which  is  maintained  with  a 
temperature  compensated,  subsurface  Zener  reference. 

Operating  on  supplies  of  +5V  to  +  15V  and  -  15V,  the  AD570/ 
AD571  will  accept  analog  inputs  of  0  to  +  10V,  unipolar  or 
±  SV  bipolar,  externally  selectable.  As  the  BLANK  and  CON- 
VERT input  is  driven  low,  the  three-state  outputs  will  be  open 
and  a  conversion  will  commence.  Upon  completion  of  the  con- 
version, the  DATA  READY  line  will  go  low  and  the  data  will 
appear  at  the  output.  Pulling  the  BLANK  and  CONVERT  high 
blanks  the  outputs  and  readies  the  device  for  the  next 
conversion. 

The  devices  are  available  in  two  versions:  the  "J"  and  "K" 
specified  for  the  0  to  +  70°C  temperature  range.  The  "S"  guaran- 
tees the  specified  accuracy  and  no  missing  codes  from  -55°C  to 
+  125°C. 
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1  OMLV. 

PRODUCT  HIGHLIGHTS 

1.  The  AD571  is  a  complete  10-bit  A/D  converter.  The  AD570 
is  an  8-bit  version  which  employs  the  same  architecture.  No 
external  components  are  required  to  perform  a  conversion. 

2 .  The  AD570/AD57 1  are  single  chip  devices  employing  advanced 
IC  processing  techniques.  Thus,  the  user  has  at  his  disposal 

a  truly  precision  component  with  the  reliability  and  low  cost 
inherent  in  monolithic  construction. 

3.  The  converters  accept  either  unipolar  (0  to  +  10V)  or  bipolar 
( —  5V  to  +  5V)  analog  inputs  by  simply  grounding  or  opening 
a  single  pin. 

4.  Each  device  offers  the  specified  accuracy  with  no  missing 
codes  over  its  entire  operating  temperature  range. 

5.  Operation  is  guaranteed  with  -  I5V  and  +5V  to  +  15V 
supplies.  The  devices  will  also  operate  with  a  -  12V  supply. 

6.  The  AD570  and  AD571  are  available  in  versions  compliant 
with  MIL-STD-883.  Refer  to  the  Analog  Devices  Military 
Products  Databook  or  current  /883B  data  sheet  for  detailed 
specifications. 


*  Covered  by  Patent  Nos.  3,9*0,760;  4,213,806;  4,136,349. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  rece 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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uncin/Ancn  cpmnPATinuc  (T«  =  +25°c-v+  =  +5V  v;  =  -12Vor  "B a" ¥0 


RELATIVE  ACCURACY 

TmintoT^ 


FULL-SCALE  CALIBRATION 


UNIPOLAR  OFFSET 


BIPOLAR  ZERO 


DIFFERENTIAL  NONLINEARITY 

TmintoT™, 


TEMPERATURE  RANGE 


TEMPERATURE  COEFFICIENTS 
Unipolar  Offset 
Bipolar  Offset 
Full- Scale  Calibration 


POWER  SUPPLY  REJECTION 
CMOS  Positive  Supply 

+  13.5VsV+s  + 16.5V 
TTL  Positive  Supply 

+  4.5VsV+s  +  5.5V 
Negative  Supply 

-16.0VsV-s-13.SV 


ANALOG  INPUT  IMPEDANCE 


ANALOG  INPUT  RANGES 
Unipolar 
Bipolar 


OUTPUT  CODING 
Unipolar 
Bipolar 


LOGIC  OUTPUT 
Output  Sink  Current 

(Volt  =  0.4V  max,  T„i„  toT„„) 
Output  Source  Current 

(Votrr  =  2.4V  max,  Tmin  to  T„„) 
Output  Leakage 


LOGIC  INPUTS 
Input  Current 
Logic  "1" 
Logic  "0" 


CONVERSION  TIME 
TmintoT™, 


POWER  SUPPLY 
V  + 

V- 


OPERATING  CURRENT 

V  + 
V- 


PACKAGE  OPTION2  • 3 
Ceramic  (D-18) 


±1/2 


±1/2 


+  70 


±1 
±1 
±2 


±2 
±2 


3.0 


5.0 


+  10 
+  5 


Positive  True  Binary 
Positive  True  Offset  Binary 


3.2 
0.S 


±40 


2.0 


±100 
0.8 


15 


25 


+  4.5 
-12.0 


►  5.0 
-15 


+  7.0 
-16.5 


10 

15 


AD570JD 


±1/2 


±1/2 


-55 


+  125 


±1 
±1 

±2 


±2 
±2 


3.0 


5.0 


7.0 


0 

-5 


+  10 

+  5 


Positive  True  Binary 
Positive  True  Offset  Binary 


3.2 
0.5 


±40 


2.0 


±100 
0.8 


15 


25 


+  4.5 
-12.0 


+  5.0 
-15 


+  7.0 
-16.5 


7 
9 


10 

15 


AD570SD 


LSB 


LSB 


LSB 


LSB 


Bits 


°C 


LSB 
LSB 
LSB 


LSB 
LSB 
LSB 


kfl 


mA 
uA 


uA 

V 

V 


mA 
mA 


■  '  ■ 


NOTES 

'The  AD570  is  a  selected  version  of  the  AD571  10-bit  A-to-D  converter.  Only  TTL  logic  inputs  should  be  connected  to  Pins  1  and  18 
(or  no  connection  made)  or  damage  may  result. 

2D  =  Ceramic  DIP.  For  outline  information  see  Package  Information  section. 

'For  details  on  grade  and  package  offerings  for  SD-gradc  in  accordance  with  MIL-STD-883,  refer  to  Analog  Devices  Military 


Specifications  subject  to  cha 


notice. 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  c 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  t 
shown  in  boldface  are  tested  on  all  production  units. 
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T^toTmjx 

-- 
±1 

±1/2 

±1 

'IsY""*4 

LSB 

FULL-SCALE  CALIBRATION 

±2 

±2 

±2 

LSB 

UNIPOLAR  OFFSET 

±1 

±1/2 

±1 

LSB 

BIPOLAR  ZERO 

±1 

±1/2 

±1 

LSB 

DIFFERENTIAL  NONLINEARITY,  TA 

TmintoT^ 

10 
» 

10 
10 

10 
10 

Bits 
Bits 

TEMPERATURE  RANGE 

0                           +  70 

0  +70 

-  55                     +  125 

°C 

TEMPERATURE  COEFFICIENTS 
Unipolar  Offset 
Bipolar  Offset 

±2 
±2 
±4 

±1 
±1 

±2 

±2 
±2 

±s 

LSB 
LSB 
LSB 

POWER  SUPPLY  REJECTION 
CMOS  Positive  Supply 
+  13.5VSV  +  S  + 16.5V 

±1 

LSB 

TTL  Positive  Supply 
+  4.5VsV+s+5.5V 

Negative  Supply 

-16.0VsV-s- 13.5V 

±2 
±2 

±1 
±1 

•  ±2 
±2 

LSB 
LSB 

ANALOG  INPUT  IMPEDANCE 

3.0          5.0  7.0 

3.0          5.0  7.0 

3.0          5.0  7.0 

kfl 

ANALOG  INPUT  RANGES 
Unipolar 
Bipolar 

0  +10 

-5  +5 



0  +10 

-5  +5 

0  +10 

-5  +5 

V 
V 

OUTPUT  CODING 
Unipolar 
Bipolar 

Positive  True  Binary 
Positive  True  Offset  Binary 

Positive  True  Binary 
Positive  True  Offset  Binary 

Positive  True  Binary 
Positive  True  Offset  Binary 

LOGIC  OUTPUT 
Output  Sink  Current 

\  "OUT —  u.**  v  max,  i  mm  10  l  mal.) 
Output  Source  Current 1 

(Vout  =  2.4V  max,  T^„  to  T„„) 
Output  Leakage 

3.2 
0.5 

±40 

3.2 
0.5 

±40 

3.2 
0.5 

±40 

mA 

mA 
u.A 

LOGIC  INPUTS 
Input  Current 
Logk"l" 
Logic  "0" 

±100 

2.0 

0.8 

±100 

2.0 

0.8 



±100 

2.0 

0.8 

uA 

V 
V 

CONVERSION  TIME 
TmintoT^ 

15           25  40 



15           25  40 

15          25  40 

us 

POWER  SUPPLY 

V  + 

y  _ 

+4.5       +5.0  +7.0 
-12.0      -15  -16.5 

+4.5       +5.0  +16.5 
- 12.0      - 15          - 16.5 

+4.5       +5.0  +7.0 
- 12.0      - 15          - 16.5 

V 
V 

OPERATING  CURRENT 

V  + 

V- 

v 

7  10 

9  15 

7  10 
9  IS 

7  10 

9  15 
 I  15  



PACKAGE  OPTION2  ' 
Ceramic  (D-18) 

AD571JD 

AD571KD 

AD571SD 

: 

NOTES   

'The  data  output  lines  have  active  pull-ups  to  source  0.5mA.  The  DATA  READY 
a  nominal  6kO  internal  pull-up  resistor. 

2D  =  Ceramic  DIP.  For  outline  information  see  Package  Information  section. 
'For  details  on  grade  and  package  offerings  for  SD-grade  in  accordance  with  ' 
Products  databook  or  current  /883B  data  sheet. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only 
shown  in  boldface  are.es.edon.il  production  units. 
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AD570/AD571 

ABSOLUTE  MAXIMUM  RATINGS 

V+  to  Digital  Common  AD570J,  S/AD571J,  S 
AD571K 

V-  to  Digital  Common  

Analog  Common  to  Digital  Common  

Analog  Input  to  Analog  Common  .  .  . 

Control  Inputs   

Digital  Outputs  (Blank  Mode)  .... 
Power  Dissipation   


.  0  to  +  7V 
0  to  +  16.5V 
0  to  -  16.0V 
.  .  ±1V 
.  ±15V 
0  to  V  + 
0toV  + 
800mW 


CHIP  BONDING  DIAGRAM 


HIT  2    BIT  3     BIT  4    BIT  S     BIT  6     BIT  7     BIT  B 


BIPOLAR 


ANALOG  IN 

CIRCUIT  DESCRIPTION 

The  AD571  is  a  complete  10-bit  A/D  converter  which  requires 
no  external  components  to  provide  the  complete  successive 
approximation  analog-to-digital  conversion  function.  The  AD570 
is  an  8-bit  version.  A  functional  block  diagram  of  the  AD570/ 
AD571  is  shown  below.  Upon  receipt  of  the  CONVERT  command, 
the  internal  10-bit  (AD571)  current  output  DAC  is  sequenced 
by  the  I2L  successive  approximation  register  (SAR)  from  its 
most-significant  bit  (MSB)  to  least-significiant  bit  (LSB)  to 
provide  an  output  current  which  accurately  balances  the  input 
signal  current  through  the  5kfl  input  resistor.  The  comparator 
determines  whether  the  addition  of  each  successively  weighted 
bit  current  causes  the  DAC  current  sum  to  be  greater  or  less 
than  the  input  current.  If  the  sum  is  less,  the  bit  is  left  on;  if 
more,  the  bit  is  turned  off.  After  testing  all  the  bits,  the  SAR 
contains  a  10-bit  binary  code  which  accurately  represents  the 
input  signal  to  within  ±  1/2LSB  (0.05%). 




are  specified.  AD571K  will  also  operate  with  up  to  a  +  15V 
supply,  which  allows  direct  interface  to  CMOS  logic. 


Upon  completion  of  the  sequences,  the  SAR  sends  out  a  DATA 
READY  signal  (active  low),  which  also  brings  the  three-state 
buffers  out  of  their  "open"  state,  making  the  bit  output  lines 
become  active  high  or  low,  depending  on  the  code  in  the  SAR. 
When  the  BLANK  and  CONVERT  line  is  brought  high,  the 
output  buffers  again  go  "open",  and  the  SAR  is  prepared  for 
another  conversion  cycle.  Details  of  the  timing  are  given  further 
on. 

The  temperature  compensated  buried  Zener  reference  provides 
the  primary  voltage  reference  to  the  DAC  and  guarantees  excellent 
stability  with  both  time  and  temperature.  The  bipolar  offset 
input  controls  a  switch  which  allows  a  positive  bipolar  offset 
current  to  be  injected  into  the  summing  ( + )  node  of  the  comparator 
to  offset  the  DAC  output.  The  nominal  0  to  +  10V  unipolar 
input  range  now  becomes  a  -  5V  to  +  5V  range.  The  5kfl  thin- 
film  input  resistor  is  trimmed  so  that  with  a  full-scale  input 
signal,  an  input  current  will  be  generated  which  exactly  matches 
the  DAC  output  with  all  bits  on.  (The  input  resistor  is  trimmed 
slightly  low  to  facilitate  user  trimming,  as  discussed  on  the  next 
page.) 

POWER  SUPPLY  SELECTION 

The  AD570/AD571  are  designed  for  optimum  performance 
using  a  +  5V  and  -  15V  supply,  for  which  the  J  and  S  grades 


AD570/AD571  Functional  Block  Diagram 


CONNECTING  THE  AD570/AD571  FOR  STANDARD 
OPERATION 

The  AD570/AD571  contain  all  the  active  components  required 
to  perform  a  complete  A/D  conversion.  Thus,  for  most  situations, 
all  that  is  necessary  is  connection  of  the  power  supply  ( +  5  and 
-  15),  the  analog  input,  and  the  conversion  start  pulse.  The 
functional  pin  outs  are  shown  below. 


=  11 

BIT  7  [T 
BITef*" 

.IT  .[7 

• 

BIT«[T 
BIT  3  [7 
BIT2[T 
MSB  BIT  1  ^ 


AD570  iT] BIPOLAR  OFF 
iS       «]  ANALOG  COM 


^]  ANALOG  IN 

TTJblk&cW. 


bit*[Z 

BIT  3  [7 
fl.Ti[7 
MSB  BIT  I  (T 


AD570  Pin  Connections      AD571  Pin  Connections 


2-20   ANALOG-TO-DIGITAL  CONVERTERS 


REV.  A 


ANALOG 
DEVICES 


■ 


1 0-Bit  A/D  Converter 


AD573' 


FEATURES 

Complete  10-Bit  A/D  Converter  with  Reference,  Clock 

and  Comparator 
Full  8-  or  16-Bit  Microprocessor  Bus  Interface 
Fast  Successive  Approximation  Conversion  -  20jis 

tYP 

No  Missing  Codes  Over  Temperature 
Operates  on  +  5V  and  -12V  to  -15V  Supplies 
Low  Cost  Monolithic  Construction 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD573  is  a  complete  10-bit  successive  approximation  analog 
to  digital  converter  consisting  of  a  DAC,  voltage  reference, 
clock,  comparator,  successive  approximation  register  (SAR)  and 
3  state  output  buffers-all  fabricated  on  a  single  chip.  No  external 
components  are  required  to  perform  a  full  accuracy  10-bit  con- 
version in  20ns. 

The  AD573  incorporates  advanced  integrated  circuit  design  and 
processing  technologies.  The  successive  approximation  function 
is  implemented  with  I  L  (integrated  injection  logic).  Laser  trim- 
ming of  the  high  stability  SiCr  thin  film  resistor  ladder  network 
insures  high  accuracy,  which  is  maintained  with  a  temperature 
compensated  sub-surface  Zener  reference. 

Operating  on  supplies  of  +5V  and  -  12V  to  -  15V,  the  AD573 
will  accept  analog  inputs  of  0  to  +  10V  or  -5V  to  +5V.  The 
trailing  edge  of  a  positive  pulse  on  the  CONVERT  line  initiates 
the  20u.s  conversion  cycle.  DATA  READY  indicates  completion 
of  the  conversion.  HIGH  BYTE  ENABLE  (HBE)  and  LOW 
BYTE  ENABLE  (LBE)  control  the  8-bit  and  2-bit  three  state 
output  buffers. 

The  AD573  is  available  in  two  versions  for  the  0  to  +  70°C 
temperature  range,  the  AD573J  and  AD573K.  The  AD573S 
guarantees  ±  1LSB  relative  accuracy  and  no  missing  codes  from 
-55°Cto  +125°C. 

Three  package  configurations  are  offered.  All  versions  are  offered 
in  a  20-pin  hermetically  sealed  ceramic  DIP.  The  AD573J  and 
AD573K  are  also  available  in  a  20-pin  plastic  DIP  or  20-pin 
leaded  chip  carrier. 


PRODUCT  HIGHLIGHTS 

1.  The  AD573  is  a  complete  10-bit  A/D  converter.  No  external 
components  are  required  to  perform  a  conversion. 

2.  The  AD573  interfaces  to  many  popular  microprocessors 
without  external  buffers  or  peripheral  interface  adapters.  The 
10  bits  of  output  data  can  be  read  as  a  10-bit  word  or  as  8- 
and  2-bit  words. 

3.  The  device  offers  true  10-bit  accuracy  and  exhibits  no  missing 
codes  over  its  entire  operating  temperature  range. 

4.  The  AD573  adapts  to  either  unipolar  (0  to  +  10V)  or  bipolar 
( -  5V  to  +  5V)  analog  inputs  by  simply  grounding  or  opening 
a  single  pin. 

supplies. 

6.  The  AD573  is  available  in  a  version  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  /883B  datasheet  for  detailed  specifications. 


by  U.S.  Patent  Nos.  3,940,760;  4,213,806;  4,136,349;  4,400,689; 
4,400,690 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD573   SPECIFICATIONS 'T* = 


i  digital  common,  unless  otherwise  indicated.) 


—  1                                                                 1  7 

Mode. 

Min 

AD573J 
Typ 

Max 

Min 

AD573K 
Typ 

Max 

Min 

AD573S 
Typ 

Max 

Units 

RESOLUTION 

10 

10 

10 

Bits 

RELATIVE  ACCURACY1 
Ta  =  Tmi„toTm> 

±1 
±1 

±1/2 
±1/2 

±1 
±1 

LSB 
LSB 

FULL  SCALE  CALIBRATION2 

±2 

LSB 

±2 

±2 

UNIPOLAR  OFFSET 

±1 

±1/2 

±1 

LSB 

BIPOLAR  OFFSET 

±1 

+  1/2 

±1 

LSB 

DIFFERENTIAL  NONLINEARITY' 

Ta  =  TmintoTma,, 

10 
9 

10 
10 

10 
10 

Bits 
Bits 

TEMPERATURE  RANGE 

0 

+  70 

0 

+  70 

-55 

+  125 

°C 

TEMPERATURE  COEFFICIENTS" 
Unipolar  Offset 
Bipolar  Offset 
Full  Scale  Calibration2 

±2 
±2 
±4 

±1 
±1 

±2 

±2 
±2 
±5 

LSB 
LSB 
LSB 

POWER  SUPPLY  REJECTION 
Positive  Supply 

+  4.5sV  +  s  +  5.5V 
Negative  Supply 

-  15.75V<V-  S  -  14.25V 
-12.6VsV-s-  11.4V 

±2 

±2 
±2 

±1 

+  1 
±1 

±2 

±2 
±2 

LSB 

LSB 
LSB 

ANALOG  INPUT  IMPEDANCE 

3.0 

5.0 

7.0 

3.0 

5.0 

7.0 

3.0 

5.0 

7.0 

kit 

ANALOG  INPUT  RANGES 
Unipolar 
Bipolar 

0 

-5 

+  10 

+  5 

0 

-5 

+  10 
+  5 

0 

-5 

+  10 
+  5 

V 
V 

OUTPUT  CODING 

Unipolar 
Bipolar 

Positive  True  Binary 
Positive  True  Offset  Binary 

Positive  True  Binary 
Positive  True  Offset  Binary 

Positive  True  Binary 
Positive  True  Offset  Binary 

LOGIC  OUTPUT 

mA 

mA 
uA 

Output  Sink  Current 

(Vout  =  0.4V  max,  T^,  to  T„„) 
Output  Source  Current5 

(Vout  =  2.4V  min,  Tm„  to  T„„) 
Output  Leakage 

3.2 
0.5 

±40 

3.2 
0.5 

±40 

3.2 
0.5 

+  40 

LOGIC  INPUTS 
Input  Current 
Logic  "1" 
Logic  "0" 

2.0 

±100 
0.8 

2.0 

+  100 

0.8 

2.0 

±100 
0.8 

"A 

V 

V 

CONVERSION  TIME 
Ta  =  T^toT™, 

10 

20 

30 

10 

20 

30 

10 

20 

30 

P-s 

POWER  SUPPLY 
V  + 
V- 

+  4.5 
-11.4 

+  5.0 
-15 

+  7.0 
-16.5 

+  4.5 
+  11.4 

+  5.0 
-  15 

+  7.0 
-16.5 

+  4.5 
-11.4 

+  5.0 
-15 

+  7.0 
-16.5 

V 
V 

OPERATING  CURRENT 

V  + 

V- 

 1 

15 
9 

20 
15 

15 
9 

20 
15 

15 
9 

20 
15 

mA 
mA 

NOTES 

'Relative  accuracy  is  defined  as  ihe  deviation  of  the  code  transition  points  from  the  ideal  transfer  point  on  a 
straight  line  from  the  zero  to  the  full  scale  of  the  device. 

2Full-scale  calibration  is  guaranteed  trimmable  to  zero  with  an  external  5011  potentiometer  in  place  of  the  15fl 
fixed  resistor.  Full  scale  is  defined  as  10  volts  minus  1LSB,  or  9.990  volts. 
'Defined  as  the  resolution  for  which  no  missing  codes  will  occur. 
4Change  from  +25°C  value  from  +25°C  to  Tmin  or  Tmix.   

5The  data  output  lines  have  active  pull-ups  to  source  0.5mA.  The  DATA  READY  line  is  open  collector  with 
a  nominal  6kO  internal  pull-up  resistor. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those 
shown  in  boldface  are  tested  on  all  production  units. 
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I  AMCuA 


ft 


ABSOLUTE  MAXIMUM  RATINGS 

V  +  to  Digital  Common   0  to  +  7V 

V-  to  Digital  Common  0  to  -  16.5V 

Analog  Common  to  Digital  Common    ±  IV 

Analog  Input  to  Analog  Common   ±15V 

Control  Inputs   0  to  V  + 

Digital  Outputs  (High  Impedance  State)   0  to  V  + 

Power  Dissipation   800mW 





Model 


AD573JN 

AD573KN 

AD573JP 

AD573KP 

AD573JD 

AD573KD 

AD573SD 


ORDERING  GUIDE1 


Package  Option2 


20-Pin  Plastic  DIP  (N-20) 
20-Pin  Plastic  DIP  (N-20) 
20-Pin  Leaded  Chip  Carrier  (P-20A) 
20-Pin  Leaded  Chip  Carrier  (P-20A) 
20-Pin  Ceramic  DIP  (D-20) 
20-Pin  Ceramic  DIP  (D-20) 
20-Pin  Ceramic  DIP  (D-20) 


Temperature 
Range 


Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
-55°Cto  +  125°C 


Relative 
Accuracy 


±  lLSBmax 
±  l/2LSBmax 

±  l/2LSBmax 
±  lLSBmax 
+  l/2LSBmax 
±  lLSBmax 


NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  Analog  Devices 
Military  Products  Databook. 

=  Ceramic  DIP;N  =  PlasticDIP;P  =  Plastic  Leaded  Chip  Carrier.  Foroutline  information  see  Package 


ation  section. 


PB3[T 
DB4[T 
DB5["T 
DBSp" 
DB7^ 

QBafT 

MSB  DB9QF 


AD573 

(TOP  VIEW) 


DATA  READY 
DIGITAL  COMMON 
BIPOLAR  OFFSET 
ANALOG  COMMON 
ANALOG  IN 


Figure  2.  AD573  Pin  Connections 


Figure  1.  AD573  Functional  Block  Diagram 


■ 
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AD574A' 


FEATURES 

Complete  12-Bit  AID  Converter  with  Reference 
and  Clock 

8-  and  16-Bit  Microprocessor  Bus  Interface 
Guaranteed  Linearity  Over  Temperature 

0  to  +70°C  -  AD574AJ,  K,  L 

-55°C  to  +  125X  -  AD574AS,  T,  U 
No  Missing  Codes  Over  Temperature 
35u,s  Maximum  Conversion  Time 
Buried  Zener  Reference  for  Long-Term  Stability 

and  Low  Gain  T.C.  10ppm/°C  max  AD574AL 
12.5ppm/°C  max  AD574AU 
Ceramic  DIP,  Plastic  DIP  or  PLCC  Package 
Available  in  Higher  Speed,  Pinout-Compatible  Versions 

(15ns  AD674B,  8us  AD774B;  10|i.s  (with  SHA)  AD1674) 
Available  in  Versions  Compliant  with  MIL-STD-883 

and  JAN  QPL. 

PRODUCT  DESCRIPTION 

The  AD574A  is  a  complete  12-bit  successive-approximation 
analog-to-digital  converter  with  3-state  output  buffer  circuitry 
for  direct  interface  to  an  8-  or  16-bit  microprocessor  bus.  A 
high-precision  voltage  reference  and  clock  are  included  on-chip, 
and  the  circuit  guarantees  full-rated  performance  without  external 
circuitry  or  clock  signals. 

The  AD574A  design  is  implemented  using  Analog  Devices' 
Bipolar/I2L  process,  and  integrates  all  analog  and  digital  functions 
on  one  chip.  Offset,  linearity  and  scaling  errors  are  minimized 
by  active  laser-trimming  of  thin-film  resistors  at  the  wafer  stage. 
The  voltage  reference  uses  an  implanted  buried  Zener  for  low 
noise  and  low  drift.  On  the  digital  side,  I2L  logic  is  used  for  the 
successive-approximation  register,  control  circuitry  and  3-state 
output  buffers. 

The  AD574A  is  available  in  six  different  grades.  The  AD574AJ, 
K,  and  L  grades  are  specified  for  operation  over  the  0  to  +70°C 
temperature  range.  The  AD574AS,  T,  and  U  are  specified  for 
the  —  55°C  to  +  125°C  range.  All  grades  are  available  in  a  28-pin 
hermetically-sealed  ceramic  DIP.  Also,  the  J,  K,  and  L  grades 
are  available  in  a  28-pin  plastic  DIP  and  PLCC,  and  the  J  and 
K  grades  are  available  in  ceramic  LCC. 

The  S,  T,  and  U  grades  in  ceramic  DIP  or  LCC  are  available 
with  optional  processing  to  MIL-STD-883C  Class  B;  the  T  and 
U  grades  are  available  as  JAN  QPL.  The  Analog  Devices'  Military 
Products  Databook  should  be  consulted  for  details  on  /883B 
testing  of  the  AD574A. 


BLOCK  DIAGRAM  AND 
PIN  CONFIGURATION 


DIGITAL 

DATA 

OUTPUTS 


PRODUCT  HIGHLIGHTS 

1.  The  AD574A  interfaces  to  most  8-  or  16-bit  microprocessors. 
Multiple-mode  three-state  output  buffers  connect  directly  to 
the  data  bus  while  the  read  and  convert  commands  are  taken 
from  the  control  bus.  The  12  bits  of  output  data  can  be  read 
either  as  one  12-bit  word  or  as  two  8-bit  bytes  (one  with  8 
data  bits,  the  other  with  4  data  bits  and  4  trailing  zeros). 

2.  The  precision,  laser-trimmed  scaling  and  bipolar  offset  resistors 
provide  four  calibrated  ranges:  0  to  +10  and  0  to  +20  volts 
unipolar,  -  5  to  +5  and  -  10  to  +  10  volts  bipolar.  Typical 
bipolar  offset  and  full-scale  calibration  errors  of  ±0.1%  can 
be  trimmed  to  zero  with  one  external  component  each. 

3.  The  internal  buried  Zener  reference  is  trimmed  to  10.00 
volts  with  0.2%  maximum  error  and  15ppm/°C  typical  T.C. 
The  reference  is  available  externally  and  can  drive  up  to 
1.5mA  beyond  the  requirements  of  the  reference  and  bipolar 
offset  resistors. 

4.  AD674B  (15us)  and  AD774B  (8u.s)  provide  higher  speed, 
pin  compatibility;  AD  1674  (lOiis)  includes  on-chip  Sample- 
Hold  Amplifier  (SHA).  . 


•Protected  by  U.S.  Patent  Nos.  3,803,590;  4,213,806;  4,511,413; 
RE  28,633. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


2-24   ANALOG-TO-DIGITAL  CONVERTERS 


REV.  B 


SPECIFICATIONS 


+25°C  with  Vcc  =  +15V  or  +12V,  VL06IC  =  +5V,  VEE  =  -15V  or  -12V 

±1/2 


unless  otherwise  noted) 


tin 


in574fl 


DIFFERENTIAL  LINEARITY  ERROR 
(Minimum  resolution  for  which  no 
missing  codes  are  guaranteed) 
TmintoT^, 


UNIPOLAR  OFFSET  (Adjustable  to  zero) 


BIPOLAR  OFFSET  (Adjustable  to  zero) 


FULL-SCALE  CALIBRATION  ERROR 
(with fixed  50fl  resistor  from  REF  OUT  to  REF  IN) 
(Adjustable  to  zero)   





TEMPERATURE  RANGE 


+  70 


TEMPERATURE  COEFFICIENTS 
(Using  internal  reference) 
TnjntoT^, 
Unipolar  Offset 
Bipolar  Offset 
Full-Scale  Calibration 


±2(10) 
±2(10) 
±9(50) 


±1(5) 
±1(5) 
±5(27) 


±1(5) 
±1(5) 
±2(10) 


POWER  SUPPLY  REJECTION 
Max  change  in  Full  Scale  Calibration 
Vcc=  15V  ±  1.5V or  12V  ±0.6V 
Vlogic  =  5V±0.5V 
VEE=  -15V  ±  1.5V  or  -12V  ±0.6V 


±2 

±1/2 

±2 


±1 

±1/2 

±1 


ANALOG  INPUT 
Input  Ranges 
Bipolar 

Unipolar 

Input  Impedance 
10  Volt  Span 
20  Volt  Span 


-5 
-10 
0 
0 

3 
6 


5 
10 


+  5 
+  10 
+  10 
+  20 

7 
14 


-5 
- 10 


5 
10 


+  5 
+  10 
+  10 
+  20 

7 
14 


-5 
-10 


5 

10 


+  5 
+  10 
+  10 
+  20 

7 
14 


DIGITAL  CHARACTERISTICS' (Tmi„-Tm„) 
Inputs2  (CE,CS,R/C;Ao) 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Current 
Capacitance 
Outputs  (DB1 1-DB0,  STS) 

Logic  "rVoltagetlsouRCESSOO^A) 
Logic  "0"  Voltage  (Is.nks  1  -6mA) 
Leakage  (DB 1 1-DB0,  High-Z  State) 
Capacitance 


+  2.0 
-0.5 
-20 


+  2.4 

-20 


+  5.5 
+  0.8 
+  20 


+  0.4 
+  20 


+  2.0 

-0.5 
-20 


+  2.4 
-20 


+  5.5 
+  0.8 
+  20 


1-0.4 
1-20 


-0.5 
-20 


+  5.5 
+  0.8 
+  20 


+  0.4 
+  20 


POWER  SUPPLIES 
Operating  Range 
Vlogic 
Vcc 
VEE 

Operating  Current 
Ilogic 


+  4.5 
+  11.4 
-11.4 


+  5.5 
+  16.5 
-16.5 

40 


+  4.5 
+  11.4 
-  11.4 


+  5.5 
+  16.5 
-  16.5 

40 


+  4.5 
+  11.4 
-11.4 


+  5.5 
+  16.5 
-16.5 

40 


POWER  DISSIPATION 

390  725 

390  725 

390  725 

mW 

INTERNAL  REFERENCE  VOLTAGE 
Output  current  (available  for  external  loads)3 
(External  load  should  not  change  during  conversion) 

9.98         10.0  10.02 
1.5 

9.98         10.0  10.02 
1.5 

9.99         10.0  10.01 
1.5 

Volts 
mA 

PACKAGE  OPTIONS4 
Ceramic  (D-28) 
Plastic  (N-28) 
PLCC(P-28A) 
LCC(E-28A) 

AD574ASD 
AD574AJN 
AD574AJP 
AD574AJE 

AD574AKD 
AD574AKN 
AD574AKP 
AD574AKE 

AD574ALD 
AD574ALN 
AD574ALP 

NOTES 

'Detailed  Timing  Specifications  appear  in  the  Timing  Section. 

212/8  Input  is  not  TTL-compatible  and  must  be  hard  wired  to  VLOgic  or  Digital  Common. 
3The  reference  should  be  buffered  for  operation  on  ±  12V  supplies. 

4D  =  Ceramic  DIP;N  =  Plastic  DIP;P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  Package 


section. 
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Model 

AD574AS 
Min        Typ  Max 

AD574AT 
Min        Typ  Max 

AD574AU 
Min        Typ  Max 

Units 



RESOLUTION 

12 

Bits 



LINEARITY  ERROR®  +  25°C 

*  1 

±1/2 

±1/2 

LSB 

TmintoT^ 

±1 

LSB 

DIFFERENTIAL  LINEARITY  ERROR 
(Minimum  resolution  for  which  no 
missing  codes  are  guaranteed) 

Tmi„toT„„ 

11 

12 

12 

Bits 

UNIPOLAR  OFFSET  (Adjustable  to  zero) 

±1 

±1 

LSB 

BIPOLAR  OFFSET  (Adjustable  to  zero) 

±4 

±4 

±2 

LSB 

FULL-SCALE  CALIBRATION  ERROR 
(with fixed  50fl resistor  from  REF  OUT  to  REF  IN) 

(Adjustable  to  zero) 

0.25 

0.25 

0.125 

%ofF.S. 

TEMPERATURE  RANGE 

-55  +125 

-55  +125 

-55  +125 

°C 

TEMPERATl 
(Using  inter 
Tmi„toT, 
Unipol 
Bipolar 
Full-Sc 

JRE  COEFFICIENTS 
ral  reference) 

ir  Offset 
Offset 

±2(5)  , 

±4(10) 

±20(50) 

±  1  (2.5) 
±2(5) 
± 10(25) 

±1(2.5) 
±1(2.5) 
±5(12.5) 

LSB  (ppnVC) 
LSB  (ppmTC) 
LSB  (ppm/"C) 

ale  Calibration 

POWER  SUPPLY  REJECTION 
Max  change  in  Full  Scale  Calibration 
VCC=15V  ±  1.5V or  12V  ±0.6V 

±2 

±1 

±1 

LSB 

VLOc,c  =  5V±0.5V 

VEE=  -  15V  ±  1.5V or  -  12V  ±0.6V 

±1/2 
±2 



±1/2 
±1 

±1/2 
±1 

LSB 
LSB 

ANALOG  INPUT 
Input  Ranges 
Bipolar 

Unipolar 

InDut  Imoedance 

-5  +5 
- 10  +10 
0  +10 
0  +20 

-5  +5 
-10  +10 
0  +10 
0  +20 

-5  +5 
-10  +10 
0  +10 
0  +20 

Volts 
Volts 
Volts 
Volts 

10  Volt  Span 
20  Volt  Span 

3            5  7 
6             10  14 

3            5  7 
6            10  14 

3            5'  7 
6             10  14 

kn 

kfl 

DIGITAL  CHARACTERISTICS 1  (T„i^.T„„) 
Inputs2  (CE,  CS,  R/C,  A0) 

Logic  "1"  Voltage 

Logic  "0"  Voltage 

Current 

Capacitance 
Outputs  (DB1 1-DB0,  STS) 

Logic  "1"  Voltage  (Isources5P0uA) 

+  2.0  +5. 
-0.5  +0. 
-20  +20 
5 

+  2.4 

+  2.0  +5.1 
-0.5  +0.8 
-20  +20 
5 

+  2.4 

+  2.0  +5.5 
-0.5  +0.8 
-20  +20 
5 

+  2.4 



Volts 
Volts 
H-A 
pF 

Volts 

Logic  "0"  Voltage  (ISinks  1 .6mA) 
,  Leakage  (DB11-DB0,  High-Z  State) 
Capacitance 

+  0.4 

-20  +20 
5 

+  0.4 

-20  +20 
5 

+  0.4 

-20  +20 
5 

Volts 

uA 

pF 

POWER  SUPPLIES 
Operating  Range 
Vlogic 
Vcc 
Vee 

+  4.5  +5.5 
+  11.4  +16.5 
-11.4  -16.5 

+  4.5  +5.5 
+  11.4  +16.5 
-11.4  -16.5 

+  4.5  +5.5 
+  11.4  +16.5 
-11.4  -16.5 

Volts 
Volts 
Volts 

Operating  Current 
Ilogic 

30  40 

30  40 

30  40 

mA 

Ice 
Iee 

2  5 
18  30 

2  5 
18  30 

2  5 
18  30 

tnA 
mA 

POWER  DISSIPATION 

390  725 

390  725 

390  725 

mW 

INTERNAL  REFERENCE  VOLTAGE 
Output  current  (available  for  external  loads)3 
(External  load  should  not  change  during  conversion) 

9.98        10.0  10.02 
1.5 

9.98        10.0  10.02 

1.5  ' 

9.99        10.0  10.01 

1.5 

Volts 
mA 

PACKAGE  OPTIONS'' 

Ceramic  (D-2S) 

AD574ASD 

AD574ATD 

AD574AUD 

:'f,>.t 


NOTES 

'Detailed  Timing  Specifications  appear  in  the  Timing  Section. 
*  1 2/8  Input  is  not  TTL-compatible  and  must  be  hard  wired  to  V  LOOic  or 
3The  reference  should  be  buffered  for  operation  on  ±  12V  supplies. 
4D  =  CeramicDIP.  For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 
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3ml 


Vlook  LL 
DATA  MODE  SELECT  FT  _ 

12/8  LL 

CHIP  SELECT  f~r 

cs  Li- 


es ILL. 

BYTE  ADDRESS/  I  

SHORT  CYCLE  [±  - 

READ/CONVERT  fT 

r/c  LL 

CHIP  ENABLE  [~7 
CE  Li 


AD574A 


AD574A 


27  I  D811 
MSB 

DB10 
25  |  DBS 
2*1  DBB 

DB7 
D66 


3: 

26~]  I 

hi 


DIGITAL 
DATA 

OUTPUTS  laitiwwiiK 


j  DIGITAL  COMMON 


AD574A  Block  Diagram  and  Pin  Configuration 


ABSOLUTE  MAXIMUM  RATINGS* 

(Specifications  apply  to  all  grades,  except  where  noted) 

■ 

Voc  to  Digital  Common  0  to  +  16.5V 

VEE  to  Digital  Common  0  to  -  16.5V 

Vlogic  to  Digital  Common  0  to  +  7V 

Analog  Common  to  Digital  Common  ±  IV 

Control  Inputs  (CE,  CS,  A0, 12/8,  R/C)  to 

Digital  Common  ..  -0.5V  to  VLOGic  +  0.5V 
Analog  Inputs  (REF  IN,  BIP  OFF,  lOV^)  to 

Analog  Common    VEE  to  Vcc 

20V1N  to  Analog  Common  ±  24V 

REF  OUT   Indefinite  short  to  common 

Momentary  short  to  Vcc 


Chip  Temperature   175°C 

Power  Dissipation   825mW 

Lead  Temperature,  Soldering  +  300°C,  10  sec. 

Storage  Temperature  (Ceramic)  -65°C  to  +  150°C 

(Plastic)  -25°C  to  +100°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  raring  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


ORDERING  GUIDE 

Resolution 

,  

Max 

Temperature 

Linearity  Error 

No  Missing  Codes 

Full  Scale 

Model' 

Range 

Max(TmintoTmax) 

(T^toT^ 

T.C.  (pprnTC) 

AD574AJ(X) 

Oto  +70°C 

±1LSB 

11  Bits 

50.0 

AD574AK(X) 

Oto  +70°C 

*  1/2LSB 

12  Bits 

27.0 

AD574AL(X) 

Oto  +70°C 

±  1/2LSB 

12  Bits 

10.0 

AD574AS(X)2 

-55X10  +  125^ 

±  1LSB 

11  Bits 

50.0 

AD574AT(X)2 

-55°Cto  +  125°C 

±1LSB 

12  Bits 

25.0 

AD574AU(X)2 

-55°Cto  +  125°C 

±1LSB 

12  Bits 

12.5 

NOTES 

'X  =  Package  designator.  Available  packages  are: 
D(D-28)  for  all  grades. 

E  (E-28A)  for  J  and  K  grades  and  /883B  processed  S,  T  and  U  grades. 
N  (N-28)  for  J,  K,  and  L  grades. 
P (P-28A)for  PLCC  in  J,  K  grades. 
Example:  AD574AKN  is  K  grade  in  plastic  DIP. 
2For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  Analog  Devices  Military 
Products  Databook. 
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FEATURES 

Complete  8-Bit  Signal  Conditioning  AID  Converter 

Including  Instrumentation  Amp  and  Reference 
Microprocessor  Bus  Interface 
10|is  Conversion  Speed 

Flexible  Input  Stage:  Instrumentation  Amp  Front  End 
Provides  Differential  Inputs  and  High  Common-Mode 
Rejection 

No  User  Trims  Required 

No  Missing  Codes  Over  Temperature 

Single  +5V  Supply  Operation 

Convenient  Input  Ranges 

20-Pin  DIP  or  Surface-Mount  Package 

Low  Cost  Monolithic  Construction 

MIL-STD-883B  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 

CE        CS        Ft  W    FORMAT  BPO/UPO 


I    ,  CONTROL 


THREE 
STATE 
OUTPUT 
BUFFER 


T]  STATUS 

Tj  D7  IMSBI 
TJ  00  ILSBJ 


GENERAL  DESCRIPTION 

The  AD670  is  a  complete  8-bit  signal  conditioning  analog-to-digital 
converter.  It  consists  of  an  instrumentation  amplifier  front  end 
along  with  a  DAC,  comparator,  successive  approximation  register 
(SAR),  precision  voltage  reference,  and  a  three-state  output 
buffer  on  a  single  monolithic  chip.  No  external  components  or 
user  trims  are  required  to  interface,  with  full  accuracy,  an  analog 
system  to  an  8-bit  data  bus.  The  AD670  will  operate  on  the 
+  5V  system  supply.  The  input  stage  provides  differential  inputs 


I  allows  direct  interface 


with  excellent  common-mode  rejectio 
to  a  variety  of  transducers. 

The  device  is  configured  with  input  scaling  resistors  to  permit 
two  input  ranges:  0  to  255mV  (lmV/LSB)  and  0  to  2.55V 
(lOmV/LSB).  The  AD670  can  be  configured  for  both  unipolar 
and  bipolar  inputs  over  these  ranges.  The  differential  inputs  and 
common-mode  rejection  of  this  front  end  are  useful  in  applications 
such  as  conversion  of  transducer  signals  superimposed  on  common- 
mode  voltages. 

The  AD670  incorporates  advanced  circuit  design  and  proven 
processing  technology.  The  successive  approximation  function  is 
implemented  with  I2L  (integrated  injection  logic).  Thin-film 
SiCr  resistors  provide  the  stability  required  to  prevent  missing 
codes  over  the  entire  operating  temperature  range  while  laser 
wafer  trimming  of  the  resistor  ladder  permits  calibration  of  the 
device  to  within  ±  1LSB.  Thus,  no  user  trims  for  gain  or  offset 
are  required.  Conversion  time  of  the  device  is  10u.s. 


The  AD670  is  available  in  four  package  types  and  five  grades. 
The  J  and  K  grades  are  specified  over  0  to  +  70°C  and  come  in 
20-pin  plastic  DIP  packages  or  20-terminal  PLCC  packages. 
The  A  and  B  grades  ( -40°C  to  +  85°C)  and  the  S  grade  ( -  55°C 
to  +  125°C)  come  in  20-pin  ceramic  DIP  packages. 

The  S  grade  is  also  available  with  optional  processing  to  MIL-STD- 
883  in  20-pin  ceramic  DIP  or  20-terminal  LCC  packages.  The 
Analog  Devices  Military  Products  Databook  should  be  consulted 
for  detailed  specifications. 
PRODUCT  HIGHLIGHTS 

1.  The  AD670  is  a  complete  8-bit  A/D  including  three-state 
outputs  and  microprocessor  control  for  direct  connection  to 
8-bit  data  buses.  No  external  components  are  required  to 
perform  a  conversion. 

2.  The  flexible  input  stage  features  a  differential  instrumentation 
amp  input  with  excellent  common-mode  rejection.  This 
allows  direct  interface  to  a  variety  of  transducers  without 
preamplification . 

3.  No  user  trims  are  required  for  8-bit  accurate  performance. 

4.  Operation  from  a  single  +  5V  supply  allows  the  AD670  to 
run  off  of  the  microprocessor's  supply. 

5.  Four  convenient  input  ranges  (two  unipolar  and  two  bipolar) 
are  available  through  internal  scaling  resistors:  0  to  255mV 
(lmV/LSB)  and  0  to  2.55V  (lOmV/LSB). 

6.  Software  control  of  the  output  mode  is  provided.  The  user 
can  easily  select  unipolar  or  bipolar  inputs  and  binary  or  2's 
complement  output  codes. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  l 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-440-6212. 
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cnrr»irin»Tinn 

RESOLUTION 

 , 

8 

8 

Bit 

CONVERSION  TIME 

10 

10 

1" 

RELATIVE  ACCURACY 

TmintoTou! 

±1/2 
±1/2 

±1/4 
±1/2 

LSB 
LSB 

DIFFERENTIAL  LINEARITY  ERROR' 
T_a,toT_„ 

GUARANTEED  NO  MISSING 

CODES  ALL  GRADES 

GAIN  ACCURACY 

<§>  +  25*C 
T^mtn^ 

±1.5 
±2.0 

±0.75 
±1.0 

LSB 
LSB 

UNIPOLAR  ZERO  ERROR 

@  +  25°C 
Tm.loT^, 

±1.5 
±2.0 

±0.75 
±1.0 



LSB 
LSB 

BIPOLAR  ZERO  ERROR 
T^loT™, 

±1.5 
±2.0 

±0.75 
±1.0 

LSB 
LSB 

ANALOG  INPUT  RANGES 
DIFFERENTIAL  (  -  Vp,  to  +  Vm) 
Low  Range 

High  Range 

ABSOLUTE  (Inputs  10  Power  Gnd) 
Low  Range  T,™  to  T^ 
High  Range  Tmjn  to  Tn^ 

0  to +  255 

-  1  78  in  4-  1  77 

1ZO  lO  +  I  -  ; 

Oto  +  2.55 

-  1.28  to  +  1.27 

-0.150  Vcc-3.4 
- 1.50  Vec 

0  to  +255 

-  t  78  m  +  1  77 
1  £  0  [O  +  1 L 1 

0  to  +2.55 

-  1.28to  +  1.27 

-0.150  Vcc-3.4 
- 1.50  Vcc 



: 

■ad* 

mV 
mV 
V 
V 

v 

V 

BIAS  CURRENT  (255mV  RANGE) 

Tmin  10  Tmu 

200  500 

200  500 

OFFSET  CURRENT  (255mV  RANGE) 

Tmir.loTn.u 

40  200 

40  200 

nA 

2. 5SV  RANGE  INPUT  RESISTANCE 

8.0  12.0 

8.0  12.0 

Ml 

2.55VRANGE  FULL  SCALE  MATCH 
+  AND  -  INPUT 

*  1/2 

*■  1/2 

LSB 

COMMON-MODE  REJECTION 
RATIO  <255mV  RANGE) 

1 

LSB 

COMMON-MODE  REJECTION 
RATIOC2. 55V  RANGE) 



LSB 

POWER  SUPPLY 
Operating  Range 
Current  Ice 
Rejection  Ratio  Tmin  to 

4.5  5.5 
30  45 

0.015 

4.5  5.5 
30  45 

0.015 

V 

mA 

%ofFS/% 

DIGITAL  OUTPUTS 
SINK  CURRENT  (Vour  -  0.4V) 

T™„toT™, 
SOURCE  CURRENT  (Votrr  =  2.4V) 

T  toT 

M 

1.6 

mA 

THRF.F.-STATE  LEAK AGF  CI  IRRF.NT   1                                        *40                                                            +  dn                  ■■  A 

OUTPUT  CAPACITANCE 

5 

5 

pF 

DIGITAL  INPUT  VOLTAGE 

Vmi. 
VmH 

0.8 

2.0 

0.8 

2.0 

— — — 

V 
V 

DIGITAL  INPUT  CURRENT 

(OsV^s+SV) 

IlNL 
ItNH 

-ioo 

+  100 

-100 

+  100 

uA 
uA 

INPUT  CAPACITANCE 

10 

10 

pF 

NOTES 

'Teited  at  Vcc  =  4.5V,  5.0V  and  5.5V. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  coin  and  matt  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 
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Model 

AD670A 
Mid        Typ  Max 

AD670B 
Min        Typ  Max 

AD070S 
Min         Typ  Max 

Units 

OPERATING  TEMPERATURE  RANGE 

-40 

+  85 

-40  +85 

-55  +125 

•c 

Deem  |  iti(\u 

KbiULU  HON 

8 

8 

CONVERSION  TIME 

10 

1. 

1. 

RELATIVE  ACCURACY 
T™„toTm 

±1/2 
±1/2 

 1 

±1/4 

±  1/2 

±1/2 
±1 

LSB 
LSB 

DIFFERENTIAL  LINEARITY  ERROR1 
T^toT^, 

GUARA 

MTEED  NO  MISSING  CODES  ALL  GRADE. 

> 

GAIN  ACCURACY 

<ffi  +25*C 
Tmi.toT™ 

±1.5 

±2.5 

±0.75 
±1.5 

±1.5 
±2.5 

LSB 
LSB 

UNIPOLAR  ZERO  ERROR 

@+25°C 
T^nloT^ 

±1.0 
±2.0 

±0.5 
±1.0 

±1.0 
±2.0 

LSB 
LSB 

BIPOLAR  ZERO  ERROR 

%  +  25°C 
T^loT^ 

±1.0 
±2.0 

±0.5 
±1.0 

±1.0 
±2.0 

LSB 
LSB 

ANALOG  INPUT  RANGES 
DIFFERENTIAL  ( -  Vm  to  +  Vm) 
Low  Range 

High  Range 

ABSOLUTE  (Inputs  to  Power  Gnd) 
Low  Range  7™  to  T„„ 
High  Range  Tnun  to  TM 

Oto+255 

-128  lot  127 
Oto  +  2.55 

-1.2810  +  1.27 

-0.1S0                       Vcc -3.5 
- 1.50  Vcc 

Oto  +  255 

-12810  +  127 
Oto  +2.55 

-  1.28to  +  1.27 

-0.150                         Vcc -3.5 

- 1.50  Vcc 

-  128  to  +  127 
Oto  +  2.55 

-  1.28to  +  1.27 

-0.150                        Vcc -3.5 
- 1-50  Vt;c 

mV 
mV 
V 
v 

V 
V 

BIAS  CURRENT  (255mV  RANGE) 
TmintOTaa, 

200  500 

200  500 

200  750 

nA 

OFFSET  CURRENT  {255mV  RANGE) 

Tmin  tO  Tnuj, 

40 

200 

40  200 

40  200 

nA 

2.55V  RANGE  INPUT  RESISTANCE 

8.0 

12.0 

8.0  12.0 

8.0  12.0 

kfl 

2. 55V  RANGE  FULL  SCALE  MATCH 
+  AND  -  INPUT 

1/2 

±1/2 

±1/2  ' 

LSB 

COMMON-MODE  REJECTION 
RATIO  (255mV  RANGE) 

1 

1 



1, 

LSB 

COMMON-MODE  REJECTION 
RATIO(2.55VRANGE) 

1 

1 

LSB 

POWER  SUPPLY 
Operating  Range 

Rejection  Ratio  T„un  to  T„„ 

4.5 

30 

5.5 
45 

0.015 

4.5  5.5 
30  45 

0.015 

4.75  5.5 
30  45 

0.015 

V 

mA 

%ofFS% 

DIGITAL  OUTPUTS 
SINK  CURRENT  (VOUT  -  0.4V) 

Tmi„toT™. 
SOURCE  CURRENT  (V0ut  =  2.4V) 



1.0 
0.5 

M 
0.5 

1.6 

»  a 
0.5 

mA 
mA 

THREE-STATE  LEA KAGECURRENT 

±40 

±4. 

±40 

pA 

OUTPUT  CAPACITANCE 

5 

5 

5 

PF 

niriTii  rvTDTmfnf  Tire 
Ulul  I AL  lNFU  I  VOL  I  AUb 

VWL 

2.0 

0.8 

0.8 

2.0 

1.7 

2.0 

V 

V  " ' 

DIGITAL  INPUT  CURRENT 

(OsVmS  +  SV) 

Urn- 

IlNH 

-100 

+  100 

-100 

+  100 

-100 

+  100 

uA 
pA 

INPUT  CAPACITANCE 

10 

PF 

10 

10 



NOTES 

'Tested  at  Vcc  =  4.5V,  5.0V  and  5.5V  for  A,  B  grades;  4.75V,  5.0V  and  5.5V  for  S  grade. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  Ail  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  arc  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 
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Figure  1.  AD670  Block  Diagram  and  Terminal  Configuration 
(All  Packages) 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  Ground   OV  to  +  7.5V 

Digital  Inputs  (Pins  11-15)   .......  -0.5V  to  Vcc  +  0.5V 

Digital  Outputs  (Pins  1-9)  .  Momentary  Short  to  Vcc  or  Ground 

Analog  Inputs  (Pins  16-19)   -  30V  to  +  30V 

Power  Dissipation   450mW 

Storage  Temperature  Range  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)  +300°C 

.  _      t'Ci!-3\XM.f  3<34  -  Mm,  2/i  00*  j  vf'jT  nobnavnap 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 

■ 


ORDERING  GUIDE 


Temperature 

Relative  Accuracy 

Gain  Accuracy 

Model1 

Range 

@  +2S°C 

@  +25"C 

Package  Option2 

AD670JN 

0to+70°C 

±  1/2LSB 

±1.5LSB 

Plastic  DIP  (N-20) 

AD670JP 

0to+70°C 

±  1/2LSB 

+  1.5LSB 

PLCC(P-20A) 

AD670KN 

0to  +  70°C 

±  1/4LSB 

±0.75LSB 

Plastic  DIP  (N-20) 

AD670KP 

0to  +  70°C 

±  1/4LSB 

+  0.75LSB 

PLCC(P-20A) 

AD670AD 

-40°Cto  +  85°C 

±  1/2LSB 

±1.5LSB 

Ceramic  DIP  (D-20) 

AD670BD 

-40°Cto+85°C 

±  1/4LSB 

±0.75LSB 

Ceramic  DIP  (D-20) 

AD670SD 

-55°Cto  +  125°C 

±  1/2LSB 

±1.5LSB 

Ceramic  DIP  (D-20) 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883  refer  to  the  Analog  Devices 
Military  Products  Databook. 

2D  =  Ceramic  DIP;  N  =  PlasticDlP;P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  Package  Information  section. 


■  . 

■ 


REV.  A 


ANALOG-TO-DIGITAL  CONVERTERS  2-31 





AD671 





FEATURES 
12-Bit  Resolution 
24-Pin  "Skinny  DIP"  Package 
Conversion  Time:  500  ns  max  -  AD671J/K/S-500 
750  ns  max  -  AD671J/K/S-750 
Low  Power:  475  mW 

Unipolar  (0  to  +5  V,  0  to  +10  V)  and  Bipolar  Input 

Ranges (±5  V) 
Twos  Complement  or  Offset  Binary  Output  Data 
Out  of  Range  Indicator 
MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD671  is  a  high  speed  monolithic  12-bit  A/D  converter 
offering  conversion  rates  of  up  to  2  MHz  (500  ns  conversion 
time).  The  combination  of  a  merged  high  speed  bipolar/CMOS 
process  and  a  novel  architecture  results  in  a  combination  of 
speed  and  power  consumption  far  superior  to  previously  avail- 
able hybrid  implementations.  Additionally,  the  greater  reliability 
of  monolithic  construction  offers  improved  system  reliability  and 
lower  costs  than  hybrid  designs. 

The  AD671  uses  a  subranging  flash  conversion  technique,  with 
digital  error  correction  for  possible  errors  introduced  in  the  first 
part  of  the  conversion  cycle.  An  on-chip  timing  generator  pro- 
vides strobe  pulses  for  each  of  the  four  internal  flash  cycles  and 
assures  adequate  settling  time  for  the  interflash  residue  ampli- 
fier. A  single  ENCODE  pulse  is  used  to  control  the  converter. 

The  performance  of  the  AD671  is  made  possible  by  using  high 
speed,  low  noise  bipolar  circuitry  in  -the  linear  sections  and  low 
power  CMOS  for  the  logic  sections.  Analog  Devices'  ABCMOS-1 
process  provides  both  high  speed  bipolar  and  2-micron  CMOS 
devices  on  a  single  chip.  Laser  trimmed  thin-film  resistors  are 
used  to  provide  accuracy  and  temperature  stability. 

The  AD671  is  available  in  two  conversion  speeds  and  perfor- 
mance grades.  The  AD671J  and  K  grades  are  specified  for  oper- 
ation over  the  0  to  +70°C  temperature  range.  The  AD671S 
grades  are  specified  for  operation  over  the  -55°C  to  +125°C 
temperature  range.  All  grades  are  available  in  a  0.300  inch  wide 
24-pin  ceramic  DIP.  The  J  and  K  grades  are  also  available  in  a 
24-pin  plastic  DIP. 


FUNCTIONAL  BLOCK  DIAGRAM 


AIN  BPO/UPO     ENCODE  REF  IN  ACOM  VEE  DCOM 

®  ( 


PRODUCT  HIGHLIGHTS 

1.  The  AD671  offers  a  single  chip  2  MHz  analog-to-digital 
conversion  function  in  a  space  saving  24-pin  DIP. 

2.  Input  signal  ranges  are  0  to  +5  V  and  0  to  + 10  V  unipolar, 
and  -5  V  to  +5  V  bipolar,  selected  by  pin  strapping.  Input 
resistance  is  1.5  kfl.  Power  supplies  are  +5  V  and  -5  V, 
and  typical  power  consumption  is  less  than  500  mW. 

3.  The  external  +5  V  reference  can  be  chosen  to  suit  the  dc 
accuracy  and  temperature  drift  requirements  of  the 
application. 

4.  Output  data  is  available  in  unipolar,  bipolar  offset  or  bipolar 
twos  complement  binary  format. 

5.  An  OUT  OF  RANGE  output  bit  indicates  when  the  input 
signal  is  beyond  the  AD671's  input  range. 

6.  The  AD671  is  available  in  versions  compliant  with  the 
MIL-STD-883.  Refer  to  the  Analog  Devices  Military 
Products  Databook  or  current  AD671/883B  data  sheet  for 
detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


DC  SPECIFICATIONS  unless  otherwise  indicated) 


(Tmih  to  TM„  with  Vcc  =  +5  V  ±  5%,  VL0GIC  =  +5  V  ±  10%,  VEE  =  -5  V  ±  5%,  VREF  =  +5.000  V, 


Parameter 

AD671J/S-500 
Min             Typ  Max 

AD671K-500 
Min            Typ  Max 

Units 

RESOLUTION 

12 

12 

Bits 

ACCURACY  (+25°C) 

Integral  Nonlinearity  (INL) 

Tmin  10  Tmax 
Differential  Nonlinearity  (DNL) 

1  MIN  lo  1  MAX 

No  Missing  Codes 
Unipolar  Offset1 
Bipolar  Zero1 
Gain  Error2 

±4 

in 

10  Bits  Guaranteed 

±4 
±10 

0.1  0.25 

±2 

1 1  Bits  Guaranteed 

±4 
±10 

0.1  0.25 

LSB 

Rite 

LSB 
LSB 
%  FSR 

TEMPERATURE  COEFFICIENTS3 



Unipolar  Offset 
Bipolar  Zero 
Gain  Error 

±10 
±15 
±20 

±10 
±15 
±20 

ppm/°C 
ppm/°C 
ppmTC 

ANALOG  INPUT 

Input  Ranges 
Bipolar 
Unipolar 

Input  Resistance 

10  Volt  Range 

5  Volt  Range 
Input  Capacitance 
Reference  Input  Resistance 

-5  +5 
0  +5 
0  +10 

1.0              1.5  2.0 
0.5              0.75  1.0 
10 

2.4               3.5  4.7 

-5  +5 
0  +5 
0  +10 

1.0               1.5  2.0 
0.5              0.75  1.0 
10 

2.4               3.5  4.7 

Volts 
Volts 
Volts 

kn 

kfl 
pF 

kn 

POWER  SUPPLIES 

Power  Supply  Rejection4 
Vcc  (+5  V  ±  0.25  V) 
VLogic  (+5  V  ±  0.5  V) 
VEE  ("5  V  ±  0.25  V) 

Operating  Voltages 
Vcc 
Vlogic 

vEE 

Operating  Current 

Ice 

T  5 
1LOGIC 

IEE 

±1 
±1 
±1 

+4.75  +5.25 
+4.5  +5.5 
-5.25  -4.75 

46  56 
3  6 
46  56 

±1 
±1 
±1 

+4.75  +5.25 
+4.5  +5.5 
-5.25  -4.75 

46  56 
3  6 
46  56 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 

mA 
mA 
mA 

POWER  CONSUMPTION 

475  621 

475  621 

mW 

TEMPERATURE  RANGE 

Specified  (J/K) 

(S) 

0  +70 
-55  +125 

0  +70 

°C 

°c 

NOTES 

'Adjustable  to  zero  with  external  potentiometers.  See  Offset/Gain  Calibration  section  for  additional  information. 
2Full-scale  range  (FSR)  is  5  V  for  the  0  V  to  5  V  range  and  10  V  for  the  0  V  to  10  V  and  -5  V  to  +5  V  ranges. 
325"C  to  TMIN  and  25°C  to  TMAX. 

4Change  in  gain  error  as  a  function  of  the  dc  supply  voltage. 
5Tested  under  static  conditions. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test  with  worst  case  supply  voltages  at  0,  +25°C  and  +70°C.  Results  from  those  tests 
are  used  to  calculate  outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested. 
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AD671  -SPECIFICATIONS 


nn  cnroiciPATiniJC      t0  T™  with  v"  =  +5  v  ±  5  %'  v"«  =  +5  v  *  10%'  v«  =  "5  v  ±  5%I  V»EF  =  +50fl0  V| 

DC  SPELIrlLAl  lUNb  unless  otherwise  indicated) 


Parameter 


AD671J/S-750 
Min  Typ 


AD671K-750 
Min  Typ  Max 


RESOLUTION 


12 


12 


ACCURACY  (+25°C) 
Integral  Nonlinearity  (INL) 
Tmin  to  TMAX  (J) 
Tmin  t0  Taiax 

(S) 

Differential  Nonlinearity  (DNL) 

Tmin  t0  Tmax 
No  Missing  Codes 
Unipolar  Offset1 
Bipolar  Zero1 
Gain  Error2 


11 


±2 
±2.5 

11  Bits  Guaranteed 

±4 
±10 

0.1  0.25 


12 


±1.5 

12  Bits  Guaranteed 

±4 
±10 

 u  


TEMPERATURE  COEFFICIENTS3 
Unipolar  Offset 
Bipolar  Zero 
Gain  Error 


±10 
±15 
±20 


±10 
±15 
±20 


ANALOG  INPUT 
Input  Ranges 
Bipolar 
Unipolar 


Input  Resistance 
10  Volt  Range 
5  Volt  Range 
Input  Capacitance 
Reference  Input 


-5 

0 

0 

1.0 
0.5 

2.4 


1.5 
0.75 
10 
3.5 


+5 
+5 
+10 

2.0 
1.0 

4.7 


-5 

0 

0 

1.0 

0.5 

2.4 


1.5 
0.75 
10 
3.5 


+5 
+5 
+10 

2.0 
1.0 

4.7 


POWER  SUPPLIES 
Power  Supply  Rejection4 
Vcc  (+5  V  ±  0.25  V) 
VLOgic  (+5  V  ±  0.5  V) 
VEE  (-5  V  ±  0.25  V) 
Operating  Voltages 
Vcc 
Vlogic 
Vee 

Operating  Current 
Ice 


+4.75 

+4.5 

-5.25 


I  5 

'logic 


— 


46 

3 

46 


±1 
±1 
±1 

+5.25 

+5.5 

-4.75 

56 
6 


+4.75 

+4.5 

-5.25 


46 

3 

46 


±1 
±1 
±1 

+5.25 

+5.5 

-4.75 

56 
6 

56 


POWER  CONSUMPTION 


475 


621 


475 


621 


TEMPERATURE  RANGE 
Specified  (J/K) 
(S) 


0 

-55 


+70 
+  125 


+70 


NOTES 

'Adjustable  to  zero  with  external  potentiometers.  See  Offset/Gain  Calibration  section  for  further  information. 
2Full-scale  range  (FSR)  is  5  V  for  the  0  V  to  S  V  range  and  10  V  for  the  0  V  to  10  V  and  -5  V  to  +5  V  r^ 
325°C  to         and  25X  to  TW 
4Change  in  gain  error  as  a  function  of  the  dc  supply  voltage. 
'Tested  under  static  conditions. 
Specifications  subject  to  change  without  nonce. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test  with  worst  case  supply  voltages  at  0,  +25°C  and  +70°C.  Results  from  those  tests 
are  used  to  calculate  outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested. 
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AD671 


niniTAi  cnrnirin A-nruic  (For  a"  grades  T«'" ,0  t*ax.  with  vcc  =  +5  V  ±  5%,  VL0GIC  =  +5  V  ±  10%,  VEE  =  -5  V 
UlbMAL  brbLlrlLAIIUNo  ±  5%,  VREF  =  +5.000  V,  unless  otherwise  noted) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


LOGIC  INPUT 
High  Level  Input  Voltage 
Low  Level  Input  Voltage 
High  Level  Input  Current  (VIN  =  VLOGIC) 
Low  Level  Input  Current  (VIN  =  0  V) 
Input  Capacitance 


VIH 

IlH 

u 


+2.0 

-10 
-10 


+0.8 
+  10 
+  10 





V 

V 

u.A 

uA 

pF 


LOGIC  OUTPUTS 

High  Level  Output  Voltage  (IOH  =  0.5  mA) 
Low  Level  Output  Voltage  (IOI_  =  1.6  mA) 
Output  Capacitance 


+2.4 


+0.4 




V 
V 
PF 


Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested. 
Specifications  subject  to  change  without  notice. 


levels.  All  min 


oWI I LHINb  blrtllr ILAMUNb  ±  s%;  vIL  =  0.8  v,  v,„  =  2.0  v,  v0L  =  0.4  v  and  v0H  =  2.4  v> 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Conversion  Time 

(AD671-500) 

tc 

475 

500 

ns 

(AD671-750) 

tc 

725 

750 

ns 

ENCODE  Pulse  Width  High 
(AD671-500) 

tENC 

20 

30 

ns 

(AD671-750) 

Iekc 

20 

50 

ns 

ENCODE  Pulse  Width  Low 

tENCL 

20 

ns 

DAV  Pulse  Width 

(AD671-500) 

'dav 

75 

200 

ns 

(AD671-750) 

'dav 

75 

300 

ns 

ENCODE  Falling  Edge  Delay 

tF 

0 

ns 

Start  New  Conversion  Delay 

tR 

0 

ns 

Data  and  OTR  Delay  from  DAV  Falling  Edge 

,  1 

TO 

20 

75 

ns 

Data  and  OTR  Valid  before  DAV 

Rising  Edge 

lSS 

20 

75 

ns 

NOTES 

ltDD  is  measured  from  when  the  falling  edge  of  DAV  crosses  0.8  V  to  when  the  output  crosses  0.4  V  or  2.4  V  with  a  25  pF  load  capacitor  on  each  output  pin. 
2tss  is  measured  from  when  the  outputs  cross  0.4  V  or  2.4  V  to  when  the  rising  edge  of  DAV  crosses  2.4  V  with  a  25  pF  load  capacitor  on  each  output  pin. 


— »-j  'enc  J*- 


f 


\  r 


r  -1-12 

OTR 


DATA  0  (PREVIOUS) 


ENCODE 
DAV 

BIT  1-12 
OTR 


 f  


DATA  0  (PREVIOUS) 


a.  Encode  Pulse  HIGH  b.  Encode  Pulse  LOW 

Figure  1.  AD671  Timing  Diagrams 
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ABSOLUTE  MAXIMUM  RATINGS* 


- 


ORDERING  GUIDE 


With 

Parameter 

Respect 
to 

Min 

Max 

Units 

Vcc 

ACOM 

-0.5 

+6.5 

Volts 

v 

*  EE 

ACOM 

—6.5 

+0.5 

Volts 

Vlogic 
ACOM 

DCOM 
DCOM 

-0.5 
-1.0 

+6.5 
+  1.0 

Volts 
Volts 

Vcc 

ENCODE 

Vlogic 
DCOM 

-6.5 
-0.5 

+6.5 

VLogic+0.5 

Volts 
Volts 

REF  IN 

ACOM 

-0.5 

Vcc+0.5 

Volts 

AIN,  BPO/UPO 

ACOM 

-6.5 

11.0 

Volts 

Junction  Temperature 

+  175 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature  (10  sec) 
Power  Dissipation 

+300 

1000 

°c 

mW 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  may  effect  device  reliability. 


Temperature 

Package 

Model1 

Linearity 

Range 

Options2 

AD671JD-500 

±4LSB 

0°C  to  +70°C 

D-24A 

AD671KD-500 

±2  LSB 

0°C  to  +70°C 

D-24A 

AD671JD-750 

±2  LSB 

0°C  to  +70°C 

D-24A 

AD671KD-750 

±1.5  LSB 

0°C  to  +70°C 

D-24A 

AD671SD-500 

±4  LSB 

-55°Cto  +125°C 

D-24A 

AD671SD-750 

±2.5  LSB 

-55°Cto  +125°C 

D-24A 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook  or 
current  AD671/883  data  sheet. 

2D  =  Ceramic  DIP.  For  outline  information  see  Package  Information 
section. 

I 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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8-Bit  A/D  Converter 


AD673' 


FEATURES 

Complete  8-Bit  A/D  Converter  with  Reference,  Clock 

and  Comparator 
30|as  Maximum  Conversion  Time 
Full  8-  or  16-Bit  Microprocessor  Bus  Interface 
Unipolar  and  Bipolar  Inputs 
No  Missing  Codes  Over  Temperature 
Operates  on  +5Vand  -12V  to  -15V  Supplies 
MIL-STD-883  Compliant  Version  Available 


PRODUCT  DESCRIPTION 

The  AD673  is  a  complete  8-bit  successive  approximation  analog-to- 
digital  converter  consisting  of  a  DAC,  voltage  reference,  clock, 
comparator,  successive  approximation  register  (SAR)  and  3  state 
output  buffers-all  fabricated  on  a  single  chip.  No  external  com- 
ponents are  required  to  perform  a  full  accuracy  8-bit  conversion 
in  20(jls. 

The  AD673  incorporates  advanced  integrated  circuit  design  and 
processing  technologies.  The  successive  approximation  function 
is  implemented  with  I2L  (integrated  injection  logic).  Laser  trim- 
ming of  the  high  stability  SiCr  thin  film  resistor  ladder  network 
insures  high  accuracy,  which  is  maintained  with  a  temperature 
compensated  sub-surface  Zener  reference. 

Operating  on  supplies  of  +  5V  and  -  12V  to  -  15V,  the  AD673 
will  accept  analog  inputs  of  0  to  +  10V  or  —  5V  to  +  5V.  The 
trailing  edge  of  a  positive  pulse  on  the  CONVERT  line  initiates 
the  20p.s  conversion  cycle.  DATA  READY  indicates  completion 
of  the  conversion. 

The  AD673  is  available  in  two  versions.  The  AD673J  as  specified 
over  the  0  to  +  70°C  temperature  range  and  the  AD673S  guarantees 
±  ViLSB  relative  accuracy  and  no  missing  codes  from  -  55°C  to 
+  125°C. 

Two  package  configurations  are  offered.  All  versions  are  also 
offered  in  a  20-pin  hermetically  sealed  ceramic  DIP.  The  AD673J 
is  also  available  in  a  20-pin  plastic  DIP. 


•Protected  by  U.S.  Patent  Nos.  3,940,760;  4,213,806;  4,136,349;  4,400,689; 
and  4,400,690 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1 .  The  AD673  is  a  complete  8-bit  A/D  converter.  No  external 
components  are  required  to  perform  a  conversion. 

2.  The  AD673  interfaces  to  many  popular  microprocessors 
without  external  buffers  or  peripheral  interface  adapters. 

3.  The  device  offers  true  8-bit  accuracy  and  exhibits  no  missing 
codes  over  its  entire  operating  temperature  range. 

4.  The  AD673  adapts  to  either  unipolar  (0  to  +  10V)  or  bipolar 
( -  5V  to  +  5 V)  analog  inputs  by  simply  grounding  or  opening 
a  single  pin. 

5.  Performance  is  guaranteed  with  +  5V  and  -  12V  or  -  15V 
supplies. 

6.  The  AD673  is  available  in  a  version  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD673/883B  data  sheet  for  detailed  specifications. 


ORDERING  GUIDE 


Temperature 

Relative 

Model 

Range 

Accuracy 

Package  Option1 

AD673JN 

Oto  +70°C 

±l/2LSBmax 

Plastic  DIP  (N-20) 

AD673JD 

Oto  +70°C 

±  1/2LSB  max 

Ceramic  DIP  (D-20) 

AD673SD2 

-55°Cto  +  125°C 

±  l/2LSBmax 

Ceramic  DIP  (D-20) 

AD673JP 

Oto  +70°C 

±  l/2LSBmax 

PLCC(P-20A) 

NOTES 

'D  =  CeramicDIP;N  s  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information 
see  Package  Information  section. 

2For  details  on  grade  and  package  offering  screened  in  accordance  with  MIL-STD-883,  refer 
to  the  Analog  Devices  Military  Products  Databook. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  oi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


REV.  A 


ANALOG-TO-DIGITAL  CONVERTERS  2-37 


/■»  .    AFAA  I    .  I    BM  «i 


RELATIVE  ACCURACY,1 

1"a  =  T„un  tO  Tmax 


FULL  SCALE  CALIBRATION2  ±2 


UNIPOLAR  OFFSET 


BIPOLAR  OFFSET 


DIFFERENTIAL  NONLINEARITY,3 

TA^TmintoTmax 


TEMPERATURE  RANGE 


TEMPERATURE  COEFFICIENTS 
Unipolar  Offset 
Bipolar  Offset 
Full  Scale  Calibration2 


POWER  SUPPLY  REJECTION 

Positive  Supply 

+  4.5sV  +  s  +  5.5V 

Negative  Supply 

-15.75VsV-==- 14.25V 
-12.6VsV-s- 11.4V 


ANALOG  INPUT  IMPEDANCE 


ANALOG  INPUT  RANGES 
Unipolar 
Bipolar 


OUTPUT  CODING 
Unipolar 

Bipolar  


LOGIC  OUTPUT 
Output  Sink  Current 

(Vout  =  0.4V  max,  T,^  to 
Output  Source  Current4 

(Votrr  =  2.4V  min,  T»»  to  TJ 
Output  Leakage 


LOGIC  INPUTS 
Input  Current 
Logic"l" 
Logic  "0" 


CONVERSION  TIME,  TA  and 

TmijtoT^ 


POWER  SUPPLY 

V  + 
V- 


OPERATING  CURRENT 
V  + 

V- 


±1/2 
±1/2 


±1/2 


±1/2 





+  70 


±1 
±1 
±2 


±2 


±2 
±2 


3.0 


5.0 


7.0 


-5 


+  10 

•    +  5 


Positive  True  Binary 
Positive  True  Offset  Binary 


3.2 


e.s 


±40 


2.0 


±100 


0.8 


10 


20 


+  4.5 

-11.4 


+  5.0 
-15 


+  7.0 

-16.5 


15 
9 


20 
15 


±1/2 
±1/2 


±2 


±1/2 


±1/2 


-55 


+  125 


±1 
±1 

±2 


±2 


±2 
±2 


3.0 


5.0 


7.0 


3  +10 

-5  +5 



Positive  True  Binary 
Positive  True  Offset  Binary 


j  2 
0.5 





2  0 


±100 


0.8 


10 




20 



30 


+4.5 

-11.4 


+  5.0 
-15 


+  7.0 
-16.5 


15 
9 


20 
15 


LSB 
LSB 


LSB 


LSB 


LSB 


Bits 
Bits 


LSB 
LSB 
LSB 


r..i  '•  .i.t-'T-i- 


LSB 


LSB 
LSB 


kft 


— 


mA 

mA 
u.A 


M-A 

V 

V 


mA 
mA 


■ 


NOTES 

'Relative  accuracy  is  defined  as  the  deviation  of  the  code  transition  points  from  the  ideal  transfer  point  on  a 
straight  tine  from  the  zero  to  the  full  scale  of  the  device. 

2Full  scale  calibration  is  guaranteed  trimmable  to  zero  with  an  external  200ft  potentiometer  in  place  of  the  15ft. 
fixed  resistor 

Full  scale  is  defined  as  10  volts  minus  1LSB,  or  9.961  volts. 
'Defined  as  the  resolution  for  which  no  missing  codes  will  occur. 


*The  data  output  lines  have  active  pull-ups  to  source  0.5mA.  The  DATA  READY  1 
a  nominal  6kft  internal  pull-up  resistor. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those 
shown  in  boldface  are  tested  on  all  production  units. 


:  is  open 
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Complete 
1 2-Bit  A/D  Converter 


AD674B7AD774B' 


FEATURES 

Complete  Monolithic  12-Bit  A/D  Converters  with 
Reference,  Clock,  and  Three-State  Output  Buffers 

Industry  Standard  Pinout 

High  Speed  Upgrades  for  AD574A 

8-  and  16-Bit  Microprocessor  Interface 

8  u.s  (max)  Conversion  Time  (AD774B) 

15  n-s  (max)  Conversion  Time  (AD674B) 

±5  V,  ±10  V,  0-10  V,  0-20  V  Input  Ranges 

Commercial,  Industrial  and  Military  Temperature 
Range  Grades 

MIL-STD-883  Compliant  Versions  Available 

PRODUCT  DESCRIPTION 

The  AD674B  and  AD774B  are  complete  12-bit  successive- 
approximation  analog-to-digital  converters  with  three-state 
output  buffer  circuitry  for  direct  interface  to  8-  and  16-bit 
microprocessor  busses.  A  high  precision  voltage  reference  and 
clock  are  included  on  chip,  and  the  circuit  requires  only  power 
supplies  and  control  signals  for  operation. 

The  AD674B  and  AD774B  are  pin  compatible  with  the  industry- 
standard  AD574A,  but  offer  faster  conversion  time  and  bus- 
access  speed  than  the  AD574A  and  lower  power  consumption. 
The  AD674B  converts  in  15  u.s  (maximum)  and  the  AD774B 
converts  in  8  u.s  (maximum). 

The  monolithic  design  is  implemented  using  Analog  Devices' 
BiMOS  II  process  allowing  high  performance  bipolar  analog  cir- 
cuitry to  be  combined  on  the  same  die  with  digital  CMOS  logic. 
Offset,  linearity  and  scaling  errors  are  minimized  by  active  laser- 
trimming  of  thin-film  resistors. 

Five  different  grades  are  available.  The  J  and  K  grades  are  spec- 
ified for  operation  over  the  0°C  to  +70°C  temperature  range. 
The  A  and  B  grades  are  specified  from  -40°C  to  +85°C,  the  T 
grade  is  specified  from  -55°C  to  +  125°C.  The  J  and  K  grades 
are  available  in  a  28-pin  plastic  DIP  or  28-lead  SOIC.  All  other 
grades  are  available  in  a  28-pin  hermetically  sealed  ceramic  DIP. 

"Protected  by  U.S.  Patent  Nos.  4,250,445;  4,808,908;  RE30586. 
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♦5V  SUPPLY 


DATA  MODE  SELECT 
12/8 


SHORT  CYCLE 


♦127.15V  SUPPLY 


C 
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0. 
\J 
G 
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VEE 
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10V  SPAN  INPUT 


|  CLOCK  |   |     SAR  jH^ 


It, 
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3 
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I 
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PRODUCT  HIGHLIGHTS 

1.  Industry  Standard  Pinout:  The  AD674B  and  AD774B  utilize 
the  pinout  established  by  the  industry  standard  AD574A. 

2.  Analog  Operation:  The  precision,  laser-trimmed  scaling  and 
bipolar  offset  resistors  provide  four  calibrated  ranges:  0  to 

+  10  V  and  0  to  +20  V  unipolar;  -5  V  to  +5  V  and  -10  V 
to  + 10  V  bipolar.  The  AD674B  and  AD774B  operate  on 
+  5  V  and  ±12  V  or  ±15  V  power  supplies. 

3.  Flexible  Digital  Interface:  On-chip  multiple-mode  three-state 
output  buffers  and  interface  logic  allow  direct  connection  to 
most  microprocessors.  The  12  bits  of  output  data  can  be  read 
either  as  one  12-bit  word  or  as  two  8-bit  bytes  (one  with  8 
data  bits,  the  other  with  4  data  bits  and  4  trailing  zeros). 

4.  The  internal  reference  is  trimmed  to  10.00  volts  with  1% 
maximum  error  and  10  ppm/°C  typical  temperature  coeffi- 
cient. The  reference  is  available  externally  and  can  drive  up 
to  2.0  mA  beyond  the  requirements  of  the  converter  and  bi- 
polar offset  resistors. 

5.  The  AD674B  and  AD774B  are  available  in  versions  compli- 
ant with  MIL-STD-883.  Refer  to  the  Analog  Devices  Mili- 
tary Products  Databook  or  current  AD674B/AD774B  data 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD674B/AD774B — SPECIFICATIONS 


(Tmim  to  TMAX  with  Vcc  =  +15  V  ±  10%  or  +12  V  ±  5%, 


=  +5  V  ±  10%,  VEE  =  -15  V  ±  10%  or  -12  V  ±  5%  unless  otherwise  indicated) 


Model  (AD674B  or  AD774B) 


J  Grade 
Min  Typ 


Min 


K  Grade 
Typ  Max 


RESOLUTION 





LINEARITY  ERROR  (a  +25°C 





12 


12 


±1 
±1 


±1/2 
±1/2 


DIFFERENTIAL  LINEARITY  ERROR 
(Minimum  Resolution  for  Which  No 
Missing  Codes  are  Guaranteed) 


12 


■ 


12 





+2 


UNIPOLAR  OFFSET  @  +25°C 


— 


BIPOLAR  OFFSET1  (5  +25°C 


±6 


±3 


FULL-SCALE  CALIBRATION  ERROR1'  2  @  +25°C 
(with  Fixed  50  fl  Resistor  from  REF  OUT  to  REF  IN) 


0.1 


0.25 


0.1 


0.125 





TEMPERATURE  RANGE 


+70 


+70 


TEMPERATURE  DRIFT 
(Using  Internal  Reference) 
Unipolar 
Bipolar  Offset 
Full-Scale  Calibration 


±2 
±2 
±6 


±1 
±1 
±2 




±1 

±1/2 

+1 


POWER  SUPPLY  REJECTION 
Max  Change  in  Full-Scale  Calibration 
Vcc  =  15  V  ±  1.5  V  or  12  V  ±  0.6  V 

-12  V  ±  0.6  V 


.LoGic  =  5V±0.5V 
VFF  =  -15  V  ±  1.5  V  or 


.  .+2 
±1/2 
±2 

 •  


■  

-10  +10 
0  +10 
0  +20 


ANALOG  INPUT 
Input  Ranges 
Bipolar 

Unipolar 

Input  Impedance 
10  Volt  Span 
20  Volt  Span 


-5  +5 
-10  +10 


5 

10 


+  10 
+20 

7 

14 


5 

10 


7 
14 


POWER  SUPPLIES 
Operating  Range 

Vf  .oair. 


EE 

Operating  Current 
Ilogic 
Ice 
!ee 


+4.5 
+  11.4 
-16.5 


3.5 
3.5 
10 


+5.5 
+  16.5 
-11.4 

7 
7 

14 


+4.5 
+  11.4 
-16.5 


+5.5 
+  16.5 
-11.4 


3.5 
3.5 


10  14 


POWER  CONSUMPTION 


220 
175 


375 


220 
175 


375 


INTERNAL  REFERENCE  VOLTAGE 

Output  Current  (Available  for  External  Loads) 
(External  Load  Should  Not  Change  During  the  ( 


9.9 


10.0 


10.1 

2.0 


9.9 


10.0 


10.1 

2.0 


NOTES 

'Adjustable  to  zero. 

includes  internal  voltage  reference  error. 

'Maximum  change  from  +25°C  value  to  the  value  at  TMIN  or  TMAX. 
♦Tested  with  REF  OUT  tied  to  REF  IN  through  50  fl  resistor,  Vcc  =  +16.5  V,  VE 
'Tested  with  REF  OUT  tied  to  REF  IN  through  50  fi  resistor,  Va  =  +12  V,  VEE 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test  at  TMIN,  +25°C,  and  TMAX,  and  results  from  those  tests  are  used  to  calculate 
outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested. 


-16.5  V,  VLOGlc  =  +5.5  V,  and  outputs  in  high-Z  mode. 
- 12  V,  VLOGIC  =  +5  V,  and  outputs  in  high-Z  mode. 
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AD674B/AD774B 


A  Grade 

B  Grade 

T  Grade 

Min                  Tvn  U«v 

Min                Tvn  Mav 

Min               Tvn  Max 

Units 

12 

12 

Bits 

±1 
±1 

±1/2 
±1/2 

±1/2 
±1 

LSB 
LSB 

12 

12 

12 

Bits 

±2 

±2 

±2 

LSB 

±6 

±3 

±3 



LSB 

0.1  0.25 

0.1  0.125 

0.1  0.125 

%  of  FS 

-40  +85 

-40  +85 

-55  +125 

°C 

±2 
±2 
±8 

■ 

±1 

■ 

±i 

LSB 
LSB 
LSB 

±2 

±1/2 

±2 

±1 

±1/2 

±1 

±1 

±1/2 

±1 

LSB 
LSB 
LSB 

-5                       H  +5 
-10  +10 
0  +10 
0  +20 

3                 5  7 
6                 10  14 

:  -5  +5 
-10  +10 
0  +10 
0  +20 

3                 5  7 
6                10  14 

-5  +5' 
-10  +10 
0  +10 
0  +20 

3                 5  7 
6                10  14 

Volts 
Volts 
Volts 
Volts 

kll 

kn 

Volts 
Volts 
Volts 

+4.5  +5.5 
+  11.4  +16.5 
-16.5  -11.4 

+4.5  +5.5 
+  11.4  +16.5 
-16.5  -11.4 

+4.5  +5.5 
+  11.4  +16.5 
-16.5  -11.4 

3.5  7 
3.5  7 
10  14 

3.5  7 
3.5  7 
10  14 

3.5  7 
3.5  7 
10  14 

mA 
mA 
mA 

220  375 
175 

220  375 
175 

220  375 
175 

mW 
mW5 

9.9               10.0  10.1 
2.0 

9.9               10.0  10.1 
2.0 

9.9               10.0  10.1 
2.0 

Volts 
mA 
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LOGIC  INPUTS 

VIH                High  Level  Input  Voltage 
VIL               Low  Level  Input  Voltage 
Im                 High  Level  Input  Current 
I1L                 Low  Level  Input  Current 

+2.0              VLOGIC  +0.5  V 
-0.5  +0.8 

V 
V 

V,N  =  VLOGIC 
VIN  =  0  V 

-10  +10 
-10  +10 

in 

pA 
t^A 

nF 
pr 

LOGIC  OUTPUTS 

VOH               High  Level  Output  Voltage 

IOH  =  0.5  mA 

+2.4 

V 

VOL              Low  Level  Output  Voltage 
Ioz                High-Z  Leakage  Current 
CoZ                High-Z  Output  Capacitance 

IOL  =  1.6  mA 
VIN  =  0  to  VLOGIC 

+0.4 

-10  +10 

10 

V 

pA 

pF 

ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  Digital  Common  0  to  +16.5  V 

VEE  to  Digital  Common  0  to  -16.5  V 

v  logic  t0  Digital  Common  0  to  +7  V 

Analog  Common  to  Digital  Common  ±1  V 

Digital  Inputs  to  Digital  Common    .  -0.5  V  to  VLOGIC  +0.5  V 

Analog  Inputs  to  Analog  Common   VEE  to  Vcc 

20  V,N  to  Analog  Common   ±24  V 

REF  OUT   Indefinite  Short  to  Common 

 Momentary  Short  to  Vcc 

Junction  Temperature  +  175°C 

Power  Dissipation   825  mW 

Lead  Temperature,  Soldering    300°C,  10  sec 

Storage  Temperature  -65°C  to  +  150°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


PIN  CONFIGURATION 


ORDERING  GUIDE 


Conversion 

INL 

Package 

Package 

Model1 

Temperature 

Time  (max) 

(TMIN  t<>  Tmax) 

Description 

Option2 

AD674BJN 

0°C  to  +70°C 

15  u.s 

±1  LSB 

Plastic  DIP 

N-28 

AD674BKN 

0°C  to  +70°C 

15  (xs 

±1/2  LSB 

Plastic  DIP 

N-28 

AD674BJR 

0°C  to  +70°C 

15  ixs 

±1  LSB 

Plastic  SOIC 

R-28 

AD674BKR 

0°C  to  +70°C 

15  ixs 

±  1/2  LSB 

Plastic  SOIC 

R-28 

AD674BAD 

-40°C  to  +85°C 

15  u.s 

±1  LSB 

Ceramic  DIP 

D-28 

AD674BBD 

-40°C  to  +85°C 

15  |xs 

±1/2  LSB 

Ceramic  DIP 

D-28 

AD674BTD 

-55°Cto  +  125°C 

15  u.s 

±1  LSB 

Ceramic  DIP 

D-28 

AD774BJN 

0°C  to  +70°C 

8  u.s 

±1  LSB 

Plastic  DIP 

N-28 

AD774BKN 

0°C  to  +70°C 

8  us 

±1/2  LSB 

Plastic  DIP 

N-28 

AD774BJR 

0°C  to  +70°C 

15  (AS 

±1  LSB 

Plastic  SOIC 

R-28 

AD774BKR 

0°C  to  +70°C 

15  u.s 

±1/2  LSB 

Plastic  SOIC 

R-28 

AD774BAD 

-40°C  to  +85°C 

8  |j,s 

±1  LSB 

Ceramic  DIP 

D-28 

AD774BBD 

-40°C  to  +85°C 

8  u.s 

±  1/2  LSB 

Ceramic  DIP 

D-28 

AD774BTD 

-55°C  to  +125°C 

8  |JLS 

±1  LSB 

Ceramic  DIP 

D-28 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog 
Devices  Military  Products  Databook  or  current  AD674B/AD774B/883B  data  sheet. 

;N  =  Plastic  DIP;  D  =  Hermetic  DIP;  R  =  Plastic  SOIC.  For  outline  information  see  Package  Information  section. 
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AD676 


FEATURES 
Autocalibrating 

On-Chip  Sample-Hold  Function 

Parallel  Output  Format 

16  Bits  No  Missing  Codes 

±1  LSB  INL 

-97  dB  THD 

90  dB  S/IN+D) 

1  MHz  Full  Power  Bandwidth 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD676  is  a  multipurpose  16-bit  parallel  output  analog- to- 
digital  converter  which  utilizes  a  switched-capacitor/charge  redis- 
tribution architecture  to  achieve  a  100  kSPS  conversion  rate 
(10  p.s  total  conversion  time).  Overall  performance  is  optimized 
by  digitally  correcting  internal  nonlinearities  through  on-chip 
autocalibration. 

The  AD676  circuitry  is  segmented  onto  two  monolithic  chips— 
a  digital  control  chip  fabricated  on  Analog  Devices  DSP  CMOS 
process  and  an  analog  ADC  chip  fabricated  on  our  BiMOS  II 
process.  Both  chips  are  contained  in  a  single  package. 

The  AD676  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  S/CN+D)  Ratio,  THD  and  IMD  which  are  important  in  sig- 
nal processing  applications.  In  addition,  dc  parameters  are  speci- 
fied which  are  important  in  measurement  applications. 


LOGIC  &  TIMING  |- 
LEVEL  TRANSLATORS" 


DIGITAL 
CHIP 


MICRO-CODED 
CONTROLLER 


.  BIT  1  —  BIT  16 


AD676 


The  AD676  operates  from  +5  V  and  ±12  V  supplies  and  typi- 
cally consumes  360  mW  during  conversion.  The  digital  supply 
(VDD)  is  separated  from  the  analog  supplies  (Vcc,  VEE)  for 
reduced  digital  crosstalk.  An  analog  ground  sense  is  provided 
for  the  analog  input.  Separate  analog  and  digital  grounds  are 
also  provided. 

The  AD676  is  available  in  a  28-pin  plastic  DIP  or  28-pin  side- 
brazed  ceramic  package.  A  serial-output  version,  the  AD677,  is 
available  in  a  16-pin  300  mil  wide  ceramic  or  plastic  package. 
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AD676 -SPECIFICATIONS 

AC  SPECIFICATIONS  am  to  w  vcc  =  +12  v  ±  5%,  v[E  =  -12  v  ±  5%,  vDD  =  +5  v  ±  io%)' 


v3  1 

AD676I/A 

AD676K/B 

Parameter 

Min 

Typ 

Max 

Min  Typ 

Max 

Units 

Total  Harmonic  Distortion  (THD)2 

.  

(a-  83  kSPS,  TMIN  to  TMAX 

-96 

-88 

-97 

-90 

dB 

0.0016 

0.004 

0.0014 

0.003 

% 

(ff  100  kSPS,  +25°C 

-96 
0.0016 

-97 
0.0014 

dB 

V  % 

@  100  kSPS,  TMIN  to  TMAX 

0.0025 

-92 
0.0025 

dB 

% 

Signal-to-Noise  and  Distortion  Ratio  (S/(N  +  D))2' 3 

@  83  kSPS,  TMIN  to  TMAX 

85 

89 

87  90 

dB 

(cr  100  kbrb,  +25  C 

89 

90 

dB 

@  100  kSPS,  TMIN  to  TMAX 
Peak  Spurious  or  Peak  Harmonic  Component 
Intermodulation  Distortion  (IMD)4 

2nd  Order  Products 

3rd  Order  Products 
Full  Power  Bandwidth 

86 
-98 

86 
-98 

dB 
dB 

-102 

-98 

1 

-102 

-98 

1 

dB 
dB 
MHz 

Noise 

160 

160 

(j.V  rms 

DIGITAL  SPECIFICATIONS  (for  all  grades  TMIN  to  TMAX,  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V  ±  5%,  VBD  =  +5  V  ±  10%) 


Parameter 

Test  Conditions 

Min 

Typ 

Max 

Units 

LOGIC  INPUTS 

VIH             High-Level  Input  Voltage 

2.4 

VDD  +0.3 

V 

V,L             Low-Level  Input  Voltage 

—0.3 

! 

-0.8 

V 

IIH              High-Level  Input  Current 

v,„  =  vDD 

-10 

+  10 

M.A 

IjL              Low-Level  Input  Current 

VIL  =  0  V 

-10 

+  10 

|xA 

CIN             Input  Capacitance 

10 

pF 

LOGIC  OUTPUTS 

VOH            High-Level  Output  Voltage 

IOH  =  0.1  mA 

Vdd-1V 

V  . 

=  0.5  mA 

2.4 

V 

VOL            Low-Level  Output  Voltage 

IOL  =  1-6  mA 

0.4 

V 

NOTES 

'VREF  =  10.0  V,  Conversion  Rate  (fs)  =  83  kSPS,  fIN  =  1.0  kHz,  V1N  =  -0.05  dB,  Bandwidth  =  fs/2  unless  otherwise  indicated.  All  measurements  referred  to 
a  0  dB  (20  V  p-p)  input  signal.  Values  are  post-calibration. 
2For  other  input  amplitudes,  refer  to  Figure  13. 
3For  other  input  ranges/voltages  reference  values  see  Figure  12. 
4fa  =  1008  Hz,  fb  =  1055  Hz.  See  Definition  of  Specifications  section  and  Figure  15. 
Specifications  subject  to  change  without  notice. 
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DC  SPECIFICATIONS 

(Tmin  *°  ^m»X'  ^cc  =  +12  V  ±  5%,  VE£  -  -12  V  ±  5%,  V0D  =  +5  V  ±  10%)' 

 ,  ,  


AD676J/A 

AD676K/B 

Parameter 

Min       Typ  Max 

Min       Typ  Max 

Units 

TEMPERATURE  RANGE 
J,  K  Grades 
A,  B  Grades 

0  +70 
-40  +85 

0  +70 
-40  +85 

°C 
°C 

ACCURACY 
Resolution 

Integral  Nonlinearity  (INL) 

@  83  kSPS,  TMIN  to  T^ 

@  iOO  kSPS,  +  25°C 

I  100  kSPS,  TMIN  to  TMAX 
Differential  Nonlinearity  (DNL)— No  Missing  Codes 
Bipolar  Zero  Error2  (at  Nominal  Supplies) 
Gain  Error  (at  Nominal  Supplies) 

@  83  kSPS2 

@  100  kSPS,  +25°C 

16 

±1 
±1 
±2 
16 

0.005 

0.005 
0.005 

16 

±1  ±1.5 

±1 

±2 

16 

0.005 

0.005 
0.005 

Bits 

LSB 
LSB 
LSB 
Bits 
%  FSR 

%  FSR 
%  FSR 

@  100  kSPS2 
Temperature  Drift,  Bipolar  Zero3 

J,  K  Grades 

A,  B  Grades 
Temperature  Drift,  Gain3 

J,  K  Grades 

A,  B  Grades 

0.01 

0.0015 
0.003 

0.0015 
0.003 

0.01 

0.0015 
0.003 

0.0015 
0.003 

%  FSR 
%  FSR 
%  FSR 
%  FSR 

%  FSR 
%  FSR 

VOLTAGE  REFERENCE  INPUT  RANGE4  (VREF) 

5  10 

5  10 

V 

ANALOG  INPUT5 
Input  Range  (VIN) 
Input  Impedance 
Input  Settling  Time 
Input  Capacitance  During  Sample 
Aperture  Delay 
Aperture  Jitter 

±vREF 

* 

50* 

6 

100 

* 

2 

50* 

6 

100 

V 

U.S 

pF 

ns 
ps 



POWER  SUPPLIES 

Power  Supply  Rejection 

Vcc  =  +12  V  ±  5% 

VEE  =  -12  V  i  5% 

VDD  =  +5  V  ±  10% 
Operating  Current 

Ice 
IEE 

±1 

±1 
+  j 

14.5  18 
14.5  18 

■ 

±1 
±1 
±1 

14.5  18 
14.5  18 

LSB 
LSB 
LSB 

mA 
mA 

2  5 

360  480 



2  5 
360  480 

mA 
mW 

Power  Consumption 

 ■  

'VREF  =  5.0  V,  Conversion  Rate  =  83  kSPS  unless  otherwise  noted.  Values  are  post-calibration. 
2Values  shown  apply  to  any  temperature  from  TMIN  to  TMAX  after  calibration  at  that  temperature. 

'Values  shown  are  based  upon  calibration  at  +25°C  with  no  additional  calibration  at  temperature.  Values  shown  are  the  worst  case  variation  from  the  value  at 
+25°C 

4See  "APPLICATIONS"  section  for  recommended  voltage  reference  circuit,  and  Figure  12  for  dynamic  performance  with  other  reference  voltage  values. 
sSee  "APPLICATIONS"  section  for  recommended  input  buffer  circuit. 
*For  explanation  of  input  characteristics,  see  "ANALOG  INPUT"  section. 
Specifications  subject  to  change  without  notice. 
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Parameter 

Symbol 

Min 

Typ 

Max 

Units 

CYinvprsinn  Timp^ 

10 

1000 

CLK  Period3 

^CLK 

480 

ns 

Calibration  Time 

( .  I 

85,530 

^CLK 

Samnlinp  Timp  (Included  in  T— ^ 

Jail  1  J-'  III  Ig.      JL  Uil\*       111\,JUULU     11!  t-^2J 

4 —  fc,  —  —  — 

ls 

2 

U.S 

CAL  to  BUSY  Delay 

^CALB 

75 

150 

ns 

BUSY  to  SAMPLE  Delay 

^BS 

2 

LLS 

KB 

SAMPLE  to  BUSY  Delay 
CLK  HIGH4 

15 

100 

ns 

50 

ns 

CLK  LOW4 

50 

ns 

SAMPLE  LOW  to  1st  CLK  Delay 

tsc 

50 

ns 

SAMPLE  LOW 
Output  Delay 

lSL 

100 

125 

ns 

toD 

200 

ns 

Status  Delay 

tsD 

50 

ns 

CAL  HIGH  Time 

tcALH 

50 

ns 

NOTES 

'See  the  "CONVERSION  CONTROL"  and  "AUTOCALIBRATION"  sections  for  detailed  explanations  of  the  above  timing. 

2Depends  upon  external  clock  frequency;  includes  acquisition  time  and  conversion  time.  The  maximum  conversion  time  is  specified  to  account  for  the  droop  of 
the  internal  sample/hold  function.  Longer  conversion  times  may  degrade  performance.  See  "General  Conversion  Guidelines"  for  additional  explanation  of  maxi- 
mum conversion  time. 

3580  ns  is  recommended  for  optimal  accuracy  over  temperature. 
'Vh  +       =  kLK       musE  06  greater  than  480  ns. 


too-*-  — 


 I    "*j  h^-lcLK 

juTJinjiAAnniuL 


■ 


Figure  1.  Calibration  Timing 
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Figure  2a.  General  Conversion  Timing 


Figure  2b.  Continuous  Conversion  Timing 
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model 

Temperature  Range1 

S/(N+D) 

Max  INL 

Package  Description 

Option2 

AD676JD 

0°C  to  +70°C 

85  dB 

Ceramic  28-Pin  DIP 

D-28 

AD676KD 

0°C  to  +70°C 

87  dB 

±1.5  LSB 

Ceramic  28-Pin  DIP 

D-28 

AD676AD 

-40°C  to  +85°C 

85  dB 

Ceramic  28-Pin  DIP 

D-28 

AD676BD 

-40°C  to  +85°C 

87  dB 

±1.5  LSB 

Ceramic  28-Pin  DIP 

D-28 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  AD676/883  data  sheet. 
2D  =  Ceramic  DIP.  For  outline  information  see  Package  Information  section. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  VEE  -0.3  V  to  +26.4  V 

VDD  to  DGND   -0.3  V  to  +7  V 

Vcc  to  AGND  -0.3  V  to  +18  V 

VEE  to  AGND   - 18  V  to  +0.3  V 

AGND  to  DGND   ±0.3  V 

Digital  Inputs  to  DGND  .  .  .  0  to  +5.5  V 

Analog  Inputs,  VREF  to  AGND 

 (Vcc  +  0.3  V)  to  (VEE  -  0.3  V) 

Soldering  +300°C,  10  sec 

Storage  Temperature  -65°C  to  +  150°C 

*Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


CAUTION   

The  AD676  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and  polysilicon 
series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast,  low  energy 
pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD676  has  been 
classified  as  a  Category  1  Device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment, and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts, 
and  the  foam  discharged  to  the  destination  socket  before  devices  are  removed.  For  further  informa- 
tion  on  ESD  precaution,  refer  to  Analog  Devices'  ESD  Prevention  Manual.  


WARNING! 


ESD  SENSITIVE  DEVICE 
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PIN  DESCRIPTION 


Pin 


Name 


Type 


Description 


1-6 

7 

8 
9 


10 
11 

12 
13 
14 
15 
16 
17 

18 

19-28 


BIT  11-BIT  16 
BUSY 

CAL 
SAMPLE 


CLK 
DGND 

Vcc 
AGND 

AGND  SENSE 
VIN 

Vref 

VEE 


v  DD 

BIT  1-BIT  10 


DO 
DO 

DI 
DI 


DI 

P 

P 

P/AI 

AI 

AI 

AI 

P 

P 

DO 


BIT  11-BIT  16  represent  the  six  LSBs  of  data. 

Status  Line  for  Converter.  Active  HIGH,  indicating  a  conversion  or  calibration  in  progress. 
BUSY  should  be  buffered  when  capacitively  loaded. 
Calibration  Control  Pin  (Asynchronous). 

VIN  Acquisition  Control  Pin.  Active  HIGH.  During  conversion,  SAMPLE  controls  the  state  of 

the  internal  sample-hold  amplifier  and  the  falling  edge  initiates  conversion  (see  "Conversion 

Control"  paragraph).  During  calibration,  SAMPLE  should  be  held  LOW.  If  HIGH  during 

calibration,  diagnostic  information  will  appear  on  the  two  LSBs  (Pins  5  and  6). 

Master  Clock  Input.  The  AD676  requires  17  clock  cycles  to  execute  a  conversion. 

Digital  Ground. 

+ 12  V  Analog  Supply  Voltage. 

Analog  Ground. 

Analog  Ground  Sense. 

Analog  Input  Voltage. 

External  Voltage  Reference  Input. 

-12  V  Analog  Supply  Voltage.  Note:  the  lid  of  the  ceramic  package  is  internally  connected  to 
VEE. 

+  5  V  Logic  Supply  Voltage. 

BIT  1-BIT  10  represent  the  ten  MSB  of  data. 


Type:    AI  =  Analog  Input 
DI  =  Digital  Input 
DO  =  Digital  Output 
P  =  Power 


BIT  11  [T 
BIT  12  [T 
BIT  13  [T 
BIT  14  [T 
BIT  15  QT 
BIT  16  (LSB)  [7 
BUSY  [T 
CAL  QT 
SAMPLE  [T 

clk[k> 

DGND  QT 

Vcc  Qi 

AGND 
AGND  SENSfc  QT 


AD676 
TOP  VIEW 
(Not  to  Scale) 


H\  BIT  10 
27]  BIT  9 
26*]  BIT  8 
25]  BIT  7 
24]  BIT  6 
23~l  BIT  5 
22~|  BIT  4 
TTj  BIT 3 
2o]  BIT2 
iJJ  BIT  1  (M 
JJ]  VDD 

Jf]vEE 

T£|v,N 


AGND  SENSE  (R 
VREF@ 
AGND® 


CAL 
DAC 


ANALOG 
CHIP 


— I  \  | — .  CHII 

—  16-BIT  \ 

-  DAC>  C°^>- 


LOGIC  &  TIMING 


LEVEL  TRANSLATORS 


SAR 

PAT 

MICRO-CODED 

GEN 

CONTROLLER 

ALU 

RAM 

1 

BUSY 


.  BIT  1  -  BIT  16 


AD676 


Package  Pinout 


Functional  Block  Diagram 
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Definition  of  Specifications 


NYQUIST  FREQUENCY 

An  implication  of  the  Nyquist  sampling  theorem,  the  "Nyquist 
frequency"  of  a  converter  is  that  input  frequency  which  is  one 
half  the  sampling  frequency  of  the  converter. 

TOTAL  HARMONIC  DISTORTION 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
the  harmonic  components  to  the  rms  value  of  a  full-scale  input 
signal  and  is  expressed  in  percent  (%)  or  decibels  (dB).  For 
input  signals  or  harmonics  that  are  above  the  Nyquist  fre- 
quency, the  aliased  components  are  used. 

SIGNAL-TO-NOISE  PLUS  DISTORTION  RATIO 

Signal-to-noise  plus  distortion  is  defined  to  be  the  ratio  of  the 
rms  value  of  the  measured  input  signal  to  the  rms  sum  of  all 
other  spectral  components  below  the  Nyquist  frequency,  includ- 
ing harmonics  but  excluding  dc. 

GAIN  ERROR 

The  last  transition  should  occur  at  an  analog  value  1.5  LSB 
below  the  nominal  full  scale  (4.99977  volts  for  a  ±5  V  range). 
The  gain  error  is  the  deviation  of  the  actual  difference  between 
the  first  and  last  code  transition  from  the  ideal  difference 
between  the  first  and  last  code  transition. 
- 

BIPOLAR  ZERO  ERROR 

Bipolar  zero  error  is  the  difference  between  the  ideal  midscale 
input  voltage  (0  V)  and  the  actual  voltage  producing  the  mid- 
scale  output  code. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

In  an  ideal  ADC,  code  transitions  are  one  LSB  apart.  Differen- 
tial nonlinearity  is  the  maximum  deviation  from  this  ideal  value. 
It  is  often  specified  in  terms  of  resolution  for  which  no  missing 
codes  are  guaranteed. 

INTEGRAL  NONLINEARITY  (INL) 

The  ideal  transfer  function  for  an  ADC  is  a  straight  line  bisect- 
ing the  center  of  each  code  drawn  between  "zero"  and  "full 
scale."  The  point  used  as  "zero"  occurs  1/2  LSB  before  the  most 
negative  code  transition.  "Full  scale"  is  defined  as  a  level 
1.5  LSB  beyond  the  most  positive  code  transition.  Integral  non- 
linearity  is  the  worst-case  deviation  of  a  code  center  average 
from  the  straight  line. 


BANDWIDTH 

The  full-power  bandwidth  is  that  input  frequency  at  which  the 
amplitude  of  the  reconstructed  fundamental  is  reduced  by  3  dB 
for  a  full-scale  input. 

INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m+n),  at  sum  and  difference  frequencies  of  mfa  ,± 
nfb,  where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation  terms  are 
those  for  which  m  or  n  is  not  equal  to  zero.  For  example,  the 
second  order  terms  are  (fa  +  fb)  and  (fa  -  fb),  and  the  third 
order  terms  are  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and  (fa  - 
2  fb).  The  IMD  products  are  expressed  as  the  decibel  ratio  of 
the  rms  sum  of  the  measured  input  signals  to  the  rms  sum  of 
the  distortion  terms.  The  two  signals  applied  to  the  converter 
are  of  equal  amplitude,  and  the  peak  value  of  their  sum  is 
-0.5  dB  from  full  scale.  The  IMD  products  are  normalized  to  a 
0  dB  input  signal. 

APERTURE  DELAY 

Aperture  delay  is  the  time  required  after  SAMPLE  pin  is  taken 
LOW  for  the  internal  sample-hold  of  the  AD676  to  open,  thus 
holding  the  value  of  VIN. 

APERTURE  JITTER 

Aperture  jitter  is  the  variation  in  the  aperture  delay  from  sample 
to  sample. 

POWER  SUPPLY  REJECTION 

DC  variations  in  the  power  supply  voltage  will  affect  the  overall 
transfer  function  of  the  ADC,  resulting  in  zero  error  and  gain 
error  changes.  Power  supply  rejection  is  the  maximum  change  in 
either  the  bipolar  zero  error  or  gain  error  value.  Additionally, 
there  is  another  power  supply  variation  to  consider.  AC  ripple 
on  the  power  supplies  can  couple  noise  into  the  ADC,  resulting 
in  degradation  of  dynamic  performance.  This  is  displayed  in 
Figure  16. 


ibility  to  track  fast 
slewing  signals.  This  is  specified  as  the  maximum  time  required 
in  track  mode  after  a  full-scale  step  input  to  guarantee  rated 


INPUT  SETTLING  TIME 

Settling  time  is  a  function  of  the  SHA's 


conversion  accuracy. 


■ 
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and  includes  circuitry  which  performs  an  input  sample/hold 
function,  ground  sense,  and  autocalibration.  These  functions  are 
segmented  onto  two  monolithic  chips— an  analog  signal  proces- 
sor and  a  digital  controller.  Both  chips  are  contained  within  the 
AD676  package. 

The  AD676  employs  a  successive-approximation  technique  to 
determine  the  value  of  the  analog  input  voltage.  However, 
instead  of  the  traditional  laser-trimmed  resistor-ladder  approach, 
this  device  uses  a  capacitor-array,  charge  redistribution  tech- 
nique. Binary-weighted  capacitors  subdivide  the  input  sample  to 
perform  the  actual  analog- to-digital  conversion.  The  capacitor 
array  eliminates  variation  in  the  linearity  of  the  device  due  to 
temperature-induced  mismatches  of  resistor  values.  Since  a 
capacitor  array  is  used  to  perform  the  data  conversions,  the 
sample/hold  function  is  included  without  the  need  for  additional 
external  circuitry. 

Initial  errors  in  capacitor  matching  are  eliminated  by  an  auto- 
calibration circuit  within  the  AD676.  This  circuit  employs  an 
on-chip  microcontroller  and  a  calibration  DAC  to  measure  and 
compensate  capacitor  mismatch  errors.  As  each  error  is  deter- 
mined, its  value  is  stored  in  on-chip  memory  (RAM).  Subse- 
quent conversions  use  these  RAM  values  to  improve  conversion 
accuracy.  The  autocalibration  routine  may  be  invoked  at  any 
time.  Autocalibration  insures  high  performance  while  eliminat- 
ing the  need  for  any  user  adjustments  and  is  described  in  detail 
below. 

The  microcontroller  controls  all  of  the  various  functions  within 
the  AD676.  These  include  the  actual  successive  approximation 
algorithm,  the  autocalibration  routine,  the  sample/hold  opera- 
tion, and  the  internal  output  data  latch. 

AUTOCALIBRATION 

The  AD676  achieves  rated  performance  without  the  need  for 
user  trims  or  adjustments.  This  is  accomplished  through  the  use 
of  on-chip  autocalibration. 

In  the  autocalibration  sequence,  sample/hold  offset  is  nulled  by 
internally  connecting  the  input  circuit  to  the  ground  sense  cir- 
cuit. .The  resulting  offset  voltage  is  measured  and  stored  in 
RAM  for  later  use.  Next,  the  capacitor  representing  the  most 
significant  bit  (MSB)  is  charged  to  the  reference  voltage.  This 
charge  is  then  transferred  to  a  capacitor  of  equal  size  (composed 
of  the  sum  of  the  remaining  lower  weight  bits).  The  difference 
in  the  voltage  that  results  and  the  reference  voltage  represents 
the  amount  of  capacitor  mismatch.  A  calibration  digital-to- 
analog  convener  (DAC)  adds  an  appropriate  value  of  error  cor- 
rection voltage  to  cancel  this  mismatch.  This  correction  factor  is 
also  stored  in  RAM.  This  process  is  repeated  for  each  of  the 
capacitors  representing  the  remaining  top  eight  bits.  The  accu- 
mulated values  in  RAM  are  then  used  during  subsequent  con- 
versions to  adjust  conversion  results  accordingly. 

As  shown  in  Figure  1,  when  CAL  is  taken  HIGH  the  AD676 
internal  circuitry  is  reset,  the  BUSY  pin  is  driven  HIGH,  and 
the  ADC  prepares  for  calibration.  This  is  an  asynchronous  hard- 
ware reset  and  will  interrupt  any  conversion  or  calibration  cur- 
rently in  progress.  Actual  calibration  begins  when  CAL  is  taken 


be  held  LOW.  If  SAMPLE  is  HIGH  ."diagnostic  data  will 
appear  on  Pins  5  and  6.  This  data  is  of  no  value  to  the  user. 

The  AD676  requires  one  clock  cycle  after  BUSY  goes  LOW  to 
complete  the  calibration  cycle.  If  this  clock  cycle  is  not  pro- 
vided, it  will  be  taken  from  the  first  conversion,  likely  resulting 
in  first  conversion  error. 

In  most  applications,  it  is  sufficient  to  calibrate  the  AD676  only 
upon  power-up,  in  which  case  care  should  be  taken  that  the 
power  supplies  and  voltage  reference  have  stabilized  first.  If  not 
calibrated,  the  AD676  accuracy  may  be  as  low  as  10  bits. 

CONVERSION  CONTROL 

The  AD676  is  controlled  by  two  signals:  SAMPLE  and  CLK,  as 
shown  in  Figures  2a  and  2b.  It  is  assumed  that  the  part  has 
been  calibrated  and  the  digital  I/O  pins  have  the  levels  shown  at 
the  start  of  the  timing  diagram. 

A  conversion  consists  of  an  input  acquisition  followed  by  17 
clock  pulses  which  execute  the  16-bit  internal  successive  approx- 
imation routine.  The  analog  input  is  acquired  by  taking  the 
SAMPLE  line  HIGH  for  a  minimum  sampling  time  of  ts.  The 
actual  sample  taken  is  the  voltage  present  on  Vjn  one  aperture 
delay  after  the  SAMPLE  line  is  brought  LOW,  assuming  the 
previous  conversion  has  completed  (signified  by  BUSY  going 
LOW).  Care  should  be  taken  to  ensure  that  this  negative  edge  is 
well  defined  and  jitter  free  in  ac  applications  to  reduce  the 
uncertainty  (noise)  in  signal  acquisition.  With  SAMPLE  going 
LOW,  the  AD676  commits  itself  to  the  conversion— the  input  at 
VIN  is  disconnected  from  the  internal  capacitor  array,  BUSY 
goes  HIGH,  and  the  SAMPLE  input  will  be  ignored  until  the 
conversion  is  completed  (when  BUSY  goes  LOW).  SAMPLE 
must  be  held  LOW  for  a  minimum  period  of  time  tSL.  A  period 
of  time  tsc  after  bringing  SAMPLE  LOW,  the  17  CLK  cycles 
are  applied;  CLK  pulses  that  start  before  this  period  of  time  are 
ignored.  BUSY  goes  HIGH  tSB  after  SAMPLE  goes  LOW,  sig- 
nifying that  a  conversion  is  in  process,  and  remains  HIGH  until 
the  conversion  is  completed.  BUSY  goes  LOW  during  the  17th 
CLK  cycle  at  the  point  where  the  data  outputs  have  changed 
and  are  valid.  The  AD676  will  ignore  CLK  after  BUSY  has 
gone  LOW  and  the  output  data  will  remain  constant  until  a  new 
conversion  is  completed.  The  data  can,  therefore,  be  read  any 
time  after  BUSY  goes  LOW  and  before  the  17th  CLK  of  the 
next  conversion  (see  Figures  2a  and  2b).  The  section  on  Micro- 
processor Interfacing  discusses  how  the  AD676  can  be  interfaced 
to  a  16-bit  databus. 

Typically  BUSY  would  be  used  to  latch  the  AD676  output  data 
into  buffers  or  to  interrupt  microprocessors  or  DSPs.  It  is 
recommended  that  the  capacitive  load  on  BUSY  be  minimized 
by  driving  no  more  than  a  single  logic  input.  Higher  capacitive 
loads  such  as  cables  or  multiple  gates  may  degrade  conversion 
quality  unless  BUSY  is  buffered. 

CONTINUOUS  CONVERSION 

For  maximum  throughput  rate,  the  AD676  can  be  operated  in  a 
continuous  convert  mode  (see  Figure  2b).  This  is  accomplished 
by  utilizing  the  fact  that  SAMPLE  will  no  longer  be  ignored 
after  BUSY  goes  LOW,  so  an  acquisition  may  be  initiated  even 
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at  the  end  of  a  conversion,  then  an  acquisition  is  immediately 
initiated  and  ts  and  tc  start  from  that  time.  Data  from  the  previ- 
ous conversion  may  be  latched  up  to  tSD  before  BUSY  goes 
LOW  or  t0D  after  the  rising  edge  of  the  17th  clock  pulse.  How- 
ever, it  is  preferred  that  latching  occur  on  or  after  the  falling  edge 
of  BUSY. 

Care  must  be  taken  to  adhere  to  the  minimum/maximum  timing 
requirements  in  order  to  preserve  conversion  accuracy. 

GENERAL  CONVERSION  GUIDELINES 

During  signal  acquisition  and  conversion,  care  should  be  taken 
with  the  logic  inputs  to  avoid  digital  feed  through  noise.  It  is 
possible  to  run  CLK  continuously,  even  during  the  sample 
period.  However,  CLK  edges  during  the  sampling  period,  and 
especially  when  SAMPLE  goes  LOW,  may  inject  noise  into  the 
sampling  process.  The  AD676  is  tested  with  no  CLK  cycles 
during  the  sampling  period.  The  BUSY  signal  can  be  used  to 
prevent  the  clock  from  running  during  acquisition,  as  illustrated 
in  Figure  3.  In  this  circuit  BUSY  is  used  to  reset  the  circuitry 
which  divides  the  system  clock  down  to  provide  the  AD676 
CLK.  This  serves  to  interrupt  the  clock  until  after  the  input 
signal  has  been  acquired,  which  has  occurred  when  BUSY  goes 
HIGH.  When  the  conversion  is  completed  and  BUSY  goes 
LOW,  the  circuit  in  Figure  3  truncates  the  17th  CLK  pulse 
width  which  is  tolerable  because  only  its  rising  edge  is  critical. 


AD676 


Figure  3. 


Figure  3  also  illustrates  the  use  of  a  counter  (74HC393)  to 
derive  the  AD676  SAMPLE  command  from  the  system  clock 
when  a  continuous  convert  mode  is  desirable.  Pin  9  (2QC)  pro- 
vides a  96  kHz  sample  rate  for  the  AD676  when  used  with  a 
12.288  MHz  system  clock.  Alternately,  Pin  8  (2QD)  could  be 
used  for  a  48  kHz  rate. 

If  a  continuous  clock  is  used,  then  the  user  must  avoid  CLK 
edges  at  the  instant  of  disconnecting  V,N  which  occurs  at  the 
falling  edge  of  SAMPLE  (see  tsc  specification).  The  duty  cycle 
of  CLK  may  vary,  but  both  the  HIGH  (tCH)  and  LOW  (tCL) 


eage  ot  LLK.  l  o  avoid  a  negative  edge  transition  disturbing  the 
comparator's  settling,  t^  should  be  at  least  half  the  value  of 
kiLK-  To  also  avoid  transitions  disturbing  the  internal  compara- 
tor's settling,  it  is  not  recommended  that  the  SAMPLE  pin 
change  state  toward  the  end  of  a  CLK  cycle. 

During  a  conversion,  internal  dc  error  terms  such  as  comparator 
voltage  offset  are  sampled,  stored  on  internal  capacitors  and 
used  to  correct  for  their  corresponding  errors  when  needed. 
Because  these  voltages  are  stored  on  capacitors,  they  are  subject 
to  leakage  decay  and  so  require  refreshing.  For  this  reason  there 
is  a  maximum  conversion  time  tc  (1000  u.s).  From  the  time 
SAMPLE  goes  HIGH  to  the  completion  of  the  17th  CLK  pulse, 
no  more  than  1000  u.s  should  elapse  for  specified  performance. 
However,  there  is  no  restriction  to  the  maximum  time  between 
conversions. 

Output  coding  for  the  AD676  is  twos  complement,  as  shown  in 
Table  I.  By  inverting  the  MSB,  the  coding  can  be  converted  to 
offset  binary.  The  AD676  is  designed  to  limit  output  coding  in 
the  event  of  out-of-range  inputs. 

Table  1.  Output  Coding 


V,N 

Output  Code 

>Full  Scale 

011  . 

.  11 

Full  Scale 

011  . 

.  11 

Full  Scale  -  1  LSB 

011  . 

.  10 

Midscale  +  1  LSB 

000  . 

.  01 

Midscale 

000  . 

.  00 

Midscale  -  1  LSB 

Ill . 

.  11 

-Full  Scale  +  1  LSB 

100  . 

.  01 

-Full  Scale 

100  . 

.  00 

<-Full  Scale 

100  . 

.  00 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD676  has  three  power  supply  input  pins.  Vcc  and  VEE 
provide  the  supply  voltages  to  operate  the  analog  portions  of  the 
AD676  including  the  ADC  and  sample-hold  amplifier  (SHA). 
VDD  provides  the  supply  voltage  which  operates  the  digital  por- 
tions of  the  AD676  including  the  data  output  buffers  and  the 
autocalibration  controller. 

As  with  most  high  performance  linear  circuits,  changes  in  the 
power  supplies  can  produce  undesired  changes  in  the  perfor- 
mance of  the  circuit.  Optimally,  well  regulated  power  supplies 
with  less  than  1%  ripple  should  be  selected.  The  ac  output 
impedance  of  a  power  supply  is  a  complex  function  of  fre- 
quency, and  in  general  will  increase  with  frequency.  In  other 
words,  high  frequency  switching  such  as  that  encountered  with 
digital  circuitry  requires  fast  transient  currents  which  most 
power  supplies  cannot  adequately  provide.  This  results  in  volt- 
age spikes  on  the  supplies.  If  these  spikes  exceed  the  ±5%  toler- 
ance of  the  ±  12  V  supplies  or  the  ±  10%  limits  of  the  +5  V 
supply,  ADC  performance  will  degrade.  Additionally,  spikes  at 
frequencies  higher  than  100  kHz  will  also  degrade  performance. 
To  compensate  for  the  finite  ac  output  impedance  of  the  sup- 
plies, it  is  necessary  to  store  "reserves"  of  charge  in  bypass 
capacitors.  These  capacitors  can  effectively  lower  the  ac  imped- 
ance presented  to  the  AD676  power  inputs  which  in  turn  will 
significantly  reduce  the  magnitude  of  the  voltage  spikes.  For 
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bypassing  to  be  effective,  certain  guidelines  should  be  followed. 
Decoupling  capacitors,  typically  0.1  u.F,  should  be  placed  as 
closely  as  possible  to  each  power  supply  pin  of  the  AD676.  It  is 
essential  that  these  capacitors  be  placed  physically  close  to  the 
IC  to  minimize  the  inductance  of  the  PCB  trace  between  the 
capacitor  and  the  supply  pin.  The  logic  supply  (VDD)  should  be 
decoupled  to  digital  common  and  the  analog  supplies  (Vcc  and 
VEE)  to  analog  common.  The  reference  input  is  also  considered 
as  a  power  supply  pin  in  this  regard  and  the  same  decoupling 
procedures  apply.  These  points  are  displayed  in  Figure  4. 
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Figure  4.  Grounding  and  Decoupling  the  AD676 

Additionally,  it  is  beneficial  to  have  large  capacitors  (>47  u.F) 
located  at  the  point  where  the  power  connects  to  the  PCB  with 
10  (jlF  capacitors  located  in  the  vicinity  of  the  ADC  to  further 
reduce  low  frequency  ripple.  In  systems  that  will  be  subjected  to 
particularly  harsh  environmental  noise,  additional  decoupling 
may  be  necessary.  RC-filtering  on  each  power  supply  combined 
with  dedicated  voltage  regulation  can  substantially  decrease 
power  supply  ripple  effects  (this  is  further  detailed  in  Figure  7). 


BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  a  significant  issue. 
A  1.22  mA  current  through  a  0.5  fi  trace  will  develop  a  voltage 
drop  of  0.6  mV,  which  is  4  LSBs  at  the  16-bit  level  for  a  10  V 
full-scale  span.  In  addition  to  ground  drops,  inductive  and 
capacitive  coupling  need  to  be  considered,  especially  when  high 
accuracy  analog  signals  share  the  same  board  with  digital  signals. 

Analog  and  digital  signals  should  not  share  a  common  return 
path.  Each  signal  should  have  an  appropriate  analog  or  digital 
return  routed  close  to  it.  Using  this  approach,  signal  loops 
enclose  a  small  area,  minimizing  the  inductive  coupling  of  noise. 
Wide  PC  tracks,  large  gauge  wire,  and  ground  planes  are  highly 
recommended  to  provide  low  impedance  signal  paths.  Separate 
analog  and  digital  ground  planes  are  also  desirable,  with  a  single 
interconnection  point  at  the  AD676  to  minimize  interference 
between  analog  and  digital  circuitry.  Analog  signals  should  be 
routed  as  far  as  possible  from  digital  signals  and  should  cross 
them,  if  at  all,  only  at  right  angles.  A  solid  analog  ground  plane 
around  the  AD676  will  isolate  it  from  large  switching  ground 
currents.  For  these  reasons,  the  use  of  wire  wrap  circuit  con- 
struction will  not  provide  adequate  performance;  careful  printed 
circuit  board  construction  is  preferred. 


GROUNDING 

The  AD676  has  three  grounding  pins,  designated  ANALOG 
GROUND  (AGND),  DIGITAL  GROUND  (DGND)  and 
ANALOG  GROUND  SENSE  (AGND  SENSE).  The  analog 
ground  pin  is  the  "high  quality"  ground  reference  point  for  the 
device,  and  should  be  connected  to  the  analog  common  point  in 
the  system. 

AGND  SENSE  is  intended  to  be  connected  to  the  input  signal 
ground  reference  point.  This  allows  for  slight  differences  in  level 
between  the  analog  ground  point  in  the  system  and  the  input 
signal  ground  point.  However  no  more  than  100  mV  is  recom- 
mended between  the  AGND  and  the  AGND  SENSE  pins  for 
specified  performance. 

Using  AGND  SENSE  to  remotely  sense  the  ground  potential 
of  the  signal  source  can  be  useful  if  the  signal  has  to  be  carried 
some  distance  to  the  A/D  converter.  Since  all  IC  ground  cur- 
rents have  to  return  to  the  power  supply  and  no  ground  leads 
are  free  from  resistance  and  inductance,  there  are  always  some 
voltage  differences  from  one  ground  point  in  a  system  to  another. 

Over  distance  this  voltage  difference  can  easily  amount  to  sev- 
eral LSBs  (in  a  10  V  input  span,  16-bit  system  each  LSB  is 
about  0.15  mV).  This  would  directly  corrupt  the  A/D  input  sig- 
nal if  the  A/D  measures  its  input  with  respect  to  power  ground 
(AGND)  as  shown  in  Figure  5a.  To  solve  this  problem  the 
AD676  offers  an  AGND  SENSE  pin.  Figure  5b  shows  how  the 
AGND  SENSE  can  be  used  to  eliminate  the  problem  in  Figure 
5a.  Figure  5b  also  shows  how  the  signal  wires  should  be  shielded 
in  a  noisy  environment  to  avoid  capacitive  coupling.  If  inductive 
(magnetic)  coupling  is  expected  to  be  dominant  such  as  where 
motors  are  present,  twisted-pair  wires  should  be  used  instead. 

The  digital  ground  pin  is  the  reference  point  for  all  of  the  digital 
signals  that  operate  the  AD676.  This  pin  should  be  connected  to 
the  digital  common  point  in  the  system.  As  Figure  4  illustrated, 
the  analog  and  digital  grounds  should  be  connected  together  at 
one  point  in  the  system,  preferably  at  the  AD676. 
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Figure  5a.  Input  to  the  A/D  Is  Corrupted  by  I 
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Figure  5b.  AGND  SENSE  Eliminates  the  Problem  in 
Figure  5a. 
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VOLTAGE  REFERENCE 

The  AD676  requires  the  use  of  an  external  voltage  reference. 
The  input  voltage  range  is  determined  by  the  value  of  the  refer- 
ence voltage;  in  general,  a  reference  voltage  of  n  volts  allows  an 
input  range  of  ±n  volts.  The  AD676  is  specified  for  both  10  V 
and  5.0  V  references.  A  10  V  reference  will  typically  require 
support  circuitry  operated  from  ±15  V  supplies;  a  5.0  V  refer- 
ence may  be  used  with  ±12  V  supplies.  Signal-to-noise  perfor- 
mance is  increased  proportionately  with  input  signal  range.  In 
the  presence  of  a  fixed  amount  of  system  noise,  increasing  the 
LSB  size  (which  results  from  increasing  the  reference  voltage) 
will  increase  the  effective  S/(N  +  D)  performance.  Figure  12 
illustrates  S/(N+D)  as  a  function  of  reference  voltage.  In  con- 
trast, INL  will  be  optimal  at  lower  reference  voltage  values 
(such  as  5  V)  due  to  capacitor  nonlinearity  at  higher  voltage 
values. 

During  a  conversion,  the  switched  capacitor  array  of  the  AD676 
presents  a  dynamically  changing  current  load  at  the  voltage  ref- 
erence as  the  successive-approximation  algorithm  cycles  through 
various  choices  of  capacitor  weighting.  (See  the  following  section 
"Analog  Input"  for  a  detailed  discussion  of  the  VREF  input  char- 
acteristics.) The  output  impedance  of  the  reference  circuitry 
must  be  low  so  that  the  output  voltage  will  remain  sufficiently 
constant  as  the  current  drive  changes.  In  some  applications,  this 
may  require  that  the  output  of  the  voltage  reference  be  buffered 
by  an  amplifier  with  low  impedance  at  relatively  high  frequen- 
cies. In  choosing  a  voltage  reference,  consideration  should  be 
made  for  selecting  one  with  low  noise.  A  capacitor  connected 
between  REF  IN  and  AGND  will  reduce  the  demands  on  the 
reference  by  decreasing  the  magnitude  of  high  frequency  compo- 
nents required  to  be  sourced  by  the  reference. 

Figures  6  and  7  represent  typical  design  approaches. 
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Figure  6. 

Figure  6  shows  a  voltage  reference  circuit  featuring  the  5  V  out- 
put AD586.  The  AD586  is  a  low  cost  reference  which  utilizes  a 
buried  Zener  architecture  to  provide  low  noise  and  drift.  Over 
the  0°C  to  +70°C  range,  the  AD586L  grade  exhibits  less  than 
2.25  mV  output  change  from  its  initial  value  at  +25°C.  A  noise- 
reduction  capacitor,  CN,  reduces  the  broadband  noise  of  the 
AD586  output,  thereby  optimizing  the  overall  performance  of 
the  AD676.  It  is  recommended  that  a  10  (xF  to  47  jiF  high 
quality  tantalum  capacitor  be  tied  between  the  VREF  input 
of  the  AD676  and  ground  to  minimize  the  impedance  on  the 
reference. 

■ 
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Figure  7. 

Using  the  AD676  with  ±  10  V  input  range  (VREF  =  10  V)  typi- 
cally requires  ±  15  V  supplies  to  drive  op  amps  and  the  voltage 
reference.  If  ±12  V  is  not  available  in  the  system,  regulators 
such  as  78L12  and  79L12  can  be  used  to  provide  power  for  the 
AD676.  This  is  also  the  recommended  approach  (for  any  input 
range)  when  the  ADC  system  is  subjected  to  harsh  environments 
such  as  where  the  power  supplies  are  noisy  and  where  voltage 
spikes  are  present.  Figure  7  shows  an  example  of  such  a  system 
based  upon  the  10  V  AD587  reference,  which  provides  a 
300  (iV  LSB.  Circuitry  for  additional  protection  against  power 
supply  disturbances  has  been  shown.  A  100  ixF  capacitor  at  each 
regulator  prevents  very  large  voltage  spikes  from  entering  the 
regulators.  Any  power  line  noise  which  the  regulators  cannot 
eliminate  will  be  further  filtered  by  an  RC  filter  (10  fi/10  p.F) 
having  a  -3  dB  point  at  1.6  kHz.  For  best  results  the  regulators 
should  be  within  a  few  centimeters  of  the  AD676. 

ANALOG  INPUT 

As  previously  discussed,  the  analog  input  voltage  range  for  the 
AD676  is  ±VREF.  For  purposes  of  ground  drop  and  common 
mode  rejection,  the  VIN  and  VREF  inputs  each  have  their  own 
ground.  VREF  is  referred  to  the  local  analog  system  ground 
(AGND),  and  V1N  is  referred  to  the  analog  ground  sense  pin 
(AGND  SENSE)  which  allows  a  remote  ground  sense  for  the 
input  signal. 

The  AD676  analog  inputs  (VIN,  VREF  and  AGND  SENSE) 
exhibit  dynamic  characteristics.  When  a  conversion  cycle  begins, 
each  analog  input  is  connected  to  an  internal,  discharged  50  pF 
capacitor  which  then  charges  to  the  voltage  present  at  the  corre- 
sponding pin.  The  capacitor  is  disconnected  when  SAMPLE  is 
taken  LOW,  and  the  stored  charge  is  used  in  the  subsequent 
conversion.  In  order  to  limit  the  demands  placed  on  the  external 
source  by  this  high  initial  charging  current,  an  internal  buffer 
amplifier  is  employed  between  the  input  and  this  capacitance  for 
a  few  hundred  nanoseconds.  During  this  time  the  input  pin 
exhibits  typically  20  kfl  input  resistance,  10  pF  input  capaci- 
tance and  ±40  ^A  bias  current.  Next,  the  input  is  switched 
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directly  to  the  now  precharged  capacitor  and  allowed  to  fully 
settle.  During  this  time  the  input  sees  only  a  50  pF  capacitor. 
Once  the  sample  is  taken,  the  input  is  internally  floated  so  that 
the  external  input  source  sees  a  very  high  input  resistance  and  a 
parasitic  input  capacitance  of  typically  only  2  pF.  As  a  result, 
the  only  dominant  input  characteristic  which  must  be  considered 
is  the  high  current  steps  which  occur  when  the  internal  buffers 
are  switched  in  and  out. 

In  most  cases,  these  characteristics  require  the  use  of  an  external 
op  amp  to  drive  the  input  of  the  AD676.  Care  should  be  taken 
with  op  amp  selection;  even  with  modest  loading  conditions, 
most  available  op  amps  do  not  meet  the  low  distortion  require- 
ments necessary  to  match  the  performance  capabilities  of  the 
AD676.  Figure  8  represents  a  circuit,  based  upon  the  AD845, 
recommended  for  low  noise,  low  distortion  ac  applications. 

For  applications  optimized  more  for  low  bias  and  low  offset  than 
speed  or  bandwidth,  the  AD845  of  Figure  8  may  be  replaced  by 
the  OP-27. 


Figure  8. 


AC  PERFORMANCE 

AC  parameters,  which  include  S/(N+D),  THD,  etc.,  reflect  the 
AD676's  effect  on  the  spectral  content  of  the  analog  input  sig- 
nal. Figures  12  through  16  provide  information  on  the  AD676's 
ac  performance  under  a  variety  of  conditions. 

As  a  general  rule,  averaging  the  results  from  several  conversions 
reduces  the  effects  of  noise,  and  therefore  improves  such  param- 
eters as  S/(N+D).  AD676  performance  may  be  optimized  by 
operating  the  device  at  its  maximum  sample  rate  of  100  kSPS 
and  digitally  filtering  the  resulting  bit  stream  to  the  desired  sig- 
nal bandwidth.  This  succeeds  in  distributing  noise  over  a  wider 
frequency  range,  thus  reducing  the  noise  density  in  the  fre- 
quency band  of  interest.  This  subject  is  discussed  in  the  follow- 
ing section. 

OVERSAMPLING  AND  NOISE  FILTERING 

The  Nyquist  rate  for  a  converter  is  defined  as  one-half  its  sam- 
pling rate.  This  is  established  by  the  Nyquist  theorem,  which 
requires  that  a  signal  be  sampled  at  a  rate  corresponding  to  at 
least  twice  its  highest  frequency  component  of  interest  in  order 
to  preserve  the  informational  content.  Oversampling  is  a  conver- 
sion technique  in  which  the  sampling  frequency  is  more  than 
twice  the  frequency  bandwidth  of  interest.  In  audio  applications, 
the  AD676  can  operate  at  a  2  x  Fs  oversampling  rate,  where  Fs 
=  48  kHz. 


In  quantized  systems,  the  informational  content  of  the  analog 
input  is  represented  in  the  frequency  spectrum  from  dc  to  the 
Nyquist  rate  of  the  converter.  Within  this  same  spectrum  are 
higher  frequency  noise  and  signal  components.  Antialias,  or  low 
pass,  filters  are  used  at  the  input  to  the  ADC  to  reduce  these 
noise  and  signal  components  so  that  their  aliased  components  do 
not  corrupt  the  baseband  spectrum.  However,  wideband  noise 
contributed  by  the  AD676  will  not  be  reduced  by  the  antialias 
filter.  The  AD676  quantization  noise  is  evenly  distributed  from 
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dc  to  the  Nyquist  rate,  and  this  fact  can  be  used  to  minimize  its 
overall  affect. 

The  AD676  quantization  noise  effects  can  be  reduced  by 
oversampling— sampling  at  a  rate  higher  than  that  defined  by 
the  Nyquist  theorem.  This  spreads  the  noise  energy  over  a 
bandwidth  wider  than  the  frequency  band  of  interest.  By  judi- 
cious selection  of  a  digital  decimation  filter,  noise  frequencies 
outside  the  bandwidth  of  interest  may  be  eliminated. 

The  process  of  analog  to  digital  conversion  inherently  produces 
noise,  known  as  quantization  noise.  The  magnitude  of  this  noise 
is  a  function  of  the  resolution  of  the  converter,  and  manifests 
itself  as  a  limit  to  the  theoretical  signal-to-noise  ratio  achievable. 
This  limit  is  described  by  S/(N+D)  =  (6.02n  +  1.76  +  10  log 
FS/2FA)  dB,  where  n  is  the  resolution  of  the  converter  in  bits, 
Fs  is  the  sampling  frequency,  and  Fa  is  the  signal  bandwidth  of 
interest.  For  audio  bandwidth  applications,  the  AD676  is  capa- 
ble of  operating  at  a  2  x  oversample  rate  (96  kSPS),  which  typi- 
cally produces  an  improvement  in  S/(N+D)  of  3  dB  compared 
with  operating  at  the  Nyquist  conversion  rate  of  48  kSPS.  Over- 
sampling  has  another  advantage  as  well;  the  demands  on  the 
antialias  filter  are  lessened.  In  summary,  system  performance  is 
optimized  by  running  the  AD676  at  or  near  its  maximum  sam- 
pling rate  of  100  kHz  and  digitally  filtering  the  resulting  spec- 
trum to  eliminate  undesired  frequencies. 

DC  CODE  UNCERTAINTY 

Ideally,  a  fixed  dc  input  should  result  in  the  same  output  code 
for  repetitive  conversions.  However,  as  a  consequence  of  system 
noise  and  circuit  noise,  for  a  given  input  voltage  there  is  a  range 
of  output  codes  which  may  occur.  Figure  9  is  a  histogram  of  the 
codes  resulting  from  1000  conversions  of  a  typical  input  voltage 
by  the  AD676  used  with  a  10  V  reference. 


DEVIATION  FROM  CORRECT  CODE  -  LSBs 

Figure  9.  Distribution  of  Codes  from  1000  Conversions, 
Relative  to  the  Correct  Code. 
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The  standard  deviation  of  this  distribution  is  approximately 
0.5  LSBs.  If  less  uncertainty  is  desired,  averaging  multiple  con- 
versions will  narrow  this  distribution  by  the  inverse  of  the 
square  root  of  the  number  of  samples;  i.e.,  the  average  of  4  con- 
versions would  have  a  standard  deviation  of  0.25  LSBs. 

MICROPROCESSOR  INTERFACE 

The  AD676  is  ideally  suited  for  use  in  both  traditional  dc  mea- 
surement applications  supporting  a  microprocessor,  and  in  ac 
signal  processing  applications  interfacing  to  a  digital  signal  pro- 
cessor. The  AD676  is  designed  to  interface  with  a  16-bit  data 
bus,  providing  all  output  data  bits  in  a  single  read  cycle.  A  vari- 
ety of  external  buffers,  such  as  74HC541,  can  be  used  with  the 
AD676  to  provide  3-state  outputs,  high  driving  capability,  and 
to  prevent  bus  noise  from  coupling  into  the  ADC.  The  following 
sections  illustrate  the  use  of  the  AD676  with  a  representative 
digital  signal  processor  and  microprocessor.  These  circuits  pro- 
vide general  interface  practices  which  are  applicable  to  other 
processor  choices. 

ADSP-210I 

Figure  10a  shows  the  AD676  interfaced  to  the  ADSP-2101  DSP 
processor.  The  AD676  buffers  are  mapped  in  the  ADSP-2101's 
memory  space,  requiring  one  wait  state  when  using  a  12.5  MHz 
processor  clock. 

The  falling  edge  of  BUSY  interrupts  the  processor,  indicating 
that  new  data  is  ready.  The  ADSP-2101  automatically  jumps  to 
the  appropriate  service  routine  with  minimal  overhead.  The 
interrupt  routine  then  instructs  the  processor  to  read  the  new 
data  using  a  memory  read  instruction. 


AO 
A13 


DMS 

D8  -  023 


ADDRESS  BUS  C 


ADSP-2101 


cs  h 

DECODER 


G1 

Y1  -Y8 

A1  -  A3 

74HCS41 

8 

G2 

n 

G? 

Y1  -Y8 

A1  -  A3 

74HC541 

8 

G2 

1- 

BIT  1  -  BIT  16 


AD676 


Figure  10a. 


Figure  10b  shows  circuitry  which  would  be  included  by  a  typi- 
cal address  decoder  for  the  output  buffers.  In  this  case,  a  data 
memory  access  to  any  address  in  the  range  3000H  to  37FFH 
will  result  in  the  output  buffers  being  enabled. 

The  AD676  CLK  and  SAMPLE  can  be  generated  by  dividing 
down  the  system  clock  as  described  earlier  (Figure  3),  or  if  the 
ADSP-2101  serial  port  clocks  are  not  being  used,  they  can  be 
programmed  to  generate  CLK  and  SAMPLE. 
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80286 

The  80286  16-bit  microprocessor  can  be  interfaced  to  a  buffered 
AD676  without  any  generation  of  wait  states.  As  seen  in  Figure 
1 1 ,  BUSY  can  be  used  both  to  control  the  AD676  clock  and  to 
alert  the  processor  when  new  data  is  ready.  In  the  system 
shown,  the  80286  should  be  configured  in  an  edge  triggered, 
direct  interrupt  mode  (integrated  controller  provides  the  inter- 
rupt vector).  Since  the  80286  does  not  latch  interrupt  signals, 
the  interrupt  needs  to  be  internally  acknowledged  before  BUSY 
goes  HIGH  again  during  the  next  AD676  conversion  (BUSY  = 
0).  Depending  on  whether  the  AD676  buffers  are  mapped  into 
memory  or  I/O  space,  the  interrupt  service  routine  will  read  the 
data  by  using  either  the  MOV  or  the  IN  instruction.  To  be  able 
to  read  all  the  16  bits  at  once,  and  thereby  increase  the  80286's 
efficiency,  the  buffers  should  be  located  at  an  even  address. 
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Figure  14.  4096  Point  FFT  at  96  kSPS,  fIN  =  7.06  kHz 


Figure  15.  IMD  Plot  for  fIN  =  1008  Hz  (fa),  1055  Hz  (fb)  at 
96  kSPS 
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Figure  16.  AC  Power  Supply  Rejection  (f,N  =  7.06  kHz) 
f sample  =  96  kSPS,  VRIPPLE  =  0.73  V  p-p 
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ANALOG 
DEVICES 


16-Bit  100  kSPS 
Sampling  ADC 


AD677 


FEATURES 
Autocalibrating 

On-Chip  Sample-Hold  Function 

Serial  Output 

16  Bits  No  Missing  Codes 

±1  LSB  INL 

-99  dB  THD 

92  dB  S/(N  +  D) 

1  MHz  Full  Power  Bandwidth 


FUNCTIONAL  BLOCK  DIAGRAM 


AGND  SENSE 


INPUT  P 
BUFFERS 


LOGIC  TIMING 


LEVEL  TRANSLATORS 


PRODUCT  DESCRIPTION 

The  AD677  is  a  multipurpose  16-bit  serial  output  analog-to- 
digital  converter  which  utilizes  a  switched-capacitor/charge  redis- 
tribution architecture  to  achieve  a  100  kSPS  conversion  rate 
(10  us  total  conversion  time).  Overall  performance  is  optimized 
by  digitally  correcting  internal  nonlinearities  through  on-chip 
autocalibration. 

The  AD677  circuitry  is  segmented  onto  two  monolithic  chips— 
a  digital  control  chip  fabricated  on  Analog  Devices  DSP  CMOS 
process  and  an  analog  ADC  chip  fabricated  on  our  BiMOS  II 
process.  Both  chips  are  contained  in  a  single  package. 

The  AD677  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  S/(N+D)  Ratio,  THD  and  IMD  which  are  important  in  sig- 
nal processing  applications.  In  addition,  dc  parameters  are  speci- 
fied which  are  important  in  measurement  applications. 

The  AD677  operates  from  +5  V  and  ±  12  V  supplies  and  typi- 
cally consumes  450  mW  using  a  10  V  reference  (360  mW  with 
5  V  reference)  during  conversion.  The  digital  supply  (VDD)  is 
separated  from  the  analog  supplies  (Vcc,  VEE)  for  reduced  digi- 
tal crosstalk.  An  analog  ground  sense  is  provided  to  remotely 
sense  the  ground  potential  of  the  signal  source.  This  can  be  use- 
ful if  the  signal  has  to  be  carried  some  distance  to  the  A/D  con- 
verter. Separate  analog  and  digital  grounds  are  also  provided. 

The  AD677  is  available  in  a  16-pin  narrow  plastic  DIP,  16-pin 
narrow  side-brazed  ceramic  package,  or  28-lead  SOIC.  A  parallel 
output  version,  the  AD676,  is  available  in  a  28-pin  ceramic  or 
plastic  DIP.  All  models  operate  over  a  commercial  temperature 
range  of  0°C  to  +70°C  or  an  industrial  range  of  -40°C  to 
+85°C. 


MICROCODED 


CONTROLLER    _|  ALU  |  I  I 


DCHIP 


AD677 


PRODUCT  HIGHLIGHTS 

1 .  Autocalibration  provides  excellent  dc  performance  while 
eliminating  the  need  for  user  adjustments  or  additional  exter- 
nal circuitry. 

2.  ±5  V  to  ±10  V  input  range  (±VREF). 

3.  Available  in  16-pin  0.3"  skinny  DIP  or  28-lead  SOIC. 

4.  Easy  serial  interface  to  standard  ADI  DSPs. 

5.  TTL  compatible  inputs/outputs. 

6.  Excellent  ac  performance:  -99  dB  THD,  92  dB  S/(N+D), 
peak  spurious  -101  dB. 

7.  Industry  leading  dc  performance:  1.0  LSB  INL,  ±1  LSB  full 
scale  and  offset. 
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AD677— SPECIFICATIONS 

AC  SPECIFICATIONS  cu  to  w  vcc  =  +12  v  ±  5%,  vEE  =  -12  v  ±  5%,  vDD  =  +s  v  ±  10%)' 


Parameter 


Min 


AD677J/A 

Typ 

Max 

Min 

AD677K/B 

Typ  Max 

Units 

Q7 

—7/ 

CO 

UD 

—97 

—92 

_99  _95 

JD 

Ur5 

-93 

UD 

91 

90 

92 

dB 

91 

90 

92 

dB 

89 

90 

dB 

-101 

-101 

dB 

-102 

-102 

dB 

-98 

-98 

dB 

1 

1 

MHz 

160 

160 

(j.V  rms 

Total  Harmonic  Distortion  (THD)2 

@  83  kSPS,  TMIN  to  TMAX 

@  100  kSPS,  +25T 

@  100  kSPS,  TMIN  to  T^x 
Signal-to-Noise  and  Distortion  Ratio  (S/(N+D))2'  3 

@  83  kSPS,  TMIN  to  TMAX 

@  100  kSPS,  +25°C 

@  100  kSPS,  TMIN  to  TMAX 
Peak  Spurious  or  Peak  Harmonic  O 
Intermodulation  Distortion  (IMD)4 

2nd  Order  Products 

3rd  Order  Products 
Full  Power  Bandwidth 
Noise 


89 
89 


DIGITAL  SPECIFICATIONS  «,  all  grades  TMIH  to 


W  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V  ±  5%,  V0D  =  +5  V  ±  10%) 


Parameter 


Test  Conditions 




Min 


Typ 


Max 


Units 


LOGIC  INPUTS 

VIH  High  Level  Input  Voltage 

VIL  Low  Level  Input  Voltage 

Im  High  Level  Input  Current 

IIL  Low  Level  Input  Current 

Cm  Input  Capacitance 


Vm  -  VDD 
V„  =  0V 


2.0 
-0.3 
-10 
-10 


VDD  +  0.3 
0.8 
+  10 
+  10 


10 


V 
V 
uA 

(JL  A 

pF 




LOGIC  OUTPUTS 

VOH  High  Level  Output  Voltage 

VOL  Low  Level  Output  Voltage 


IOH  =  0.1  mA 
=  0.5  mA 
Ioi  =  16  mA 


2.4 


 z_  


V 


NOTES 

'Vref  =  10.0  V,  Conversion  Rate  =  100  kSPS,  fIN  =  1.0  kHz,  V 
to  a  0  dB  (20  V  p-p)  input  signal.  Values  are  post-calibration. 
2For  other  input  amplitudes,  refer  to  Figure  12. 

'For  dynamic  performance  with  different  voltage  reference  values  see  Figure  1 1 . 

4fa  =  1008  Hz,  fb  =  1055  Hz.  See  Definition  of  Specifications  section  and  Figure  16 

Specifications  subject  to  change  without  notice. 


-0.05  dB,  Bandwidth  =  50  kHz  unless  otherwise  indicated.  All  measurements  referred 
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AD677 

DC  SPECIFICATIONS  am  to  tM(X,  vcc  =  +12  v  ±  5%,  vEE  =  -12  v  ±  5%,  vDI1  =  +5  v  ±  io%>' 

±  ¥  g+  =  ««VT72  ±  V  ii-  -  -  V      ±»       =     JU,I8  —I)  CfiiJIinUlllU^  ~.C  : 


AD677J/A 
Min       Typ  Max 

AD677K7B 

Parameter 

Min        Typ  Max 

Units 

TEMPERATURE  RANGE 
J,  K  Grades 
A,  B  Grades 

0  +70 
-40  +85 

0  +70 
-40  +85 



a 

°c 

ACCURACY 
Resolution 

Integral  Nonlinearity  (INL) 

(S>  83  kSPS,  Tu™  to  T„»-» 

@  100  kSPS,  +  25°C 

@  100  kSPS,  TMIN  to  TMAX 
Differential  Nonlinearity  (DNL)— No  Missing  Codes 
Bipolar  Zero  Error2 
Positive,  Negative  FS  Errors2 

U-f    OJ  KOI  O 

@  100  kSPS,  +25°C 
@  100  kSPS 

±1 
±1 
±2 
16 

±2  ±4 

±2  ±4 
±2  ±4 
±4 

16 

±1  ±1.5 
+  1  ±1.5 
±2 

16 

±1  ±3 

±1  ±3 
±1  ±3 
±4 

Bits 

LSB 
LSB 
LSB 
Bits 
LSB 

LSB 
LSB 
LSB 

TEMPERATURE  DRIFT3 

Bipolar  Zero 
Positive  Full  Scale 
Negative  Full  Scale 

±0.5 
±0.5 
±0.5 

±0.5 
±0.5 
±0.5 

LSB 
LSB 
LSB 

VOLTAGE  REFERENCE  INPUT  RANGE4  (V^) 

5  10 

5  10 

V 

ANALOG  INPUT5 
Input  Range  (VIN) 
Input  Impedance 
Input  Settling  Time 
Input  Capacitance  During  Sample 
Aperture  Delay 
Aperture  Jitter 

±VREF 

* 

6 

100 

iVREF 

* 

2 

1    U  6 
100 



v 

pF 
ns 
ps 

POWER  SUPPLIES 
Power  Supply  Rejection6 
Vcc  =  +12  V  ±  5% 
VEE  =  -12  V  ±  5% 
VDD  =  +5  V  ±  10% 
Operating  Current 
Vref  =  +5  V 

Iee 
Idd 

Power  Consumption 
VREF=  +10  V 
Ice 

Idd 

Power  Consumption 

±0.5 
±0.5 
±0.5 

14.5  18 
14.5  18 
3  5 
360  480 

18  24 
18  24 
3  5 
450  630 

±0.5 
±0.5 
±0.5 

14.5  18 
14.5  18 
3  5 
360  480 

18  24 
18  24 

_  mmn  5 

450  630 

LSB 
LSB 
LSB 

mA 
-mA 
mA 
mW 

mA 
-mA 
mA 
mW 

NOTES 

'Vrep  =  10.0  V,  Conversion  Rate  =  100  kSPS  unless  otherwise  noted.  Values  are  post-calibration. 

'Values  shown  apply  to  any  temperature  from  TMIN  to  TMAX  after  calibration  at  that  temperature  at  nominal  supplies. 

'Values  shown  are  based  upon  calibration  at  +25°C  with  no  additional  calibration  at  temperature.  Values  shown  are  the  typical  variation  from  the  value  at  +25°C. 

4See  "APPLICATIONS"  section  for  recommended  voltage  reference  circuit,  and  Figure  1 1  for  dynamic  performance  with  other  reference  voltage  values. 

5See  "APPLICATIONS"  section  for  recommended  input  buffer  circuit. 

typical  deviation  of  bipolar  zero,  -full  scale  on  +full  scale  from  min  to  max  rating. 

•For  explanation  of  input  characteristics,  see  "ANALOG  INPUT"  section. 

Specifications  subject  to  change  without  notice. 
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iimmu  mi  bun  it 


Maw  ™  'max.  vcc  =  +  u  ¥  a:  a%,  iK=-ini  a%,  vDD  =  -t-a  »  :t  iu7»; 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Conversion  Period2, 3 

tc 

10 

1000 

U.S 

CLK  Period4 

'■CLK 

480 

ns 

Calibration  Time 

tcT 

85532 

tCLK 

Sampling  Time 

— — ts  v— - 

2 

U.S 

Last  CLK  to  SAMPLE  Delay5 

*LCS 

2.1 

U.S 

SAMPLE  Low 

tSL 

100 

ns 

SAMPLE  to  Busy  Delay 

tsB 

30 

J\<fe  (ft*  Oil 

ns 

1st  CLK  Delay 
CLK  Low6 

^FCD 

50 

ns 

tcL 

50 

ns 

CLK  High6 

tcH 

50 

ns 

CLK  to  BUSY  Delay 

^CB 

180 

300 

ns 

CLK  to  SDATA  Valid 

*CD 

50 

100 

175 

ns 

CLK  to  SCLK  High 

*CSH 

100 

180 

300 

ns 

SCLK  Low 

t$OL 

50 

80 

ns 

SDATA  to  SCLK  High 

lDSH 

50 

80 

ns 

CAL  High  Time 

tcALH 

50 

ns 

CAL  to  BUSY  Delay 

^CALB 

15  50 

ns 

NOTES 

'See  the  "CONVERSION  CONTROL"  and  "AUTOCALIBRATION"  sections  for  detailed  explanations  of  the  above  timing. 

2Depends  upon  external  clock  frequency;  includes  acquisition  time  and  conversion  time.  The  maximum  conversion  period  is  specified  to  account  for  the  droop 
of  the  internal  sample/hold  function.  Operation  at  slower  rates  may  degrade  performance, 
tc  =  tpCD  +  16  x  tCLK  +  tLCS 

4580  ns  is  recommended  for  optimal  accuracy  over  temperature  (not  necessary  during  calibration  cycle). 

5If  SAMPLE  goes  high  before  the  17th  CLK  pulse,  the  device  will  start  sampling  approximately  100  ns  after  the  rising  edge  of  the  17th  CLK  pulse. 
StcH  +  rcL  ~  tcLK  and  must  be  greater  than  480  ns. 


CAL  f 
(INPUT)  I 


A 


■4S- 


h-«c. 


BUSY 
(OUTPUT)  _ 


■AV 


(INPUT) 


*)  «CB  |*  | 


65530  B553I  B5532 


*CLK 

■SHADED  PORTIONS  OF  INPUT  SIGNALS  ARE  OPTIONAL.  FOR  BEST  PERFORMANCE,  WE 
RECOMMEND  THAT  THESE  SIGNALS  BE  HELD  LOW  EXCEPT  WHEN  EXPLICITY  SHOWN  HIGH. 

Figure  1.  Calibration  Timing 


(INPUT) 

BUSY 
(OUTPUT) 

CLK* 
(INPUT)  . 

SCLK  - 
(OUTPUT) 


\  ,SL  at 


tFCD-^) 


Jh-u-4 


-f4*"h-»eH 


*LCS 


teuc   


tcD  " 


SDATA 
(OUTPUT)  _ 


-  tcSH  [•»•- 
OLD  BIT  16  y  MSB 


A  »  A  is  A 


BIT 

16 


•SHADED  PORTIONS  OF  INPUT  SIGNALS  ARE  OPTIONAL.  FOR  BEST  PERFORMANCE,  WE 
RECOMMEND  THAT  THESE  SIGNALS  BE  HELD  LOW  EXCEPT  WHEN  EXPUCITY  SHOWN  HIGH. 

Figure  2.  General  Conversion  Timing 
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ORDERING  GUIDE 


Model 

Temperature  Range 

S/(N+D) 

Max  INL 

Package  Description 

Package 
Option* 

AD677JN 

0°C  to  +70°C 

89  dB 

Typ  Only 

Plastic  16-Pin  DIP 

N-16 

AD677KN 

0°C  to  +70°C 

90  dB 

±1.5  LSB 

Plastic  16-Pin  DIP 

N-16 

AD677JD 

0°C  to  +70°C 

89  dB 

Typ  Only 

Ceramic  16-Pin  DIP 

D-16 

AD677KD 

0°C  to  +70°C 

90  dB 

±1.5  LSB 

Ceramic  16-Pin  DIP 

D-16 

AD677JR 

0°C  to  +70°C 

89  dB 

Typ  Only 

Plastic  28-Lead  SOIC 

R-28 

AD677KR 

0°C  to  +70°C 

90  dB 

±1.5  LSB 

Plastic  28-Lead  SOIC 

R-28 

AD677AD 

-40°C  to  +85°C 

89  dB 

Typ  Only 

Ceramic  16-Pin  DIP 

D-16 

AD677BD 

-40°C  to  +85°C 

90  dB 

±1.5  LSB 

Ceramic  16-Pin  DIP 

D-16 

*D  =  Ceramic  DIP;  N 
Information  section. 


Plastic  DIP;  R  =  Small  Outline  IC  (SOIC).  For  outline  information  see  Package 


ABSOLUTE  MAXIMUM  RATINGS* 


:»  VE 


-0.3  V  to  +26.4  V 


VDD  to  DGND   -0.3  V  to  +7  V 

Vcc  to  AGND   -0.3  V  to  +18  V 

VEE  to  AGND  i  -18  V  to  +0.3  V 

AGND  to  DGND   .  .  .  ±0.3  V 

Digital  Inputs  to  DGND  0  to  +5.5  V 

Analog  Inputs,  VREF  to  AGND 

 (Vcc  +0.3  V)  to  (Vee  -0.3  V) 

Soldering +300°C>  10  sec 
Storage  Temperature  -65°C  to  +150°C 

•Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


WARNING! 


ESD  SENSITIVE  DEVICE 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD677  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


VMM 

■ 


■ 
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AD677 


PIN  DESCRIPTION 


DIP  Pin 

SOICPin 

Type 

Name 

Description 

i 
1 



l 

TIT 

 1  

V|N  Acquisition  Control  Pin.  Active  HIGH.  During  conversion,  SAMPLE 
controls  the  state  of  the  internal  sample-hold  amplifier  and  the  falling  edge 
initiates  conversion.  During  calibration,  SAMPLE  should  be  held  LOW.  If 
HIGH  during  calibration,  diagnostic  information  will  appear  on  SDATA. 

2 

2 

CLK 

DI 

Master  Clock  Input.  The  AD677  requires  17  clock  pulses  to  execute  a 
conversion.  CLK  is  also  used  to  derive  SCLK. 

3 

3 

SDATA 

DO 

Serial  Output  Data  Controlled  by  SCLK. 

4 

6,7 

DGND 

p 

Digital  Ground. 

5 

8 

Vcc 

P 

+ 12  V  Analog  Supply  Voltage. 

8 

12 

AGND 

P 

Analog  Ground. 

9 

15 

AGND  SENSE 

AI 

Analog  Ground  Sense. 

10 

16 

V,N 

AI 

Analog  Input  Voltage. 

11 

17 

Vref 

AI 

External  Voltage  Reference  Input. 

12 

21 

v  EE 

p 

—  1?  V  Analog  Snnnlv  Vnlraffp 

13 

22,  23 

P 
r 

4-S  V  1  ooir  ^nrtnl v  Vnltnpf* 

i  -J    \    J-AJglL  OUJJJJlJ    v  Ullage 

14 

26 

SCLK 

DO 

Clock  Output  for  Data  Read,  derived  from  CLK. 

15 

27 

BUSY 

DO 

Status  Line  for  Converter.  Active  HIGH,  indicating  a  conversion  or 
calibration  in  progress. 

16 

28 

CAL 

DI 

Calibration  Control  Pin. 

6,7 

4,  5,  9,  10,  11, 
13,  14,  18,  19, 

NC 

No  Connection.  No  connections  should  be  made  to  these  pins. 

20,  24,  25 

Type:  AI 

=  Analog  Input 

1 

DI  =  Digital  Input 
DO  =  Digital  Output 
P  =  Power 


SAMPLE  [T 
CLK  |T 
SDATA  [7 
DGND  [7 

Vcc  [T 

NC  [T 
NC  [7 

LI 


AD677 
TOP  VIEW 
(Not  to  Sob) 


lT|cAL 
lT|  BUSY 
u]  SCLK 
iT)  Vdo 
12]  Veh 

7T|  vref 

H^Vi* 
TJ  AGND 


NC.  NO  CONNECT 

DIP  Pinout 


CLK 
SDATA 

■ 

NC 
NC 


DGND2 
Vcc 
NC 
NC 
NC 


LI 
LI 
EE 
U 
E 
LI 
E 
E 
E 
H 
LI 
Ls 
LI 
LI 


AD677 

TOP  VIEW 
(Not  to  Scale) 


3 
I] 
g 

i 

El 
»] 

H 

H 
3 


NC 


CAL 
BUSY 

SCLK 

NC 
Vddi 

Von 

Vee 

NC 

NC 

NC 

Vref 

V|N 


NC  ■  NO  CONNECT 


SOIC  Pinout 
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Definition  of  Specifications— AD677 


NYQUIST  FREQUENCY 

An  implication  of  the  Nyquist  sampling  theorem,  the  "Nyquist 
frequency"  of  a  converter  is  that  input  frequency  which  is  one 
half  the  sampling  frequency  of  the  converter. 

TOTAL  HARMONIC  DISTORTION 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
the  harmonic  components  to  the  rms  value  of  a  full-scale  input 
signal  and  is  expressed  in  percent  (%)  or  decibels  (dB).  For 
input  signals  or  harmonics  that  are  above  the  Nyquist  fre- 
quency, the  aliased  components  are  used. 

SIGNAL-TO-NOISE  PLUS  DISTORTION  RATIO 

Signal-to-noise  plus  distortion  is  defined  to  be  the  ratio  of  the 
rms  value  of  the  measured  input  signal  to  the  rms  sum  of  all 
other  spectral  components  below  the  Nyquist  frequency,  includ- 
ing harmonics  but  excluding  dc. 

+/-  FULL-SCALE  ERROR 

The  last  +  transition  (from  Oil  .  .  .  10  to  Oil  .  .  .  11)  should 
occur  for  an  analog  voltage  l.S  LSB  below  the  nominal  full 
scale  (4.99977  volts  for  a  ±5  V  range).  The  full-scale  error  is 
the  deviation  of  the  actual  level  of  the  last  transition  from  the 
ideal  level. 

BIPOLAR  ZERO  ERROR 

Bipolar  zero  error  is  the  difference  between  the  ideal  midscale 
input  voltage  (0  V)  and  the  actual  voltage  producing  the  mid- 
scale  output  code. 

DIFFERENTIAL  NONLINEARITY  (DNL) 
In  an  ideal  ADC,  code  transitions  are  one  LSB  apart.  Differen- 
tial nonlinearity  is  the  maximum  deviation  from  this  ideal  value. 
It  is  often  specified  in  terms  of  resolution  for  which  no  missing 
codes  are  guaranteed. 


INTEGRAL  NONLINEARITY  (INL) 

The  ideal  transfer  function  for  an  ADC  is  a  straight  line  bisect- 
ing the  center  of  each  code  drawn  between  "zero"  and  "full 
scale."  The  point  used  as  "zero"  occurs  1/2  LSB  before  the  most 
negative  code  transition.  "Full  scale"  is  defined  as  a  level 
1.5  LSB  beyond  the  most  positive  code  transition.  Integral  non- 
linearity  is  the  worst-case  deviation  of  a  code  center  average 
from  the  straight  line. 

BANDWIDTH 

The  full-power  bandwidth  is  that  input  frequency  at  which  the 
amplitude  of  the  reconstructed  fundamental  is  reduced  by  3  dB 
for  a  full-scale  input. 


INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m+n),  at  sum  and  difference  frequencies  of  mfa  ± 
nfb,  where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation  terms  are 
those  for  which  m  or  n  is  not  equal  to  zero.  For  example,  the 
second  order  terms  are  (fa  +  fb)  and  (fa  -  fb),  and  the  third 
order  terms  are  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and  (fa  - 
2  fb).  The  IMD  products  are  expressed  as  the  decibel  ratio  of 
the  rms  sum  of  the  measured  input  signals  to  the  rms  sum  of 
the  distortion  terms.  The  two  signals  applied  to  the  converter 
are  of  equal  amplitude,  and  the  peak  value  of  their  sum  is 
-0.5  dB  from  full  scale.  The  IMD  products  are  normalized  to  a 


0  dB  input  signal. 


APERTURE  DELAY 

Aperture  delay  is  the  time  required  after  SAMPLE  pin  is  taken 
LOW  for  the  internal  sample-hold  of  the  AD677  to  open,  thus 
holding  the  value  of  VIN. 

APERTURE  JITTER 

Aperture  jitter  is  the  variation  in  the  aperture  delay  from  sample 
to  sample. 

POWER  SUPPLY  REJECTION 

DC  variations  in  the  power  supply  voltage  will  affect  the  overall 
transfer  function  of  the  ADC,  resulting  in  zero  error  and  full- 
scale  error  changes.  Power  supply  rejection  is  the  maximum 
change  in  either  the  bipolar  zero  error  or  full-scale  error  value. 
Additionally,  there  is  another  power  supply  variation  to  con- 
sider. AC  ripple  on  the  power  supplies  can  couple  noise  into  the 
ADC,  resulting  in  degradation  of  dynamic  performance.  This  is 
displayed  in  Figure  15. 

INPUT  SETTLING  TIME 

Settling  time  is  a  function  of  the  SHA's  ability  to  track  fast 
slewing  signals.  This  is  specified  as  the  maximum  time  required 
in  track  mode  after  a  full-scale  step  input  to  guarantee  rated 
conversion  accuracy. 

NOISE/DC  CODE  UNCERTAINTY 

Ideally,  a  fixed  dc  input  should  result  in  the  same  output  code 
for  repetitive  conversions.  However,  as  a  consequence  of 
unavoidable  circuit  noise  within  the  wideband  circuits  in  the 
ADC,  there  is  a  range  of  output  codes  which  may  occur  for  a 
given  input  voltage.  If  you  apply  a  dc  signal  to  the  ADC  and 
record  a  large  number  of  conversions,  the  result  will  be  a  distri- 
bution of  codes.  If  you  fit  a  Gaussian  probability  distribution  to 
the  histogram,  the  standard  deviation  is  approximately  equiva- 
lent to  the  rms  input  noise  of  the  ADC. 
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The  AD677  is  a  multipurpose  16-bit  analog- to-digital  converter 
and  includes  circuitry  which  performs  an  input  sample/hold 
function,  ground  sense,  and  autocalibration.  These  functions  are 
segmented  onto  two  monolithic  chips— an  analog  signal  proces- 
sor and  a  digital  controller.  Both  chips  are  contained  within  the 
AD677  package. 

The  AD677  employs  a  successive-approximation  technique  to 
determine  the  value  of  the  analog  input  voltage.  However, 
instead  of  the  traditional  laser- trimmed  resistor-ladder  approach, 
this  device  uses  a  capacitor-array,  charge  redistribution  tech- 
nique. Binary-weighted  capacitors  subdivide  the  input  sample  to 
perform  the  actual  analog-to-digital  conversion.  The  capacitor 
array  eliminates  variation  in  the  linearity  of  the  device  due  to 
temperature-induced  mismatches  of  resistor  values.  Since  a 
capacitor  array  is  used  to  perform  the  data  conversions,  the 
sample/hold  function  is  included  without  the  need  for  additional 
external  circuitry. 

Initial  errors  in  capacitor  matching  are  eliminated  by  an  auto- 
calibration circuit  within  the  AD677.  This  circuit  employs  an 
on-chip  microcontroller  and  a  calibration  DAC  to  measure  and 
compensate  capacitor  mismatch  errors.  As  each  error  is  deter- 
mined, its  value  is  stored  in  on-chip  memory  (RAM).  Subse- 
quent conversions  use  these  RAM  values  to  improve  conversion 
accuracy.  The  autocalibration  routine  may  be  invoked  at  any 
time.  Autocalibration  insures  high  performance  while  eliminat- 
ing the  need  for  any  user  adjustments  and  is  described  in  detail 
below. 

The  microcontroller  controls  all  of  the  various  functions  within 
the  AD677.  These  include  the  actual  successive  approximation 
algorithm,  the  autocalibration  routine,  the  sample/hold  opera- 
tion, and  the  internal  output  data  latch. 

AUTOCALIBRATION 

The  AD677  achieves  rated  performance  without  the  need  for 
user  trims  or  adjustments.  This  is  accomplished  through  the  use 
of  on-chip  autocalibration. 

In  the  autocalibration  sequence,  sample/hold  offset  is  nulled  by 
internally  connecting  the  input  circuit  to  the  ground  sense  cir- 
cuit. The  resulting  offset  voltage  is  measured  and  stored  in 
RAM  for  later  use.  Next,  the  capacitor  representing  the  most 
significant  bit  (MSB)  is  charged  to  the  reference  voltage.  This 
charge  is  then  transferred  to  a  capacitor  of  equal  size  (composed 
of  the  sum  of  the  remaining  lower  weight  bits).  The  voltage  that 
results  represents  the  amount  of  capacitor  mismatch.  A  calibra- 
tion digital-to-analog  converter  (DAC)  adds  an  appropriate  value 
of  error  correction  voltage  to  cancel  this  mismatch.  This  correc- 
tion factor  is  also  stored  in  RAM.  This  process  is  repeated  for 
each  of  the  eight  remaining  capacitors  representing  the  top  nine 
bits.  The  accumulated  values  in  RAM  are  then  used  during  sub- 
sequent conversions  to  adjust  conversion  results  accordingly. 

As  shown  in  Figure  1,  when  CAL  is  taken  HIGH  the  AD677 
internal  circuitry  is  reset,  the  BUSY  pin  is  driven  HIGH,  and 
the  ADC  prepares  for  calibration.  This  is  an  asynchronous  hard- 
ware reset  and  will  interrupt  any  conversion  or  calibration  cur- 
rently in  progress.  Actual  calibration  begins  when  CAL  is  taken 
LOW  and  completes  in  85,532  clock  cycles,  indicated  by  BUSY 
going  LOW.  During  calibration,  it  is  preferable  for  SAMPLE  to 


appear  on  SDATA.  This  data  is  ot  no  value  to  the  user. 

In  most  applications,  it  is  sufficient  to  calibrate  the  AD677  only 
upon  power-up,  in  which  case  care  should  be  taken  that  the 
power  supplies  and  voltage  reference  have  stabilized  first.  If  cali- 
bration is  not  performed,  the  AD677  may  come  up  in  an  unknown 
state,  or  performance  could  degrade  to  as  low  as  10  bits. 

CONVERSION  CONTROL 

The  AD677  is  controlled  by  two  signals:  SAMPLE  and  CLK,  as 
shown  in  Figure  2.  It  is  assumed  that  the  part  has  been  cali- 
brated and  the  digital  I/O  pins  have  the  levels  shown  at  the  start 
of  the  timing  diagram. 

A  conversion  consists  of  an  input  acquisition  followed  by  17 
clock  pulses  which  execute  the  16-bit  internal  successive  approx- 
imation routine.  The  analog  input  is  acquired  by  taking  the 
SAMPLE  line  HIGH  for  a  minimum  sampling  time  of  ts.  The 
actual  sample  taken  is  the  voltage  present  on  VIN  one  aperture 
delay  after  the  SAMPLE  line  is  brought  LOW,  assuming  the 
previous  conversion  has  completed  (signified  by  BUSY  going 
LOW).  Care  should  be  taken  to  ensure  that  this  negative  edge  is 
well  defined  and  jitter  free  in  ac  applications  to  reduce  the 
uncertainty  (noise)  in  signal  acquisition.  With  SAMPLE  going 
LOW,  the  AD677  commits  itself  to  the  conversion— the  input  at 
V,N  is  disconnected  from  the  internal  capacitor  array,  BUSY 
goes  HIGH,  and  the  SAMPLE  input  will  be  ignored  until  the 
conversion  is  completed  (when  BUSY  goes  LOW).  SAMPLE 
must  be  held  LOW  for  a  minimum  period  of  time  tSL.  A  period 
of  time  tFCD  after  bringing  SAMPLE  LOW,  the  17  CLK  cycles 
are  applied;  CLK  pulses  that  start  before  this  period  of  time  are 
ignored.  BUSY  goes  HIGH  tSB  after  SAMPLE  goes  LOW,  sig- 
nifying that  a  conversion  is  in  process,  and  remains  HIGH  until 
the  conversion  is  completed.  As  indicated  in  Figure  2,  the  twos 
complement  output  data  is  presented  MSB  first.  This  data  may 
be  captured  with  the  rising  edge  of  SCLK  or  the  falling  edge  of 
CLK,  beginning  with  pulse  #2.  The  AD677  will  ignore  CLK 
after  BUSY  has  gone  LOW  and  SDATA  or  SCLK  will  not 
change  until  a  new  sample  is  acquired. 

CONTINUOUS  CONVERSION 

For  maximum  throughput  rate,  the  AD677  can  be  operated  in  a 
continuous  convert  mode.  This  is  accomplished  by  utilizing  the 
fact  that  SAMPLE  will  no  longer  be  ignored  after  BUSY  goes 
LOW,  so  an  acquisition  may  be  initiated  even  during  the  HIGH 
time  of  the  17th  CLK  pulse  for  maximum  throughput  rate  while 
enabling  full  settling  of  the  sample/hold  circuitry.  If  SAMPLE  is 
already  HIGH  during  the  rising  edge  of  the  17th  CLK,  then  an 
acquisition  is  immediately  initiated  approximately  100  ns  after 
the  rising  edge  of  the  17th  clock  pulse. 

Care  must  be  taken  to  adhere  to  the  minimum/maximum  timing 
requirements  in  order  to  preserve  conversion  accuracy. 

GENERAL  CONVERSION  GUIDELINES 

During  signal  acquisition  and  conversion,  care  should  be  taken 
with  the  logic  inputs  to  avoid  digital  feedthrough  noise.  It  is 
possible  to  run  CLK  continuously,  even  during  the  sample 
period.  However,  CLK  edges  during  the  sampling  period,  and 
especially  when  SAMPLE  goes  LOW,  may  inject  noise  into  the 
sampling  process.  The  AD677  is  tested  with  no  CLK  cycles 
during  the  sampling  period.  The  BUSY  signal  can  be  used  to 
prevent  the  clock  from  running  during  acquisition,  as  illustrated 
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in  Figure  3.  In  this  circuit  BUSY  is  used  to  reset  the  circuitry 
which  divides  the  system  clock  down  to  provide  the  AD677 
CLK.  This  serves  to  interrupt  the  clock  until  after  the  input 
signal  has  been  acquired,  which  has  occurred  when  BUSY  goes 
HIGH.  When  the  conversion  is  completed  and  BUSY  goes 
LOW,  the  circuit  in  Figure  3  truncates  the  17th  CLK  pulse 
width  which  is  tolerable  because  only  its  rising  edge  is  critical. 


Table  I.  Serial  Output  Coding  Format  (Twos  Complement) 


Figure  3. 


Figure  3  also  illustrates  the  use  of  a  counter  (74HC393)  to 
derive  the  AD677  SAMPLE  command  from  the  system  clock 
when  a  continuous  convert  mode  is  desirable.  Pin  9  (2QC)  pro- 
vides a  96  kHz  sample  rate  for  the  AD677  when  used  with  a 
12.288  MHz  system  clock.  Alternately,  Pin  8  (2QD)  could  be 
used  for  a  48  kHz  rate. 

If  a  continuous  clock  is  used,  then  the  user  must  avoid  CLK 
edges  at  the  instant  of  disconnecting  V,N  which  occurs  at  the 
falling  edge  of  SAMPLE  (see  tFCD  specification).  The  duty 
cycle  of  CLK  may  vary,  but  both  the  HIGH  (tcH)  and  LOW 
(tcL)  phases  must  conform  to  those  shown  in  the  timing  specifi- 
cations. The  internal  comparator  makes  its  decisions  on  the  ris- 
ing edge  of  CLK.  To  avoid  a  negative  edge  transition  disturbing 
the  comparator's  settling,  t^  should  be  at  least  half  the  value  of 
tcLR.  It  is  not  recommended  that  the  SAMPLE  pin  change  state 
toward  the  end  of  a  CLK  cycle,  in  order  to  avoid  transitions 
disturbing  the  internal  comparator's  settling. 

During  a  conversion,  internal  dc  error  terms  such  as  comparator 
voltage  offset  are  sampled,  stored  on  internal  capacitors  and  used 
to  correct  for  their  corresponding  errors  when  needed.  Because 
these  voltages  are  stored  on  capacitors,  they  are  subject  to  leak- 
age decay  and  so  require  refreshing.  For  this  reason  there  is  a 
maximum  conversion  time    (1000  u.s).  From  the  time  SAMPLE 
goes  HIGH  to  the  completion  of  the  17th  CLK  pulse,  no  more 
than  1000  u.s  should  elapse  for  specified  performance.  However, 
there  is  no  restriction  to  the  maximum  time  between  individual 
conversions. 

Output  coding  for  the  AD677  is  twos  complement  as  shown  in 
Table  I.  The  AD677  is  designed  to  limit  output  coding  in  the 
event  of  out-of-range  input. 


Output  Code 

<Full  Scale 

011  . 

.  11 

Full  Scale 

011  . 

.  11 

Full  Scale  -  1  LSB 

011  . 

.  10 

Midscale  +  1  LSB 

000  . 

.  01 

Midscale 

000  . 

.  00 

Midscale  -  1  LSB 

Ill . 

.  11 

-Full  Scale  +  1  LSB 

100  . 

.  01 

-Full  Scale 

100  . 

.  00 

<-Full  Scale 

100  . 

.  00 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD677  has  three  power  supply  input  pins.  Vcc  and  VEE 
provide  the  supply  voltages  to  operate  the  analog  portions  of  the 
AD677  including  the  capacitor  DAC,  input  buffers  and  compar- 
ator. VDD  provides  the  supply  voltage  which  operates  the  digital 
portions  of  the  AD677  including  the  data  output  buffers  and  the 
autocalibration  controller. 

As  with  most  high  performance  linear  circuits,  changes  in  the 
power  supplies  can  produce  undesired  changes  in  the  perfor- 
mance of  the  circuit.  Optimally,  well  regulated  power  supplies 
with  less  than  1%  ripple  should  be  selected.  The  ac  output 
impedance  of  a  power  supply  is  a  complex  function  of  fre- 
quency, and  in  general  will  increase  with  frequency.  In  other 
words,  high  frequency  switching  such  as  that  encountered  with 
digital  circuitry  requires  fast  transient  currents  which  most 
power  supplies  cannot  adequately  provide.  This  results  in  volt- 
age spikes  on  the  supplies.  If  these  spikes  exceed  the  ±5%  toler- 
ance of  the  ±  12  V  supplies  or  the  ±  10%  limits  of  the  +5  V 
supply,  ADC  performance  will  degrade.  Additionally,  spikes  at 
frequencies  higher  than  100  kHz  will  also  degrade  performance. 
To  compensate  for  the  finite  ac  output  impedance  of  the  sup- 
plies, it  is  necessary  to  store  "reserves"  of  charge  in  bypass 
capacitors.  These  capacitors  can  effectively  lower  the  ac  imped- 
ance presented  to  the  AD677  power  inputs  which  in  turn  will 
significantly  reduce  the  magnitude  of  the  voltage  spikes.  For 
bypassing  to  be  effective,  certain  guidelines  should  be  followed. 
Decoupling  capacitors,  typically  0.1  u,F,  should  be  placed  as 
closely  as  possible  to  each  power  supply  pin  of  the  AD677.  It  is 
essential  that  these  capacitors  be  placed  physically  close  to  the 
IC  to  minimize  the  inductance  of  the  PCB  trace  between  the 
capacitor  and  the  supply  pin.  The  logic  supply  (VDD)  should  be 
decoupled  to  digital  common  and  the  analog  supplies  (Vcc  and 
VEE)  to  analog  common.  The  reference  input  is  also  considered 
as  a  power  supply  pin  in  this  regard  and  the  same  decoupling 
procedures  apply.  These  points  are  displayed  in  Figure  4. 
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Additionally,  it  is  beneficial  to  have  large  capacitors  (>47  u.F) 
located  at  the  point  where  the  power  connects  to  the  PCB  with 
10  u.F  capacitors  located  in  the  vicinity  of  the  ADC  to  further 
reduce  low  frequency  ripple.  In  systems  that  will  be  subjected  to 
particularly  harsh  environmental  noise,  additional  decoupling 
may  be  necessary.  RC-filtering  on  each  power  supply  combined 
with  dedicated  voltage  regulation  can  substantially  decrease 
power  supply  ripple  effects  (this  is  further  detailed  in  Figure  7). 

BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  a  significant  issue. 
A  1.22  mA  current  through  a  0.5  ft  trace  will  develop  a  voltage 
drop  of  0.6  mV,  which  is  4  LSBs  at  the  16-bit  level  for  a  10  V 
full-scale  span.  In  addition  to  ground  drops,  inductive  and  capaci- 
tive  coupling  need  to  be  considered,  especially  when  high  accu- 
racy analog  signals  share  the  same  board  with  digital  signals. 

Analog  and  digital  signals  should  not  share  a  common  return 
path.  Each  signal  should  have  an  appropriate  analog  or  digital 
return  routed  close  to  it.  Using  this  approach,  signal  loops 
enclose  a  small  area,  minimizing  the  inductive  coupling  of  noise. 
Wide  PC  tracks,  large  gauge  wire,  and  ground  planes  are  highly 
recommended  to  provide  low  impedance  signal  paths.  Separate 
analog  and  digital  ground  planes  are  also  desirable,  with  a  single 
interconnection  point  at  the  AD677  to  minimize  interference 
between  analog  and  digital  circuitry.  Analog  signals  should  be 
routed  as  far  as  possible  from  digital  signals  and  should  cross 
them,  if  at  all,  only  at  right  angles.  A  solid  analog  ground  plane 
around  the  AD677  will  isolate  it  from  large  switching  ground 
currents.  For  these  reasons,  the  use  of  wire  wrap  circuit  con- 
struction will  not  provide  adequate  performance;  careful  printed 
circuit  board  construction  is  preferred. 

GROUNDING 

The  AD677  has  three  grounding  pins,  designated  ANALOG 
GROUND  (AGND),  DIGITAL  GROUND  (DGND)  and 
ANALOG  GROUND  SENSE  (AGND  SENSE).  The  analog 
ground  pin  is  the  "high  quality"  ground  reference  point  for  the 
device,  and  should  be  connected  to  the  analog  common  point  in 
the  system. 

AGND  SENSE  is  intended  to  be  connected  to  the  input  signal 
ground  reference  point.  This  allows  for  slight  differences  in  level 
between  the  analog  ground  point  in  the  system  and  the  input 
signal  ground  point.  However  no  more  than  100  mV  is  recom- 
mended between  the  AGND  and  the  AGND  SENSE  pins  for 
specified  performance. 

Using  AGND  SENSE  to  remotely  sense  the  ground  potential 
of  the  signal  source  can  be  useful  if  the  signal  has  to  be  carried 
some  distance  to  the  A/D  converter.  Since  all  IC  ground  cur- 
rents have  to  return  to  the  power  supply  and  no  ground  leads 
are  free  from  resistance  and  inductance,  there  are  always  some 
voltage  differences  from  one  ground  point  in  a  system  to  another. 

Over  distance  this  voltage  difference  can  easily  amount  to  sev- 
eral LSBs  (in  a  10  V  input  span,  16-bit  system  each  LSB  is 
about  0.15  mV).  This  would  directly  corrupt  the  A/D  input  sig- 
nal if  the  A/D  measures  its  input  with  respect  to  power  ground 
(AGND)  as  shown  in  Figure  5a.  To  solve  this  problem  the 
AD677  offers  an  AGND  SENSE  pin.  Figure  5b  shows  how  the 
AGND  SENSE  can  be  used  to  eliminate  the  problem  in  Fig- 
ure 5a.  Figure  5b  also  shows  how  the  signal  wires  should  be 
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Figure  5a.  Input  to  the  A/D  Is  Corrupted  by  IR  Drop  in 
Ground  Leads:  VtN  =  Vs  +  AV. 
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Figure  5b.  AGND  SENSE  Eliminates  the  Problem  in 
Figure  5a. 

shielded  in  a  noisy  environment  to  avoid  capacitive  coupling.  If 
inductive  (magnetic)  coupling  is  expected  to  be  dominant  such 
as  where  motors  are  present,  twisted-pair  wires  should  be  used 
instead. 

. 

The  digital  ground  pin  is  the  reference  point  for  all  of  the  digital 
signals  that  operate  the  AD677.  This  pin  should  be  connected  to 
the  digital  common  point  in  the  system.  As  Figure  4  illustrated, 
the  analog  and  digital  grounds  should  be  connected  together  at 
one  point  in  the  system,  preferably  at  the  AD677. 

VOLTAGE  REFERENCE 

The  AD677  requires  the  use  of  an  external  voltage  reference. 
The  input  voltage  range  is  determined  by  the  value  of  the  refer- 
ence voltage;  in  general,  a  reference  voltage  of  n  volts  allows  an 
input  range  of  ±n  volts.  The  AD677  is  specified  for  a  voltage 
reference  between  +5  V  and  +10  V.  A  10  V  reference  will  typi- 
cally require  support  circuitry  operated  from  ±  15  V  supplies;  a 
5.0  V  reference  may  be  used  with  ±12  V  supplies.  Signal-to- 
noise  performance  is  increased  proportionately  with  input  signal 
range  (see  Figure  12).  In  the  presence  of  a  fixed  amount  of  sys- 
tem noise,  increasing  the  LSB  size  (which  results  from  increas- 
ing the  reference  voltage)  will  increase  the  effective  S/(N+D) 
performance.  Figure  11  illustrates  S/(N+D)  as  a  function  of  ref- 
erence voltage.  In  contrast,  dc  accuracy  will  be  optimal  at  lower 
reference  voltage  values  (such  as  5  V)  due  to  capacitor  non- 
linearity  at  higher  voltage  values. 

During  a  conversion,  the  switched  capacitor  array  of  the  AD677 
presents  a  dynamically  changing  current  load  at  the  voltage  ref- 
erence as  the  successive-approximation  algorithm  cycles  through 
various  choices  of  capacitor  weighting.  (See  the  following  section 
"Analog  Input"  for  a  detailed  discussion  of  the  VREF  input 
characteristics.)  The  output  impedance  of  the  reference  circuitry 
must  be  low  so  that  the  output  voltage  will  remain  sufficiently 
constant  as  the  current  drive  changes.  In  some  applications,  this 
may  require  that  the  output  of  the  voltage  reference  be  buffered 
by  an  amplifier  with  low  impedance  at  relatively  high  frequen- 
cies. In  choosing  a  voltage  reference,  consideration  should  be 
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made  for  selecting  one  with  low  noise.  A  capacitor  connected 
between  REF  IN  and  AGND  will  reduce  the  demands  on  the 
reference  by  decreasing  the  magnitude  of  high  frequency  compo- 
nents required  to  be  sourced  by  the  reference. 

Figures  6  and  7  represent  typical  design  approaches. 


Figure  6. 

Figure  6  shows  a  voltage  reference  circuit  featuring  the  5  V  out- 
put AD586.  The  AD586  is  a  low  cost  reference  which  utilizes  a 
buried  Zener  architecture  to  provide  low  noise  and  drift.  Over 
the  0°C  to  +70°C  range,  the  AD586M  grade  exhibits  less  than 
1.0  mV  output  change  from  its  initial  value  at  +25°C.  A  noise- 
reduction  capacitor,  CN,  reduces  the  broadband  noise  of  the 
AD586  output,  thereby  optimizing  the  overall  performance  of 
the  AD677.  It  is  recommended  that  a  10  p.F  to  47  (xF  high 
quality  tantalum  capacitor  and  a  0.1  n-F  capacitor  be  tied 
between  the  VREF  input  of  the  AD677  and  ground  to  minimize 
the  impedance  on  the  reference. 

Using  the  AD677  with  ±  10  V  input  range  (VREF  =  10  V)  typi- 
cally requires  ±  15  V  supplies  to  drive  op  amps  and  the  voltage 
reference.  If  ±12  V  is  not  available  in  the  system,  regulators 
such  as  78L12  and  79L12  can  be  used  to  provide  power  for  the 
AD677.  This  is  also  the  recommended  approach  (for  any  input 
range)  when  the  ADC  system  is  subjected  to  harsh  environments 
such  as  where  the  power  supplies  are  noisy  and  where  voltage 
spikes  are  present.  Figure  7  shows  an  example  of  such  a  system 
based  upon  the  10  V  AD587  reference,  which  provides  a 
300  jiV  LSB.  Circuitry  for  additional  protection  against  power 


supply  disturbances  has  been  shown.  A  100  )iF  capacitor  at  each 


Figure  7. 


regulator  prevents  very  large  voltage  spikes  from  entering  the 
regulators.  Any  power  line  noise  which  the  regulators  cannot 
eliminate  will  be  further  filtered  by  an  RC  filter  (10  fl/10  u.F) 
having  a  -3  dB  point  at  1.6  kHz.  For  best  results  the  regulators 
should  be  within  a  few  centimeters  of  the  AD677. 

ANALOG  INPUT 

As  previously  discussed,  the  analog  input  voltage  range  for  the 
AD677  is  ±VREF.  For  purposes  of  ground  drop  and  common 
mode  rejection,  the  VIN  and  VREF  inputs  each  have  their  own 
ground.  VREF  is  referred  to  the  local  analog  system  ground 
(AGND),  and  VIN  is  referred  to  the  analog  ground  sense  pin 
(AGND  SENSE)  which  allows  a  remote  ground  sense  for  the 
mput  signal. 

The  AD677  analog  inputs  (VIN,         and  AGND  SENSE) 
exhibit  dynamic  characteristics.  When  a  conversion  cycle  begins, 
each  analog  input  is  connected  to  an  internal,  discharged  50  pF 
capacitor  which  then  charges  to  the  voltage  present  at  the  corre- 
sponding pin.  The  capacitor  is  disconnected  when  SAMPLE  is 
taken  LOW,  and  the  stored  charge  is  used  in  the  subsequent 
conversion.  In  order  to  limit  the  demands  placed  on  the  external 
source  by  this  high  initial  charging  current,  an  internal  buffer 
amplifier  is  employed  between  the  input  and  this  capacitance  for 
a  few  hundred  nanoseconds.  During  this  rime  the  input  pin 
exhibits  typically  20  kfi  input  resistance,  10  pF  input  capaci- 
tance and  ±40  |j.A  bias  current.  Next,  the  input  is  switched 
directly  to  the  now  precharged  capacitor  and  allowed  to  fully 
settle.  During  this  time  the  input  sees  only  a  50  pF  capacitor. 
Once  the  sample  is  taken,  the  input  is  internally  floated  so  that 
the  external  input  source  sees  a  very  high  input  resistance  and  a 
parasitic  input  capacitance  of  typically  only  2  pF.  As  a  result, 
the  only  dominant  input  characteristic  which  must  be  considered 
is  the  high  current  steps  which  occur  when  the  internal  buffers 
are  switched  in  and  out. 

In  most  cases,  these  characteristics  require  the  use  of  an  external 
op  amp  to  drive  the  input  of  the  AD677.  Care  should  be  taken 
with  op  amp  selection;  even  with  modest  loading  conditions, 
most  available  op  amps  do  not  meet  the  low  distortion  require- 
ments necessary  to  match  the  performance  capabilities  of  the 
AD677.  Figure  8  represents  a  circuit,  based  upon  the  AD845, 
which  will  provide  excellent  overall  performance. 

For  applications  optimized  more  for  low  distortion  and  low 
noise,  the  AD845  of  Figure  8  may  be  replaced  by  the  AD743. 
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AC  parameters,  which  include  S/(N+D),  THD,  etc.,  reflect  the 
AD677's  effect  on  the  spectral  content  of  the  analog  input  sig- 
nal. Figures  11  through  18  provide  information  on  the  AD677's 
ac  performance  under  a  variety  of  conditions. 
A  perfect  n-bit  ADC  with  no  errors  will  yield  a  theoretical  quan- 
tization noise  of  q/y/12,  where  q  is  the  weight  of  the  LSB.  This 
relationship  leads  to  the  well-known  equation  for  theoretical  full- 
scale  rms  sine  wave  signal-to-noise  plus  distortion  level  of 
S/(N  +  D)  =  6.02  n  +  1.76  dB,  here  n  is  the  bit  resolution. 
An  actual  ADC,  however,  will  yield  a  measured  S/(N  +  D)  less 
than  the  theoretical  value.  Solving  this  equation  for  n  using  the 
measured  S/(N  +  D)  value  yields  the  equation  for  effective 
number  of  bits  (ENOB): 


ENOB 


[Sl(N  +  £»]  actum.  -  1-76  dB 
6.02 


As  a  general  rule,  averaging  the  results  from  several  conversions 
reduces  the  effects  of  noise,  and  therefore  improves  such  param- 
eters as  S/(N+D).  AD677  performance  may  be  optimized  by 
operating  the  device  at  its  maximum  sample  rate  of  100  kSPS 
and  digitally  filtering  the  resulting  bit  stream  to  the  desired  sig- 
nal bandwidth.  This  succeeds  in  distributing  noise  over  a  wider 
frequency  range,  thus  reducing  the  noise  density  in  the  fre- 
quency band  of  interest.  This  subject  is  discussed  in  the  follow- 
ing section. 

OVERSAMPLING  AND  NOISE  FILTERING 

The  Nyquist  rate  for  a  converter  is  defined  as  one-half  its  sam- 
pling rate.  This  is  established  by  the  Nyquist  theorem,  which 
requires  that  a  signal  be  sampled  at  a  rate  corresponding  to  at 
least  twice  its  highest  frequency  component  of  interest  in  order 
to  preserve  the  informational  content.  Oversampling  is  a  conver- 
sion technique  in  which  the  sampling  frequency  is  more  than 
twice  the  frequency  bandwidth  of  interest.  In  audio  applications, 
the  AD677  can  operate  at  a  2  x  Fs  oversampling  rate,  where 
Fs  =  48  kHz. 

In  quantized  systems,  the  informational  content  of  the  analog 
input  is  represented  in  the  frequency  spectrum  from  dc  to  the 
Nyquist  rate  of  the  converter.  Within  this  same  spectrum  are 
higher  frequency  noise  and  signal  components.  Antialias,  or  low 
pass,  filters  are  used  at  the  input  to  the  ADC  to  reduce  these 
noise  and  signal  components  so  that  their  aliased  components  do 
not  corrupt  the  baseband  spectrum.  However,  wideband  noise 
contributed  by  the  AD677  will  not  be  reduced  by  the  antialias 
filter.  The  AD677  quantization  noise  is  evenly  distributed  from 
dc  to  the  Nyquist  rate,  and  this  fact  can  be  used  to  rninimize  its 
overall  affect. 

The  AD677  quantization  noise  effects  can  be  reduced  by 
oversampling— sampling  at  a  rate  higher  than  that  defined  by 
the  Nyquist  theorem.  This  spreads  the  noise  energy  over  a 
bandwidth  wider  than  the  frequency  band  of  interest.  By  judi- 
cious selection  of  a  digital  decimation  filter,  noise  frequencies 
outside  the  bandwidth  of  interest  may  be  eliminated. 
The  process  of  analog  to  digital  conversion  inherently  produces 
noise,  known  as  quantization  noise.  The  magnitude  of  this  noise 
is  a  function  of  the  resolution  of  the  converter,  and  manifests 
itself  as  a  limit  to  the  theoretical  signal-to-noise  ratio  achievable. 
This  limit  is  described  by  S/(N+D)  =  (6.02n  +  1.76  +  10  log 
FS/2FA)  dB,  where  n  is  the  resolution  of  the  converter  in  bits, 


interest.  For  audio  bandwidth  applications,  the  AD677  is  capa- 
ble of  operating  at  a  2  x  oversample  rate  (96  kSPS),  which  typi- 
cally produces  an  improvement  in  S/(N+D)  of  3  dB  compared 
with  operating  at  the  Nyquist  conversion  rate  of  48  kSPS.  Over- 
sampling  has  another  advantage  as  well;  the  demands  on  the 
antialias  filter  are  lessened.  In  summary,  system  performance  is 
optimized  by  running  the  AD677  at  or  near  its  maximum  sam- 
pling rate  of  100  kHz  and  digitally  filtering  the  resulting  spec- 
trum to  eliminate  undesired  frequencies. 

DC  PERFORMANCE 

The  self-calibration  scheme  used  in  the  AD677  compensates  for 
bit  weight  errors  that  may  exist  in  the  capacitor  array.  This 
mismatch  in  capacitor  values  is  adjusted  (using  the  calibration 
coefficients)  during  conversion  and  provides  for  excellent  dc  lin- 
earity performance.  Figure  19  illustrates  the  DNL  plot  of  a  typi- 
cal AD677  at  +25°C.  A  histogram  test  is  a  statistical  method  for 
deriving  an  A/D  converter's  differential  nonlinearity.  A  ramp 
input  is  sampled  by  the  ADC  and  a  large  number  of  conversions 
are  taken  and  stored.  Theoretically  the  codes  would  all  be  the 
same  size  and,  therefore,  have  an  equal  number  of  occurrences. 
A  code  with  an  average  number  of  occurrences  would  have  a 
DNL  of  "0".  A  code  with  more  or  less  than  average  will  have  a 
DNL  of  greater  than  or  less  than  zero  LSB.  A  DNL  of  -1  LSB 
indicates  missing  code  (zero  occurrences). 

Figure  20  illustrates  the  code  width  distribution  of  the  DNL 
plots  of  Figure  19. 

DC  CODE  UNCERTAINTY 

Ideally,  a  fixed  dc  input  should  result  in  the  same  output  code 
for  repetitive  conversions.  However,  as  a  consequence  of 
unavoidable  circuit  noise  within  the  wideband  circuits  in  the 
ADC,  there  is  range  of  output  codes  which  may  occur  for  a 
given  input  voltage.  If  you  apply  a  dc  signal  to  the  AD677  and 
record  10,000  conversions,  the  result  will  be  a  distribution  of 
codes  as  shown  in  Figure  9  (using  a  10  V  reference).  If  you  fit  a 
Gaussian  probability  distribution  to  the  histogram,  the  standard 
deviation  is  approximately  equivalent  to  the  rms  input  noise  of 
ADC. 


-2-1  0  1 

DEVIATION  FROM  CORRECT  CODE  -  LSBa 

Figure  9.  Distribution  of  Codes  from  10,000  Conversions, 
Relative  to  the  Correct  Code 
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The  standard  deviation  of  this  distribution  is  approximately 
0.5  LSBs.  If  less  uncertainty  is  desired,  averaging  multiple  con- 
versions will  narrow  this  distribution  by  the  inverse  of  the 
square  root  of  the  number  of  samples;  i.e.,  the  average  of  4  con- 
versions would  have  a  standard  deviation  of  0.25  LSBs. 

DSP  INTERFACE 

Figure  10  illustrates  the  use  of  the  Analog  Devices  ADSP-2101 
digital  signal  processor  with  the  AD677.  The  ADSP-2101  FO 
(flag  out)  pin  of  Serial  Port  1  (SPORT  1)  is  connected  to  the 
SAMPLE  line  and  is  used  to  control  acquisition  of  data.  The 
ADSP-2101  timer  is  used  to  provide  precise  timing  of  the  FO 
pin. 


ADSP-2101 

AD677 
SAMPLE 

rv 

'  SCLKO 

CLK 

DRO 

SDATA 
BUSY 

SERIAL  j 

PORT  0  1 

RFSO 
DTO 
.  TFSO 

Figure  10.  ADSP-2101  Interface 

The  SCLK  pin  of  the  ADSP-2101  SPORT0  provides  the  CLK 
input  for  the  AD677.  The  clock  should  be  programmed  to  be 
approximately  2  MHz  to  comply  with  AD677  specifications.  To 
minimize  digital  feedthrough,  the  clock  should  be  disabled  (by 
setting  Bit  14  in  SPORT0  control  register  to  0)  during  data 
acquisition.  Since  the  clock  floats  when  disabled,  a  pull-down 
resistor  of  12  kfl-15  kfl  should  be  connected  to  SCLK  to 
ensure  it  will  be  LOW  at  the  falling  edge  of  SAMPLE.  To  max- 
imize the  conversion  rate,  the  serial  clock  should  be  enabled 
immediately  after  SAMPLE  is  brought  LOW  (hold  mode). 

The  AD677  BUSY  signal  is  connected  to  RFO  to  notify 
SPORT0  when  a  new  data  word  is  coming.  SPORT0  should  be 
configured  in  normal,  external,  noninverting  framing  mode  and 
can  be  programmed  to  generate  an  interrupt  after  the  last  data 
bit  is  received.  To  maximize  the  conversion  rate,  SAMPLE 
should  be  brought  HIGH  immediately  after  the  last  data  bit  is 
received. 
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Figure  12.  S/(N+D)  and  THD  vs.  Input  Amplitude, 
U  =  100  kHz 
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Figure  13.  4096  Point  FFT  at  100  kSPS,  fIN  =  1  kHz, 
VREF  =  5  V 
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Figure  14.  4096  Point  FFT  at  100  kSPS,  FIN  =  1  kHz,  VREe 
=  10  V 
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Figure  11.  S/(N+D)  and  THD  vs.  VRBF,  fs  =  100  kHz 
(Calibration  is  not  guaranteed  below  +5  V  REF) 
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Figure  15.  AC  Power  Supply  Rejection  (f,N  =  7.06  kHz) 
I sample  =  96  kSPS,  VmpPLE  =  0.13  V  p-p 
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Figure  16.  IMD  Plot  for  fIN  =  1008  Hz  (fa),  1055  Hz  (fb)  at 
96  kSPS 
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Figure  17.  AC  Performance  vs.  Clock  Period,  TA  = 
+85°C  (5  V  and  10  V  Reference) 
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Figure  18.  AC  Performance  Using  Minimum  Clock  Period 
vs.  Temperature  (tCLK  =  480  ns),  5  V  and  10  V  Reference 
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Figure  19.  DNL  Plot  at  V„EF  =  10  V,  TA  =  +25°C,  fs  = 
700  kSPS 
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Figure  20.  DNL  Error  Distribution  (Taken  from  Figure  19) 
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Complete  Sampling  ADC 


FEATURES 

AC  and  DC  Characterized  and  Specified 

(K,  B  and  T  Grades) 
200k  Conversions  per  Second 
1  MHz  Full  Power  Bandwidth 
500  kHz  Full  Linear  Bandwidth 
72  dB  S/N+D  (K,  B,  T  Grades) 
Twos  Complement  Data  Format  (Bipolar  Mode) 
Straight  Binary  Data  Format  (Unipolar  Mode) 
10  MCI  Input  Impedance 
8-Bit  or  16-Bit  Bus  Interface 
On-Board  Reference  and  Clock 
10  V  Unipolar  or  Bipolar  Input  Range 
Commercial,  Industrial  and  Military  Temperature 

Range  Grades 
MIL-STD-883  Compliant  Versions  Available 

PRODUCT  DESCRIPTION 

The  AD678  is  a  complete,  multipurpose  12-bit  monolithic 
analog-to-digital  converter,  consisting  of  a  sample-hold  amplifier 
(SHA),  a  microprocessor  compatible  bus  interface,  a  voltage 
reference  and  clock  generation  circuitry. 

The  AD678  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  S/N+D  ratio,  THD  and  IMD  which  are  important  in  signal 
processing  applications.  In  addition,  the  AD678K,  B  and  T 
grades  are  fully  specified  for  dc  parameters  which  are  important 
in  measurement  applications. 

The  AD678  offers  a  choice  of  digital  interface  formats;  the  12 
data  bits  can  be  accessed  by  a  16-bit  bus  in  a  single  read  opera- 
tion or  by  an  8-bit  bus  in  two  read  operations  (8+4),  with  right 
or  left  justification.  Data  format  is  straight  binary  for  unipolar 
mode  and  twos  complement  binary  for  bipolar  mode.  The  input 
has  a  full-scale  range  of  10  V  with  a  full  power  bandwidth  of 
1  MHz  and  a  full  linear  bandwidth  of  500  kHz.  High  input 
impedance  (10  Mfl)  allows  direct  connection  to  unbuffered 
sources  without  signal  degradation. 

This  product  is  fabricated  on  Analog  Devices'  BiMOS  process, 
combining  low  power  CMOS  logic  with  high  precision,  low 
noise  bipolar  circuits;  laser-trimmed  thin-film  resistors  provide 
high  accuracy.  The  converter  utilizes  a  recursive  subranging 
algorithm  which  includes  error  correction  and  flash  converter 
circuitry  to  achieve  high  speed  and  resolution. 

The  AD678  operates  from  +5  V  and  ±12  V  supplies  and  dissi- 
pates 560  mW  (typ).  The  AD678  is  available  in  28-pin  plastic 
DIP,  ceramic  DIP,  and  44  J-leaded  ceramic  surface  mount 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  HIGHLIGHTS 

1.  COMPLETE  INTEGRATION:  The  AD678  minimizes 
external  component  requirements  by  combining  a  high  speed 
sample-hold  amplifier  (SHA),  ADC,  5  V  reference,  clock  and 
digital  interface  on  a  single  chip.  This  provides  a  fully  speci- 
fied sampling  A/D  function  unattainable  with  discrete 
designs. 

2.  SPECIFICATIONS:  The  AD678K,  B  and  T  grades  provide 
fully  specified  and  tested  ac  and  dc  parameters.  The 
AD678J,  A  and  S  grades  are  specified  and  tested  for  ac 
parameters;  dc  accuracy  specifications  are  shown  as  typicals. 
DC  specifications  (such  as  INL,  gain  and  offset)  are  impor' 
tant  in  control  and  measurement  applications.  AC  specifica- 
tions (such  as  S/N+D  ratio,  THD  and  IMD)  are  of  value  in 
signal  processing  applications. 

3.  EASE  OF  USE:  The  pinout  is  designed  for  easy  board  lay- 
out, and  the  choice  of  single  or  two  read  cycle  output  pro- 
vides compatibility  with  16-  or  8-bit  buses.  Factory  truroming 
eliminates  the  need  for  calibration  modes  or  external  trim- 
ming to  achieve  rated  performance. 

4.  RELIABILITY:  The  AD678  utilizes  Analog  Devices' 
monolithic  BiMOS  technology.  This  ensures  long  term  reli- 
ability compared  to  multichip  and  hybrid  designs. 

5.  UPGRADE  PATH:  The  AD678  provides  the  same  pinout  as 
the  14-bit,  128  kSPS  AD679  ADC. 

6.  The  AD678  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD678/883B  data  sheet  for  detailed 


Screening  to  MIL-STD-883C  Class  B  is  also  available. 


•Protected  by  U.S.  Patent  Nos.  4,804,9*0;  4,814,767;  4,833,345;  4,250,445; 
4,808,908;  RE30.586. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD678— SPECIFICATIONS 


AC  brtLlrlLAI lUNb  fIM  =  lO.OB  kHz  unless  otherwise  noted)' 


Parameter 


AD678J/A/S 
Min     Typ  Max 


AD678K/B/T 
Min     Typ  Max 


Units 


SIGNAL-TO-NOISE  AND  DISTORTION  (S/N+D)  RATIO 
-0.5  dB  Input  (Referred  to  -0  dB  Input) 
-20  dB  Input  (Referred  to  -20  dB  Input) 
-60  dB  Input  (Referred  to  -60  dB  Input) 


70 


71 
51 
11 


72 


73 
53 
13 


dB 


TOTAL  HARMONIC  DISTORTION  (THD) 


-88  -80 
0.004  0.010 


-88  -80 
0.004  0.010 


dB 

% 


PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 


-87 


-87 


-80 


dB 


FULL  POWER  BANDWIDTH 


1 





MHz 


FULL  LINEAR  BANDWIDTH 


500 


500 


kHz 


INTERMODULATION  DISTORTION  (IMD)2 
2nd  Order  Products 
3rd  Order  Products 


-85  -8 
-8 


_L 


- 

 I 


dB 

^B_ 


NOTES 

'fIN  amplitude  =  -0.5  dB  (9.44  V  p-p)  bipolar  mode  full  scale  unless  otherwise  indicated.  All  measurements  referred  to  a  -0  dB  (9. 
unless  otherwise  indicated. 

2fA  =  9.08  kHz,  fB  =  9.58  kHz,  with  f5AMPLE  =  200  kSPS. 
Specifications  subject  to  change  without  notice. 

■ 


.997  V  p-p)  input  signal 


DIGITAL  SPECIFICATIONS 


(All  device  types  Tmin  to  Tmax,  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V  ±  5%,  VDD  =  +5  V  ±  10%) 


Parameter 

Test  Conditions 

Min 

Max 

Units 

LOGIC  INPUTS 

VIH         High  Level  Input  Voltage 
VIL         Low  Level  Input  Voltage 
IIH          High  Level  Input  Current 
I,L          Low  Level  Input  Current 
CIN         Input  Capacitance 

Vffi  =  VDD 
vIN  =  0  V 

2.0 
0 

-10 
-10 

v 
0.8 
+  10 
+  10 
10 

V 

'V  ... 

uA 
M-A 
pF 

LOGIC  OUTPUTS 

VOH        High  Level  Output  Voltage 

VOL        Low  Level  Output  Voltage 
Ioz         High  Z  Leakage  Current 
CqZ         High  Z  Output  Capacitance 

IOH  =  0.1  mA 
IOH  =  0.5  mA 
IOL  =  1.6  mA 
VIN  =  0  or  VDD 

4.0 
2.4 

-10 

0.4 
+  10 
10 

V 
V 

v 

jjlA 
pF 

Specifications  subject  to  change  without  notice. 

■ 

■ 

■ 
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DC  SPECIFICATIONS  (TmintoTma>,Vcc  =  +12  V  ±  5%,VEE  =  -12  V±  5%,V0D  =  +5V  ±  10%  unless  otherwise  indicated) 


AD678J/A/S 

AD678K/B/T 

Parameter 

Mm  lyp 

Max 

Mm 

lyp 

Max 

Units 

TEMPERATURE  RANGE 
J,  K  Grades 
A,  B  Grades 

0 

-40 

+70 
+85 

0 

-40 

+70 
+85 

°C 
°C 

S,  T  Grades 

-55 

+  125 

-55 

+  125 

°C 

ACCURACY 

Resolution 

12 

1 1 
1/ 

Bits 

Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 
Unipolar  Zero  Error  (@  +25°C)1 
Bipolar  Zero  Error  (@  +25°C)1 
Gain  Error  (@  +25°C)1'  2 

±1 

12 

±4 
±4 
±4 

12 

±0.7 

±2 
±3 
±3 

±1 
±3 

±5  ;■. 
±6 

LSB 
Bits 
LSB 
LSB 
LSB 

Temperature  Drift 
Unipolar/Bipolar  Zero 
J,  K  Grades 

±2 

±2 

±4 

LSB 

A,  B  Grades 

±4 

—  t> 

-*-A 

LSB 

S,  T  Grades 

—  j 

+4 

+5 

LSB 

Gain3 

J,  K  Grades 
A,  B  Grades 

±4"  I 
±7 

±4 

±5 

±6 
±7 

LSB 
LSB 

S,  T  Grades 
Gain4 

±10 

■ 

±8 

• 

±10 

LSB 

J,  K  Grades 

±2 

-t-2 

±4 

LSB 

A,  B  Grades 

±4 

±3 

±4 

LSB 

S,  T  Grades 

±6 

±5 

±6 

LSB 

ANALOG  INPUT 

Input  Ranges 
Unipolar  Range 
Bipolar  Range 

0 

-5 

+  10 
+5 

0 

-5 

+  10 

+5 

V 

% 

Input  Resistance 

10 

10 

Mfl 

Input  Capacitance 
Input  Settling  Time 
Aperture  Delay 
Aperture  Jitter 

10 
10 

..  .10 

pF 

(AS 

ns 

I    \  , 

10 

1 

150 

150 

ps 

INTERNAL  VOLTAGE  REFERENCE 

Output  Voltage5 

4.98 

5.02 

4.98 

5.02 

V 

External  Load 

Unipolar  Mode 

+  1.5 

+  1.5 

mA 

Bipolar  Mode 

+0.5 

+0.5 

mA 

POWER  SUPPLIES 

Power  Supply  Rejection 

Vcc=  +12  V±  5% 
VEE  =  -12  V  ±  5% 

±2 
±2 

±2 
±2 

LSB 
LSB 

VDD  =  +5  V  ±  10% 

±2 

20 

±2 

LSB 

Operating  Current 
Ice 

18 

■ 

18 

20 

mA 

Iee 

25 

34 

25 

34 

mA 

Power  Consumption 
 i  

8 

560 

12 
745 

560 

12 
745 

mA 
mW 

NOTES 

'Adjustable  to  zero. 

includes  internal  voltage  reference  error. 
'Includes  internal  voltage  reference  drift. 
4Excludes  internal  voltage  reference  drift. 
sWith  maximum  external  load  applied. 
Specifications  subject  to  change  without  notice. 
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uncno 

Parameter 

SC  Delay 
Conversion  Time 
Conversion  Rate1 
Convert  Pulse  Width 
Aperture  Delay 
Status  Delay 
Access  Time2, 3 

Float  Delay5 
Output  Delay 
Format  Setup 
OE  Delay 
Read  Pulse  Width 
Conversion  Delay 
EOCEN  Delay 


Symbol 

lsc 
tc 

tcR 

tcp 

tAD 
tsD 
tBA 

lFD 
*OD 
tFS 
toE 
lRP 
tD 
tEO 


Min 

50 
3.0 


97 

5 

0 

10 

10 

10 

47 

0 

97 

150 

0 


Max 

4.4 

5 

20 
400 
100 
574 


NOTES 

'Includes  acquisition  time.  

'Measured  from  the  falling  edge  of  OE/EOCEN  (0.8  V)  to  the  time  at  which  the  data  lines/EOC  cross  2.0  V  or  0.8  V.  See  Figure  3. 
3COOT  =  100  pF. 

'Cour  =  50  pF.   

'Measured  from  the  rising  edge  of  OE/EOCEN  (2.0  V)  to  the  time  at  which  the  output  voltage  changes  by  0.5  V.  See  Figure  3;  COUT  =  10  pF. 
Specifications  subject  to  change  without  notice. 


M  


\  r 

'cp-Hh- 


EOC* 


CONTENT  OF 
OUTPUT 
REGISTER, 


OE» 


\f\f 


NOTES 

1  IN  ASYNCHRONOUS  MODE,  STATE  OF  CS  DOES  NOT  AFFECT  OPERATION. 
SEE  THE  START  CONVERSION  TRUTH  TABLE  FOR  DETAILS. 

'EOCEN  =  LOW;  SEE  FIGURE  2.  IN  SYNCHRONOUS  MODE,  EOC  IS  A  THREE- 
STATE  OUTPUT.  IN  ASYNCHRONOUS  MODE,  EOC  IS  AN  OPEN  DRAIN  OUTPUT. 

'DATA  SHOULD  NOT  BE  ENABLED  DURING  A  CONVERSION. 


J 


 CZ> — 

NOTE 

'SEE  END-OF-CONVERT  (EOC)  PARAGRAPH  FOR  DETAILS. 

Figure  2.  EOC  Timing 
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Figure  1.  Conversion  Timing 
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Figure  3.  Load  Circuit  for  Bus  Timing  Specifications 
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AD678 


ABSOLUTE  MAXIMUM  RATINGS* 


Specification 

VEE 

AGND 
AIN,  REF,N 
Digital  Inputs 
Digital  Outputs 
Max  Junction 
Temperature 


With 

Respect 

To 


AGND 
AGND 

VEE 

DGND 

DGND 

AGND 

DGND 

DGND 


Min 


-0.3 
-18 
-0.3 


-0.5 
-0.5 


Max 


+  18 
+0.3 
+26.4 
+7 
+  1 

Vcc 
+  7 

Vnn  +0.3 


175 




Units 


V 
V 
V 
V 
V 
V 
V 
V 

°c 


Spec  liicst  ion 

With 

tv  nil 

I?  in  hi'  r"l 

To 

Min 

Max 

Units 

Operating  Temperature 

]  and  K  Grades 

0 

+70 

°C 

A  and  B  Grades 

-40 

+85 

°C 

S  and  T  Grades 

-55 

+  125 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature 

(10  sec  max) 

+  300 

°C 

ESD  SENSITIVITY  

The  AD678  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD678 
has  been  classified  as  a  Category  1  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts,  and  the  foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 

For  further  information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


ORDERING  GUIDE 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  sections  of  this  specification  is  not  implied.  Expo- 
sure to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 








Model1 

Package 

Temperature  Range 

Tested  and  Specified 

Package  Option2 

AD678JN 

28-Pin  Plastic  DIP 

0°C  to  +70°C 

AC 

N-28 

AD678KN 

28-Pin  Plastic  DIP 

0°C  to  +70°C 

AC  +  DC 

N-28 

AD678JD 

28-Pin  Ceramic  DIP 

0°C  to  +70°C 

AC 

D-28 

AD678KD 

28-Pin  Ceramic  DIP 

0°C  to  +70°C 

AC  +  DC 

D-28 

AD678AD 

28-Pin  Ceramic  DIP 

-40°C  to  +  85°C 

AC 

D-28 

AD678BD 

28-Pin  Ceramic  DIP 

-40°Cto  +85°C 

AC  +  DC 

D-28 

AD678AJ 

44-Lead  Ceramic  JLCC 

-40°Cto  +  85°C 

AC 

J-44 

AD678BJ 

44-Lead  Ceramic  JLCC 

-40°C  to  +  85°C 

AC  +  DC 

J-44 

AD678SD 

28-Pin  Ceramic  DIP 

-55°Cto  +125°C 

AC 

D-28 

AD678TD 

28-Pin  Ceramic  DIP 

-55°C  to  +125°C 

AC  +  DC 

D-28 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  Analog  Devices  Military  Products 
Databook  or  /883  data  sheet. 

2N  =  Plastic  DIP;  D  =  Ceramic  DIP;  ]  =  J-Leaded  Ceramic  Chip  Carrier.  For  outline  information  see  Package  Information  section. 


PIN  CONFIGURATIONS 


DIP  Package 


NCC 

VehC 

NCC 

9 

AIN  C 

10 

AGHO  C 

11 

REFOlfT  C 

12 

NC  £ 

13 

REF1N  C 

14 

BIPOFF  C 

15 

NC  C 

16 

Vcc  E 

17 

JLCC  Package 

isis  zio  sis  s  »s  s  s  1 
nnnnnnnnnnn 

6    S    4    3    2   O  «  «  «  I'  « 


1B  13  20  21  22  23  24  25  26  27  23 

uuuuuuuuuuu 


9  3  0810 

38  ]  NC 

37  J  DB9 

K  □  DBS 

35  ^  0B7 

34  "2  DB6 

33  ~2  DB5 

32  □  NC 

31  □  DB4 

30  □  DB3 

29  3  NC 


NC  =  NO  CONNECT 
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□ ANALOG  14-Bit  128  kSPS 

DEVICES   Complete  Sampling  ADC 


FEATURES 

AC  and  DC  Characterized  and  Specified  (K,  B,  T 

Grades) 
128k  Conversions  per  Second 
1  MHz  Full  Power  Bandwidth 
500  kHz  Full  Linear  Bandwidth 
80  dB  S/N+D  (K.  B,  T  Grades) 
Twos  Complement  Data  Format  (Bipolar  Mode) 
Straight  Binary  Data  Format  (Unipolar  Mode) 
10  Mn  Input  Impedance 

8-Bit  Bus  Interface  (See  AD779  for  16-Bit  Interface) 

On-Board  Reference  and  Clock 

10  V  Unipolar  or  Bipolar  Input  Range 

Pin  Compatible  with  AD678  12-Bit,  200  kSPS  ADC 

MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD679  is  a  complete,  multipurpose  14-bit  monolithic 
analog-to-digital  converter,  consisting  of  a  sample-hold  amplifier 
(SHA),  a  microprocessor  compatible  bus  interface,  a  voltage  ref- 
erence and  clock  generation  circuitry. 

The  AD679  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  S/N  +  D  ratio,  THD  and  IMD  which  are  important  in  signal 
processing  applications.  In  addition,  the  AD679K,  B  and  T 
grades  are  fully  specified  for  dc  parameters  which  are  important 
in  measurement  applications. 

The  14  data  bits  are  accessed  in  two  read  operations  (8+6),  with 
left  justification.  Data  format  is  straight  binary  for  unipolar 
mode  and  twos  complement  binary  for  bipolar  mode.  The  input 
has  a  full-scale  range  of  10  V  with  a  full  power  bandwidth  of 
1  MHz  and  a  full  linear  bandwidth  of  500  kHz.  High  input 
impedance  (10  Mfi)  allows  direct  connection  to  unbuffered 
sources  without  signal  degradation.  Conversions  can  be  initiated 
either  under  microprocessor  control  or  by  an  external  clock 
asynchronous  to  the  system  clock. 

This  product  is  fabricated  on  Analog  Devices'  BiMOS  process, 
combining  low  power  CMOS  logic  with  high  precision,  low 
noise  bipolar  circuits;  laser-trimmed  thin-film  resistors  provide 
high  accuracy.  The  converter  utilizes  a  recursive  subranging 
algorithm  which  includes  error  correction  and  flash  converter 
circuitry  to  achieve  high  speed  and  resolution. 

The  AD679  operates  from  +5  V  and  ±12  V  supplies  and  dissi- 
pates 560  mW  (typ.).  28-pin  plastic  DIP,  ceramic  DIP  and  44 
J-leaded  ceramic  surface  mount  packages  are  available. 


FUNCTIONAL  BLOCK  DIAGRAM 


CS       SC       OE    EOCEN  SYNC    12/8  EOC 


OUT 

REF.„ 


AIN 

AGND 


VOLTAGE 
REF. 


rm-rj 

1 


CONTROL  LOGIC 


AD679 


CONVERSION 
LOGIC 


SAMPLE. 
HOLD 


{+> 


GAIN 
STAGE. 


OUTPUT 
REGISTER 


4-BIT  FLASH 

A/D 
CONVERTER 


PRODUCT  HIGHLIGHTS 

1.  COMPLETE  INTEGRATION:  The  AD679  minimizes 
external  component  requirements  by  combining  a  high  speed 
sample-hold  amplifier  (SHA),  ADC,  5  V  reference,  clock 
and  digital  interface  on  a  single  chip.  This  provides  a  fully 
specified  sampling  A/D  function  unattainable  with  discrete 


2.  SPECIFICATIONS:  The  AD679K,  B  and  T  grades  provide 
fully  specified  and  tested  ac  and  dc  parameters.  The 
AD679J,  A  and  S  grades  are  specified  and  tested  for  ac 
parameters;  dc  accuracy  specifications  are  shown  as  typicals. 
DC  specifications  (such  as  INL,  gain  and  offset)  are  impor- 
tant in  control  and  measurement  applications.  AC  specifica- 
tions (such  as  S/N+D  ratio,  THD  and  IMD)  are  of  value  in 
signal  processing  applications. 

3.  EASE  OF  USE:  The  pinout  is  designed  for  easy  board  lay- 
out, and  the  two  read  output  provides  compatibility  with 
8-bit  buses.  Factory  trimming  eliminates  the  need  for 
calibration  modes  or  external  trimming  to  achieve  rated 
performance. 

4.  RELIABILITY:  The  AD679  utilizes  Analog  Devices' 
monolithic  BiMOS  technology.  This  ensures  long  term  reli- 
ability compared  to  multichip  and  hybrid  designs. 

5.  UPGRADE  PATH:  The  AD679  provides  the  same  pinout  as 
the  12-bit,  200  kSPS  AD678  ADC. 

6.  The  AD679  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD679/883B  data  sheet  for  detailed 
specifications. 


1  by  U.S.  Patent  Nos.  4,804,960;  4,814,767;  4,833,345;  4,250,445; 
4,808,908;  RE  30,586 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AC  SPECIFICATIONS  ^IJS  2  «■  W»  J  »  R 


Parameter 

AD679J/A/S 
Min     Typ  Max 

AD679K/B/T 
Min     Typ  Max 

Units 

SIGNAL-TO-NOISE  AND  DISTORTION  (S/N+D)  RATIO 
— 0.5  dB  Input  (Referred  to  —  0  dB  Input) 
-20  dB  Input  (Referred  to  -20  dB  Input) 

78  79 
58  59 

80  81 
60  61 

dB 
dB 

-60  dB  Input  (Referred  to  -60  dB  Input) 

18  19 

20  21 

dB 

TOTAL  HARMONIC  DISTORTION  (THD) 
@  +25°C 

-90  -84 
0.003  0.006 
-88  -82 
0.004  0.008 

-90  -84 
0.003  0.006 
-88  -82 
0.004  0.008 

dB 

% 

dB 

PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 

-90  -84 

-90  -84 

dB 

FULL  POWER  BANDWIDTH 

1 

1 

MHz 

FULL  LINEAR  BANDWIDTH 

500 

500 

kHz 

INTERMODULATION  DISTORTION  (IMD)2 
2nd  Order  Products 
3rd  Order  Products 

-90  -84 
-90  -84 

-90  -84 
-90  -84 

dB 
dB 

DIGITAL  SPECIFICATIONS  (All  device  types TMIII  to  WYc*  =  +12  V  ±  5%,VEE  =  -12  V  ±  5%,  VDD  =  +5  V  ±  10%) 

Parameter 

Test  Conditions 

Min 

Max 

Units 

LOGIC  INPUTS 

Vm          High  Level  Input  Voltage 

2.0 

vDD 

V 

VIL           Low  Level  Input  Voltage 
IIH           High  Level  Input  Current 
IIL            Low  Level  Input  Current 
Cns,           Input  Capacitance 

V[N  =  5  V 

vrN  =  ov 

0 

-10 
-10 

0.8 
+  10 
+  10 
10 

V 
fiA 
(iA 
pF 

LOGIC  OUTPUTS 

VOH         High  Level  Output  Voltage 

VOL         Low  Level  Output  Voltage 

IOH  =  0.1  mA 
IOH  =  0.5  mA 
IOL  =  1.6  mA 

4.0 
2.4 

0.4 

V 
V 
V 

Ioz           High  Z  Leakage  Current 
Coz          High  Z  Output  Capacitance 

=  0  or  5  V 

-10 

+  10 
10 

uA 
pF 

NOTES 

'fIN  amplitude  =  -0.5  dB  (9.44  V  p-p)  bipolar  mode  full  scale 
unless  otherwise  noted. 

2fA  =  9.08  kHz,  fB  =  9.58  kHz,  with  fSAMPLE  =  100  kSPS. 
Specifications  subject  to  change  without  notice. 


unless  otherwise  indicated.  All 


measurements  referred  to  a  -0  dB  (9.997  V  p-p)  input  signal 
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Parameter 


Min 


Typ  Max 


Min         Typ  Max 


TEMPERATURE  RANGE 
J,  K  Grades 
A,  B  Grades 
S,  T  Grades 


0 

-40 
-55 


+70 
+  85 
+  125 


-40 
-55 


+70 
+85 
+  125 


°C 
°C 
°C 


ACCURACY 
Resolution 

Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 
Unipolar  Zero  Error1  (@  +25°C) 
Bipolar  Zero  Error1  (@  +25°C) 
Gain  Error1'  2  (@  +25°C) 
Temperature  Drift 
Unipolar  Zero3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Bipolar  Zero3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Gain3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Gain4 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 


14 
14 


14 


0.08 
0.08 
0.12 


0.04 
0.05 
0.09 

0.02 
0.04 
0.08 

0.09 
0.10 
0.20 


■ 


14 


±1 

±2 

0.05 

0.07 

0.05 

0.07 

0.09 

0.11 

0.04 

0.05 

0.05 

0.07 

0.09 

0.10 

0.02 

0.04 

0.04 

0.05 

0.08 

0.09 

0.09 

0.11 

0.04 
0.05 
0.09 


0.10 

0.20 

0.04 
0.05 
0.09 


0.16 
0.25 


0.05 
0.07 
0.10 


Bits 
LSB 
Bits 

%  FSR* 
%  FSR 
%  FSR 


%  FSR 
%  FSR 
%  FSR 

%  FSR 
%  FSR 
%  FSR 

%  FSR 
%  FSR 
%  FSR 

%  FSR 
%  FSR 
%  FSR 


ANALOG  INPUT 
Input  Ranges 
Unipolar  Mode 
Bipolar  Mode 
Input  Resistance 
Input  Capacitance 
Input  Settling  Time 
Aperture  Delay 
Aperture  Jitter 


0 

-5 


10 
10 


10 
150 


+  10 

+5 


1.5 


0 

-5 


+  10 

+5 


10 
10 

1.5 

10 
150 


V 
V 

Mn 

pF 

U.S 

ns 


INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage5 
External  Load 

Unipolar  Mode 

Bipolar  Mode 


4.98 


5.02 


+  1.5 
+0.5 


4.98  5.02 


+  1.5 
+0.5 


V 

mA 
mA 


POWER  SUPPLIES 
Power  Supply  Rejection 
Vcc  =  +12  V  ±  5% 
VEE  =  -12  V  ±  5% 
Vdd  =  +5  V  ±  10% 
Operating  Current 
Ice 
Iee 
Idd 

Power  Consumption 


±6 

±6 

±6 

18 

20 

25 

34 

8 

12 

560 

745 

18 
25 
8 

560 


±6 
±6 
±6 

20 
34 
12 
745 


LSB 
LSB 
LSB 

mA 
mA 
mA 
mW 


NOTES 

'Adjustable  to  zero. 

includes  internal  voltage  reference  error. 
'Includes  internal  voltage  reference  drift. 
4Excludes  internal  voltage  reference  drift. 
5With  maximum  external  load  applied. 
*%  FSR  =  percent  of  full-scale  range. 
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TIMING  SPECIFICATIONS 

(All  device  types  TMIN  to  W  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V 
±  5%,  Vpo  =  +5  V  ±  10%) 


AD679 


*  'en  *■ 

1  CP 

*- 

sc  \ 

r 

Parameter 

Symbol 

Min 

Max 

Units 

c>c  JJeiay 

'sc 

ui 
j\j 

ns 

Conversion  Time 

tc 

6.3 

(JLS 

Conversion  Rate1 

7.8 

u.s 

Convert  Puke  Width 

0.097 

3.0 

U.S 

Aperture  Delay 

'ad 

5 

20 

ns 

Status  Delay 

tsD 

0 

400 

ns 

Access  Time2, 3 

tBA 

10 

100 

ns 

10 

574 

ns 

Float  Delay5 

10 

80 

ns 

tFD 

Output  Delay 

toD 

0 

ns 

Format  Setup 

tps 

100 

ns 

OE  Delay 

kjE 

20 

ns 

Read  Pulse  Width 

'rp 

195 

ns 

Conversion  Delay 

•CD 

400 

ns 

EOCEN  Delay 

tEo 

50 

ns 

I  1 


CONTENT  OF 
OUTPUT 
REGISTER 


5T> 


-*Lok 

> — 4 

«-<00 



DATA  0  ^ 

DATA  1 

1 

NOTES 

'  IN  ASYNCHRONOUS  MODE,  STATE  OF  CS  DOES  NOT  AFFECT  OPERATION. 
SEE  THE  START  CONVERSION  TRUTH  TABLE  FOR  DETAILS. 

1  EOCEN  ■  LOW  (SEE  FIGURE  3).  IN  SYNCHRONOUS  MODE,  EOC  IS  A  THREE- 
STATE  OUTPUT.  IN  ASYNCHRONOUS  MODE,  EOC  IS  AN  OPEN  DRAIN  OUTPUT. 

'DATA  SHOULD  NOT  BE  ENABLED  DURING  A  CONVERSION. 


NOTES 

'Includes  Acquisition  Time. 

2Measured  from  the  falling  edge  of  OE/EOCEN  (0.8  V)  to  the  time  at  which  the 
data  lines/EOC  cross  2.0  V  or  0.8  V.  See  Figure  4. 
'Colt  =  "»  PP 

'Measured  from  the  rising  edge  of  OE/EOCEN  (2.0  V)  to  the  time  at  which  the 
output  %-oltage  changes  by  0.5.  See  Figure  4;  COLT  =  10  pF. 
Specifications  subject  to  change  without  notice. 


ORDERING  GUIDE1 


HBE  \_ 


-"UsK 


-Jtoe  V 


Figure  1.  Conversion  Timing 


iviViVAYA 


"1 


7-DBO  • 


'  HIGH  BYTE  ) 

Temperature 

Tested 
and 

Package 

Model2 

Package 

Range 

Specified 

Option3 

AD679JN 

28-Pin  Plastic  DIP 

0°C  to  +70°C 

AC 

N-28 

AD679KN 

28-Pin  Plastic  DIP 

0°C  to  +70°C 

AC  +  DC 

N-28 

AD679JD 

28-Pin  Ceramic  DIP 

0°C  to  +70°C 

AC 

D-28 

AD679KD 

28-Pin  Ceramic  DIP 

0°C  to  -f70°C 

AC  +  DC 

D-28 

AD679AD 

28-Pin  Ceramic  DIP 

-40°C  to  +85°C 

AC 

D-28 

AD679BD 

28-Pin  Ceramic  DIP 

-40°C  to  +85°C 

AC  +  DC 

D-28 

AD679SD 

28-Pin  Ceramic  DIP 

-55"C  to  +125°C 

AC 

D-28 

AD679TD 

28-Pin  Ceramic  DIP 

-55°Cto  +125-C 

AC  +  DC 

D-28 

AD679AJ 

44-Lead  Ceramic  JLCC 

-40°C  to  +85°C 

AC 

J-44 

AD679BJ 

44-Lead  Ceramic  JLCC 

-40°C  to  +85°C 

AC  +  DC 

J-44 

AD679SJ 

44-Lead  Ceramic  JLCC 

-55°C  to  +125°C 

AC 

J-44 

AD679TJ 

44-Lead  Ceramic  JLCC 

-55°C  to  +125X 

AC  +  DC 

J-44 

Figure  2.  Output  Timing 


r»tB 


J— 

I 

J 


NOTES 

'For  parallel  read  (14-Bits)  interface  to  16-bit  buses,  see  AD779. 

2For  details  grade  and  package  offerings  screened  in  accordance  with  MIL- 

STD-883,  refer  to  the  Analog  Devices  Miliary  Products  Databook  or  current 

AD679/883B  data  sheet. 

3N  =  Plastic  DIP;  D  =  Ceramic  DIP;  J  =  J-Leaded  Ceramic  Chip  Carrier. 
For  outline  information  see  Package  Information  section. 


NOTE 

'EOC  IS  A  THREE-STATE  OUTPUT  IN  SYNCHRONOUS 
MODE  AND  AN  OPEN  DRAIN  OUTPUT  IN  ASYNCHRO 
NOUS.  ACCESS  ltBAl  AND  FLOAT  (tFD)  TIMING  SPECIFI- 
CATIONS DO  NOT  APPLY  IN  ASYNCHRONOUS  MODE 
WHERE  THEY  ARE  A  FUNCTION  THE  TIME  CONSTANT 
FORMED  BY  THE  10  pF  OUTPUT  CAPACITANCE  AND 
THE  PULL-UP  RESISTOR. 

Figure  3.  EOC  Timing 

a  it 


TEST 

("OUT 

ACCESS  TIME  HIGH  Z  TO  LOGIC  LOW 

5  V 

100  pF 

FLOAT  TIME  LOGIC  HIGH  TO  HIGH  Z 

0  V 

10  pF 

ACCESS  TIME  HIGH  Z  TO  LOGIC  HIGH 

0  V 

100  pF 

FLOAT  TIME  LOGIC  LOW  TO  HIGH  Z 

5  V 

10  pF 

Figure  4.  Load  Circuit  for  Bus  Timing  Specifications 
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ABSOLUTE  MAXIMUM  RATINGS* 


Specification 


Vcc 

Vcc  (Note  1) 

AGND 
AIN,  REFIN 
Digital  Inputs 
Digital  Outputs 
Max  Junction 
Temperature 


With 

Respect 

To 


AGND 
AGND 

VEE 

DGND 

DGND 

AGND 

DGND 

DGND 


Min 


-0.3 
-18 
-0.3 
0 

-1 

VEE 
-0.5 
-0.5 


Max 


+  18 
+0.3 
+26.4 

+7 
+  1 

Vcc 
+7 


+0.3 


175 


Units 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

Operating 

Temperature 

J  and  K  Grades 

0 

+  70 

°C 

A  and  B  Grades 

-40 

+85 

°C 

S  and  T  Grades 

-55 

+  125 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature 

(10  sec  max) 

+  300 

°c 

NOTES 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  perma- 
nent damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation  of  the 
device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational 
sections  of  this  specification  is  not  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  extended  periods  may  affect  device  reliability. 

'The  AD679  is  not  designed  to  operate  from  ±  15  V  supplies. 


ESD  SENSITIVITY  

The  AD679  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD679 
has  been  classified  as  a  Category  1  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts,  and  the  foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 

For  further  information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 




PIN  DESIGNATIONS 


DIP  Package 


JLCC  Package 


EOCEN   [T  * 
OE  [T 
SC  fJ 

cs  rr 
vee  n 

AIN  [T 

AGND  \T 

REF0uT  [T 

HEFm  |T 

BIPOFF  [lO 

vCc  [» 

DGND  [12 
SYNC  [13 
DGND  [14 


AD679 

TOP  VIEW 
(Not  to  Scale) 


|t]  EOC 
26]  DB7 
25]  DB6 
24]  DB5 
23]  DB4 
22]  DB3 
2l]  DB2 
20]  DB1 
l|]  DB0 
18]  DGND 
17]  DGND 
16]  DGND 
1?]  HBE 


U  l(fl   z   10  z 


nnnnnnnn 


NCL  7 
VeeC  8 
NC  C  9 
AIN  C  10 
AGND  C  " 
REF0UT  C  '2 
NCC  13 
BEF,N  C  14 
BIPOFF  C  15 
NCC  16 


2    O    44  43 


an 

42  41 


ZL 


AD679 

TOP  VIEW 
(Not  to  Scale) 


18  19  20  21   22  23   24  25 

uuuuuuuu 

$  §  M  |  g  I  £  || 

NC  =  NO  CONNECT 


26  27  28 

uuu 


39 

3  DB6 

38 

□  NC 

37 

□  DBS 

36 

□  D84 

35 

□  DB3 

34 

□  DB2 

33 

□  DB1 

32 

□  NC 

31 

□  DBO 

30 

□  NC 

29 

□  nc 
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ANALOG 
DEVICES 


CnUlmJI 


10-Bit  20  MSPS 
Monolithic  A/D  Converter 


AD773A 


FEATURES 

Monolithic  10-Bit  20  MSPS  A/D  Converter 
Low  Power  Dissipation:  1.0  W 
Signal-to-Noise  Plus  Distortion  Ratio 

f,N  =  1  MHz:  56  dB 

f,N  =  10  MHz:  54  dB 
Guaranteed  No  Missing  Codes 
On-Chip  Track-and-Hold  Amplifier 
100  MHz  Full  Power  Bandwidth 
High  Impedance  Reference  Input 
Out  of  Range  Output 

Twos  Complement  and  Binary  Output  Data 
Available  in  Commercial  and  Military  Temperature 

Ranges  (See  Military/Aerospace  Reference  Manual 

for  Specifications) 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD773A  is  a  monolithic  10-bit,  20  Msps  analog-to-digital 
converter  incorporating  an  on-board,  high  performance  track- 
and-hold  amplifier  (THA).  The  AD773A  converts  video  band- 
width signals  without  the  use  of  an  external  THA.  The  AD773A 
implements  a  multistage  differential  pipelined  architecture  with 
output  error  correction  logic.  The  AD773A  offers  accurate  per- 
formance and  guarantees  no  missing  codes  over  the  full  operat- 
ing temperature  range. 

Output  data  is  presented  in  binary  and  twos  complement  for- 
mat. An  out  of  range  (OTR)  signal  indicates  the  analog  input 
voltage  is  beyond  the  specified  input  range.  OTR  can  be 
decoded  with  the  MSB/MSB  pins  to  signal  an  underflow  or 
overflow  condition.  The  high  impedance  reference  input  allows 
multiple  AD773As  to  be  driven  in  parallel  from  a  single 
reference. 

The  combined  dc  precision  and  dynamic  performance  of  the 
AD773A  is  useful  in  a  variety  of  applications.  Typical  applica- 
tions include:  video  enhancement,  HDTV,  ghost  cancellation, 
ultrasound  imaging,  radar  and  high  speed  data  acquisition. 

The  AD773A  was  designed  using  Analog  Devices'  ABCMOS-1 
process  which  utilizes  high  speed  bipolar  and  2-micron  CMOS 
transistors  on  a  single  chip.  High  speed,  precision  analog  cir- 
cuits are  now  combined  with  high  density  logic  circuits.  Laser 
trimmed  thin  film  resistors  are  used  to  optimize  accuracy  and 
temperature  stability. 

The  AD773A  is  packaged  in  a  28-pin  ceramic  DIP  and  is  avail- 
able in  commercial  (0°C  to  +70°C)  and  military  (-55°C  to 
+  125°C)  grades. 


otr  MSB  biti  Brno 

(MSB)  (LSB) 


PRODUCT  HIGHLIGHTS 

1.  On-board  THA 

The  high  impedance  differential  input  THA  eliminates  the 
need  for  external  buffering  or  sample  and  hold  amplifiers. 
The  THA  offers  the  choice  of  differential  or  single-ended 
inputs.  Input  current  is  typically  5  uA. 

2.  High  Impedance  Reference  Input 
The  high  impedance  reference  input  (200  kft)  allows  direct 
connection  with  standard  +2.5  V  references,  such  as  the 
AD680,  AD580  and  REF43. 

3.  Output  Data  Flexibility 

Output  data  is  available  in  bipolar  offset  and  bipolar  twos 
complement  binary  format. 

4.  Out  of  Range  (OTR) 

The  OTR  output  bit  indicates  when  the  input  signal  is 
beyond  the  AD773A's  input 

Military  Temperature  Range 


■ 


REV.O 


ANALOG-TO-DIGITAL  CONVERTERS  2-81 


Parameter 


Min 


AD773AJ 
Typ 


Max 


Min 


AD773AK 
Typ 


Max 


RESOLUTION 


10 


10 


DC  ACCURACY 
Integral  Nonlinearity 

Differential  Linearity  Error 

Tmin  10  TMAX 
Zero  Error 
Gain  Error 
No  Missing  Codes 


±0.75 

±0.75 

0.5 

0.5 


±0.75 

LSB 

±2 

LSB 

LSB 

±0.75 

±1 

LSB 

0.5 

3.5 

%  FSR 

0.5 

3.0 

%  FSR 

GUARANTEED 


ANALOG  INPUT 
Input  Range 
Input  Current 
Input  Capacitance 


20 
10 


1 

5 


20 
10 


REFERENCE  INPUT 
Reference  Input  Resistance 
Reference  Input 


50 


200 
2.5 


50 


200 
2.5 


LOGIC  INPUT 
High  Level  Input  Voltage 
Low  Level  Input  Voltage 
High  Level  Input  Current  (VIN  =  DVDD) 
Low  Level  Input  Current  (VIN  =  0  V) 
Input  Capacitance 


+3.5 

-10 
-10 


+0.5 
+  10 
+  10 


+  3.5 

-10 
-10 


+0.5 
+  10 
+  10 


10 


10 


LOGIC  OUTPUTS 
High  Level  Output  Voltage  (IOH  =  0.5  mA) 
Low  Level  Output  Voltage  (IOL  =  1.6  mA) 


+2.4 


+0.4 




+2.4 




+0.4 


POWER  SUPPLIES 
Operating  Voltages 
AVDD 
AVSS 

DVDD,  DRVDD 
Operating  Current 
IAVDD 
IAVSS 
IDVDD 
IDRV> 


+4.75 
-5.25 
+4.75 


65 


-115 


+5.25 
-4.75 
+5.25 

80 

-140 


+4.75 
-5.25 
+4.75 


10 
10 


20 
15 


+  5.25 

Volts 

-4.75 

Volts 

+  5.25 

Volts 

65 

80 

mA 

-115 

-140 

mA 

10 

20 

mA 

10 

15 

mA 

1.0 

1.2 

W 

POWER  CONSUMPTION 


1.0 


1.2 


POWER  SUPPLY  REJECTION 


10 


18 


10 


18 


TEMPERATURE  RANGE 
Specified  (J/K) 


+70 


+70 


NOTES 

'CL  =  15  pF. 

!100%  production  tested. 

Specifications  subject  to  change  without  notice. 


See  Definition  of  Specifications  for  additional  information. 
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Parameter 

 1  

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DYNAMIC  PERFORMANCE1 

Signal-to-Noise  plus  Distortion 
(S/N+D)  Ratio 

52 

56 

fIN  =  1  MHz 

54 

56 

dB 

=  10  MHz 

50 

54 

51 

54 

dB 

Effective  Number  of  Bits  (ENOB) 

fIN  =  1  MHz 

9.0 

9.0 

Bits 

fIN  =  10  MHz 

8.7 

8.7 

Bits 

Total  Harmonic  Distortion  (THD) 
fIN  =  1  MHz 

-67 

-57 

-67 

-59 

dB 

fIN  =  10  MHz 

—65 

—54 

-65 

-55 

dB 

Spurious  Free  Dynamic  Range2 

70 

70 

dB 

Full  Power  Bandwidth 

100 

100 

MHz 

Intermodulation  Distortion  (IMD)3 

Second  Order  Products 

-69 

-69 

dB 

Third  Order  Products 

-64 

-64 

dB 

Differential  Phase 

0.2 

0.2 

Degree 

Differential  Gain 

0.5 

0.5 

% 

Transient  Response 

25 

25 

ns 

Overvoltage  Recovery  Time 

25 

25 

ns 

NOTES 

!For  typical  dynamic  performance  curves  at  fSAMPLE  =  20  Msps  see  Figures  2  through  7. 
Hm  =  1  MHz. 

'fa  =  1.0  MHz,  fb  =  1.05  MHz. 
Specifications  subject  to  change  without  notice. 


timiup  cnrniriOATinuc  (for  a" Brades  T"'» t0  T««  with  AV°°  =  +5  v  ±  5%.  AVss  =  -5  V  ±  5%,  DVDD  =  +5  V  ±  5%, 
IIMINb  OrtUNUAIIUNo  DRVDD  =  +5  V  ±  5%,  VREF  =  +2.500  V  unless  otherwise  indicated,  fSSMPI.  =  20  Msps) 


Symbol 

Min 

Typ 

Max 

Units 

Conversion  Rate 

20 

Msps 

Clock  Period 

•CLK 

50 

ns 

Clock  High 

tcH 

24.5 

ns 

Clock  Low 

tcL 

24.5 

ns 

Output  Delay 

20 

ns 

Aperture  Delay 

7 

ns 

Aperture  Jitter 

9 

ps 

Pipeline  Delay  (Latency) 

4 

Clock  Cycles 

BIT  1-10 
MSB,  OTR 


|t«  |»CL 

ZDCZDCZZXZZXZZXI^X 


DATA 
H+1 


Figure  1.  AD773A  Timing  Diagram 
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ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD773A  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ABSOLUTE  MAXIMUM  RATINGS* 


PIN  CONFIGURATION 


Parameter 

With  Respect  to 

Min 

Max 

Units 

AVDD 

AGND 

-0.5 

+6.5 

V 

AVSS 

AGND 

-6.5 

+  0.5 

V 

VlNA>  Vine 

AGND 

-6.5 

+6.5 

V 

DVDD,  DRVDD 

DGND,  DRGND 

-0.5 

+6.5 

V 

AGND 

DGND,  DRGND 

-1.0 

+  1.0 

V 

AVDD 

DVDD,  DRVDD 

-6.5 

+0.5 

V 

CLK 

DVDD,  DRVDD 

-6.5 

+0.5 

V 

REFIN 

REFGND,  AGND 

-0.5 

+6.5 

V 

Junction  Temperature 

+  150 

°c 

Storage  Temperature 

-65 

+  150 

°c 

Lead  Temperature 

(10  sec) 

+  300 

°c 

*Stxesses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
l  ratings  for  extended  periods  may  affect  device  reliability. 

ORDERING  GUIDE1 


REFGND  \T_ 
REFIN  [T 
AVSS  \± 
AVdd  [I 
AQND  [T 
DGND  [T 
DRV  D0  [T 
DRGND  [T 
BIT10(LSB)[£ 
BITS  |l0 
BITS  QT 
BIT7  [[[ 
BIT6  [ll 
BITSQT 


AD773A 

TOP  VIEW 
(Not  to  Scale) 


17  J  BIT  2 
16  |  BIT3 
T71BIT4 


Temperature 

Package 

Model 

Range 

Description 

Option2 

AD773AJD 

0°C  to  +70°C 

28-Pin  Ceramic  DIP 

D-28 

AD773AKD 

0°C  to  +70°C 

28-Pin  Ceramic  DIP 

D-28 

NOTES 

'See  Military/Aerospace  Reference  Manual  for  AD773ASD/883B 
specifications. 

2D  =  Ceramic  DIP.  For  outline  information  see  Package  Information  section 


PIN  DESCRIPTION 


Symbol 

Pin  No. 

Type 

Name  and  Function 

AGND 

5,  28 

P 

Analog  Ground. 

AVDD 

4 

P 

+5  V  Analog  Supply. 

AVSS 

3,  25 

P 

-5  V  Analog  Supply. 

MSB 

19 

DO 

Inverted  Most  Significant  Bit.  Provides  twos  complement  output  data  format. 

OTR 

20 

DO 

Out  of  Range  is  Active  HIGH  on  the  leading  edge  of  Code  0  or  the  trailing  edge  of  Code  1023. 

See  Output  Data  Format  Table  II. 

BIT  1  (MSB) 

18 

DO 

Most  Significant  Bit. 

BIT  2-BIT  9 

17-10 

DO 

Data  Bit  2  through  Data  Bit  9. 

BIT  10  (LSB) 

9 

DO 

Least  Significant  Bit. 

CLK 

23 

DI 

Clock  Input.  The  AD773A  will  initiate  a  conversion  on  the  falling  edge  of  the  clock  input.  See  the 

Timing  Diagram  for  details. 

DVDD 

24 

P 

+5  V  Digital  Supply. 

DRVDD 

7,  22 

P' 

+  5  V  Digital  Supply  for  the  output  drivers. 

DGND 

6 

P 

Digital  Ground. 

DRGND 

8,  21 

P 

Digital  Ground  for  the  output  drivers. 

REFGND 

1 

AI 

REFGND  is  connected  to  the  ground  of  the  external  reference. 

REFIN 

2 

AI 

REFIN  is  the  external  2.5  V  reference  input,  taken  with  respect  to  REFGND. 

Vina 

26 

AI 

(+)  Analog  input  signal  to  the  differential  input  THA. 

27 

AI 

(-)  Analog  input  signal  to  the  differential  input  THA. 

Type:  AI  =  Analog  Input;  DI  =  Digital  Input;  DO  =  Digital  Output;  P  =  Power. 
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Definitions  of  Specifications— AD773A 


INTEGRAL  NONLINEARITY  (INL) 

Linearity  error  refers  to  the  deviation  of  each  individual  code 
from  a  line  drawn  from  "zero"  through  "full  scale."  The  point 
used  as  "zero"  occurs  1/2  LSB  before  the  first  code  transition. 
"Full  scale"  is  defined  as  a  level  1  1/2  LSB  beyond  the  last  code 
transition.  The  deviation  is  measured  from  the  center  of  each 
particular  code  to  the  true  straight  line. 

DIFFERENTIAL  LINEARITY  ERROR  (DNL,  NO 
MISSING  CODES) 

An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  this  ideal  value. 

ZERO  EROR 

The  major  carry  transition  should  occur  for  an  analog  value  1/2 
LSB  below  analog  common.  Zero  error  is  defined  as  the  devia- 
tion of  the  actual  transition  from  that  point. 

GAIN  ERROR 

The  first  code  transition  should  occur  for  an  analog  value  1/2 
LSB  above  nominal  negative  full  scale.  The  last  transition 
should  occur  1  1/2  LSB  below  the  nominal  positive  full  scale. 
Gain  error  is  the  deviation  of  the  actual  difference  between  first 
and  last  code  transitions  and  the  ideal  difference  between  first 
and  last  code  transitions. 

i 

POWER  SUPPLY  REJECTION 

One  of  the  effects  of  power  supply  variation  on  the  performance 
of  the  device  will  be  a  change  in  gain  error.  The  specification 
shows  the  maximum  gain  error  deviation  as  the  supplies  are  var- 
ied from  their  nominal  values  to  their  specified  limits. 

SIGNAL-TO-NOISE  PLUS  DISTORTION  (S/N+D) 
RATIO 

S/N+D  is  the  ratio  of  the  rms  value  of  the  measured  input  sig- 
nal to  the  rms  sum  of  all  other  spectral  components  including 
harmonics  but  excluding  dc.  The  value  for  S/N+D  is  expressed 
in  decibels. 


EFFECTIVE  NUMBER  OF  BITS  (ENOB) 

ENOB  is  calculated  from  the  following  expression: 

S/N+D  =  6.02N  +  1.76,  where  N  is  equal  to  the  effective 
number  of  bits. 


TOTAL  HARMONIC  DISTORTION  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  the  first  six  harmonic  com- 
ponents to  the  rms  value  of  the  measured  input  signal  and  is 
expressed  as  a  percentage  or  in  decibels. 

SPURIOUS  FREE  DYNAMIC  RANGE 

The  peak  spurious  or  peak  harmonic  component  is  the  largest 
spectral  component  excluding  the  input  signal  and  dc.  This 
value  is  expressed  in  decibels  relative  to  the  rms  value  of  a  full- 
scale  input  signal. 

■ 


INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m+n),  at  sum  and  difference  frequencies  of  mfa±nfb, 
where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation  terms  are  those 
for  which  m  or  n  is  not  equal  to  zero.  For  example,  the  second 
order  terms  are  (fa+fb)  and  (fa-fb)  and  the  third  order  terms 
are  (2fa+fb),  (2fa-fb),  (fa+2fb)  and  (fa-2fb).  The  IMD  prod- 
ucts are  expressed  as  the  decibel  ratio  of  the  rms  sum  of  the 
measured  input  signals  to  the  rms  sum  of  the  distortion  terms. 
The  two  signals  are  of  equal  amplitude  and  the  peak  value  of 
their  sums  is  -0.5  dB  from  full  scale.  The  IMD  products  are 
normalized  to  a  0  dB  input  signal. 

DIFFERENTIAL  GAIN 

The  percentage  difference  between  the  output  amplitudes  of  a 
small  high  frequency  sine  wave  at  two  stated  levels  of  a  low  fre- 
quency signal  on  which  it  is  superimposed. 

DIFFERENTIAL  PHASE 

The  difference  in  the  output  phase  of  a  small  high  frequency 
sine  wave  at  two  stated  levels  of  a  low  frequency  signal  on  which 
it  is  superimposed. 

TRANSIENT  RESPONSE 

The  time  required  for  the  AD773A  to  achieve  its  rated  accuracy 
after  a  full-scale  step  function  is  applied  to  its  input. 

-r  J-:-  " 

OVERVOLTAGE  RECOVERY  TIME 

The  time  required  for  the  ADC  to  recover  to  full  accuracy  after 
an  analog  input  signal  150%  of  full  scale  is  reduced  to  50%  of 
the  full-scale  value. 

APERTURE  DELAY 

The  difference  between  the  switch  delay  and  the  analog  delay  of 
the  THA.  This  effective  delay  represents  the  point  in  time,  rela- 
tive to  the  falling  edge  of  the  CLOCK  input,  that  the  analog 
input  is  sampled. 


APERTURE  J 

The  variations  in  aperture  delay  for  successive  samples. 

The  number  of  clock  cycles  between  conversion  initiation  and 
the  associated  output  data  being  made  available.  New  output 
data  is  provided  every  clock  cycle. 

FULL  POWER  BANDWIDTH 

The  input  frequency  at  which  the  amplitude  of  the  recon- 
structed fundamental  is  reduced  by  3  dB  for  a  full-scale  input. 


REV.  0 


ANALOG-TO-DIGITAL  CONVERTERS  2-85 


Characteristics 


It. 

 '<y 

/ 

=  -6d 

B 

1E»06  1E*07 
FREQUENCY  -  Hz 


Figure  2.  S/N+D  vs.  Input  Frequency,  fcLK  ~ 

20  MSPS 
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Figure  5.  Harmonic  Distortion  vs.  Input  Frequency, 
=  20  MSPS:  Small  Signal 
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Figure  3.  CMP,  vs.  Input  Frequency,  fCLK  =  20  MSPS 
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Figure  4.  Harmonic  Distortion  vs.  Input  Frequency, 
fcLK  =  20  MSPS:  Full  Power 
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Figure  6.  Typical  FFT  Plot  of  AD773A,  fCLK  =  20  MSPS, 
fIN  =  1  MHz  at  1  Vp-p 
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Figure  7.  Typical  FFT  Plot  of  AD773A,  fCLK  =  20  MSPS, 
fIN  =  9.9  MHz  at  1  Vp-p 
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Theory  of  Operation 


The  AD773A  uses  a  pipelined  multistage  architecture  with  a 
differential  input,  fast  settling  track-and-hold  amplifier  (THA). 
Traditionally,  high  speed  ADCs  have  used  parallel,  or  flash 
architectures.  When  compared  to  flash  converters,  multistage 
architectures  reduce  the  power  dissipation  and  die  size  by  reduc- 
ing the  number  of  comparators.  For  example,  the  AD773A  uses 
48  comparators  compared  to  1023  comparators  for  a  10-bit  flash 
architecture. 

The  AD773A's  main  signal  path  transmits  differential  current 
mode  signals.  Low  impedance  current  summing  techniques  are 
employed,  increasing  speed  by  reducing  sensitivity  to  parasitic 
capacitances.  Pipelining  allows  the  stages  to  operate  concurrently 
and  maximizes  system  throughput. 

The  input  THA  is  followed  by  three  4-bit  conversion  stages.  At 
any  given  time,  the  first  stage  operates  on  the  most  recent  sam- 
ple, while  the  second  stage  operates  on  a  signal  dependent  on 
the  previous  sample.  This  process  continues  throughout  all  three 
stages.  The  twelve  digital  bits  provided  by  the  three  4-bit  stages 
are  combined  in  the  correction  logic  to  produce  a  10-bit  repre- 
sentation of  the  sampled  analog  input. 

Pipeline  delay,  or  latency,  is  four  clock  cycles.  New  output  data 
is  provided  every  clock  cycle  and  is  provided  in  both  binary  and 
twos  complement  format.  The  AD773A  will  flag  an  out-of-range 
condition  when  the  analog  input  exceeds  the  specified  analog 
input  range. 


Applying  the  AD773A 


DRIVING  THE  AD773A  INPUT 

The  AD773A  may  be  driven  in  a-  single-ended  or  differential 
fashion.  V1NA  is  the  positive  input,  and  V1NB  is  the  negative 
input.  In  the  single-ended  configuration  either  VINA  or  VINB  is 
connected  to  Analog  Ground  (AGND)  while  the  other  input  is 
driven  with  a  full-scale  input  of  ±  500  mV  p-p.  An  inverted 
mode  of  operation  can  be  achieved  by  simply  interchanging  the 
input  connections. 

Both  inputs  of  the  AD773A,  VINA  and  VINB,  are  high  imped- 
ance and  do  not  need  to  be  driven  by  a  low  impedance  source. 
Note,  however,  that  as  the  source  impedance  increases,  the 
input  node  becomes  more  susceptible  to  noise.  The  increased 
noise  at  the  input  will  degrade  performance.  A  10  pF  capacitor 
across  VINA  and  V^j  as  shown  in  Figure  8  is  recommended  to 


bypass  high  frequency  noise. 

»500mV  i — 

0 — p^E 

10pF 

VIHA 

AD773A 

YlNB 

V 

INPUT  CONDITIONING 

In  some  cases,  it  may  be  appropriate  to  buffer  the  input  source, 
add  dc  offset,  or  otherwise  condition  the  input  signal  of  the 
AD773A.  Choosing  an  appropriate  op  amp  will  vary  with  system 
requirements  and  the  desired  level  of  performance.  Some  sug- 
gested op  amps  are  the  AD9617,  AD842,  and  AD827. 

Figure  9  shows  a  typical  application  where  a  unipolar  signal  is 
level  shifted  to  the  bipolar  input  range  of  the  AD773A.  Note 
that  the  reference  used  with  the  AD773A  can  also  provide  a 
noise-free  voltage  source  to  generate  the  dc  offset. 

m. 
 W,  


♦2.5V  O  VvV" 


ANALOG 
INPUT  O— Wv 

(0TO.1V) 


Figure  9.  Unipolar  to  Bipolar  Input  Connection 

DIFFERENTIAL  INPUT  CONNECTIONS 

Operating  the  AD773A  with  fully  differential  inputs  offers  the 
advantage  of  rejecting  common-mode  signals  present  on  both 
VINA  and  V1NB.  The  full-scale  input  range  of  VINA  and  V,NB 
when  driven  differentially  is  ±250  mV  p-p  as  shown  in  Table  I. 

Table  I.  AD773A's  Maximum  Differential  Input  Voltage 


Vina 

VlNB 

VlNA~VrNB 

+250  mV 

-250  mV 

+500  mV 

-250  mV 

+250  mV 

-500  mV 

In  some  applications  it  may  be  desirable  to  convert  a  single- 
ended  signal  to  a  differential  signal  before  being  applied  to  the 
AD773A.  Figure  10  shows  a  single-ended  to  differential  video 
line  driver  capable  of  driving  doubly  terminated  cables. 


Figure  10.  Single-Ended  to  Differential  Connection 


Figure  8.  AD773A  i 
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pin,  high  impedance  input  can  be  driven  from  one  low  cost,  low 
power  reference.  The  high  impedance  input  allows  multiple 
AD773A's  to  be  driven  from  one  reference  thus  minimizing  drift 
errors. 

Figure  11  shows  the  AD773A  connected  to  the  AD680.  The 
AD680  is  a  single  supply,  low  power,  low  cost  2.5  V  reference 
with  performance  specifications  ideally  suited  for  the  AD773A. 
The  low  pass  filter  minimizes  the  AD680's  wideband  noise. 
Other  recommended  2.5  V  references  are  the  AD580  and 
REF43. 


AD680 


1 


Vout(6>VA — -*-  

U|,Fio.1|.l 


— (2)  REF  IN 


Figure  1 1.  Recommended  AD773A  to  AD680  Connection 
CLOCK  INPUT 

The  AD773A's  pipelined  architecture  operates  on  both  the  ris- 
ing and  falling  edges  of  the  clock  input.  A  low  jitter,  symmetri- 
cal clock  will  provide  the  highest  level  of  performance.  The 
recommended  logic  family  to  drive  the  clock  input  is  HC.  The 
AD773A's  minimum  clock  half  cycle  may  necessitate  the  use 
of  an  external  divide-by-two  circuit  as  shown  in  Figure  12. 
Power  dissipation  will  vary  with  input  clock  frequency  as  shown 
in  Figure  13. 
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Figure  12.  Divide-by-Two  Clock  Circuit 
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Figure  13.  Power  Dissipation  vs.  Sample  Frequency 

EQUIVALENT  ANALOG  INPUT  CIRCUIT 

The  AD773A  equivalent  analog  input  circuit  is  shown  in  Fig- 
ure 14.  The  typical  input  bias  current  is  5  jjlA,  while  input 
capacitance  is  typically  5  pF.  In  the  single-ended  input  configu- 
ration one  input  is  connected  to  AGND  while  the  second  input 
is  driven  to  full  scale  (±500  mV).  Under  nominal  conditions  the 
collector  of  the  input  transistor  is  at  +1.15  V.  This  allows  sig- 
nals to  be  offset  by  up  to  +0.65  V  without  significantly  degrad- 
ing performance.  In  the  negative  direction,  the  emitter  of  the 
input  transistor  should  not  drop  below  -1.25  V.  Therefore,  sig- 
nals can  be  offset  by  -0.65  V  without  significant  performance 
degradation.  Figure  15  shows  signal-to-noise  ratio  vs.  common- 
mode  input  voltage. 


1Vp-p 


AD773A 

Figure  14.  Equivalent  Analog  Input  Circuit 
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Figure  15.  S/N  +  D  vs.  Common-Mode  Input  Voltage, 

fcLK  =  20  MSPS 
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EQUIVALENT  REFERENCE  INPUT  CIRCUIT 

The  AD773A  is  designed  to  have  a  reference  to  analog  input 
voltage  ratio  of  2.5:1.  When  the  AD773A  is  configured  for 
single-ended  operation  a  2.5  volt  reference  input  establishes  a 
full-scale  analog  input  voltage  of  1  V  p-p  (±500  mV  with 
respect  to  VINB).  Although  the  AD773A  is  specified  and  tested 
with  VREF  equal  to  2.5  V  and  VIN  equal  to  ±500  mV  the  refer- 
ence input  voltage  and  analog  input  voltages  can  be  changed.  To 
optimize  the  AD773A's  performance  the  2.5:1  ratio  should  be 
maintained.  The  simplified  model  of  the  AD773A's  reference 
input  circuit  is  shown  in  Figure  16. 


AD773A 


Figure  16.  Typical  Reference  Input  Circuit 

The  2.5  V  external  reference  is  applied  across  resistor  Rl  pro- 
ducing a  current  which  in  turn  generates  a  voltage  VBIAS.  Multi- 
ple reference  currents  are  generated  from  VBIAS  and  are  used 
throughout  the  converter.  R3  is  used  to  cancel  errors  induced  by 
the  input  bias  current  of  the  REFGND  buffer.  Figure  17  shows 
the  SNR  performance  as  the  reference  voltage  is  varied  from  its 
nominal  value  of  2.5  V.  The  input  full-scale  voltage  is  defined 
by  the  following  equation, 

Reference  Voltage 
Input  Full-Scale  Voltage  =   —  

The  power  dissipation  is  modulated  by  variations  in  the  refer- 
ence voltage.  Figure  18  shows  the  variation  in  power  dissipation 
versus  reference  voltage. 


Figure  18.  Power  Dissipation  vs.  Reference  Input  Voltage, 
1 'clock  =  20  MSPS 

TRANSIENT  RESPONSE 

The  fast  settling  input  THA  accurately  converts  full-scale  input 
voltage  swings  in  under  one  clock  cycle.  The  THA's  high 
impedance,  fast  slewing  performance  is  critical  in  multiplexed  or 
dc  stepped  (charge  coupled  devices,  infrared  detectors)  systems. 
Figure  19  show  the  AD773A's  settling  performance  with  an 
input  signal  stepped  from  -500  mV  to  0  V.  As  can  be  seen,  the 
output  code  settles  to  its  final  value  in  under  one  clock  cycle. 


uou 
BOO 

600 

CODE 

400 

200 
0 

Figure  19.  Typical  AD773A  Settling  Time 


30  I  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 

1.0         1.4         1.8         22        2.6         3.0         3.4  3.8 
REFERENCE  INPUT  VOLTAGE  -  V 

Figure  17.  S/N+D  vs.  Reference  Input  Voltage, 
fCLK  =  20  MSPS,  fIN  =  1  MHz 
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OUTPUT  DATA  FORMAT 

The  AD773A  provides  both  MSB  and  MSB  outputs,  delivering 
positive  true  offset  binary  and  twos  complement  output  data. 
Table  II  shows  the  AD773A's  output  data  format. 


Table  II.  Output  Data  Format 

Analog  Input 

Digital  Output 

Offset 

Twos 

^ina-^inb 

Binary 

Complement 

OTR 

==499.5  mV 

11  1111  1111 

01  1111  1111 

1 

499  mV 

11  1111  1111 

01  1111  1111 

0 

OmV 

10  0000  0000 

00  0000  0000 

0 

-500  mV 

00  0000  0000 

10  0000  0000 

0 

^-500.5  mV 

00  0000  0000 

10  0000  0000 

1 

OUT  OF  RANGE 

An  out-of-range  condition  exists  when  the  analog  input  voltage 
is  beyond  the  input  range  (±500  mV)  of  the  converter.  [Note 
the  AD773A  has  a  4  clock  cycle  latency.]  OTR  (Pin  20)  is  set 
low  when  the  analog  input  voltage  is  within  the  analog  input 
range.  OTR  is  set  HIGH  and  will  remain  HIGH  when  the  ana- 
log input  voltage  exceeds  the  input  range  by  1/2  LSB  from  the 
center  of  the  ±  full-scale  output  codes.  OTR  will  remain  HIGH 
until  the  analog  input  is  within  the  input  range.  Note  that  if  the 
input  is  driven  beyond  +1.5  V,  the  digital  outputs  may  not  stay 
at  +FS,  but  may  actually  fold  back  to  midscale.  By  logical 
ANDing  OTR  with  the  MSB  and  its  complement,  overrange 
high  or  underrange  low  conditions  can  be  detected.  Table  III  is 
a  truth  table  for  the  over/under  range  circuit  in  Figure  20.  Sys- 
tems requiring  programmable  gain  conditioning  prior  to  the 
AD773A  can  immediately  detect  an  out  of  range  condition,  thus 
eliminating  gain  selection  iterations. 


Figure  20.  Overrange  or  Underrange  Logic 


Table  III.  Out-of-Range  Truth  Table 


OTR 

MSB 

ANALOG  INPUT  IS 

0 

0 

In  Range 

0 

1 

In  Range 

1 

0 

Underrange 

1 

1 

Overrange 

GROUNDING  AND  LAYOUT  RULES 

As  is  the  case  for  any  high  performance  device,  proper  ground- 
ing and  layout  techniques  are  essential  in  achieving  optimal  per- 
formance. (Note— Figures  22-26  are  not  to  scale.)  The  analog 
and  digital  grounds  on  the  AD773A  have  been  separated  to  opti- 
mize the  management  of  return  currents  in  a  system.  It  is  rec- 
ommended that  a  4-layer  printed  circuit  board  (PCB)  which 
employs  ground  planes  and  power  planes  be  used  with  the 
AD773A.  The  use  of  ground  and  power  planes  offers  distinct 
advantages: 

1.  The  minimization  of  the  loop  area  encompassed  by  a  signal 
and  its  return  path. 

2.  The  minimization  of  the  impedance  associated  with  ground 
and  power  paths. 

3.  The  inherent  distributed  capacitor  formed  by  the  power 
plane,  PCB  insulation,  and  ground  plane. 

These  characteristics  result  in  both  a  reduction  of  electro- 
magnetic interference  (EMI)  and  an  overall  improvement  in 
performance. 

It  is  important  to  design  a  layout  which  prevents  noise  from 
coupling  onto  the  input  signal.  The  wide  input  bandwidth  of  the 
AD773A  permits  noise  outside  the  desired  Nyquist  bandwidth 
to  be  sampled  along  with  the  desired  signal.  This  can  result  in  a 
higher  overall  level  of  spurious  noise  in  the  digitized  output. 
Digital  signals  should  not  be  run  in  parallel  with  the  circuitry.  It 
is  also  suggested  that  the  traces  associated  with  VINA  and  VINB 
be  the  same  length. 

Separate  analog  and  digital  grounds  should  be  joined  together 
directly  under  the  AD773A  (see  Figure  24).  A  solid  ground 
plane  under  the  AD773A  is  also  acceptable  if  care  is  taken  in 
the  management  of  the  power  and  ground  return  currents.  A 
general  "rule-of-thumb"  for  mixed  signal  layouts  dictates  that 
the  return  currents  from  digital  circuitry  should  not  pass 
through  critical  analog  circuitry. 

POWER  SUPPLY  DECOUPLING 

The  analog  and  digital  supplies  of  the  AD773A  have  been  sepa- 
rated to  prevent  the  typically  large  transients  associated  with 
digital  circuitry  from  coupling  into  the  analog  supplies  (AVDD, 
AVSS).  Each  analog  power  supply  pin  should  be  decoupled  with 
a  0.1  jiF  capacitor  located  as  close  to  the  pin  as  possible.  Addi- 
tionally, 0.22  (iF  capacitors  for  the  DRVDD  and  DVDD  supplies 
are  required  to  adequately  suppress  high  frequency  noise.  For 
optimal  performance,  surface-mount  capacitors  are  recom- 
mended. The  inductance  associated  with  the  leads  of  through- 
hole  ceramic  capacitors  typically  render  them  ineffective  at 
higher  frequencies.  A  complete  system  will  also  incorporate  tanta- 
lum capacitors  in  the  10-100  jiF  range  to  decouple  low  fre- 
quency noise  and  ferrite  beads  to  limit  high  frequency  noise. 

The  digital  supplies  have  also  been  separated  into  DRVDD  and 
DVDD.  The  DRVDD  pins  provide  power  for  the  digital  output 
drivers  of  the  AD773A  and  are  likely  to  contain  high  energy 
transients.  Pin  22  should  be  decoupled  directly  to  Pin  21 
(DRGND)  and  Pin  7  should  be  decoupled  directly  to  Pin  8 
(DRGND)  to  minimize  the  length  of  the  return  path  for  these 
transients.  A  single  +5  V  supply  is  all  that  is  required  for 
DRVDD  and  DVDD,  but  decoupling  DVDD  with  an  RC  filter 
network  is  suggested  (see  Figure  21). 
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Figure  21.  AD773A  Evaluation  Board  Schematic 


Table  IV.  Components  List 


Reference  Designator 


R2,  R4 

R5,  R6,  R11-R22 

R7,  R8     „  m  , 

R9 

RIO 

CI,  C3-C8,  Cll,  C14,  C17-C21 
C2 

C9,  C12,  C15 

CIO,  CB,  C16 

Ul 

U2 

U3 

U4 

U5 

FB1-FB3 


Description 


Resistor,  1%,  49.9  fl 

Resistor,  5%,  22  fl 

Resistor,  5%,  39  CI 

Resistor,  5%,  75  fl 

Resistor,  5%,  560  fl 

Chip  Cap,  0.1  ilF 

Capacitor,  Tantalum,  10  m-F 

Chip  Cap,  0.01  u.F 

Capacitor,  Tantalum,  22  p.F 

AD773A 

ADV7122 

AD680 

AD589 

74AS04 

Ferrite  Bead 


Quantity 


4   '  *. 
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Figure  23.  Solder  Side  PCB  Layout 
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Figure  24.  Ground  Layer  PCB  Layout 
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Figure  25.  Power  Layer  PCB  Layout 
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ANALOG 
DEVICES 


8-Bit  20  MSPS,  60  mW 
Sampling  A/0  Converter 


FEATURES 

CMOS  8-Bit  20  MSPS  Sampling  A/D  Converter 
Low  Power  Dissipation:  60  mW 
+5  V  Single  Supply  Operation 
Differential  Nonlinearity:  0.3  LSB 
Differential  Gain:  1% 
Differential  Phase:  0.5  Degrees 
Three-State  Outputs 
On-Chip  Reference  Bias  Resistors 
Adjustable  Reference  Input 
Video  Industry  Standard  Pinout 
Small  Packages: 

24-Pin,  300  Mil  SOIC  Surface  Mount 

24-Pin,  400  Mil  Plastic  DIP 

PRODUCT  DESCRIPTION 

The  AD775  is  a  CMOS,  low  power,  8-bit,  20  Msps  sampling 
analog-to-digital  converter  (ADC).  The  AD775  features  a  built- 
in  sampling  function  and  on-chip  reference  bias  resistors  to  pro- 
vide a  complete  8-bit  ADC  solution.  The  AD775  utilizes  a 
pipelined/ping  pong  two-step  flash  architecture  to  provide  high 
sampling  rates  (up  to  35  MHz)  while  maintaining  very  low 
power  consumption  (60  mW). 

Its  combination  of  excellent  DNL,  fast  sampling  rate,  low  dif- 
ferential gain  and  phase  errors,  extremely  low  power  dissipation, 
and  single  +  5  V  supply  operation  make  it  ideally  suited  for  a 
variety  of  video  and  image  acquisition  applications,  including 
portable  equipment.  The  AD775's  reference  ladder  may  be  con- 
nected in  a  variety  of  configurations  to  accommodate  different 
input  ranges.  The  low  input  capacitance  (11  pF  typical)  provides 
an  easy-to-drive  input  load  compared  to  conventional  flash 
converters. 

The  AD775  is  offered  in  both  300  mil  SOIC  and  400  mil  DIP 
plastic  packages,  and  is  designed  to  operate  over  an  extended 
commercial  temperature  range  (-20°C  to  +75°C). 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  HIGHLIGHTS 

Low  Power:  The  AD775  has  a  typical  supply  current  of  12  mA, 
for  a  power  consumption  of  60  mW.  Reference  ladder  current 
is  also  low:  6.6  mA  typical,  minimizing  the  reference  power 
consumption. 

Complete  Solution:  The  AD775's  switched  capacitor  design  fea- 
tures an  inherent  sample/hold  function:  no  external  SHA  is 
required.  On-chip  reference  bias  resistors  are  included  to  allow  a 
supply-based  reference  to  be  generated  without  any  external 
resistors. 

Excellent  Differential  Nonlinearity:  The  AD775  features  a  typi- 
cal DNL  of  0.3  LSBs,  with  a  maximum  limit  of  0.5  LSBs.  No 
missing  codes  is  guaranteed. 

Single  +5  V  Supply  Operation:  The  AD775  is  designed  to  oper- 
ate on  a  single  +5  V  supply,  and  the  reference  ladder  may  be 
configured  to  accommodate  analog  inputs  inclusive  of  ground. 

Low  Input  Capacitance:  The  11  pF  input  capacitance  of  the 
AD775  can  significantly  decrease  the  cost  and  complexity  of 
input  driving  circuitry,  compared  with  conventional  8-bit  flash 
ADCs. 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


REV.  0 


ANALOG-TO-DIGITAL  CONVERTERS  2-95 


RESOLUTION 


DC  ACCURACY 

Integral  Nonlinearity  (INL) 

Differential  Nonlinearity  (DNL) 

No  Missing  Codes 

Offset 
To  Top  of  Ladder  VRX 
To  Bottom  of  Ladder  Vrj, 


-10 
0 


+0.5 
±0.3 

GUARANTEED 

-35 
+  15 


1.3 

±0.5 


-60 
+45 


LSB 
LSB 


mV 
mV 


VIDEO  ACCURACY1 
Differential  Gain  Error 
Differential  Phase  Error 


1.0 
0.5 


% 

Degrees 


ANALOG  INPUT 

Input  Range  (Vr-t-Vrj,) 
Input  Capacitance 





— 


2.0 
11 


V  p-p 
pF 


AC  SPECIFICATIONS2 
Signal-to-Noise  and  Distortion  (S/(N+D)) 
fM  =  1  MHz 


Total  Harmonic  Distortion  (THD) 
fIN  =  1  MHz 
f™  =  5  MHz 


47 
41 

-51 
-42 


dB 
dB 

dB 
dB 


REFERENCE  INPUT 
Reference  Input  Resistance  (RREf) 
Case  1:  VRT  =  VRTS,  Vrj,  =  VRBS 
Reference  Bottom  Voltage  (Vrb) 
Reference  Span  (Vrt~Vrb) 
Reference  Ladder  Current  (Ihef) 


Case  2:  VRX  =  VRTS,  V^  =  AVS 
Reference  Span  (Vrt-Vrb) 
Reference  Ladder  Current  (IREF) 


230 

300 

0.60 

0.64 

1.% 

2.09 

4.4 

7.0 

2.25 

2.39 

8 

450 

0.68 
2.21 
9.6 

2.53 
11 


fl 

V 
V 

mA 

V 

mA 


POWER  SUPPLIES 
Operating  Voltages 

AVDD 

DVDD 
Operating  Current 

IAVDD 

IDVDD 


+4.75 
+4.75 


9.5 
2.5 
12 


+5.25 
+5.25 

17 


Volts 


m 


mA 
mA 


POWER  CONSUMPTION 


60 


85 


mW 


TEMPERATURE  RANGE 
Operating 


-20 


+75 


NOTES 

'NSTC  40  IRE  modulation  ramp,  CLOCK  =  14.3  Msps. 
Hm  amplitude  =  -0.3  dB  full  scale. 

Specifications  subject  to  change  without  notice.  See  Definition  of  Specifications  for  additional  information. 
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Parameter 


Symbol 


DVE 


Min 


AD775J 
TyP 


Max 


Units 


LOGIC  INPUT 
High  Level  Input  Voltage 
Low  Level  Input  Voltage 
High  Level  Input  Current 

(V,H  =  DVDD) 
Low  Level  Input  Current 

(VIL  =  0  V) 
Logic  Input  Capacitance 


5.0 
5.0 

5.25 

5.25 


4.0 


5 


1.0 

5 


V 
V 

uA 

uA 
pF 


LOGIC  OUTPUTS 

High  Level  Output  Current 
OE  =  DVSS,  VOH  =  DVDD-0.5  V 
OE  =  DVDD,  VOH  =  DVDD 

Low  Level  Output  Current 
OE  =  DVSS>  VOL  =  0.4  V 
OE  =  DVDD!  VOL  =  0  V 


'OH 


4.75 
5.25 

4.75 
5.25 




3.7 




-1.1 


16 


16 


mA 
uA 

mA 
uA 


TIMING  SPECIFICATIONS 


Symbol 

Min 

Typ 

Max 

Units 

Maximum  Conversion  Rate 

20 

35 

MHz 

Clock  Period 

tc 

50 

ns 

Clock  High 

tcH 

25 

ns 

Clock  Low 

tel. 

25 

ns 

Output  Delay 

tori 

18 

30 

ns 

Pipeline  Delay  (Latency) 

■ 

2.5 

Clock  Cycles 

Sampling  Delay 

4 

ns 

Aperture  Jitter 

30 

ps 

Specifications  subject  to  change  without  notice. 
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Figure  1.  AD775  Timing  Diagram 
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PIN  DESCRIPTION 

Pin  No. 

Symbol 

Type 

Name  and  Function 

■ 

OE 

DI 

OE  =  Low                        OE  =  High 

Normal  Operating  Mode.       High  Impedance  Outputs. 

2  24 

DV 

p 

TlioiTal  ("rrnnnH    NnfP'  OV^.^  anH  AV.-    nine  ehmilH  eharp  a  mmmnn  trrminH  nlan**  nn  rhp  pimiir  hnarH 

3 

DO (LSB) 

DO 

Least  Significant  Bit,  Data  Bit  0. 

T~jara  Rire  1  Th  mi  1 h  (\ 
VJ&V&  diis  i  i  iiruugn  a. 

4—9 

D1-D6 

DO 

10 

DO 

Mr\«f  ^itrnifiranf  Rit    Data  Rit  7 

11,  13 

nu 

p 

■+■  ^  \7  riitrttal  ^1 1 r»nl V     1^("\tP*   n\7         anH  A  \7         nine  cnr\ul/-l  chrir»»  o  fnmmAn  cur\r»lir  rtrt  t\if*  .-ifr-nil-  l-vnat*  H 
'  J  V  JL/IglLdl  Ouppiy .  l^UlC.  L/Vrjp  dllU  nVpj)  pills  M1UU1U  Midi  C  d  LUII1II1U11  SUppi  V  UI1  lllC  CllLUll  DOdTU . 

12 

CLK 

DI 

Clock  Input. 

16 

Vrts 

AI 

Reference  Top  Bias.  Short  to  VRT  for  Self  Bias. 

17 

VRT 

AI 

Reference  Ladder  Top. 

23 

Vrb 

AI 

Reference  Ladder  Bottom. 

IL 

v 

VRBS 

AI 

i\eierence  duliuiii  oias.  onort  to  v^g  ior  oeu  oias. 

14,  15,  18 

p 

+  5  V  Analog  Supply.  Note:  DVDD  and  AVDD  pins  should  share  a  common  supply  within  0.5  inches 
of  the  AD775. 

19 

vIN 

AI 

Analog  Input.  Input  Span  =  VRT-VRB. 

20,  21 

AVSS 

P 

Analog  Ground.  Note:  DVSS  and  AVSS  pins  should  share  a  common  ground  within  0.5  inches  of  the 
AD775. 

NOTE 

Type:    AI  =  Analog  Input;  DI  =  Digital  Input;  DO  =  Digital  Output;  P  =  Power. 


PIN  CONFIGURATION 
(DIP  and  SOIC) 


MAXIMUM  RATINGS* 

Supply  Voltage  (AVDD,  DVDD)  7  V 

Supply  Difference  (AVDD-DVDD)   0  V 

Ground  Difference  (AVSS-DVSS)   0  V 

Reference  Voltage  (VRT,  VRB)  VDD  to  Vss 

Analog  Input  Voltage  (VIN  )  VDD  to  Vss 

Digital  Input  Voltage  (CLK)  VDD  to  Vss 

Digital  Output  Voltage  (Voh»V0l)  VDD  to  Vss 

Storage  Temperature  — 55°C  to  +150°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ORDERING  GUIDE 


Model 


AD775JN 
AD775JR 


Temperature 
Range 


-20°C  to  +75°C 
-20°C  to  +75°C 


Package 
Description 


24-Pin  400  Mil  Plastic  DIP 
24-Pin  300  Mil  SOIC 


Package 
Option* 


N-24B 
R-24A 


*For  outline  information  see  Package  Information  section. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD775  features  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions 
are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  2.  S/(N+D)  vs.  Input  Frequency  at  20  MSPS  Clock 
Rate(VIN  =  -0.3  dB) 


o 

-10 
-20 
-30 
^10 
m  -50 
-60 
-70 
-80 
-90 


1 

0      1.0     2.0     3.0     4.0     5.0     6.0     7.0     S.0     9.0  10.0 
FREQUENCY  -  MHz 

Figure  3.  Typical  FFT  at  1  MHz  Input,  20  MSPS  Clock  Rate 
(VIN  =  -0.5  dB) 


♦0.4 
♦0.3 

+0.2 

.   I  1 

i . 

1 1. 

■  i 

♦0.1 
0 

.iLliiJlLl.  li.L,.  1.1 

h  i  in 

-0.1 
-0.2 

r 

r 

1 1 

r 

-0.3 
n  a 

-FULLSCALE  ♦FULLSCALE 

Figure  4.  Typical  Differential  Nonlinearity  (DNL) 
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Figure  5.  THD  vs.  Input  Frequency  at  20  MSPS  Clock  Rate 

(VIN  =  -0.3  dB) 
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Figure  6.  Typical  FFT  at  5  MHz  Input,  20  MSPS  Clock  Rate 
(VIN  =  -0.5  dB) 
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Figure  7.  Typical  Integral  Nonlinearity  (INI) 


REV.O 


ANALOG-TO-DIGITAL  CONVERTERS  2-99 


DEFINITIONS  OF  SPECIFICATIONS 
Integral  Nonlinearity  (INL) 

Integral  nonlinearity  refers  to  the  deviation  of  each  individual 
code  from  a  line  drawn  from  "zero"  through  "full  scale."  The 
point  used  as  "zero"  occurs  1/2  LSB  before  the  first  code  transi- 
tion. "Full  scale"  is  defined  as  a  level  1  1/2  LSB  beyond  the  last 
code  transition.  The  deviation  is  measured  from  the  center  of 
each  particular  code  to  the  true  straight  line. 

Differential  Nonlinearity  (DNL,  No  Missing  Codes) 
An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  this  ideal  value.  It  is  often 
specified  in  terms  of  the  resolution  for  which  no  missing  codes 
(NMC)  is  guaranteed. 

Offset  Error 

The  first  code  transition  should  occur  at  a  level  1/2  LSB  above 
nominal  negative  full  scale.  Offset  referred  to  the  Bottom  of 
Ladder  VRB  is  defined  as  the  deviation  from  this  ideal.  The  last 
code  transition  should  occur  1  1/2  LSB  below  the  nominal  posi- 
tive full  scale.  Offset  referred  to  the  Top  of  Ladder  VRT  is 
defined  as  the  deviation  from  this  ideal. 

Differential  Gain 

The  percentage  difference  between  the  output  amplitudes  of  a 
small  high  frequency  sine  wave  at  two  stated  levels  of  a  low  fre- 
quency signal  on  which  it  is  superimposed. 


Differential  Phase 

The  difference  in  the  output  phase  of  a  small  high  frequency 
sine  wave  at  two  stated  levels  of  a  low  frequency  signal  on  which 
it  is  superimposed. 

Pipeline  Delay  (Latency) 

The  number  of  clock  cycles  between  conversion  initiation  and 
the  associated  output  data  being  made  available.  New  output 
data  is  provided  every  clock  cycle. 

Signal-to-Noise  Plus  Distortion  Ratio  (S/N+D) 
S/N  +  D  is  the  ratio  of  the  rms  value  of  the  measured  input  sig- 
nal to  the  rms  sum  of  all  other  spectral  components  including 
harmonics  but  excluding  dc.  The  value  for  S/N+D  is  expressed 
in  decibels. 

Total  Harmonic  Distortion  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  the  first  six  harmonic  com- 
ponents to  the  rms  value  of  the  measured  input  signal  and  is 
expressed  as  a  percentage  or  in  decibels. 


THEORY  OF  OPERATION 

The  AD775  uses  a  pipelined  two-step  (subranging)  flash  archi- 
tecture to  achieve  significantly  lower  power  and  lower  input 
capacitance  than  conventional  full  flash  converters  while  still 
maintaining  high  throughput.  The  analog  input  is  sampled  by 
the  switched  capacitor  comparators  on  the  falling  edge  of  the 
input  clock:  no  external  sample  and  hold  is  required.  The  coarse 
comparators  determine  the  top  four  bits  (MSBs),  and  select  the 
appropriate  reference  ladder  taps  for  the  fine  comparators.  With 
the  next  falling  edge  of  the  clock,  the  fine  comparators  deter- 
mine the  bottom  four  bits  (LSBs).  Since  the  LSB  comparators 
require  a  full  clock  cycle  between  their  sampling  instant  and 
their  decision,  the  converter  alternates  between  two  sets  of  fine 
comparators  in  a  "ping-pong"  fashion.  This  multiplexing  allows 
a  new  input  sample  to  be  taken  on  every  falling  clock  edge, 
thereby  providing  20  Msps  operation.  The  data  is  accumulated 
in  the  correction  logic  and  output  through  a  three-state  output 
latch  on  the  rising  edge  of  the  clock.  The  latency  between  input 
sampling  and  the  corresponding  converted  output  is  2.5  clock 
cycles. 

All  three  comparator  banks  utilize  the  same  resistive  ladder  for 
their  reference  input.  The  analog  input  range  is  determined  by 
the  voltages  applied  to  the  bottom  and  top  of.  the  ladder,  and 
the  AD775  can  digitize  inputs  down  to  0  V  using  a  single  sup- 
ply. On-chip  application  resistors  are  provided  to  allow  the  lad- 
der to  be  conveniently  biased  by  the  supply  voltage. 

The  AD775  uses  switched  capacitor  auto-zeroing  techniques  to 
cancel  the  comparators'  offsets  and  achieve  excellent  differential 
nonlinearity  performance:  typically  ±0.3  LSB.  The  integral 
nonlinearity  is  determined  by  the  linearity  of  the  reference  lad- 
der and  is  typically  +0.5  LSB. 


APPLYING  THE  AD775 
REFERENCE  INPUT 

The  AD775  features  a  resistive  reference  ladder  similar  to  that 
found  in  most  conventional  flash  converters.  The  analog  input 
range  of  the  converter  falls  between  the  top  (VRT)  and  bottom 
(VRB)  voltages  of  this  ladder.  The  nominal  resistance  of  the  lad- 
der is  300  ohms,  though  this  may  vary  from  230  ohms  to  450 
ohms.  The  minimum  recommended  voltage  for  Vrb  is  0  V;  the 
linearity  performance  of  the  converter  may  deteriorate  for  input 
spans  (VRB-VRB)  below  1.8  V.  While  2.8  V  is  the  recommended 
maximum  ladder  top  voltage  (VRT),  the  top  of  the  ladder  may 
be  as  high  as  the  positive  supply  voltage  (AVDD)  with  minimal 
linearity  degradation. 


Figure  8.  Reference  Configuration:  0.64  V  to  2.73  V 

To  simplify  biasing  of  the  AD775,  on-chip  reference  bias  resis- 
tors are  provided  on  Pins  16  and  22.  The  two  recommended 
configurations  for  these  resistors  are  shown  in  Figures  8  and  9. 
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In  the  topology  shown  in  Figure  8,  the  top  of  the  ladder  (VRT) 
is  shorted  to  the  top  bias  resistor  (VRXS)  (Pin  17  shorted  to  Pin 
16),  while  the  bottom  of  the  ladder  (VRB)  is  shorted  to  the  bot- 
tom bias  resistor  (VRBS)  (Pin  23  shorted  to  Pin  22).  This  creates 
a  resistive  path  (nominally  725  ohms)  between  AVDD  and  AVSS. 
For  nominal  supply  voltages  (5  V  and  0  V  respectively),  this 
creates  an  input  range  of  0.64  V  to  2.73  V. 

Both  top  and  bottom  of  the  reference  ladder  should  be  decou- 
pled, preferably  with  a  chip  capacitor  to  ground  to  minimize 
reference  noise. 

The  topology  shown  in  Figure  9  provides  a  ground-inclusive 
input  range.  The  bottom  of  the  ladder  (VRB)  is  shorted  to  AVSS. 
(0  V),  while  the  top  of  the  ladder  (VRr)  is  connected  to  the 
on-board  bias  resistor  (VRTS).  This  provides  a  nominal  input 
range  of  0  V  to  +2.4  V  for  AVDD  of  5  V.  The  VRBS  pin  may  be 
left  floating,  or  shorted  to  AVSS. 


Figure  11.  Reference  Configuration:  0.7  V  to  3.2  V 
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Figure  9.  Reference  Configuration:  0  V  to  +2.4  V 

More  elaborate  topologies  can  be  used  for  those  wishing  to  pro- 
vide an  input  span  based  on  an  external  reference  voltage.  The 
circuit  in  Figure  10  uses  the  AD780  2.5  V  reference  to  drive  the 
top  of  the  ladder  (VRT),  with  the  bottom  (VRB)  of  the  ladder 
grounded  to  provide  an  input  span  of  0  V  to  +2.5  V.  This  is 
modified  in  Figure  11  to  shift  the  2.5  V  span  up  700  mV. 


o.imf 


NC  =  NO  CONNECT 


Figure  10.  Reference  Configuration:  0  V  to  2.5V 

The  AD775  can  accommodate  dynamic  changes  in  the  reference 
voltage  for  gain  or  offset  adjustment.  However,  conversions  that 
are  in  progress,  including  those  in  the  converter  pipeline,  while 
the  reference  voltages  are  changing  will  be  invalid. 


ANALOG  INPUT 

The  impedance  looking  into  the  analog  input  is  essentially 
capacitive,  as  shown  in  the  equivalent  circuit  of  Figure  12,  typi- 
cally totalling  around  1 1  pF.  A  portion  of  this  capacitance  is 
parasitic;  the  remainder  is  part  of  the  switched  capacitor  struc- 
ture of  the  comparator  arrays.  The  switches  close  on  the  rising 
edge  of  the  clock,  acquire  the  input  voltage,  and  open  on  the 
clock's  falling  edge  (the  sampling  instant).  The  charge  that  must 
be  moved  onto  the  capacitors  during  acquisition  will  be  a  func- 
tion of  the  converter's  previous  two  samples,  but  there  should 
be  no  sample-to-sample  crosstalk  so  long  as  ample  driving 
impedance  and  acquisition  time  are  provided. 


Figure  12.  Equivalent  Analog  Input  Circuit  (VIN) 

For  example,  to  ensure  accurate  acquisition  (to  1/4  bit  accuracy) 
of  a  full-scale  input  step  in  less  than  20  ns,  a  source  impedance 
of  less  than  100  ohms  is  recommended.  Figure  13  shows  one 
option  of  input  buffer  circuitry  using  the  AD817.  The  AD817 
acts  as  both  an  inverting  buffer  and  level  shifting  circuit.  In 
order  to  level  shift  the  ground-based  input  signal  to  the  dc  level 
required  by  the  input  of  the  AD775,  the  supply  voltage  is  resis- 
tively  divided  to  produce  the  appropriate  voltage  at  the  nonin- 
verting  input  of  the  AD817.  For  most  applications,  the  AD817 
provides  a  low  cost,  high  performance  level  shifter.  The  AD811 
is  recommended  for  systems  which  require  faster  settling  times. 
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Figure  13.  Level  Shifting  Input  Buffer 

The  analog  input  range  is  set  by  the  voltage  at  the  top  and  bot- 
tom of  the  reference  ladder.  In  general,  the  larger  the  span 
(VRX-VRB),  the  better  the  differential  nonlinearity  (DNL)  of  the 
converter;  a  1.8  V  span  is  suggested  as  a  minimum  to  realize 
good  linearity  performance.  As  the  input  voltage  exceeds  2.8  V 
(for  AVDD  =  4.75  V),  the  input  circuitry  may  start  to  slightly 
degrade  the  acquisition  performance. 

CLOCK  INPUT 

The  AD775's  internal  control  circuitry  makes  use  of  both  clock 
edges  to  generate  on-chip  timing  signals.  To  ensure  proper 
settling  and  linearity  performance,  both  tCH  and  tCL  times 
should  be  25  ns  or  greater.  For  sampling  frequencies  at  or  near 
20  Msps,  a  50%  duty  cycle  clock  is  recommended.  For  slower 
sampling  applications,  the  AD775  can  accommodate  a  wider 
range  of  duty  cycles,  provided  each  clock  phase  is  as  least  25  ns. 

Under  certain  conditions,  the  AD775  can  be  operated  at  sam- 
pling rates  above  20  Msps.  Figure  14  shows  the  signal-to-noise 
plus  distortion  (S/(N+D))  performance  of  a  typical  AD775  ver- 
sus clock  frequency.  It  is  extremely  important  to  note  that  the 
maximum  clock  rale  will  be  a  strong  function  of  both  temperature 
and  supply  voltage.  In  general,  the  part  slows  down  with  increas- 
ing temperature  and  decreasing  supply  voltage. 


\ 

1  10 
CLOCK  FREQUENCY  -  MHz 


Figure  14.  S(N+D)  vs.  Clock  Frequency  (Temperature  = 
+25°C) 

A  significant  portion  of  the  AD775's  power  dissipation  is  pro- 
portional to  the  clock  frequency:  Figure  15  illustrates  this  trade- 
off for  a  typical  part. 


Figure  15.   Power  Dissipation  vs.  Clock  Frequency 

In  applications  sensitive  to  aperture  jitter,  the  clock  signal 
should  have  a  fall  time  of  less  than  3  ns.  High  speed  CMOS 
logic  families  (HC/HCT)  are  recommended  for  their  symmetrical 
swing  and  fast  rise/fall  times.  Care  should  be  taken  to  minimize 
the  fanout  and  capacitive  loading  of  the  clock  input  line. 

DIGITAL  INPUTS  AND  OUTPUTS 

The  AD775's  digital  interface  uses  standard  CMOS,  with  logic 
thresholds  roughly  midway  between  the  supplies  (DVSS, 
DVDD).  The  digital  output  is  presented  in  straight  binary  for- 
mat, with  full  scale  (1111  1111)  corresponding  to  VIN  =  VRX, 
and  zero  (0000  0000)  corresponding  to  VIN  =  VRB.  Excessive 
capacitive  loading  of  the  digital  output  lines  will  increase  the 
dynamic  power  dissipation  as  well  as  the  on-chip  digital  noise. 
Logic  fanout  and  parasitic  capacitance  on  these  lines  should  be 
minimized  for  optimum  noise  performance. 

The  data  output  lines  may  be  placed  in  a  high  output  impedance 
state  by  bringing  OE  (Pin  1)  to  a  logic  high.  Figure  16  indicates 
typical  timing  for  access  and  float  delay  times  (tHL  and  tDD 
respectively).  Note  that  even  when  the  outputs  are  in  a  high 
impedance  state,  activity  on  the  digital  bus  can  couple  back  to 
the  sensitive  analog  portions  of  the  AD775  and  corrupt  conver- 
sions in  progress. 


OUTPUT  THREE-STATE 

(HIGH  IMPEDANCE) 


^  DATA  ACTIVE  ^— 


tDD  =  18ns  TYPICAL       tHL  =  12ns  TYPICAL 

Figure  16.  High  Impedance  Output  Timing 
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16-Bit  100  kSPS 
Oversampling  ADC 


FEATURES 

Monolithic  16-Bit  Sigma-Delta  ADC 
Third-Order  Noise  Shaping 
96  dB  Dynamic  Range 
90  dB  SNR 

16-Bit  100  kHz  Output  from  FIR  Filter 
12-Bit  400  kHz  Output  from  Comb  Filter 
No  Missing  Codes 
<0.001  dB  In-Band  Ripple 


APPLICATIONS 

Digital  Audio  Disk/Tape 

Voice  Bandwidth  Communications 

ADC  Support  for  ADSP-21XX 

High  Accuracy  Measurement  Systems 


PRODUCT  DESCRIPTION 

The  AD776  is  a  16-bit  sigma-delta  oversampled  ADC,  incorpo- 
rating a  1-bit  third-order  modulator  and  digital  decimation  filter. 
An  on-chip  voltage  reference  circuit  is  also  included. 

The  AD776  does  not  generally  require  the  use  of  sample-hold 
circuits  or  complex  antialiasing  filters  as  a  result  of  its  sigma- 
delta  architecture.  The  output  is  available  both  before  and  after 
the  final  Finite  Impulse  Response  (FIR)  decimation  filter.  This 
provides  the  flexibility  of  optimizing  conversion  speed  or  dy- 
namic range:  12-bit/400  kHz  (from  the  comb  filter)  or  16-bit/ 
100  kHz  (from  the  FIR  filter).  The  serial  port  provides  easy 
interface  with  a  variety  of  standard  processors  including  the 
ADSP-21XX. 

The  AD776  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  SNR,  THD  and  IMD  which  are  important  in  signal  process- 
ing and  audio  applications.  Third  order  noise  shaping  is 
employed  using  64  times  oversampling  to  provide  90  dB  SNR 
and  - 100  dB  peak  spurious  component  for  signal  bandwidths 
up  to  45  kHz. 

The  AD776  operates  from  a  single  +5  V  supply  and  typically 
consumes  350  mW  during  conversion.  The  device  is  packaged 
in  20-pin  ceramic  DIP  (cerdip)  and  is  offered  in  an  industrial 
temperature  grade  (-40°C  to  +85°C). 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  HIGHLIGHTS 

1.  Analog  Front  End.  The  analog  input  is  differential  providing 
increased  signal  swing,  increased  power  supply  rejection 
ratio,  and  reduced  sensitivity  to  clock  jitter.  Since  the  input 

sicrnal  is  nvprsnmnlpr)  hv  a  farfnr  nf  f\X    a  rnmnlfv  anri. 


signal  is  oversampled  by  a  factor  of  64, 
aliasing  filter  is  not  needed. 

Flexible  Digital  Interface.  The  AD776  has  three  output  pins 
for  the  serial  interface:  1)  serial  data  out  (DOUT),  2)  frame 
sync  out  (FSO),  and  3)  serial  clock  out  (DOUT  CLOCK). 
The  serial  port  can  interface  with  general  purpose  DSPs  such 
as  the  ADSP-21XX,  TMS320XX,  and  DSP56001/2  without 
additional  "glue"  logic. 

Inherently  Self-Sampling.  The  AD776  needs  no  external 
sample-and-hold  amplifier  to  capture  and  freeze  the  analog 
input  while  the  conversion  takes  place. 
Speed/Performance  Options.  In  addition  to  the  standard 
16-bit  resolution  at  100  kHz,  the  output  of  the  comb  filter 
can  be  accessed  to  provide  12-bit  resolution  at  400  kHz. 
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rise  noted) 


Parameter 

Min                            Typ  Max 

Units 

RESOLUTION 

16 

Bits 

TEMPERATURE  RANGE 

-40  +85 

=C 

TOTAL  HARMONIC  DISTORTION  (THD)1  2- ' 

-80  -83 
0.01  0.003 

dB 

% 

SIGNAL-TO-NOISE  RATIO  (SNR)1,  -,  L  =  48  ksps 
Signal  co  Noise-Ratio  (SNR)'- 2,  fs  =  100  ksps 
Comb  Filter  Mode,  CLKIN  =  12.8  MHz 

88  90 
86 

72 

dB 
dB 
dB 

PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 

 i  nn 

dB 

INTERMODULATION  DISTORTION  (IMD)4 
2nd  Order  Products 
3rd  Order  Products 

: 

-102 

-98        '  '' 



dB 
dB 

VOLTAGE  REFERENCE  OUTPUT  (VREF) 

(AVDU  x  0.4)  -  4%         AVUU  x  0.4  V           (AVDD  x  0.4)  +  4% 

V 

MAXIMUM  ANALOG  INPUT  RANGE5 

2  x  VK„  -  0.5 

Vp-P 

MAXIMUM  INPUT  SIGNAL6 

±0.5VREF 

Vp-P 

DC  ACCURACY' 
Differential  Nonlinearity 
INL 

Gain  Error 
Midscale  Error 

±0.5 
2 

1.0 

°-5 

LSB 
LSB 

% 
% 

DIGITAL  FILTER  CHARACTERISTICS 
Passband  Ripple 
Siopband  Attenuation 

0.001 

-96 

dB 
dB 

POWER  SUPPLY  REQUIREMENTS' 
Analog  Supply  Voltage  (AV^,) 
Digital  Supply  Voltage  (DVDD) 
Analog  Supply  Current 
Digital  Supply  Current 
Power  Consumption8 
Power  Supply  Rejection9 

I*  - 

1   4.5                              5.0    .                     5.5  I 
4.5  AVDD 
20 
20 

300  400 
70 

11 

V 
V 

mA 
mA 
mW 
dB 

DIGITAL  SPECIFICATIONS 

Parameter 

Test  Conditions 

Min 

Typ 

Max 

Units 

LOGIC  INPUTS 
VIH                   High  Level  Input  Voltage 
VIL                  Low  Level  Input  Voltage 
IIH                    High  Level  Input  Current 
IIL                   Low  Level  Input  Current 
C1N                   Input  Capacitance 
Iz                     Hi-Z  Input  Current  for  SDO 

V,H  =  VDD 
V,L  =  0  V 

2.0 

-0.5 

1 

10 

VDD 
0.8 

10 

V 

V 

uA 

uA 

pF 

IxA 

LOGIC  OUTPUTS 
VOH                  High  Level  Output  Voltage 
VOL                   Low  Level  Output  Voltage 

IOH  -  0.4  mA 
IOL  =  2.0  mA 

 OL  1 

2.4 

0.5 

■J  V 

V 

1.5  V,  CLKIN  =  6.4  MHz. 


■ 


NOTES 

'At  -r-25°C. 

2Analog  Input  =  1.2  V  rms  Cu  10  kHz,  VCOA,MON  MOde  -       »j  -  v-.-r 

JTHD  performance  can  be  improved,  depending  upon  the  application,  by  making  slight  adjustments  to  the  dc  common  mode  voltage  at  the  analog  inputs 
4IMD  measured  at  l\  =  48  kHz  and  using  61.6  Hz  and  986.4  Hz  as  the  input  tones  (sum  of  the  two  peaks  added  to  be  -3  dB  FS). 
sApplied  differentially  between  AIN+  and  AIN-. 

6The  input  signal  may  be  centered  at  any  choice  of  dc  offset  voltage  as  long  as  peak  values  are  bounded  by  the  Maximum  Analog  Input  Range  value.  Performance  may  be 
improved  by  reducing  the  maximum  input  signal  by  3  dB.  For  nominal  operation,  2.5  V  dc  offset  is 
7The  AD776  may  be  operated  from  a  single  +5  V  supplv. 
8AVDD,  DVDD  =  5.5  V;  f  -  12.8  MHz;  TA  =  +85°C. 
'With  external  voltage  reference. 
Specifications  subject  to  change  without  notice. 
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=  +5  V  ±  10%,  TMIH  to  TMAX)  —  see  Figures  14  through  18. 


MaT 


Symbol 




Parameter 





Min 


Units 


f 

tcLK 
tel. 


lFSS 
tFSH 

•fsil 
'dod 
trjop 

'fsosc 

lFSOHC 

'fsosd 
•fsohd 
tio 

lDSU 

Idh 
•dd 

lDF 


Clock  in  Frequency 
Clock  in  Period  (=  1/f) 
Duty  Cycle 
Clock  LOW 

Clock  HIGH 

Rise  Time 
Fall  Time 

Frame  Sync  Input  Setup  Time 
Frame  Sync  Input  Hold  Time 
Frame  Sync  Input  LOW 
Data  Output  Clock  Delay 
Data  Output  Clock  Period 

FSO  Setup  Time  Before  CLKIN 
FSO  Hold  Time  After  CLKIN 
FSO  Setup  Time  Before  DOUT  CLK 
FSO  HIGH  to  DOUT  CLK  Rising  Edge 


1 

78 

0-475  tcLK 

37 

475 

37 

475 

5 

5 

20 

20 

2 

25 

156 


12.8 

1000 

0.525 

41 

525 

41 

525 


78 

_3 

75 
312 


tcLK 


FSI  to  FSO  Delay 

Data  Output  Setup  Time 

Data  Output  Hold  Time 

Data  Delay  Time 

Data  Float  Time  


130 
130 
110 

... 

5 

40 

130 

40 

130 

0 

0 


20 
20 


MHz 

ns 

ns 

ns1 

ns2 

ns1 

ns2 

ns 

ns 

ns 

ns 

tcLK 


ns  • 
ns5 
ns5 
ns5 
ns5 

tcLK 
•CLK 

ns4 
ns5 
ns4 
ns5 
ns 


NOTES 

'CLKIN  =  12.8  MHz. 
2CLKIN  =  1  MHz. 

JFSI  must  be  deasserted  for  at  least  two  CLKIN  periods  prior  to  being  asserted. 
JComb  Filter  mode. 
!FIR  Filter  mode. 

Specifications  subject  to  change  without  notice. 
ABSOLUTE  MAXIMUM  RATINGS* 

AVDD  to  AGND   -0.3  V  to  +7.0  V 

DVDD  to  DGND  -0.3  V  to  +7.0  V 

AGND  to  DGND   +0.3  V 

Digital  Inputs  to  DGND   -0.3  V  to  DVDD 

Analog  Inputs  to  AGND  -0.3  V  to  AVDD 

REFIN  to  AGND   -0.3  V  to  +2.5  V 

Soldering  (10  sec)  +  300°C 

Storage  Temperature  -55°C  to  +150°C 


*Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


CAUTION 

The  AD776  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and  polysili- 
con  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast,  low 
energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD776  has  been 
classified  as  a  Category  1  Device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment, and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts, 
and  the  foam  discharged  to  the  destination  socket  before  devices  are  removed.  For  further  informa- 
tion on  ESD  precaution,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 
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Symbol 

Pin  Number 

Type 

Name  and  Function 

AGND 

1 

Analog  Ground.  Return  current  for  analog  front  end.  No  internal  connection  to  DGND. 

AIN+ 

2 

I 

Analog  Signal  Input.  Noninverting  terminal. 

AIN- 

3 

I 

Analog  Signal  Input.  Inverting  terminal. 

CLKIN 

4 

I 

Clock  In.  This  TTL  compatible  input  accepts  clock  frequencies  in  the  range  of 
1.0  MHz— 12.8  MHz,  with  the  output  sample  rate  of  the  AD776  equal  to  CLKIN 
divided  by  128  in  FIR  filter  mode  and  32  in  comb  filter  mode. 

FSI 

5 

I 

Frame  Sync  Input.  FSI  is  an  optional  control  pin  used  to  synchronize  internal 
circuits  and  to  start  or  reset  the  serial  output  data.  If  FSI  is  grounded,  frame  syncs 
will  be  automatically  generated  internally.  When  FSI  is  brought  HIGH,  serial  data 
is  presented  at  the  output  (DOUT— Pin  11).  The  purpose  of  FSI  is  to  control 
externally  the  phasing  of  the  A/D  conversion  process.  FSI  should  be  a  periodic 
signal  occurring  every  16  DOUT  CLK  clock  cycles  in  the  12-bit/400  kHz  mode  and 
every  32  DOUT  CLK  clock  cycles  in  the  16-bit/  100  kHz  mode.  When  utilized, 
FSI  must  be  synchronized  to  CLKIN  as  defined  in  the  timing  specification  (see 
Figure  17).  FSI  allows  multiple  AD776s  to  be  synchronized  using  a  common  frame 
sync  source,  requiring  a  common  CLKIN  signal. 

FSEL 

6 

I 

Filter  Select.  FSEL  =  "0"  selects  FIR  output.  FSEL  =  "1"  selects  comb  filter  output. 

SF 

7 

I 

Serial  Format.  Selects  output  format  of  DOUT  and  FSO  when  FSEL  =  "0." 
See  Figures  14b  and  15b. 

DVDD 

8 

+  5  V  ±10%.  Digital  Power  Supply. 

FSO 

9 

0 

Frame  Sync  Output.  Indicates  beginning  of  serial  data  transmission  on  DOUT. 
See  Timing  Diagrams. 

DOUT  CLK 

10 

O 

Serial  Data  Clock.  See  Figures  14a  and  14b.  In  the  FIR  filter  output  mode 

(FSEL  =  0),  DOUT  CLK  is  CLKIN  divided  by  four;  in  the  comb  filter  output 
mode  (FSEL  =  1),  DOUT  CLK  is  CLKIN  divided  by  two. 

DOUT 

11 

o 

Data  Output.  Serial  data  is  transmitted  MSB  first,  twos  complement  format, 
once  per  FSO  cycle  with  the  data  synchronous  with  DOUT  CLK. 

DOE 

12 

I 

Data  Output  Enable.  Serial  data  (Pin  11)  is  an  active  output  when  DOE  =  "0." 
Serial  data  is  three  stated  when  DOE  =  "1." 

DGND 

13 

Digital  Ground.  Return  current  for  digital  circuitry  and  pad  drivers. 

TP3,TP2,TP1,TP0 

14,  15,  16,  17 

Test  Points.  These  pins  must  be  connected  to  DGND. 

AVDD 

18 

+  5  V  ±10%.  Analog  Power  Supply. 

REFOUT 

19 

o 

Internal  Reference  Output.  Nominally  +2  V  with  AVDD  =  +5.0  V. 

REFIN 

20 

I 

Reference  Input.  +2  V  maximum. 

I  =  Input 
O  =  Output 

PIN  CONFIGURATION  ORDERING  GUIDE 


AGND  [T_  ' 

AIN+  [T^ 

AIM-  [IT 

CLKIN  [T 

FSI  [T_ 

FSEL  QT 

SF  [T 

DVDD  |T 

fso  r°~ 

DOUT  CLK  [l£ 


AD776 


TOP  VIEW 
(Not  to  Scale) 


2°1  REFIN 
j£|  REFOUT 
Jtl  AVD0 
TT|  TPO 
~16~|  TP1 

«]  TP2 
"h]  TP3 
"l3~)  DGND 

"H  DOE 
TT|  DOUT 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD776AQ 

-40°C  to  +85°C 

20-Pin  Cerdip 

Q-20 

*For  outline  information  see  Package  Information  section. 
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TOTAL  HARMONIC  DISTORTION 

Total  Harmonic  Distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
the  harmonic  components  to  the  rms  value  of  a  full-scale  input 
signal  and  is  expressed  in  percent  (%)  or  decibels  (dB). 

SIGNAL-TO-NOISE  RATIO  (SNR) 

Signal-to-Noise  Ratio  (SNR)  is  defined  to  be  the  ratio  of  the  rms 
value  of  the  measured  input  signal  to  the  rms  sum  of  all  other 
spectral  components  below  the  passband. 

INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m+n),  at  sum  and  difference  frequencies  of 
mfa±  nfb,  where  m,  n  =  0,  1,  2,  3.  .  .  .  Intermodulation  terms 
are  those  for  which  m  or  n  is  not  equal  to  zero.  For  example, 
the  second  order  terms  are  (fa+fb)  and  (fa-fb),  and  the  third 
order  terms  are  (2fa+fb),  (2fa-fb),  (fa+2fb)  and  (fa-2fb).  The 
IMD  products  are  expressed  as  the  decibel  ratio  of  the  rms  sum 
of  the  measured  input  signals  to  the  rms  sum  of  the  distortion 
terms.  The  two  signals  applied  to  the  converter  are  of  equal 
amplitude  and  the  IMD  products  are  normalized  to  a  0  dB  input 
signal. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

In  an  ideal  ADC,  code  transitions  are  one  LSB  apart.  Differen- 
tial nonlinearity  is  the  maximum  deviation  from  this  ideal  value. 
It  is  often  specified  in  terms  of  resolution  for  which  no  missing 
codes  are  guaranteed. 

INTEGRAL  NONLINEARITY  (INL) 

The  ideal  transfer  function  for  an  ADC  is  a  straight  line  drawn 
between  "zero"  and  "full  scale."  The  point  used  as  "zero" 
occurs  1/2  LSB  before  the  most  negative  code  transition.  "Full 
scale"  is  defined  as  a  level  1  1/2  LSB  beyond  the  most  positive 
code  transition.  INL  is  the  worst-case  deviation  of  a  code  center 
average  from  the  straight  line. 


MIDSCALE  ERROR 

Midscale  error  is  the  difference  between  the  ideal  midscale  ana- 
log input  voltage  and  the  actual  voltage  producing  the  midscale 
output  code. 

PASSBAND 

The  passband  is  the  region  of  the  frequency  spectrum  unaf- 
fected by  the  attenuation  of  the  decimation  filter.  In  the  case  of 
the  AD776,  the  passband  is  a  function  of  the  CLKIN  frequency 
(see  Table  I). 

PASSBAND  RIPPLE 

Passband  ripple  is  defined  as  the  variation  in  the  amplitude 
response  of  the  converter  for  input  signal  frequencies  within  the 
passband. 

STOPBAND 

The  stopband  is  the  region  of  the  frequency  spectrum  in  which 
the  amplitude  response  is  fully  attenuated  by  the  digital  filter. 
In  the  case  of  the  AD776,  the  stopband  is  a  function  of  the 
CLKIN  frequency  (see  Table  I). 

STOPBAND  ATTENUATION 

Stopband  attenuation  is  defined  to  be  the  amount  by  which 
spectral  components  in  the  stopband  are  attenuated  by  the  digi- 
tal filter  relative  to  the  full-scale  input  range  of  the  converter. 

POWER  SUPPLY  REJECTION 

DC  variations  in  the  power  supply  voltage  will  affect  the  mid- 
scale  transition  point,  resulting  in  offset  error.  Power  supply 
rejection  is  the  maximum  change  in  the  midscale  transition  point 
due  to  a  change  in  power-supply  voltage  from  the  nominal 
value.  Additionally,  there  is  another  power  supply  variation  to 
consider.  AC  ripple  on  the  power  supplies  can  couple  noise  into 
the  ADC,  resulting  in  degradation  of  dynamic  performance. 


GAIN  ERROR 

The  last  transition  should  ideally  occur  at  an  analog  value 
1.5  LSB  below  the  nominal  full  scale.  The  gain  error  is  the 
deviation  of  the  actual  difference  between  the  first  and  last  code 
transition  from  the  ideal  difference  between  the  first  and 
code  transition. 


GENERAL  OVERVIEW 

The  AD776  is  a  single  supply  (+5  V)  ADC  providing  simple 
analog  and  digital  interface  requirements.  A  minimal  number  of 
external  connections  are  required  to  achieve  the  specified 
performance: 

1.  POWER 

2.  GROUNDS 

3.  CLOCKING 

4.  INPUT  BUFFER  CIRCUIT 

These  points  will  be  further  explored  in  the  Application  Infor- 
mation section. 

THEORY  OF  OPERATION 

The  AD776  differs  from  traditional  multi-bit  ADCs  through  its 
use  of  sigma-delta  conversion  architecture.  A  1-bit  analog-to- 


digital  conversion  is  performed  at  a  very  high  rate,  which  redis- 
tributes quantization  noise  to  beyond  the  frequency  band  of 
interest  (see  Figure  1).  The  frequency  band  of  interest  is 
denoted  by  fc,  and  fs  is  the  sample  frequency;  fs/2  is  the 
expanded  noise  spectrum  resulting  from  oversampling.  The  total 
noise  energy  remains  constant,  but  by  spreading  it  over  a  wider 
spectrum,  the  amount  in  the  frequency  band  of  interest  is 
reduced.  Noise  shaping,  performed  by  the  modulator,  attenuates 
noise  in  the  signal  passband  and  pushes  out  the  noise  energy 
into  the  higher  frequency  range  (Figure  2).  The  oversampled 
signal  is  presented  to  the  digital  filter  circuitry  for: 

-  sophisticated  averaging  (filtering). 

-  removing  high  frequency  noise  (quantization  noise  removal). 

-  reducing  sampling  rate  (decimation). 
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The  resulting  output  data  stream  is  presented  in  a  format  equiv- 
alent to  a  traditional  ADC  at  a  much  reduced  output  sample 
rate. 
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Figure  1.  Noise  Spectrum  from  Oversampling 
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Figure  2.  Noise  Shaping 

Figure  3  provides  a  block  diagram  of  the  various  sections  of  the 
AD776.  The  Analog  Front  End  is  comprised  of  three  differen- 
tial switched-capacitor  linear  integrators  which  perform  the 
noise-shaping  function.  Digital  filter  complexity  of  the  AD776  is 
reduced  by  performing  the  filtering  and  decimation  in  two 
stages.  The  first  section  contains  a  16:1  decimating  comb  filter 
stage  with  the  output  presented  to  a  4: 1  decimating  low-pass/ 
compensation  FIR  filter,  resulting  in  a  final  decimation  ratio  of 
64: 1 .  The  decimation  function  is  described  in  detail  in  the  DEC- 
IMATION paragraph.  The  output  data  is  presented  in  twos 
complement,  MSB  first  serial  data  format,  providing  serial  com- 
munication to  a  host  processor. 

This  interface  uses  three  dedicated  pins:  serial  data  output 
(DOUT),  frame  sync  output  (FSO),  and  serial  clock  output 
(DOUT  CLK).  The  serial  interface  format  of  operation  is  pin 
selectable.  The  timing  diagrams  for  the  serial  interface  are 
described  in  the  DIGITAL  TIMING  section. 


DVDD  FSEL 

-©— Q- 


CLKIN  {*, 
FSI  5 


DECIMATION 
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FILTER 


DECIMATION 
FIR 
FILTER 


G.4MHz  6.4MHz 


AD776 


SYSTEM  TIMING  AND  CONTROL 


Figure  3.  Block  Diagram 


ANALOG  FRONT-END 

The  integrators  of  the  third-order  modulator  front-end  form  a 
differential  switched-capacitor  network  which  results  in 
increased  signal  swing,  increased  power  supply  rejection,  and 
reduced  sensitivity  to  clock  jitter.  Due  to  the  nature  of 
switched-capacitor  circuits,  the  input  impedance  of  AIN+, 
AIN-,  and  REFIN  will  vary  with  clock  frequency.  More  infor- 
mation about  these  inputs  is  given  in  Table  II  and  Table  III. 

The  AD776  modulator  is  a  third-order  noise  shaper  which 
reduces  quantization  noise  in  the  passband  to  the  16-bit  level. 
The  input  signal  is  sampled  at  the  rate  of  CLKIN/4.  Since  the 
input  signal  is  oversampled  by  a  factor  of  64,  a  complex  anti- 
aliasing filter  is  not  needed;  a  single-pole  RC  filter  will  generally 
be  sufficient.  High  quality  polystyrene  or  NPO  ceramic  capaci- 
tors should  be  used  for  this  filter. 


DIGITAL  FILTER  OVERVIEW 

The  digital  filters  of  the  AD776  have  two  functions:  high  perfor- 
mance low-pass  filtering  and  digital  decimation.  The  shaped 
quantization  noise  from  the  output  of  the  modulator  is  low-pass 
filtered  to  reduce  the  out-of-band  noise  components  to  a  level 
which  will  not  alias  into  the  passband  during  the  decimation 
process.  Decimation  then  reduces  the  dal 
level 


i  rate  to  a  manageable 


DECIMATION 

The  comb  filter  performs  the  first-stage  filtering  of  the  analog 
front-end's  quantized  and  noise-shaped  output  and  decimates 
the  input  sample  rate  by  a  factor  of  16:1.  The  z-domain  transfer 
function  for  the  comb  filter  is  expressed  by 


(1 


(1  -  z~'f 

The  frequency  domain  equivalent  transfer  function  is 
1    sin  (16  ir  fTf] 


=  [1  «H16ir/7T| 
V      L16    ™\«fT)  \ 


where  T  =  l/fs 

fs  =  the  input  sample  rate  for  the  Analog  Front  End 
(maximum  6.4  MHz). 
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The  attenuation  characteristics  of  the  comb  filter  are  shown  in 
Figure  4.  As  illustrated,  the  frequency  response  in  the  passband 
region  exhibits  a  nonflat  behavior.  In  the  400  kHz  mode,  the 
output  of  the  comb  filter  provides  conversion  data.  The  dynamic 
range  is  equivalent  to  approximately  72  dB,  or  12  bits,  in  this 
mode.  In  the  16-bit/100  kHz  mode,  the  comb  filter  serves  as  the 
input  to  the  FIR  filter.  The  FIR  filter  compensates  for  the  pass- 
band  roll-off  of  the  comb  filter  and  provides  the  final  sharp  cut- 
off required  for  stopband  attenuation,  removing  the  out-of-band 
noise  components  while  partially  serving  as  the  system  anti- 
aliasing filter. 


-20 
?  -30 

%  -50 
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Figure  4.  Comb  Filter  Response 

Figure  5  illustrates  the  low-pass  response  of  the  FIR  filter  and 
Figure  6  shows  the  compensation  function  of  the  filter.  The 
255-tap  FIR  filter  is  low-pass  with  9%  transition-band,  and  with 
a  CLKIN  frequency  of  12.8  MHz  has  a  45.5  kHz  passband  cut- 
off frequency,  50  kHz  stopband  frequency,  0.001  dB  passband 
ripple,  and  a  stopband  ripple  of  -96  dB. 
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Figure  5.  FIR  Filter,  Low-Pass  Response 
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Figure  6.  FIR  Filter,  Compensation  Function 

The  passband  and  stopband  frequencies  of  both  the  comb  and 
FIR  filters  scale  linearly  with  the  CLKIN  frequency,  as  shown 
in  Table  L 


Table  I.  FIR  and  Comb  Filter  Characteristics 


CLKIN 
(MHz) 


Passband 
(kHz) 


Stopband 
(kHz) 


12.8 

45.5 

50 

12.288 

43.7 

48 

11.2896 

40.1 

44.1 

10.0 

35.5 

39.1 

6.4 

24.6 

27.1 

ANALOG  INPUT 

The  input  to  the  AD776,  as  previously  described  in  the  discus- 

sion of  the  analog  front  end,  uses  a  switched-capacitor  structure. 

As  a  result,  the  input  impedance  of  AIN+  and  AIN 

—  will  vary 

with  clock  frequency.  Table  II  gives  the  typical  analog  input 

impedance  for 

some  common  CLKIN  frequencies.  The  input 

impedance  is  equal  to  =>  1012/3fCLKIN,  where  fCi_KiN 

is  the  input 

clock  rate. 

Table  II.  Analog  Input  Impedance 

Output 

Analog 

Input 

Sample 

Input 

Clock  Rate 

Rate  (kHz) 

Impedance 

(MHz) 

(FIR  FUter  Mode) 

(kO) 

12.8 

100 

26 

6.4 

50 

52 

6.144 

48 

54.3 

5.6448 

44.1 

59 

The  AD776  is  designed  to  accept  input  signals  of  (2  x  VREF) 
-0.5  V  which  can  be  centered  at  various  dc  offsets  (common- 
mode  inputs)  as  long  as  the  signal  peaks  are  bounded  by  +4.0  V 
and  0  V.  Signal  peaks  outside  this  range  will  result  in  signal 
clipping  and  increased  distortion  products. 

Capacitive  coupling  between  the  CLKIN  and  AIN  pins  can 
cause  degradation  to  dynamic  performance.  Special  care  should 
be  taken  with  respect  to  the  layout  of  the  clock  and  analog 
inputs. 
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input,  an  external  op  amp  is  generally  required  to  provide  a  low 
impedance  drive.  Care  should  be  taken  with  op  amp  selection; 
even  with  modest  loading  conditions,  most  available  op  amps  do 
not  meet  the  low  distortion  requirements  necessary  to  match  the 
performance  capabilities  of  the  AD776.  The  AD712  op  amp  is  a 
good  choice  for  low  noise  and  low  distortion. 

SINGLE-ENDED  INPUT  CONFIGURATIONS 

The  differential  input  of  the  AD776  provides  a  choice  of  several 
different  input  connections.  Figure  7  shows  a  simple  configura- 
tion for  a  single-ended  input.  AIN-  is  nominally  biased  at 
+2.5  V  by  resistively  dividing  the  +5  V  power  supply  (AVDD). 
Since  the  analog  input  impedance  is  a  function  of  the  input 
clock  rate,  determination  of  bias  resistor  values  to  achieve  a  par- 
ticular bias  voltage  will  vary  with  clock  rate  and  AVDD. 

The  circuit  shown  in  Figure  7  is  a  low  cost,  minimal  component 
solution,  but  may  suffer  from  poor  power  supply  rejection  as 
noise  present  on  the  power  supply  could  be  coupled  directly  into 
the  AIN-  pin.  An  improved  input  circuit  is  shown  in  Figure  8, 
where  the  offset  voltage  is  derived  from  the  AD680  voltage  ref- 
erence. The  AD680  has  40  U.V/V  line  regulation  which  results  in 
only  a  20  u.V  error  due  to  10%  supply  fluctuation.  This 
improves  power  supply  rejection  of  AIN-  input  to  approxi- 
mately 88  dB. 
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Figure  7.  Simple  Single-Ended  Input  Circuit 
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Figure  8.  Single-Ended  Input  Circuit  for  Improved  PSRR 

For  optimal  performance  in  single-ended  input  applications, 
the  circuit  in  Figure  9  may  be  used  to  convert  the  input  to  a 
differential  signal. 


n  '">'r  4 


NC  =  NO  CONNECT 


Figure  9.  Single-Ended  Input  to  Differential 


REFERENCE  INPUT 

The  AD776  has  an  on-chip  0.4  VDD  reference  voltage  circuit 
which  can  be  used  to  drive  REFIN,  as  shown  in  Figure  10. 
Alternately,  an  external  voltage  reference  may  be  used  to  supply 
the  required  2  V.  REFIN  exhibits  characteristics  similar  to  the 
Analog  Input  in  that  the  input  impedance  is  a  function  of  the 
clock  rate.  This  is  illustrated  in  Table  III.  The  minimum  refer- 
ence impedance  is  equal  to  1012/2.5  fCi,Ki  where  fCLic >s  tne 
input  clock  rate. 

Table  III.  Reference  Input  Impedance 


Input 

Clock  Rate 
„.„  , 
(MHz) 


Output 
Sample 
Rate  (kHz) 


12.8 
6.4 
6.144 
5.6448 


100 
50 
48 
44.1 





Reference 
Input 

Impedance 
(kfl  min) 


31.3 
62.5 
65.1 
70.9 


Figure  10.  Simple  Reference  Voltage  Circuit 

While  the  internal  reference  will  be  adequate  for  most  applica- 
tions, power  supply  rejection  and  overall  regulation  may  be 
improved  through  the  use  of  an  external  reference.  The  process 
of  selecting  an  external  voltage  reference  should  include  consid- 
eration of  drive  capability,  initial  error,  noise,  and  drift  charac- 
teristics. A  suitable  choice  would  be  the  AD680  as  shown  in 
Figure  11. 
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Figure  1 1.  External  Voltage  Reference  Circuit 
MULTIPLEXING 

The  AD776  can  also  be  used  with  an  input  multiplexer  when 
the  comb  filter  output  is  selected  by  setting  FSEL  =  1.  If  fCLK 
=  12.8  MHz,  the  minimum  multiplex  intervals  are  (including 
the  time  to  shift  the  data  out  from  the  serial  interface): 

15  u.s       (if  the  FSI  and  mux  are  perfectly  synchronized) 
17.5  jjls     (if  the  FSI  and  mux  are  not  synchronized). 

CLOCK  GENERATION 

With  sigma-delta  converters,  it  is  critical  that  clock  jitter  be 
minimized  in  order  to  achieve  optimal  performance.  Figure  12 
illustrates  a  simple  circuit  used  to  derive  a  clock  source  for  the 
AD776.  An  alternative  would  be  to  use  an  oscillator  such  as  the 
CK1100  series  from  Cardinal  Components  (Montclair,  NJ)  or 
the  Fl  100  from  Fox  Electronics.  Compared  with  performance 
obtained  with  a  typical  crystal,  use  of  an  oscillator  improves 
SNR  by  approximately  4  dB. 


Figure  12.  Basic  Clock  Circuit 


BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  a  significant  issue 
A  1.22  mA  current  through  a  0.5  fl  trace  will  develop  a  voltage 
drop  of  0.6  mV,  which  is  20  LSBs  at  the  16  bit  level  for  a  2  V 

full-scale  span.  In  addition  to  ground  drops,  inductive  and  .sv— •  

capacitive  coupling  need  to  be  considered,  especially  when 
high  accuracy  analog  signals  share  the  same  board  with  digital 
signals. 

Analog  and  digital  signals  should  not  share  a  common  return 
path.  Each  signal  should  have  an  appropriate  analog  or  digital 
return  routed  close  to  it.  Using  this  approach,  signal  loops 
enclose  a  small  area,  minimizing  the  inductive  coupling  of  noise. 
Wide  PC  tracks,  large  gauge  wire,  and  ground  planes  are  highly 
recommended  to  provide  low  impedance  signal  paths.  Separate 
analog  and  digital  ground  planes  are  also  desirable,  with  a  single 
interconnection  point  at  (or  under)  the  part  to  minimize  ground 
loops.  This  is  preferred  to  interconnecting  the  grounds  at  the 


Analog  signals  should  be  routed  as  far  as  possible  from  digital 
signals  and  should  cross  them,  if  at  all,  only  at  right  angles.  The 
AD776  may  be  treated  as  an  analog  component,  with  both 
AGND  and  DGND  connected  to  a  single  analog  ground  plane. 
This  helps  to  isolate  the  AD776  from  large  digital  ground  cur- 
rents. For  these  reasons,  the  use  of  wire  wrap  circuit  construc- 
tion will  not  provide  adequate  performance;  careful  printed 
circuit  board  construction  is  preferred. 

POWER  SUPPLIES  AND  DECOUPLING 

With  high  performance  linear  circuits,  changes  in  the  power 
supplies  can  produce  undesired  changes  in  the  performance  of 
the  circuit.  Optimally,  well  regulated  power  supplies  with  less 
than  1%  ripple  should  be  selected.  The  ac  output  impedance  of 
a  power  supply  is  a  complex  function  of  frequency,  but  in  gen- 
eral will  increase  with  frequency.  High  frequency  switching  such 
as  that  encountered  with  digital  circuitry  requires  fast  transient 
currents  which  most  power  supplies  cannot  adequately  provide. 
This  results  in  voltage  spikes  on  the  supplies.  To  compensate 
for  the  finite  ac  output  impedance  of  the  supplies,  it  is  necessary 
to  store  "reserves"  of  charge  in  bypass  capacitors.  These  capaci- 
tors can  effectively  lower  the  ac  impedance  presented  to  the 
AD776  power  inputs  which  in  turn  will  significantly  reduce  the 
magnitude  of  the  voltage  spikes.  Decoupling  capacitors,  typi- 
cally 0.1  u.F,  should  be  placed  as  close  as  possible  to  each  power 
supply  pin  of  the  AD776.  It  is  essential  that  these  capacitors  be 
placed  physically  close  to  the  AD776  to  minimize  the  inductance 
of  the  PCB  trace  between  the  capacitor  and  the  supply  pin. 

Additionally,  it  is  beneficial  to  have  large  capacitors  (>47  u,F) 
located  at  the  point  where  the  power  connects  to  the  PCB  with 
10  u,F  capacitors  located  in  the  vicinity  of  the  ADC  to  further 
reduce  low  frequency  ripple. 

The  AD776  may  be  operated  from  a  single  +5  V  supply.  How- 
ever, performance  is  optimized  by  using  separate  analog  (AVDD) 
and  digital  (DVDD)  supplies.  Separate  supplies  enable  isolation 
of  digital  noise  from  the  analog  circuitry.  When  separate  sup- 
plies are  used,  AVDD  should  be  decoupled  to  analog  ground 
(AGND)  and  DVDD  should  be  decoupled  to  digital  ground 
(DGND)  with  decoupling  capacitors. 

When  a  single  +5  V  supply  is  used,  the  circuit  shown  in  Fig- 
ure 13  provides  adequate  decoupling. 
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Figure  13.  Single  Supply  Decoupling 
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DIGITAL  TIMING 

The  CLKIN  frequency  and  the  choice  of  output  filter  mode 
(FIR  or  Comb)  determine  the  output  sample  rate  of  the  AD776. 
With  FSEL  LOW,  the  FIR  filter  output  is  selected  and  the  out- 
put rate  is  equal  to  CLKIN  divided  by  128.  When  FSEL  is 
HIGH,  the  Comb  filter  is  selected  and  the  output  sample  rate  is 
equal  to  CLKIN  divided  by  32.  The  input  sample  rate  (or  mod- 
ulator frequency)  is  always  the  CLKIN  frequency  divided  by  2. 

The  flexible  serial  data  output  interface  of  the  AD776  may  be 
configured  in  one  of  three  modes.  MODE  A  and  MODE  B  are 
used  when  the  FIR  filter  output  is  desired.  MODE  C  should  be 
selected  when  output  from  the  comb  filter  is  used.  Output  data 
is  always  transmitted  as  16-bit,  twos  complement,  MSB  first, 
serial  words.  In  all  modes,  the  FSI  pin  may  be  asserted  to  reset 
the  serial  data  output  and  synchronize  internal  circuits.  A  DOE 
pin  is  available  to  place  the  DOUT  pin  in  a  high  impedance 
state. 

Configuring  the  appropriate  timing  mode  is  controlled  by  the 
FSEL  and  SF  pins.  The  truth  table  is  shown  in  Table  IV. 


Table  IV.  Timing  Mode  Truth  Table 


FSEL     SF     Output  Mode 

 1 — 

0        0  A 

0         1  B 


1  0 


MODE  A 

The  timing  diagrams  for  MODE  A  are  shown  in  Figures  14a 
and  14b.  If  MODE  A  is  selected,  an  internal  multiplexer  routes 
serial  data  from  the  output  of  the  FIR  filter  to  the  DOUT  pin. 
The  output  sample  rate  is  a  function  of  the  clock  present  at  the 
CLKIN  pin  where: 

Output  Sample  Rate  =  CLKIN/m 

A  continuous  serial  output  clock,  DOUT  CLK,  is  available  with 
the  bit  rate  determined  by: 

DOUT  CLK  =  CLKIW- 

Serial  data  from  the  DOUT  pin  is  valid  on  the  falling  edges  of 
DOUT  CLK.  A  framing  signal,  FSO,  occurs  with  a  period 
equal  to  the  output  sample  rate  (Figure  14b).  The  FSO  signal  is 
HIGH  during  the  falling  edge  of  DOUT  CLK  prior  to  the 
beginning  of  a  new  output  data  word. 
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Figure  14a. ,  Mode  A  Timing 
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Figure  14b.  Mode  A  Timing 
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MODE  B 

The  timing  diagrams  for  MODE  B  are  shown  in  Figures  15a 
and  15b.  If  Mode  B  is  selected,  the  internal  multiplexer  routes 
serial  data  from  the  output  of  the  FIR  filter  to  the  DOUT  pin 
similar  to  MODE  A.  The  output  sample  rate  is  a  function  of  the 
clock  present  at  the  CLKIN  pin  where: 

Output  Sample  Rale  =  CLKIN/US. 

A  continuous  serial  output  clock,  DOUT  CLK  ,  is  available  with 


FSO 

DOUT  ZERO  (AFTER  PREVIOUS  DO) 


8  *cu 


1 


the  bit  rate  determined  by: 

DOUT  CLK  =  CLKINIA. 
Note  that  serial  data  present  at  the  DOUT  pin  is  valid  on  the 
rising  edges  of  DOUT  CLK.  The  framing  signal,  FSO,  occurs 
with  a  period  equal  to  the  output  sample  rate.  In  MODE  B,  the 
FSO  signal  goes  LOW  at  the  beginning  of  the  output  data  word 
and  remains  LOW  until  the  entire  word  is  transmitted. 

it 

■  • 


- 

i 
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 I  


*FSOHO    H  * 
 III 


Figure  15a.  Mode  B  Timing 
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Figure  15b.  Mode  B  Timing 


MODE  C 

The  timing  diagrams  for  MODE  C  are  shown  in  Figure  16.  If 
Mode  C  is  selected,  the  internal  multiplexer  routes  serial  data 
from  the  output  of  the  COMB  filter  to  the  DOUT  pin,  bypass- 
ing the  FIR  filter.  The  output  sample  rate  is  a  function  of  the 
clock  present  at  the  CLKIN  pin  where: 

Output  Sample  Rate  =  CLKIN  132. 
A  continuous  serial  output  clock,  DOUT  CLK,  is  available  with 


the  bit  rate  determined  by: 

DOUT  CLK  =  CLKIN/2. 

Serial  output  data  is  valid  on  the  falling  edges  of  DOUT  CLK. 
The  framing  signal,  FSO,  occurs  with  a  period  equal  to  the  out- 
put sample  rate.  The  FSO  signal  is  HIGH  during  the  falling 
edge  of  DOUT  CLK  prior  to  transmission  of  the  next  output 
data  word.  Note  that  in  MODE  C,  this  is  also  when  the  LSB, 
(DO),  of  the  previous  data  word  is  valid. 
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Figure  16.  Mode  C  Timing 
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FSI  Operation 

A  frame  sync  input  is  available  to  the  user  on  the  FSI  pin  to 
reset  the  serial  data  output  and  synchronize  internal  circuits. 

Referring  to  Figure  17,  the  FSI  pin  is  sampled  on  the  falling 
edge  of  CLKIN.  The  FSI  pin  must  adhere  to  several  conditions 
depending  on  which  mode  is  being  used  as  follows: 

FSI  in  MODE  A,  MODE  B 

1 .  FSI  should  be  a  periodic  signal  occurring  every  32  DOUT 
CLK  periods. 


Three-Stating  the  DOUT  Pin  (DOE) 

In  all  modes  DOUT  may  be  three-stated  using  the  DOE  pin. 
Operation  of  the  DOE  input  is  shown  in  Figure  18.  When  the 
DOE  input  is  HIGH,  serial  data  will  be  present  and  active  at 
the  DOUT  pin.  When  DOE  is  brought  LOW,  the  DOUT  pin 
is  placed  in  a  high-impedance  state.  DOE  is  completely  asyn- 
chronous and  independent  of  input  and  output  clocks.  DOUT 
loading  will  affect  actual  performance. 


2.  FSI  must  be  deasserted 
being  asserted. 

3.  FSI  must  be  synchronized  to  CLKIN  to  meet  the  timing 
requirements  outlined  in  Figure  17. 

FSI  in  MODE  C 

1.  FSI  should  be  a  periodic  signal  occurring  every  16  DOUT 
CLK  periods. 

2.  FSI  must  be  deasserted  for  at  least  2  CLKIN  periods  prior  to 
being  asserted. 

3.  FSI  must  be  synchronized  to  CLKIN  to  meet  the  timing 
requirements  outlined  in  Figure  17. 
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Figure  18.  Data  Output  Timing 
INTERFACING  THE  AD776 

The  AD776  is  designed  for  ease  of  interface  with  a  variety  of 
popular  processors.  The  following  diagrams  illustrate  typical 
configurations: 
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Figure  17.  Frame  Sync  Input  (FSI)  Timing  (FIR  Filter 
Output  Mode) 

Synchronizing  Two  Channels 

The  FSI  pin  is  useful  when  multiple  AD776s  are  used  together 
and  must  be  synchronized.  In  such  a  case,  a  single  pulse  may  be 
applied  to  FSI  inputs  of  the  converters.  This  causes  the  internal 
"state-machine"  of  the  AD776  to  be  reset.  Thus,  the  internal 
clocking  for  both  the  analog  and  digital  circuitry  of  each  individ- 
ual converter  is  synchronized  and  in-phase.  In  the  case  of  a  sin- 
gle FSI  pulse,  it  must  still  adhere  to  the  timing  outlined  in 
Figure  17. 
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Figure  19. 
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14-Bit  128  kSPS 
Complete  Sampling  ADC 


FEATURES 

AC  and  DC  Characterized  and  Specified  (K,  B,  T 

Grades) 
128k  Conversions  per  Second 
1  MHz  Full  Power  Bandwidth 
500  kHz  Full  Linear  Bandwidth 
80  dB  S/N+D  (K,  B,  T  Grades) 
Twos  Complement  Data  Format  (Bipolar  Mode) 
Straight  Binary  Data  Format  (Unipolar  Mode) 
10  Mil  Input  Impedance 

16-Bit  Bus  Interface  (See  AD679  for  8-Bit  Interface) 
On-Board  Reference  and  Clock 
10  V  Unipolar  or  Bipolar  Input  Range 
MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  DESCRIPTION 

The  AD779  is  a  complete,  multipurpose  14-bit  monolithic 
analog-to-digital  converter,  consisting  of  a  sample-hold  amplifier 
(SHA),  a  microprocessor  compatible  bus  interface,  a  voltage 
reference  and  clock  generation  circuitry. 

The  AD779  is  specified  for  ac  (or  "dynamic")  parameters  such 
as  S/N+D  ratio,  THD  and  IMD  which  are  important  in  signal 
processing  applications.  In  addition,  the  AD779K,  B  and  T 
grades  are  fully  specified  for  dc  parameters  which  are  important 
in  measurement  applications. 

The  14  data  bits  are  accessed  by  a  16-bit  bus  in  a  single  read 
operation.  Data  format  is  straight  binary  for  unipolar  mode  and 
twos  complement  binary  for  bipolar  mode.  The  input  has  a  full- 
scale  range  of  10  V  with  a  full  power  bandwidth  of  1  MHz  and 
a  full  linear  bandwidth  of  500  kHz.  High  input  impedance 
(10  Mfl)  allows  direct  connection  to  unbuffered  sources  without 
signal  degradation. 

This  product  is  fabricated  on  Analog  Devices'  BiMOS  process, 
combining  low  power  CMOS  logic  with  high  precision,  low 
noise  bipolar  circuits;  laser-trimmed  thin-film  resistors  provide 
high  accuracy.  The  converter  utilizes  a  recursive  subranging 
algorithm  which  includes  error  correction  and  flash  converter 
circuitry  to  achieve  high  speed  and  resolution. 

The  AD779  operates  from  +5  V  and  ±  12  V  supplies  and  dissi- 
pates 560  mW  (typ).  Twenty-eight-pin  plastic  DIP  and  i 
DIP  packages  are  available. 

•Protected  by  U.S.  Patent  Numbers  4,804,960;  4,814,767;  4,833,345; 
4,250,445;  4,808,908;  RE30,586. 


PRODUCT  HIGHLIGHTS 

1.  COMPLETE  INTEGRATION:  The  AD779  minimizes 
external  component  requirements  by  combining  a  high  speed 
sample-hold  amplifier  (SHA),  ADC,  5  V  reference,  clock  and 
digital  interface  on  a  single  chip.  This  provides  a  fully  speci- 
fied sampling  A/D  function  unattainable  with  discrete 
designs. 

2.  SPECIFICATIONS:  The  AD779K,  B  and  T  grades  pro- 
vide fully  specified  and  tested  ac  and  dc  parameters.  The 
AD779J,  A  and  S  grades  are  specified  and  tested  for  ac 
parameters;  dc  accuracy  specifications  are  shown  as  typicals. 
DC  specifications  (such  as  INL,  gain  and  offset)  are  impor- 
tant in  control  and  measurement  applications.  AC  specifica- 
tions (such  as  S/N+D  ratio,  THD  and  IMD)  are  of  value  in 
signal  processing  applications. 

3.  EASE  OF  USE:  The  pinout  is  designed  for  easy  board  lay- 
out, and  the  single  cycle  read  output  provides  compatibility 
with  16-bit  buses.  Factory  trimming  eliminates  the  need  for 
calibration  modes  or  external  trimming  to  achieve  rated 
performance. 

4.  RELIABILITY:  The  AD779  utilizes  Analog  Devices' 
monolithic  BiMOS  technology.  This  ensures  long  term 
reliability  compared  to  multichip  and  hybrid  designs. 

5.  The  AD779  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD779/883B  data  sheet  for  detailed 
specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD779— SPECIFICATIONS 


*n  cornirin«Tiniic  ^  to  T—  V"  =  +12  V  *  5%'  V"  =  _12  V  *  5%'  V°°  =  +5  V  ±  10%'  f«*«  =  128  kSPS' 
AL  brtUlrlUAMUNo  fIN  =  10.009  kHz  unless  otherwise  noted)' 


Parameter 


AD779J/A/S 
Min     Typ  Max 


AD779K7B/T 
Min     Typ  Max 


Units 


SIGNAL-TO-NOISE  AND  DISTORTION  (S/N+D)  RATIO 
-0.5  dB  Input  (Referred  to  -0  dB  Input) 
-20  dB  Input  (Referred  to  -20  dB  Input) 
-60  dB  Input  (Referred  to  -60  dB  Input) 


78 
58 
18 


79 
59 
19 


80 
60 
20 


81 
61 
21 


dB 
dB 
dB 


TOTAL  HARMONIC  DISTORTION  (THD) 
+25°C 


.toT„ 


-90  -84 

0.003  0.006 

-88  -82 

0.004  0.008 


-90  -84 

0.003  0.006 

-88  -82 

0.004  0.008 


dB 

% 
dB 

% 


PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 


^90  =84 


FULL  POWER  BANDWIDTH 


-90  -84 


dB 


1 


MHz 


FULL  LINEAR  BANDWIDTH 

INTERMODULATION  DISTORTION  (IMD)2 
2nd  Order  Products 
•  rd  Order  Products 


500 


500 


kHz 








-90  -84 
-90  -84 


-90 
-90 


-84 

-84 


dB 


GITAL  SPECIFICATIONS  <aii  device  types  Tmlll  to 


WVcc  =  +12  V±  5%,VEE  =  -12  V  ±  5%,VD0  =  +5V±  10%) 


Parameter 

Test  Conditions 

Min  Max 

Units 

 !  

LOGIC  INPUTS 

Vm          High  Level  Input  Voltage 
Vn_          Low  Level  Input  Voltage 
I,H           High  Level  Input  Current 
IIL           Low  Level  Input  Current 
Cm           Input  Capacitance 



Vrx  =  VDD 
VIN  =  0V 

2.0  VDD 
0  0.8 
-10  +10 
-10  +10 
10 

V 

V 

p.A 

(iA 

pF 

LOGIC  OUTPUTS 

VOH          High  Level  Output  Voltage 

VOL         Low  Level  Output  Voltage 
Ioz           High  Z  Leakage  Current 
Coz          High  Z  Output  Capacitance 

IOH  =  0.1  mA 
Ioh  =  0.5  mA 
lot.  =  1.6  mA 

vIN  =  vDD 

4.0 
2-4 

-10  +10 
10 

V 
V 

ixA 
PF 

NOTES 

'fIN  amplitude  =  -0.5  dB  (9.44  V  p-p)  bipolar  mode  full  scale  unless  otherwise  i 
unless  otherwise  noted. 

\  =  9.08  kHz,  f„  =  9.58  kHz,  with  fSAMPI_E  =  128  kSPS. 
Specifications  subject  to  change  without  notice. 


■ 


:s  referred  to  a  -0  dB  (9.997  V  p-p)  input  signal 


■ 
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DC  SPECIFICATIONS 


(Tmin  t0  T, 

otherwise 


m  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V  ±  5%,  Vqq 
indicated) 


AD779 





, — 





Parameter 


AD779J/A/S 
Mill  Typ 


AD779K/B/T 
Min         Typ  Max 


TEMPERATURE  RANGE 
J,  K  Grades 
A,  B  Grades 
S,  T  Grades 


-40 

-55 


+70 
+85 
+  125 


— 


0 

-40 

-55 


+70 
+85 
+  125 


ACCURACY 
Resolution 

Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 
Unipolar  Zero  Error1  (@  +25°C) 
Bipolar  Zero  Error1  (@  +25°C) 
Gain  Error1- 2  (@  +25°C) 
Temperature  Drift 
Unipolar  Zero3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Bipolar  Zero3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Gain3 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 
Gain4 

J,  K  Grades 

A,  B  Grades 

S,  T  Grades 


14 
14 


±2 

0.08 
0.08 
0.12 


0.04 
0.05 
0.09 

0.02 
0.04 
0.08 

0.09 
0.10 
0.20 

0.04 
0.05 
0.09 


14 


14 


±1 

0.05 
0.05 
0.09 


0.07 
0.07 
0.11 


0.04  0.05 
0.05  0.07 
0.09  0.10 


0.04 
0.08 

0.09 
0.10 
0.20 


I, 


0.04 
0.06 
0.09 

0.11 
0.16 
0.25 


0.04  0.05 
0.05  0.07 
0.09  0.10 


ANALOG  INPUT 
Input  Ranges 
Unipolar  Mode 
Bipolar  Mode 
Input  Resistance 
Input  ( 

Aperture  Delay 
Aperture  Jitter 


10 
10 


+  10 
+5 


1.5 


10 
150 


INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage5 
External  Load 

Unipolar  Mode 

Bipolar  Mode 


4.98 


+  1.5 
+0.5 


5.02 

+  1.5 
+0.5 


POWER  SUPPLIES 
Power  Supply  Rejection 
Vcc  =  +12  V  ±  5% 
VEE  =  -12  V  ±  5% 
VDd  =  +5  V  ±  10% 
Operating  Current 
Ice 
Iee 

Power  Consumption 


— 


±6 

±6 

±6 

18 

20 

25 

34 

8 

12 

560 

745 

18 

25 


560 


6 
±6 
±6 

20 
34 
12 
745 


NOTES 

'Adjustable  to  zero. 

includes  internal  voltage  reference  error. 
-'Includes  internal  voltage  reference  drift. 
4Excludes  internal  voltage  reference  drift. 
sWith  maximum  external  load  applied. 
*%  FSR  =  percent  of  full-scale  range. 
Specifications  subject  to  change  without  notice 


■ 
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AD779 

TIMING  SPECIFICATIONS 

(All  device  types  Train  to  Tma>,  Vcc  =  +12  V  ±  5%,  V£E  =  -12  V 
±  5%,  VM  =  +5  V  ±  10%) 


Parameter 

Symbol 

Min 

Max 

Units 

Conversion  Rate1 

t*:R 

7.8 

Conven  Pulse  Width 

t<:P 

0.097 

3.0 

U-S 

Aperture  Delay 

«AD 

5 

20 

ns 

Conversion  Time 

tc 

6.3 

M-S 

Status  Delay 

lSD 

0 

400 

ns 

Access  Time2"  3 

tBA 

10 

100 

ns 

10 

57J 

ns 

Float  Delay5 

lFD 

10 

80 

ns 

Output  Delay 

lOD 

0 

ns 

OE  Delay 

tOE 

20 

ns 

Read  Pulse  Width 

lRP 

100 

ns 

Conversion  Delay 

lCD 

400 

ns 

NOTES 

'Includes  Acquisition  Time.  

'Measured  from  the  falling  edge  of  OE/EOCEN  (0.8  V)  to  the  time  at  which 
the  data  lines/EOC  cross  2.0  V  or  0.8  V.  See  Figure  4. 
JCOUT  =  100  pF. 

4COUT  =  50  pF.   

5  Measured  from  the  rising  edge  of  OE/EOCEN  (2.0  V)  to  the  time  at  which 
the,  output  voltage  changes  by  0.5  V.  See  Figure  4;  COL  r  =  10  pF. 
Specifications  subject  to  change  without  notice. 


SHA        TRACK  HOLD 
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NOTES 

'EOCEN  =  LOW. 
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Figure  3.  EOC  Timing 


Figure  1.  Conversion  Timing 


\ 


Figure  2.  Output  Timing 


TEST 

ve. 

CoUT 

ACCESS  TIME  HIGH  Z  TO  LOGIC  LOW 
FLOAT  TIME  LOGIC  HIGH  TO  HIGH  Z 
ACCESS  TIME  HIGH  Z  TO  LOGIC  HIGH 
FLOAT  TIME  LOGIC  LOW  TO  HIGH  Z 

5  V 
0  V 
0  V 
5  V 

100  pF 
10  pF 
100  pF 
10  pF 

DoutO  -£-< 

Cqut  — p 

-OV 

pro- 

Figure 4.  Load  Circuit  for  Bus  Timing  Specifications 
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ABSOLUTE  MAXIMUM  RATINGS1 


Specification 


Vcc 
Vcc  (Note  2) 


AGND 
AIN,  REF,N 
Digital  Inputs 
Digital  Outputs 
Max  Junction 

Temperature 
Operating  Temperature 
J  and  K  Grades 
A  and  B  Grades 
S  and  T  Grades 
Storage  Temperature 
Lead  Temperature 
(10  sec  max) 


With 

Respect 

To 


AGND 
AGND 

VEE 

DGND 

DGND 

AGND 

DGND 

DGND 


Min 


-0.3 
-18 
-0.3 

0 
-1 

VEE 

-0.5 

-0.5 


0 

-40 
-55 
-65 


Max 


+  18 
+0.3 
+26.4 
+7 
+  1 

Vcc 
+7 


+0.3 


175 

+70 
+85 
+  125 
+  150 

+  300 


Units 


V 
V 
V 
V 
V 
V 
V 
V 

°c 

°c 
°c 
°c 
°c 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device. at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2The  AD779  is  not  designed  to  operate  from  ±  15  V  supplies. 


ESD  SENSITIVITY   

The  AD779  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD779  has 
been  classified  as  a  Category  1  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts,  and  the  foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
For  further  information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


ORDERING  GUIDE1 


Model2 

Package 

Temperature  Range 

Tested  and  Specified 

Package  Option3 

AD779JN 

28-Pin  Plastic  DIP 

0  to  +70°C 

AC 

N-28 

AD779KN 

28-Pin  Plastic  DIP 

0  to  +70°C 

AC  +  DC 

N-28 

AD779JD 

28-Pin  Ceramic  DIP 

0  to  +70°C 

.  AC 

D-28 

AD779KD 

28-Pin  Ceramic  DIP 

0  to  +70°C 

AC  +  DC 

D-28 

AD779AD 

28-Pin  Ceramic  DIP 

-40°C  to  +  85°C 

AC 

D-28 

AD779BD 

28-Pin  Ceramic  DIP 

-40°C  to  +85°C 

AC  +  DC 

D-28 

AD779SD 

28-Pin  Ceramic  DIP 

-55°C  to  +  125°C 

AC 

D-28 

AD779TD 

28-Pin  Ceramic  DIP 

-55°C  to  +  125°C 

AC  +  DC 

D-28 

NOTES 

'For  two  cycle  read  (8+16  bits)  interface  to  8-bit  buses,  see  AD679. 

2For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook  or  current 
AD779/883B  data  sheet. 

3D  =  Ceramic  DIP;  N  =  Plastic  DIP.  For  outline  information  see  Package  Information  section. 


C.I..'. 
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•>o  p;—  T\fp 
Zo-tr  in  UiJL 

ayniDoi 

p;_  xj  _ 
i  in  INO. 

Pin 

i  in  ino. 

Type 

Name  and  Function 

AVjIN  \J 

7 

1 1 
1 1 

p 

An<uog  oi ouriu..  i  nia  is  iiic  giounu  rcLurn  lor  aiin  omy. 

AIN 

6 

10 

AI 

Analog  Signal  Input. 

BIPOFF 

10 

15 

AI 

Bipolar  Offset.  Connect  to  AGND  for  + 10  V  input  unipolar  mode  and  straight 
binary  output  coding.  Connect  to  REFoux  for  ±5  V  input  bipolar  mode 
and  twos-complement  binary  output  coding. 

1  7 

IV 

r-\T 

L.mp  oeiect.  Active  luw. 

DGND 

14 

23 

p 

Digital  Ground 

DB13-DB0 

28-15 

43,  42,  40,  39,  37, 
36,  35,  34,  33,  31, 
30,  27,  26,  25 

DO 

Data  Bits.  These  pins  provide  all  14  bits  in  one  14  bit  parallel  output. 
Active  HIGH 

EOC 

2 

3 

DO 

End-of-Convert.  EOC  goes  LOW  when  a  conversion  starts  and  goes  HIGH 
when  the  conversion  is  finished.  EOC  is  a  three-state  output.  See  EOCEN 
pin  for  information  on  EOC  gating. 

i  a 

71 

r\T 

iina-oi-L.onvert  unaoie.  unaDies  hul  pin.  Active  luw. 

a 

3 

i 

1J1 

Output  Enable.  A  down-going  transition  on  OE  enables  data  bits.  Active  LOW\ 

pec 
K±^IN 

Q 

1*T 

AT 
AI 

Reference  Input.  +5  V  input  gives  10  V  full  scale  range. 

KHroux 

a 
o 

1Z 

AU 

+  5  V  Reference  Output.  Tied  to  REFIN  for  normal  operation. 

fi 

T\T 
Ui 

Start  Convert.  Active  LOW. 

vcc 

1 1 
11 

17 

1/ 

1 

+ 12  V  Analog  Power. 

V 

*  EE 

5 

g 

p 

1L    V    AlldlUg  1  UWCl. 

1 

1 

P 

+5  V  Digital  Power. 

Type:  AI  =  Analog  Input. 
AO  =  Analog  Output. 
DI  =  Digital  Input. 
DO  =  Digital  Output.  All  DO  pins  are 
P  =  Power. 


■ 

I 

rers 


PIN  CONFIGURATION 
DIP  Package 

— <y  


vD0|T 

EOC  [T 

oi  [T 

sc  [~r 

AIN  [T 
AGND  [~7~ 
REFOUT  [T 
REF,„  \T_ 
BIPOFF  [yy 

Vccfli" 
CS 

EOCEN  Q7 


A0779 

TOP  VIEW 
(Not  to  Scale) 


3' 

17|  i 


D813 
DB12 
~2t\  DB11 
IT]  DB10 
IT]  DB9 
~23  \  DB8 
17|  DB7 
TT|  DB6 
jo]  DB5 
la]  DB4 
~T8~|  DB3 
"l7~|  DB2 

~k]  dbi 

J5\  DBO 
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ANALOG 
DEVICES 


Complete  12-Bit  5  MSPS 
Monolithic  A/D  Converter 


AD871 


FEATURES 

Monolithic  12-Bit  5  MSPS  A/D  Converter 
Low  Noise:  0.17  LSB  RMS  Referred  to  Input 
No  Missing  Codes  Guaranteed 
Differential  Nonlinearity  Error:  0.5  LSB 
Signal-to-Noise  and  Distortion  Ratio:  68  dB 
Spurious-Free  Dynamic  Range:  73  dB 
Power  Dissipation:  1.03  W 
Complete:  On-Chip  Track-and-Hold  Amplifier  ai 

Voltage  Reference 
Pin  Compatible  with  the  AD872 
Twos  Complement  Binary  Output  Data 
Out  of  Range  Indicator 

28-Pin  Ceramic  DIP  or  44-Pin  Surface  Mount  Package 


FUNCTIONAL  BLOCK  DIAGRAM 


12  (LSB) 


•ONLY  AVAILABLE  ON  44-PIN  SURFACE  MOUNT  PACKAGE. 


PRODUCT  DESCRIPTION 

The  AD871  is  a  monolithic  12-bit,  5  Msps  analog  to  digital 
converter  with  an  on-chip,  high  performance  track-and-hold 
amplifier  and  voltage  reference.  The  AD871  uses  a  multistage 
differential  pipelined  architecture  with  error  correction  logic  to 
provide  12-bit  accuracy  at  5  Msps  data  rates  and  guarantees  no 
missing  codes  over  the  full  operating  temperature  range.  The 
AD871  is  a  redesigned  variation  of  the  AD872  12-bit,  10  Msps 
ADC,  optimized  for  lower  noise  in  applications  requiring  sam- 
pling rates  of  5  Msps  or  less.  The  AD871  is  pin  compatible  with 
the  AD872,  allowing  the  parts  to  be  used  interchangeably  as 
system  requirements  change. 

The  low-noise  input  track-and-hold  (T/H)  of  the  AD871  is  ide- 
ally suited  for  high-end  imaging  applications.  In  addition,  the 
T/H's  high  input  impedance  and  fast  settling  characteristics 
allow  the  AD871  to  easily  interface  with  multiplexed  systems 
that  switch  multiple  signals  through  a  single  A/D  converter.  The 
dynamic  performance  of  the  input  T/H  also  renders  the  AD87 1 
suitable  for  sampling  single  channel  inputs  at  frequencies  up  to 
and  beyond  the  Nyquist  rate.  The  AD871  provides  both  refer- 
ence output  and  reference  input  pins,  allowing  the  on-board  ref- 
erence to  serve  as  a  system  reference.  An  external  reference  can 
also  be  chosen  to  suit  the  dc  accuracy  and  temperature  drift 
requirements  of  the  application.  A  single  clock  input  is  used  to 
control  all  internal  conversion  cycles.  The  digital  output  data  is 
presented  in  twos  complement  binary  output  format.  An  out-of- 
range  signal  indicates  an  overflow  condition,  and  can  be  used 
with  the  most  significant  bit  to  determine  low  or  high 
overflow. 


The  AD871  is  fabricated  on  Analog  Devices  ABCMOS-1  process 
which  utilizes  high  speed  bipolar  and  CMOS  transistors  on  a 
single  chip.  High  speed,  precision  analog  circuits  are  now  com- 
bined with  high  density  logic  circuits. 

The  AD871  is  packaged  in  a  28-pin  ceramic  DIP  and  a  44-pin 
leadless  ceramic  surface  mount  package  and  is  specified  for 
operation  from  0°C  to  +70°C  and  -55°C  to  +125°C. 

PRODUCT  HIGHLIGHTS 

The  AD871  offers  a  complete  single-chip  sampling  12-bit, 

5  Msps  analog-to-digital  conversion  function  in  a  28-pin  DIP  or 

44-pin  leadless  ceramic  surface  mount  package  (LCC). 

Low  Noise— The  AD871  features  0.17  LSB  referred-to-input 
noise,  producing  essentially  a  "1  code  wide"  histogram  for  a 
code-centered  dc  input. 

Low  Power— The  AD871  at  1.03  W  consumes  a  fraction  of  the 
power  of  presently  available  hybrids. 

On-Chip  Track-and-Hold  (T/H)— The  low  noise,  high  impedance 
T/H  input  eliminates  the  need  for  external  buffers  and  can  be 
configured  for  single  ended  or  differential  inputs. 

Ease  of  Use— The  AD871  is  complete  with  T/H  and  voltage 
reference  and  is  pin-compatible  with  the  AD872  (12-bit,  10 
Msps  monolithic  ADC). 

Out  of  Range  (OTR)-  The  OTR  output  bit  indicates  when  the 
input  signal  is  beyond  the  AD871's  input  range. 
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AD871  -SPECIFICATIONS 

DC  SPECIFICATIONS  « 


=  +5  V,  DRV0D  =  +5  V,  AVS! 


Parameter 


J  Grade1 


S  Grade1 


Units 


RESOLUTION 


12 


12 


Bits  min 


MAX  CONVERSION  RATE 


MHz  min 


INPUT  REFERRED  NOISE 


0.17 


0.17 


LSB  rms  typ 


ACCURACY 

Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 
No  Missing  Codes 
Zero  Error  (@  +25°C)2 
Gain  Error  (@  +25°C)2 


±1.5 
±0.5 
12 

±0.75 
±1.25 


±1.5 
±0.5 
12 

±0.75 
±1.25 


LSB  typ 
LSB  typ 
Bits  Guaranteed 
%  FSR  max 
%  FSR  max 


TEMPERATURE  DRIFT3 
Zero  Error 
Gain  Error3'  4 
Gain  Error3' 5 


±0.15 
±0.80 
±0  25 


±0.3 
±1.75 
±0  50 


%  FSR  max 
%  FSR  max 
%  FSR  max 


POWER  SUPPLY  REJECTION 
AVDD)  DVDD  (+5  V  ±  0.25  V) 
AVSS  (-5  V  ±  0.25  V) 


±0.125 
±0.125 


t0.125 
t0.125 


%  FSR  max 
%  FSR  max 


ANALOG  INPUT 
Input  Range 
Input  Resistance 
Input  Capacitance 


±1 
50 
10 


±1 
50 
10 


Volts  max 
kfl  typ 
pF  typ 


INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage 
Output  Voltage  Tolerance 
Output  Current  (Available  for  External  Loads) 
(External  load  should  not  change  during  conversion.) 


2.5 

±20 

2.0 


2.5 

±40 

2.0 


Volts  typ 
mV  max 
mA  typ 


REFERENCE  INPUT  RESISTANCE 


kfi  typ 


POWER  SUPPLIES 

AvL  8 
AVSS 
DVDD 
DRVDD7 
Supply  Current 
IAVDD 
IAVSS 
IDVDD 
IDRVnn7 








+  5 
-5 
+5 
+  5 

87 

147 

20 

2 


+5 
-5 
+  5 
+  5 


150 

21 

2 


V  (±5%  AVDD  Operating) 

V  (±5%  AVSS  Operating) 

V  (±5%  DVDD  (  . 
V(±5%DRVDD( 

mA  max  (82  mA  typ) 
mA  max  (115  mA  typ) 
mA  max  (7 
mA  max 


POWER  CONSUMPTION 


1.03 

1.25 


1.03 
1.3 




NOTES 

'Temperature  ranges  are  as  follows:  J  Grade:  0°C  to  +70°C,  S  Grade:  -55°C  to  +125°C. 
Adjustable  to  zero  with  external  potentiometers  (see  Zero  and  Gain  Error  Calibration  section). 
J+25°C  to  TMIN  and  +25°C  to  T^,. 
includes  internal  voltage  reference  error. 
5Excludes  internal  reference  drift. 

'Change  in  Gain  Error  as  a  function  of  the  dc  supply  voltage  (V  nominal  to  V  min,  V  nominal  to  V  I 
7LCC  package  only. 

Specifications  subject  to  change  without  notice. 


Wtyp 
Wmax 
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»n  cnpniriOATinuc  (T*'» t0  T"«  with  Av°°  =  +5  V'  DV<">  =  +5  v-  DRV°»  =  +5  V'  Av»  =  "5  V'  'ww  =  5  Msps- 
AL  OrtLlrlUAIIUNo  unless  otherwise  noted)' 




J  Grade 

S  Grade 

Units 

SIGNAL-TO-NOISE  AND  DISTORTION  RATIO  (S/N+D) 
f,™„  =  750  kHz 

MNPUT        '  "  " 

Wut  =  1  MHz 
Wur  =  2.49  MHz 

68 
66 
63 
60 

68 
66 
62 
60 

dB  typ 
dB  typ 
dB  min 
dB  typ 

TOTAL  HARMONIC  DISTORTION  (THD) 
Wjt  =  750  kHz 
flNPUT  =  1  MHz 

fiNPirr  =  2.49  MHz 

-72 
-69 
-64 
-62 

-72 
-69 
-63 
-62 

dB  typ 
dB  typ 
dB  max 
dB  typ 

llNru  1 

SPURIOUS  FREE  DYNAMIC  RANGE  (SFDR) 

flNPUT  =  750 

flNPUT  =  1  MHz 
Wut  =  2.49  MHz 

73 
70 
62 

73 
70 
62 

dB  typ 
dB  typ 
dB  typ 

INTERMODULATION  DISTORTION  (IMD)2 
Second  Order  Products 
Third  Order  Products 

-80 
-73 

-80 
-73 

dB  typ 
dB  typ 

FULL  POWER  BANDWIDTH 

15 

15 

MHz  typ 

SMALL  SIGNAL  BANDWIDTH 

15 

15 

MHz  typ 

APERTURE  DELAY 

6 

6 

ns  typ 

APERTURE  JITTER 

16 

16 

ps  rms  typ 

ACQUISITION  TO  FULL-SCALE  STEP 

80 

80 

ns  typ 

OVERVOLTAGE  RECOVERY  TIME 

80 

80 

ns  typ 

NOTES 

'fIN  amplitude  =  -0.5  dB  full  scale  unless  otherwise  indicated.  All 
2fa  =  1.0  MHz,  fb  =  0.95  MHz  with  Isample  =  5  MHz. 
Specifications  subject  to  change  without  notice. 


measurements  referred  to  a  0  dB  (1  V  pk)  input  signal  unless  otherwise  indicated. 


DIGITAL  SPECIFICATIONS  (TMI1I  to  THAX  with  AV0D  =  +5  V,  0VDD  =  +5  V,  AVSS  =  -5  V  unless  otherwise  noted) 


Parameter 

Symbol 



J,  S  Grades 



Unite 

LOGIC  INPUTS 
High  Level  Input  Voltage 
Low  Level  Input  Voltage 
High  Level  Input  Current  (VIN  =  DVDD) 
Low  Level  Input  Current  (V„j  =  0  V) 
Input  Capacitance 

vIL 

IlH 
III. 

Ok 

+2.0 
+0.8 
±10 
±10 

V  min 

V  max 
iiA  max 
jiA  max 
PFtyp 

LOGIC  OUTPUTS 
High  Level  Output  Voltage  (Io„  =  0.5  mA) 
Low  Level  Output  Voltage  (Iql  =1.6  mA) 
Output  Capacitance 

Vqh 
Vol 

Q>UT 

+2.4 
+0.4 
5 

V  min 

V  max 
pF  typ 

Leakage  (Three-State,  LCC  Only) 

IZ 

±10 

jxA  max 

Specifications  subject  to  change  without  notice. 
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Parameter 

Symbol 

J,  S  Grades 

Units 

Clock  Period1 

CLOCK  Pulse  Width  High 
CLOCK  Pulse  Width  Low 
Clock  Duty  Cycle2 

t 

k; 

ten 

tcL 

200 
95 
95 
40 

ns  min 
ns  min 

%  min  (50%  typ) 

Output  Delay 

Pipeline  Delay  (Latency) 

Data  Access  Time  (LCC  Package  Only)3 

Output  Float  Delay  (LCC  Package  Only)3 

lDD 
tHL 

60 
10 

3 

50 
50 

%  max 

mm  f?0  tvnl 

113  1 1 1 1 1 1  \^\J  iia  ly j 

Clock  Cycles 

ns  typ  (100  pF  Load) 

ns  typ  (10  pF  Load) 

NOTES 

'Conversion  rate  is  operational  down  to  10  kHz  without  degradation  in  specified  performance. 
2For  clock  periods  of  200  ns  or  greater,  see  Clock  Input  Section. 
'See  Section  on  Three-State  Outputs  for  tuning  diagrams  and  application  information. 
Specifications  subject  to  change  without  notice. 


BIT  2-1 2  \f 
MSB.OTR   /\ 


Figure  1.  Timing  Diagram 


ABSOLUTE  MAXIMUM  RATINGS1 


Parameter 

With  Respect  to 

Min 

Max 

Units 

AVDD 
AVSS 

AGND 
AGND 

-0.5 
-6.5 

+6.5 
+0.5 

Volts 
Volts 

DVDD,  DRVDD 

DGND, DRGND 

-0.5 

+6.5 

Volts 

DRVDD2 
DRGND2 
AGND 
AVDD 

Clock  Input,  OEN 
Digital  Outputs 
V»A,  VINB  REF  IN 

DVDD 

DGND 

DGND 

DVDD 

DGND 

DGND 

AGND 

-6.5 
-0.3 
-1.0 
-6.5 
-0.5 
-0.5 
-6.5 

+6.5 
+0.3 
+  1.0 
+6.5 

DVDD  +  0.5 
DVDD  +  0.3 
+6.5 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

REFIN 

AGND 

AVSS 

AVDD 

Volts 

Junction  Temperature 

+  150 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature  (10  sec) 

+300 

°c 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation 
of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute  maximum 
ratings  for  extended  periods  may  affect  device  reliability. 

!LCC  Package  Only. 


2-724   ANALOG-TO-DIGITAL  CONVERTERS 


REV.  0 


AD871 


PIN  DESCRIPTION 





DIP 

LCC 

Symbol 

Pin  No. 

Pin  No. 

Xvoe 

Name  and  Function 

AGND 

5,  24 

9,  36 

P 

Analog  Ground. 

AVDD 

4 

6,  38 

P 

+5  V  Analog  Supply. 

AVSS 

3,25 

5,  40 

P 

-5  V  Analog  Supply. 

MSB 

19 

29 

DO 

Inverted  Most  Significant  Bit.  Provides  twos  complement  output 

data  format. 

MSB 

N/A 

27 

DO 

Most  Significant  Bit. 

BIT  2-BIT  11 

18-9 

26-17 

DO 

Data  Bits  2  through  11. 

BIT  12  (LSB) 

8 

16 

DO 

Least  Significant  Bit. 

CLK 

21 

31 

DI 

Clock  Input.  The  AD871  will  initiate  a  conversion  on  the  rising 
edge  of  the  clock  input.  See  the  Timing  Diagram  for  details. 

DVDD 

7,  22 

33 

P 

+  5  V  Digital  Supply. 

DGND 

6,  23 

10 

P 

Digital  Ground. 

DRVDD 

N/A 

12,  32 

P 

+5  V  Digital  Supply  for  the  output  drivers. 

DRGND 

N/A 

11,34 

P 

Digital  Ground  for  the  output  drivers. 

(See  section  on  Power  Supply  Decoupling  for  details  on 

DRVDD  and  DRGND.) 

OTR 

20 

30 

DO 

Out  of  Range  is  Active  HIGH  on  the  leading  edge  of  code  0  or 
the  trailing  edge  of  code  4096.  See  Output  Data  Format  Table  III. 

OEN 

W/A 

23 

DI 

Output  Enable.  See  the  Three  State  Output  Timing  Diagram  for  details. 

REF  GND 

27 

42 

AI 

Reference  Ground. 

REF  IN 

28 

43 

AI 

Reference  Input.  +2.5  V  input  gives  ±1  V  full-scale  range. 

REF  OUT 

26 

41 

AO 

+2.5  V  Reference  Output.  Tie  to  REF  IN  for  normal  operation. 

v1NA 

1 

1 

AI 

(+)  Analog  Input  Signal  on  the  differential  input  amplifier. 

VlNB 

2 

2 

AI 

(-)  Analog  Input  Signal  on  the  differential  input  amplifier. 

NC 

N/A 

3,  4,  7,  8 

,  14,  15, 

No  Connect. 

28,  35,  37,  39,  44 

TYPE:  AI  =  Analog  Input;  AO  =  Analog  Output;  DI  =  Digital  Input;  DO  =  Digital  Output;  P  =  Power;  N/A  =  Not  Available  on  28-pin  DIP.  Only  avail- 
able on  44-pin  surface  mount  package. 


28-Pin  Ceramic  DIP 


PIN  CONFIGURATIONS 

44-Pin  LCC 


V,„B 

E 

E 

AVoo 

E 

AGND 

E 

DGND 

E 

DVoo 

E 

BIT  12  (LSB) 

E 

BIT  11 

H 

BIT  10 

Is 

BIT  9 

E 

BIT  8 

E 

BIT7 

i 

BIT  6 

E 

H 
3 
H 

3 

E 

i  77] 

3 
3 

BIT  12  (LSB)  Tej 
BIT  11  77] 


AGND 
DGND 
DRGND 
DRVj 
OEN 


8  $  2  Si 


AD871 

TOP  VIEW 
(NOT  TO  SCALE) 


g      UJ       lu      tu  > 
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r»  nc 
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(17  NC 

|~36  AGND 

[35  NC 

[~34  DRGND 

[33  DV„ 

[32  DHV„ 
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g 


o<na>r-.iL.infl-e)cM£ry 


CLK 
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NC  =  NO  CONNECT 
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DEFINITIONS  OF  SPECIFICATIONS 
LINEARITY  ERROR 

Linearity  error  refers  to  the  deviation  of  each  individual  code 
from  a  line  drawn  from  "negative  full  scale"  through  "positive 
full  scale."  The  point  used  as  "negative  full  scale"  occurs 
1/2  LSB  before  the  first  code  transition.  "Positive  full  scale"  is 
defined  as  a  level  1  1/2  LSB  beyond  the  last  code  transition. 
The  deviation  is  measured  from  the  middle  of  each  particular 
code  to  the  true  straight  line. 

DIFFERENTIAL  LINEARITY  ERROR  (DNL,  NO 
MISSING  CODES) 

An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  this  ideal  value.  Guaranteed 
no  missing  codes  to  12-bit  resolution  indicates  that  all  4096 
codes  must  be  present  over  all  operating  ranges. 

ZERO  ERROR 

The  major  carry  transition  should  occur  for  an  analog  value 
1/2  LSB  below  analog  common.  Zero  error  is  defined  as  the 
deviation  of  the  actual  transition  from  that  point.  The  zero  error 
and  temperature  drift  specify  the  initial  deviation  and  maximum 
change  in  the  zero  error  over  temperature. 

GAIN  ERROR 

The  first  code  transition  should  occur  for  an  analog  value  1/2 
LSB  above  nominal  negative  full  scale.  The  last  transition 
should  occur  for  an  analog  value  1  1/2  LSB  below  the  nominal 
positive  full  scale.  Gain  error  is  the  deviation  of  the  actual  dif- 
ference between  first  and  last  code  transitions  and  the  ideal  dif- 
ference between  first  and  last  code  transitions. 

TEMPERATURE  DRIFT 

The  temperature  drift  for  zero  error  and  gain  error  specifies  the 
maximum  change  from  the  initial  (25°C)  value  to  the  value  at 

TmIN  or  TfciAX' 

POWER  SUPPLY  REJECTION 

The  specifications  show  the  maximum  change  in  the  converter's 
full-scale  as  the  supplies  are  varied  from  nominal  to  min/max 
values. 

APERTURE  JITTER 

Aperture  jitter  is  the  variation  in  aperture  delay  for  successive 
samples  and  is  manifested  as  noise  on  the  input  to  the  A/D. 

APERTURE  DELAY 

Aperture  delay  is  a  measure  of  the  Track-and-Hold  Amplifier 
(THA)  performance  and  is  measured  from  the  rising  edge  of  the 
clock  input  to  when  the  input  signal  is  held  for  conversion. 


OVERVOLTAGE  RECOVERY  TIME 

Overvoltage  recovery  time  is  defined  as  that  amount  of  time 
required  for  the  ADC  to  achieve  a  specified  accuracy  after  an 
overvoltage  (50%  greater  than  full-scale  range),  measured  from 
the  time  the  overvoltage  signal  reenters  the  converter's  range. 

DYNAMIC  SPECIFICATIONS 

SIGNAL-TO-NOISE  AND  DISTORTION  (S/N+D)  RATIO 
S/N+D  is  the  ratio  of  the  rms  value  of  the  measured  input  sig- 
nal to  the  rms  sum  of  all  other  spectral  components  below  the 
Nyquist  frequency,  including  harmonics  but  excluding  dc.  The 
value  for  S/N+D  is  expressed  in  decibels. 

TOTAL  HARMONIC  DISTORTION  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  the  first  six  harmonic  com- 
ponents to  the  rms  value  of  the  measured  input  signal  and  is 
expressed  as  a  percentage  or  in  decibels. 

INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m  +  n),  at  sum  and  difference  frequencies  of 
mfa  ±  nfb,  where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation 
terms  are  those  for  which  m  or  n  is  not  equal  to  zero.  For  exam- 
ple, the  second  order  terms  are  (fa  +  fb)  and  (fa  -  fb),  and  the 
third  order  terms  are  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and 
(2  fb  —  fa).  The  IMD  products  are  expressed  as  the  decibel 
ratio  of  the  rms  sum  of  the  measured  input  signals  to  the  rms 
sum  of  the  distortion  terms.  The  two  signals  are  of  equal  ampli- 
tude and  the  peak  value  of  their  sums  is  -0.5  dB  from  full 
scale.  The  IMD  products  are  normalized  to  a  0  dB  input  signal. 

FULL-POWER  BANDWIDTH 

The  full-power  bandwidth  is  that  input  frequency  at  which  the 
amplitude  of  the  reconstructed  fundamental  is  reduced  by  3  dB 
for  a  full-scale  input. 

SPURIOUS  FREE  DYNAMIC  RANGE 

The  difference,  in  dB,  between  the  rms  amplitude  of  the  input 
signal  and  the  peak  spurious  signal. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option1'  2 

AD871JD 

0°C  to  +70°C 

D-28 

AD871JE 

0°C  to  +70°C 

E-44A 

AD871SD3 

-55°Cto  +125°C 

D-28 

AD871SE3 

-55°Cto  +125°C 

E-44A 

NOTES 

'D  =  Ceramic  DIP,  E  =  Leadless  Ceramic  Chip  Carrier. 
2For  outline  information  see  Package  Information  section. 
JMIL-STD-883  version  will  be  available;  contact  factory. 
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Figure  2.  AD871  S/(N+D)  vs.  Input  Frequency 
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Figure  3.  AD871  Distortion  vs.  Input  Frequency, 
Full-Scale  Input 
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Figure  4.  AD871  Typical  FFT,  fIN  =  1  MHz,  fIN  At 
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Figure  5.  AD871  Typical  FFT,  fIN  =  1  MHz,  fIN  Amplitude  =  -6  dB 
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THEORY  OF  OPERATION 

The  AD871  is  implemented  using  a  4-stage  pipelined  multiple 
flash  architecture.  A  differential  input  track-and-hold  amplifier 
(THA)  acquires  the  input  and  converts  the  input  voltage  into  a 
differential  current.  A  4-bit  approximation  of  the  input  is  made 
by  the  first  flash  converter,  and  an  accurate  analog  representa- 
tion of  this  4-bit  guess  is  generated  by  a  digital-to-analog  con- 
verter. This  approximation  is  subtracted  from  the  THA  output 
to  produce  a  remainder,  or  residue.  This  residue  is  then  sam- 
pled and  held  by  the  second  THA,  and  a  4-bit  approximation  is 
generated  and  subtracted  by  the  second  stage.  Once  the  second 
THA  goes  into  hold,  the  first  stage  goes  back  into  track  to 
acquire  a  new  input  signal.  The  third  stage  provides  a  3-bit 
approximation/subtraction  operation,  and  produces  the  final  resi- 
due, which  is  passed  to  a  final  4-bit  flash  converter.  The  15  out- 
put bits  from  the  4  flash  converters  are  accumulated  in  the 
correction  logic  block,  which  adds  the  bits  together  using  the 
appropriate  correction  algorithm,  to  produce  the  12-bit  output 
word.  The  digital  output,  together  with  overrange  indicator,  is 
latched  into  an  output  buffer  to  drive  the  output  pins. 

The  additional  THA  inserted  in  each  stage  of  the  AD871  archi- 
tecture allows  pipelining  of  the  conversion.  In  essence,  the  con- 
verter is  converting  multiple  inputs  simultaneously,  processing 
them  through  the  converter  chain  serially.  This  means  that 
while  the  converter  is  capable  of  capturing  a  new  input  sample 
every  clock  cycle,  it  actually  takes  three  clock  cycles  for  the  con- 
version to  be  fully  processed  and  appear  at  the  output.  This 
"pipeline  delay"  is  often  referred  to  as  latency,  and  is  not  a  con- 
cern in  most  applications,  however  there  are  some  cases  where  it 
may  be  a  consideration.  For  example,  some  applications  call  for 
the  A/D  converter  to  be  placed  in  a  high  speed  feedback  loop, 
where  its  input  is  servoed  to  provide  a  desired  result  at  the  digi- 
tal output  (e.g. ,  offset  calibration  or  zero  restoration  in  video 
applications).  In  these  cases  the  3  clock  cycle  delay  through  the 
pipeline  must  be  accounted  for  in  the  loop  stability  calculations. 
Also,  because  the  converter  is  working  on  three  conversions 
simultaneously,  major  disruptions  to  the  part  (such  as  a  large 
glitch  on  the  supplies  or  reference)  may  corrupt  three  data  sam- 
ples. Finally,  there  will  be  a  minimum  clock  rate  below  which 
the  THA  droop  corrupts  the  signal  in  the  pipeline.  In  the  case 
of  the  AD871,  this  minimum  clock  rate  is  10  kHz. 

The  high  impedance  differential  inputs  of  the  AD871  allow  a 
variety  of  input  configurations  (see  APPLYING  THE  AD871). 
The  AD871  converts  the  voltage  difference  between  the  V,NA 
and  VINB  pins.  For  single-ended  applications,  one  input  pin 
(Vina  or  Vinb)  mav  be  grounded,  but  even  in  this  case  the  dif- 
ferential input  can  provide  a  performance  boost:  for  example, 
for  an  input  coming  from  a  coaxial  cable,  VINB  can  be  tied  to 
the  shield  ground,  allowing  the  AD871  to  reject  shield  noise  as 
common  mode.  The  high  input  impedance  of  the  device  mini- 
mizes external  driving  requirements  and  allows  the  user  to  exter- 
nally select  the  appropriate  termination  impedance  for  the 
application. 

The  AD871  clock  circuitry  uses  both  edges  of  the  clock  in  its 
internal  timing  circuitry  (see  spec  page  for  exact  timing  require- 
ments.) The  AD871  samples  the  analog  input  on  the  rising  edge 
of  the  clock  input.  During  the  clock  low  time  (between  the  fall- 
ing edge  and  rising  edge  of  the  clock)  the  input  THA  is  in  track 
mode;  during  the  clock  high  time  it  is  in  hold.  System  distur- 
bances just  prior  to  the  rising  edge  of  the  clock  may  cause  the 
part  to  acquire  the  wrong  value,  and  should  be  minimized. 


While  the  part  uses  both  clock  edges  for  its  timing,  jitter  is  only 
a  significant  issue  for  the  rising  edge  of  the  clock  (see  CLOCK 
INPUT  section). 

APPLYING  THE  AD871 
ANALOG  INPUTS 

The  AD871  features  a  high  impedance  differential  input  that 
can  readily  operate  on  either  single-ended  or  differential  input 
signals.  Table  I  summarizes  the  nominal  input  voltage  span  for 
both  single-ended  and  differential  modes,  assuming  a  2.5  V  ref- 
erence input. 

Table  I.  Input  Voltage  Span 


Vine 

VlNA~VlNB 

Single-Ended 
Differential 

+  1  V 
-1  V 
+0.5  V 
-0.5  V 

GND 
GND 

-0.5  V 
+0.5  V 

+  1  V  (Positive  Full  Scale) 
—  1  V  (Negative  Full  Scale) 
+ 1  V  (Positive  Full  Scale) 
- 1  V  (Negative  FuU  Scale) 

Figure  10  shows  an  approximate  model  for  the  analog  input  cir- 
cuit. As  this  model  indicates,  when  the  input  exceeds  1.6  V 
(with  respect  to  AGND),  the  input  device  may  saturate,  causing 
the  input  impedance  to  drop  substantially  and  significantly 
reducing  the  performance  of  the  part.  Input  compliance  in  the 
negative  direction  is  somewhat  larger,  showing  virtually  no  deg- 
radation in  performance  for  inputs  as  low  as  -1.9  V. 
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Figure  10.  AD871  Equivalent  Analog  Input  Circuit 

Figure  1 1  illustrates  the  effect  of  varying  the  common-mode 
voltage  of  a  -0.5  dB  input  signal  on  total  harmonic  distortion. 
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Figure  11.  AD871  Total  Harmonic  Distortion  vs.  CM  Input 
Voltage,  fIN  =  1  MHz,  FS  =  5  MSPS 
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Figure  12  shows  the  common-mode  rejection  performance  vs. 
frequency  for  a  1  V  p-p  common  mode  input.  This  excellent 
common-mode  rejection  over  a  wide  bandwidth  affords  the  user 
the  opportunity  to  eliminate  many  potential  sources  of  input 
noise  as  common  mode  by  using  the  differential  input  structure 
of  the  AD871. 
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Figure  12.  Common-Mode  Rejection  vs.  Input  Frequency, 
1  V  p-p  Input 

Figures  13  and  14  illustrate  typical  input  connections  for  single- 
ended  inputs. 
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Figure  13.  AD871  Single-Ended  Input  Connection 


Figure  14.  AD871  Single-Ended  Input  Connection  Using  a 
Shielded  Cable 

The  cable  shield  is  used  as  the  ground  connection  for  the  VINB 
input,  providing  the  best  possible  rejection  of  the  cable  noise 
from  the  input  signal.  Note  also  that  the  high  input  impedance 
of  the  AD871  allows  the  user  to  select  the  termination  imped- 
ance, be  it  50  ohms,  75  ohms,  or  some  other  value.  Further- 
more, unlike  many  flash  converters,  most  AD871  applications 
will  not  require  an  external  buffer  amplifier.  If  such  an  amplifier 
is  required,  we  suggest  either  the  AD811  or  AD9617. 

Figure  15  illustrates  how  external  amplifiers  may  be  used  to 
convert  a  single-ended  input  into  a  differential  signal.  The  resis- 
tor values  of  536  fl  and  562  fl  were  selected  to  provide  opti- 
mum phase  matching  between  Ul  and  U2. 
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Figure  15.  Single-Ended  to  Differential  Connections; 
Ul,  U2  =  AD811  orAD9617 

The  use  of  the  differential  input  signal  can  help  to  minimize 
even-order  distortion  from  the  input  THA  where  performance 
beyond  -70  dB  is  desired. 

Figure  16  shows  the  AD871  large  signal  (-0.5  dB)  and  small 
signal  (-20  dB)  frequency  response. 
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Figure  16.  Full  Power  (-0.5  dB)  and  Small  Signal 
Response  (-20  dB)  vs.  Input  Frequency 

The  AD871's  wide  input  bandwidth  facilitates  rapid  acquisition 
of  transient  input  signals:  the  input  THA  can  typically  settle  to 
12-bit  accuracy  from  a  full-scale  input  step  in  less  than  80  ns. 
Figure  17  illustrates  the  typical  acquisition  of  a  full-scale  input 
step. 


Figure  17.  Typical  AD871  Settling  Time 
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The  wide  input  bandwidth  and  superior  dynamic  performance 
of  the  input  THA  make  the  AD871  suitable  for  sampling  inpr 
at  frequencies  up  to  the  Nyquist  Rate.  The  input  THA  is 
designed  to  recover  rapidly  from  input  overdrive  conditions, 
returning  from  a  50%  overdrive  in  less  than  100  ns. 

Because  of  the  THA's  exceptionally  wide  input  bandwidth, 
some  users  may  find  the  AD871  is  sensitive  to  noise  at  frequen- 
cies from  10  MHz  to  50  MHz  that  other  converters  are  incapa- 
ble of  responding  to.  This  sensitivity  can  be  mitigated  by  careful 
use  of  the  differential  inputs  (see  previous  paragraphs).  Addi- 
tionally, Figure  18  shows  how  a  small  capacitor  (10  pF-20  pF 
for  50  n  terminated  inputs)  may  be  placed  between  VINA  and 
VINB  to  help  reduce  high  frequency  noise  in  applications  where 
limiting  the  input  bandwidth  is  acceptable. 
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Figure  18.  Optional  High  Frequency  Noise  Reduction 

The  AD871  will  contribute  its  own  wideband  thermal  noise.  As 
a  result  of  the  integrated  wideband  noise  (0.17  LSB  rms, 
referred-to-input),  applying  a  dc  analog  input  may  produce  more 
than  one  code  at  the  output.  A  histogram  of  the  ADC  output 
codes,  for  a  dc  input  voltage,  will  be  between  1  and  3  codes 
wide,  depending  on  how  well  the  input  is  centered  on  a  given 
code  and  how  many  samples  are  taken.  Figure  8  shows  a  typical 
AD871  code  histogram,  and  Figure  9  illustrates  the  AD871's 
transition  noise. 

REFERENCE  INPUT 

The  nominal  reference  input  should  be  2.5  V,  taken  with 
respect  to  REFERENCE  GROUND  (REF  GND).  Figure  19 
illustrates  the  equivalent  model  for  the  reference  input:  there 
is  no  clock  or  signal-dependent  activity  associated  with  I 
reference  input  circuitry,  therefore,  no  "kickback"  in 
reference. 

 , 


Figure  19.  Equivalent  Reference  Input  Circuit 

However,  in  order  to  realize  the  lowest  noise  performance  of  the 
AD871,  care  should  be  taken  to  minimize  noise  at  the  reference 
input. 


The  AD871's  reference  input  impedance  is  equal  to  5  kfi 
(±20%),  and  its  effective  noise  bandwidth  is  10  MHz,  with  a 
referred-to-input  noise  gain  of  0.8.  For  example,  the  internal 
reference,  with  an  rms  noise  of  28  |*V  (using  an  external  1  |iF 
capacitor),  contributes  24  p.V  (0.05  LSB)  of  noise  to  the  transfer 
function  of  the  AD871. 

The  full-scale  peak-to-peak  input  voltage  is  a  function  of  the 
reference  voltage,  according  to  the  equation: 

(V/am  -  VINB)  Full  Scale  =  0.S*(tW  -  REF  GND) 
Note  that  the  AD871's  performance  was  optimized  for  a  2.5  V 
reference  input:  performance  may  degrade  somewhat  for  other 
reference  voltages.  Figure  20  illustrates  the  S/(N+D)  perfor- 
mance vs.  reference  voltage  for  a  1  MHz,  -0.5  dB  input  signal. 
Note  also  that  if  the  reference  is  changed  during  a  conversion, 
all  three  conversions  in  the  pipeline  will  be  invalidated. 


a  60 


Ui —  1  M  t  *M 

REFERENCE  INPUT  VOLTAGE  -  Volts 

Figure  20.  S/(N+D)  vs.  Reference  Input  Voltage, 
fIN  =  1  MHz,  FS  =  5  MHz 

Table  II  summarizes  various  2.5  V  references  suitable  for  use 
with  the  AD871,  including  the  onboard  bandgap  reference  (see 
REFERENCE  OUTPUT  section). 

Table  II.  Suitable  2.5  V  References 


Drift  (PPMTC) 

Initial  Accuracy  % 

REF-43B 

6  (max) 

0.2 

AD680JN 

10  (max) 

0.4 

Internal 

30  (typ) 

0.4 

If  an  external  reference  is  connected  to  REF  IN,  REF  OUT 
must  be  connected  to  +5  V.  This  should  lower  the  current  in 
REF  GND  to  less  than  350  m-A  and  eliminate  the  need  for  a 
1  nF  capacitor,  although  decoupling  the  reference  for  noise 
reduction  purposes  is  recommended. 

Alternatively,  Figure  21  shows  how  the  AD871  may  be  driven 
from  other  references  by  use  of  an  external  resistor.  The  exter- 
nal resistor  forms  a  resistor  divider  with  the  on-chip  5  Ml  resis- 
tor to  realize  2.5  V  at  the  reference  input  pin  (REF  IN).  A  trim 
potentiometer  is  needed  to  accommodate  the  tolerance  of  the 
AD871's  5  kfl  i 
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Figure  21.  Optional  +5V  Reference  Input  Circuit 
REFERENCE  GROUND 

The  REF  GND  pin  provides  the  reference  point  for  both  the 
reference  input,  and  the  reference  output.  When  the  internal 
reference  is  operating,  it  will  draw  approximately  500  |xA  of  cur- 
rent through  the  reference  ground,  so  a  low  impedance  path  to 
the  external  common  is  desirable.  The  AD871  can  tolerate  a 
fairly  large  difference  between  REF  GND  and  AGND,  up  to 
±  1  V,  without  any  performance  degradation. 

REFERENCE  OUTPUT 

The  AD871  features  an  onboard,  curvature  compensated 
bandgap  reference  that  has  been  laser  trimmed  for  both  absolute 
value  and  temperature  drift.  The  output  stage  of  the  reference 
was  designed  to  allow  the  use  of  an  external  capacitor  to  limit 
the  wideband  noise.  As  Figure  22  illustrates,  a  1  p.F  capacitor  on 
the  reference  output  is  required  for  stability  of  the  reference  output 
buffer.  Note:  If  used,  an  external  reference  may  become  unstable 
with  this  capacitor  in  place. 
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Figure  22.  Typical  Reference  Decoupling  Connection 

With  this  capacitor  in  place,  the  noise  on  the  reference  output  is 
approximately  28  p.V  rms  at  room  temperature.  Figure  23  shows 
the  typical  temperature  drift  performance  of  the  reference,  while 
Figure  24  illustrates  the  variation  in  reference  voltage  with  load 
currents. 

The  output  stage  is  designed  to  provide  at  least  2  mA  of  output 
current,  allowing  a  single  reference  to  drive  up  to  four  AD871s, 
or  other  external  loads.  The  power  supply  rejection  of  the  refer- 
ence is  better  than  54  dB  at  dc. 
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Figure  23.  Reference  Output  Voltage  vs.  Temperature 
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Figure  24.  Reference  Output  Voltage  vs.  Output  Load 
DIGITAL  OUTPUTS 

In  28-pin  packages,  the  AD871  output  data  is  presented  in  twos 
complement  format.  Table  III  indicates  offset  binary  and  twos 
complement  output  for  various  analog  inputs. 

Table  III.  Output  Data  Format 


Analog  Input 


Digital  Output 


VlNA~VlNB 

Offset  Binary 

Twos  Complement 

OTR 

>0.999756  V 

1111  1111  1111 

0111  1111  1111 

1 

0.999268  V 

1111  1111  1111 

0111  1111  1111 

0 

0  V 

1000  0000  0000 

0000  0000  0000 

0 

-1  V 

0000  0000  0000 

1000  0000  0000 

0 

-1.000244  V 

0000  0000  0000 

1000  0000  0000 

1 

Users  requiring  offset  binary  encoding  may  simply  invert  the 
MSB  pin.  In  the  44-pin  surface  mount  packages,  both  MSB  and 
MSB  bits  are  provided. 

The  AD871  features  a  digital  out-of-range  (OTR)  bit  that  goes 
high  when  the  input  exceeds  positive  full  scale  or  falls  below 
negative  full  scale.  As  Table  III  indicates,  the  output  bits  will  be 
set  appropriately  according  to  whether  it  is  an  out-of-range  high 
condition  or  an  out-of-range  low  condition.  Note  that  if  the 
input  is  driven  beyond  +1.5  V,  the  digital  outputs  may  not  stay 
at  +FS,  but  may  actually  fold  back  to  midscale. 
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The  AD871's  CMOS  digital  output  drivers  are  sized  to  provide 
sufficient  output  current  to  drive  a  wide  variety  of  logic  families. 
However,  large  drive  currents  tend  to  cause  glitches  on  the  sup- 
plies and  may  affect  S/(N+D)  performance.  Applications  requir- 
ing the  AD871  to  drive  large  capacitive  loads  or  large  fanout 
may  require  additional  decoupling  capacitors  on  DRVDD  and 
DVDD.  In  extreme  cases,  external  buffers  or  latches  could  be 
used. 

THREE-STATE  OUTPUTS 

The  44-pin  surface  mount  AD871  offers  three-state  outputs. 
The  digital  outputs  can  be  placed  into  a  three-state  mode  by 
pulling  the  OUTPUT  ENABLE  (OEN)  pin  LOW.  Note  that 
this  function  is  not  intended  to  be  used  to  pull  the  AD871  on 
and  off  a  bus  at  5  MHz.  Rather,  it  is  intended  to  allow  the  ADC 
to  be  pulled  off  the  bus  for  evaluation  or  test  modes.  Also,  to 
avoid  corruption  of  the  sampled  analog  signal  during  conversion 
(3  clock  cycles),  it  is  highly  recommended  that  the  AD871  be 
placed  on  the  bus  prior  to  the  first  sampling. 
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Figure  25.  Three-State  Output  Timing  Diagram 

For  timing  budgetary  purposes,  the  typical  access  and  float 
delay  times  for  the  AD871  are  50  ns. 

CLOCK  INPUT 

The  AD871  internal  timing  control  uses  the  two  edges  of  the 
clock  input  to  generate  a  variety  of  internal  timing  signals.  The 
optimal  clock  input  should  have  a  50%  duty  cycle;  however, 
sensitivity  to  duty  cycle  is  significantly  reduced  for  clock  rates  of 
less  than  5  megasamples  per  second. 
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Figure  26.  Divide-by-Two  Clock  Circuit 

Due  to  the  nature  of  on-chip  compensation  circuitry,  the  duty 
cycle  should  be  maintained  between  40%  and  60%  even  for 
clock  rates  less  than  5  Msps.  One  way  to  realize  a  50%  duty 
cycle  clock  is  to  divide  down  a  clock  of  higher  frequency,  as 
shown  in  Figure  26. 

In  this  case,  a  10  MHz  clock  is  divided  by  2  to  produce  the 
5  MHz  clock  input  for  the  AD871.  In  this  configuration,  the 
duty  cycle  of  the  10  MHz  clock  is  irrelevant. 


The  input  circuitry  for  the  CLKIN  pin  is  designed  to  accom- 
modate both  TTL  and  CMOS  inputs.  The  quality  of  the  logic 
input,  particularly  the  rising  edge,  is  critical  in  realizing  the  best 
possible  jitter  performance  for  the  part:  the  faster  the  rising 
edge,  the  better  the  jitter  performance. 
As  a  result,  careful  selection  of  the  logic  family  for  the  clock 
driver,  as  well  as  the  fanout  and  capacitive  load  on  the  clock 
line,  is  important.  Jitter-induced  errors  become  more  pro- 
nounced at  higher  frequency,  large  amplitude  inputs,  where  the 
input  slew  rate  is  greatest. 

The  AD871  is  designed  to  support  a  sampling  rate  of  5  Msps; 
running  at  slightly  faster  clock  rates  may  be  possible,  although 
at  reduced  performance  levels.  Conversely,  some  slight  perfor- 
mance improvements  might  be  realized  by  clocking  the  AD871 
at  slower  clock  rates.  Figure  27  presents  the  S/(N+D)  vs.  clock 
frequency  for  a  1  MHz  analog  input. 
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Figure  27.  Typical  S/(N+D)  vs.  Clock  Frequency 
fIN  =  1  MHz,  Full-Scale  Input 
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The  power  dissipated  by  the  correction  logic  and  output  buffers 
is  largely  proportional  to  the  clock  frequency;  running  at 
reduced  clock  rates  provides  a  slight  reduction  in  power  con- 
sumption. Figure  28  illustrates  this  tradeoff. 


Figure  28.  Typical  Power  Dissipation  vs.  Clock  Frequency 

ANALOG  SUPPLIES  AND  GROUNDS 

The  AD871  features  separate  analog  and  digital  supply  and 
ground  pins,  helping  to  minimize  digital  corruption  of  sensitive 
analog  signals.  In  general,  AVSS  and  AVDD,  the  analog  supplies, 
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should  be  decoupled  to  AGND,  the  analog  common,  as  close  to 
the  chip  as  physically  possible.  Care  has  been  taken  to  minimize 
the  signal  dependence  of  the  power  supply  currents;  however, 
the  analog  supply  currents  will  be  proportional  to  the  reference 
input.  With  REFIN  at  2.5  V,  the  typical  current  into  AVDD  is 
82  mA,  while  the  typical  current  out  of  AVSS  is  115  mA.  Typi- 
cally, 33  mA  will  flow  into  the  AGND  pin. 

Careful  design  and  the  use  of  differential  circuitry  provide  the 
AD871  with  excellent  rejection  of  power  supply  noise  over  a 
wide  range  of  frequencies,  as  illustrated  in  Figure  29. 
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Figure  29.  Power  Supply  Rejection  vs.  Frequency, 
100  mV  p-p  Signal  on  Power  Supplies 

Figure  30  shows  the  degradation  in  SNR  resulting  from  100  mV 
of  power  supply  ripple  at  various  frequencies.  As  Figure  30 
shows,  careful  decoupling  is  required  to  realize  the  specified 
dynamic  performance.  Figure  34  demonstrates  the  recom- 
mended decoupling  strategy  for  the  supply  pins.  Note  that  in 
extremely  noisy  environments,  a  more  elaborate  supply  filtering 
scheme  may  be  necessary. 


Figure  30.  SNR  vs.  Supply  Noise  Frequency 
(fIN  =  1  MHz) 

DIGITAL  SUPPLIES  AND  GROUNDS 

The  digital  activity  on  the  AD871  chip  falls  into  two  general 
categories:  CMOS  correction  logic,  and  CMOS  output  drivers. 
The  internal  correction  logic  draws  relatively  small  surges  of 
current,  mainly  during  the  clock  transitions;  in  the  44-pin  pack- 
age, these  currents  flow  through  pins  DGND  and  DVDD.  The 


output  drivers  draw  large  current  impulses  while  the  output  bits 
are  changing.  The  size  and  duration  of  these  currents  is  a  func- 
tion of  the  load  on  the  output  bits:  large  capacitive  loads  are  to 
be  avoided.  In  the  44-pin  package,  the  output  drivers  are  sup- 
plied through  dedicated  pins  DRGND  and  DRVDD.  Pin  count 
constraints  in  the  28-pin  packages  require  that  the  digital  and 
driver  supplies  share  package  pins  (although  they  have  separate 
bond  wires  and  on-chip  routing).  The  decoupling  shown  in  Fig- 
ure 34  is  appropriate  for  a  reasonable  capacitive  load  on  the  digi- 
tal outputs  (typically  20  pF  on  each  pin).  Applications  involving 
greater  digital  loads  should  consider  increasing  the  digital  decou- 
pling proportionately,  and/or  using  external  buffers/latches. 

APPLICATIONS 

OPTIONAL  ZERO  AND  GAIN  TRIM 

The  AD871  is  factory  trimmed  to  minimize  zero  error,  gain 
error  and  linearity  errors.  In  some  applications  the  zero  and  gain 
errors  of  the  AD871  need  to  be  externally  adjusted  to  zero.  If 
required,  both  zero  error  and  gain  error  can  be  trimmed  with 
external  potentiometers  as  shown  in  Figure  3 1 .  Note  that  gain 
error  adjustments  must  be  made  with  an  external  reference. 

Zero  trim  should  be  adjusted  first.  Connect  V,NA  to  ground  and 
adjust  the  10  kfl  potentiometer  such  that  a  nominal  digital  out- 
put code  of  0000  0000  0000  (twos  complement  output)  exists. 
Note  that  the  zero  trim  should  be  decoupled  and  that  the  accu- 
racy of  the  ±2.5  V  reference  signals  will  directly  affect  the  offset. 

Gain  error  may  then  be  calibrated  by  adjusting  the  REF  IN 
voltage.  The  REF  IN  voltage  should  be  adjusted  such  that  a 
+  1  V  input  on  VINA  results  in  the  digital  output  code  01111 
1111  1111  (twos  complement  output). 

♦2.5V  AD871 


(a)  ZERO  TRIM 

Figure  31.  Zero  and  Gain  Error  Trims 
DIGITAL  OFFSET  CORRECTION 

The  AD871  provides  differential  inputs  that  may  be  used  to  cor- 
rect for  any  offset  voltages  on  the  analog  input.  For  applications 
where  the  input  signal  contains  a  dc  offset,  it  may  be  advanta- 
geous to  apply  a  nulling  voltage  to  the  VINB  input.  Applying  a 
voltage  equal  to  the  dc  offset  will  maximize  the  full-scale  input 
range  and  therefore  the  dynamic  range.  Offsets  ranging  from 
-0.7  V  to  +0.5  V  can  be  corrected. 

Figure  32  shows  how  a  dc  offset  can  be  applied  using  the 
AD568  12-bit,  high  speed  digital-to-analog  converter  (DAC). 
This  circuit  can  be  used  for  applications  requiring  offset  adjust- 
ments on  every  clock  cycle.  The  AD568  connection  scheme  is 
used  to  provide  a  -0.512  V  to  +0.512  V  output  range.  The  off- 
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Figure  32.  Offset  Correction  Using  the  AD568 

UNDERSAMPLING  USING  THE  AD871  AND  AD9100 

The  AD871's  on-chip  THA  optimizes  transient  response  while 
maintaining  low  noise  performance.  For  super-Nyquist  (under- 
sampling)  applications  it  may  be  necessary  to  use  an  external 
THA  with  fast  track-mode  slew  rate  and  hold  mode  settling 
time.  An  excellent  choice  for  this  application  is  the  AD9100, 
an  ultrahigh  speed  track-and-hold  amplifier. 

In  order  to  maximize  the  spurious  free  dynamic  range  of  the 
circuit  in  Figure  33  it  is  advantageous  to  present  a  small  signal 
to  the  input  of  the  AD9100  and  then  amplify  the  output  to  the 
AD871's  full-scale  input  range.  This  can  be  accomplished  with  a 
low  distortion,  wide  bandwidth  amplifier  such  as  the  AD9617. 
The  circuit  uses  a  gain  of  3.5  to  optimize  S/(N+D). 


The  peak  performance  of  this  circuit  is  obtained  by  driving  the 
AD871  +  AD9100  combination  with  a  full-scale  input.  For 
small  scale  input  signals  (-20dB,  -40  dB),  the  AD871  performs 
better  without  the  track-and-hold  because  slew-limiting  effects 
are  no  longer  dominant.  To  gain  the  advantages  of  the  added 
track-and-hold,  it  is  important  to  give  the  AD871  a  full-scale 
input. 

An  alternative  to  the  configuration  presented  above  is  to  use  the 
AD9101  track-and-hold  amplifier.  The  AD9101  provides  a  built- 
in  post  amplifier  with  a  gain  of  4,  providing  excellent  ac  charac- 
teristics in  conjunction  with  a  high  level  of  integration. 

As  illustrated  in  Figure  33,  it  is  necessary  to  skew  the  AD871 
sample  clock  and  the  AD9100  sample/hold  control.  Clock  skew 
(ts)  is  defined  as  the  time  starting  at  the  AD9100's  transition 
into  hold  mode  and  ending  at  the  moment  the  AD871  samples. 
The  AD871  samples  on  the  rising  edge  of  the  sample  clock,  and 
the  AD9100  samples  on  the  falling  edge  of  the  sample/hold  con- 
trol. The  choice  of  ts  is  primarily  determined  by  the  settling 
time  of  the  AD9100.  The  droop  rate  of  the  AD9100  must  also 
be  taken  into  consideration.  Using  these  values,  the  ideal  ts  is 
17  ns.  When  choosing  clock  sources,  it  is  extremely  important 
that  the  front  end  track-and-hold  sample/hold  control  is  given  a 
very  low  jitter  clock  source.  This  is  not  as  crucial  for  the  AD871 
sample  clock,  because  it  is  sampling  a  dc  signal. 


•OPTIONAL,  SEE 

AD9617  DATASHEET 
ALL  CAPACITORS  ARE  0.01  |iF 
(LOW  INDUCTANCE  -  DECOUPLING) 


CLOCK  2 
©IN 


*IN 


IOmF 


AD871 
EB 


CLOCK  2 


XLT1 


CLOCK  1 


■ '  ov 


Figure  33.  Undersampling  Using  the  AD871  and  AD9100 
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ANALOG 
DEVICES 


Complete  12-Bit  10  MSPS 
Monolithic  A/D  Converter 


FEATURES 

Monolithic  12-Bit  10  MSPS  A/D  Converter 
Low  Power  Dissipation:  1.15  W 
No  Missing  Codes  Guaranteed 
Differential  Nonlinearity  Error:  0.5  LSB 
Complete:  On-Chip  Track-and-Hold  Amplifier  and 

Voltage  Reference 
Signal-to-Noise  and  Distortion  Ratio:  65  dB 
Spurious-Free  Dynamic  Range:  72  dB 
Out  of  Range  Indicator 
Twos  Complement  Binary  Output  Data 
28-Pin  Ceramic  DIP  or  44-Pin  Surface  Mount  Package 


PRODUCT  DESCRIPTION 

The  AD872  is  a  monolithic  12-bit,  10  Msps  analog  to  digital 
converter  with  an  on-chip,  high  performance  track-and-hold 
amplifier  and  voltage  reference.  The  AD872  uses  a  multistage 
differential  pipelined  architecture  with  output  error  correction 
logic  to  provide  12-bit  accuracy  at  10  Msps  data  rates  and  guar- 
antees no  missing  codes  over  the  full  operating  temperature 
range.  The  AD872  combines  a  merged  high  speed  bipolar/ 
CMOS  process  and  a  novel  architecture  to  achieve  the  resolution 
and  speed  of  hybrid  implementations  at  a  fraction  of  the  power 
consumption.  Additionally,  the  greater  reliability  of  monolithic 
construction  offers  improved  system  reliability  and  lower  costs 
than  hybrid  designs. 

The  high  input  impedance,  fast-settling  input  track-and-hold 
(T/H)  amplifier  is  equally  suited  for  both  multiplexed  systems 
that  switch  negative  to  positive  full-scale  voltage  levels  in  succes- 
sive channels  and  sampling  single-channel  inputs  at  frequencies 
up  to  and  beyond  the  Nyquist  rate.  The  AD872's  wideband 
input  combined  with  the  power  and  cost  savings  over  previously 
available  hybrids  will  allow  new  design  opportunities  in  commu- 
nications, imaging  and  medical  applications.  The  AD872  pro- 
vides both  reference  output  and  reference  input  pins,  allowing 
the  onboard  reference  to  serve  as  a  system  reference.  An  exter- 
nal reference  can  also  be  chosen  to  suit  the  dc  accuracy  and  tem- 
perature drift  requirements  of  the  application.  A  single  clock 
input  is  used  to  control  ail  internal  conversion  cycles.  The  digi- 
tal output  data  is  presented  in  twos  complement  binary  output 
format.  An  out-of-range  signal  indicates  an  overflow  condition. 
It  can  be  used  with  the  most  significant  bit  to  determine  low  or 
high  overflow. 


FUNCTIONAL  BLOCK  DIAGRAM 

AVoo  AGND  AVss  DV^     DGND      •DHVD0  "ORGND 


REFGND  'OUTPUT     OTB    "MSB     MSB-BIT  12  (LSB) 

ENABLE 

•  ONLY  AVAILABLE  ON  44  PIN  SURFACE  MOUNT  PACKAGE. 


The  AD872  is  fabricated  on  Analog  Devices  ABCMOS-1  process 
which  utilizes  high  speed  bipolar  and  CMOS  transistors  on  a 
single  chip.  High  speed,  precision  analog  circuits  are  now  com- 
bined with  high  density  logic  circuits. 

The  AD872  is  packaged  in  a  28-pin  ceramic  DIP  and  a  44-pin 
leadless  ceramic  surface  mount  package  and  is  specified  for 
operation  from  0°C  to  +70°C  and  -55°C  to  +125°C. 

PRODUCT  HIGHLIGHTS 

The  AD872  offers  a  complete  single-chip  sampling  12-bit, 

10  Msps  analog-to-digital  conversion  function  in  a  28-pin  DIP  or 

44-pin  leadless  ceramic  surface  mount  package  (LCC). 

Low  Power— The  AD872  at  1.15  W  consumes  a  fraction  of  the 
power  of  presently  available  hybrids. 

Onboard  Track-and-Hold  (T/H)— The  high  impedance  T/H  input 
eliminates  the  need  for  external  buffers  and  can  be  configured 
for  single  ended  or  differential  inputs. 

Oar  of  Range  (OTR)-The  OTR  output  bit  indicates  when  the 
input  signal  is  beyond  the  AD872's  input  range. 

Ease-of-Use— The  AD872  is  complete  with  T/H  and  voltage 
reference. 

i 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Parameter 

J  Grade1 

S  Grade1 

Units 

RESOLUTION 

12 

12 

Bits  min 

MAX  CONVERSION  RATE 

10 

10 

MHz  min 



ACCURACY 

Integral  Nonlinearity  (INL) 

Differential  Nonlinearity  (DNL) 

No  Missing  Codes 

Zero  Error  (C«  +25°C)2 

Gain  Error  ((«  +  25°C)2 

±2.5 
±0.5 
12 

±0.75 
±1.25 

±2.5 
±0.5 
12 

±0.75 
±1.25 

LSB  typ 
LSB  typ 
Bits  Guaranteed 
%  FSR  max 
%  FSR  max 

TEMPERATURE  DRIFT* 
Zero  Error 
Gain  Error3'  4 
Gain  Error3' 5 

±0.15 
±0.80 
±0.25 

±0.30 
±0.50 

%  FSR  max 
FSR  max 
%  FSR  max 

POWER  SUPPLY  REJECTION6 

AVDD)DVDD(+5V  ±  0.25  V) 
AVSS  (-5  V  ±  0.25  V) 

±0.125 
±0.125 

±0.125 
±0.125 

%  FSR  max 
%  FSR  max 

ANALOG  INPUT 
Input  Range 
Input  Resistance 
Input  Capacitance 

±1 
50 
10 

1 

Volts  max 
kfl  typ 
pFtyp 

INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage 
OutDut  Voltaee  Tolerance 
Output  Current  (Available  for  External  Loads) 
(External  load  should  not  change  during  conversion.) 

2.5 

±20 

2.0 

2.5 

±40 

2.0 

Volts  typ 
mV  max 
mA  typ 

REFERENCE  INPUT  RESISTANCE 

5 

5 

kfltyp 

POWER  SUPPLIES 
Supply  Voltages 

AVDD 

AVSS 

DVDD 
Supply  Current 

IAVDD 

IAVSS 

IDVDD 

+  5 
-5 

+5 

87 

147 

20 

-5 
+5 

88 

150 

21 

V  (±5%  AVDD  Operating) 

V  (±5%  AVSS  Operating) 

V  (±5%  DVDD  Operating) 

mA  max  (78  mA  typ) 
mA  max  (134  mA  typ) 
mA  max  (15  mA  typ) 

POWER  CONSUMPTION 

1.15 
1.25 

1.15 
1.3 



Wtyp 
Wmax 

NOTES 

'Temperature  ranges  are  as  follows:  J  Grade:  0°C  to  +70°C,  S  Grade:  -55°C  to  +125°C. 
'Adjustable  to  zero  with  external  potentiometers  (See  Zero  and  Gain  Error  Calibration  section). 
3+25°C  to  TMIN  and  +25°C  to  TMAX. 
'Includes  internal  voltage  reference  error. 
'Excludes  internal  reference  drift. 

'Change  in  Gain  Error  as  a  function  of  the  dc  supply  voltage. 
Specifications  subject  to  change  without  notice. 
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AD872 

SPECIFICATIONS  (T|"N  l°    with  AV°D  =  +5  v'  0Vdd  =  +5  v' AVss  =  ~5  v'  <s*MPlE  =  10  Msps' unless  othen¥ise 




J  Grade 

S  Grade 

Units 

SIGNAL-TO-NOISE  AND  DISTORTION  RATIO  (S/N  +  D) 

flNPUT  =  1  MHz 

f,NPUT  =  4.99  MHz 

65 
61 
63 

64 

61 
63 

dB  typ 
dB  min 
dB  typ 

TOTAL  HARMONIC  DISTORTION  (THD) 
■input  =  1  MHz 

■input  =  4-99  MHz 

-70 
-63 
-66 

-68 
— oz 
-65 

dB  typ 
dB  max 
dB  typ 

SPURIOUS  FREE  DYNAMIC  RANGE 
fiNPiT  =  1  MHz 

72 

72 

dB  typ 
dB  typ 

Wt  =  4.99  MHz 

70 

7n 
/u 

INTERMODULATION  DISTORTION  (IMD)2 

70 

dB  typ 

FULL  POWER  BANDWIDTH 

70 

70 

SMALL  SIGNAL  BANDWIDTH 

70 

70 

MHz  typ 

APERTURE  DELAY 

8 

8 

ns  typ 

APERTURE  JITTER 

10 

10 

ps  rms  typ 

ACQUISITION  TO  FULL-SCALE  STEP 

40 

40 

ns  typ 

OVERVOLTAGE  RECOVERY  TIME 

40 

40 

ns  typ 

NOTES 

'fIN  amplitude  =  -0.5  dB  full  scale  unless  otherwise  indicated.  All  measurements  referred  to  a  0  dB  (1  V  pkj  input  signal  unless  otherwise  indicated. 
3fa  =  1.0  MHz,  fb  =  0.95  MHz  with  fs  ample  =  10  MHz,  typical  value  for  second  and  third  order  products. 
Specifications  subject  to  change  without  notice. 


DIGITAL  SPECIFICATIONS  Qm  to  TM„  with  AV00  =  +5  V,  DV0D  =  +5  V,  AVss  =  -5  V  unless  otherwise  noted) 


Parameter 

Symbol 

J,  S  Grades 

Units 

LOGIC  INPUTS 

High  Level  Input  Voltage 

V,H 

+2.0 

V  min 

Low  Level  Input  Voltage 

v,L 

+0.8 

Vmax 

High  Level  Input  Current  (V,N  = 

DVDD) 

I.H 

±10 

(iA  max 

Low  Level  Input  Current  (VIN  = 

0  V) 

In. 

±10 

|j.A  max 

Input  Capacitance 

Gin 

H  5 

pFtyp 

LOGIC  OUTPUTS 

High  Level  Output  Voltage  (IOH 

=  0.5  mA) 

Voh 

+2.4 

V  min 

Low  Level  Output  Voltage  (IOL  = 

1.6  mA) 

VOL 

+0.4 

V  max 

Output  Capacitance 

Gout 

pFtyp 

Leakage  (Three-State,  LCC  Only) 

IZ 

±io 

uA  max 

Specifications  subject  to  change  without  notice. 
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AD872 


(Tmih  to  TMAX  with  AVD 


SWITCHING  SPECIFICATIONS  C=  ui^ 


==  4-5  V,  DVD0  =  +5  V,  AVSS  =  -5  V;  V,L  =  0.8  V,  V,„  =  2.0  V. 


Parameter 

Symbol 

J,  S  Grades 

Units 

Clock  Period1 

f  i  r\s>v-  t>,,1,.0  W/i^t-Vi  UJjtV, 

L.L.UL-JV  r ulse  wiatn  xlign 
CLOCK  Pulse  Width  Low 

tc 

...  to. 

100 

45 

45 

nsmin 

nc  rTiin 

nsmin 

Clock  Duty  Cycle2 

Output  Delay 

Pipeline  Delay  (Latency) 

Data  Access  Time  (LCC  Package  Only)3 

Output  Float  Delay  (LCC  Package  Only)3 

tOD 

40 
60 
10 

3 

%  min  (50%  typ) 
%  max 

ns  min  (20  ns  typ) 
Clock  Cycles  max 

toD 

50 

50         38KMI £ 

ns  typ  (100  pF  Load) 
ns  typ  (10  pF  Load) 

NOTES 

2For  clock  periods  of  200  ns  or  greater,  see  Clock  Input  Section. 

3See  Section  on  Three-State  Outputs  for  timing  diagrams  and  application  information. 

Specifications  subject  to  change  without  notice. 


BIT  2-12 
MSB,  OTH 


Figure  1.  Timing  Diagram 

ABSOLUTE  MAXIMUM  RATINGS1 


Parameter 

With  Respect  to 

Min 

Max 

Units 

AVDD 

AGND 

-0.5 

+6.5 

Volts 

AVSS 

AGND 

-6.5 

+0.5 

Volts 

DVDDJ  DRVDD2 

DGND,  DRGND 

-0.5 

+6.5 

Volts 

DRVDD2 

DVDD 

-6.5 

+6.5 

Volts 

DRGND2 

DGND 

-0.3 

+0.3 

Volts 

AGND 

DGND 

-1.0 

+  1.0 

Volts 

AVDD 

DVDD 

-6.5 

+6.5 

Volts 

Clock  Input,  OEN 

DGND 

-0.5 

DVDD  +  0.5 

Volts 

Digital  Outputs 

DGND 

-0.5 

DVDD  +  0.3 

Volts 

V,NA>  VINB  REF  IN 

AGND 

-6.5 

+6.5 

Volts 

REF  IN 

AGND 

AVSS 

AVDD 

Volts 

Junction  Temperature 

+  150 

°C 

Storage  Temperature 

-65 

+  150 

°c 

Lead  Temperature  (10  sec) 

+  300 

°c 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation 
of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute  r 
ratings  for  extended  periods  may  affect  device  reliability. 

2LCC  Package  Only. 
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PIN  DESCRIPTION 








Symbol 


AGND 
AVDD 

MSB 
MSB 

BIT  2-BIT  11 
BIT  12  (LSB) 
CLK 

DVDD 
DGND 
DRVDD 
DRGND 

OTR 
OEN 

REF  GND 

REFIN 

REF  OUT 

Vina 

Vine 

NC 


DIP 

Pin  No. 


LCC 
Pin  No. 


Type 


Name  and  Function 


lb  sn'i  :.  (BCr: 


5,  24 
4 

3,  25 
19 

N/A 
18-9 
8 
21 

7,  22 

6,  23 
N/A 
N/A 


20 

N/A 

27 

28 

26 

1 

2 

N/A 


9,  36 
6,  38 
5,  40 
29 

27 

26-17 

16 

31 

33 
10 

12,  32 
11,  34 


30 

13 
42 
43 
41 

1 

2 

3,  4,  7,  8,  14,  15 
28,  35,  37,  39,  44 


P 
P 
P 

DO 

DO 
DO 
DO 
DI 

P 
P 
P 
P 

DO 

DI 

AI 

AI 

AO 

AI 

AI 


Analog  Ground. 
+5  V  Analog  Supply. 
-5  V  Analog  Supply. 

Inverted  Most  Significant  Bit.  Provides  twos  complement  output 

data  format. 

Most  Significant  Bit. 

Data  Bits  2  through  11. 

Least  Significant  Bit. 

Clock  Input.  The  AD872  will  initiate  a  conversion  on  the  rising 
edge  of  the  clock  input.  See  the  Timing  Diagram  for  details. 
+5  V  Digital  Supply. 
Digital  Ground. 

+  5  V  Digital  Supply  for  the  output  drivers. 
Digital  Ground  for  the  output  drivers. 
(See  section  on  Power  Supply  Decoupling  for  details  on 
DRVDD  and  DRGND.) 

Out  of  Range  is  Active  HIGH  on  the  leading  edge  of  code  0  or 
the  trailing  edge  of  code  4096.  See  Output  Data  Format  Table  III. 
Output  Enable.  See  the  Three  State  Output  Timing  Diagram  for  details. 
Reference  Ground. 

Reference  Input.  +2.5  V  input  gives  ±1  V  full-scale  range. 
+2.5  V  Reference  Output.  Tie  to  REF  IN  for  normal  operation. 
(+)  Analog  Input  Signal  on  the  differential  input  amplifier. 
(-)  Analog  Input  Signal  on  the  differential  input  amplifier. 

■ 


SOU  OH3X 

i 


No  Connect. 


TYPE:  AI  =  Analog  Input;  AO  =  Analog  Output;  DI  =  Digital  Input;  DO  =  Digital  Output;  P  =  Power;  N/A  =  Not  Available  on  28-pin  DIP. 
able  on  44-pin  surface  mount  package. 


Only  avail- 


PIN  CONFIGURATIONS 


28-Pin  Ceramic  DIP 


44-Pin  LCC 


v., 


H 


AVSS[7 
AVDD  [J 
AGND  |T 
DGND  [T 

ovDD  [7 

BIT  12  (LSB)  \T_ 
BIT11  [T 
BIT  10 
BIT9  [TT 
BITS  [l2 
BIT  7  [ll 
SIT6  [l7 


AD872 

TOP  VIEW 
(Not  to  Scale) 


2e~|  REFIN 
27~1  REF  GND 
isl  REF  OUT 
i]  AVSS 
24~]  AGND 
23~|  DGND 
H  DVDD 
2l]  CLK 
20]  OTR 
19]  MSB 
li]  BIT  2 
l7]  BIT3 
l7]  BIT4 
15]  BIT  5 


NC    _7J  I — 


AGND 
DGND 


3    3    £    i  >~ 
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AD872 

TOP  VIEW 
(NOT  TO  SCALE) 


f»  NC 

[m  av 

[37  NC 
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Linearity  error  refers  to  the  deviation  of  each  individual  code 
from  a  line  drawn  from  "negative  full  scale"  through  "positive 
full  scale."  The  point  used  as  "negative  full  scale"  occurs 
1/2  LSB  before  the  first  code  transition.  "Positive  full  scale"  is 
defined  as  a  level  1  1/2  LSB  beyond  the  last  code  transition. 
The  deviation  is  measured  from  the  middle  of  each  particular 
code  to  the  true  straight  line. 

DIFFERENTIAL  LINEARITY  ERROR  (DNL,  NO 
MISSING  CODES) 

An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  this  ideal  value.  Guaranteed 
no  missing  codes  to  12-bit  resolution  indicates  that  all  4096 
codes  must  be  present  over  all  operating  ranges. 

ZERO  ERROR 

The  major  carry  transition  should  occur  for  an  analog  value 
1/2  LSB  below  analog  common.  Zero  error  is  defined  as  the 
deviation  of  the  actual  transition  from  that  point.  The  zero  error 
and  temperature  drift  specify  the  initial  deviation  and  maximum 
change  in  the  zero  error  over  temperature. 

GAIN  ERROR 

The  first  code  transition  should  occur  for  an  analog  value  1/2 
LSB  above  nominal  negative  full  scale.  The  last  transition 
should  occur  for  an  analog  value  1  1/2  LSB  below  the  nominal 
positive  full  scale.  Gain  error  is  the  deviation  of  the  actual  dif- 
ference between  first  and  last  code  transitions  and  the  ideal  dif- 
ference between  first  and  last  code  transitions. 


required  lor  tne  alic  to  acmeve  a  specmea  accuracy  aiier  an 
overvoltage  (50%  greater  than  full-scale  range),  measured  from 
the  time  the  overvoltage  signal  reenters  the  convener's  range. 

DYNAMIC  SPECIFICATIONS 

SIGNAL-TO-NOISE  AND  DISTORTION  (S/N+D)  RATIO 
S/N+D  is  the  ratio  of  the  rms  value  of  the  measured  input  sig- 
nal to  the  rms  sum  of  all  other  spectral  components  below  the 
Nyquist  frequency,  including  harmonics  but  excluding  dc.  The 
value  for  S/N+D  is  expressed  in  decibels. 

TOTAL  HARMONIC  DISTORTION  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  the  first  six  harmonic  com- 
ponents to  the  rms  value  of  the  measured  input  signal  and  is 
expressed  as  a  percentage  or  in  decibels. 

INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products, 
of  order  (m  +  n),  at  sum  and  difference  frequencies  of 
mfa  ±  nfb,  where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation 
terms  are  those  for  which  m  or  n  is  not  equal  to  zero.  For  exam- 
ple, the  second  order  terms  are  (fa  +  fb)  and  (fa  -  fb),  and  the 
third  order  terms  are  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and 
(2  fb  -  fa).  The  IMD  products  are  expressed  as  the  decibel 
ratio  of  the  rms  sum  of  the  measured  input  signals  to  the  rms 
sum  of  the  distortion  terms.  The  two  signals  are  of  equal  ampli- 
tude and  the  peak  value  of  their  sums  is  -0.5  dB  from  full 
scale.  The  IMD  products  are  normalized  to  a  0  dB  input  signal. 


TEMPERATURE  DRIFT 

The  temperature  drift  for  zero  error  and  gain  error  specifies  the 
maximum  change  from  the  initial  (25°C)  value  to  the  value  at 
Tmint  or  TMax- 


FULL-POWER  BANDWIDTH 

The  full-power  bandwidth  is  that  input  frequency  at  which  the 
amplitude  of  the  reconstructed  fundamental  is  reduced  by  3  dB 
for  a  full-scale  input. 


POWER  SUPPLY  REJECTION 

The  specifications  show  the  maximum  change  in  the  converter's 
full  scale  as  the  supplies  are  varied  from  nominal  to  min/max 
values. 

APERTURE  JITTER 

Aperture  jitter  is  the  variation  in  aperture  delay  for  successive 
samples  and  is  manifested  as  noise  on  the  input  to  the  A/D. 

APERTURE  DELAY 

Aperture  delay  is  a  measure  of  the  Track-and-Hold  Amplifier 
(THA)  performance  and  is  measured  from  the  rising  edge  of  the 
clock  input  to  when  the  input  signal  is  held  for  conversion. 


SPURIOUS  FREE  DYNAMIC  RANGE 

The  difference,  in  dB,  between  the  rms  amplitude  of  the  input 
signal  and  the  peak  spurious  signal. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option1 

AD872JD 

0°C  to  +70°C 

D-28 

AD872JE 

0°C  to  +70°C 

E-44A 

AD872SD2 

-55°Cto  +  125°C 

D-28 

AD872SE2 

-55°Cto  +125°C 

E-44A 

NOTES 

'D  =  Ceramic  DIP,  E  =  Leadless  Ceramic  Chip  Carrier.  For  outline  i 
mation  see  Package  Information  section. 
2MIL-STD-883  and  SMD  versions  available;  contact  factory. 
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Dynamic  Characteristics-Sample  Rate:  10  MSPS— AD872 
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Figure  2.  AD872  S/(N+D)  vs.  Input  Frequency 
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Figure  3.  AD872  Distortion  vs.  Input  Frequency, 
Full-Scale  Input 
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AD872— Dynamic  Characteristics-Sample  Rate:  5  MSPS 
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Figure  8.  AD872  Typical  FFT,  fIN  =  7  MHz 
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THEORY  OF  OPERATION 

The  AD872  is  implemented  using  a  4-stage  pipelined  multiple 
flash  architecture.  A  differential  input  track-and-hold  amplifier 
(THA)  acquires  the  input  and  converts  the  input  voltage  into  a 
differential  current.  A  3-bit  approximation  of  the  input  is  made 
by  the  first  flash  converter,  and  an  accurate  analog  representa- 
tion of  this  3-bit  guess  is  generated  by  a  digital-to-analog  con- 
verter. This  approximation  is  subtracted  from  the  THA  output 
to  produce  a  remainder,  or  residue.  This  residue  is  then  sam- 
pled and  held  by  the  second  THA,  and  a  4-bit  approximation  is 
generated  and  subtracted  by  the  second  stage.  Once  the  second 
THA  goes  into  hold,  the  first  stage  goes  back  into  track  to 
acquire  a  new  input  signal.  The  third  stage  provides  another 
4-bit  approximation/subtraction  operation,  and  produces  the 
final  residue,  which  is  passed  to  a  final  4-bit  flash  converter. 
The  15  output  bits  from  the  4  flash  converters  are  accumulated 
in  the  correction  logic  block,  which  adds  the  bits  together  using 
the  appropriate  correction  algorithm,  to  produce  the  12-bit  out- 
put word.  The  digital  output,  together  with  overrange  indicator, 
is  latched  into  an  output  buffer  to  drive  the  output  pins. 

The  additional  THA  inserted  in  each  stage  of  the  AD872  archi- 
tecture allows  pipelining  of  the  conversion.  In  essence,  the  con- 
verter is  converting  multiple  inputs  simultaneously,  processing 
them  through  the  converter  chain  serially.  This  means  that 
while  the  converter  is  capable  of  capturing  a  new  input  sample 
every  clock  cycle,  it  actually  takes  three  clock  cycles  for  the  con- 
version to  be  fully  processed  and  appear  at  the  output.  This 
"pipeline  delay"  is  often  referred  to  as  latency,  and  is  not  a  con- 
cern in  most  applications,  however  there  are  some  cases  where  it 
may  be  a  consideration.  For  example,  some  applications  call  for 
the  A/D  converter  to  be  placed  in  a  high  speed  feedback  loop, 
where  its  input  is  servoed  to  provide  a  desired  result  at  the  digital 
output  (e.g.,  offset  calibration  or  zero  restoration  in  video  appli- 
cations). In  these  cases  the  3  clock  cycle  delay  through  the  pipe- 
line must  be  accounted  for  in  the  loop  stability  calculations. 
Also,  because  the  converter  is  working  on  three  conversions 
simultaneously,  major  disruptions  to  the  part  (such  as  a  large 
glitch  on  the  supplies  or  reference)  may  corrupt  three  data  sam- 
ples. Finally,  there  will  be  a  minimum  clock  rate  below  which 
the  THA  droop  corrupts  the  signal  in  the  pipeline.  In  the  case 
of  the  AD872,  this  minimum  clock  rate  is  10  kHz. 

The  high  impedance  differential  inputs  of  the  AD872  allow  a 
variety  of  input  configurations  (see  APPLYING  THE  AD872). 
The  AD872  converts  the  voltage  difference  between  the  V|NA 
and  VINB  pins.  For  single-ended  applications,  one  input  pin 
(Vina  or  V|NB)  may  be  grounded,  but  even  in  this  case  the  dif- 
ferential input  can  provide  a  performance  boost:  for  example, 
for  an  input  coming  from  a  coaxial  cable,  VINB  can  be  tied  to 
the  shield  ground,  allowing  the  AD872  to  reject  shield  noise  as 
common  mode.  The  high  input  impedance  of  the  device  mini- 
mizes external  driving  requirements  and  allows  the  user  to  exter- 
nally select  the  appropriate  termination  impedance  for  the 
application. 

The  AD872  clock  circuitry  uses  both  edges  of  the  clock  in  its 
internal  timing  circuitry  (see  spec  page  for  exact  timing  require- 
ments.) The  AD872  samples  the  analog  input  on  the  rising  edge 
of  the  clock  input.  During  the  clock  low  time  (between  the  fall- 
ing edge  and  rising  edge  of  the  clock)  the  input  THA  is  in  track 
mode;  during  the  clock  high  time  it  is  in  hold.  System  distur- 
bances just  prior  to  the  rising  edge  of  the  clock  may  cause  the 
part  to  acquire  the  wrong  value,  and  should  be  minimized. 


While  the  part  uses  both  clock  edges  for  its  timing,  jitter  is  only 
a  significant  issue  for  the  rising  edge  of  the  clock  (see  CLOCK 
INPUT  section). 

APPLYING  THE  AD872 
ANALOG  INPUTS 

The  AD872  features  a  high  impedance  differential  input  that 
can  readily  operate  on  either  single-ended  or  differential  input 
signals.  Table  I  summarizes  the  nominal  input  voltage  span  for 
both  single-ended  and  differential  modes, 


Table  I.  Input  Voltage  Span 


Vref- 


Vina 

MNB 

Vina  V|nb 

Single-Ende 
Differential 

d 

+  1 
-1 
+C 
-( 

V 
V 

.5  V 
.5  V 

GND 
GND 
-0.5  V 
+0.5  V 

+ 1  V  (Positive  Full  Scale) 
- 1  V  (Negative  Full  Scale) 
+  1  V  (Positive  Full  Scale) 
-1  V  (Negative  Full  Scale) 

Figure  10  shows  an  approximate  model  for  the  analog  input  cir- 
cuit. As  this  model  indicates,  when  the  input  exceeds  1.6  V 
(with  respect  to  AGND),  the  input  device  may  saturate,  causing 
the  input  impedance  to  drop  substantially  and  significantly 
reducing  the  performance  of  the  part.  Input  compliance  in  the 
negative  direction  is  somewhat  larger,  showing  virtually  no  deg- 
radation in  performance  for  inputs  as  low  as  -1.9  V. 
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Figure  10.  AD872  Equivalent  Analog  Input  Circuit 

Figure  1 1  illustrates  the  effect  of  varying  the  common-mode 
voltage  of  a  - 1  dB  input  signal  on  total  harmonic  distortion. 
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Figure  11.  AD872  Total  Harmonic  Distortion  vs.  CM  Input 
Voltage,  fIN  =  1  MHz,  FS  =  10  MSPS 
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user  the  opportunity  to  eliminate  many  potential  sources  of 
input  noise  as  common  mode  by  using  the  differential  input 
structure  of  the  AD872. 
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Figure  12.  Common-Mode  Rejection  vs.  Input  Frequency, 
1  V  p-p  Input 

Figures  13  and  14  illustrate  typical  input  connections  for  single- 
ended  inputs. 


Figure  15  illustrates  how  external  amplifiers  may  be  used  to 
convert  a  single-ended  input  into  a  differential  signal.  The  resis- 
tor values  of  536  ft  and  562  ft  were  selected  to  provide  opti- 
mum phase  matching  between  Ul  and  U2. 


562fi 


Figure  15.  Single-Ended  to  Differential  Connections; 
Ul,  U2  =  AD811  orAD9617 

The  use  of  the  differential  input  signal  can  help  to  minimize 
even-order  distortion  from  the  input  THA  where  performance 
beyond  —70  dB  is  desired. 

Figure  16  shows  the  AD872  large  signal  (-0.5  dB)  and  small 
signal  (-20  dB)  frequency  response. 
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Figure  13.  AD872  Single-Ended  Input  Connection 
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Figure  14.  AD872  Single-Ended  Input  Connection  Using  a 
Shielded  Cable 

The  cable  shield  is  used  as  the  ground  connection  for  the  VINB 
input,  providing  the  best  possible  rejection  of  the  cable  noise 
from  the  input  signal.  Note  also  that  the  high  input  impedance 
of  the  AD872  allows  the  user  to  select  his  own  termination 
impedance,  be  it  50  ohms,  75  ohms,  or  some  other  value.  Fur- 
thermore, unlike  many  flash  converters,  most  AD872  applica- 
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Figure  16.  Full  Power  (-0.5  dB)  and  Small  Signal 
Response  (-20  dB)  vs.  Input  Frequency 

The  AD872's  wide  input  bandwidth  facilitates  rapid  acquisition 
of  transient  input  signals:  the  input  THA  can  typically  settle  to 
12-bit  accuracy  from  a  full-scale  input  step  in  less  than  40  ns. 
Figure  17  illustrates  the  typical  acquisition  of  a  full-scale  input 
step. 
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Figure  17.  Typical  AD872  Settling  Time 

The  wide  input  bandwidth  and  superior  dynamic  performance 
of  the  input  THA  makes  the  AD872  suitable  for  undersampling 
applications  where  the  input  frequency  exceeds  half  the  sam- 
pling frequency.  The  input  THA  is  designed  to  recover  rapidly 
from  input  overdrive  conditions,  returning  from  a  50%  over- 
drive in  less  than  50  ns. 

Because  of  the  THA's  exceptionally  wide  input  bandwidth, 
some  users  may  find  the  AD872  is  sensitive  to  noise  at  frequen- 
cies from  50  MHz  to  100  MHz  that  other  converters  are  incapa- 
ble of  responding  to.  This  sensitivity  can  be  mitigated  by  careful 
use  of  the  differential  inputs  (see  previous  paragraphs).  Addi- 
tionally, Figure  18  shows  how  a  small  capacitor  (10  pF-20  pF 
for  50-ohm  terminated  inputs)  may  be  placed  between  V,NA  and 
VINB  to  help  reduce  high  frequency  noise  in  applications  where 
limiting  the  input  bandwidth  is  acceptable. 
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Figure  18.  Optional  High  Frequency  Noise  Reduction 

The  AD872  will  contribute  its  own  wideband  thermal  noise.  As 
a  result  of  the  integrated  wideband  noise  (1/2  LSB  rms, 
referred-to-input),  applying  a  dc  analog  input  produces  more 
than  one  code  at  the  output.  A  histogram  analysis  of  the  AD872 
with  a  dc  input  will  show  a  bell  shaped  curve  consistent  with 
the  Guassian  nature  of  the  thermal  noise.  This  histogram  will  be 
between  3  and  5  codes  wide,  depending  oh  how  well  the  input  is 
centered  on  a  given  code  and  how  many  samples  are  taken. 

REFERENCE  INPUT 

The  nominal  reference  input  should  be  2.5  V,  taken  with 
respect  to  REFERENCE  GROUND  (REF  GND).  Figure  19 
illustrates  the  equivalent  model  for  the  reference  input:  there 
is  no  clock  or  signal-dependent  activity  associated  with  the 
reference  input  circuitry,  therefore,  no  "kickback"  into  the 
reference. 


REF  GND  ©■ 


Figure  19.  Equivalent  Reference  Input  Circuit 

The  AD872's  input  impedance  is  5  kfl,  with  a  tolerance  of 
±20%.  The  effective  noise  bandwidth  through  the  input  channel 
is  10  MHz,  and  the  referred-to-input  noise  gain  is  0.4.  For 
example,  the  internal  reference,  with  peak-to-peak  noise  of 
180  u.V  (using  an  external  1  u.F  capacitor),  contributes  0.3  LSBs 
of  noise  to  the  transfer  function  of  the  AD872. 

The  full-scale  peak-to-peak  input  voltage  is  a  function  of  the 
reference  voltage,  according  to  the  equation: 

(V,NA  -  VrNB)  Full  Scale  =  O.S^V^  -  REF  GND) 

Note  that  the  AD872's  performance  was  optimized  for  a  2.5  V 
reference  input:  performance  will  degrade  somewhat  for  other 
reference  voltages.  Figure  20  illustrates  the  S/(N+D)  perfor- 
mance vs.  reference  voltage  for  a  1  MHz,  -0.5  dB  input  signal. 
Note  also  that  if  the  reference  is  changed  during  a  conversion, 
all  three  conversions  in  the  pipeline  will  be  invalidated. 


2.5  3.0 
E  INPUT  VOLTAGE  -  Volts 

Figure  20.  SHN+D)  vs.  Reference  Input  Voltage, 
fm  =  1  MHz,  FS  =  10  MHz 

Table  II  summarizes  various  2.5  V  references  suitable  for  use 
with  the  AD872,  including  the  onboard  bandgap  reference  (set 
REFERENCE  OUTPUT  section). 

Table  II.  Suitable  2.5  V  References 


Drift 
(PPM/°C) 

Initial  Accuracy 

% 

REF-43B 

6  (max) 

0.2 

AD680JN 

10  (max) 

0.4 

Internal 



30  (typ) 


0.4 
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If  an  external  reference  is  connected  to  REF  IN,  REF  OUT 
must  be  connected  to  +  5  V.  This  should  lower  the  current  in 
REF  GND  to  less  than  350  uA,  and  eliminate  the  need  for  a 
1  u.F  capacitor. 

Alternatively,  Figure  21  shows  how  the  AD872  may  be  driven 
from  other  references  by  use  of  an  external  resistor.  The  exter- 
nal resistor  forms  a  resistor  divider  with  the  on-chip  5  kfl  resis- 
tor to  realize  2.5  V  at  the  reference  input  pin  (REF  IN).  A  trim 
potentiometer  is  recommended  to  accommodate  the  tolerance  of 
the  AD872's  5  kfl  resistor. 


AD872 


Figure  21.  Optional  +5  V  Reference  Input  Circuit 
REFERENCE  GROUND 

The  REF  GND  pin  provides  the  reference  point  for  both  the 
reference  input,  and  the  reference  output.  When  the  internal 
reference  is  operating,  it  will  draw  approximately  500  jjlA  of  cur- 
rent through  the  reference  ground,  so  a  low  impedance  path  to 
the  external  common  is  desirable.  The  AD872  can  tolerate  a 
fairly  large  difference  between  REF  GND  and  AGND,  up  to 
±  1  V,  without  any  performance  < 


REFERENCE  OUTPUT 

The  AD872  features  an  onboard,  curvature  compensated 
bandgap  reference  that  has  been  laser  trimmed  for  both  absolute 
value  and  temperature  drift.  The  output  stage  of  the  reference 
was  designed  to  allow  the  use  of  an  external  capacitor  to  limit 
the  wideband  noise.  As  Figure  22  illustrates,  a  1  \iF  capacitor  on 
the  reference  output  is  required  for  stability  of  the  reference  output 
buffer.  Note:  If  used,  an  external  reference  may  become  unstable 
with  this  capacitor  in  place. 


Figure  22.  Typical  Reference  Decoupling  Connection 


With  this  capacitor  in  place,  the  noise  on  the  reference  output  is 
approximately  30  u.V  rms  at  room  temperature.  Figure  23  shows 
the  typical  temperature  drift  performance  of  the  reference,  while 
Figure  24  illustrates  the  variation  in  reference  voltage  with  load 
currents. 
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Figure  23.  Reference  Output  Voltage  vs.  Temperature 
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Figure  24.  Reference  Output  Voltage  vs.  Output  Load 

The  output  stage  is  designed  to  provide  at  least  2  mA  of  output 
current,  allowing  a  single  reference  to  drive  up  to  four  AD872s, 
or  other  external  loads.  The  power  supply  rejection  of  the  refer- 
ence is  better  than  54  dB  at  dc. 

DIGITAL  OUTPUTS 

In  28-pin  packages,  the  AD872  output  data  is  presented  in  twos 
complement  format.  Table  III  indicates  offset  binary  and  twos 
complement  output  for  various  analog  inputs. 

Table  in.  Output  Data  Format 


- — ; — ;  

Analog  Input 

Digital  Output 



Offset  Binary 

Twos  Complement 

OTR 

>0.999756  V 
0.999268  V 
OV 
-1  V 

-1.000244  V 

mi  mi  lin 
mi  nn  mi 

1000  0000  0000 
0000  0000  0000 
0000  0000  0000 

oni  nn  nn 
oin  nn  nn 

0000  0000  0000 
1000  0000  0000 
1000  0000  0000 

1 

0 
0 
0 

1 

Users  requiring  offset  binary  encoding  may  simply  invert  the 
MSB  pin.  In  the  44-pin  surface  mount  packages,  both  MSB  and 
MSB  bits  are  provided. 

The  AD872  features  a  digital  out-of-range  (OTR)  bit  that  goes 
high  when  the  input  exceeds  positive  full  scale  or  falls  below 
negative  full  scale.  As  Table  III  indicates,  the  output  bits  will  be 
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set  appropriately  according  to  whether  it  is  an  out-of-range  high 
condition  or  an  out-of-range  low  condition. 

The  AD872's  CMOS  digital  output  drivers  are  sized  to  provide 
sufficient  output  current  to  drive  a  wide  variety  of  logic  families. 
However,  large  drive  currents  tend  to  cause  glitches  on  the  sup- 
plies and  may  affect  S/(N+D)  performance.  Applications  requir- 
ing the  AD872  to  drive  large  capacitive  loads  or  large  fanout 
may  require  additional  decoupling  capacitors  on  DRVDD  and 
DVDD.  In  extreme  cases,  external  buffers  or  latches  could  be 
usefjL    .        ,  V5KI  bnjB  QVH»K3  una  '-.<  niV 
THREE-STATE  OUTPUTS 

The  44-pin  surface  mount  AD872  offers  three-state  outputs. 
The  digital  outputs  can  be  placed  into  a  three-state  mode  by 
pulling  the  OUTPUT  ENABLE  (OEN)  pin  LOW.  Note  that 
this  function  is  not  intended  to  be  used  to  pull  the  AD872  on 
and  off  a  bus  at  10  MHz.  Rather,  it  is  intended  to  allow  the 
ADC  to  be  pulled  off  the  bus  for  evaluation  or  test  modes.  Also, 
to  avoid  corruption  of  the  sampled  analog  signal  during  conver- 
sion (3  clock  cycles),  it  is  highly  recommended  that  the  AD872 
be  placed  on  the  bus  prior  to  the  first  sampling. 
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Figure  25.  Three-State  Output  Timing  Diagram 

For  timing  budgetary  purposes,  the  maximum  access  and  float 
delay  times  for  the  AD872  are  200  ns. 

CLOCK  INPUT 

The  AD872  internal  timing  control  uses  the  two  edges  of  the 
clock  input  to  generate  a  variety  of  internal  timing  signals.  The 
optimal  clock  input  should  have  a  50%  duty  cycle;  however, 
sensitivity  to  duty  cycle  is  significantly  reduced  for  clock  rates  of 
tian  10  megasamples  per  second. 
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Figure  26.  Divide-by-Two  Clock  Circuit 

Due  to  the  nature  of  on-chip  compensation  circuitry,  the  duty 
cycle  should  be  maintained  between  40%  and  60%  even  for 
clock  rates  less  than  10  Msps.  One  way  to  realize  a  50%  duty 
cycle  clock  is  to  divide  down  a  clock  of  higher  frequency,  as 
shown  in  Figure  26. 


In  this  case,  a  20  MHz  clock  is  divided  by  2  to  produce  the 
10  MHz  clock  input  for  the  AD872.  In  this  configuration,  the 
duty  cycle  of  the  20  MHz  clock  is  irrelevant. 

The  input  circuitry  for  the  CLKIN  pin  is  designed  to  accom- 
modate both  TTL  and  CMOS  inputs.  The  quality  of  the  logic 
input,  particularly  the  rising  edge,  is  critical  in  realizing  the  best 
possible  jitter  performance  for  the  pan:  the  faster  the  rising 
edge,  the  better  the  jitter  performance. 

As  a  result,  careful  selection  of  the  logic  family  for  the  clock 
driver,  as  well  as  the  fanout  and  capacitive  load  on  the  clock 
line,  is  important.  Jitter-induced  errors  become  more  predomi- 
nant at  higher  frequency,  large  amplitude  inputs,  where  the 
input  slew  rate  is  greatest. 

The  AD872  is  designed  to  support  a  sampling  rate  of  10  Msps; 
running  at  slightly  faster  clock  rates  may  be  possible,  although 
at  reduced  performance  levels.  Conversely,  some  slight  perfor- 
mance improvements  might  be  realized  by  clocking  the  AD872 
at  slower  clock  rates.  Figure  27  presents  the  SNR  vs.  clock  fre- 
quency for  a  1  MHz  analog  input. 
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Figure  27.  Typical  S/(N+D)  vs.  Clock  Frequency 
f,N  =  7  MHz,  Full-Scale  Input 

The  power  dissipated  by  the  correction  logic  and  output  buffers 
is  largely  proportional  to  the  clock  frequency;  running  at 
reduced  clock  rates  provides  a  slight  reduction  in  power  con- 
sumption. Figure  28  illustrates  this  tradeoff. 
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Figure  28.  Typical  Power  Dissipation  vs.  Clock  Frequency 
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ANALOG  SUPPLIES  AND  GROUNDS 

The  AD872  features  separate  analog  and  digital  supply  and 
ground  pins,  helping  to  minimize  digital  corruption  of  sensitive 
analog  signals.  In  general,  AVSS  and  AVm„  the  analog  supplies, 
should  be  decoupled  to  AGND,  the  analog  common,  as  close  to 
the  chip  as  physically  possible.  Care  has  been  taken  to  minimize 
the  signal  dependence  of  the  power  supply  currents;  however, 
the  analog  supply  currents  will  be  proportional  to  the  reference 
input.  With  REFIN  at  2.5  V,  the  typical  current  into  AVDD  is 
78  mA,  while  the  typical  current  out  of  AVSS  is  134  mA.  Typi- 
cally, 55  mA  will  flow  into  the  AGND  pin. 

Careful  design  and  the  use  of  differential  circuitry  provide  the 
AD872  with  excellent  rejection  of  power  supply  noise  over  a 
wide  range  of  frequencies,  as  illustrated  in  Figure  29. 
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Figure  29.  Power  Supply  Rejection  vs.  Frequency, 
100  mV  p-p  Signal  on  Power  Supplies 

Figure  30  shows  the  degradation  in  SNR  ratio  resulting  from 
100  mV  of  power  supply  ripple  at  various  frequencies.  As  Fig- 
ure 30  shows,  careful  decoupling  is  required  to  realize  the  speci- 
fied dynamic  performance.  Figure  35  demonstrates  the 
recommended  decoupling  strategy  for  the  supply  pins.  Note  that 
in  extremely  noisy  environments,  a  more  elaborate  supply  filter- 
ing scheme  may  be  necessary. 


Figure  30.  SNR  vs.  Supply  Noise  Frequency  (fIN  = 
7  MHz) 


DIGITAL  SUPPLIES  AND  GROUNDS 

The  digital  activity  on  the  AD872  chip  falls  into  two  general 
categories:  CMOS  correction  logic,  and  CMOS  output  drivers. 
The  internal  correction  logic  draws  relatively  small  surges  of 
current,  mainly  during  the  clock  transitions;  in  the  44-pin  pack- 
age, these  currents  flow  through  pins  DGND  and  DVDD.  The 
output  drivers  draw  large  current  impulses  while  the  output  bits 
are  changing.  The  size  and  duration  of  these  currents  is  a  func- 
tion of  the  load  on  the  output  bits:  large  capacitive  loads  are  to 
be  avoided.  In  the  44-pin  package,  the  output  drivers  are  sup- 
plied through  dedicated  pins  DRGND  and  DRVDD.  Pin  count 
constraints  in  the  28-pin  packages  require  that  the  digital  and 
driver  supplies  share  package  pins  (although  they  have  separate 
bond  wires  and  on-chip  routing).  The  decoupling  shown  in  Fig- 
ure 35  is  appropriate  for  a  reasonable  capacitive  load  on  the  digi- 
tal outputs  (typically  20  pF  on  each  pin).  Applications  involving 
greater  digital  loads  should  consider  increasing  the  digital  decou- 
pling proportionately. 

APPLICATIONS 

OPTIONAL  ZERO  AND  GAIN  TRIM 

The  AD872  is  factory  trimmed  to  minimize  zero  error,  gain 
error  and  linearity  errors.  In  some  applications  the  zero  and  gain 
errors  of  the  AD872  need  to  be  externally  adjusted  to  zero.  If 
required,  both  zero  error  and  gain  error  can  be  trimmed  with 
external  potentiometers  as  shown  in  Figure  31.  Note  that  gain 
error  adjustments  must  be  made  with  an  external  reference. 

Zero  trim  should  be  adjusted  first.  Connect  VINA  to  ground  and 
adjust  the  10  kfl  potentiometer  such  that  a  nominal  digital  out- 
put code  of  0000  0000  0000  (twos  complement  output)  exists. 
Note  that  the  zero  trim  should  be  decoupled  and  that  the  accu- 
racy of  the  ±2.5  V  reference  signals  will  directly  affect  the  offset. 

Gain  error  may  then  be  calibrated  by  adjusting  the  REF  IN 
voltage.  The  REF  IN  voltage  should  be  adjusted  such  that  a 
+ 1  V  input  on  VINA  results  in  the  digital  output  code  01111 
1111  1111  (twos  complement  output). 
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Figure  31.  Zero  and  Gain  Error  Trims 
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F/gure  32.  AD872  Evaluation  Board  Schematic 
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FEATURES 

Monolithic  10-Bit  30  MSPS  A/D  Converter 
Power  Dissipation:  530  mW 
On-Chip  Sample-and-Hold  Amplifier 
+5  V  Single-Supply  Operation 
Signal-to-Noise  Ratio  flN  =  3.58  MHz:  53  dB 
Differential  Nonlinearity:  0.8  LSB 
Adjustable  Reference  Input 
Differential  Inputs 

24-Pin  -Skinny"  DIP  and  28-Pin  SOIC 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD873  is  a  low  power,  single  supply,  CMOS  10-bit, 
30  Msps  analog-to-digital  converter  (ADC).  The  AD873  com- 
bines 10-bit  video  speed  conversion  with  single-supply  opera- 
tion. The  AD873's  on-chip  high  impedance  differential  input 
sample-and-hold  amplifier  (SHA)  allows  direct  conversion  of 
video  and  HDTV  bandwidth  signals.  The  differential  input 
SHA  can  be  driven  either  differentially  to  reject  high  frequency' 
noise  coupled  on  the  analog  inputs  or  single  ended  with  one 
input  set  to  a  dc  offset  level. 

The  AD873's  dynamic  performance  is  ideal  in  a  variety  of  appli- 
cations such  as  video  enhancement,  HDTV,  ghost  cancellation, 
medical  imaging  and  high  speed  data  acquisition.  The  AD873's 
30  Msps  sampling  rate  allows  eight  times  oversampling  of  a 
standard  NTSC  video  color  subcarrier.  The  AD873's  low 
power  and  single-supply  operation  are  also  suited  for  portable 
applications. 

The  AD873  is  available  over  the  commercial  temperature  range 
(0°C  to  +70°C)  and  is  packaged  in  a  space  saving  24-pin  plastic 
"skinny"  DIP  (JN)  and  28-pin  SOIC  (JR). 


uitt  i  uwcr; 
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PRODUCT  HIGHLIGHTS 

Sampling  ADC:  The  differential  input  SHA  eliminates  the 
need  for  external  buffering  or  sample-and-hold  amplifiers. 

Low  Power:  The  AD873  has  a  typical  power  consumption  of 
Reference  ladder  current  is  also  low:  5  mA  (typical), 
ference  power  consumption. 

Differential  Nonlinearity:  The  AD873  features  a  typical 
DNL  of  0.8  LSB.  No  missing  codes  guaranteed. 

Single  +5  V  Supply  Operation:  The  AD873  is  designed  to 
operate  on  a  single  +5  V  supply. 


The  AD873  is  available  in  a  space  saving  24-pin 
"skinny"  DIP  and  28-pin  SOIC. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DC  SPECIFICATIONS  unless  otherwise  noted) 


=  +3.0  V,  VREFB  =  +1.5V 


Parameter 

Min                 Typ  Max 

Units 

RESOLUTION 

10 

Bits 

DC  ACCURACY 
Linearity  Error 
Differential  Linearity  Error 
Offset  (+25°C) 
Gain  Error  (+25°C) 

+4 
±0.8 
2.2 
5 

LSB 
LSB 

%  FSR 
%  FSR 

ANALOG  INPUT 
Input  Range 
Input  Current 

Input  Capacitance 

 , 

3 

30 

' 

Vp-p 

uA 

PF 

REFERENCE  INPUT 
Reference  Input  Resistance 
Reference  Input  Voltage,  Top 
Reference  Input  Voltage,  Bottom 

300 
3.0 

Q 
V 
V 

CLOCK  INPUT 
High  Level  Input  Voltage 
Low  Level  Input  Voltage 
High  Level  Input  Current  (CLK  =  DVDD) 
Low  Level  Input  Current  (CLK  =  0  V) 
Input  Capacitance 

1  

V 
V 
OA 
uA 

LOGIC  OUTPUTS  WllC 
High  Level  Output  Voltage  (I0H  =  0.5  mA) 
High  Level  Output  Voltage  (Ioh  =  50  mA)  IT  »  - 
Low  Level  Output  Voltage  (I0l  =0.6  mA) 
Low  Level  Output  Voltage  (I0L  =50  pA) 

V 
V 

v 
v 

POWER  SUPPLIES 
Operating  Voltages 

AVnn 

DVDD 
Operating  Current 
IAVDD 
IDVDD 

+4.75  +5.25 
+4.75  +5.25 

84  TBD 
22  TBD 



v 

V 

mA 
mA 

POWER  SUPPLY  REJECTION 

9 

mV/V 

POWER  CONSUMPTION 



530  TBD 

mW 

TEMPERATURE  RANGE 
Specified 

0  +70 

°C 

.. 

Specifications  subject  to  change  without  notice.  See  Definition  of  Specifications  for  additional  information. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD873 

/in  corricir ati nmc  (AV°°= +5 V'  DV°°=  +5 30  MHz- =  +3-0 V, VMF8= +1.5 V, 
AC  OrELIHLAIIUNo  f,N  Amplitude  =  -0.9  dB,  unless  otherwise  noted) 


Parameter 

Min                Typ  Max 

Units 

DYNAMIC  PERFORMANCE 

Signal-to-Noise  and  Distortion  (S/N+D)  Ratio 

fm=  1.0  MHz 

fIN  =  10  MHz 
Signal-to-Noise  Ratio  (S/N) 

fIN=  1.0  MHz 

fiu  =  10  MHz 

51 
46 

53 
51 

dB 
dB 

dB 
dB 

Total  Harmonic  Distortion  (THD) 
f    —in  uh^ 

fnn=  10  MHz 
Spurious  Free  Dynamic  Range1 
Full  Power  Bandwidth 
Intermodulation  Distortion  (IMD)2 
Second  Order  Products 
Third  Order  Products 
Differential  Phase 

-56  -TBD 
-47  -TBD 
-56 
200 

TBD 
TBD 

0.5 

HR 

dB 
dB 
dB 
MHz 

dB 
dB 

Degree 

Differential  Gain 

1.5 

% 

NOTES 

'fM  =  1  MHz. 

Hn  =  TBD  MHz,  fb  =  TBD  MHz. 
Specifications  subject  to  change  without  notice. 

TIMING  SPECIFICATIONS 


Symbol 

Min              Typ  Max 

Units 

MAXIMUM  CONVERSION  RATE1 
Clock  Period 
Clock  High 
Clock  Low 
Output  Delay2 
Aperture  Delay 
Aperture  Jitter 
Pipeline  Delay  (Latency) 
Output  Rise  Time2 
Output  Fall  Time2 

ec 

tCH 
tcL 
toD 

tR 
tF 

30 

16V* 

Msps 
ns 

16 

8 

TBD 
TBD 

5 

5 
5 

ns 
ns 
ns 
ns 
ps 

Clock  Cycles 

ns 

ns 

NOTES 

'Conversion  rate  is  operational  down  to  xx  kHz  without  degradation  in  specified 
!CL=25pF. 


BIT  1-10 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD873 


— 


Symbol 


Pin  No. 
DIP 


Pin  No. 
SOIC 


Type 


Name  and  Function 


AVSS 
AVDD 
BIT  1  (MSB) 
BIT  2-BIT  9 
BIT  10  (LSB) 
CLK 
DVSS 
DVDD 
DRVSs 
DRVDD 
REFT 
REFB 
VmA 

V,NB 

CML 
NC 


6 
7 

12 

13-16,  21-24 
1 

11 

20 

17 

19 

18 

9 

8 

5 
4 

3 

2,  10 


6,7 
8,9 
14 

15-18,  25-28 
1 

13 

23,  24 

19,  20 

22 

21 

11 

10 

5 

4 

3 

2,  12 


P 
P 

DO 

DO 

DO 

DI 

P 

P 

P 

P 

AI 

AI 

AI 

AI 

AO 


Analog  Ground. 

+5  V  Analog  Supply. 

Most  Significant  Bit. 

Data  Bit  2  through  Data  Bit  9. 

Least  Significant  Bit. 

Clock  Input. 

Digital  Ground. 

+5  V  Digital  Supply. 

Digital  Ground  for  the  digital  output  drivers. 
+5  V  Digital  Supply  for  the  digital  output  drivers. 
Reference  Top  Input. 
Reference  Bottom  Input. 

(+)  Analog  Input  Signal  to  the  differential  input  SHA. 
(-)  Analog  Input  Signal  to  the  differential  input  SHA. 
Bypass  pin  for  an  internal  bias  point. 
No  Connection.  Connect  to  AVSS. 


TYPE:  AI  =  Analog  Input,  AO  =  Analog  Output,  DI 


=  Digital  Input,  DO  =  Digital  Output,  P  =  Powei 


ORDERING  GUIDE 


Model 


AD873JN 
AD873JR 


Temperature 
Range 


0°C  to  +70°C 
0°C  to  +70°C 


CONFIGURATIONS 

28-Pin  SOIC 


Package 
Description 


24-Pin  Plastii 
28-Pin  SOIC 


*For  outline  information  see  Package  Information  section. 


ABSOLUTE  MAXIMUM  RATINGS* 


Parameter       With  Respect  to 

Min 

Max 

Units 

AVDD,  DVDD     AVSS,  DVSS,  DRVSS 

-0.5 

+6.5 

Volts 

AVSS                DVSS,  DRVSS 

-1.0 

+1.0 

Volts 

Analog  Inputs  AVSS 

-0.5 

+6.5 

Volts 

CLK  DVSS 

-0.5 

+6.5 

Volts 

Junction  Temperature 

+150 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature  (10  sec) 

+300 

°c 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  may  affect  device  reliability. 


NO  CONNECT 


CAUTION  . 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD873  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING!  I^<\ 


ESD  SENSITIVE  DEVICE 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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FEATURES 

CMOS  10-Bit  15  MHz  A/D  Converter 
Low  Power  Dissipation:  185  mW 
+5  V  Single-Supply  Operation 
Differential  Nonlinearity:  0.4  LSB 
Guaranteed  No  Missing  Codes 
Power-Down  (Standby)  Mode:    50  mW 
Three-State  Outputs 

Digital  l/Os  Compatible  with  +5  V  or  +3.3  V  Logic 

Adjustable  Reference  Input 

Small  Size:  48-Pin  Thin  Quad  Flatpack  (TQFP) 


PRODUCT  DESCRIPTION 

The  AD875  is  a  CMOS,  low  power  10-bit,  15  MHz  analog-to- 
digital  converter  (ADC).  The  AD875  combines  high  speed 
10-bit  resolution  and  performance  with  low  power  and  single- 
supply  operation.  By  implementing  a  multistage  pipelined  archi- 
tecture with  output  error  correction  logic,  the  AD875  offers 
accurate  performance  and  guarantees  no  missing  codes  over  the 
full  operating  temperature  range.  To  minimize  external  voltage 
drops,  the  reference  ladder  top  and  bottom  are  provided  with 
force  and  sense  pins. 

The  AD875's  digital  I/Os  can  interface  to  either  +5  V  or  +3.3  V 
logic.  The  AD875  can  be  placed  into  a  standby  mode  of  opera- 
tion reducing  the  power  below  50  mW.  Digital  output  data  can 
be  placed  in  a  high  impedance  state  and  is  offered  in  a  variety  of 
formats,  including  straight  binary  and  twos  complement  output. 
The  AD875  also  provides  both  underrange  and  overrange  output 
bits,  indicating  when  the  analog  input  has  exceeded  the  analog 
input  range. 

The  AD875's  speed,  resolution  and  single-supply  operation  are 
ideally  suited  for  a  variety  of  applications  in  imaging,  high  speed 
data  acquisition  and  communications.  The  AD875's  low  power 
and  single  supply  operation  are  required  for  high  speed  portable 
applications.  Its  speed  and  resolution  are  ideally  suited  for 
charge  coupled  device  (CCD)  input  systems  such  as  color  scan- 
ners, digital  copiers,  electronic  still  cameras  and  camcorders. 

The  AD875  is  packaged  in  a  space  saving  48-pin  thin  quad  flat- 
pack  (TQFP)  and  is  specified  over  the  commercial  (0°C  to 
+70°C)  temperature  range. 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  HIGHLIGHTS 

Low  Power— The  AD875  at  185  mW  consumes  a  fraction  of  the 
power  of  presently  available  10-bit,  video-speed  converters. 
Power-down  mode  and  single-supply  operation  further  enhance 
its  desirability  in  low  power,  battery  operated  applications  such 
as  electronic  still  cameras,  camcorders  and  communication 
systems. 

Superior  Differential  Nonlinearity  Performance —The  AD875's  typ- 
ical DNL  performance  is  0.4  LSB  and  a  maximum  of  0.8  LSBs 
for  the  0  to  255  code  range  (ideal  for  imaging  systems).  No 
missing  codes  are  guaranteed. 

Very  Small  Package— The  AD875  is  available  in  a  48-pin  surface 
mount,  thin  quad  flatpack.  The  TQFP  package  is  ideal  for  very 
tight,  low  headroom  designs.  The  AD875  is  available  in  tape- 
and-reel. 

Digital  I/O  Functionality— The  AD875  offers  several  digital  fea- 
tures which  allow  output  data  formatting,  fixed  output  test  pat- 
tern generation  to  facilitate  in-circuit  testing,  three-state  output 
control  and  over/underrange  indicators. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Parameter 



Min                        Typ  Max 

Units 

RESOLUTION 

10 

Bits 

DC  ACCURACY 

Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 

Codes  0  to  255 

Codes  256  to  1023 

Offset 
Gain 

±1.5  ±2.5 

±0.4  ±0.8 
±0.4  ±1 
GUARANTEED 
0.1 
0.2 

LSB 

LSB 
LSB 

%FSR 
%FSR 

ANALOG  INPUT 
Input  Range 
Input  Resistance 
Input  Current 
Input  Capacitance 

1.8                            2  2.2 
100 
10 

5 

Vp-P 

m 

uA 
pF 

REFERENCE  INPUT 
Reference  Top  Voltage 
Reference  Bottom  Voltage 
Reference  Input  Resistance 
Reference  Input  Current 
Force-Sense  Offset 

Top 

Bottom 

■  

3.6                          4.0  4.1 
1.6                            2.0  2.1 
250  400 

5  8 

25 
25 

? 

n 

mA 

mV 
mV 

POWER  SUPPLIES 
Operating  Voltages 

AVDD 

DVDD 

+4.5 
+4.5 

+  5.25 
+  5.25 
+  5.25 

19  34 
17  25 
1  5 

. 

Volts 
Volts 

DRVDD 
Operating  Current 
IAVDD 
IDVDD 
IDRVDD' 

+3.0 

Volts 

mA 
mA 
mA 

POWER  CONSUMPTION 

185  235 

mW 

TEMPERATURE  RANGE 
Operating 

0  +70 

°C 

NOTES 
'C,.  =  20  pF 

Specifications  subject  to  change  without  notice.  See  Definition  of  Specifications  for  additional  information. 
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Parameter 





Symbol 




DRVn 


Min 


Typ 


Max 


Units 


LOGIC  INPUT 

1  Level  Input  Voltage 


Low  Level  Input 


High  Level  Input  Current 

Low  Level  Input  Current 

Low  Level  Input  Current  (CLK  Only) 

Input  Capacitance 


Iih 


3.0 

4.75 

5.25 

3.0 

4.75 

5.25 

4.75 

4.75 

4.75 


2.4 
3.8 
4.2 


-10 
-50 
-10 


0.6 
0.95 
1.05 
+  10 
+50 
+  10 


V 

V 

V 

V 

V 

V 

txA 

uA 

tiA 

pF 


LOGIC  OUTPUTS 
High  Level  Output  Voltage 
(IOH  =  50  uA) 

(IOH  =  0.5  mA) 
Low  Level  Output  Voltage 
(IOL  =  50  uA) 

(IoL  =  0.6  mA) 
Output  Capacitance 
Output  Leakage  Current 


3.0 

4.75 

4.75 

3.6 

5.25 

5.25 


2.4 

3.8 
2.4 


-10 


0.7 

1.05 

0.4 

+  10 


V 
V 
V 

V 

V 

V 

pF 

uA 


Specifications  subject  to  change  without  notice. 
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Symbol 

Min 

Typ 

Max 

Units 

Maximum  Conversion  Rate1 

15 

MHz 

Clock  Period 

«c 

66 

ns 

Clock  High 

•CH 

30 

33 

ns 

Clock  Low 

(CL 

30 

33 

ns 

Output  Delay2 

toD 

12 

15 

ns 

Pipeline  Delay  (Latency) 
Sampling  Delay  l3 

3 

Clock  Cycles 

tsi 

2.5 

ns 

Sampling  Delay  23 

«S2 

2.5 

ns 

External  Settling  Requirement3 

VsE 

±16 

mV 

NOTES 

'Conversion  rate  is  operational  down  to  10  kHz  without  degradation  in  s 
CL  =  20  pF. 

'See  the  section  entitled  "Driving  the  Analog  Input." 
Specifications  subject  to  change  without  notice. 

SAMPLE  N+2 

— V  


V 


-«CL-H 


r 


 to  »J  -*\  too  k- 

"j|        DATAH-3       j|        DATA  N-2       j|       DATA  N-1       Y  D, 


Figure  1.  AD87S  Timing  Diagram 
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PIN  DESCRIPTION 


Symbol 


DO (LSB) 

D1-D4 

D5-D8 

D9  (MSB) 

UNR 

OVR 


TESTMODE 


LINV 

MINV 

THREE- 
STATE 

STBY 

CLK 


CML 


REFTS 

REFTF 

REFTQ 

REFMID 

REFBQ 

REFBF 

REFBS 

AIN 


AVDD 

AVSS 

DVDD 

DVSS 

DRVDt 


DRV. 


TP1 

TP2 

N/C 


Pin  No. 


1 

2-5 

8-11 

12 

46 

47 


19 


20 

21 
23 

24 

22 


38 


29 
30 

32 
33 
34 
35 

39,  40 


37,42 
36,  43,  44 
15,  18,  25,  26 
13,  14,  17,  27 
7,  45 

6,  16 

28 
48 
41 


Type  Name  and  Function 


DO 
DO 
DO 
DO 
DO 
DO 


DI 
DI 

DI 

DI 

DI 
DI 


AO 


AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 


Least  Significant  Bit 
Data  Bits  1  Through  4 
Data  Bits  5  Through  8 
Most  Significant  Bit 
Underrange  Output 
Overrange  Output 


TESTMODE  =  LOW 


10  10 
D0-D9 


Pattern  On 


TESTMODE  =  HIGH 

or  N/C 


Normal  Operating  Mode 
Invert  the  Lower  Order  Output  Bits 
LINV  =  LOW  LINV  =  HIGH  or  N/C 


No  Inversion  Invert  Low  Order 

Output  Bits  (D0-D8) 
Invert  the  Most  Significant  Bit 


MINV  =  LOW 


No  Inversion 
THREE-STATE 


LOW 


MINV  =  HIGH  or  N/C 
Invert  MSB  (D9) 
THREE-STATE  =  HIGH 


Normal  Operating  Mode       or  N/C 


STBY  =  LOW 


Normal  Operating  Mode 
Clock  Input 


High  Impedance  Outputs 
STBY  =  HIGH  or  N/C 


Bypass  Pin  for  an  Internal  Bias  Point.  A  10  u.F  capacitor 
in  parallel  with  a  0. 1  u.F  capacitor  must  be  connected  to 
CML.  CML  is  not  to  be  used  to  drive  external  circuitry. 
Reference  Top  Sense 
Reference  Top  Force 
Reference  Top  Quarter  Point  (Bypass) 
Reference  Midpoint  (Bypass) 
Reference  Bottom  Quarter  Point  (Bypass) 
Reference  Bottom  Force 
Reference  Bottom  ! 
Analog  Input 


+  5  V  Analog  Supply 
Analog  Ground 
+5  V  Digital  Supply 
Digital  Ground 

+3.3  V/+5  V  Digital  Supply.  Supply  for  Digital 

Input  and  Output  Buffers 

+3.3  V/+5  V  Digital  Ground.  Ground  for  Digital 

Input  and  Output  Buffers 

Connect  to  AVSS  (Analog  Ground) 

Connect  to  DVSS  (Digital  Ground) 

No  Connect 








TYPE:  AI  =  Analog  Input;  AO  =  Analog  Output;  DI  =  Digital  Input; 
DO  =  Digital  Output; 
P  =  Power 


D0-D9,  UNR,  OVR 


^_|^  °»v» 


DV„ 


TESTMODE,  LINV,  MINV, 
THREE-STATE,  STBY 


CLK 


O — J-w^-i — 
6  ^1 


REFBS  ®— JWtMV-  -o 

OAV„ 


INTEHNAL 

REFERENCE 

VOLTAGE 


Equivalent  Circuits 
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TYPICAL  CHARACTERISTIC  CURVES 


CL  >  Z  It  >  >  >  (J  5  ?  3  > 
t=030<<<Z<<0< 

RRRRRRRRRRRR 


DO  (LSB)  1 

lzlz 

D1  2 

lzc 

D2  3 

□r 

D3  4 

en 

04  5 

□z 

DRVSS  6 

oz 

DRVDD  7 

lzc 

D5  B 

nn 

06  9 

lzc 

D7  10 

cc 

D8  11 

□z 

D9  (MSB)  12 

□z 

•  PIN  1  IDENTIFIER 


AD87S 


TOP  VIEW 
(NOT  TO  SCALE) 


]36 
]35 
]34 
]  33 
]32 
]31 
]30 

j  a 
:2s 

ZD  27 
:26 

:25 


»ss 


HEFBF 

REFBQ 

REFMID 

REFTO 

REFTF 

REFTS 

TPI 

DVD8 
DVDD 


♦0.75 
.0.5 
+0.25 

m 

(0 

-0.5 


TOHHHHHHHHH 

g  g  g  I  g  g  O  3  i  o  g  H 

CA  LU 


ORDERING  GUIDE 


ANALOG  INPUT  VOLTAGE 

Figure  2.  Typical  DNL 


f  FULL  SCALE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD875JST 

0°C  to  +70°C 

48-Pin  TQFP 

ST-48 

AD875JST-Reel 

0°C  to  +70°C 

48-Pin  TQFP 

(Tape  and  Reel  13") 

*For  outline  information  see  Package  Information  section. 


ABSOLUTE  MAXIMUM  RATINGS* 


-  FULL  SCALE 

ANALOG  INPUT  VOLTAGE 

Figure  3.  Typical  INL 


*  FULL  SCALE 


Parameter 

With  Respect  to 

Min 

Max 

Units 

AVDD 

AVSS 

-0.5 

+6.5 

Volts 

DVDD,  DRVDD 

DVSS,  DRVSS 

-0.5 

+6.5 

Volts 

AVSS 

DVSS,  DRVSS 

-0.5 

+0.5 

Volts 

AIN 

AVSS 

-0.5 

+6.5 

Volts 

REFTS,  REFTF,  REFBS,  REFBF 

AVSS 

-0.5 

+6.5 

Volts 

Digital  Inputs,  CLK 

DVSS,  DRVss 

-0.5 

+6.5 

Volts 

Junction  Temperature 

+  150 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature  (10  sec) 

+  300 

°C 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  caus 
of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
ratings  for  extended  periods  may  affect  device  reliability. 

CAUTION   


damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation 
specification  is  not  implied.  Exposure  to  absolute  r 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD875  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality.  
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DEFINITIONS  OF  SPECIFICATIONS 
Integral  Nonlineariry  (INL) 

Integral  nonlinearity  refers  to  the  deviation  of  each  individual 
code  from  a  line  drawn  from  "zero"  through  "full  scale."  The 
point  used  as  "zero"  occurs  1/2  LSB  before  the  first  code  transi- 
tion. "Full  scale"  is  defined  as  a  level  1  1/2  LSB  beyond  the  last 
code  transition.  The  deviation  is  measured  from  the  center  of 
each  particular  code  to  the  true  straight  line. 

Differential  Nonlinearity  (DNL,  No  Missing  Codes) 
An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  this  ideal  value.  It  is  often 
specified  in  terms  of  the  resolution  for  which  no  missing  codes 
(NMC)  are  guaranteed. 

Offset  Error 

The  first  transition  should  occur  at  a  level  1/2  LSB  above 
"zero."  Offset  is  defined  as  the  deviation  of  the  actual  first  code 
transition  from  that  point. 

Gain  Error 

The  first  code  transition  should  occur  for  an  analog  value 
1/2  LSB  above  nominal  negative  full  scale.  The  last  transition 
should  occur  for  an  analog  value  1  1/2  LSB  below  the  nominal 
positive  full  scale.  Gain  error  is  the  deviation  of  the  actual  dif- 
ference between  first  and  last  code  transitions  and  the  ideal  dif- 
ference between  the  first  and  last  code  transitions. 

Pipeline  Delay  (Latency) 

The  number  of  clock  cycles  between  conversion  initiation  and 
the  associated  output  data  being  made  available.  New  output 
data  is  provided  every  clock  cycle. 

Reference  Force/Sense  Offset 

Resistance  between  the  reference  input  and  comparator  input 
tap  points  causes  offset  errors.  These  errors  can  be  nulled  out 
by  using  the  force-sense  connection  as  shown  in  the  Reference 
Input  section. 

THEORY  OF  OPERATION 

The  AD875  uses  a  pipelined  multistage  architecture  to  achieve 
high  sample  rate  with  low  power.  The  multistage  approach  dis- 
tributes the  conversion  over  several  smaller  A/D  sub-blocks, 
refining  the  conversion  with  progressively  higher  accuracy  as  it 
passes  the  results  from  stage  to  stage.  As  a  consequence  of  the 
distributed  conversion,  the  AD875  requires  only  a  small  fraction 
of  the  1023  comparators  that  would  be  required  in  a  more  tradi- 
tional 10-bit  flash  type  AD.  A  sample-and-hold  (SHA)  function 
within  each  of  the  stages  permits  the  first  stage  to  operate  on  a 
new  sample  of  the  input  while  the  second  and  third  stages  oper- 
ate on  the  two  preceding  samples.  This  "assembly  line"  opera- 
tion on  multiple  samples,  known  as  pipelining,  allows  higher 
throughput  at  the  cost  of  some  delay,  referred  to  as  latency.  (See 
the  output  timing  diagram.) 

The  detailed  operation  is  as  follows:  the  first  stage  makes  a  4-bit 
estimate  of  the  analog  input  voltage  by  means  of  the  first  stage 
A/D  sub-block.  The  first  stage  estimate  is  converted  to  analog 
form  by  the  first  stage  D/A  and  subtracted  from  the  original 
input  signal.  The  remainder,  or  residue,  is  the  difference 
between  the  first  stage  estimate  and  the  actual  analog  input. 
Next,  the  residue  is  amplified  and  passed  to  the  second  stage 
where  another  AD  sub-block  makes  a  4-bit  estimate  of  its 
value.  Again  the  analog  version  of  the  estimate  is  subtracted 
from  the  signal,  and  an  even  finer  residue  is  generated.  Finally, 


the  A/D  sub-block  in  the  last  stage  measures  the  value  of  this 
second  stage  residue. 

The  AD  sub-blocks  within  each  stage  are  actually  4-bit  flash 
converters.  Ideally  3  bits  in  the  second  and  third  stages  would  be 
sufficient  for  a  10-bit  A/D.  The  additional  bits  allow  for  digital 
correction  of  errors  in  preceding  stages,  reducing  the  tolerances 
on  the  sub-block  components  and  making  a  more  robust  AD.  The 
reference  ladders  for  all  three  of  these  flash  sub-blocks  are  wired 
in  parallel  and  connected  to  the  reference  pins  of  the  AD875. 

Inside  the  AD875  all  signals  are  processed  differentially.  This  not 
only  enhances  the  internal  dynamic  range  of  the  components  but 
provides  a  high  level  of  noise  immunity  in  a  digital  environment. 

APPLYING  THE  AD875 
DRIVING  THE  ANALOG  INPUT 

The  high  input  resistance  and  low  input  capacitance  features  of 
the  AD875  simplify  the  current  and  settling  time  demands 
placed  on  input  drive  circuitry.  Figure  4  shows  the  equivalent 
input  circuit  of  the  AD875. 

The  full-scale  input  range  is  set  by  the  voltage  span,  REFTF- 
REFBF  (see  "Driving  the  Reference"  section).  The  recom- 
mended span  should  nominally  be  2  V  peak-to-peak.  This  span 
must  remain  bounded  by  the  minimum  and  maximum  input 
range  (specified  in  the  Analog  Input  section  under  DC  Specifica- 
tions). Some  example  input  ranges  are  given  in  Table  I. 


=  CLK 
=  CLK 


AD875 

(39)  f  cr  0 — 


J 


-3-4pF 




Figure  4.  AD875  Equivalent  Input  Structure 
Table  I.  Input  Range  Examples 


-Full  Scale 

+Full  Scale 

Input 

=  REFBF 

=  REFTF 

Span 

(V) 

(V) 

(V) 

+  1.6 

+3.6 

+2.0 

+2.0 

+4.0 

+2.0 

+2.1 

+4.1 

+2.0 

While  the  input  impedance  of  the  AD875  is  quite  high,  the 
switched-capacitor  input  structure  results  in  a  small  dynamic 
input  current.  In  order  to  prevent  gain  variations  as  a  result  of 
the  input  current,  maintaining  a  source  impedance  of  less  than 
or  equal  to  75  fi  is  suggested  (Figure  5).  In  general,  a  low  drive 
impedance  is  suggested  to  minimize  noise  coupled  on  the  AIN 
inputs. 
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Figure  5.  Simple  AD875  Drive  Requirements 

For  systems  which  must  level  shift  a  ground-referenced  signal  in 
order  to  comply  with  the  input  requirements  of  the  AD875,  a 
circuit  like  Figure  6  is  recommended.  The  suggested  op  amp,  an 
AD817  or  AD818,  is  configured  in  inverting  mode,  where  the  ac 
gain  of  the  input  signal  is  - 1 .  The  amount  of  dc-level  shifting  is 
controlled  by  the  dc  voltage  at  the  noninverting  input  of  the  op 
amp.  The  REFBF  signal  is  attenuated  by  a  resistive  voltage 
divider  and  then  multiplied  by  2.  In  the  case  where  REFBF  = 
1.6  V,  the  dc  output  level  will  be  2.6  V.  The  AD817  is  a  low 
cost,  fast  settling,  single-supply  op  amp  with  a  29  MHz  unity 
gain  bandwidth.  The  AD818  is  similar  to  the  AD817  but  has  a 

50  MHz  unity  gain  bandwidth. 

■ 

- 


Figure  6.  DC  Level  Shift  with  Gain  of  -  7  x 

The  AD875  samples  the  analog  input  voltage  twice:  once  on  the 
rising  edge  of  the  clock  (CLK)  and  once  on  the  falling  edge. 
The  first  sample,  taken  on  the  rising  edge,  is  used  to  perform  a 
coarse  estimate  of  the  input.  As  indicated  in  Figure  7,  the  ana- 
log input  voltage  must  be  settled  within  VSE  (±16  mV)  of  its 
final  value  at  this  time  and  must  remain  within  VSE  until  the 
second  sample  has  been  taken.  The  second  sample,  taken  on  the 
falling  edge  of  the  clock,  will  determine  the  exact  value  digitized 
and  should  be  accurate  to  within  10  bits  (0.1%).  Note  that  the 
actual  sample  points  are  delayed  by  tsl  and  tS2. 

For  applications  where  step  input  signals  are  expected  (i.e.,  CCD 
or  multiplexed  outputs),  the  settling  time  of  the  input  drive  cir- 
cuitry should  be  examined  carefully.  In  most  cases,  the  settling 
time  requirements  placed  on  the  input  amplifier  are  easily  met 
by  the  AD817  or  AD818.  For  higher  speed  operation,  it  may  be 
necessary  to  use  faster  op  amps  such  as  the  AD810  or  AD811. 

As  a  result  of  the  AD875's  settling  requirements,  there  is  a  max- 
imum slew  rate  hmitation  placed  on  the  analog  input  signal.  For 
applications  using  CCDs  and  other  sampled  analog  systems,  the 
AD875  can  be  used  directly.  However,  for  continuous  signal 
applications,  Figure  7  implies  a  maximum  slew  rate  limitation 


on  the  analog  input: 

16  mV 

Slew  Rate  of  Analog  Input  (maximum)  =   (Vlsec) 

tcH 

where  tCH  is  the  "high"  period  of  the  sample  clock  in  seconds, 
or  one-half  the  full  period  when  the  clock  is  run  with  50%  duty 
cycle.  For  example,  at  15  MHz  clock  rate,  the  maximum  slew 
rate  is  about  0.48  V/|xs.  This  corresponds  to  a  maximum  analog 
input  frequency  of  76  kHz  when  a  full-scale  (2  V  peak-to-peak) 
sine  wave  is  used.  For  input  signals  with  higher  slew  rates,  a 
sample-and-hold  amplifier  must  be  used  for  accurate  digitization. 


Figure  7.  Analog  Input  Settling  Requirement 

REFERENCE  INPUT 

Driving  the  Reference  Terminals 

The  AD875  requires  an  external  reference  on  pins  REFTF  and 
REFBF.  Reference  sense  pins  REFTS  and  REFBS  are  also  pro- 
vided for  Kelvin  connections  to  minimize  voltage  drops  due  to 
external  and  internal  wiring  resistances.  A  resistor  ladder  nomi- 
nally 400  ft  is  connected  internally  between  pins  REFTF  and 
REFBF. 

The  voltage  drop  across  the  internal  resistor  ladder  determines 
the  input  span  of  the  AD875 .  The  driving  voltages  required  at  the 
REFTF  and  REFBF  pins  are  nominally  +4  V  and  +2  V  respec- 
tively resulting  in  a  2  V  input  span.  In  order  to  maintain  the  requi- 
site 2  V  drop  across  the  internal  ladder,  the  external  reference 
must  be  capable  of  typically  providing  5  mA  of  dc  current. 

Transient  current  flows  in  and  out  of  the  REFTF  and  REFBF 
pins.  Therefore,  a  low  ac  impedance  is  required  at  these  termi- 
nals for  proper  operation.  Bypassing  each  pin  with  suitable 
capacitive  decoupling  should  effectively  attenuate  any  transients. 
See  the  AD875  Evaluation  Board  Schematic  for  recommended 
values.  Mid  (REFMID)  and  quarter  (REFTQ,  REFBQ)  ladder 
tap  points  are  also  available  for  additional  decoupling  if  required. 
It  is  important  to  note  that  these  tap  points  cannot  be  used  to 
correct  integral  linearity  as  is  sometimes  done  in  a  typical  flash 
converters. 

There  are  several  reference  configurations  suitable  for  the 
AD875  depending  on  the  application,  desired  performance  and 
cost  trade-offs.  The  simplest  configuration,  shown  in  Figure  8, 
utilizes  a  resistor  string  to  generate  the  reference  voltages  from 
the  converter's  analog  power  supply.  A  10  uP  tantalum  capaci- 
tor in  parallel  with  a  0. 1  jlF  ceramic  capacitor  will  provide  ade- 
quate decoupling  for  both  the  REFTF  and  REFBF  pins.  The 
0.1  |xF  capacitors  should  be  physically  located  within  1cm  of 
REFTF  and  REFBF.  A  10  u,F  capacitor  connected  between 
REFTF  and  REFBF  is  also  recommended  for  optimum  perfor- 
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solution  but  has  several  disadvantages  including  poor  dc  power 
supply  rejection  and  poor  accuracy  due  to  the  variability  of  the 
internal  and  external  resistor  values. 
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NC  —(35)  REFBS 
NC  =  NO  CONNECT   

Figure  8.  Low  Cost  Reference  Circuit 

A  higher  performance  solution  employs  a  voltage  regulator  to 
improve  dc  power  supply  rejection  and  absolute  accuracy.  Fig- 
ure 9  shows  a  LAO  17  adjustable  regulator  configured  to  gener- 
ate a  1.6  V  output  for  REFBF.  This  output  is  also  used  to 
generate  the  3.6  V  REFTF  signal  by  multiplying  the  REFBF 
signal  by  2.25.  Note  that  the  AD817  op  amp  used  to  multiply 
REFBF  has  been  compensated  to  ensure  stability  while  driving 
the  large  capacitive  load.  The  accuracy  of  this  solution  is  limited 
by  the  external  resistors  and  the  initial  accuracy  of  the  reference. 
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Figure  9.  Reference  Circuit  with  Good  PSRR 

For  optimal  performance,  a  force  sense  or  Kelvin  configuration 
can  be  used  as  shown  in  Figure  10.  This  circuit  uses  a  high- 
accuracy  reference  (AD589)  and  a  dual  op  amp  (OP-295)  to 
maintain  accuracy  and  minimize  voltage  drops  which  are  gener- 
ated in  the  wire  connections  to  the  REFTF  and  REFBF  inputs. 
The  output  of  the  AD589  is  increased  to  1.6  V  and  3.6  V  at  the 
outputs  of  the  op  amps  as  required.  Both  op  amps  are  compen- 
sated to  maintain  stability  while  driving  the  decoupling  capaci- 
tors required  at  the  REFTF  and  REFBF  pins. 

These  outputs,  being  connected  in  a  feedback  loop,  tend  to  can- 
cel any  errors  caused  by  the  voltage  drops  in  the  wires.  Note 
that  if  the  REFTS  and  REFBS  are  not  used  in  a  force  sense 
configuration,  they  should  be  left  unconnected  and  should  not 
be  connected  to  REFTF  and  REFBF. 
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Figure  10.  High  Performance  Reference  Circuit  Using 
Kelvin  Connections 

Like  any  high  resolution  converter,  the  layout  and  decoupling  of 
the  reference  is  critical.  The  actual  voltage  digitized  by  the  AD875 
is  relative  to  the  reference  voltages.  In  Figure  11,  for  example,  the 
reference  returns  and  the  bypass  capacitors  are  connected  to  the 
shield  of  the  incoming  analog  signal.  Disturbances  in  the  ground 
of  the  analog  input,  which  will  be  common-mode  to  the  REFTF, 
REFBF,  and  AIN  pins  because  of  the  common  ground,  are  effec- 
tively removed  by  the  AD875's  high  common-mode  rejection. 

High  frequency  noise  sources,  VN1  and  VN2,  are  shunted  to 
ground  by  decoupling  capacitors.  Any  voltage  drops  between  the 
analog  input  ground  and  the  reference  bypassing  points  will  be 
treated  as  input  signals  by  the  converter  via  the  reference 
inputs.  Consequently,  the  reference  decoupling  capacitors 
should  be  connected  to  the  same  analog  ground  point  used  to 

le  analog  input  voltage.  (For  further  suggestions,  see  the 
ing  and  Layout  Rules"  section  of  the  data  sheet.) 


Figure  11.  Recommended  Bypassing  for  the  Reference 
Inputs 

CLOCK  INPUT 

The  AD875  clock  input  is  buffered  internally  with  an  inverter 
powered  from  the  DRVDD  pin.  This  feature  allows  the  AD875 
to  accommodate  either  +5Vor+3.3V  CMOS  logic  input  sig- 
nal swings  with  the  input  threshold  for  the  CLK  pin  nominally 
at  DRVDD/2. 

The  AD875's  pipelined  architecture  operates  on  both  rising  and 
falling  edges  of  the  input  clock.  To  minimise  duty  cycle  varia- 
tions the  recommended  logic  family  to  drive  the  clock  input  is 
high  speed  CMOS  (HC/HCT)  logic.  HCMOS  logic  provides 
both  symmetrical  voltage  threshold  levels  and  sufficient  rise  and 
fall  times  to  support  15  MHz  operation.  The  AD875's 
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clock  half  cycle  may  necessitate  the  use  of  an  external  divide-by- 
two  circuit  as  shown  in  Figure  12. 


Figure  12.  Divide-By-Two  Clock  Input  Circuit 

The  AD875  is  designed  to  support  a  conversion  rate  of  15  MHz; 
running  the  part  at  slightly  faster  clock  rates  may  be  possible, 
although  at  reduced  performance  levels.  Conversely,  some  slight 
performance  improvements  might  be  realized  by  clocking  the 
AD875  at  slower  clock  rates. 

The  power  dissipated  by  the  correction  logic  and  output  buffers 
is  largely  proportional  to  the  clock  frequency;  running  at  reduced 
clock  rates  provides  a  reduction  in  power  consumption.  Figure 
13  illustrates  this  trade-off. 

DIGITAL  INPUTS  AND  OUTPUTS 

Each  of  the  AD875's  digital  control  inputs,  MINV,  LINV, 
TEST  MODE,  THREE-STATE,  and  STBY  is  buffered  with  an 
inverter  powered  from  the  DRVDD  supply  pins.  With  DRVDD 


CLOCK  FREQUENCY  -  MHz 

Figure  13.  Typical  Power  Dissipation  vs.  Clock  Frequency 

set  to  +5  V  all  digital  inputs  readily  interface  with  5  V  CMOS 
logic.  For  interfacing  with  lower  voltage  CMOS  logic,  DRVDD 
can  be  set  to  3.3  V  effectively  lowering  the  nominal  input 
threshold  of  all  digital  inputs  to  3.3  V/2  =  1.65  V. 

The  AD875  provides  several  convenient  digital  input  pins  for 
controlling  the  converter  output  format.  By  utilizing  digital 
input  pins  MINV  and  LINV,  three  digital  output  formats  are 
possible:  binary,  twos  complement,  and  ones  complement. 

Another  element  of  digital  functionality  is  provided  with  the 
TEST  MODE  pin.  To  facilitate  in-circuit  testing  of  the  digital 
portion  of  your  application,  a  fixed  digital  pattern  controlled  by 
a  digital  input  is  available.  For  TEST  MODE  =  LOW,  an 
alternating  1010101010  pattern  is  established.  This  pattern  is 
further  manipulated  when  used  in  conjunction  with  the  LINV 
and  MINV  pins  (see  Output  Data  Format,  Table  II  below). 


Table  II.  Output  Data  Format 
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Z  -  High  Impedance;  X  -  Don't  Care;  ?  -  Determined  By  AIN. 
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Also,  a  sleep  mode  feature  is  provided  such  that  for  STBY  = 
HIGH  and  the  clock  disabled,  the  static  power  of  the  AD875 
will  drop  below  50  mW.  The  AD875  reaches  rated  accuracy  4 
clock  cycles  after  STBY  is  brought  LOW  and  the  clock  is 
started. 

DIGITAL  OUTPUTS 

Each  of  the  on-chip  buffers  for  the  AD875  output  bits  (D0-D9, 
OVR,  UNR)  is  powered  from  the  DRVDD  supply  pins,  separate 
from  AVDD  or  DVDD.  The  output  drivers  are  sized  to  handle  a 
variety  of  logic  families  while  minimizing  the  amount  of  glitch 
energy  generated.  In  all  cases,  a  fan-out  of  one  is  recommended 
to  keep  the  capacitive  load  on  the  output  data  bits  below  the 
specified  20  pF  level. 

For  DRVDD  =  5  V,  the  AD875  output  signal  swing  is  compati- 
ble with  both  high  speed  CMOS  and  TTL  logic  families.  For 
TTL,  the  AD875  on-chip,  output  drivers  were  designed  to 
support  several  of  the  high  speed  TTL  families  (F,  AS,  S). 
For  applications  where  the  clock  rate  is  below  15  MHz,  other 
TTL  families  may  be  appropriate.  For  interfacing  with  lower 
voltage  CMOS  logic,  the  AD875  sustains  15  MHz  operation 
with  DRVDD  =  3.3  V.  In  all  cases,  check  your  logic  family 
data  sheets  for  compatibility  with  the  AD875  Digital  Specifica- 
tion table. 

THREE-STATE  OUTPUTS 

The  digital  outputs  of  the  AD875  can  be  placed  in  a  high 
impedance  state  by  setting  the  THREE-STATE  pin  to  HIGH. 
This  feature  is  provided  to  facilitate  in-circuit  testing  or  evalua- 
tion. Note  that  this  function  is  not  intended  for  enabling/ 
disabling  the  ADC  outputs  from  a  bus  at  15  MHz.  Also,  to 
avoid  corruption  of  the  sampled  analog  signal  during  conversion 
(three  clock  cycles),  it  is  highly  recommended  that  the  AD875 
outputs  be  enabled  on  the  bus  prior  to  the  first  sampling.  For 
the  purpose  of  budgetary  timing,  the  maximum  access  and  float 
delay  times  (tDD,  tHL  shown  in  Figure  14)  for  the  AD875  are 
150  ns. 


THREE-STATE 


UNR,  OVR 

ACTIVE  HIGH  IMPEDANCE 

Figure  14.  High  Impedance  Output  Timing  Diagram 
OUT  OF  RANGE 

As  Table  II  indicates,  an  Underrange  (UNR)  or  Overrange 
(OVR)  condition  exists  when  the  analog  input  voltage  is  beyond 
the  input  range  (nominally  +2  V  to  +4  V)  of  the  converter. 
UNR  (Pin  46)  is  set  LOW  when  the  analog  input  voltage  is 
within  the  analog  input  range.  UNR  is  set  HIGH  (after  account- 
ing for  pipeline  latency)  and  will  remain  HIGH  when  the  analog 
input  voltage  is  less  than  the  input  range  by  1/2  LSB  from  the 
center  of  the  negative  full-scale  output  code.  OVR  (Pin  47)  is  set 
LOW  when  the  analog  input  voltage  is  within  the  analog  input 
range.  OVR  is  set  HIGH  (after  accounting  for  pipeline  latency) 
and  will  remain  HIGH  when  the  analog  input  voltage  is  greater 
than  the  input  range  by  1/2  LSB  from  the  center  of  the  positive 
full-scale  output  code. 


GROUNDING  AND  LAYOUT  RULES 

As  is  the  case  for  any  high  performance  device,  proper  ground- 
ing and  layout  techniques  are  essential  in  achieving  optimal  per- 
formance. The  analog  and  digital  grounds  on  the  AD875  have 
been  separated  to  optimize  the  management  of  return  currents 
in  a  system.  It  is  recommended  that  a  4-layer  printed  circuit 
board  (PCB)  which  employs  a  ground  plane  and  power  planes 
be  used  with  the  AD875.  The  use  of  ground  and  power  planes 
offers  distinct  advantages: 

1 .  The  minimization  of  the  loop  area  encompassed  by  a  signal 
and  its  return  path. 

2.  The  minimization  of  the  impedance  associated  with  ground 
and  power  paths. 

3.  The  inherent  distributed  capacitor  formed  by  the  power 
plane,  PCB  insulation,  and  ground  plane. 

These  characteristics  result  in  both  a  reduction  of  electro- 
magnetic interference  (EMI)  and  an  overall  improvement  in 
performance. 

It  is  important  to  design  a  layout  which  prevents  noise  from 
coupling  onto  the  input  signal.  Digital  signals  should  not  be  run 
in  parallel  with  the  input  signal  traces  and  should  be  routed 
away  from  the  input  circuitry. 

Separate  analog  and  digital  grounds  should  be  joined  together 
directly  under  the  AD875 .  A  solid  ground  plane  under  the 
AD875  is  also  acceptable  if  care  is  taken  in  the  management 
of  the  power  and  ground  return  currents.  A  general  "rule-of- 
thumb"  for  mixed  signal  layouts  dictates  that  the  return  cur- 
rents from  digital  circuitry  should  not  pass  through  critical 
analog  circuitry. 

POWER  SUPPLY  DECOUPLING 

The  analog  and  digital  supplies  of  the  AD875  have  been  sepa- 
rated to  prevent  the  typically  large  transients  associated  with 
digital  circuitry  from  coupling  into  the  analog  supply  (AVDD). 

The  digital  supplies  have  also  been  separated  into  DRVDD  and 
DVDD.  The  DRVDD  pins  provide  power  for  the  digital  I/O's  of 
the  AD875  and  are  likely  to  contain  high  energy  transients.  Each 
power  supply  pin  should  be  decoupled  with  a  0. 1  u.F  capacitor 
located  as  close  to  the  pin  as  possible.  For  optimal  performance, 
surface-mount  capacitors  are  recommended.  The  inductance 
associated  with  the  leads  of  through-hole  ceramic  capacitors  typ- 
ically render  them  ineffective  at  higher  frequencies.  A  complete 
system  will  also  incorporate  tantalum  capacitors  in  the  10-100  u,F 
range  to  decouple  low  frequency  noise  and  ferrite  beads  to  limit 
high  frequency  noise. 

APPLICATIONS 

IMAGING  SYSTEM  OVERVIEW 

While  the  specifics  of  a  particular  imaging  system  will  vary, 
most  architectures  will  employ  some  or  all  of  the  building  blocks 
shown  in  Figure  15.  The  image  sensor,  often  a  charged-coupled 
device  (CCD),  transforms  light  to  electrical  output.  The  result- 
ant pixel  stream  is  conditioned  by  a  clamp/sample-hold  circuit 
which  is  sometimes  referred  to  as  a  correlated  double  sampler 
(CDS).  A  gain  block  sets  signal  levels  which  maximize  the 
utilization  of  the  dynamic  range  of  the  A/D  converter.  DC 
restoration  is  often  used  to  remove  any  static  dc  errors  which 
may  accumulate  over  time  and  temperature.  The  digitized 
signal  is  then  processed  by  the  application  specific  digital  signal 
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Figure  15.  Typical  Imaging  System  Block  Diagram 


For  optimum  performance  the  CDS  is  tailored  to  the  sensor  out- 
put characteristics.  When  used  in  conjunction  with  a  CCD,  the 
CDS  acts  to  remove  low  frequency  signal  variations,  kT/C  noise, 
and  other  noise  components,  all  of  which  are  artifacts  generated 
by  the  CCD.  The  output  signal  from  the  CCD  is  characterized 
by  a  series  of  pixels,  each  containing  both  a  reset  level  and  the 
actual  video  data.  Aside  from  the  various  noise  components,  the 
video  data  is  essentially  a  stream  of  stepped  dc  signals.  This 
pixel  stream  from  the  CCD  is  then  ac-coupled  through  a  capaci- 
tor to  a  switch  (contained  within  the  CDS  block). 

This  switch,  in  turn,  is  connected  to  a  clamp  reference  voltage. 
The  switch  is  closed  during  the  reset  portion  of  each  pixel.  As  a 
result,  the  difference  between  the  reset  level  of  each  pixel  and 
the  clamp  reference  voltage  is  stored  on  the  coupling  capacitor. 
When  the  switch  is  opened,  the  dc  voltage  stored  on  the  cou- 
pling capacitor  sets  the  dc  level  for  the  pixel  stream.  The  video 
portion  of  each  pixel  is  then  sampled  and  held  using  traditional 
sample/hold  (SHA)  architectures.  Since  the  CCD  noise  sources 
are  correlated  between  the  reset  and  video  portions  of  the  pixel 
stream,  and  the  output  of  the  SHA  represents  the  difference 
between  these  two  levels,  the  noise  is  effectively  eliminated. 

The  output  of  the  CDS  will  generally  require  some  form  of  gain 
control  in  order  to  maximize  the  full-scale  input  range  of  the 
A/D  converter.  In  some  applications,  a  fixed  gain  may  be  ade- 
quate while  in  many  applications  such  as  camcorders,  variable 
gain  control  is  used  to  automatically  account  for  variations  in 
scene  brightness.  Gain  control  can  be  achieved  using  analog  or 
digital  techniques  and  often  times  must  be  able  to  respond  at  a 
rate  equivalent  to  the  pixel  rate.  Gilbert  multiplier  cells  and 
multiplying  D/As  are  two  common  circuits  used  for  the  gain 
block. 

The  dc  restore  block  acts  to  set  the  final  dc  level  of  the  signal 
before  digitization  by  the  A/D  converter.  A  fixed  voltage  level 


(equivalent  to  the  black  level  or  negative  full  scale)  generated  by 
the  CCD  is  sampled  by  the  dc  restoration  circuit  usually  at  the 
beginning  or  end  of  a  "scan  line."  Any  difference  between  the 
sampled  black  level  and  the  desired  negative  full  scale  is 
removed  either  by  a  servo  loop  or  corrected  digitally.  To  maxi- 
mize the  use  of  the  A/D's  input  range,  the  error  must  be 
removed  prior  to  the  A/D.  This  is  generally  accomplished  by  a 
high  dc-gain  feedback  path  which  servos  any  error  detected  at 
the  output.  The  dc  restoration  effectively  removes  dc  level  shifts 
which  may  occur  as  a  result  of  long-term  parameter  shifts  such 
as  component  drift  and  temperature  variations. 

The  main  criterion  for  choosing  the  A/D  converter  is  generally 
based  on  resolution  and  speed.  Resolution  affects  the  signals-to- 
noise  ratio  of  the  system,  dictates  the  maximum  digital  dynamic 
range  of  the  image,  and  is  a  consideration  for  round-off  errors 
produced  in  the  digital  signal  processing.  The  speed  of  the  A/D 
converter  is  related  to  the  number  of  pixel  elements  and  the 
pixel  output  rate  of  the  particular  image  sensor.  Multichannel 
systems  may  multiplex  more  than  one  pixel  stream  into  a  single 
A/D,  thus  requiring  faster  conversion  rates.  Similarly,  area 
CCDs  (CCDs  which  capture  video  information  in  two  dimen- 
sions) operate  at  higher  rates  than  linear  (one  dimensional) 
CCDs. 

MULTICHANNEL  IMAGE  ACQUISITION  SYSTEM 

The  AD875's  fast  conversion  rate  combined  with  the  AD783 
sample/hold  amplifiers  (SHAs)  and  the  AD9300  high  speed  mul- 
tiplexer can  be  used  to  construct  an  analog  front-end  capable  of 
acquiring  and  digitizing  three  or  more  analog  signals  at  a  rate  of 
1  Msps.  Figure  16  shows  a  typical  circuit  which  employs  three 
AD783s  capable  of  acquiring  a  2  V  p-p  step  input  to  10-bit 
accuracy  in  less  than  350  ns. 
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NOTE 

ALL  CAPACITORS  ARE 


0.1  mF  unless  otherwise  noted 
Figure  16.  Multichannel  Image  Acquisition  System 


Referring  to  the  timing  diagram  in  Figure  17,  the  three  analog 
inputs  are  simultaneously  sampled  on  the  falling  edge  of  S/H. 
After  allowing  the  SHAs  to  settle  (250  ns),  the  R  channel  is  dig- 
itized at  the  conversion  rate  of  12  MHz  (83.3  ns).  Next,  the 
MUX  is  switched  to  the  G  channel,  allowed  to  settle  (83.3  ns), 
and  digitized.  The  B  channel  is  digitized  similarly.  While  the  B 
channel  is  converted,  the  R  channel  data  becomes  available  at 
the  output  of  the  AD875  (due  to  the  pipelined  latency).  The 
rising  edges  of  the  signals  RDAV,  GDAV,  and  BDAV  are  the 
signals  which  indicate  when  valid  data  is  available  at  the  output 
of  the  A/D  converter. 
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SIM 
AO 
A1 
RDAV 
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HIGH  SPEED  S  AMPLE-AND-HOLD  AMPLIFIER  (SHA) 

A  sample-hold  amplifier  is  often  needed  as  part  of  a  correlated 
double  sampler  or  when  high  bandwidth  inputs  such  as  video 
signals  are  to  be  convened  by  the  AD875.  For  fast,  precise  sam- 
pling required  for  video  signals,  an  integrated  solution  such  as 
the  AD9101  track-and-hold  amplifier  is  suggested  for  optimum 
performance.  However,  the  requirements  of  many  10-bit  imag- 
ing systems  can  be  achieved  using  a  SHA  architecture  similar  to 
the  one  shown  in  Figure  18.  This  discrete  SHA  can  accurately 
acquire  a  1  V  input  step  within  1  mV  accuracy  in  less  than 
200  ns.  Hold-mode  settling  within  1  mV  is  typically  less  than 
50  ns.  The  resultant  throughput  rate  is  3.3  Msps. 
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Figure  17.  Timing  Diagram  for  Figure  16 
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Figure  18.  High  Speed  Discrete  SHA 


CIRCUIT  DESCRIPTION 

The  discrete  SHA  shown  in  Figure  13  is  a  closed-loop,  nonin- 
verting  architecture  that  accepts  1  V  p-p  inputs.  The  overall 
gain  of  the  SHA  is  +2  in  order  to  accommodate  the  2  V  input 
span  of  the  AD875.  The  AD847,  with  0.1%  settling  time  of 
65  ns,  is  the  suggested  input  buffer  to  the  SHA.  The  circuit  also 
employs  an  SD5001  that  contains  four  ultrahigh  speed  DMOS 
switches  (Q1-Q4).  The  low  cost,  fast  settling  time  and  high 
CMRR  of  the  AD817  op  amp  are  critical  features  necessary  for 
optimal  performance  and  economy. 

In  sample  mode,  Ql  and  Q3  of  the  SD5001  are  closed  (Q2  and 
Q4  are  open).  C28  is  charged  to  the  input  voltage  level  at  a  rate 
primarily  determined  by  the  time  constant,  R9  x  C28,  and  the 
gain  (2  x ).  Simultaneously,  C29  is  connected  to  ground  through 
a  250  (1  resistor.  If  C28  is  equal  to  C29,  charge  injection  from 
Ql  will  be  approximately  equal  to  charge  injection  form  Q3 
based  on  the  symmetry  of  the  circuit  and  the  inherent  matching 
of  the  switch  capacitance.  The  resultant  pedestal  errors  appear 
as  a  common-mode  signal  to  the  AD817  and  are  approximately 
canceled  from  the  differential  architecture. 

In  hold  mode,  Q2  and  Q4  are  closed  (Ql  and  Q3  are  open)  to 
reduce  feedthrough.  The  AD817  buffers  the  voltage  held  on  C28 
and  settles  within  the  requisite  1  mV  within  50  ns.  The  output 
of  the  AD817  must  then  be  level-shifted  in  order  to  interface 
with  the  AD875  input  span  requirements.  Throughput  rates 
greater  than  3.3  Msps  using  this  architecture  are  limited  by  the 
RoN  of  the  SD5001.  Faster  sample  rates  require  open-loop 
architectures  or  diode-bridge  switching  in  order  to  reduce  the 
on-resistance. 


TIMING  DESCRIPTION 

Figure  19  shows  the  timing  requirements  for  the  discrete  SHA. 
The  complementary  S/H  inputs  are  HCMOS-compatible 
although  larger  gate  voltages  will  improve  performance  slightly 
by  lowering  the  on  resistances  of  the  DMOS  switches.  The  con- 
version is  started  as  soon  as  the  output  of  the  SHA  has  settled 
within  16  mV  of  its  final  value. 


5» 


SHA 
OUTPUT 


Figure  19.  Timing  Diagram  for  Discrete  SHA 
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FEATURES 

CMOS  10-Bit  20  MSPS  Sampling  A/D  Converter 

Power  Dissipation:  140  mW 

+5  V  Single  Supply  Operation 

Differential  Nonlinearity:  0.5  LSB 

Guaranteed  No  Missing  Codes 

Power  Down  (Stand-By)  Mode 

Three-State  Outputs 

Digital  l/Os  Compatible  with  +5  V  or  +3.3  V  Logic 
Adjustable  Reference  Input 
Small  Size:  28-Pin  SOIC  or  48-Pin  Thin  Quad 
Flatpack  (TQFP) 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  DESCRIPTION 

The  AD876  is  a  CMOS,  140  mW,  10-bit,  20  Msps  analog-to 
digital  converter  (ADC).  The  AD876  has  an  on-chip  inj 
sample-and-hold  amplifier.  The  AD876's  digital  I/l 
to  either  +5  V  or  +3.3  V  logic.  By  implementing  a 
pipelined  architecture  with  output  error  correction  logic 
AD876  offers  accurate  performance  and  guarantees 
codes  over  the  full  operating  temperature  range.  To 
external  voltage  drops,  the  reference  ladder  top  and  bottom  are 
provided  with  force  and  sense  pins. 

The  AD876  can  be  placed  into  a  standby  mode  of  operation  re- 
ducing the  power  below  50  mW.  Digital  output  data  can  be 
placed  in  a  high  impedance  state  and  is  offered  in  straight  binary 
output. 

The  AD876's  speed,  resolution  and  single  supply  operation  are 
ideally  suited  for  a  variety  of  applications  in  video,  multimedia, 
imaging,  high  speed  data  acquisition  and  communications.  The 
AD876's  low  power  and  single  supply  operation  are  required  for 
high  speed  portable  applications.  Its  speed  and  resolution  are 
ideally  suited  for  charge  coupled  device  (CCD)  input  systems 
such  as  color  scanners,  digital  copiers,  electronic  still  cameras 
and  camcorders. 

The  AD876  is  packaged  in  a  space  saving  28-pin  SOIC  and  48- 
pin  thin  quad  flatpack  (TQFP)  and  is  specified  over  the  com- 
mercial (0°C  to  +70°C)  temperature  range. 
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Power-down  mode  an 
its  desirability  in  low  j 
as  electronic  still  cam 


GHTS 

6  at  140  mW  consumes  a  fraction  of  the 
y  available  10-bit,  video-speed  converters. 

and  single  supply  operation  further  enhance 
low  power,  battery  operated  applications  such 
leras,  camcorders  and  communication 

mall  Package:  The  AD876  is  available  in  both  a  28-pin 
IC  and  48-pin  surface  mount,  thin  quad  flat  package.  The 
TQFP  package  is  ideal  for  very  tight,  low  headroom  designs. 

Digital  I/O  Functionality:  The  AD876  offers  three-state  output 
control. 
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AD876— SPECIFICATIONS 


(Thin  to  THAX  with  AVD0  =  +5.0  V,  DVDD  =  +5.0  V,  DRVDD  =  +3.3  V,  V„EFT  =  +4.0  V, 
Vrefb  =  +2.0  V,  fcLoci  =  20  Msps,  unless  otherwise  noted) 


l  arame  ter 


Min 


AD876 
Typ 


Max 


RESOLUTION 


10 


DC  ACCURACY 

Integral  Nonlinearity  (INL) 

Differential  Nonlinearity  (DNL) 

No  Missing  Codes 

Offset 

Gain 


±1.0 
±0.5 
Guaranteed 
0.5 
1.5 


±2.0 
±1 




ANALOG  IN?UT 
Input  Range 
Input  Resistance 
Input  Current 
Input  Capacitance 


2 

50 
60 
2.4 




4.2 
2.5 

7.0 


REFERENCE  INPUT 
Reference  Top  Voltage 
Reference  Bottom  Voltage 
Reference  Input  Resistance 
Reference  Input  Current 
Reference  Top  Offset 
Reference  Bottom  Offset 


3.5 
1.8 
TBD 


4.0 
2.0 
330 

6.0  | 


DYNAMIC  PERFORMANCE 
Effective  Number  of  Bits 

fm  =  1  MHz 

tin  =  3.58  MHz 

fm  =  10  MHz 
Signal-to-Noise  and  Distortion  (S/N+D)  Ratio 

fIN  =  1  MHz 

fM  =  3.58  MHz 

fm  =  10  MHz 
Total  Harmonic  Distortion  (THD) 

fw  =  1  MHz 

fro  =  3.58  MHz 

fm  =  10  MHz 
Spurious  Free  Dynamic  Range 
Full  Power  Bandwidth 
Intermodulation  Distortion  (IMD) 


60 
58 
54 


!50 


Second  Order  Products 
Third  Order  Products 

Differential  Phase 

Differential  Gain 

TBD 
TBD 

0.5 
1 

dB 
dB 

Degree 

% 

POWER  SUPPLIES 

Operating  Voltages 

AVDD 

+4.5 

+5.25 

Volts 

DVDD 

+4.5 

+5.25 

Volts 

DRVDD 

+3.0 

+5.25 

Volts 

Operating  Current 

IAVDD 

18 

21 

mA 

IDVDD 

9 

12 

mA 

IDRVDD 

1 

3 

mA 

POWER  CONSUMPTION 

140 

170 

mW 

TEMPERATURE  RANGE 
Specified 

0 

+70 

°C 

NOTES 

'fa  =  4.5  MHz,  fb  =  5.5  MHz 
Specifications  subject  to  change  without 


See  Definition  of  Specifications  for  additional  information. 
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Parameter 


Symbol 


DRVDD 


Mm 


AD876J 
Typ 


Max 


Units 





LOGIC  INPUT 
High  Level  Input  Voltage 

Low  Level  Input  Voltage 


High  Level  Input  Current 

Low  Level  Input  Current 

Low  Level  Input  Current  (CLK  Only) 

Input  Capacitance 


Iih 

In. 
% 
Cin 


3.0 

5.0 

5.25 

3.0 

5.0 

5.25 

5.0 

5.0 

5.0 


2.4 
4.0 


-10 
-50 
-10 


4.2 

0.6 
1.0 
1.05 
+  10 
+50 
+  10 

5 


V 

V 

V 

V 

V 

V 

UA 

uA 

uA 

pF 


LOGIC  OUTPUTS 
High  Level  Output  Voltage 
(Ioh  =  50  uA) 

(Ioh  =  0.5  mA) 

Low  Level  Output  Voltage 
(Iol  =  50  pA) 

(Iol  =  0.6  mA) 
Output  Capacitance 


VoH 


3.0 
5.0 
5.0 


5.25 
5.25 


2.4 

3-8  . 
2.4  <kWl 


0.7 

1.05 
0.4 


V 
V 
V 


V 
V 
V 
pF 


TIMING  SPECIFICATIONS  X 

Symbol 

Min           Typ  Max 

 1 

Units 

Maximum  Conversion  Rate1 

Clock  Period 

Clock  High 

Clock  Low 

Output  Delay 

Pipeline  Delay  (Latency) 

Aperture  Delay  Time 

Aperture  Jitter 

tc 

tCH 
tcL 
k>D 

20 

50 

24  25 
24  25 
34  35 

4 

TBD 
TBD 

1  

MHz 

ns 

ns 

ns 

ns 

Clock  Cycles 

ns 

ps 

NOTE 

'Conversion  rate  is  operational  down  to  10  kHz  without  degradation  in  specified  performance. 


CLK 
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I  1 
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X 
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Figure  7.  Timing  Diagram 
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EQUIVALENT  CIRCUITS 


Symbol 


DO  (LSB) 
D1-D8 
D9  (MSB) 
THREE- 
STATE 


STBY 

CLK 

CML 

REFTF 

REFBF 

REFTS 

REFBS 

AIN 

AVDD 

AVSS 

DVDD 

DVss 

DRVDD 

DRVSS 


TP1 


Pin  No. 


3 

4-11 

12 

16 


17 

15 

26 

22 

24 

21 

25 

27 

28 

1,  19 

18 

14 

2 

13 


20 


P  =  Power. 


Type 


DO 
DO 
DO 
DI 


DI 

DI 

AO 

AI 

AI 

AI 

AI 

AI 

P 

P 

P 

P 

P 





Name  and  Function 


Least  Significant  Bit. 
Data  Bits  1  through  4. 
Most  Significant  Bit. 
THREE-STATE  =  LOW 

orN/C 

Normal  Operating  Mode 
Outputs 

STBY  =  LOW  or  N/C 
Normal  Operating  Mode 
Clock  Input. 

Bypass  Pin  for  an  Internal  Bias  Point. 
Reference  Top  Force. 
Reference  Bottom  Force. 
Reference  Top  Sense. 
Reference  Bottom  Sense. 
Analog  Input. 
+5  V  Analog  Supply. 
Analog  Ground. 
+5  V  Digital  Supply. 
Digital  Ground. 
+3.3  V/+5  V  Digital 
input  and  output  buff< 
+3.3  V/+5  V  Digital  Ground.  Su 
input  and  output  buffers. 
Connect  to  DVss. 


THREE-STATE  =  HIGH 

High  Impedance 

STBY  g  HIGH 
Standby  Mode 


DVSS 

Three-State,  STBY 


CLK 


Type:  AI  =  Analog  Input;  AO  =  Analog  Output;  DI  s  Digital  Input;  DO  s  Digital 


0BVD0 


DRVSS 

\\mZ  3HIMIT 


REFBF  O 


AIN 


+v 

1 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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Complete  14-Bit  2.2  MSPS 
Monolithic  A/D  Converter 
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FEATURES 

Monolithic  14-Bit  2.2  MSPS  A/D  Converter 
Low  Power  Dissipation:  500  mW 
No  Missing  Codes  Guaranteed 
Differential  Nonlinearity  Error:  0.5  LSB 
Complete:  On-Chip  Track-and-Hold  Amplifier  and 

Voltage  Reference 
Signal-to-Noise  and  Distortion  Ratio:  80  dB 
Spurious-Free  Dynamic  Range:  85  dB 
Out-of-Range  Indicator 
44-Pin  PLCC 


FUNCTIONAL  BLOCK  DIAGRAM 


[CO  XAM 
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PRODUCT  DESCRIPTION 

The  AD878  is  a  monolithic  14-bit,  2.2  Msps  analog-to-digital 
converter  with  an  on-chip,  high  performance  sample-and-Jjolctj 
amplifier  and  voltage  reference.  The  AD878  uses  a  multistage 
pipelined  architecture  with  factory  programmed  calibration  cir- 
cuitry and  output  error  correction  logic  to  provide  14-bit 
racy  at  2.2  Msps  data  rates.  The  AD878  combines  a  mergs 
high  speed  bipolar/CMOS  process  and  a  novel  architecture 
achieve  the  resolution  and  speed  of  hybrid  implementations  at  a 
fraction  of  the  power  consumption.  Additionally,  the  greater  re- 
liability of  monolithic  construction  offers  improved  system  reli- 
ability and  lower  costs  than  hybrid  designs. 

The  high  input  impedance,  fast-settling  input  sample-and-hold 
(S/H)  amplifier  is  well  suited  for  both  multiplexed  systems  that 
switch  negative  to  positive  full-scale  voltage  levels  in  successive 
channels  and  sampling  single-channel  inputs  at  frequencies  up 
to  the  Nyquist  rate.  The  AD878's  wideband  input  combined 
with  the  power  and  cost  savings  over  previously  available  hy- 
brids will  allow  new  design  opportunities  in  communications, 
imaging  and  medical  applications.  The  AD878  provides  both 
reference  output  and  reference  input  pins,  allowing  the  on- 
board reference  to  serve  as  a  system  reference.  An  external  ref- 
erence can  also  be  substituted  to  suit  the  dc  accuracy  and 
temperature  drift  requirements  of  the  application.  A  single 
clock  input  is  used  to  control  all  internal  conversion  cycles.  The 
digital  output  data  is  presented  in  binary  output  format.  An 
out-of-range  signal  indicates  an  overflow  condition.  It  can  be 
used  with  the  most  significant  bit  to  determine  low  or  high 
overflow. 
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CORRECTION  LOGIC 




TRIEN      OTR         BIT  1— BIT  14 


The  AD878  is  fabricated  on  Analog  Devices'  ABCMOS  process 
which  utilizes  high  speed  bipolar  and  CMOS  transistors  on  a 
single  chip.  High  speed,  precision  analog  circuits  are  now  com- 
bined with  high  density  logic  circuits. 

The  AD878  is  packaged  in  a  44-pin  plastic  leaded  chip  carrier 
(PLCC)  package  and  is  specified  for  operation  from  0°C  to 
+70°C  and  -40°C  to  +85°C. 

PRODUCT  HIGHLIGHTS 

The  AD878  offers  a  complete  single-chip  sampling  14-bit, 
2.2  Msps  analog-to-digital  conversion  function  in  a  44-pin 
PLCC  surface  mount  package. 

Low  Power:  The  AD878  at  650  mW  max  consumes  a  fraction 
of  the  power  of  presently  available  hybrids. 

On-Chip  Sample-and-Hold  (S/H):  The  high  impedance  S/H 
input  eliminates  the  need  for  external  buffers. 

Out  of  Range  (OTR):  The  OTR  output  bit  indicates  when  the 
input  signal  is  beyond  the  AD878's  input  range. 

Ease-of-Use:  The  AD878  is  complete  with  S/H  and  voltage 
reference. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 

RESOLUTION 


J  Grade1 


14 


A  Grade1 


14 


Units 

Bits  min 


MAX  CONVERSION  RATE 


2.2 


2.2 


MHz  min 





ACCURACY 
Integral  Nonlinearity  (INL) 
Differential  Nonlinearity  (DNL) 
No  Missing  Codes 
Zero  Error  (@  +25°C)2 
Gain  Error  (@  +25°C)2 


+2.5 

±2.5 

±0.5 

±0.5 

14 

14 

±TBD 

±TBD 

+TBD 

±TBD 

■  

±TBD 

±TBD 

±TBD 

±TBD 

+TBD 

±TBD 

LSB  typ 
LSB  typ 
Bits  Guaranteed 
%  FSR  max 
%  FSR  max 


TEMPERATURE  DRIFT3 
Zero  Error 
Gain  Error' 4 
Gain  Error3' 5 


%  FSR  max 
%  FSR  max 
%  FSR  max 


POWER  SUPPLY  REJECTION* 
VCC(+5V±  0.25  V) 
DVDD(+5  V±  0.25  V) 
VEE(-5V±0.25V) 


±TBD 
±TBD 
±TBD 


±TBD 
±TBD 
±TBD 


%  FSR  max 
1%  FSR  max 
%  FSR  max 


ANALOG  INPUT 
Input  Range 
Input  Resistance 
Input  Capacitance 


INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage 
Output  Voltage  Tolerance 
Output  Current  (Available  for  External  Loads) 
(External  Load  Should  Not  Change  During  Conversion) 


±2.5, 
10 

 — —  


 7—  '  —  • 


±2.5 
1 

10 


Its  max 
typ 
pFtyp 


2.5 


Volts  typ 
mV  max 
mA  typ 


REFERENCE  INPUT  RESISTANCE 


kntyp 


POWER  SUPPLIES 
Supply  Voltages 

Vcc 
Vee 

DVDD,  DRVDD 
Supply  Current 
IVcc 

rvEE 

IDRVDD;  IDVDD 


+5 
-5 
+5 

80 
45 
5 


+5 
-5 
+5 

80 
45 
5 


V  (±5%  Vcc  Operating) 

V  (±5%  VEE  Operating) 

V  (±5%  DVDD,  DRVDD  Operating) 

mA  max 
mA  max 
mA  max 


POWER  CONSUMPTION 


500 
650 


500 
650 


mW  typ 
mW  max 











•: 


NOTES 

'Temperature  ranges  are  as  follows:  J  Grade:  0°C  to  +70*C;  A  Grade:  -40°C  to  +85°C. 
Adjustable  to  zero  with  external  potentiometers  (See  Zero  and  Gain  Error  Calibration  section). 
'+25°C  to        and  +25°C  to  T^. 
includes  internal  voltage  reference  error. 
Excludes  internal  reference  drift. 

'Change  in  Gain  Error  as  a  function  of  the  dc  supply  voltage. 
Specification  subject  to  change  without  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD878 


»r»  pnrniripiTinur  (T»™ t0 T"« with  v"  =  +5  v-  DV<">  =  +5 V'  DRV<">  =  +5  v-  v« ! 
AL  brtUNlAIIUNo  unless  otherwise  noted)1 


-5  V,  fSAMPLE  =  2.2  Msps, 


Parameters 


J  Grade 


A  Grade 


Units 


SIGNAL-TO-NOISE  AND  DISTORTION  RATIO  (S/N+D) 
flNPUT  =  100  kHz 

flNPUT  =  1  MHz 


80 

TBD 
TBD 


80 

TBD 
TBD 


3*1."."  "".'! 

dBtyp 
dB  min 
dBtyp 


TOTAL  HARMONIC  DISTORTION  (THD) 
fiNPUT  =  100  kHz 

flNPUT  =1-0  MHz 


-83 

TBD 

TBD 


-83 

TBD 

TBD 


dBtyp 
dB  max 


SPURIOUS  FREE  DYNAMIC  RANGE  (SFDR) 
fiNPUT  =  100  kHz 


85 


85 


dB  typ 


INTERMODULATION  DISTORTION  (IMD)2 
Second  Order  Products 
Third  Order  Products 


80 
80 


80 
80 


dB  typ 
dB  typ 


FULL  POWER  BANDWIDTH 


2.0 


2.0 


MHz  typ 


SMALL  SIGNAL  BANDWIDTH 


APERTURE  DELAY 


_  .... 


MHz  typ 


APERTURE  JITTER 


TBD 


ns  typ 


TBD 


ps  rms  typ 


ACQUISITION  TO  FULL-SCALE  STEP 








200 


ns  typ 


OVERVOLTAGE  RECOVERY  TIME 


TB 


^l^s^^ts referred  to  a  oj^fv 


TBD 


ns  typ 


NOTES 

'flN  amplitude  =  -0.5  dB  full  scale  unless  otherwise  indicated. 
2fa  =  100  kHz,  fb  =  95  kHz  with  Sample  =  2.2  MHz. 
Specifications  subject  to  change  without  notice. 


pk)  input  signal  unless  otherwise 

'i.»«HA 


DIGITAL  SPECIFICATIONS  ISm  otherwise  notld) 


(hm  to  Tmax  with  Vcc  =  +5  V,  DVD„  =  +5  V,  DRV0D  =+5  V,  VEE  =  -5  V,  fSWPlE  =  2.2 1 

iinlao*  nlknntriAn  nnlnill 


Parameters 

Symbol 

J,  A  Grades 

Units 

LOGIC  INPUTS 



High  Level  Input  Voltage 

V,H 

+3.8 

V  min 

Low  Level  Input  Voltage 

V,L 

+0.95 

V  max 

High  Level  Input  Current  (VIN  =  DVDD) 

IlH 

+  10 

uA  max 

Low  Level  Input  Current  (V]N  =  0  V) 

IlL 

±10 

uA  max 

Input  Capacitance 

ClN 

5 

pFtyp 

LOGIC  OUTPUTS 
High  Level  Output  Voltage  (I0h  =  0.5  mA) 
Low  Level  Output  Voltage  (I0l  =1.6  mA) 
Output  Capacitance 

VoH 

Vol 

CoUT 

+2.4 
+0.4 
5 

V  min 

V  max 
PFtyp 

Specifications  subject  to  change  without  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD878 


(Turn,  to  lm  with  ¥cc  =  +5  V,  DV0D  =  +5  V,  DRVDD  =  +5  V,  VH  =  -5  V;  VIL  =  0.95  V,  V,„  = 
3.8  V,  V0l=  0.4  V  and  V,H  =  2.4  V) 


'  1 1 


Parameters 

Symbol 

J,  A  Grades 

Units 

Clock  Period1 

CLOCK  Pulse  Width  High 
CLOCK  Pulse  Width  Low 

tc  y3 

tcH 

tcx 

455 

227 
227 

1 

ns  mm 
ns  min 
ns  min 

Clock  Duty  Cycle2 

Output  Delay 

Pipeline  Delay  (Latency) 

Data  Access  Time 

tOD 

lDD 
tHL 

™D 

20 
4 

TBD 

%min(50%typ) 

%max 

ns  mm 

Clock  Cycles  max 
nstyp  (100  pF  Load) 
ns  typ  (10  pF  Load) 

Output  Float  Delay 

TBD 

NOTES 

'Conversion  rate  is  operational  to  TBD  without  degradation  in  specified  performance 
2Sce  Clock  Input  section  for  clock  periods  of  TBD  ns 
Specifications  subject  to  change  without  notice. 


(OMI)  HO!TJJOT8ii  l  AO^^t\SlQOM>^3^^/^ 


VO 


0. 


With 

Parameter 

Respect  to  Min 

Max 

Units 

v 

Vcc 

ACOM 

-0.5 

+6.5 

Volts 

VEE 

ACOM 

-6.5 

+0.5 

Volts 

!!.lu!  livJlv  Jnl  iDlu 

DVDD 

DRVdd 

ACOM 

DCOM 
DRCOM 

-0.5 
-0.5 
-1.0 

+6.5 
+6.5 
+  1.0 

Volts 
Volts 
Volts 

DCOM 

21  JWl  DIOCU 

AINCOM 

ACOM 

-1.0 

+  1.0 

Volts 

REFCOM 

ACOM 

-1.0 

+1.0 

Volts 

DRCOM 

DCOM 

-1.0 

+1.0 

Volts 

Vcc 

DVDD 

-6.5 

+6.5 

Volts 

Clock  Input 

DCOM 

-0.5 

DVDD+0.5 

Volts 

Digital  Outputs 

DCOM 

-0.5 

DRVDD  +  0.3 

Volts 

AIN,  REFIN 

AGND 

TBD 

TBD 

Volts 

REFIN 

Vcc 

Vee 

0 

Volts 

REF  IN  VEE 
Junction  Temperature 

0 

Vcc 
+  150 

Volts 

°C 

Storage  Temperature 
Lead  Temperature  (10  sec) 

-65 

+  150 
+300 

°C 
°C 

ru 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  may  effect  device  reliability. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANA 
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ANALOG 








Complete  12-Bit  1.25  MSPS 
Monolithic  A/D  Converter 


— 





FEATURES 

Conversion  Time:  800  ns 
1.25  MHz  Throughput  Rate 

Complete:  On-Chip  Sample-and-Hold  Amplifier  and 

Voltage  Reference 
Low  Power  Dissipation:  570  mW 
No  Missing  Codes  Guaranteed 
Signal-to-Noise  Plus  Distortion  Ratio 

fIN  =  100  kHz:  70  dB 
Pin  Configurable  Input  Voltage  Ranges 
Twos  Complement  or  Offset  Binary  Output  Data 
28-Pin  DIP  and  28-Pin  Surface  Mount  Package 
Out  of  Range  Indicator 


FUNCTIONAL  BLOCK  DIAGRAM 

8HA 

E    *x    »COM  "a  "uxuc  DCOM 


OUT  UPO/BPO 


PRODUCT  DESCRIPTION 

The  AD1671  is  a  monolithic  12-bit,  1.25  MSPS  analog-to-digital 
converter  with  an  on-board,  high  performance  sample-and-hold 
amplifier  (SHA)  and  voltage  reference.  The  AD  1671  guarantees 
no  missing  codes  over  the  full  operating  temperature  range.  The 
combination  of  a  merged  high  speed  bipolar/CMOS  process  and 
a  novel  architecture  results  in  a  combination  of  speed  and  power 
consumption  far  superior  to  previously  available  hybrid  imple- 
mentations. Additionally,  the  greater  reliability  of  monolithic 
construction  offers  improved  system  reliability  and  lower  costs 


The  fast  settling  input  SHA  is  equally  suited  for  both  multi- 
plexed systems  that  switch  negative  to  positive  full-scale  voltage 
levels  in  successive  channels  and  sampling  inputs  at  frequencies 
up  to  and  beyond  the  Nyquist  rate.  The  AD  1671  provides  both 
reference  output  and  reference  input  pins,  allowing  the  on-board 
reference  to  serve  as  a  system  reference.  An  external  reference 
can  also  be  chosen  to  suit  the  dc  accuracy  and  temperature  drift 
requirements  of  the  application. 

The  AD1671  uses  a  subranging  flash  conversion  technique,  with 
digital  error  correction  for  possible  errors  introduced  in  the  first 
part  of  the  conversion  cycle.  An  on-chip  timing  generator  pro- 
vides strobe  pulses  for  each  of  the  four  internal  flash  cycles.  A 
single  ENCODE  pulse  is  used  to  control  the  converter.  The  dig- 
ital output  data  is  presented  in  twos  complement  or  offset  binary 
output  format.  An  out-of-range  signal  indicates  an  overflow  con- 
dition. It  can  be  used  with  the  most  significant  bit  to  determine 
low  or  high  overflow. 


REF  COM  OTP.    MSB         BIT  1-12  OAV 

The  performance  of  the  AD1671  is  made  possible  by  using  high 
speed,  low  noise  bipolar  circuitry  in  the  linear  sections  and  low 
power  CMOS  for  the  logic  sections.  Analog  Devices'  ABCMOS-1 
process  provides  both  high  speed  bipolar  and  2-micron  CMOS 
devices  on  a  single  chip.  Laser  trimmed  thin-film  resistors  are 
used  to  provide  accuracy  and  temperature  stability. 

The  AD  1671  is  available  in  two  performance  grades  and  three 
temperature  ranges.  The  AD1671J  and  K  grades  are  available 
over  the  0°C  to  +70°C  temperature  range.  The  AD1671A  grade 
is  available  over  the  -40°C  to  +85°C  temperature  range.  The 
AD1671S  grade  is  available  over  the  -55°C  to  +125°C  tempera- 
ture range. 

PRODUCT  HIGHLIGHTS 

The  AD1671  offers  a  complete  single  chip  sampling  12-bit, 
1.25  MSPS  analog-to-digital  conversion  function  in  a  28-pin 
package. 

The  AD  1671  at  570  mW  consumes  a  fraction  of  the  power  of 
currently  available  hybrids. 

An  OUT  OF  RANGE  output  bit  indicates  when  the  input  sig- 
nal is  beyond  the  AD1671's  input  range. 

Input  signal  ranges  are  0  V  to  +5  V  unipolar  or  ±5  V  bipolar, 
selected  by  pin  strapping,  with  an  input  resistance  of  10  kfi. 
The  input  signal  range  can  also  be  pin  strapped  for  0  V  to 
+2.5  V  unipolar  or  ±2.5  V  bipolar  with  an  input  re~:- 
10  MO. 

Output  data  is  available  ... 


binary  format. 


.  ...   —   - 

I  his  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 

complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD1671J/A/S 
Min              Typ  Max 

AD1671K 
Min               Typ  Max 

Parameter 

Units 

RESOLUTION 

12 

12 

Bits 

CONVERSION  TIME 

800 

800 

ns 

AWCNonU„eanty(INL) 
(S-Grade) 
Differential  Nonlinearity  (DNL) 
No  Missing  Codes 
Unipolar  Offset1  (+25°C) 
Bipolar  Zero'  (+25°C) 
Gain  Error1- 2  (+25°C) 

±1.5  ±2.5 
±3.0 

11 

1 1  Bits  Guaranteed 

±9 
±10 

0.1  0.35 

±0.7  ±2.5 

12  Bits  Guaranteed  ^ 
±10 

0.1  0.35 

LSB 

Bits 

LSB 
LSB 
%FSR 

TEMPERATURE  COEFFICIENTS' 
Unipolar  Offset 

(S-Grade) 
Bipolar  Zero 

(S-Grade) 
Gain  Error3 

(S-Grade) 
Gain  Error4 

±25 
±25 
±25 
±30 
±30 
±40 
±20 

±25 
±25 

y  •«        .  -                . .  ■ 

>1  a^S+tlig  Hi  '-  ±20 

ppm/°C 
ppmTC 
ppm/QC 
ppmTC 

POWER  SUPPLY  REJECTION' 
Vcc  (+5  V  ±  0.25  V) 

(S-Grade) 
Vlocc  (+5  V  ±  0.25  V) 

(S-Grade) 
VEE  (-5V±0.25  V) 

(S-Grade) 

±4 
±5 
±4 

— O  ■  ±5 

±4 
±5 

±4 
±4 
±4 

LSB 
LSB 
LSB 

ANALOG  INPUT 
Input  Ranges 
Bipolar 

Unipolar 

Input  Resistance 
(0  V  to  +2.5  V  or  ±2.5  V  Range) 
(0  V  to  +5.0  V  or  ±5  V  Range) 

Input  Capacitance 

Aperture  Delay 

Aperture  Jitter 

-2.5  +2.5 
-5.0  +5.0 
0      '  +2.5 
0  +5.0 

■ 

10 

8                   10  12 
10 

20 

-2.5  +2.5 
-5.0  +5.0 
0  +2.5 
0  +5.0 

10 

8                   10  12 
10 

20 

Volts 
Volts 
Volts 
Volts 

Mfl 

kn 

pF 

ns 
PS 

INTERNAL  VOLTAGE  REFERENCE 
Output  Voltage 
Output  Current 

Unipolar  Mode 

Bipolar  Mode 

2.475             2.5  2.525 

+2.5 
+  1.0 

2.475             2.5  2.525 

+2.5 
+  1.0 

Volts 

mA 
mA 

LOGIC  INPUTS 
High  Level  Input  Voltage,  VIH 
Low  Level  Input  Voltage,  V,L 
High  Level  Input  Current,  IIH  (V1N  =  VLOGlc) 
Low  Level  Input  Current,  IIL  (VIN  =  0  V) 
Input  Capacitance,  CIN 

2.0 

0.8 

-10  +10 
-10  +10 
5 

2.0 

0.8 

-10  +10 
-10  +10 
5 

Volts 

Volts 

uA 

uA 

pF 

LOGIC  OUTPUTS 
High  Level  Output  Voltage,  VOH  (IOH  =  0.5  mA) 
Low  Level  Output  Voltage,  VOL  (IOL  =  1.6  mA) 

2.4 

0.4 

2.4 

0.4 

Volts 
Volts 

POWER  SUPPLIES 
Operating  Voltages 

Vcc 

^LOGIC 

Operating  Current 

J00  6 
1LOGIC 

+4.75  +5.25 
+4.5  +5.5 
-4.75  -5.25 

55  68 
3  5 
-55  -68 

+4.75  +5.25 
+4.5  +5.5 
-4.75  -5.25 

55  68 

3              "5"  _  _ 
-55  -68 

Volts 
Volts 
Volts 

mA 
mA 
mA 

POWER  CONSUMPTION 

570  750 

570  750 

mW 

TEMPERATURE  RANGE  (SPECIFIED) 
J/K 
A 

S 

0  +70 
-40  +85 
-55  +125 

0  +70 
-40  +85 
-55  +125 

°C 
°C 
°C 

NOTES 

'Adjustable  to  zero  with  external  potentiometers. 
'Includes  internal  voltage  reference  error. 
3+25X  to 

4 Excludes  internal  reference  drift. 

'Change  in  gain  error  as  a  function  of  the  dc  supply  voltage. 
^Tested  under  static  conditions.  See  Figure  15  for  typical 
Specifications  subject  to  change  without  notice. 


curve  of  ILOgic  vs-  load  c 


■ 
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AD1671 


(TM  t"  'mi  with  Vcc  =  +5  V  ±  5%,  VWM  =  +5  V  ±  10%,  Vffi  =  -5  V  ±  5%,  W  =  1  MSPS, 


AC  SPECIFICATIONS  <  input  =  100  kHz' unless  otherwise  noted)1 


Mill        Typ  Max 

Min        Typ  Max 

Parameter 

Units 

SIGNAL-TO-NOISE  PLUS  DISTORTION  RATIO 
(S/N  +  D) 
-0.5  dB  Input 
-20  dB  Input 

68  70 
50 

68  71 
51 

dB 
dB 

EFFECTIVE  NUMBER  OF  BITS  (ENOB) 

11.2 

11.2 

Bits 

TOTAL  HARMONIC  DISTORTION  (THD) 

-80  -75 

-83  -75 

dB 

PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 

-80  -77 

-81  -77 

dB 

SMALL  SIGNAL  BANDWIDTH 

12 

12 

MHz 

FULL  POWER  BANDWIDTH 

2 

2 

MHz 

INTERMODULATION  DISTORTION  (IMD)2 
2nd  Order  Products 
3rd  Order  Products 



-80  -75 
-85  -75 

-80  -75 
-85  -75 

dB 
dB 

NOTES 

'f,N  amplitude  =  -0.5  dB  (9.44  V  p-p)  bipolar  mode  full  scale  unless  otherwise  indicated.  All  measurements  referred  to  a  0  dB  (±5  V) 
otherwise  indicated. 

2fA  =  99  kHz,  f„  =  100  kHz  with  fSAMPLJ,  =  1  MSPS. 
Specifications  subject  to  change  without  notice. 


cw/iTPuiur  CDrricir ATinkic  (For  a" grades  Tmi"  10  Tmax  with  Vcc  =  +5  v  * 5%-  Vlmic  =  +5  v  *  10%- 
bWI I UmNb  brtUNUAl  lUNb  vE£  =  -5  v  ±  5%;  vIL  =  0.8  v,  v,„  =  2.0  v,  v0L  =  0.4  v  and  v„„  =  2.4  v> 


Parameters 


Symbol 

Min 

<c 

Fs 

lENC 

20 

lEKCL 

20 

lDAV 

150 

tF 

0 

tR 

0 

r  1 

20 

tss2 

20 

Typ 


Max 


Units 


Conversion  Time 
Sample  Rate 

ENCODE  Pulse  Width  High  (Figure  la) 

ENCODE  Pulse  Width  Low  (Figure  lb) 

DAV  Pulse  Width 

ENCODE  Falling  Edge  Delay 

Start  New  Conversion  Delay 

Data  and  OTR  Delay  from  DAV  Falling  Edge 

Data  and  OTR  Valid  before  DAV  Rising  Edge 


75 
75 


800 
1.25 
50 

300 


ns 

Msps 
ns 
ns 
ns 


NOTES 

'too  is  measured  from  when  the  falling  edge  of  DAV  crosses  0.8  V  to  when  the  output  crosses  0.4  V  or  2.4  V  with  a  25  pF  load  capacitor  on  each  output  pin. 
2tss  is  measured  from  when  the  outputs  cross  0.4  V  or  2.4  V  to  when  the  rising  edge  of  DAV  crosses  2.4  V  with  a  25  pF  load  capacitor  on  each  output  pin. 
Specifications  subject  to  change  without  notice. 


too 


JF 


_BIT1-12  ' 
ASB,  OTfi  , 


DATA  0  (PREVIOUS) 


Figure  1a.  Encode  Pulse  HIGH 


ENCODE 


<2 


*DAV 


BIT  1-12 
MSB,  OTR 


DATA  0  (PREVIOUS) 


DATA  1 


Figure  1b.  Encode  Pulse  LOW 
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PIN  DESCRIPTION 








Symbol 


Pin  No. 


Type 


Name  and  Function 


ACOM 
AIN 


BIT  1  (MSB) 
BIT  2-BIT  11 
BIT  12  (LSB) 
BPO/UPO 
DAV 

DCOM 
ENCODE 
MSB 
OTR 

REF  COM 

REF  IN 
REF  OUT 
SHA  OUT 

Vcc 
VEE 
V, 


1C 


27 

22,  23 


13 

12-3 
2 

26 
16 


19 
17 
14 

20 

24 
21 
25 
28 
1 

18 




TYPE:  Al  ■ 




Analog  Input;  AO  ' 


P 
AI 


DO 

DO 

DO 

AI 

DO 


P 
DI 
DO 
DO 

AI 

AI 

AO 

AO 

P 

P 

P 


Analog  Ground. 


Analog  Inputs,  AIN1  and  AIN2.  The  AD1671  can  be  pin  strapped  for  four  input  ranges: 


Pin  Strap 
Connect  AIN1  to  AIN2 
Connect  AIN1  or  AIN2  to  ACOM 


Signal  Input 
AIN1  or  AIN2 
AIN1  or  AIN2 


Range 

Oto  +2.5  V,  ±2.5  V 
Oto  +5  V,  ±5  V 
Most  Significant  Bit. 
Data  Bits  2  through  11. 
Least  Significant  Bit. 

Bipolar  or  Unipolar  Configuration  Pin.  See  section  on  Input  Range  Connections  for  details. 
Data  Available  Output.  The  rising  edge  of  DAV  indicates  an  end  of  conversion  and  can  be  used 
to  latch  current  data  into  an  external  register.  The  falling  edge  of  DAV  can  be  used  to  latch 


■ 


previous  data  into  an  external  register. 
Digital  Ground. 

The  analog  input  is  sampled  on  the  rising  edge  of  ENCODE 
Inverted  Most  Significant  Bit.  Provides  twos  complement  output  data  format 


:>TOH 


Out  of  Range  is  Active  HIGH  when  the  analog  input  is  out  of  range.  See  Output  Data  Format, 
Table  III. 

REF  COM  is  the  internal  reference  ground  pin.  REF  COM  should  be  connected  as  indicated  in 
the  Grounding  and  Decoupling  Rules  and  Optional  External  Reference  Connection  Sections. 
REF  IN  is  the  external  2.5  V  reference  input. 
REF  OUT  is  the  internal  2.5  V  reference  output. 
No  Connect  for  bipolar  input  ranges.  Connect  SHA  C 
+5  V  Analog  Power. 
-5  V  Analog  Power. 
+5  V  Digital  Power. 





Analog  Output;  DI  = 


Digital  Input;  DO 

PIN  CONFIGURATION 


vEE  |T 

BIT  12  (LSB)  nr 
' — 

BIT  11  [T 
BIT  10  [T 
BIT  9  |"T 
BIT  8  [T 
BIT  7  [T 
BIT  6  [T 
BIT  5  [7 
BIT  4  [lO 
BIT  3  [TT 
BIT  2  [l¥ 
BIT  1  (MSB)  [l3 
MSB  [™ 


Digital  Output;  P  =  Power. 

5 

'AG 


AD1671 

TOP  VIEW 
(Not  to  Scale) 


2TI  ACOM 
— ' 

26~|  BPO/UPO 
25~|  SHA  OUT 
24~|  REF  IN 
23]  AIN1 
22]  AIN2 
2l"|  REF  OUT 
20]  REF  COM 
19]  DCOM 
«]  VLOGIC 
17]  ENCODE 
16~|  DAV 
lF|  OTR 


CAUTION   .   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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ABSOLUTE  MAXIMUM  RATINGS* 


Parameter 

With  Respect  to 

Min 

Max 

Units 

vcc 

ALUM 

n  < 
—  U.3 

tO.J 

V  OltS 

*  EE 

ALUM 

—  CO 

+  U.  J 

volts 

Vlogic 

DCOM 

_A  C 
\}.J 

TO.J 

Voire 

ACOM 

DOOM 

—  1  fi 
l.U 

+  10 

T  l.U 

YOllb 

Vcc 

Vlogic 

-6.5 

+6.5 

Volts 

ENCODE 

DCOM 

-0.5 

VLogic+0.5 

Volts 

REF  IN 

ACOM 

-0.5  , 

VCc+0.5 

Volts 

AIN 

ACOM 

-11.0 

+  11.0 

Volts 

BPO/UPO 

ACOM 

-0.5 

Vcc+0.5 

Volts 

Junction  Temperature 

+  150 

°C 

Storage  Temperature 

-65 

+  150 

°C 

Lead  Temperature  (10  sec) 

+  300 

"C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  may  effect  device  reliability. 


ORDERING  GUIDE 




Model1 

Linearity 

Temperature 
Range 

Package 
Option2'  3 

AD1671JQ 

±2.5  LSB 

0°C  to  +70°C 

Q-28 

AD1671KQ 

±2  LSB 

0°C  to  +70°C 

Q-28 

AD1671JP 

±2.5  LSB 

0°C  to  +70°C 

P-28A 

AD1671KP 

±2  LSB 

0°C  to  +70°C 

P-28A 

AD1671AQ 

±2.5  LSB 

-40°C  to  +85°C 

Q-28 

AD1671AP 

±2.5  LSB 

-40°C  to  +85°C 

P-28A 

AD1671SQ 

±3  LSB 

-55°Cto  +  125°C 

Q-28 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  Analog  Devices'  Military  Products  Databook  or  cur- 
rent AD1671/883  data  sheet. 

2P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip.  For  outline  information  see 
Package  Information  section. 

3  Analog  Devices  reserves  the  right  to  ship  side  brazed  ceramic  packages  in 


lieu  of  cerdip. 

DEFINITIONS  OF  SPECIFICATIONS 
INTEGRAL  NONLINEARITY  (INL) 

Integral  nonlinearity  refers  to  the  deviation  of  each  individual 
code  from  a  line  drawn  from  "zero"  through  "full  scale."  The 
point  used  as  "zero"  occurs  1/2  LSB  (1.22  mV  for  a  10  V  span) 
before  the  first  code  transition  (all  zeros  to  only  the  LSB  on). 
"Full-scale"  is  defined  as  a  level  1  1/2  LSB  beyond  the  last  code 
transition  (to  all  ones).  The  deviation  is  measured  from  the  low 
side  transition  of  each  particular  code  to  the  true  straight  line. 

DIFFERENTIAL  LINEARITY  ERROR  (NO  MISSING 
CODES) 

An  ideal  ADC  exhibits  code  transitions  that  are  exactly  1  LSB 
apart.  DNL  is  the  deviation  from  the  ideal  value.  Thus  every 
code  has  a  finite  width.  Guaranteed  no  missing  codes  to  1 1  or 
12-bit  resolution  indicates  that  all  2048  and  4096  codes,  respec- 
tively, must  be  present  over  all  operating  ranges.  No  missing 
codes  to  11  bits  (in  the  case  of  a  12-bit  resolution  ADC)  also 
means  that  no  two  consecutive  codes  are  missing. 

UNIPOLAR  OFFSET 

The  first  transition  should  occur  at  a  level  1/2  LSB  above  analog 
common.  Unipolar  offset  is  defined  as  the  deviation  of  the  actual 
from  that  point.  This  offset  can  be  adjusted  as  discussed  later. 
The  unipolar  offset  temperature  coefficient  specifies  the  maxi- 


mum change  of  the  transition  point  over  temperature,  with  or 
without  external  adjustments. 

BIPOLAR  ZERO 

In  the  bipolar  mode  the  major  carry  transition  (0111  1111  1111 
to  1000  0000  0000)  should  occur  for  an  analog  value  1/2  LSB 
below  analog  common.  The  bipolar  offset  error  and  temperature 
coefficient  specify  the  initial  deviation  and  maximum  change  in 
the  error  over  temperature. 

GAIN  ERROR 

The  last  transition  (from  mi  mi  mo  to  mi  mi  nil) 
should  occur  for  an  analog  value  1  1/2  LSB  below  the  nominal 
full  scale  (4.9963  volts  for  5.000  volts  full  scale).  The  gain  error 
is  the  deviation  of  the  actual  level  at  the  last  transition  from  the 
ideal  level.  The  gain  error  can  be  adjusted  to  zero  as  shown  in 
Figures  4  through  7. 

TEMPERATURE  COEFFICIENTS 

The  temperature  coefficients  for  unipolar  offset,  bipolar  zero 
and  gain  error  specify  the  maximum  change  from  the  initial 
(+25°C)  value  to  the  value  at  TMIN  or  TmaX. 

POWER  SUPPLY  REJECTION 

One  of  the  effects  of  power  supply  error  on  the  performance  of 
the  device  will  be  a  small  change  in  gain.  The  specifications 
show  the  maximum  full-scale  change  from  the  initial  value  with 
the  supplies  at  the  various  limits. 

DYNAMIC  SPECIFICATIONS 

SIGNAL-TO-NOISE  PLUS  DISTORTION  (S/N+D)  RATIO 
S/N+D  is  the  ratio  of  the  rms  value  of  the  measured  input  sig- 
nal to  the  rms  sum  of  all  other  spectral  components,  including 
harmonics  but  excluding  dc.  The  value  for  S/N+D  is  expressed 
in  decibels. 

EFFECTIVE  NUMBER  OF  BITS  (ENOB) 

ENOB  is  calculated  from  the  expression  (S/N+D)  =  6.02N  + 
1.76  dB,  where  N  is  equal  to  the  effective  number  of  bits. 

TOTAL  HARMONIC  DISTORTION  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  the  first  six  harmonic  com- 
ponents to  the  rms  value  of  the  measured  input  signal  and  is 
expressed  as  a  percentage  or  in  decibels. 

INTERMODULATION  DISTORTION  (IMD) 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  device  with  nonlinearities  will  create  distortion  products 
of  order  (m+n),  at  sum  and  difference  frequencies  of  mfa  ± 
nfb,  where  m,  n  =  0,  1,  2,  3  .  .  .  .  Intermodulation  terms  are 
those  for  which  m  or  n  is  not  equal  to  zero.  For  example,  the 
second  order  terms  are  (fa  +  fb)  and  (fa  -  fb),  and  the  third 
order  terms  are  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and  (2fb  - 
fa).  The  IMD  products  are  expressed  as  the  decibel  ratio  of  the 
rms  sum  of  the  measured  input  signals  to  the  rms  sum  of  the 
distortion  terms.  The  two  signals  are  of  equal  amplitude  and  the 
peak  value  of  their  sum  is  —0.5  dB  from  full  scale, 
products  are  normalized  to  a  0  dB  input  signal. 

PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 

The  peak  spurious  or  peak  harmonic  component  is  the  largest 
spectral  component,  excluding  the  input  signal  and  dc.  This 
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value  is  expressed  in  decibels  relative  to  the  rms  value  of  a  full- 
scale  input  sig 


APERTURE  DELAY 

Aperture  delay  is  the  difference  between  the  switch  delay  and 
the  analog  delay  of  the  SHA.  This  delay  represents  the  point  in 
time,  relative  to  the  rising  edge  of  ENCODE  input,  that  the 
analog  input  is  sampled. 

APERTURE  JITTER 

Aperture  jitter  is  the  variation  in  aperture  delay  for  successive 


plitude  of  the  recon- 
dB  for  a  full-scale  input. 


FULL  POWER  BANDWIDTH 

The  input  frequency  at  which  the  : 
structed  fundamental  is  reduced  b> 


THEORY  OF  OPERATION 

The  AD1671  uses  a  successive  subranging  architecture.  The 
analog-to-digital  conversion  takes  place  in  four  independent 
steps  or  flashes.  The  sampled  analog  input  signal  is  subranged 
to  an  intermediate  residue  voltage  for  the  final  12-bit  result  by 
utilizing  multiple  flashes  with  subtraction  DACs  (see  the 
AD1671  functional  block  diagram). 

The  AD1671  can  be  configured  to  operate  with  unipolar  (0  V  to 
+5  V,  0  V  to  +2.5  V)  or  bipolar  (±5  V,  ±2.5  V)  inputs  by 
connecting  AIN  (Pins  22,  23),  SHA  OUT  (Pin  25)  and  BPO/ 
UPO  (Pin  26)  as  shown  in  Figure  2. 


1 — Q  SHA  OUT 

AD1671 

I— -C  BPO/UPO 


i  £  REF  IN 


I— C  REF  OUT 


SHA  OUT 

AD1671 

BPO/UPO 


a.  OV  to  +2.5  V  Input  Range 


I — £  SHA  OUT 

AD1671 


BPO/UPO 


b.  ±2.5  V  Input  Range 


5k 

— W«— 1  |>SHA 

-Wv-J  ^ 


P  SHA  OUT 

AD1671 

BPO/UPO 
REF  IN 


REF  OUT  I  T  REF  OUT 


c.  0  V  to  +5  V  Input  Range  d.  ±5V  Input  Range 

Figure  2.  AD1671  Input  Range  Connections 


The  AD  1671  conversion  cycle  begins  by  simply  providing  an 
active  HIGH  level  on  the  ENCODE  pin  (Pin  17).  The  rising 
edge  of  the  ENCODE  pulse  starts  the  conversion.  The  falling 
edge  of  the  ENCODE  pulse  is  specified  to  operate  within  a  win- 
dow of  time,  less  than  50  ns  after  the  rising  edge  of  ENCODE 
or  after  the  falling  edge  of  DAV.  The  time  window  prevents 
digitally  coupled  noise  from  being  introduced  during  the  final 
stages  of  conversion.  An  internal  timing  generator  circuit  accu- 
rately controls  SHA,  flash  and  DAC  timing. 

Upon  receipt  of  an  ENCODE  command  the  input  voltage  is 
held  by  the  front-end  SHA  and  the  first  3-bit  flash  converts  the 
analog  input  voltage.  The  3-bit  result  is  passed  to  a  correction 
logic  register  and  a  segmented  current  output  DAC.  The  DAC 
output  is  connected  through  a  resistor  (within  the  Range/Span 
Select  Block)  to  SHA  OUT.  A  residue  voltage  is  created  by  sub- 
tracting the  DAC  output  from  SHA  OUT,  which  is  less  than 
one  eighth  of  the  full-scale  analog  input.  The  second  flash  has 
an  input  range  that  is  configured  with  one  bit  of  overlap  with 
the  previous  DAC.  The  overlap  allows  for  errors  during  the 
flash  conversion.  The  first  residue  voltage  is  connected  to  the 
second  3-bit  flash  and  to  the  noninverting  input  of  a  high  speed, 
differential,  gain  of  eight  amplifier.  The  second  flash  result  is 
passed  to  the  correction  logic  register  and  to  the  second  seg- 
mented current  output  DAC.  The  output  of  the  second  DAC  is 
connected  to  the  inverting  input  of  the  differential  amplifier. 
The  differential  amplifier  output  is  connected  to  a  two-step, 
backend,  8-bit  flash.  This  8-bit  flash  consists  of  coarse  and  fine 
flash  converters.  The  result  of  the  coarse  4-bit  flash  converter, 
also  configured  to  overlap  one  bit  of  DAC  2,  is  connected  to  the 
correction  logic  register  and  selects  one  of  16  resistors  from 
which  the  fine  4-bit  flash  will  establish  its  span  voltage.  The  fine 
4-bit  flash  is  connected  directly  to  the  output  latches. 

The  internal  timing  generator  automatically  places  the  SHA  into 
the  acquire  mode  when  DAV  goes  LOW.  Upon  completion  of 
conversion  (when  DAV  is  set  HIGH),  the  SHA  has  acquired  the 
analog  input  to  the  specified  level  of  accuracy  and  will  remain  in 
the  sample  mode  until  the  next  ENCODE  command. 

The  AD  1671  will  flag  an  out-of-range  condition  when  the  input 
voltage  exceeds  the  analog  input  range.  OTR  (Pin  15)  is  active 
HIGH  when  an  out-of-range  high  or  low  condition  exists.  Bits 
1-12  are  HIGH  when  the  analog  input  voltage  is  greater  than 
the  selected  input  range  and  LOW  when  the  analog  input  is  less 
than  the  selected  input  range. 

AD1671  DYNAMIC  PERFORMANCE 

The  AD  1671  is  specified  for  dc  and  dynamic  performance.  A 
sampling  converter's  dynamic  performance  reflects  both  quan- 
tizer and  sample-and-hold  amplifier  (SHA)  performance.  Quan- 
tizer nonlinearities,  such  as  INL  and  DNL,  can  degrade 
dynamic  performance.  However,  a  SHA  is  the  critical  element 
which  has  to  accurately  sample  fast  slewing  analog  input  signals. 
The  AD1671's  high  performance,  low  noise,  patented  on-chip 
SHA  minimizes  distortion  and  noise  specifications.  Nonlineari- 
ties are  minimized  by  using  a  fast  slewing,  low  noise  architec- 
ture and  subregulation  of  the  sampling  switch  to  provide 
constant  offsets  (therefore  reducing  input  signal  dependent 
nonlinearities). 
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Figure  3  is  a  typical  2k  point  Fast  Fourier  Transform  (FFT) 
plot  of  a  100  kHz  input  signal  sampled  at  1  MHz.  The  funda- 
mental amplitude  is  set  at  -0.5  dB  to  avoid  input  signal  clip- 
ping of  offset  or  gain  errors.  Note  the  total  harmonic  distortion 
is  approximately  -81  dB,  signal  to  noise  plus  distortion  is  71  dB 
and  the  spurious  free  dynamic  range  is  84  dB. 


The  AD1671's  SFDR  performance  is  ideal  for  use  in  communi- 
cation systems  such  as  high  speed  modems  and  digital  radios. 
The  SFDR  is  better  than  84  dB  with  sample  rates  up  to  1.11 
MHz  and  increases  as  the  input  signal  amplitude  is  attenuated 
by  approximately  3  dB.  Note  also  the  SFDR  is  typically  better 
than  80  dB  with  input  signals  attenuated  by  up  to  -7  dB. 


FREQUENCY 


Figure  3.  AD1671FFT  Plot,  fIN=  100  kHz, 

f SAMPLE  =   '  MHZ 

Figure  4  plots  both  S/(N+D)  and  Effective  Number  of  Bits 
(ENOB)  for  a  100  kHz  input  signal  sampled  from  666  kHz  to 
1.25  MHz. 


72.5 
72 
71.5 

!  71 

a  70.5 

I » 

69.5 
69 


668  '"samples  frequency"0™*  1111 

Figure  4.  S/(N+D)  vs.  Sampling  Frequency,  fIN  =  100  kHz 

Figure  5  is  a  THD  plot  for  a  full-scale  100  kHz  input  signal 
with  the  sample  frequency  swept  from  666  kHz  to  1.25  MHz. 
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Figure  5.  THD  vs.  Sampling  Rate,  fIN  =  100  kHz 
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Figure  6.  Spurious  Free  Dynamic  Range  vs.  Sampling 
Rate,  fm  =  100  kHz 


^50   -45    -40  -35   -30  -25  -20  -15   -10    -5  0 
ANALOG  INPUT  -  dB 

Figure  7.  Spurious  Free  Dynamic  Range  vs.  Input 
Amplitude,  fIN  =  250  kHz 

APPLYING  THE  AD1671 
GROUNDING  AND  DECOUPLING  1 

Proper  grounding  and  decoupling  should  1 
objective  in  any  high  speed,  high  resolution  system.  The 
AD  1671  separates  analog  and  digital  grounds  to  optimize  the 
management  of  analog  and  digital  ground  currents  in  a  system. 
The  AD  1671  is  designed  to  minimize  the  current  flowing  from 
REF  COM  (Pin  20)  by  directing  the  majority  of  the  current 
from  Vcc  (+5  V-Pin  28)  to  VEE  (-5  V-Pin  1).  Minimizing  ana- 
log ground  currents  hence  reduces  the  potential  for  large  ground 
voltage  drops.  This  can  be  especially  true  in  systems  that  do  not 
utilize  ground  planes  or  wide  ground  runs.  REF  COM  is  also 
configured  to  be  code  independent,  therefore  reducing  input 
dependent  analog  ground  voltage  drops  and  errors.  Code  depen- 
dent ground  current  is  diverted  to  ACOM  (Pin  27).  Also  critical 
in  any  high  speed  digital  design  is  the  use  of  proper  digital 
grounding  techniques  to  avoid  potential  CMOS  "ground 
bounce."  Figure  3  is  provided  to  assist  in  the  proper  layout, 
grounding  and  decoupling  techniques. 
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•GROUND  PLANE  RECOMMENDED 


Figure  8.  AD1671  Grounding  and  Decoupling 

Table  I  is  a  list  of  grounding  and  decoupling  rules  that  should 
be  reviewed  before  laying  out  a  printed  circuit  board. 

Table  I.  Grounding  and  Decoupling  Guidelines 


Power  Supply 

Decoupling 

Comment 

Capacitor  Values 
Capacitor  Locations 

0. 1  u-F  (Ceramic)  and  1  u.F 
(Tantalum)  Surface  Mount  Chip 
Capacitors  Recommended  to 
Reduce  Lead  Inductance 

Directly  at  Positive  and  Negative 
Supply  Pins  to  Common  Ground 
Plane 

Reference  (REF  OUT) 

Capacitor  Value 

1  u.F  (Tantalum)  to  ACOM 

Grounding 

Analog  Ground 

Reference  Ground 
(REF  COM) 

Digital  Ground 

Analog  and  Digital  Ground 

Ground  Plane  or  Wide  Ground 
Return  Connected  to  the  Analog 
Power  Supply 

Critical  Common  Connections 
Should  be  Star  Connected  to  REF 
COM  (as  Shown  in  Figure  8) 

Ground  Plane  or  Wide  Ground 
Return  Connected  to  the  Digital 
Power  Supply 

Connected  Together  Once  at  the 
AD1671 

UNIPOLAR  (0  V  TO  +5  V)  CALIBRATION 

The  AD1671  is  factory  trimmed  to  minimize  offset,  gain  and 
linearity  errors.  In  some  applications  the  offset  and  gain  errors 
of  the  AD  1671  need  to  be  externally  adjusted  to  zero.  This  is 
accomplished  by  trimming  the  voltage  at  AIN2  (Pin  22).  The 
circuit  in  Figure  9  is  recommended  for  calibrating  offset  and 
gain  errors  of  the  AD  1671  when  configured  in  the  0  V  to  +5  V 
input  range.  If  the  offset  trim  resistor  Rl  is  used,  it  should  be 
trimmed  as  follows,  although  a  different  offset  can  be  set  for  a 
particular  system  requirement.  This  circuit  will  give  approxi- 
mately ±5  mV  of  offset  trim  range.  Nominally  the  AD1671  is 
intended  to  have  a  1/2  LSB  offset  so  that  the  exact  analog  input 
for  a  given  code  will  be  in  the  middle  of  that  code  (halfway 
between  the  transitions  to  the  codes  above  it  and  below  it). 
Thus,  the  first  transition  (from  0000  0000  0000  to  0000  0000 
0001)  will  occur  for  an  input  level  of  +1/2  LSB  (0.61  mV  for 
5  V  range). 

The  gain  trim  is  done  by  applying  a  signal  1  1/2  LSBs  below  the 
nominal  full  scale  (4.998  V  for  a  5  V  range).  Trim  R2  to  give 
the  last  transition  (1111  1111  1110  to  1111  1111  1111).  This  cir- 
cuit will  give  approximately  ±0.5%  FS  of  adjustment  range. 


jure  9.  Unipolar  (0Vto+5V)  Calibration 
BIPOLAR  (±5  V)  CALIBRATION 

The  connections  for  the  bipolar  ±5  V  input  range  is  shown  in 
Figure  10. 

Bipolar  calibration  is  similar  to  unipolar  calibration.  First,  a  sig- 
nal 1/2  LSB  above  negative  full  scale  (-4.9988  V)  is  applied  and 
Rl  is  trimmed  to  give  the  first  transition  (0000  0000  0000  to 
0000  0000  0001).  Then  a  signal  1  1/2  LSB  below  positive  full 
scale  (+4.9963  V)  is  applied  and  R2  is  trimmed  to  give  the  last 
transition  (1111  1111  1110  to  1111  1111  1111). 
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REF  IN 
REF  OUT 


Figure  10.  Bipolar  (±5  V)  Calibration 


UNIPOLAR  (0  V  TO  +2.5  V)  CALIBRATION 

The  connections  for  the  0  V  to  +2.5  V  input  range  calibration  is 
shown  in  Figure  1 1 .  Figure  1 1  shows  an  example  of  how  the 
offset  error  can  be  trimmed  in  front  of  the  AD1671.  The  proce- 
dure for  trimming  the  offset  and  gain  errors  is  the  same  as  for 
the  unipolar  5  V  range. 


BIPOLAR  (±2.5  V)  CALIBRATION 

The  connections  for  the  bipolar  ±2.5  V  input  range  is  shown  in 
Figure  12. 


■ 

VIN 

-2-5vr2'sv 

GAIN  R2 
ADJ  2k 


1nF  ^ 

Figure  12.  Bipolar  (±2.5  V)  Calibration 


OFFSET  ADJ 


V 


I  Q  BPO/UPO 


SHA  OUT 

AD1671 


REF  OUT 


Figure  11.  Unipolar  (0  V  to  +2.5  V)  Calibration 


OUTPUT  LATCHES 

Figure  13  shows  the  AD1671  connected  to  the  74HC574  octal 
D-type  edge-triggered  latches  with  3-state  outputs.  The  latch 
can  drive  highly  capacitive  loads  (i.e.,  bus  lines,  I/O  ports)  while 
maintaining  the  data  signal  integrity.  The  maximum  setup  and 
hold  times  of  the  574  type  latch  must  be  less  than  20  ns  (tDD 
and  tss  minimum).  To  satisfy  the  requirements  of  the  574  type 
latch  the  recommended  logic  families  are  S,  AS,  ALS,  F  or 
BCT.  New  data  from  the  AD  1671  is  latched  on  the  rising  edge 
of  the  DAV  (Pin  16)  output  pulse.  Previous  data  can  be  latched 
by  inverting  the  DAV  output  with  a  7404  type  inverter. 


BIT1 
BIT  2 
BIT  3 
BIT  4 
BIT  5 
BIT  6 
BIT  7 
BITS 
DAV 


BIT  9 
BIT  10 
BIT  11 
BIT  12 


AD1671 


74HCS74 


CLOCK  OC 


74HC574 


3-STATE 
'  CONTROL 


Figure  13.  AD1671  to  Output  Latches 
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OUT  OF  RANGE 

An  out-of-range  condition  exists  when  the  analog  input  volt- 
age is  beyond  the  input  range  (0  V  to  +2.5  V,  0  V  to  +5  V, 
±2.5  V,  ±5  V)  of  the  converter.  OTR  (Pin  15)  is  set  low  when 
the  analog  input  voltage  is  within  the  analog  input  range.  OTR 
is  set  HIGH  and  will  remain  HIGH  when  the  analog  input  volt- 
age exceeds  the  input  range  by  typically  1/2  LSB  (OTR  transi- 
tion is  tested  to  ±6  LSBs  of  accuracy)  from  the  center  of  the 
± full-scale  output  codes.  OTR  will  remain  HIGH  until  the  ana- 
log input  is  within  the  input  range  and  another  conversion  is 
completed.  By  logical  ANDing  OTR  with  the  MSB  and  its  com- 
plement, overrange  high  or  underrange  low  conditions  can  be 
detected.  Table  II  is  a  truth  table  for  the  over/under  range 
circuit  in  Figure  14.  Systems  requiring  programmable  gain  con- 
ditioning prior  to  the  AD  1671  can  immediately  detect  an  out-of- 
range  condition,  thus  eliminating  gain  selection  iterations. 


Table  II.  Out-of-Range  Truth  Table 


OTR 

MSB 

Analog  Input  Is 

1 

0 

 — 

In  Range 

1 

In  Range 

1 

0 

IT  J 

Underrange 

1 

1 

Overrange 

MSB  — 


TUfj  ™l 


Figure  14.  Overrange  or  Underrange  Logic 


Table  III.  Output  Data  Format 


■ 


Input 
Range 

Coding 

Analog 
Input1 

Digital 
Output 

OTR2 

0Vto+2.5V 

Straight  Binary 

• 

<  -0.0003  V 
0  V 

+2.5  V 

a  +2.5003  V 

0000  0000  0000 
0000  0000  0000 

1111  1111  1111 
1111  1111  1111 

1 
0 
0 

1 

0  Vto  +5  V 

Straight  Binary 

£  -0.0006  V 
0  V 
+5  V 

>  +5.0006  V 

0000  0000  0000 
0000  0000  0000 

mi  mi  mi 
1111 1111 1111 

1 

0 
0 

: 

-2.5  V  to  +2.5  V 

Offset  Binary 

s  -2.5006  V 

0000  0000  0000 
0000  0000  0000 

mi  mi  nil 
mi  nn  nn 

-2.5  V 
+2.5  V 
>  +2.4994  V 

o 

0 

1  ■■> 

-5  V  to  +5  V 

Offset  Binary 

s  -5.0012  V 
-5  V 

0000  0000  0000 
0000  0000  0000 

1 

0 

+  5  V 

a  +4.9988  V 

nn  nn  nn 
nn  nn  nn 

0 

1 

-2.5  V  to  +2.5  V 

■ 

Twos  Complement 
(Using  MSB) 

<  -2.5006  V 
-2.5  V 
+2.5  V 
2  +2.4994  V 

1000  0000  0000 
1000  0000  0000 

oni  nn  nn 
oni  nn  nn 

1 

0 
0 

1 

-5  V  to  +5  V 

Twos  Complement 
(Using  MSB) 

==  -5.0012  V 
-5  V 
+5  V 

>  +4.9988  V 

1000  0000  0000 
1000  0000  0000 

oni  nn  nn 
oni  nn  nn 

1 

0 
0 

1 

NOTES 

'Voltages  listed  are  with  offset  and  gain  errors  adjusted  to  zero. 
2Typical  performance. 
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OUTPUT  DATA  FORMAT 

The  AD1671  provides  both  MSB  and  MSB  outputs,  delivering 
data  in  positive  true  straight  binary  for  unipolar  input  ranges 
and  positive  true  offset  binary  or  twos  complement  for  bipolar 
input  ranges.  Straight  binary  coding  is  used  for  systems  that 
accept  positive-only  signals.  If  straight  binary  coding  is  used 
with  bipolar  input  signals,  a  0  V  input  would  result  in  a  binary 
output  of  2048.  The  application  software  would  have  to  subtract 
2048  to  determine  the  true  input  voltage.  Host  registers  typically 
perform  math  on  signed  integers  and  assume  data  is  in  that 
format.  Twos  complement  format  minimizes  software  overhead 
which  is  especially  important  in  high  speed  data  transfers,  such 
as  a  DMA  operation.  The  CPU  is  not  bogged  down  performing 
data  conversion  steps,  hence  the  total  system  throughput  is 
increased. 

OPTIONAL  EXTERNAL  REFERENCE 

The  AD1671  includes  an  on-board  +2.5  V  reference.  The  refer- 
ence input  pin  (REF  IN)  can  be  connected  to  reference  output 
pin  (REF  OUT)  or  a  standard  external  +2.5  V  reference  can  be 
selected  to  meet  specific  system  requirements.  Fast  switching 
input  dependent  currents  are  modulated  at  the  reference  input. 
The  reference  input  voltage  can  be  held  with  the  use  of  a  capaci- 
tor. To  prevent  the  AD1671's  on-board  reference  from  oscillat- 
ing when  not  connected  to  REF  IN,  REF  OUT  must  be 
connected  to  +5  V.  It  is  possible  to  connect  REF  OUT  to  +5  V 
due  to  its  output  circuit  implementation  which  shuts  down  the 
reference. 

•logic  vs.  CONVERSION  RATE 

Figure  15  is  the  typical  logic  supply  current  vs.  conversion  rate 
for  various  capacitor  loads  on  the  digital  outputs. 


6.5 
6.0 
6.5 
5.0 
4.5 
4.0 
E  3-5 
3.0 


1.5 
1.0 
0.5 


CL 

=  50 

-c 

  CL  =  OpF  - 

I      I  I 

1k  10k  1O0k  1M 

CONVERSION  RATE  -  Hz 

Figure  15.  ILOgic  vs-  Conversion  Hate  for  Various 
Capacitive  Loads  on  the  Digital  Outputs 


APPLICATIONS 
AD1671  TO  ADSP-2100A 

Figure  16  demonstrates  the  AD1671  to  ADSP-2100A  interface. 
The  2 100 A  with  a  clock  frequency  of  12.5  MHz  can  execute  an 
instruction  in  one  80  ns  cycle.  The  AD1671  is  configured  to 
perform  continuous  time  sampling.  The  DAV  output  of  the 
AD1671  is  asserted  at  the  end  of  each  conversion.  DAV  can  be 
used  to  latch  the  conversion  result  into  the  two  574  octal 
D-latches.  The  falling  edge  of  the  sampling  clock  is  used  to  gen- 
erate an  interrupt  (IRQ3)  for  the  processor.  Upon  interrupt,  the 
ADSP-2100A  starts  a  data  memory  read  by  providing  an  address 
on  the  DMA  bus.  The  decoded  address  generates  OE  for  the 
latches  and  the  processor  reads  their  output  over  the  DMA  bus. 
The  conversion  result  is  read  within  a  single  processor  cycle. 


DMRD 

DMA0:13 


ADSP- 
2100A 


DM  AO:  15 
DMACK 


IRQ3 


ADDRESS  BUS 


3 


574 

Q0:7 


OE  < 

574 

00:3 
Q0:7 


3 

-        DO-7  4h 

1  1  V 


SAMPLING 
CLOCK  | 


AD1671 


ENCODE 


Figure  16.  AD1671  to  ADSP-2W0A  Interface 
AD1671  TO  ADSP-2101/2102 

Figure  17  is  identical  to  the  2100A  interface  except  the  sampling 
clock  is  used  to  generate  an  interrupt  (IRQ2)  for  the  processor. 
Upon  interrupt  the  ADSP-2100A  starts  a  data  memory  read  by 
providing  an  address  on  the  address  (A)  bus.  The  decode 
address  generates  OE  for  the  D-latches  and  the  processor  reads 
their  output  over  the  Data  (D)  bus.  Reading  the  conversion 
result  is  thus  completed  within  a  single  processor  cycle. 


Figure  17.  AD1671  to  ADSP-2101/ADSP-2102  Interface 
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FEATURES 

Complete  Monolithic  12-Bit  10  us  Sampling  ADC 

On-Board  Sample-and-Hold  Amplifier 

Industry  Standard  Pinout 

8-  and  16-Bit  Microprocessor  Interface 

AC  and  DC  Specified  and  Tested 

Unipolar  and  Bipolar  Inputs 

+5  V,  ±10  V,  0-10  V,  0-20  V  Input  Ranges 

Commercial,  Industrial  and  Military  Temperature 

Range  Grades 
MIL-STD-883  and  SMD  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD1674  is  a  complete,  multipurpose,  12-bit  analog-to- 
digital  converter,  consisting  of  a  user-transparent  on-board 
sample-and-hold  amplifier  (SHA),  10  volt  reference,  clock  and 
three-state  output  buffers  for  microprocessor  interface. 

The  AD  1674  is  pin  compatible  with  the  industry  standard 
AD574A  and  AD674A,  but  includes  a  sampling  function  while 
delivering  a  faster  conversion  rate.  The  on-chip  SHA  has  a  wide 
input  bandwidth  supporting  12-bit  accuracy  over  the  full 
Nyquist  bandwidth  of  the  converter. 

The  AD  1674  is  fully  specified  for  ac  parameters  (such  as 
S/(N+D)  ratio,  THD,  and  IMD)  and  dc  parameters  (offset, 
full-scale  error,  etc.).  With  both  ac  and  dc  specifications,  the 
AD  1674  is  ideal  for  use  in  signal  processing  and  traditional  dc 
measurement  applications. 

The  AD1674  design  is  implemented  using  Analog  Devices' 
BiMOS  II  process  allowing  high  performance  bipolar  analog 
circuitry  to  be  combined  on  the  same  die  with  digital  CMOS 
logic. 

Five  different  temperature  grades  are  available.  The  AD1674J 
and  K  grades  are  specified  for  operation  over  the  0°C  to  +70°C 
temperature  range.  The  A  and  B  grades  are  specified  from 
-40°C  to  +85°C;  the  AD1674T  grade  is  specified  from  -55°C 
to  +  125°C.  The  J  and  K  grades  are  available  in  both  28-lead 
plastic  DIP  and  SOIC.  The  A  and  B  grade  devices  are  available 
in  28-lead  hermetically  sealed  ceramic  DIP  and  28-lead  SOIC. 
The  T  grade  is  available  in  28-lead  hermetically  sealed  ceramic 
DIP. 

•Protected  by  U.  S.  Patent  Nos.  4,962,325;  4,250,445;  4,808,908;  RE30586. 


AD1674* 

FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

Industry  Standard  Pinout:  The  AD1674  utilizes  the  pinout 
established  by  the  industry  standard  AD574A  and  AD674A. 

Integrated  SHA:  The  AD1674  has  an  integrated  SHA  which 
supports  the  full  Nyquist  bandwidth  of  the  converter.  The  SHA 
function  is  transparent  to  the  user;  no  wait-states  are  needed  for 
SHA  acquisition. 

DC  and  AC  Specified:  In  addition  to  traditional  dc  specifica- 
tions, the  AD1674  is  also  fully  specified  for  frequency 
domain  ac  parameters  such  as  total  harmonic  distortion,  signal- 
to-noise  ratio  and  input  bandwidth.  These  parameters  can  be 
tested  and  guaranteed  as  a  result  of  the  on-board  SHA. 

Analog  Operation:  The  precision,  laser-trimmed  scaling  and 
bipolar  offset  resistors  provide  four  calibrated  ranges:  0  to 
+  10  V  and  0  to  +20  V  unipolar,  -5  V  to  +5  V  and  -10  V  to 
+  10  V  bipolar.  The  AD1674  operates  on  +5  V  and  ±12  V  or 
±15  V  power  supplies. 

Flexible  Digital  Interface:  On-chip  multiple-mode  three-state 
output  buffers  and  interface  logic  allow  direct  connection  to 
most  microprocessors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DC  SPECIFICATIONS  -12  V  ±  5%  unless  otherwise  noted) 


Parameter 

Min 

AD1674J 
Typ 

Max 

Min 

AD1674K 
Typ 

Max 

Units 

12 

12 

Bits 

INTEGRAL  NONLINEARITY  (INL) 

±1/2 

LSB 

DTFFFRFNTTAT  MONT  TNFARTTY  fT)NT  ^ 

(No  Missing  Codes) 



12 

12 

Bits 

UNIPOLAR  OFFSET1  @  25°C 

±3 

±2 

LSB 

BIPOLAR  OFFSET'  (a  25°C 

±6 

+4 

LSB 

FULL-SCALE  ERROR1, 2  <&  25°C 

(with  Fixed  50  fl  Resistor  from  REF  OUT  to  REF  IN) 

0.1 

0.25 

0.1  mi 

0.25 

%  of  FSR 

TEMPERATURE  RANGE 

0 

+70 

0 

+  70 

°C 

TtT  \A  DUD  A  TI  TD  C  rYDTT7T3 

1  hMl  fcKA  I  U  Kfc,  DKlr  1 

TJninolar  Offset2 

±2 

±1 

LSB 

Bipolar  Offset2 

±2 

±1 

LSB 

Fnll-Srnlp  Frmr2 

±6 

±3 

LSB 

POWER  SUPPLY  REJECTION 

Vcc  =  15  V  ±  1-5  V  or  12  V  ±  0.6  V 

±2 

±1 

LSB 

VLOg,c  =  5  V  ±  0.5  V 

±1/2 

±1/2 

LSB 

VEE  =  -15  V  ±  1.5  V  or  -12  V  ±  0.6  V 

+2 

-hi 

LSB 

ANALOG  INPUT 

Input  Ranges 

Bipolar 

-5 

+  5 

-5 

+5 

Volts 

-10 

+  10 

-10 

+  10 

Volts 

Unipolar 

0 

+  10 

0 

+  10 

Volts 

0 

+20 

0 

+20 

Volts 

Input  Impedance 

10  Volt  Span 

3 

5 

7 

3 

5 

7 

kfl 

20  Volt  Span 

6 

10 

14 

6 

10 

14 

kfl 

POWER  SUPPLIES 

Operating  Voltages 

v  LOGIC 

+4.5 

+5.5 

+4.5 

+5.5 

Volts 

Vcc 

+  11.4 

+  16.5 

+  11.4 

+  16.5 

Volts 

vEE 

-16.5 

-11.4 

-16.5 

-11.4 

Volts 

Operating  Current 

I  LOGIC 

5 

8 

5 

8 

mA 

Ice 

10 

14 

10 

14 

mA 

Iee 

14 

18 

14 

18 

mA 

POWER  DISSIPATION 

385 

575 

385 

575 

mW 

INTERNAL  REFERENCE  VOLTAGE 
Output  Current  (Available  for  External  Loads)4 
(External  Load  Should  Not  Change  During  Conversion) 

9.9 

10.0 

10.1 
2.0 

9.9 

■ 

10.0 

10.1 
2.0 

Volts 
mA 

NOTES 

'Adjustable  to  zero. 

includes  internal  voltage  reference  error. 

3Maximum  change  from  25°C  value  to  the  value  at  Tmin  or  T, 

4Reference  should  be  buffered  for  ±12  V  operation. 


All  min  and  max  specifications  are  guaranteed. 
Specifications  subject  to  change  without  notice. 
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Parameter 

AD1674A 
Min  Typ 

Max 

Min 

AD1674B 
Typ  Max 

AD1674T 
Min  Typ 

Max 

Units 

RESOLUTION 

12 

12 

12 

Bits 

INTEGRAL  NONLINEARITY  (INL)  (ft  25  C 
to 

±1 
±1 

±1/2 
+  1/2 

±1/2 
±1 

LSB 
LSB 

DIFFERENTIAL  NONLINEARITY  (DNL) 
(No  Missing  Codes) 

12 

12 

12 

Bits 

UNlrULAK  UrratI   (ft  2D  C 

±2 

±2 

±2 

LSB 

BIPOLAR  OFFSET1  g  25°C 

±6 

±3 

±3 

LSB 

FULL-SCALE  ERROR1' 2  @  25°C 

(with  Fixed  50  fl  Resistor  from  REF  OUT  to  REF  IN) 

0.1 

0.25 

0.1 

0.125 

0.1 

0.125 

%  of  FSR 

TEMPERATURE  RANGE 

-40 

+  85 

-40 

+  85 

-55 

+  125 

°C 

TEMPERATURE  DRIFT3 

Unipolar  Offset2 

±2 

±1 

±1 

LSB 

Bipolar  Offset2 

±1 

±2 

LSB 

Full-Scale  Error2 

±5 

±7 

LSB 

POWER  SUPPLY  REJECTION 

Vcc  =  15  V  ±  1.5  V  or  12  V  ±  0.6  V 

±2 

±1 

+  1 

LSB 

VLOgic  =  5  V  ±  0.5  V 

±1/2 

±1/2 

±1/2 

LSB 

VEE  =  -15  V  ±  1.5  V  or  -12  V  ±  0.6  V 

±2 

±1 

±1 

LSB 

ANALOG  INPUT 

Input  Ranges 

Bipolar 

-5 

+5 

-5 

+5 

-5 

+5 

Volts 

-10 

+  10 

-10 

+  10 

-10 

+  10 

Volts 

Unipolar 

0 

+  10 

0 

+  10 

0 

+  10 

Volts 

0 

+  20 

0 

+  20 

0 

+  20 

Volts 

Input  Impedance 

10  Volt  Span 

3 

5 

7 

3 

5 

7 

3 

5 

7 

kfl 

20  Volt  Span 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kfl 

POWER  SUPPLIES 

Operating  Voltages 

V  

*  LOGIC 

+4.5 

+  5.5 

+4.5 

+5.5 

+4.5 

+5.5 

Volts 

Vcc 

+  11.4 

+  16.5 

+  11.4 

+  16.5 

+  11.4 

+  16.5 

Volts 

vEE 

-16.5 

-11.4 

-16.5 

-IM 

-16.5 

-11.4 

Volts 

Operating  Current 

Ilogic 

5 

8 

5 

8 

5 

8 

mA 

Ice 

10 

14 

10 

14 

10 

14 

mA 

Iee 

14 

18 

14 

18 

14 

18 

mA 

POWER  DISSIPATION 

385 

575 

385 

575 

385 

575 

mW 

INTERNAL  REFERENCE  VOLTAGE 
Output  Current  (Available  for  External  Loads)4 
(External  Load  Should  Not  Change  During  Conversion) 

9.9 

10.0 

10.1 
2.0 

9.9 

10.0 

10.1 
2.0 

9.9 

10.0  10.1 

2.0 

Volts 
mA 
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SPECIFICATIONS 


AD1674 


An  cncr .cm ATinuc  ^ 10  T™" with  v<*  =  +15  v  *  10%  or  +12  v  *  5%-  v">^  =  +5  v  ±  10%,  vEE  =  -15  v  ±  io% 

AU  OrtMNUAMUNo  or  -12  V  ±  5%,  fSSMPLE  =  IOO  kSPS,  f,N  =  10  kHz,  stand-alone  mode  unless  otherwise  noted)1 


 ! 

Parameter 

 , — - 

AD1674J/A 
Min       Typ  Max 

AD1674K7B/T 
Min       Typ  Max 

Units 

Signal  to  Noise  and  Distortion  (S/N+D)  Ratio2'  3 

69  70 

70  71 

dB 

Total  Harmonic  Distortion  (THD)4 

-90  -82 
0.008 

~90  0.008 

dB 

% 

Peak  Spurious  or  Peak  Harmonic  Component 

-92  -82 

-92  -82 

dB 

Full  Power  Bandwidth 
Full  Linear  Bandwidth 

1 

500 

1 

500 

MHz 
kHz 

Intermodulation  Distortion  (IMD)5 
Second  Order  Products 
Third  Order  Products 

-90  -80 
-90  -80 

-90  -80 
-90  -80 

dB 
dB 

SHA  (specifications  are  included  in  overall  timing  specifications) 
Aperture  Delay 
Aperture  Jitter 
Acquisition  Time 

50 
250 

50 

250 

1 

ns 
ps 
M-s 

■ 


DIGITAL  SPECIFICATIONS 


(for  all  grades  Tmi„  to  Tma„  with  Vcc  =  +15  V  ±  10%  or  +12  V  ±  5%,  VL0SIC  =  +5 
VEE=-15V±10%  or -12  V  ±5%) 


V  ±  10%, 







Test  Conditions 


Parameter 


Min 


Max 





LOGIC  INPUTS 

VIH  High  Level  Input  Voltage 

Low  Level  Input  Voltage 
High  Level  Input  Current  (V1N  =  5  V) 
Low  Level  Input  Current  (V1N  =  0  V) 
Input  Capacitance 


»IH 

I, 


IH 

In. 


Vin  =  VLOGIC 
V1N  =  0V 


+2.0 
-0.5 
-10 
-10 


VLogic  +0.5  V 

+0.8 

+  10 

+  10 

10 


v 
v 

uA 
uA 
pF 


LOGIC  OUTPUTS 

VOH  High  Level  Output  Voltage 


Low  Level  Output  Voltage 
High-Z  Leakage  Current 
High-Z  Output  Capacitance 


IOH  =  0.5  mA 
IOL  =  1.6  mA 
VIN  =  0  to  VLOGIC 


+2.4 
-10 


+0.4 
+  10 
10 


V 
V 
pA 
pF 


NOTES 

'fm  amplitude  =  -0.5  dB  (9.44  V  p-p)  10  V  bipolar  mode 
otherwise  noted. 

Specified  at  worst  case  temperatures  and  supplies  after  one  minute  warm-up. 

'See  Figures  12  and  13  of  full-length  data  sheet  for  other  input  frequencies  and  amplitudes. 

4 See  Figure  1 1  of  full-length  data  sheet. 

5fa  =  9.08  kHz,  fb  =  9.58  kHz  with  fSAMPLE  =  100  kHz.  See  Definition  of  Specifications  section  and  Figure  15. 
All  min  and  max  specifications  are  guaranteed. 
Specifications  subject  to  change  without  notice. 


to  -0  dB  (9.997  V  p-p)  input 
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vEE  io  uignai  common  u  to  -10.5  V 

vlogic  t0  Digital  Common  0  to  +7  V 

Analog  Common  to  Digital  Common  ±1  V 

Digital  Inputs  to  Digital  Common  .  .  -0.5  V  to  VLOGIC  +0.5  V 

Analog  Inputs  to  Analog  Common   VEE  to  Vcc 

20  V[N  to  Analog  Common   VEE  to  +24  V 

REF  OUT  Indefinite  Short  to  Common 

 Momentary  Short  to  Vcc 

CAUTION   


Lead  temperature,  Soldering   300"C,  10  sec 

Storage  Temperature  -65°C  to  +  150°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


- 

ORDERING  GUIDE 

INL 

S/(N+D) 

Package 

Package 

Model1 

Temperature  Range 

(Tmi„  to  TJ 

(Tmin  to  T„„) 

Description 

Option2 

AD1674JN 

0°C  to  +70°C 

±1  LSB 

69  dB 

Plastic  DIP 

N-28 

AD1674KN 

0°C  to  +70°C 

±1/2  LSB 

70  dB 

Plastic  DIP 

N-28 

AD1674JR 

0°C  to  +70°C 

±1  LSB 

69  dB 

Plastic  SOIC 

R-28 

AD1674KR 

0°C  to  +70°C 

±1/2  LSB 

70  dB 

Plastic  SOIC 

R-28 

AD1674AR 

-40°C  to  +85°C 

±1  LSB 

69  dB 

Plastic  SOIC 

R-28 

AD1674BR 

-40°C  to  +85°C 

±  1/2  LSB 

70  dB 

Plastic  SOIC 

R-28 

AD1674AD 

-40°C  to  +85°C 

±1  LSB 

69  dB 

Ceramic  DIP 

D-28 

AD1674BD 

-40°C  to  +85°C 

±1/2  LSB 

70  dB 

Ceramic  DIP 

D-28 

AD1674TD 

-55°C  to  +125°C 

±1  LSB 

70  dB 

Ceramic  DIP 

D-28 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog  Devices  Military/Aerospace  Reference  Manual  Prod- 
ucts Dambook  or  current  AD1674/883B  data  sheet.  SMD  is  also  available. 

2N  =  Plastic  DIP;  D  =  Hermetic  Ceramic  DIP;  R  =  Plastic  SOIC.  For  outline  information  see  Package  Information  section. 


PIN  CONFIGURATION 


Vlogic  El 

12/8  [T 

cs  [T 

Ao  rr 

n/c  rr 

CE  [T 

Vcc  E 

REF  OUT  [7 

AGND  [J 

REF  IN  [jo 

Vee  [ii 

BIPOFF  [« 

20Vm  [m 


m]  DBS 


TOP  VIEW 
(No!  lo  Scale) 


STS 

DB11{MSB) 

DB10 

DB9 


■ 


DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DB1 

DBO(LSB) 
DGND 
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ANALOG 


16-Bit  100  kSPS 
Sampling  ADC 





6 


FEATURES 
Autocalibrating 
0.002%  THD 
90  dB  S/(N+D) 
1  MHz  Full  Power  Bandwidth 
On-Chip  Sample  &  Hold  Function 
2x  Oversampling  for  Audio  Applications 
16-Pin  DIP  Package 

Serial  Twos  Complement  Output  Format 

Low  Input  Capacitance— typ  SO  pF 

AGND  Sense  for  Improved  Noise  Immunity 


FUNCTIONAL  BLOCK  DIAGRAM 


VinQO, 
AGND  SENSE  (| 

AGND  (8 


SAMPLE 


PRODUCTION  DESCRIPTION 

The  AD1876  is  a  16-bit  serial  output  sampling  A/D  converter 
which  uses  a  switched  capacitor/charge  redistribution  archi- 
tecture to  achieve  a  100  kSPS  conversion  rate  (10  |xs  total 
conversion  time).  Overall  performance  is  optimized  by 
digitally  correcting  internal  nonlinearities  through  on-chip 
autocalibration. 

The  circuitry  of  the  AD  1876  is  partitioned  onto  two  monolithic 
chips,  a  digital  control  chip  fabricated  with  Analog  Devices' 
DSP  CMOS  process  and  an  analog  ADC  chip  fabricated  with 
the  BiMOS  II  process.  Both  chips  are  contained  in  a  single 
package. 

The  serial  output  interface  requires  an  external  clock  and  sample 
command  signal.  The  output  data  rate  may  be  as  high  as  2.08 
MHz,  and  is  controlled  by  the  external  clock.  The  twos  comple- 
ment format  of  the  output  data  is  MSB  first  and  is  directly  com- 
patible with  the  NPC  SM5805  digital  decimation  filter  used  in 
consumer  audio  products.  The  AD1876  is  also  compatible  with 
a  variety  of  DSP  processors. 

The  AD1876  is  packaged  in  a  space  saving  16-pin  plastic  DIP 
and  operates  from  +5  V  and  ±  12  V  supplies;  typical  power  con- 
sumption is  235  mW.  The  digital  supply  (VDE))  is  isolated  from 
the  linear  supplies  (VEE  and  Vcc)  for  reduced  digital  crosstalk. 
Separate  analog  and  digital  grounds  are  also  provided. 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD1876— SPECIFICATIONS  ^» 




W  Vcc  =  +12  V  ±  5%,  VEE  =  -12  V  ±  5%,  V0D  =  +5  V  ±  10%)' 


Parameter 


Min 


AD1876J 

Typ 


Max 


Units 


TEMPERATURE  RANGE 


0 


70 


TOTAL  HARMONIC  DISTORTION  (THD)2 
-0.05  dB  Input 

-20  dB  Input 

-60  dB  In 


Input 


-95 

0.002 

-78 

0.01 

-40 

1.0 


0.004 


dB 

% 
dB 
% 
dB 

% 


D-RANGE,  -60  dB,  A-WEIGHTED 


92 


dB 


SIGNAL-TO-NOISE  AND  DISTORTION  (S/(N+D))  RATIO3 
-0.05  dB  Input,  A-Weighted 
-0.05  dB  Input,  48  kHz  Bandwidth 
-20  dB  Input,  A- Weighted 
-20  dB  Input,  48  kHz  Bandwidth 
-60  dB  Input,  A-Weighted 
-60  dB  Input,  48  kHz  Bandwidth 


83 


92 
90 
73 
70 
34 
31 


dB 
dB 
dB 
dB 
dB 
dB 


PEAK  SPURIOUS  OR  PEAK  HARMONIC  COMPONENT 


-99 


dB 


INTERMODULATION  DISTORTION  (IMD)4 
2nd  Order  Products 
3rd  Order  Products 


-102 
-98 


dB 
dB 


FULL  POWER  BANDWIDTH 


MHz 


VOLTAGE  REFERENCE  INPUT  RANGE5  (VREF) 


10.0 


ANALOG  INPUT6 
Input  Range  (VIN) 
Input  Impedance 
Input  Capacitance  During  Sample 
Aperture  Delay 
Aperture  Jitter 


50* 
6 

100 


V 

pF 
ns 
ps 


POWER  SUPPLIES 
Operating  Current 
Ice 
Iee 

Power  Consumption 


9 
9 
3 

235 


12 
12 
12 
350 


mA 
mA 
mA 
mW 


NOTES 

'VREF  -  5.00  V;  conversion  rate  =  96  kSPS;  fIN  =  1.06  kHz;  V1N  =  -0.05  dB  unless  otherwise  indicated.  All  measurements  referred  to  a  0  dB 
(10  VPP)  input  signal.  Values  are  post  calibration, 
includes  first  19  harmonics. 

'Minimum  value  of  S/(N+D)  corresponds  to  5.0  V  reference;  typical  values  of  S/(N+D)  correspond  to  10.0  V  reference. 
4f,  =  1008  Hz;  fb  =  1055  Hz.  See  Definition  of  Specifications  section  and  Figure  14. 

5See  Applications  section  for  recommended  voltage  reference  circuit  and  Figure  1 1  for  performance  with  other  reference  voltage  values. 
6See  Applications  section  for  recommended  input  buffer  circuit. 
*For  explanation  of  input  characteristics,  see  "Analog  Input"  section. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test  at  worst  case  temperature.  Results  from  those  tests  are  used  to  calculate  outgoing 
quality  levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested. 


ORDERING  GUIDE 


Temperature 

THD 

Package 

Package 

Model 

Range 

dB 

Description 

Option* 

AD1876JN 

0°C  to  +70°C 

-95 

Plastic  16-Pin  DIP 

N-16 

*N  =  Narrow  Plastic  DIP.  For  outline  information  see  Package  Information  section. 
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AD 1876 


DIGITAL  SPECIFICATI 

ONS  (U  to  W  VCC  =  +12  V  ±  5%,  VEE  =  -12  V  *  5%,  VM  =  +5  V  ±  10%, 

Parameter 

Units 

LOGIC  INPUTS 

VIH               High  Level  Input  Voltage 

2.4 

V 

VIL               Low  Level  Input  Voltage 
lm               High  Level  Input  Current 
IIL                Low  Level  Input  Current 
Cdj              Input  Capacitance 

VIH  =  VDD 
VIL  =  0  V 

-0.3  0.8 
-10  +10 
-10  +10 

<»r3lq«nA  liKftdD  rl»»*  ; 

V 
u.A 
u.A 
pF 

LOGIC  OUTPUTS 

VOH              High  Level  Output  Voltage 
VOI_              Low  Level  Output  Voltage 

IOH  =  0.1  mA 
IOH  =  0.5  mA 
IOL=  1.6  mA 

vDD-iv 

2.4 

0.4 

V 
V 
V 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final 

quality  levels.  All  min  and  max  specifications  are  guaranteed,  all 

ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  10  VEE  

VDD  to  DGND   


test  at  worst  case  temperature.  Results  from  those  tests  are  used  to  calculate  outgoing 
shown  in  boldface  are  tested. 


 -0.3  V  to  +26.4  V 

 -0.3  V  to  +7  V 

■  to  AGND  -0.3  V  to  + 18  V 

VEE  to  AGND  -18  V  to  +0.3  V 

AGND  to  DGND   ±0.3  V 

Digital  Inputs  to  DGND  OVto5.5V 

Analog  Inputs,  VREF  to  AGND   (Vcc  +  0.3  V)  to 

(VEE  -0.3  V) 


Soldering  +300°C,  10  sec 

Storage  Temperature  -60°C  to  +  100°C 

*Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


WARNING! 


ESD  SENSITIVITY   

The  AD  1876  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and 
fast,  low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the 
AD1876  has  been  classified  as  a  Category  1  Device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test 
equipment,  and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam 
or  shunts,  and  the  foam  discharged  to  the  destination  socket  before  devices  are  removed.  For 
further  information  on  ESD  precaution,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


•  precaution, 

TIMING  SPECIFICATIONS' 


(Tmi„  to  Tma„  Vcc  =  +12  V  ±  5%,  Vee  =  -12  V  ±  5%,  V0D  =  +5  V  ±  10%,  VREf  =  5.00  V) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Sampling  Rate 

Sampling  Period2 

Acquisition  Time  (Included  in  ts) 

Calibration  Time 

CLK  Period 

CAL  to  BUSY  Delay 

CLK  to  BUSY  Delay 

CLK  to  Doux  Hold  Time 

CLK  HIGH 

CLK  LOW 

DOUT  CLK  LOW 

SAMPLE  LOW  to  1st  CLK  Delay 

CAL  HIGH  Time 

CLK  to  Doux  CLK 

SAMPLE  LOW 


Iks 
W6 


fs  = 
ts  ° 

tA 

tCT 

tc 

tcALB 
*CB 
tcD 
tcH 

tcL 

I.  »  ■  • 

'DCL 

lSC 

rCALH 

tcDH 

tsL 


1 

10 

2 

480 

0 

50 

10 

160 

50 

30 

50 

4 

150 
50 


120 


80 


200 


100 
1000 

5000 


175 


200 


275 


kSPS 

|XS 
U.S 

tc 
ns 
ns 


ns 
ns 
ns 
ns 

tc 
ns 


NOTES 

'See  Figure  1  and  Figure  2  and  the  Conversion  Control  and  Autocalibration  sections  for  detailed  explanations  of  the  above  timing. 

2Depends  upon  external  clock  frequency;  includes  acquisition  time  and  conversion  time.  The  minimum  sampling  rate/maximum  sampling  period  is  specified  to 
account  for  droop  of  the  internal  sample/hold.  Operation  at  slower  rates  than  specified  may  degrade  performance. 
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AD7569/AD7669 


FEATURES 

2|is  ADC  with  Track/Hold 

1|is  DAC  with  Output  Amplifier 
AD7569,  Single  DAC  Output 
AD7669,  Dual  DAC  Output 

On-Chip  Bandgap  Reference 

Fast  Bus  Interface 

Single  or  Dual  5V  Supplies 


AD7569  FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7569/AD7669  is  a  complete,  8-bit,  analog  I/O  system  on 
a  single  monolithic  chip.  The  AD7569  contains  a  high  speed 
successive  approximation  ADC  with  2u.s  conversion  time,  a 
track/hold  with  200kHz  bandwidth,  a  DAC  and  output  buffer 
amplifier  with  lu.s  settling  time.  A  temperature-compensated 
1.25V  bandgap  reference  provides  a  precision  reference  voltage 
for  the  ADC  and  the  DAC.  The  AD7669  is  similar  but  contains 
two  DACs  with  output  buffer  amplifiers. 

A  choice  of  analog  input/output  ranges  is  available.  Using  a 
nput  and  output  ranges  of  zero  to 
s  may  be  programmed  using  the  RANGE 
input  pin.  Using  a  ±  5V  supply,  bipolar  ranges  of  ±  1.25V  or 
+  2.5V  may  be  programmed. 

Digital  interfacing  is  via  an  8-bit  I/O  port  and  standard  micro- 
processor control  lines.  Bus  interface  timing  is  extremely  fast, 
allowing  easy  connection  to  all  popular  8-bit  microprocessors.  A 
separate  start  convert  line  controls  the  track/hold  and  ADC  to 
give  precise  control  of  the  sampling  period. 

The  AD7569/AD7669  is  fabricated  in  Linear-Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  combining 
precision  bipolar  circuits  with  low  power  CMOS  logic.  The 
AD7569  is  packaged  in  a  24-pin,  0.3"  wide  "skinny"  DIP,  a  24- 
terminal  SOIC  and  28-terminal  PLCC  and  LCCC  packages.  The 
AD7669  is  available  in  a  28-pin,  0.6"  plastic  DIP,  28-terminal 
SOIC,  and  28-terminal  PLCC  package. 


ST     RD    CS  WR 


AD7669  FUNCTIONAL  BLOCK  DIAGRAM 

CUt  NC  VDD 


PRODUCT  HIGHLIGHTS 


1.  Complete  Analog  I/O  on  a  Single  Chip. 

The  AD7569/AD7669  provides  everything  necessary  to 
interface  a  microprocessor  to  the  analog  world.  No  external 
components  or  user  trims  are  required,  and  the  overall 
accuracy  of  the  system  is  tightly  specified,  eliminating  the 
need  to  calculate  error  budgets  from  individual  component 
specifications. 

2.  Dynamic  Specifications  for  DSP  Users. 

In  addition  to  the  traditional  ADC  and  DAC  specifications 
the  AD7569/AD7669  is  specified  for  AC  parameters,  including 
signal-to-noise  ratio,  distortion  and  input  bandwidth. 

3.  Fast  Microprocessor  Interface. 

The  AD7569/AD7669  has  bus  interface  timing  compatible 
with  all  modern  microprocessors,  with  bus  access  and  relinquish 
times  less  than  75ns  and  Write  pulse  width  less  than  80ns. 


abridged  data  sheet.  To  obtain  the  m< 
data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 

DAC  SPECIFICATIONS1 

(VH=  +5V  ±5%;  Vss2  =  RANGE  =  AGNIW  =  AGNDN 
s  T,*  to  Tma,  unless  otherwise  stated.) 


=  0V;Rl=  2kn,CL=  100pFtoAGNDw  unless  otherwise  stated. 


AD7569 

Parameter 

J,  A  Versions' 
AD7669 
J  Version 

AD7569 

K,  B  Versions 

AD7569 
S  Version 

AD7569 
T  Version 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 

Resolution4 

Total  Unadjusted  Error5 
Relative  Accuracy5 
Differential  Nonlinearity5 
Unipolar  Offset  Error 
@25°C 

TmintoT^ 

Bipolar  Zero  Offset  Error 

@25<C 

T^toT^ 
Full-Scale  Error6  ( AD7569  Only) 

«i  25°C 

TmioIoTna, 

Full-Scale  Error6  ( AD7669  Only) 

@25°C 

T^toT™ 
DACA/DACB  Full  Scale  Error  Match6 

8 

±2 
±1 
±1 

IL 

±2.5 

±2 
±3 

±3 
±4.5 

8 

±2 

±1/2 

±3/4 

±1.5 
±2 

±1.5 
±2 

±1 
±2 

8 

±3 
±1 
±1 

±2 
±2.5 

±2 
±2.5 

±2 
±4 

1+  1+     1+  1+     1+  1+     1+  1+  1+  w 

Bits 

LSBtyp 
LSB  max 
LSB  max 

LSB  max 
LSB  max 

LSB  max 
LSB  max 

LSB  max 
LSB  max 

LSB  max 
LSB  max 

Guaranteed  Monotonic 

DAC  data  is  allOs;  Vss  =  0V 

Typical  tempco  is  10u.V/°C  for  +  1.25V  range 

DAC  data  is  all  0s;  Vss  =  -  5V 

Typical  tempco  is  20u-V/°C  for  ±  1  -25V  range 

VDD  =  5V 
VDD-5V 

(AD76690nly) 
AFull  Scaie/AVDD,  T„  =  25°C 
AFullScale/AVSs,TA  =  2S°C 
Load  Regulation  at  Full  Scale 

±2.5 
0.5 
0.5 
0.2 

0.5 
0.5 
0.2 

0.5 
0.5 
0.2 

0.5 
0.5 
0.2 

LSB  max 
LSB  max 
LSB  max 
LSB  max 

VDD«5V 

VotJT  -  2.5V;  AVDD  .  ±5% 
Vout  -  -2.5V;AVSS  -  ±5% 
RL  =  2knto0/C 

DYNAMIC  PERFORMANCE 
Signat-to-Noise  Ratio5  (SNR) 

44 

46 

44 

46 

dB  rain 

Vout  =  20kHz  full-scale  sine  wave  with  (sampling  =  400kHz 

Total  Harmonic  Distortion5  (THD) 
Intermodulation  Distortion5  (IMD) 

48 

55 

48 

55 

48 

55 

48 

55 

dB  max 
dB  typ 

Vout  =  20kHz  full-scale  sine  wave  with  f sampling  =  400kHz 
fa=  18.4kHz,fb=  14.5kHz  with  (sampling  —  400kHz 

ANALOG  OUTPUT 
Output  Voltage  Ranges 
Unipolar 
Bipolar 

UIO  +  1 .  t  Pi  i .  3 

±1.25/±2.5 

Volts 

v        j.  c v  v„  —  nv 

vdd  —  +  *  v,  vss  —  uv 

VDD=  +5V,VSS=  -5V 

LOGIC  INPUTS 
CS,  A/B,WR,  RANGE,  RESET,  DB0-DB7 
Input  Low  Voltage,  Vhvl 
Input  High  Voltage,  Vxnh 
Input  Leakage  Current 
Input  Capacitance7 
DBO  -  DB7 

Input  Coding  { Dual  Supply) 

0.8 
2.4 
10 
10 

0.8 
2.4 
10 
10 

0.8 
2.4 
10 
10 

Binary 

2sComplemen 

0.8 
2.4 
10 
10 

V  max 

(A A  max 
pFmax 

Vm  =  0toVDD 

AC  CHARACTERISTICS7 
Voltage  Output  Settling  Time 

Settling  time  to  within  ±  1/2LSB  of  final  value 

Positive  Full 'Scale  Change 

Negative  Full-Scale  Change  (Single  Supply) 

Negative  Full-Scale  Change  (Dual  Supply) 

Digilal-to- Analog  Glitch  Impulse5 

Digital  Feedthrough5 

Vin  to  V0ut  Isolation 

DAC  to  DAC  Crosstalk5  (AD7669  Only) 

DACA  to  DACB  Isolation5  (AD7669  Only) 

4 

2 
15 
1 

60 
1 

-70 

4 

:5 

60 

4 

2 
15 

60 

(2 
4 

2  Ml 
15 

60 

|as  max 
lls  max 
u.s  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 
nV  sees  typ 

Typically  1  u.s 
Typically  2u.s 
Typically  ljis 

Vim  =  ±2. 5V, 50kHz  Sine  Wave 

POWER  REQUIREMENTS 

VDD  Range 

Vss  Range  (Dual  Supplies) 
Idd 

4.75/5.25 
-4.75/ -5.25 

4.75/5.25 
-4.75/ -5.25 

4.75/5.25 
-4.75/ -5.25 

4.75/5.25 
-4.75/ -5.25 

Vmin/Vmax 
Vmin/Vmax 

m  A  max 

For  Specified  Performance 

Specified  Performance  also  applies  to  Vss  =  0V 

for  unipolar  ranges. 

Votrr -Vw- 2.5V;  Logic  Inputs  =  2.4V;  CLK  =  0.8V 

(AD7569) 
(AD7669) 

13 
18 

13 

13 

13 

Output  unloaded 
Outputs  unloaded 

lss  (Dual  Supplies) 
(AD7569) 
(AD7669) 

4 

6 

4 

4 

4 

mA  max 
mA  max 

Vout  =  Vrx  =  -  2.5V;  Logic  Inputs  =  2.4V;  CLK  =  0.8V 
Output  unloaded 
Outputs  unloaded 

DAC/ADC  MATCHING 
Gain  Matching6 
@25"C 
T^toT^, 

1 
1 

1 

1 
1 

1 

1 

%typ 
%typ 



Vjn  to  Vqut  match  with  Vm  =  ±2.5V, 
20kHz  sine  wave 

NOTES 

'Specifications  apply  to  both  DACs  in  the  AD7669.  VOUT  applies  to  both  VOUtA  and  VqutB  of  the  AD7669. 

2 Except  where  noted,  specifications  apply  for  all  output  ranges  including  bipolar  ranges  with  dual  supply  operation. 

^Temperature  ranges  are  as  follows:  J,  K  versions;  0  to  +  70°C 

A,  B  versions;  -40°C  to  +85°C 

S,  T  versions;  -  55"C  to  +  125°C 
4lLSB  =  4.88mV  for  0  to  +  1.25V  output  range,  9.76mV  for  0  to  +2.5V  and  *  1.25V  ranges  and  19.5mV  for  ±2.5V 
'See  Terminology. 

"Includes  internal  voltage  reference  error  and  is  calculated  after  offset  error  has  been  adjusted  c 
full-scale  voltage  is  (FS/2  -  1LSB)  and  ideal  bipolar  negative  full-scale  voltage  is  -  FS/2. 
'Sample  tested  at  25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


full-scale  voltage  is  (FS  -  1LSB);  ideal 
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AD7569/AD7669— SPECIFICATIONS 

ADC  SPECIFICATIONS 

(¥„=  +5V  ±5%;VSS'  =  RANGE  =  AGNDgu  =  AGNDWC  =  DGND  =  OVifcu  =  5MHz  external  unless  otherwise 
All  specifications  T„*  to  T^,  unless  otherwise  stated.)  Specifications  apply  to  Mode  1  interface. 


ViZ  3AQ 


AD7569 

J,  A  Versions2 

AD7669 

AD7569 

AD7569 

AD7569 

Parameter 

J  Version 

K,  B  Versions 

S  Version 

Units 

Conditions  Comments 

DC  ACCURACY 
Resolution1 

Toial  Unadjusted  Error4 

8 

±3 

8 

±3     .  " 

8 

±4 

8 

1x4 

Bits 

LSB  typ 

Relative  Accuracy 
Differential  Nonlinearity4 
Unipolar  Offset  Error 

@25°C 

Bipolar  Zero  Offset  Error 

@25°C 

T^toT™ 
Full-Scale  Error5 

<&2S°C 

AFull  Scale/A  VDD,  TA  =  25°C 
AFull  Scale/A  VSS,TA  -  25°C 

±1 

3:2 
.  3 

±1 
±3.5 

-4,  +0 
-5.5,  +1.5 
0.5 
0.5 

±  1/2 
±3/4 

±1.5 
±2.5 

±2.5 

±s/»a>r. 

-4,  +0 
-5.5, +  1.5 
0.5 
0.5 

+ 1 
±1 

±2 
±3 

±3 
±4 

-4,  +0 
-7.5,  +2 
0.5 
0.5 

±  1/2 
•±3/4 

±1.5 
±2.5 

±2.5 
±3.5 

-4,  +0 
-7.5,  +2 
0.5 

1 0.5 

LSB  max 
LSBmax 

LSBmax 
LSB  max 

LSBmax 
LSBmax 

LSBmax 
LSB  max 
LSBmax 
LSB  max 

No  Missing  Codes 

Typical  tempcoisl0b.V/°C  for  +  1.25V  range;  Vss  =  0V 
Typical  tempco  is  2G> V/°C  for  ±  1 .25V  range;  Vss  =  -  5V 
VDD-5V 

V,N  4  +  2.5V;AVDD  =  ±5% 
VIN=  -2.5V;AVSS=  ±5% 

DYNAMIC  PERFORMANCE 
Signal-to-Noise  Ratio4  (SNR) 
Total  Harmonic  Distortion4  (THD) 
Intermod  ulation  Distortion4  (IMD) 

44 
48 
60 

46 
48 
60 

44 
48 
60 

45 
48 
60 

dB  min 
dB  max 
dB  typ 

VIN  =  100kHz  full-scale  sine  wave  with  isampling  =  400kHz6 
V1N  =  100kHz  full-scale  sine  wave  with  f sampling  =  400kHz6 
fa  -  99kHz,  fb  -  96.7kHz  with  fsAMPLiNG  =  400kHz 
VIN=  ±2.5V,dcto200kHzsinewave 

Frequency  Response 
Track/Hold  Acquisition  Time7 

0.1 
200 

0.1 
200 

0.1 
300 

0.1 
300 

dB  typ 
nstyp 

ANALOG  INPUT 
Input  Voltage  Ranges 

'rfl.ltUF.U  »  si 

Unipolar 

Bipolar 
Input  Current 
Input  Capacitance 

Oto  +  1.25 

±1.25/±2 

±300 
10 

/  +  2.5 

,5 

"  ±300 
10 

±300 
10 

±300 
10 

Volts 
Volts 
u-A  max 
pFtyp 

VDD=+5V;VSS  =  0V 
Vdd=+5V;Vss=-5V 
See  equivalent  circuit  Fig.  5 

LOGIC  INPUTS 
CS,  RD,  ST,  CLK,  RESET,  RANGE 

Input  Low  Voltage,  VpjL 

Input  High  Voltage,  VINH 

Input  Capacitance8 
CS,  RD,  ST,  RANGE,  RESET 

Input  Leakage  Current 
CLK 

Input  Current 

0.8 
2.4 
10 

10 

0.8 

2.4     uV  { 
10 

10 

0.8 
2.4 
10 

10 

0.8 
2.4 
10 

10 

Vmax 
Vmin 
pFmax 

jiAmax 

- 

VIN  =  0toVDD 

Ion. 
Iinh 

-1.6 
40 

-1.6 
40 

-1.6 
40 

-1.6 
40 

mA  max 
nA  max 

VrN-OV 
VtN-VDD 

LOGIC  OUTPUTS 

DB0-DB7,  INT,  BUSY 
Vol,  Output  Low  Voltage 
Voh,  Output  High  Voltage 

DB0-DB7 

Floating  State  Leakage  Current 
Floating  State  Output  Capacitance8 

Output  Coding  (Single  Supply) 

0.4 
4.0 

0MV{  t±  * . 

10 

0.4  uni... 
4.0 

10 
10 

Binary 

0.4 
4.0 

10 
10 

0.4 
4.0 

10 
10 

Vmax 
Vmin 

nA  max 
pF  max 

Isink  =  I  -6mA 
Isource  -  200y  A 

Output  Coding  (Dual  Supply) 

2s  Complement 

CONVERSION  TIME 
With  External  Clock 
With  Internal  Clock,  TA  =  25°C 

2  *  •<••««  mi 

1.6 

2.6 

2-n/    ■  . 

1.6 

2.6 

2 

1.6 
2.6 

2  • 

1.6 

2.6 

HI 

■ 

fcLK  *  5MHz 

Using  recommended  clock  components  shown  in  Fig- 
ure 2 1 .  Clock  frequency  can  be  adjusted  by  varying  Rclk. 

POWER  REQUIREMENTS 

As  per  DAC  Specifications 

NOTES 

'Except  where  noted,  specifications  apply  for  all  ranges  including  bipolar  ranges  with  dual  supply  operation. 
2Temperature  ranges  are  as  follows:  J,  K  versions;  0  to  +  70*C 

A,  B  versions;  -40"C  to  +  85°C 

S,  T  versions;  -  55°C  to  +  125°C 
JlLSB  =  4.88mV  for  0  to  +  1.25V  range,  9.76mV  for  0  to  +2.5V  and  ±  1.25V  ranges  and  19.5mV  for  ±2.5V  range. 
4See  Terminology. 

'Includes  internal  voltage  reference  error  and  is  calculated  after  offset  error  has  been  adjusted  out.  Ideal  unipolar 
last  code  transition  occurs  at  (FS  -  3/2LSB);  Ideal  bipolar  last  code  transition  occurs  at  (FS/2  -  3/2LSB). 

'Exact  frequencies  are  101kHz  and  384kHz  to  avoid  harmonics  coinciding  with  sampling  frequency. 

'  Rising  edge  of  BUSYto  falling  edge  of  ST.  The  time  given  refers  to  the  acquisition  time  which  gives  a  3dB 
degradation  in  SNR  from  the  tested  figure. 

'Sample  tested  at  25°C  to  ensure  compliance. 

Specifications  subject  to  change  without  notice. 

. 

CAUTION 

■ 

ever,  permanent  damage  may  occur  on  unconnected  devices  subjected  to  high  energy  electrostatic 
fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  foam  should  be  discharged 
to  the  destination  socket  before  devices  are  removed. 
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TIMING  CHARACTERISTICS1  mm*i*.mim*m±m%~«*-»*m  AD7569/AD7669 


Limit  at 

25X  (All  Grades) 


Limit  at 
T  T 

ajc'A^BGrades) 


Limit  at 
T  •  T 

1  mini  max 

(S,T  Grades) 


Units 


Test  Conditions  i 


DAC  Timing 
ti 

t2 
t3 
t4 
t5 


80 

0 

0 

70 

10 


90 

0 

0 

80 

10 


nsmin 
nsmin 
nsmin 
nsmin 
nsmin 


WR  Pulse  Width 
CS,  A/B  to  WR  Setup  Time 
CS.A/B  to  WR  Hold  Time 
Data  Valid  to  WR  Setup  Time 
Data  Valid  to  WR  Hold  Time 


ADC  Timing 
t« 

t7 
tg 

t9 

tio 
tn 

tl2 
t„2 

t,43 


t.5 
t,72 


50 

110 

20 

0 

0 

60 

0 

60 

95 

10 

60 

65 

120 

60 

90 


50 

130 

30 

0 

0 

75 

0 

75 

120 

10 

75 

75 

140 

75 

115 


50 

150 

30 

0 

0 

90 

0 

90 

135 

10 

85 

85 

160 

90 

135 


ns  mm 
nsmax 
nsmax 
nsmin 
nsmin 
nsmin 
nsmin 
nsmax 
nsmax 
nsmin 
nsmax 
nsmax 
nsmax 
nsmax 
nsmax 


ST  Pulse  Width 


tl3- 


ST  to  BUSY  Delay 
BUSY  to  INT  Delay 
BUSY  to  CS  Delay 
CS  to  RD  Setup  Time 
RD  Pulse  Width.  Pete 
CS  to  RD  Hold  Time 
Data  Access  Time  after  RD;  CL  =  20pF 
Data  Access  Time  after  RD;CL  =  lOOpF 
Bus  Relinquish  Time  after  RD 

RD  to  INT  Delay 

RD  to  BUSY  Delay   


Data  Valid  Time  after  BUSY;  CL  =  20pF 
Data  Valid  Time  after  BUSY;  CL  =  lOOpF 


NOTES 

'Sample  tested  at  +  25°C  to  ensure  compliance.  All  input  control  signals  are  specified  with  l„  =  tF  =  5ns  (10%  to  90%  of  +5V)  and  timed  from  a  voltage  level  of  1.6V. 
2tu  and  ti7  are  measured  with  the  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  either  0.8V  or  2.4V. 
'lu  is  defined  as  the  time  required  for  the  data  line  to  change  0.5V  when  loaded  with  the  circuit  of  Figure  2. 
Specifications  subject  to  change  without  notice. 


DBN  a  •  

3kl»  >        4"  CL 

V  V 

DGND 


+  5V 

— i 


+  5V 


DBN  - 


3kll 


10pF 


DGND 


'  DGND 


lOpF 
V  DGND 


a.  High-Z  to  VOH  b.  High-Z  to  VOL 

Figure  1.  Load  Circuits  for  Data  Access  Time  Test 
ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGNDDAc  or  AGNDadc   -0.3V,  +7V 

Vdd  to  DGND   -0.3V,  +7V 

VDDto  Vss  -0.3V,  +14V 

AGNDDAc  or  AGNDADc  to  DGND   ■■    -0.3V,  VDD  +  0.3V 

AGNDDac  to  AGNDadc  ±5V 

Logic  Voltage  to  DGND   -0.3V,  VDD  +  0.3V 

CLK  Input  Voltage  to  DGND   -0.3V,  VDD  +  0.3V 

Vout  (VoutA,  VoutB)  to 
AGND1 

dac  Vss  —0.3V,  Vdd  +  0.3V 

V,n  to  AGNDadc  Vgs  -0.3V,  VDD  +0.3V 

NOTE 

'Output  may  be  shorted  to  any  voltage  in  the  range  Vss  to  VDD  provided  that 
the  power  dissipation  of  the  package  is  not  exceeded.  Typical  short  circuit 
current  for  a  short  to  AGND  or  Vss  is  50mA. 


a.  VOH  to  High-Z  b.  VOL  to  High-Z 

Figure2.  Load  Circuits  for  Bus  Relinquish  Time  Test 

Power  Dissipation  (Any  Package)  to  +  75°C    450mW 

Derates  above  75°C  by  6mW/°C 

Operating  Temperature  Range 

Commercial  (J,  K)  0  to  +70°C 

Industrial  (A,  B)   -  40°C  to  +  85°C 

Extended  (S,  T)   -  55°C  to  +  125°C 

Storage  Temperature  Range  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  10  Sees)  +300°C 

"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  condition  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
to  absolute  maximum  rating  conditions 


s  for  exte 
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AD7569/AD7669 


DIP,  SOIC 


AGNCW  [T 

Voo.  CE 

v«[T 

RANGE  [T 
RESET  IT 
DB7  [T 
DBS 

OBS  [T 
0B4  [7 
OBsQo 
OB2  [TT 

dgnd[u; 


m]v„ 
m]  v. 

IJ]  AGND«pc 
77]  CLK 
"to]  INT 
Ts]  BUSY 
JTJ  ST 
TT]  HO 

«]cs 

Is]  WR 
TT)  DBO 
TTj  OBI 


AD7569  PIN  CONFIGURATIONS 
PLCC 

i  i 
>'  I  3  !  J  >«  S 

mmmrrnaiFusi 


LCCC 


3  3  9 


8  t  § 
>  >  < 

21    27  26 


QSis'TlssfiitTifeuKiniliS  su6 
AD7669  PIN  CONFIGURATIONS 

DIP,  SOIC 


NC  ;=  NO  CONNECT 


RANGE 
RESET 


DB6 
DB5Ql 
DB4Q2 


ft 


17] 

2«]  AGND. 
~a]  AS 
24]  CLK 
23]jNT 

HT]bUsv 

17]  ST 

1q|ho 
^9]  cs 
"ia]  wb 

TT]  DBO 

^is]db. 
V)dgnd 


Model 


PLCC 


8  u 


AD7569JN 

AD7569JR 

AD7569AQ 

AD7569SQ2 

AD7569BN 

AD7569KN 

AD7569BR 

AD7569BQ 

AD7569TQ2 

AD7569JP 

AD7569SE2 

AD7569KP 

AD7569TE2 

AD7669AN 

AD7669JN 

AD7669JP 

AD7669AR 

AD7669JR 


E 

nc|T 

E 
E 
E 


/  o 




Temperature 
Range 


0°Cto  +70°C 
0°Cto  +70°C 
-40°Cto+85°C 
-55°Cto  +  125°C 
-40°Cto  +85°C 
0°Cto  +70°C 
-40°Cto  +85°C 
-40°Cto  +85°C 
-55°Cto+125°C 
0°Cto  +  70°C 
-55°Cto  +  125°C 
0°Cto+70°C 
-55°Cto  +  125°C 

-40°Cto+85°C 
0°Cto+70°C 
0°Cto  +70°C 
-40°Cto+85°C 
0°Cto+70°C 


Relative 
Accuracy 
Tmtn-Tmax 


±1LSB 
±  1LSB 
±1LSB 
±1LSB 
±0.5LSB 
+  0.5LSB 
±0.5LSB 
±0.5LSB 
±  1/2LSB 
+  1LSB 
±1LSB 
±  1/2LSB 
±  1/2LSB 

±1LSB 
±1LSB 
±1LSB 
±1LSB 
±  1LSB 


: 

Package 
Option1 


N-24 

R-24 

Q-24 

Q-24 

N-24 

N-24 

R-24 

Q-24 

Q-24 

P-28A 

E-28A 

P-28A 

E-28A 

N-28 

N-28 

P-28A 

R-28 

R-28 


AD76S9 
TOP  VIEW 
I  Not  to  State) 


J  A/B 

]cuc 

1  INT 


NOTES 

'E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  SOIC.  For  outline 
information  see  Package  Information  section. 
2To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number.  Contact  your  local  sales  office  for  military  data  sheet. 
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PIN  FUNCTION 

(Applies  to  the  AD75i 


ON 

7669  unless  otherwise  stated.) 


Pin 

Mnemonic 

AGNDDAc 


D< 


escription 


for  the  DAC(s).  Separate 
paths  are  provided  for  the 
DAC(s)  and  ADC  to  minimize  crosstalk. 


Vout  Output  Voltage.  Vout  is  the  buffered  output 

(V0utA,V0utB)  voltage  from  the  AD7569  DAC.  VoutA  and 
V0utB  are  tne  buffered  DAC  output  voltages 
from  the  AD7669.  Four  different  output 
voltage  ranges  can  be  achieved  (see  Table  I). 

Vss  Negative  Supply  Voltage  ( -  5V  for  dual  supply 

or  OV  for  single  supply).  This  pin  is  also  used 
with  the  RANGE  pin  to  select  the  different 
input/output  ranges  and  changes  the  data 
format  from  binary  (VSs  =  OV)  to  2s  comple- 
ment (Vss  =  "  5V)  (see  Table  I). 

RANGE  Range  Selection  Input.  This  is  used  with  the 

Vss  input  to  select  the  different  ranges  as  per 
Table  I.  The  range  selected  applies  to  both 
the  analog  input  voltage  of  the  ADC  and  the 
output  voltage  from  the  DAC(s). 



RESET  Reset  Input  (Active  Low).  This  is  an  asyn- 

chronous system  reset  which  clears  the  DAC 
registers)  to  all  Os  and  clears  the  INT  line  of 
the  ADC  (i.e.,  makes  the  ADC  ready  for  new 
conversion).  In  unipolar  operation  this  input 
sets  the  output  voltage  to  OV;  in  bipolar  oper- 
ation it  sets  the  output  to  negative  full  scale. 

Data  Bit  7.  Most  Significant  Bit  (MSB). 
Data  Bit  6  to  Data  Bit  2. 


DB7 

DB6-DB2 
DGND 
DB1 
DBO 


Digital  Ground. 

Data  Bit  1. 

■ 

Data  Bit  0.  Least  Significant  Bit  (LSB). 

WR  Write  Input  (Edgejriggered).  This  is  used  in 

conjunction  with  CS  to  write  data  into  the 
AD7569  DAC  register.  It  is  used  in  conjunction 
with  CS  and  A/B  to  write  data  into  the  selected 
DAC  register  of  the  AD7669.  Data  is  trans- 
ferred on  the  rising  edge  of  WR. 


AD7569/AD7669 


Pin 

Mnemonic  Description 

CS  Chip  Select  Input  (Active  Low).  The  device 

is  selected  when  this  input  is  active. 

RD  READ  Input  (Active  Low).  This  input  must  ' 

be  active  to  access  data  from  the  part.  In  the 
Mode  2  interface,  RD  going  low  starts  con^ 
version.  It  is  used  in  conjunction  with  the  CS 
input  (see  Digital  Interface  Section). 

ST  Start  Conversion  (Edge  triggered).  This  is 

used  when  precise  sampling  is  required.  The 
falling  edge  of  ST  starts  conversion  and  drives 
BUSY  low.  The  ST  signal  is  not  gated  with 

CS. 

BUSY  BUSY  Status  Output  (Active  Low).  When 

this  pin  is  active  the  ADC  is  performing  a 
conversion.  The  input  signal  is  held  prior  to 
the  falling  edge  of  BUSY  (see  Digital  Inter- 
face Section). 

INT  INTERRUPT  Output  (Active  Low).  INT 

going  low  indicates  that  the  conversion  is 
complete.  INT  goes  high  on  the  rising  edge 
of  CS  or  RD  and  is  also  set  high  by  a  low 
pulse  on  RESET  (see  Digital  Interface 
Section). 

A/B(AD7669       DAC  Select  Input.  This  input  selects  which 
Only)  DAC  register  data  is  written  to  under  control  of 

CS  and  WR.  With  this  input  low  data  is  written 
to  the  DACA  register;  with  this  input  high  data 
is  written  to  the  DACB  register. 

CLK  A  TTL  compatible  clock  signal  may  be  used 

to  determine  the  ADC  conversion  time.  Internal 
clock  operation  is  achieved  by  connecting  a 
resistor  and  capacitor  to  ground. 

AGNDAr)C  Analog  Ground  for  the  ADC. 

VIN  Analog  Input.  Various  input  ranges  can  be 

selected  (see  Table  I). 

Vnn  Positive  Supply  Voltage  ( +  5V). 


Input/Output 

DB0-DB7 

Range 

Vss 

Voltage  Range 

Data  Format 

0 

OV 

0  to  +  1.25V 

Binary 

1 

OV 

0  to  +  2.5V 

Binary 

0 

-5V 

±  1.25V 

2s  Complement 

1 

-5V 

±2.5V 

2s  Complement 

Table  I.  Input/Output  flanges 
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FEATURES 

Fast  Conversion  Time:  5u£ 

On-Chip  Track/Hold 

Low  Total  Unadjusted  Error:  1LSB 

Full  Power  Signal  Bandwidth:  50kHz 

Single  +5V  Supply 

100ns  Data  Access  Time 

Low  Power  (15mW  typ) 

Low  Cost 

Standard  18-Pin  DIPs  or  20-Terminal 
Surface  Mount  Packages 


GENERAL  DESCRIPTION 

The  AD7575  is  a  high-speed  8-bit  ADC  with  a  built-in  track/hold 
function.  The  successive  approximation  conversion  technique  is 
used  to  achieve  a  fast  conversion  time  of  5u,s,  while  the  built-in 
track/hold  allows  full-scale  signals  up  to  50kHz  (386mV/u.s  slew 
rate)  to  be  digitized.  The  AD7575  requires  only  a  single  +  5V 
supply  and  a  low-cost,  1.23V  bandgap  reference  in  order  to 
convert  an  input  signal  range  of  0  to  2Vref- 

The  AD7575  is  designed  for  easy  interfacing  to  all  popular  8-bit 
microprocessors  using  standard  microprocessor  control  signals 
(CS  and  RD)  to  control  starting  of  the  conversion  and  reading 
of  the  data.  The  interface  logic  allows  the  AD7575  to  be  easily 
configured  as  a  memory  mapped  device  and  the  part  can  be 
interfaced  as  SLOW-MEMORY  or  ROM.  All  data  outputs  of 
the  AD7575  are  latched  and  three-state  buffered  to  allow  direct 
connection  to  a  microprocessor  data  bus  or  I/O  port. 

The  AD7575  is  fabricated  in  an  advanced,  all  ion-implanted 
high  speed  Linear  Compatible  CMOS  (LC2MOS)  process  and  is 
available  in  a  small,  0.3"  wide,  18-pin  DIP  or  in  20-terminal 
surface  mount  packages. 


iNAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  Fast  Conversion  Time/Low  Power 

The  fast,  5u.s  conversion  time  of  the  AD7575  makes  it  suitable 
for  digitizing  wideband  signals  at  audio  and  ultrasonic  fre- 
quencies, while  retaining  the  advantage  of  low  CMOS  power 
consumption. 

2.  On-Chip  Track/Hold 

The  on-chip  track/hold  function  is  completely  self-contained 
and  requires  no  external  hold  capacitor.  Signals  with  slew 
rates  up  to  386mV/u.s  (e.g.,  2.46V  peak-to-peak  50kHz  sine 
waves)  can  be  digitized  with  full  accuracy. 

3.  Low  Total  Unadjusted  Error 

The  zero,  full-scale  and  linearity  errors  of  the  AD7575  are  so 
low  that  the  total  unadjusted  error  at  any  point  on  the  transfer 
function  is  less  than  1LSB  and  offset  and  gain  adjustments 
are  not  required. 

4.  Single  Supply  Operation 

Operation  from  a  single  +  5V  supply  with  a  low-cost  +  1.23V 
bandgap  reference  allows  the  AD7575  to  be  used  in  5V 
microprocessor  systems  without  any  additional  power 
supplies. 

5.  Fast  Digital  Interface 

Fast  interface  timing  allows  the  AD7575  to  interface  easily  to 
the  fast  versions  of  most  popular  microprocessors  such  as  the 
Z80H,  8085A-2,  6502B,  68B09  and  the  DSP  processor,  the 
TMS32010. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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=  +5V,  VREF  =  +1.23V,  A6ND  =  DGND  =  0V;  fcu(  = 
i  Tmin  to  Tmax  unless  otherwise  specified) 


AD7575 


Parameter 

1  A  Versinna1 
J  !  A  V  CXslODS 

K  R  V»ninm 
fx>  d  v  nwoni 

c  Version 

T  Ventinn 
a  v  cranio 

Units 

Conditions/Comments 
wmomons^ommems 

ACCURACY 

- 

Resolution 

8 

8 

8 

8 

Bits 

Total  Unadjusted  Error 

±2 

±1 

±2 

±1 

LSB  max 

Relative  Accuracy 

±1 

±W 

±1 

±V4 

LSB  max 

Minimum  Resolution  for  which 

No  Missing  Codes  is  Guaranteed 

8 

8 

8 

8 

Bits  max 

dill  ConUIinnr 

ruii  scale  error 

25°C 

±  i 

±  1 

±  1 

LSB  max 

Full  Scale  TC  is  typically  5ppm/°C 

+•  J 

±  1 

-+- 1 

+■  i 

LSB  max 

Offset  Error2 

25°C 

kVk 

±Vi 

±Vi 

±M 

LSB  max 

Offset  TC  is  typically  5ppm/°C 

TminttjTna, 

±Vi 

±Vi 

±'/2 

±Vi 

LSB  max 

Voltage  Range 

0  to  2Vref 

0  to  2  VR  e  f 

0to2VREF 

0to2VREF 

Volts 

1LSB  -  2VREF/256;  See  Figure  16 

DC  Input  Impedance 

10 

10 

10 

10 

Mil  min 

Slew  Rate,  Tracking 

0.386 

0.386 

0.386 

0.386 

V/jj.s  max 

SNR3 

45 

45 

45 

45 

dB  min 

VIN  =  2.46Vp-p@  10kHz;  See  Figure  11 

V|(£pi,ror  specuiea  r  en  o  r  niance ) 

1  23 

1  23 

1  23 

1  23 

Volts 

+  5% 

iREF 

500 

500 

500 

500 

M.A  max 

LOGICINPUTS 

CS,  RD 

VjNL ,  Input  Low  Voltage 

0.8 

0.8 

0.8 

0.8 

V  max 

Vjnhi  Input  High  Voltage 

2  4 

2  4 

2  4 

2  4 

Vroin 

I  in'i  Input  Current 

MOT* 

OX 

±  1 

±  1 

±  1 

±  1 

uA  max 

VIN  =  0orVDD 

Tmin to 

±  10 

±  10 

±  10 

±  10 

*»  VDD 

Cm,  Input  Capacitance3 
—  

10 

10 

10 

10 

pF  max 

CLK 

Vjnl»  Input  Low  Voltage 

0.8 

0.8 

0.8 

0.8 

V  max 

■ 

vinh>  input  mgn  voltage 

2.4 

2.4 

2.4 

2.4 

V  min 

Iinl>  Input  Low  Current 

700 

700 

800 

800 

uA  max 

ViNL  =  0V 

Iinh»  Input  High  Current 

700 

700 

800 

800 

uA  max 

Vinh  =  Vdd 

LOGIC  OUTPUTS 



BUSY,DBO  to  DB7 

Vol)  uutput  Low  voltage 
vOHj vmipui nign  voiiagc 

To 

0.4 
4.0 

0.4 
4  0 

40 

V  max 

V  min 

v  min 

W=l^mA 

1  SOURCE  -  40U.A 

DB0toDB7 

Floating  State  Leakage  Current 

±i 

±1 

±10 

±10 

uAmax 

VOUT  =  0toVDD 

Floating  State  Output  Capacitance3 

10 

10 

10 

10 

pF  max 

With  Pvlamil  ri/vlf 

w  lui  external  "^iock 

e 

3 

5 

5 

M-s 

iCLK  =  4MHz 

With  Internal  Clock,  TA  =  25°C 

5 

5 

5 

5 

p.s  min 

Using  recommended  clock 

15 

15 

15 

15 

M.smax 

components  shown  in  Figure  15. 

POWER  REQUIREMENTS' 

vDD 

+  5 

+  5 

+  5 

+  5 

Volts 

±  5%  for  Specified  Performance 

Idd 

6 

6 

7 

7 

mA  max 

Typically  3mA  with  VDD  =  +  5V 

Power  Dissipation 

15 

15 

15 

15 

mWtyp 

Power  Supply  Rejection 

±'/< 

±Va 

±V' 

±'A 
1  

LSB  max 

4.75V<VDD<5.25V 

NOTES 

'Temperature  Ranges  are  as  follows: 
J,  K  Versions;  0  lo  +70*C 
A,  B  Versions;  -25^  lo  +  J5"C 
S,  T  Versions;  -  55"C  to  +  125°C 
2Offset  error  is  measured  with  respect  to  an  ideal  first  code  transition  which  occurs  at  1/2LSB. 
'Sample  tested  at  2S°C  to  ensure  compliance. 

Accuracy  may  degrade  at  conversion  times  other  than  those  specified.  

en  AD7575  is  inactive  i.e.  when  CS  -  RD  -  BUSY  -  logic  HIGH 
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AD7575 

TIMING  SPECIFICATIONS1  cB=+s.,»B=+im 


=0V) 


Limit  at  +25X 
(All  Versions) 


Limit  at  Tmin,T„„ 
(J,  K,  A,  B  Versions) 


Limit  at  TmimT„, 
(S,T  Versions) 


Units 


Conditions/Comments 




CS  to  RD  Setup  Time 
RD  to  BUSY  Propagation  Delay 
Data  Access  Time  after  RD 
RD  Pulse  Width 

CS  to  RD  Hold  Time   

Data  Access  Time  after  BUSY 
Data  Hold  Time 


U 

ts 

u,2 

ts 


■ 


0 

100 

100 

100 

0 

80 

10 


o 

100 
100 
100 
0 

80 
10 
80 
0 


0 

120 
120 
120 
0 

100 
10 
100 
0 


ns  mm 
ns  max 
ns  max 
nsmin 
ns  min 
nsmax 
nsmin 
ns  max 
nsmin 


BUSY  to  CS  Delay 


NOTES 

'Timing  Specifications  are  sample  tested  at  +25°C  to  ensure  compliance.  All  input  control  signals  are  specified  with  tr  =  tf=20ns  (10%  to  90%  of  +5V) 
and  timed  from  a  voltage  level  of  1.6V. 

2t3  and  te  are  measured  with  the  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8V  or  2.4V. 
3t7  is  defined  as  the  time  required  for  the  data  lines  to  change  0.5V  when  loaded  with  the  circuits  of  Figure  2 
Specifications  subject  to  change  without  notice. 


Test  Circuits 


t  nou 


"•"WW  MOO J 


DBN  O- 


3kfl 


"I 


lOOpF 


<  3kfl 
O— 1  C 


*  DGND 

a.  High-Z  to  VOH 


O 

100pF 


DBNO 


b.  High-Z  to  VOL 


'DGND 

a.  VQH  to  High-Z 


Figure  1.  Load  Circuits  for  Data  Access  Time  Test 


ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND  

VDD  to  DGND  

AGND  to  DGND  

Digital  Input  Voltage  to  DGND  .  .  . 
Digital  Output  Voltage  to  DGND    .  . 


VrefWAGND  

AIN  to  AGND  

Operating  Temperature  Range 
Commercial  (J,  K  Versions) 
Industrial  (A,  B  Versions) 
Extended  (S,  T  Versions)  .  . 


.  -0.3V, 

+  7V 

.  -0.3V, 

+  7V 

-0.3V, 

vDD 

-0. 

3V,  VDD  + 

0.3V 

-0. 

3V,  VDD  + 

0.3V 

-0. 

3V,  VDD  + 

0.3V 

.  -0.3V, 

vDD 

-0.3V,  VDD 


.  .   0  to  +  70°C 
-25°C  to  +85°C 
-55°Cto  +125°C 


b.  Vol  to  High-Z 
Figure  2.  Load  Circuits  for  Data  Hold  Time  Test 

Storage  Temperature  Range  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)  +  300°C 

Power  Dissipation  (Any  Package)  to  -l-  75°C    450mW 

Derates  above  +  75°C  by  6mW/°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

■ 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
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DIP 


PIN  CONFIGURATIONS 
LCCC 

6  B  18  >8  >* 


aOJAM/ 


AD7575 


BUSV  E  AD7575 

CLK  [7  TOP  VIEW 

,MS.,fT 
DBC  (T 


DM  1LSB) 
DB1 
DB2 


NC  -  NO  CONNECT 


LULzJLJLiJLi] 
§  ^  s  a 


ORDERING  GUIDE 


Relative 

Temperature 

Accuracy 

Package 

Model1 

Range 

(LSB) 

Options2 

AD7575JN 

Oto  +70°C 

±  1  max 

N-18 

AD7575KN 

0to+70°C 

±  1/2  max 

N-18 

AD7575JP 

0to+70°C 

±  1  max 

P-20A 

AD7575KP 

0to+70°C 

±  1/2  max 

P-20A 

AD7575AQ 

-25°Cto+85°C 

±  1  max 

Q-18 

AD7575BQ 

-25°Cto+85°C 

±  1/2  max 

Q-18 

AD7575SQ 

-55°Cto  +  125°C 

±  1  max 

Q-18 

AD7575TQ 

-55°Cto  +  125°C 

±  1/2  max 

Q-18 

AD7575SE 

-55°Cto  +  125°C 

±  1  max 

E-20A 

AD7575TE 

-55°Cto  +  125°C 

±  1/2  max 

E-20A 

NOTES 

'To  order  MIL-STD-883,  Class  B  process  parts,  add  /883B  to  pan 

number.  Contact  local  sales  office  for  military  data  sheet.  For  U.S. 

Standard  Military  Drawing  (SMD),  see  DESC  drawing  #5962-87762. 
*E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic 

Leaded  Chip  Carrier;  Q  =  Cerdip.  For  outline  information  see  Package 

Information  section. 


TERMINOLOGY 

LEAST  SIGNIFICANT  BIT  (LSB) 

An  ADC  with  8-bits  resolution  can  resolve  1  part  in  2s  (i.e., 

256)  of  full  scale.  For  the  AD7575  with  +  2.46V  full  scale  one 

LSB  is  9.61mV. 

TOTAL  UNADJUSTED  ERROR 

This  is  a  comprehensive  specification  which  includes  full  scale 
error,  relative  accuracy  and  offset  error. 

RELATIVE  ACCURACY 

Relative  Accuracy  is  the  deviation  of  the  ADC's  actual  code 
transition  points  from  a  straight  line  drawn  between  the  devices 
measured  first  LSB  transition  point  and  the  measured  full  scale 
transition  point. 

SNR 

Signal-to-Noise  Ratio  (SNR)  is  the  ratio  of  the  desired  signal  to 
the  noise  produced  in  the  sampled  and  digitized  analog  signal. 
SNR  is  dependent  on  the  number  of  quantization  levels  used  in 
the  digitization  process;  the  more  levels,  the  smaller  the  quanti- 
>  noise.  The  theoretical  SNR  for  a  sine  wave  input  is  given 

SNR  =  (6.02N  +  1.76)dB 


by 


where  N  is  the  number  of  bits  in  the  ADC. 


■ 


FULL  SCALE  ERROR  (GAIN  ERROR) 

The  gain  of  a  unipolar  ADC  is  defined  as  the  difference  between 
the  analog  input  levels  required  to  produce  the  first  and  the  last 
digital  output  code  transitions.  Gain  error  is  a  measure  of  the 
deviation  of  the  actual  span  from  the  ideal  span  of  FS  -  2LSB's. 

ANALOG  INPUT  RANGE 

With  Vref  =  + 1 .23V  the  mMamnm  analog  input  voltage  range 
is  0  to  +  2.46V.  The  output  data  in  LSB's  is  related  to  the 
analog  input  voltage  by  the  integer  value  of  the  following 


256  AIN 

Data  (LSB's)  =  —   +0.5 

2Vref 

SLEW  RATE 

Slew  Rate  is  the  maximum  allowable  rate  of  change  of  input 
signal  such  that  the  digital  sample  values  are  not  in  error.  Slew 
Rate  limitations  may  restrict  the  analog  signal  bandwidth  for 
full-scale  analog  signals  below  the  bandwidth  allowed  from 
sampling  theorem  considerations. 
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FEATURES 

Monolithic  16-Bit  ADC 
0.0015%  Linearity  Error 
On-Chip  Self-Calibration  Circuitry 
Programmable  Low  Pass  Filter 

0.1  Hz  to  10  Hz  Corner  Frequency 
0  to  +2.5  V  or  ±2.5  V  Analog  Input 
4  kSPS  Output  Data  Rate 
Flexible  Serial  Interface 
Ultralow  Power 


FUNCTIONAL  BLOCK  DIAGRAM 


"do     DVdd     AVjs  DVss 


■ 


APPLICATIONS 
Industrial  Process  Control 
Weigh  Scales 
Portable  Instrumentation 
Remote  Data  Acquisition 

GENERAL  DESCRIPTION 

The  AD7701  is  a  16-bit  ADC  which  uses  a  sigma  delta  conver- 
sion technique.  The  analog  input  is  continuously  sampled  by  an 
analog  modulator  whose  mean  output  duty  cycle  is  proportional 
to  the  input  signal.  The  modulator  output  is  processed  by  an 
on-chip  digital  filter  with  a  six-pole  Gaussian  response,  which 
updates  the  output  data  register  with  16-bit  binary  words  at 
word  rates  up  to  4  kHz.  The  sampling  rate,  filter  corner  fre- 
quency and  output  word  rate  are  set  by  a  master  clock  input 
that  may  be  supplied  externally,  or  by  a  crystal-controlled  on- 
chip  clock  oscillator. 

The  inherent  linearity  of  the  ADC  is  excellent,  and  end-point 
accuracy  is  ensured  by  self-calibration  of  zero  and  full-scale 
which  may  be  initiated  at  any  time.  The  self-calibration  scheme 
can  also  be  extended  to  null  system  offset  and  gain  errors  in  the 
input  channel. 

The  output  data  is  accessed  through  a  flexible  serial  port,  which 
has  an  asynchronous  mode  compatible  with  UARTs  and  two 
synchronous  modes  suitable  for  interfacing  to  shift  registers  or 
the  serial  ports  of  industry-standard  microcontrollers. 

CMOS  construction  insures  low  power  dissipation,  and  a  power 
down  mode  reduces  the  idle  power  consumption  to  only  10  nW. 
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CLKIN     CLKOUT  MODE 

PRODUCT  HIGHLIGHTS 

1.  The  AD7701  offers  16-bit  resolution  coupled  with  outstand- 
ing 0.0015%  accuracy. 

2.  No  missing  codes  ensures  true,  usable,  16-bit  dynamic  range, 
removing  the  need  for  programmable  gain  and  level-setting 
circuitry. 

3.  The  effects  of  temperature  drift  are  eliminated  by  on-chip 
self-calibration,  which  removes  zero  and  gain  error.  External 
circuits  can  also  be  included  in  the  calibration  loop  to  remove 
system  offsets  and  gain  errors. 

4.  A  flexible  synchronous/asynchronous  interface  allows  the 
AD7701  to  interface  directly  to  UARTs  or  to  the  serial  ports 
of  industry-standard  microcontrollers. 

5.  Low  operating  power  consumption  and  an  ultralow  power 
standby  mode  make  the  AD7701  ideal  for  loop-powered  re- 
mote sensing  applications,  or  battery-powered  portable  in- 
struments. 


- 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(T,  =  +25"C;  AV„D  =  DVDD  =  +5  V;  AV^  =  OV^  =  -5  V;  V(EF  =  +2.5  V; 
=  4.096  MHz;  Bipolar  Mode;  MODE  =  +5  V;  AIN  Source 
il'  with  1  nF  to  AGND  at  AIN,  unless  otherwise  stated.) 


§P£Q|p|Q^J|Q|^§  fCuiH  =  4.096  MHz;  Bipolar  Mode;  MODE  =  +5  V;  A1N  Source  Resistance 


AD7701 


Parameter 

A,  S  Versions 

B,  T  Versions2 

Units 

I  est  uonaitions/ comments 

STATIC  PERFORMANCE 

Resolution 

16 

16 

Bits 

Integral  Nonlinearity 

to  T^ 

±0.0007 

%  FSR  typ 

±0.003 

±0.0015 

%  FSR  max 

Differential  Nonlinearity 

Tmi,  to  T„„ 

±0.125 

±0.125 

LSB  typ 

Guaranteed  No  Missing  Codes 

±0.5 

±0.5 

LSB  max 

Positive  FuU-Scale  Error3 

±0.13 

±0.13 

LSB  typ 

±0.5 

±0.5 

LSB  max 

Full-Scale  Drift" 

±1.2  (±2.3  S  Version) 

±1.2  (±2.3  T  Version) 

LSB  typ 

Unipolar  Offset  Error3 

±0.25 

±0.25 

LSB  typ 

±1 

±1 

LSB  max 

Unipolar  Offset  Drift4 

±1.6  (+3/-25S  Version) 

±1.6  (+3/-2S  T  Version) 

LSB  typ 

Bipolar  Zero  Error3 

±0.25 

±0.25 

LSB  typ 

±1 

±1 

LSB  max 

Bipolar  Zero  Drift 

±0.8  (  +  1.5/— 12.5  d  Version) 

±0.8  (+1.5/— 12. 5  1  Version; 

LSB  typ 

Bipolar  Negative  Full-Scale  Error3 

±0.5 

±0.5 

LSB  typ 

±2 

±2 

LSB  max 

Bipolar  Negative  Full-Scale  Drift4 

±0.6  (±1.2  S  Version) 

±0.6  (±1.2  T  Version) 

LSB  typ 

Noise  (Referred  to  Output) 

0.1 

0.1 

LSB  rms  typ 

DYNAMIC  PERFORMANCE 

Sampling  Frequency,  fs 

fCLKlN/256 

fcLKIN^56 

Hz 

Output  Update  Rate,  fOUT 

fci.KiN/1024 

fcLKii-/1024 

Hz 

Filter  Corner  Frequency,  f_3  ^ 

fcLKJN/W.SOO 

fcLKi>/*00.600 

Hz 

Settling  Time  to  ±0.0007%  FS 

507904/fcLKjN 

50790*1^^ 

sec 

For  Full-Scale  Input  Step 

SYSTEM  CALIBRATION 

Applies  to  Unipolar  and 

Positive  Full-Scale  Overrange 

Vrep+0.1 

Vref +0.1 

Vmax 

Bipolar  Ranges.  After  Cali- 

Positive Full-Scale  Overrange 

VrEF  +0.1 

Vref  +0.1 

V  max 

bration,  If  A,N  >  Vref,  me 

Negative  Full-Scale  Overrange 

-(Vref  +0-1) 

"(Vref  +0-1) 

V  max 

Device  Will  Output  All  Is 

Maximum  Offset  Calibration  Range5,  6 

If  AIN  <0  (Unipolar)  or 

Unipolar  Input  Range 

-(Vref  +0.1) 

"(Vref  +0-1) 

V  max 

-Vref  (Bipolar),  the  Device 

Bipolar  Input  Range 

-0.4  Vref  to  +0.4  VREF 

-0.4  Vref  t°  +0.4  Vref 

V  max 

Will  Output  All  0s. 

Innur  Snan^ 

u.o  vref 

0  8  V„-.- 
u.o  vref 

2  V„«  +0  2 

2  V»«  +0  2 
*  vref 

Vmax 

ANALOG  INPUT 

Unipolar  Input  Range 

0  to  +2.5 

0  to  +2.5 

Volts 

Bipolar  Input  Range 

±2.5 

±2.5 

Volts 

Input  Capacitance 

10 

10 

pF  typ 

Input  Bias  Current1 

1 

1 

nA  typ 

LOGIC  INPUTS 

All  Inputs  Except  CLKTN 
VmL,  Input  Low  Voltage 

0.8 

„.  V  £.0-  ^Ai  qj  /  iJ. 
0.8 

V  max 

1 

vinh5  input  riign  voltage 

i  n 

LM 

i  n 

V  mm 

CLKIN 

• 

vinl>  top"1  L°w  Voltage 

0.8 

0.8 

V  max 

VINH,  Input  High  Voltage 

3.5 

3.5 

V  min 

Im,  Input  Current 

10 

10 

u.A  max 

LOGIC  OUTPUTS 

VOL,  Output  Low  Voltage 

0.4 

0.4 

V  max 

•sink  =  16  mA 

VOH,  Output  High  Voltage 

DVDD-1 

DVDD-1 

V  min 

Isource  =  100  p-A 

Floating  State  Leakage  Current 

±10 

±10 

(j-A  max 

Floating  State  Output  Capacitance 

9 



9 

pFtyp 
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B0.»  =  kouj)  *|IJ 


A,  S  Versions2 





Parameter 


B,  T  Versions2 


Units 


Test  Conditions/Commei 


POWER  REQUIREMENTS* 

Power  Supply  Voltages 
Analog  Positive  Supply  (AVDD) 
Digital  Positive  Supply  (DVDD) 
Analog  Negative  Supply  (AVSS) 
Digital  Negative  Supply  (DVSS) 
Calibration  Memory  Retention 
Power  Supply  Voltage 

DC  Power  Supply  Currents8 
Analog  Positive  Supply  (AIDD) 
Digital  Positive  Supply  (DIDD) 
Analog  Negative  Supply  (AISS) 
Digital  Negative  Supply  (DISS) 

Power  Supply  Rejection9 
Positive  Supplies 
Negative  Supplies 

Power  Dissipation 
Normal  Operation 

Standby  Operation10 


4.5/5.5 
4.5/AVDD 
-4.5/-S.5 
-4:5/-5.5 

2.0 

2;7 

¥\ 

2.7 
0.1 

70 
75 

40 


20  (40  S  Version) 



4.5/5.5 
4.5/AVDD 
-4.5/-5.5 
-4.5/-S.5 

2.0 

2.7 
2 

2.7 
0.1 

'70 
75 


20  (40  T  Version) 



Vmin/Vmax 
Vmin/Vmax 
Vmin/Vmax 
Vmin/Vmax 

V  min 

mA  max 
mA  max 
mA  max 
mA  max 

dB  typ 
dBtyp 

mW  max 

uW  max 



iiisrai.isl 


Typically  2  mA 
Typically  1  mA 
Typically  2  mA 
Typically  0.03  mA 


SLEEP  =  Logic  1, 
Typically  25  mW 
SLEEP  =  Logic  0, 
Typically  10  u.W 


NOTES 

'The  AIN  pin  presents  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency. 

zTemperature  ranges  are  as  follows:  A,  B  Versions;  -40°C  to  +85°C;  S,  T  Versions;  -55°C  to  +  125°C. 

3  Apply  after  calibration  at  the  temperature  of  interest.  Full-scale  error  applies  for  both  unipolar  and  bipolar  input  ranges. 

"Total  drift  over  the  specified  temperature  range  since  calibration  at  power-up  at  +25°C.  This  is  guaranteed  by  design  and/or  characterization.  Recalibration  at 
any  temperature  will  remove  these  errors. 

5In  unipolar  mode  the  offset  can  have  a  negative  value  (-Vref)  such  that  the  unipolar  mode  can  mimic  bipolar  mode  operation. 
6The  specifications  for  input  overrange  and  for  input  span  apply  additional  constraints  on  the  offset  calibration  range. 

7For  unipolar  mode,  input  span  is  the  difference  between  full-scale  and  zero  scale.  Fir  bipolar  mode,  input  span  is  the  difference  between  positive  and  negative 

'    ,  +0.1). 


full-scale  points.  When  using  less  than  the  maximum  input  span,  the  span  range  may  be  placed  anywhere  within  the  range  of  ±(VREF 
"All  digital  outputs  unloaded.  All  digital  inputs  at  5  V  CMOS  levels. 

'Applies  in  0.1  Hz  to  10  Hz  bandwidth.  PSRR  at  60  Hz  will  exceed  120  dB  due  to  the  digital  filter. 


Appli* 

10CLKIN  is  stopped.  All  digital  inputs  are  grounded. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted) 

DVDD  to  AGND   -0.3  V  to  +6  V 


DVnn  to  AVr 


-0.3  V  to  +0.3  V 


DVSS  to  AGND  +0.3  V  to  -6  V 

AVDD  to  AGND   -0.3  V  to  +6  V 

AVSS  to  AGND  +0.3  V  to  -6  V 

AGND  to  DGND   -0.3  V  to  +0.3  V 

Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  DVDD  +0.3  V 
Analog  Input 

Voltage  to  AGND   AVSS  -0.3  V  to  AVDD  +0.3  V 

Input  Current  to  Any  Pin  Except  Supplies2   ±10  mA 

Operating  Temperature  Range 

Commercial  Plastic  (A,  B  Versions)  -40°C  to  +85°C 


Industrial  Cerdip  (A,  B  Versions)  -40°C  to  +85°C 

Extended  Cerdip  (S,  T  Versions)  .......  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   .10  mW7°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

zTransient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


■ 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  .The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
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AD7701 




Pin 


Mnemonic 


Description 


3 

4,  17 

5 
6 
7 
8 
9 
10 

11 

12 
13 

14 
15 
16 

18 

19 
20 


MODE 


CLKOUT 

CLKIN 
SCI,  SC2 

DGND 
DVSS 
AVSS 
AGND 

Vref 
SLEEP 
BP/UP 
CAL 

DVDD 

cs 

DRDY 
SCLK 
SDATA 


Selects  the  Serial  Interface  Mode.  If  MODE  is  tied  to  -5  V,  the  AD7701  will  operate  in  the  asynchronous 
communications  (AC)  mode.  The  SCLK  pin  is  configured  as  an  input,  and  data  is  transmitted  in  two  bytes, 
each  with  one  start  bit  and  two  stop  bits.  If  MODE  is  tied  to  DGND,  the  synchronous  external  clocking  (SEC) 
mode  is  selected.  SCLK  is  configured  as  an  input,  and  the  output  appears  without  formatting,  the  MSB  coming 
first.  If  MODE  is  tied  to  +5  V,  the  AD7701  operates  in  the  synchronous  self-clocking  (SSC)  mode.  SCLK  is 
configured  as  an  output,  with  a  clock  frequency  of  fCLKiN'4  and  25%  duty-cycle. 

Clock  Output  to  generate  an  Internal  Master  Clock  by  connecting  a  crystal  between  CLKOUT  and  CLKIN.  If 
an  external  clock  is  used,  CLKOUT  is  not  connected. 
Clock  Input  for  External  Clock. 

System  Calibration  Pins.  The  state  of  these  pins,  when  CAL  is  taken  high,  determines  the  type  of  calibration 
performed. 

Digital  Ground.  Ground  reference  for  all  digital  signals. 
Digital  Negative  Supply,  —5  V  nominal. 
Analog  Negative  Supply,  -5  V  nominal. 
Analog  Ground.  Ground  reference  for  all 
Analog  Input. 

Voltage  Reference  Input,  +2.5  V  nominal.  This  determines  the  value  of  positive  full-scale  in  the  unipolar  mode 
and  of  both  positive  and  negative  full-scale  in  the  bipolar  mode. 

Sleep  mode  pin.  When  this  pin  is  taken  low,  the  AD7701  goes  into  a  low-power  mode  with  typically  10  uW 
power  consumption. 

Bipolar/Unipolar  Mode  Pin.  When  this  pin  is  low,  the  AD7701  is  configured  for  a  unipolar  input  range  going 
from  AGND  to  VREF.  When  Pin  12  is  high,  the  AD7701  is  configured  for  a  bipolar  input  range,  ±VREF. 
Calibration  Mode  Pin.  When  CAL  is  taken  high  for  more  than  4  cycles,  the  AD7701  is  reset  and  performs  a 
calibration  cycle  when  CAL  is  brought  low  again.  The  CAL  pin  can  also  be  used  as  a  strobe  to  synchronize  the 
operation  of  several  AD7701s. 
Analog  Positive  Supply,  +5  V  nominal. 
Digital  Positive  Supply,  +5  V  nominal. 

Chip  Select  Input.  When  CS  is  brought  low,  the  AD7701  will  begin  to 
determined  by  the  state  of  the  MODE  pin. 

Data  Ready  output.  DRDY  is  low  when  valid  data  is  available  in  the  output  register.  It  goes  high  after  transmission 
of  a  word  is  completed.  It  also  goes  high  for  four  clock  cycles  when  a  new  data  word  is  being  loaded  into  the  output 
register,  to  indicate  that  valid  data  is  not  available,  irrespective  of  whether  data  transmission  is  complete  or  not. 

Serial  Clock  Input/Output.  The  SCLK  pin  in  configured  as  an  input  or  output,  dependent  on  the  type  of  serial 
data  transmission  that  has  been  selected  by  the  MODE  pin.  When  configured  as  an  output  in  the  synchronous 
self -clocking  mode,  it  has  a  frequency  of  fci.KiN/4  and  a  duty  cycle  of  25%. 

Serial  Data  Output.  The  AD7701's  output  data  is  available  at  this  pin  as  a  16-bit  serial  word.  The  transmission 
format  is  determined  by  the  state  of  the  MODE  pin. 


serial  data  in  a  format 


PIN  CONFIGURATION 

.  - 

 i — V  J  1  

MODE  |T  •       ^  Si]  SDATA 

CLKOUT  [7  i?j  SCLK 

[7  ?D  DRDY 

SC1  [7  iJJ  S 

DGND  [7       AD7701  jjj  cs 

DU      rr      TOP  VIEW  JT1 


ORDERING  GUIDE 


»vss  LI 
AGND  JT 

LI 


«]  AVDD 
jTJ  CAL 
tJJ  BP/ UP 
IjJ  SLEEP 


Temperature 

Linearity 

Package 

Model1 

Range 

Error  (%FSR) 

Options2 

AD7701AN 

-40°Cto  +  85°C 

0.003 

N-20 

AD7701BN 

-40°C  to  +85°C 

0.0015 

N-20 

AD7701AR 

-40°C  to  +85°C 

0.003 

R-20 

AD7701BR 

-40°C  to  +85°C 

0.0015 

R-20 

AD7701AQ 

-40°C  to  +85°C 

0.003 

Q-20 

AD7701BQ 

-40°C  to  +85°C 

0.0015 

Q-20 

AD7701SQ3 

-55°C  to  +125°C 

0.003 

Q-20 

AD7701TQ3 

-55°C  to  +125°C 

0.0015 

Q-20 

NOTES 

'To  order  MIL-STD-883B,  Class  B  processed  parts,  add  /883B  to  part  num- 
ber. Contact  your  local  sales  office  for  military  data  sheet. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see 
Package  Information  section. 

'Available  to  /883B  processing  only. 
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(A,  B  Versions) 


(S. 


T  Versions) 


Units 


Conditions/Comments 


Master  Clock  Frequency:  Internal  Gate  Oscillator 
Typically  4.096  MHz 

Master  Clock  Frequency:  Externally  Supplied 

Digital  Output  Rise  Time.  Typically  20  ns 
Digital  Output  Fall  Time.  Typically  20  ns 
SCI,  SC2  to  CAL  High  Setup  Time 
SCI,  SC2  Hold  Time  After  CAL  Goes  High 
SLEEP  High  to  CLKIN  High  Setup  Time 


V 
V 
ti 
t2 
t,6 


40 

5 

40 

5 

50 

50 

0 

50 

1000 


40 
5 

40 
5 

50 
50 
0 
50 


■ 


kHz  min 
MHz  max 
kHz  min 
MHz  max 
ns  max 
ns  max 
ns  min 
ns  min 
ns  min 


SSC  Mode 

U7 
t5 

t6 
t7 
t8 
t/ 
t 


10 


8,  9 


3/fcLKIN 

100 
250 
300 
790 

1/fci.KiN  +200 
(4/fcLK.w)  +200 


3/fcLKIN 

100 
250 
300 
790 

1/fcLKIN 


+200 


(4/fcLKIN)  +200 


ns  min 
ns  max 
ns  min 
ns  max 
ns  max 
ns  max 
ns  max 


Data  Access  Time  (CS  Low  to  Data  Valid) 

SCLK  Falling  Edge  to  Data  Valid  Delay  (25  ns  typ) 

MSB  Data  Setup  Time.  Typically  380  ns 

SCLK  High  Pulse  Width.  Typically  240  ns 

SCLK  Low  Pulse  Width.  Typically  730  ns 

SCLK  Rising  Edge  to  Hi-Z  Delay  (1/iCi.kin  +100  ns  VfP) 

CS  High  to  Hi-Z  Delay 


SEC  Mode 

fsCLK 
til 

t'u 

tl. 

r  1 

tl4 
tl5 

t  8 
tl6 


7,  10 


5 

50 

180 

160 

150 

250 

200 


5 

50 

180 

160 

150 

250 

200 


MHz 
ns  min 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 


Serial  Clock  Input  Frequency 
SCLK  Input  High  Pulse  Width 
SCLK  Low  Pulse  Width 

Data  Access  Time  (CS  Low  to  Data  Valid).  Typically  80  ns 
SCLK  Falling  Edge  to  Data  Valid  Delay.  Typically  75  ns 
CS  High  to  Hi-Z  Delay 

SCLK  Falling  Edge  to  Hi-Z  Delay.  Typically  100  ns 


AC  Mode 

t,7 


40 

180 

200 


40 

180 

200 


ns  max 
ns  max 
ns  max 


CS  Setup  Time.  Typically  20  ns 

Data  Delay  Time.  Typically  90  ns 

SCLK  Falling  Edge  to  Hi-Z  Delay.  Typically  100  ns 


NOTES 

Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  1  to  5. 

3CLKIN  Duty  Cycle  range  is  20%  to  80%.  CLKIN  must  be  supplied  whenever  the  AD7701  is  not  in  SLEEP  mode.  If  no  clock  is  present  in  this  case,  the 
device  can  draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

4The  AD7701  is  production  tested  with  fCLKiN  at  4.096  MHz.  It  is  guaranteed  by  characterization  to  operate  at  200  kHz. 
5Specified  using  10%  and  90%  points  on  waveform  of  interest.  

6In  order  to  synchronize  several  AD7701s  together  using  the  SLEEP  pin,  this  specification  is  met. 

7t4  and  t13  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

8tg,  ti0,  tJ5  and  tj6  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured 
number  is  then  extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time  quoted  in  the  Timing  Char- 
acteristics is  the  true  bus  relinquish  time  of  the  part  and  as  such  as  independent  of  external  bus  loading  capacitance. 

9If  CS  is  returned  high  before  all  16  bits  are  output,  the  SDATA  and  SCLK  outputs  will  complete  the  current  data  bit  and  then  go  to  high  impedance. 
10If  CS  is  activated  asynchronously  to  DRDY,  CS  will  not  be  recognized  if  it  occurs  when  DRDY  is  high  for  four  clock  cycles.  The  propagation  delay  time  may 
be  as  great  as  4  CLKIN  cycles  plus  160  ns.  To  guarantee  proper  clocking  of  SDATA  when  using  asynchronous  CS,  the  SCLK  input  should  not  be  taken  high 
sooner  then  4  CLKIN  cycles  plus  160  ns  after  CS  goes  low. 
"SDATA  is  clocked  out  on  the  falling  edge  of  the  SCLK  input. 
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Figure  7.  Load  Circuit  for  Access 
Time  and  Bus  Relinquish  Time 


2a.  Calibration  Control  Timing 


2b.  SLEEP  Mode  Timing 
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Figure  5.  SSC  Mode  Timing  Diagram 

TERMINOLOGY 
LINEARITY  ERROR 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function.  The  end- 
points  of  the  transfer  function  are  Zero-Scale  (not  to  be  con- 
fused with  Bipolar  Zero),  a  point  0.5  LSB  below  the  first  code 
transition  (000  ...  000  to  000  ..  .  001)  and  Full-Scale,  a 
point  1.5  LSB  above  the  last  code  transition  (111  .  .  .  110  to 
111  .  .  .  111).  The  error  is  expressed  as  a  percentage  of 
full  scale. 

DIFFERENTIAL  LINEARITY  ERROR 

This  is  the  difference  between  any  code's  actual  width  and  the 
ideal  (1  LSB)  width.  Differential  Linearity  Error  is  expressed  in 
LSBs.  A  differential  linearity  specification  of  ±1  LSB  or  less 
guarantees  monotonicity. 

POSITIVE  FULL-SCALE  ERROR 

Positive  Full-Scale  Error  is  the  deviation  of  the  last  code  transi- 
tion (111  ...  110  to  111  .  .  .  Ill)  from  the  ideal  (VREF  -3/2 
LSBs).  It  applies  to  both  positive  and  negative  analog  input 
ranges  and  it  is  expressed  in  microvolts. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  Offset  Error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  (AGND  +  0.5  LSB)  when  operating  in  the  uni- 
polar mode.  It  is  expressed  in  microvolts. 


WGHBYTE  LOWtVTE 

Figure  6.  AC  Mode  Timing  Diagram 


BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  mid-scale  transition  (0111  .  .  .  Ill 
to  1000  .  .  .  000)  from  the  ideal  (AGND  -  0.5  LSB)  when  op- 
erating in  the  bipolar  mode.  It  is  expressed  in  microvolts. 

BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
(-Vrep  +  0.5  LSB),  when  operating  in  the  bipolar  mode.  It  is 
expressed  in  microvolts. 

POSITIVE  FULL-SCALE  OVERRANGE 

Positive  Full-Scale  Overrange  is  the  amount  of  overhead  avail- 
able to  handle  input  voltages  greater  than  +VREF  (  for  example, 
noise  peaks  or  excess  voltages  due  to  system  gain  errors  in  sys- 
tem calibration  routines)  without  introducing  errors  due  to  over- 
loading the  analog  modulator  or  overflowing  the  digital  filter.  It 
is  expressed  in  millivolts. 

NEGATIVE  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages  be- 
low -VREF  without  overloading  the  analog  modulator  or  over- 
flowing the  digital  filter.  Note  that  the  analog  input  will  accept 
negative  voltage  peaks  even  in  the  unipolar  mode.  The  overhead 
is  expressed  in  millivolts. 
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FEATURES 

Monolithic  20-Bit  ADC 
0.0003%  Linearity  Error 
20-Bit  No  Missed  Codes 
On-Chip  Self-Calibration  Circuitry 
Programmable  Low-Pass  Filter 

0.1  Hz  to  10  Hz  Corner  Frequency 
0  to  +2.5  V  or  ±2.5  V  Analog  Input  Range 
4  kSPS  Output  Data  Rate 
Flexible  Serial  Interface 
Ultralow  Power 

■ 


FUNCTIONAL  BLOCK  DIAGRAM 
AVSS      DVss  SC1  SC2 


CALIBRATION 
SRAM 


CALIBRATION 
MICROCONTROLLER 


AVOD  (m) 


— ©CAL 


APPLICATIONS 
Industrial  Process  Control 
Weigh  Scales 
Portable  Instrumentation 
Remote  Data  Acquisition 


VrefI 

V 


20-BIT  CHARGE  BALANCE  A/D 
CONVERTER 

ANALOG 
MODULATOR 

6-POLE  GAUSSIAN 
LOW  PASS 
DIGITAL  FILTER 

GENERAL  DESCRIPTION 

The  AD7703  is  a  20-bit  ADC  which  uses  a  sigma  delta  conver- 
sion technique.  The  analog  input  is  continuously  sampled  by  an 
analog  modulator  whose  mean  output  duty  cycle  is  proportional 
to  the  input  signal.  The  modulator  output  is  processed  by  an 
on-chip  digital  filter  with  a  six-pole  Gaussian  response,  which 
updates  the  output  data  register  with  20-bit  binary  words  at 
word  rates  up  to  4  kHz.  The  sampling  rate,  filter  corner  fre- 
quency and  output  word  rate  are  set  by  a  master  clock  input 
that  may  be  supplied  externally,  or  by  an  on-chip  gate  oscillator. 

The  inherent  linearity  of  the  ADC  is  excellent,  and  endpoint 
accuracy  is  ensured  by  self-calibration  of  zero  and  full  scale 
which  may  be  initiated  at  any  time.  The  self-calibration  scheme 
can  also  be  extended  to  null  system  offset  and  gain  errors  in  the 
input  channel. 

The  output  data  is  accessed  through  a  serial  port,  which  has  two 
synchronous  modes  suitable  for  interfacing  to  shift  registers  or 
the  serial  ports  of  industry  standard  microcontrollers. 

CMOS  construction  ensures  low  power  dissipation,  and  a  power 
down  mode  reduces  the  idle  power  consumption  to  only  10  u.W. 


AGND  ( 


DGND  \ 


CLKIN  CLKOUT  MODE 


PRODUCT  HIGHLIGHTS 

offers  20-bit 


resolution  coupled  with  outstand- 


1.  The  AD7703  offers  ; 
ing  0.0003%  accuracy. 

2.  No  missing  codes  ensures  true,  usable,  20-bit  dynamic  range, 
removing  the  need  for  programmable  gain  and  level-setting 
circuitry. 

3.  The  effects  of  temperature  drift  are  eliminated  by  on-chip 
self-calibration,  which  removes  zero  and  gain  error.  External 
circuits  can  also  be  included  in  the  calibration  loop  to  remove 
system  offsets  and  gain  errors. 

4.  A  flexible  synchronization  allows  the  AD7703  to  interface 
directly  to  the  serial  ports  of  industry  standard  microcontrol- 
lers and  DSP  processors. 

5.  Low  operating  power  consumption  and  an  ultralow  power 
standby  mode  make  the  AD7703  ideal  for  loop  powered 
remote  sensing  applications,  or  battery-powered  portable 
instruments 
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SPECIFICATIONS 


(T,  =  +25°C;  AVD0  =  DVno  =  +5  V;  AV^  =  DV^  =  -5  V;  VREF  =  +2.5  V; 
■cucin  =  4.096  MHz;  BP/UP  =  +5  V;  MODE  =  +5  V;  A,N  Source  Resistance  = 
750  ft'  with  1  nF  to  AGND  at  AIN  unless  otherwise  stated.) 


AD7703 


— pi  


MS 


B  Version2 


C  Version2 


Units 


Test  Conditions/Comments 


STATIC  PERFORMANCE 
Resolution 

Integral  Nonlinearity,  Tmin  to  T,^ 
+25°C 

Differential  Nonlinearity,  T^  to  T„ 
Positive  Full-Scale  Error3 

Full-Scale  Drift4 
Unipolar  Offset  Error3 

Unipolar  Offset  Drift4 

Bipolar  Zero  Error3 

Bipolar  Zero  Drift4 

Bipolar  Negative  Full-Scale  Error3 

Bipolar  Negative  Full-Scale  Drift4 
Noise  (Referred  to  Output) 


20 

±0.0015 

±0.003 

±0.003 

±0.5 

±4 

±16 

±19/±37 
±4 
±16 
±26 

±67  +48 
±4 
±16 
±13 

±34  +24 

±8 
±32 

±10/±20 
1.6 


20 

±0.0007 

±0.0015 

±0.0015 

±0.5 

±4 

±16 

±19 

±4 

±16 

±26 

±67 

±4 

±16 

±13 

±34 

±8 

±32 

±10 

1.6 


20 

±0.0003 

±0.0008 

±0.0012 

±0.5 

±4 

±16 

±19 

r« 

±26 

±67 

±4 

±16 

±13 

±34 

±8 

±32 

±10 

1.6 


Bits 

%  FSR  typ 
%  FSR  max 
%  FSR  max 
LSB  typ 
LSB  typ 
LSB  max 
LSB  typ 
LSB  typ 
LSB  max 
LSB  typ 
LSB  typ 
LSB  typ 
LSB  max 
LSB  typ 
LSB  typ 
LSB  typ 
LSB  max 
LSB  typ 
LSB  rms  typ 


No  Missing  Codes 


Temp  Range:  0  to  +70°C 
Specified  Temp  Range 


Temp  Range:  0  to  +70°C 
Specified  Temp  Range 


DYNAMIC  PERFORMANCE 
Sampling  Frequency,  fs 
Output  Update  Rate,  four 
Filter  Corner  Frequency,  f_3  ^ 
Settling  Time  to  ±0.0007%  FS 


fcLKiN/256 
fcLKiN'1024 

507904/fcLKrN 


fCLKIN/256 

fcKjN/1024 

fcLKIN'W.SOO 

507904/fcLKrN 


fct-KiN'256 
fcLKiN'1024 
fcLKiN'409,600 
507904/fcLKrN 


For  Full-Scale  Input  Step 


SYSTEM  CALIBRATION 
Positive  Full-Scale  Calibration  Range 
Positive  Full-Scale  Overrange 
Negative  Full-Scale  Overrange 
Maximum  Offset  Calibration  Range5-  6 
Unipolar  Input  Range 
Bipolar  Input  Range 
Input  Span7 
■ 


Vref  +  0.1 
-(Vref  +  0.1) 

-(VREF  +  0.1) 
-0.4  Vref  to  +0.4  \ 
0  8  V„ef 
2  VRef  +  0.2 


Vref  +  01 
Vref  +  0.1 
-(Vref  +  0.1) 


'0.1) 


-(Vref 

-0.4  Vref  to  +0.4  VREF 
0.8  Vref 
2VREP  +  0.2 


Vref  +  0.1 
Vref  +  0.1 
-(Vref  -  +  0.1) 

-(Vref  +  0.1) 

-0.4  Vref  to  +0.4  VREf 

0-8  Vref 

2  Vref  +  0.2 


V  max 

V  max 

V  max 

V  max 

V  max 

V  min 

V  max 


System  Calibration  Applies  to 
Unipolar  and  Bipolar  Ranges. 
After  Calibration,  if  Ain>VreF, 
the  Device  Will  Output  All  Is. 
If  A1N<0  (Unipolar)  or  -  VREf 
(Bipolar),  the  Device  Will 
Output  all  0s 


ANALOG  INPUT 
Unipolar  Input  Range 
Bipolar  Input  Range 
Input  Capacitance 
Input  Bias  Current1 


Oto  +2.5 

±2.5 

20 

OS 


0  to  +2.5 

±2.5 

20 

■1  • ■.'•>'  XI 


0  to  +2.5 

±2.5 

20 

1 


Volts 
Volts 
pF  typ 
nA  typ 


LOGIC  INPUTS 

All  Inputs  except  CLKIN 
Vj^L,  Input  Low  Voltage 
Vinh>  Input  High  Voltage 

CLKIN 

V|ni.>  Input  Low  Voltage 
VINH,  Input  High  Voltage 

IiN,  Input  Current 


3.5 
10 


0.8 
2.0 

6.8 
3.5 
10 


V  max 

V  min 

V  max 

V  min 
M-A  max 


LOGIC  OUTPUTS 
Vol*  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance 


0.4 
DVD 
±10 


0.4 
DVDI 
±10 
9 


0.4 
DVDI 
±10 
9 


V  max 

V  min 

ij  A  max 
pF  typ 


IsOURCE  -  100  |i.A 


POWER  REQUIREMENTS8 
Power  Supply  Voltages 
Analog  Positive  Supply  (AVDD) 
Digital  Positive  Supply  (DVDD) 
Analog  Negative  Supply  (AVSS) 
Digital  Negative  Supply  (DVSS) 
Calibration  Memory  Retention 
Power  Supply  Voltage 


4.5/5.5 
4.5/AVDD 
-4.5/- 5.5 
-4.5/-5.S 

2.0 


4.5/5.5 
4.5/AVDD 
-4.5/-S.5 
-4.5/- 5.5 

2.0 


4.5/5.5 
4.5/AVDD 
-4.5/- 5.5 
-4.5/-5.5 


V  rrjin/V  max 

V  min/V  max 

V  min/V  max 

V  min/V  max 


For  Specified  Performance 
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AD7703 


A/S  Versions2 


B  Version2 


C  Version2 


STATIC  PERFORMANCE 

DC  Power  Supply  Currents" 
Analog  Positive  Supply  tAInl)) 
Digital  Positive  Supply  tDllM>) 
Analog  Negative  Supply  tAIss) 
Digital  Negative  Supply  iDIss) 

Power  Supply  Rejection" 
Positive  Supplies 
Negative  Supplies 
Power  Dissipation 
Normal  Operation 

Standby  Operation1" 
A.  B.C 

S 


3.2 
1.5 
3.2 
0.1 

70 
75 


mA  max 
mA  max 
mA  max 
mA  max 

dB  typ 
dB  typ 

mW  max 


u-W  max 
U.W  max 


Typically  2  mA 
Typically  1  mA 
Typically  2  mA 
Typically  0.03  mA 


SLEEP  =  Logic  1, 
Typically  25  mW 
SLEEP  =  Logic  0 
Typically  10  uW 


NOTES 

'The  A1N  pin  presents  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency.  A  ceramic  1  nF  capacitor  from  the  A,N  to  AGND  is  necessary. 
Source  resistance  should  be  750  11  or  less. 

-Temperature  Ranges  are  as  follows:  A,  B,  C  Versions:  -40°C  to  +85°C;  S  Version:  -55°C  to  +  125°C. 

'Applies  after  calibration  at  the  temperature  of  interest.  Full-Scale  Error  applies  for  both  unipolar  and  bipolar  input  ranges. 

4Total  drift  over  the  specified  temperature  range  after  calibration  at  power-up  at  +25°C.  This  is  guaranteed  by  design  and/or  characterization.  Recalibration  at 
any  temperature  will  remove  these  errors. 

*In  unipolar  mode  the  offset  can  have  a  negative  value  (-VRI;F)  such  that  the  unipolar  mode  can  mimic  bipolar  mode  operation. 
The  specifications  for  input  overrange  and  for  input  span  apply  additional  constraints  on  the  offset  calibration  range. 

7For  unipolar  mode,  input  span  is  the  difference  between  full  scale  and  zero  scale.  For  bipolar  mode,  input  span  is  the  difference  between  positive  and  negative 
full-scale  points.  When  using  less  than  the  maximum  input  span,  the  span  range  may  be  placed  anywhere  within  the  range  of  ±(VREF  +  0.1). 
"All  digital  outputs  unloaded.  All  digital  inputs  at  5  V  CMOS  levels. 

"Applies  in  0.1  Hz  to  10  Hz  bandwidth.  PSRR  at  60  Hz  will  exceed  120  dB  due  to  the  digital  filter. 
'"CLKIN  is  stopped.  All  digital  inputs  are  grounded. 


Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

tT.A  =  +25°C  unless  otherwise  noted) 

DVDD  to  AGND   -0.3  V  to  +6  V 

DVDD  to  AVDD   -0.3  V  to  +0.3  V 

DVSS  to  AGND  +0.3  V  to  -6  V 

AVUD  to  AGND   -0.3  V  to  +6  V 

AVSS  to  AGND  +0.3  V  to  -6  V 

AGND  to  DGND   -0.3  V  to  +0.3  V 

Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  DVDD  +  0.3  V 

Analog  Input  Voltage  to  AGND  AVSS  -0.3  V  to 

AVDD  +  0.3  V 

Input  Current  to  any  Pin  Except  Supplies'  ±10  mA 

Operating  Temperature  Range 

Industrial  (A,  B,  C  Versions)  -40°C  to  +  85°C 

Extended  (S  Version)   -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (DIP  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

Power  Dissipation  (SOIC  Package)  to  +75°C   250  mW 

Derates  above  +75°C  by   15  mW/^C 

NOTES 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

'Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


ORDERING  GUIDE 


Temperature 

Linearity  Error 

Package 

Model 

Range 

(%  FSR) 

Option1 

AD7703AN 

-40°C  to  +  85°C 

0.003 

N-20 

AD7703BN 

-40°C  to  +85°C 

0.0015 

N-20 

AD7703CN 

-40°C  to  +85°C 

0.0012 

N-20 

AD7703AR 

-40°C  to  +85°C 

0.003 

R-20 

AD7703BR 

-40°C  to  +85°C 

0.0015 

R-20 

AD7703CR 

-40°C  to  +85°C 

0.0012 

R-20 

AD7703AQ 

-40°C  to  +85°C 

0.003 

Q-20 

AD7703BQ 

-40°C  to  +85°C 

0.0015 

Q-20 

AD7703CQ 

-40°C  to  +85°C 

0.0012 

Q-20 

AD7703SQ2 

-55°Cto  +  125°C 

0.003 

Q-20 

:  Cerdip.  For  outline  information  see 


NOTES 

'N  =  Plastic  DIP;  R  =  SOIC;  Q  = 
Package  Information  section. 

^Available  to  /883B  processing  only.  Contact  local  sales  office  for  military 
data  sheet. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed.  
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TIMING  CHARACTERISTICS 


1,  2  (AV„„  =  DVDD  =  +5  V  ±  10%;  AVSS  =  DVSS  =  -5  V  ±  10%;  AGND  =  DGND  =  0  V;  fcl 
=  4.096  MHz;  Input  Levels:  Logic  0  =  0  V,  Logic  1  =  DVDD;  unless  otherwise  stated.) 


Parameter 


Limit  at  Tmin,  T„„ 
(A,  B,  C  Versions) 


Limit  at  Tmin,  T„ 
(S  Version) 


— : — 


Units 


Master  Clock  Frequency:  Internal  Gate  OsciUator 
Typically  4096  kHz 

Master  Clock  Frequency:  Externally  Supplied 

Digital  Output  Rise  Time.  Typically  20  ns 
Digital  Output  Fall  Time.  Typically  20  ns 
SCI,  SC2  to  CAL  High  Setup  Time 
SCI,  SC2  Hold  Time  After  CAL  Goes  High 
SLPEP  High  to  CLKIN  High  Setup  Time 


f  3- 

td-KIN 


tt 
I,* 


40 

5 

40 

5 

50 
50 
0 
50 
1000 


kHz  min 
MHz  max 
kHz  min 
MHz  max 
ns  max 
ns  max 
ns  min 
ns  min 
ns  min 


MHO 


SSC  MODE 


u 
u 
t7 

t, 

t,„ 


»"-> 


250 
300 
790 

l/fcLKIN  +  200 
4/fcLKlN  +  200 


3 

790 

1/fcLKIN  +  200 
4/fcLKIN  +  200 


ns  mm 
ns  max 
ns  min 
ns  max 
ns  max 
ns  max 
ns  max 


Data  Access  Time  (CS  Low  to  Data  Valid) 

SCLK  Falling  Edge  to  Data  Valid  Delay  (25  ns  typ) 

MSB  Data  Setup  Time.  Typically  380  ns 

SCLK  High  Pulse  Width.  Typically  240  ns 

SCLK  Low  Pulse  Width.  Typically  730  ns 

SCLK  Rising  Edge  to  Hi-Z  Delay  (l/fCLKiN  +  10"  typ) 

CS  High  to  Hi-Z  Delay 


SEC  MODE 

fsCLK 


hi 

tl2 
r  7 
Hi 

t, 

t 


10 

'll 

I 

8 


5 

50 

180 

160 

150 

250 

200 


5 

50 

180 

160 

150 

250 

200 


MHz  max 
ns  min 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 


Serial  Clock  Input  Frequency 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

Data  Access  Time  (CS  Low  to  Data  Valid).  Typically  80  ns 
SCLK  Falling  Edge  to  Data  Valid  Delay.  Typically  75  ns 
CS  High  to  Hi-Z  Delay 

SCLK  Falling  Edge  to  Hi-Z  Delay.  Typically  100  ns 





■■  5  ns  (10%  to  90%  of  5  V 


1 

and  timed  from  a  voltage  level  of  1.6  V. 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf 
2See  Figures  1  to  6. 

3CLKIN  duty  cycle  range  is  20%  to  80%.  CLKIN  must  be  supplied  whenever  the  AD7703  is  not  in  SLEEP  mode.  If  no  clock  is  present  in  this  case,  the 
device  can  draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

The  AD7703  is  production  tested  with  fCLK,N  at  4.096  MHz.  It  is  guaranteed  by  characterization  to  operate  at  200  kHz. 
Specified  using  10%  and  90%  points  on  waveform  of  interest;  ^_ 

6In  order  to  synchronize  several  AD7703s  together  using  the  SLEEP  pin,  this  specification  must  be  met. 

7t4  and  t,3  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

%,  t10,  t15  and  tl6  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured 
number  is  then  extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time  quoted  in  the  Timing  Char- 
acteristics is  the  true  bus  relinquish  time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 

9If  CS  is  returned  high  before  all  20  bits  are  output,  the  SDATA  and  SCLK  outputs  will  complete  the  current  data  bit  and  then  go  to  high  impedance. 
10If  CS  is  activated  asynchronously  to  DRDY,  CS  will  not  be  recognized  if  it  occurs  when  DRDY  is  high  for  four  clock  cycles.  The  propagation  delay  time  may 

be  as  great  as  4  CLKIN  cycles  plus  160  ns.  To  guarantee  proper  clocking  of  SDATA  when  using  asynchronous  CS,  The  SCLK  input  should  not  be  taken 

high  sooner  than  4  CLKIN  cycles  plus  160  ns  after  CS  goes  low. 
"SDATA  is  clocked  out  on  the  falling  edge  of  the  SCLK  input. 
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Figure  1.  Load  Circuit  for 
and  Bus  Relinquish  Time 
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Figure  2.  Calibration  Control  Timing 
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Figure  3.  Sleep  Mode  Timing 
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Figure  4.  SSC  Mode  Data  Hold  Time 
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Figure  5a.  SEC  Mode  Data  Hold  Time 
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Figure  5b.  SEC  Mode  Timing  Diagram 


Figure  6.  SSC  Mode  Timing  Diagram 


TERMINOLOGY 
LINEARITY  ERROR 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero-scale  (not  to  be  confused 
with  bipolar  zero),  a  point  0.5  LSB  below  the  first  code  transi- 
tion (000  ...  000  to  000  ..  .  001)  and  full  scale,  a  point  1.5 
LSB  above  the  last  code  transition  (111  .  .  .  110  to  111  .  .  .  111). 
The  error  is  expressed  as  a  percentage  of  full  scale. 

DIFFERENTIAL  LINEARITY  ERROR 

This  is  the  difference  between  any  code's  actual  width  and  the 
ideal  (1  LSB)  width.  Differential  linearity  error  is  expressed  in 
LSBs.  A  differential  linearity  specification  of  ±  1  LSB  or  less 
guarantees  monotonicity. 

POSITIVE  FULL-SCALE  ERROR 

Positive  full-scale  error  is  the  deviation  of  the  last  code  transi- 
tion (111  ...  110  to  111  .  .  .  Ill)  from  the  ideal  (VREF  - 
3/2  LSBs).  It  applies  to  both  positive  and  negative  analog  input 
ranges. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  offset  error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  (AGND  +  0.5  LSB)  when  operating  in  the  uni- 
polar mode. 

BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  midscale  transition  (0111  ...  Ill  to 
1000  .  .  .  000)  from  the  ideal  (AGND  -  0.5  LSB)  when  operat- 
ing in  the  bipolar  mode. 

BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
(-VREF  +  0.5  LSB),  when  operating  in  the  bipolar  mode. 


POSITIVE  FULL-SCALE  OVERRANGE 

Positive  full-scale  overrange  is  the  amount  of  overhead  available 
to  handle  input  voltages  greater  than  +VREF  (for  example,  noise 
peaks  or  excess  voltages  due  to  system  gain  errors  in  system  cali- 
bration routines)  without  introducing  errors  due  to  overloading 
the  analog  modulator  or  overflowing  the  digital  filter. 

NEGATIVE  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages 
below  -VREF  without  overloading  the  analog  modulator  or 
overflowing  the  digital  filter.  Note  that  the  analog  input  will 
accept  negative  voltage  peaks  even  in  the  unipolar  mode. 

OFFSET  CALIBRATION  RANGE 

In  the  system  calibration  modes  (SC2  Low)  the  AD7703  cali- 
brates its  offset  with  respect  to  the  AIN  pin.  The  offset  calibra- 
tion range  specification  defines  the  range  of  voltages  that  the 
AD7701  can  accept  and  still  calibrate  offset  accurately. 

FULL-SCALE  CALIBRATION  RANGE 

This  is  the  range  of  voltages  that  the  AD7703  can  accept  in  the 
system  calibration  mode  and  still  calibrate  full  scale  correctly. 

INPUT  SPAN 

In  system  calibration  schemes,  two  voltages  applied  in  sequence 
to  the  AD7703's  analog  input  define  the  analog  input  range. 
The  input  span  specification  defines  the  minimum  and  maxi- 
mum input  voltages  from  zero  to  full  scale  that  the  AD7703  can 
accept  and  still  calibrate  gain  accurately. 
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PIN  FUNCTION  DESCRIPTION 


Pin      Mnemonic  Description 


AD7703 


1 


4,  17 

5 
6 
7 
8 
9 
10 


19 


20 


MODE         Selects  the  Serial  Interface  Mode.  If  MODE  is  tied  to  DGND,  the  Synchronous  External  Clocking  (SEC) 
mode  is  selected.  SCLK  is  configured  as  an  input,  and  the  output  appears  without  formatting,  the  MSB 
coming  first.  If  MODE  is  tied  to  +5  V,  the  AD7703  operates  in  the  Synchronous  Self-Clocking  (SSC)  mode. 
SCLK  is  configured  as  an  output,  with  a  clock  frequency  of  fCi_KiiV4  and  25%  duty  cycle. 


CLKOUT 

CLKIN 
SCI,  SC2 

DGND 
DVSS 
AVSS 
AGND 


Digital  Negative  Supply,  -5  V  nominal. 
Analog  Negative  Supply,  -5  V  nominal. 


11 

SLE 

EP 

12 

BP/UP 

13 

CAL 

14 

AVDD 

15 

DVDD 

16 

CS 

18 

DRDY 

Clock  Output  to  generate  an  Internal  Master  Clock  by  connecting  a  crystal  between  CLKOUT  and  CLKIN.  If 
an  external  clock  is  used,  CLKOUT  is  left  open  circuit. 

Clock  Input  for  External  Clock. 

System  Calibration  Pins.  The  state  of  these  pins,  when  CAL  is  taken  high,  determines  the  type  of  calibration 
performed. 

;•  ■•">   f*1  SrtTtJA  no  tuqnl  HtvaJ-<te<H 

Digital  Ground.  Ground  reference  for  all  digital  signals. 

Analog  Ground.  Ground  reference  for  all  analog  signals. 
Analog  Input. 

Voltage  Reference  Input,  +2.5  V  nominal.  This  determines  the  value  of  positive  full  scale  in  the  unipolar 
mode  and  of  both  positive  and  negative  full-scale  in  the  Bipolar  Mode. 

Sleep  mode  pin.  When  this  pin  is  taken  Low,  the  AD7703  goes  into  a  low-power  mode  with  typically  10  pW 
power  consumption. 

Bipolar/Unipolar  mode  pin.  When  this  pin  is  low  the  AD7703  is  configured  for  a  unipolar  input  range  of 
AGND  to  VREF.  When  Pin  12  is  High,  the  AD7703  is  configured  for  a  bipolar  input  range,  ±VREF. 

Calibration  mode  pin.  When  CAL  is  taken  High  for  more  than  4  master  clock  cycles,  the  AD7703  is  reset  and 
performs  a  calibration  cycle  when  CAL  is  brought  Low  again.  The  CAL  pin  can  also  be  used  as  a  strobe  to 
synchronize  the  operation  of  several  AD7703s. 

Analog  Positive  Supply,  +5  V  nominal. 

Digital  Positive  Supply,  +5  V  nominal. 

Chip  Select  Input.  When  CS  is  brought  low,  the  AD7703  will  begin  to  transmit  serial  data  in  a  format 
determined  by  the  state  of  the  MODE  pin. 


SCLK 


SDATA 


Data  Ready  Output.  DRDY  is  low  when  valid  data  is  available  in  the  output  register.  It  goes  High  after 
transmission  of  a  word  is  completed.  It  also  goes  High  for  four  clock  cycles  when  a  new  data  word  is  being 
loaded  into  the  output  register,  to  indicate  that  valid  data  is  not  available,  irrespective  of  whether  data 
nission  is  complete  or  not. 

Serial  Clock  Input/Output.  The  SCLK  pin  in  configured  as  an  input  or  output,  dependent  on  the  type  of 
serial  data  transmission  that  has  been  selected  by  the  MODE  pin.  When  configured  as  an  output  in  the 
Synchronous  Self-Clocking  mode,  it  has  a  frequency  of  fCLKiN^  and  a  duty  cycle  of  25%. 

Serial  Data  Output.  The  AD7703's  output  data  is  available  at  this  pin  as  a  20-bit  serial  word. 



UNIPOLAR  MODE 

BIPOLAR  MODE 

LSBs 

%FS 

ppm  FS 

LSBs 

%  FS 

ppm  FS 

0.596 

0.25 

0.0000238 

0.24 

0.13 

0.0000119 

0.12 

1.192 

0.5 

0.0000477 

0.48 

0.26 

0.0000238 

0.24 

2.384 

1.00 

0.0000954 

0.95 

0.5 

0.0000477 

0.48 

4.768 

2.00 

0.0001907 

1.91 

1.00 

0.0000954 

0.95 

9.537 

4.00 

0.0003814 

3.81 

2.00 

0.0001907 

1.91 

PIN  CONFIGURATION 


Table  I.  Bit  Weight  Table  (2.5  V  Reference  Voltage) 
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TOP  VIEW 
(Not  to  Scale) 
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FEATURES 

Charge  Balancing  ADC 

24  Bits  No  Missing  Codes 

+0.0015%  Nonlinearity 
Two-Channel  Programmable  Gain  Front  End 

Gains  from  1  to  128 

Differential  Input  for  Low  Level  Channels 

High-Level  Input  on  AD7712 
Low-Pass  Filter  with  Programmable  Filter  Cutoffs 
Ability  to  Read/Write  Calibration  Coefficients 
Bidirectional  Microcontroller  Serial  Interface 
Internal/External  Reference  Option 
Single  or  Dual  Supply  Operation 
Low  Power  (25  mW  typ)  with  Power-Down  Mode 

APPLICATIONS 
Weigh  Scales 

Thermocouples  AD7710 
Process  Control 
Smart  Transmitters 
Portable  Industrial  Instruments 


AD7710  FUNCTIONAL  BLOCK  DIAGRAM 


REF  REF 

IN(-)    INW  vb!as 
-O- 


■ 


MCLK 
CLOCK  H 
GENERATION  MCLK 
OUT 


CONTROL 

OUTPUT 

REGISTER 

REGISTER 

AGND  OGND  Vx  RFS  TFS   MODE  SDATA  SCLK  DRDY  AO 


GENERAL  DESCRIPTION 

The  AD7710/AD7712  is  a  complete  analog  front  end  for  low 
frequency  measurement  applications.  The  device  has  two  analog 
input  channels  and  accepts  either  low  level  signals  directly  from 
a  transducer  or  high  level  (±4  x  VREF  for  AD7712  AIN2)  sig- 
nals and  outputs  a  serial  digital  word.  It  employs  a  sigma-delta 
conversion  technique  to  realize  up  to  24  bits  of  no  missing  codes 
performance.  The  input  signals  are  applied  to  a  proprietary  pro- 
grammable gain  front  end  based  around  an  analog  modulator. 
The  modulator  output  is  processed  by  an  on-chip  digital  filter. 
The  first  notch  of  this  digital  filter  can  be  programmed  via  the 
on-chip  control  register  allowing  adjustment  of  the  filter  cutoff 
and  settling  time. 

Normally,  one  of  the  channels  will  be  used  as  the  main  channel 
with  the  second  channel  used  as  an  auxiliary  input  to  periodi- 
cally measure  a  second  voltage.  The  part  can  be  operated  from  a 
single  supply  (by  tying  the  Vss  pin  to  AGND)  provided  that  the 
input  signals  on  the  low  level  analog  inputs  are  more  positive 
than  —  30  mV.  By  taking  the  Vss  pin  negative,  the  part  can  con- 
vert signals  down  to  —  Vrej,  on  the  low  level  inputs.  The  low- 
level  inputs,  as  well  as  the  reference  input,  features  differential 
input  capability. 

The  AD7710/AD7712  is  ideal  for  use  in  smart,  microcontroller- 
based  systems.  Input  channel  selection,  gain  settings  and  signal 
polarity  can  be  configured  in  software  using  the  bidirectional 
serial  port.  The  AD7710/AD7712  also  contains  self-calibration, 
system  calibration  and  background  calibration  options  and  also 
allows  the  user  to  read  and  to  write  the  on-chip  calibration 
registers. 

'Protected  by  U.S.  Patent  No.  5,134,401. 


AD7712  FUNCTIONAL  BLOCK  DIAGRAM 


REF  REF 
AV00    DVDD    IN(-)  INW 

•  -Q- 


-o — o — o — X-l-l  1  1— cLX- 

AGND  OGND  Vss      RFS  TFS  MODE  SDATA  SCLK  DRDY  AO 


CMOS  construction  ensures  low  power  dissipation  and  a  power- 
down  mode  reduces  the  standby  power  consumption  to  only 
100  u.W  typical  (AD7712)  and  7  u.W  typical  (AD7710).  The 
part  is  available  in  a  24-pin,  0.3  inch  wide,  plastic  and  hermetic 
dual-in-line  package  (DIP)  as  well  as  a  24-lead  small  outline 
(SOIC)  package. 


This  is  an  abridged  data  sheet.  To  obtain  the  I 
complete  data  sheet,  call  our  fax  retrieval  s 
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(AVDD  =  +5  V  ±  5%;  DVD0  =  +5  V  ±  5%;  Vss  =  0  V  or  -5  V  ±  5%; 


AP7712-SPECIFICATI0NS;S.I 


All  specifications  TMIN  to  TMAX,  unless  otherwise  noted.) 


Parameter 

A,  S  Versions1 

• 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 

No  Missing  Codes 

24 

Bits  min 

Guaranteed  by  Design.  For  Filter  Notches  £  60  Hz 

22 

Bits  min 

For  Filter  Notch  =  100  Hz 

18 

Bits  min 

For  Filter  Notch  =  250  Hz 

15 

Bits  min 

For  Filter  Notch  =  500  Hz 

12 

Bits  min 

For  Filter  Notch  »  1  kHz 

Output  Noise 

See  Tables  I  &  II 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Integral  Nonlinearity 

■ 

@  25°C 

±0.0045 

%  of  FSR  max 

Filter  Notches  £  60  Hz;  Typically  ±0.0015% 

Tmin  t0  Tmax 

±0.0075 

%  of  FSR  max 

Filter  Notches  £  60  Hz 

Positive  Full-Scale  Error2' 3 

See  Note  4 

Excluding  Reference 

Filll-^rqle  Drifr5 

1  UH   OLdlL    LJ\  111 

3/GAIN 

u.V/°C  typ 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 

0.35 

OCX  1NULC  t 

uWCtyp 

Excluding  Reference.  For  Gains  of  16,  32,  64,  128 

Unipolar  Offset  Error2 

Unipolar  Offset  Drift5 

u.V/°C  typ 

For  Gains  of  1,  2,  4,  8 

u.v/a_,  typ 

ror  uains  ot  to,  3z,  tw,  i/o 

Bipolar  Zero  Error2 

oee  is  ore  ^ 

Bipolar  Zero  Drift5 

2.5/GAIN 

U-WC  typ 

For  Gains  of  1,  2,  4,  8 

0.3 

uWCtyp 

For  Gains  of  16,  32,  64,  128 

Bipolar  Negative  Full-Scale  Error2 

±0.006 

%  of  FSR  max 

Excluding  Reference;  Typically  ±0.0015% 

Bipolar  Negative  Full-Scale  Drift5 

4/GAIN 

u.V/°C  typ 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 

0.5 

u-WCtyp 

Excluding  Reference.  For  Gains  of  16,  32,  64,  128 

ANALOG  INPUTS/REFERENCE  INPUTS 

Normal  Mode  50  Hz  Rejection6 

100 

dB  min 

For  Filter  Notches  of  10  Hz,  25  Hz,  50  Hz,  ±0.02  x  fNOTCH 

Normal  Mode  60  Hz  Rejection6 

100 

dB  min 

For  Filter  Notches  of  10  Hz,  30  Hz,  60  Hz,  ±0.02  x  f notch 

AIN1/REF  IN 

DC  Input  Leakage  Current6  <a  +  25°C 

10 

pA  max 

Tjwin  to  TMAX 

»li  -  a>.,.l 

nA  max 

Sampling  Capacitance6 

20 

pF  max 

Common-Mode  Rejection  (CMR) 

92 

dB  min 

At  DC 

Common-Mode  50  Hz  Rejection6 

150 

dB  min 

For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fNOTCH 

Common-Mode  60  Hz  Rejection6 

150 

dB  min 

Common-Mode  Voltage  Range7 

Vss  to  AV, 

)D 

V  min  to  V  max 

Analog  Inputs8 

Input  Sampling  Rate,  fs 

See  Table  1 

II 

AIN1  Input  Voltage  Range' 

For  Normal  Operation.  Depends  on  Gain  Selected 

0  to  +VREF10 

V  max 

Unipolar  Input  Range  (B/U  Bit  of  Control  Register  =  1) 

AIN2  Input  Voltage  Range' 

±Vref 

V  max 

Bipolar  Input  Range  (B/U  Bit  of  Control  Register  =  0) 

For  Normal  Operation.  Depends  on  Gain  Selected 

0  to  +4  x 

REF 

V  max 

Unipolar  Input  Range  (B/U  Bit  of  Control  Register  =*  1) 

±4  x  VRE1 

V  max 

Bipolar  Input  Range  (B/U  Bit  of  Control  Register  =  0) 

AIN2  DC  Input  Impedance 

30 

kfl  min 

AIN2  Gain  Error" 

±0.05 

%  typ 

Additional  Error  Contributed  by  Resistor  Attenuator 

AIN2  Gain  Drift 

1 

ppm/°C  typ 

Additional  Drift  Contributed  by  Resistor  Attenuator 

AIN2  Offset  Error" 

15 

mV  max 

Additional  Error  Contributed  by  Resistor  Attenuator 

Reference  Inputs 

REF  IN(+)  -  REF  IN(-)  Voltage12 

+2.5  to  +5 

V  min  to  V  max 

For  Specified  Performance.  Part  Functions  with  Lower 

Input  Sampling  Rate,  fs 

fcLK  in'512 

VreF  Voltages 



NOTES 

'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C;  S  Version,  -55°C  to  +125°C. 
2Applies  after  calibration  at  the  temperature  of  interest. 
3Positive  full-scale  error  applies  to  both  unipolar  and  bipolar  input  ranges. 
4These  errors  will  be  of  the  order  of  the  output  noise  of  the  pan,  as  shown  in  Table  I. 
5Recalibration  at  any  temperature  or  use  of  the  background  calibration  mode  will  remove  these  drift  errors. 
'These  numbers  are  guaranteed  by  design  and/or  characterization. 

7This  common-mode  voltage  range  is  allowed  provided  that  the  absolute  value  of  the  input  voltage  on  AINl(-t-)  and  AINl(-)  does  not  exceed  AVDD  +  30  mV 
and  Vss  -  30  mV. 

"The  AIN1  analog  input  presents  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended 
source  resistance  depends  on  the  selected  gain  (see  Tables  IV  and  V). 

'The  analog  input  voltage  range  on  the  AIN1(+)  input  is  given  here  with  respect  to  the  voltage  on  the  AINl(-)  input.  The  input  voltage  range  on  the  AIN2 
input  is  with  respect  to  AGND.  The  absolute  voltage  on  the  AINI  input  should  not  go  more  positive  than  AVDD  +  30  mV  or  more  negative  than 
Vss  -  30  mV. 

"Vref  =  REF  IN(+)  -  REF  IN(-). 
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Parameter 





REFERENCE  OUTPUT 
Output  Voltage 
Initial  Tolerance 
Drift 

Output  Noise 
Line  Regulation  (AVDD) 
Load  Regulation 
External  Current 


A,  S  Versions1 


Units 


Conditions/Comments 










2.5 
±4 
20 
50 
1 

1.5 
1 


V  nom 
%  max 
ppm/°C  typ 
u-Vtyp 
mV/V  max 
mV/mA  max 
mA  max 


pk-pk  Noise;  0.1  Hz  to  10  Hz  Bandwidth 
Maximum  Load  Current  1  mA 


VBIAS  INPUT13 
Input  Voltage  Range 


AVDD  -  0.85  x  VREF 
or  AVDD  -  3 


85  XV, 
3 


or  Vs. 


;  Rejection 


or  Vss  + 
65  to  85 


2.1 


V  max 

V  max 

V  min 

V  min 
dB  typ 


See  VBIAS  Input  Section 

Whichever  Is  Smaller;  +5  V/- 5  V  or  + 10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Smaller;  +5  V/0  V  Nominal  AVDD/VSS. 
See  VBIAS  Input  Section 

Whichever  Is  Greater;  +5  V/-5  V  or  + 10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Greater;  +5  V/0  V  Nominal  AVDD/VSS 
Increasing  with  Gain  


LOGIC  INPUTS 
Input  Current 

All  Inputs  Except  MCLK  IN 
VINL,  Input  Low  Voltage 
VINH,  Input  High  Voltage 

MCLK  IN  Only 
ViNL,  Input  Low  Voltage 
VINH,  Input  High  Voltage 


±10 


2.0 


0.8 
3.5 


uA  max 

V  max 

V  min 

Vmax 

V  min 


LOGIC  OUTPUTS 
VOL,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance" 


0.4 
4.0 
±10 
9 


V  max 

V  min 
U.A  max 
pF  typ 


•sink  -  L6  mA 
•source  =  1^0  u-A 


TRANSDUCER  BURN-OUT 
Current 

Initial  Tolerance 
Drift 


100 
±10 
0.1 


nA  nom 

%  typ 
%/°C  typ 


SYSTEM  CALIBRATION 
AIN1 

Positive  Full-Scale  Calibration  Limit15 
Negative  Full-Scale  Calibration  Limit15 
Offset  Calibration  Limit16-  17 
Input  Span15 

AIN2 

Positive  Full-Scale  Calibration  Limit15 
Negative  Full-Scale  Calibration  Limit15 
Offset  Calibration  Limit17 
Input  Span 


(1.05  x  VREF)/GAIN 
-(1.05  x  VrefVGAIN 
-(1.05  x  VREF)/GAIN 
0.8  x  Vrep/GAIN 
(2.1  x  VREF)/GAIN 

(4.2  x  V^/GAIN 
-(4.2  x  VREF)/GAIN 
-(4.2  x  V^/GAIN 
3.2  x  VREF/GAIN 
(8.4  x  VREF)/GAIN 


V  max 

V  max 

V  max 

V  min 

V  max 

V  max 

V  max 

V  max 

V  min 

V  max 


GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 

GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gam  (Between  1  and  128) 


"This  error  can  be  removed  using  the  system  calibration  capabilities  of  the  AD7712.  This  error  is  not  removed  by  the  AD7712's  self-calibration  feature.  The 

offset  drift  on  the  AIN2  input  is  4  times  the  value  given  in  the  STATIC  PERFORMANCE  section. 
12The  reference  voltage  range  may  be  restricted  by  the  input  voltage  range  requirement  on  the  VBIAS  input. 

13The  AD7712  is  tested  with  the  following  VBIAS  voltages.  With  AVDD  =  +5  V  and  Vss  =  0  V,  VB1AS  =  +2.5  V;  with  AVDD  =  +10  V  and  Vss  =  0  V,  VBIAS 

=  +5  V  and  with  AVDD  =  +5  V  and  Vss  =  -5  V,  VBIAS  =  0  V. 
"Sample  tested  at  +25°C  to  ensure  compliance. 

"After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale,  then  the 
device  will  output  all  0s. 

16These  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  AIN1  analog  input  does  not  exceed  AVDD  +  30  mV  or  does  not  go  more  negative 
than  Vss  -  30  mV. 

17The  offset  calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 
Specifications  subject  to  change  without  notice. 
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Parameter 


A,  S  Versions1 


Units 


Conditions/Comments 





POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage18 

DVDD  Voltage19 

AVDD  -Vss  Voltage 
Power  Supply  Currents 

AVDD  Current 

DVDD  Current 

Vss  Current 
Power  Supply  Rejection20 

Positive  Supply  (AVDD) 

Negative  Supply  (Vss) 
Power  Dissipation 

Normal  Mode 

Normal  Mode 

Standby  (Power-Down)  Mode22 


+5  to  +10 
+5 

+  10.5 
4 

4.5 
1.5 

See  Note  21 
90 

45 
52.5 

200 


V  nom 

V  nom 

V  max 

mA  max 
mA  max 
mA  max 

dB  typ 
dB  typ 

mW  max 
mW  max 

u.W  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
For  Specified  Performance 


-5  V 


Rejection  w.r.t.  AGND.  Assumes  VBIAS  Is  Fixed 


AVDD  =  DVDD  =  +5  V,  Vss  =  0  V;  Typically  25  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  -5  V;  Typically  30  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  0  Vor  -  5  V;  Typically  100 


"The  AD7712  is  specified  with  a  10  MHz  clock  for  AVDD  voltages  of  +5  V  ±  5%.  It  is  specified  with  an  8  MHz  clock  for  AVDD  voltages  greater  than  5.25  V 

and  less  than  10.5  V.  Operating  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0°C  to  +70°C  temperature  range. 
"The  ±5%  tolerance  on  the  DVDD  input  is  allowed  provided  DVDC  does  not  exceed  AVDD  by  more  than  0.3  V. 

20Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  10  Hz,  25  Hz  or  50  Hz.  PSRR  at  60  Hz  will 

exceed  120  dB  with  filter  notches  of  10  Hz,  30  Hz  or  60  Hz. 
21PSRR  depends  on  gain:  gain  of  1  =  70  dB  typ;  gain  of  2  =  75  dB  typ;  gain  of  4  =  80  dB  typ;  gains  of  8  to  128  =  85  dB  typ.  These  numbers  can  be 

improved  (to  95  dB  typ)  by  deriving  the  VBIAS  voltage  (via  Zener  diode  or  reference)  from  the  AVDD  supply. 
22Using  the  hardware  STANDBY  pin.  Standby  power  dissipation  using  the  software  standby  bit  (PD)  of  the  Control  Register  is  5  mW  typ. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 
AVDDtoDVDD  


0.3  V  to  AVDD  +  0.3  V 
0.3  V  to  DVD„  +  0.3  V 


AVDD  to  Vs 

AVDD  to  AGND  

AVDD  to  DGND   

DVDDtoAGND   

DVDD  to  DGND  

Vss  to  AGND   

Vss  to  DGND  

AIN1  Input  Voltage  to  AGND  .  Vss  -  0  .3  V 
Reference  Input  Voltage  to  AGND 

 Vss  -  0.3  V 

REF  OUT  to  AGND  


-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
.  -0.3  V  to  +6V 
.  -0.3  V  to  +6  V 
.  +0.3  V  to  -6V 
.  +0.3  V  to  -6  V 
to  AVDD  +  0.3  V 

to  AVDD  +  0.3  V 
-0.3  V  to  AVDD 


Digital  Input  Voltage  to  DGND  . 
Digital  Output  Voltage  to  DGND 
Operating  Temperature  Range 

Commercial  (A  Version)  — 40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   —  65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
s  for  extended  periods  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


ORDERING  GUIDE 


Model 


AD7712AN 
AD7712AR 
AD7712AQ 
AD7712SQ 


Temperature  Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +  125°C 


Package  Option* 


N-24 
R-24 
Q-24 
Q-24 


*N  =  Plastic  DIP;  Q  =  Cerdip;  R  ■ 
Package  Information  section. 


SOIC.  For  outline  information  see 
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(AVDD  =  +5  V  ±  5%;  DVDD  =  +5  V  ±  5%;  Vss  =  0  V  or  -5  V  ±  5%; 

Amu n  CDCoiriP1  Annuo  ref  IN(+)  -  +2S V;  REF IN(-)  ■ AGND^ MCLK |N  = 10 MHz un|ess 

AU  /  /  I  U— Of  tUIr IUAI  lUff  5  otherwise  stated.  All  specifications  TMIN  to  TMAX,  unless  otherwise  noted.) 





Parameter 


A,  S  Versions1 


Units 


Conditions/Comments 


STATIC  PERFORMANCE 
No  Missing  Codes 


Output  Noise 
Integral  Nonlinearity 

■  @  25°C 

Tmin  10  Tmax 
Positive  Full  Scale  Error2' 3 
Full-Scale  Drift5 

Unipolar  Offset  Error2 
Unipolar  Offset  Drift5 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift5 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift5 


24 
22 
18 
15 

Tables  I  &  II 

±0.0045 
±0.0075 
See  Note  4 
3/GAIN 
0.35 

See  Note  4 

2.5/GAIN 

0.3 

See  Note  4 

2.5/GAIN 

0.3 

±0.006 
4/GAIN 
0.5 


Bits  min 
Bits  min 
Bits  min 
Bits  min 
Bits  min 


%  of  FSR  max 
%  of  FSR  max 

u.V/°C  typ 
M.WC  typ 

U.V/X  typ 
M.WC  typ 

uW°C  typ 
u.V/°C  typ 
%  of  FSR  max 
fiV/°C  typ 
u.V/°C  typ 


Guaranteed  by  Design.  For  Filter  Notches  £  60  Hz 

For  Filter  Notch  =  100  Hz 

For  Filter  Notch  =  250  Hz 

For  Filter  Notch  =  500  Hz 

For  Filter  Notch  =  1  kHz 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Filter  Notches  s  60  Hz;  Typically  ±0.0015% 
Filter  Notches  £  60  Hz 
Excluding  Reference 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 
Excluding  Reference.  For  Gains  of  16,  32,  64,  128 

For  Gains  of  1  2  4,  8 
For  Gams  of  16,  32,  64,  128 

For  Gains  of  1,2,  4,8 

For  Gains  of  16,  32,  64,  128 

Excluding  Reference;  Typically  ±0.0015% 

Excluding  Reference.  For  Gains  of  I,  2,  4,  8 

For  Gains  of  16,  32,  64,  128 


ANALOG  INPUTS/REFERENCE  INPUTS 
Common-Mode  Rejection  (CMR) 
Common-Mode  Voltage  Range6 
Normal  Mode  50  Hz  Rejection7 
Normal  Mode  60  Hz  Rejection7 
Common-Mode  50  Hz  Rejection7 
Common-Mode  60  Hz  Rejection7 
DC  Input  Leakage  Current7  @  +25°C 

Tmin  t0  Tmax 
Sampling  Capacitance7 
Analog  Inputs8 

Input  Voltage  Range9 


Input  Sampling  Rate,  fs  ' 
Reference  Inputs 
REF  IN(+)  -  REF  IN(-)  Voltage11 


Input  Sampling  Rate,  fs 


92 

Vss  to  AVD 

100 

100 

150 

150 

10 

1 

20 


0  to  -I-Vrep10 
See  Table  III 
+2.5  to  +5 
fcLK  in/5  12 


dB  min 

V  min  to  V  max 

dB  min 

dB  min 

dB  min 

dB  min 

pA  max 

nA  max 

pF  max 


V  min  to  V  max 


At  DC 


For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fNOXCH 
For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fNOXCH 


For  Normal  Operation.  Depends  on  Gain  Selected 
Unipolar  Input  Range  (B/U  Bit  of  Control  Register  =  1) 
Bipolar  Input  Range  (B/U  Bit  of  Control  Register  =  0) 


For  Specified  Performance.  Part  Functions  with  Lower  VREP 


Voltages 





REFERENCE  OUTPUT 
Output  Voltage 
Initial  Tole] 
Drift 
Output  Noise 
Line  Regulation  (AVDD) 
Load  Regulation 
External  Current 


2.5 
±4 
20 
50 
1 

1.5 
1 


V  nom 
%  max 
ppm/°C  typ 
M-V  typ 
mV/V  max 


pk-pk  Noise  0.1  Hz  to  10  Hz  Bandwidth 
Maximum  Load  Current  1mA 


NOTES 

'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C;  S  Version,  -55°C  to  +  I25°C.  See  also  Note  16. 
2  Applies  after  calibration  at  the  temperature  of  interest. 
3Positive  fuii-scale  error  applies  to  both  unipolar  and  bipolar  input  ranges. 
"These  errors  will  be  of  the  order  of  the  output  noise  of  the  part  as  shown  in  Table  I. 
'Recalibrauon  at  any  temperature  or  use  of  the  background  calibration  mode  will  remove  these  drift  errors. 
■This  common-mode  voltage  range  is  allowed  provided  that  the  input  voltage  on  AIN(+)  and  AIN(-)  does  not  exceed  AVD 
7These  numbers  are  guaranteed  by  design  and/or  characterization. 
"The  analog  inputs  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended  source 
resistance  depends  on  the  selected  gain  (see  Tables  IV  and  V). 

'The  analog  input  voltage  range  on  the  AIN1(  +  )  and  AIN2(+)  inputs  is  given  here  with  respect  to  the  voltage  on  the  AINl(-)  and  AIN2(-)  inputs.  The  abso- 
lute voltage  on  the  analog  inputs  should  not  go  more  positive  than  AVDr>  +  30  mV  or  go  more  negative  than  Vss  -  30  mV. 
"Vra  =  REF  IN(+)  -  REF  IN(-). 

"The  reference  input  voltage  range  may  be  restricted  by  the  input  voltage  range  requirement  on  the  VBiAS  input. 


+  30  mV  and  Vss  -  30  mV. 
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Parameter 

A,  S  Versions' 

Units 

Conditions/Comments 

VBIAS  INPUT12 
Input  Voltage  Range 

Vbias  Rejection 

AVDD  -  0.85  x  Vref 
or  AVDD  -  3 

or  AVDD  -  2.1 
Vss  +  0.85  x  Vrff 
or  Vss  +  3 

or  Vss  +  2.1 
65  to  85 

V  max 
Vmax 

V  min 

V  min 
dB  typ 

See  VBIAS  Input  Section 

Whichever  Is  Smaller;  +5  V/-5  V  or  +10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Smaller;  +5  V/0  V  Nominal  AVDD/VSS 
See  VBIAS  Input  Section 

Whichever  Is  Greater;  +5  V/-5  V  or  +10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Greater;  +5  V/0  V  Nominal  AVDD/Vss 
Increasing  with  Gain 

LOGIC  INPUTS 
Input  Current 

All  Inputs  Except  MCLK  IN 
VINL,  Input  Low  Voltage 
VINH,  Input  High  Voltage 

MCLK  IN  Only 

^inlj  Input  Low  Voltage 
VIN„,  Input  High  Voltage 

±10 

0.8 
2.0 

0  8 
3.5 

uA  max 

V  max 

V  min 

LOGIC  OUTPUTS 
VOL,  Output  Low  Voltage 
VOH)  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance13 

0.4 

DVDD  -  1 

±10 

9 

V  max 

V  min 
uA  max 
pF  typ 

Isink  =  1.6  mA 
'source  =  100  uA 

TRANSDUCER  BURN-OUT 
Current 

Initial  Tolerance 
Drift 

100 
±10 
0.1 

nA  nom 

%  typ 
%/°C  typ 

COMPENSATION  CURRENT 
Output  Current 
Initial  Tolerance 
Drift 

Line  Regulation  (AVDD) 
Load  Regulation 
Output  Compliance 

20 
±4 
35 
20 
20 

AVDD  -  2 

uA  nom 
uA  max 
ppm/°C  typ 
nA/V  max 
nA/V  max 
V  max 

•20/.IT/JI  MUfAlXAM  HTUJOcJaA 
AVDD  =  +5  V 

SYSTEM  CALIBRATION 
Positive  Full-Scale  Calibration  Limit14 
Negative  Full-Scale  Calibration  Limit14 
Offset  Calibration  Limit15 
Input  Span15 

(1.05  x  VREF)/GAIN 
-(1.05  x  VREF)/GAIN 
-(1.05  x  VREF)/GAIN 
0.8  x  VREF/GAIN 
(2.1  x  VREF)/GAIN 


V  max 

V  max 

V  max 

V  min 

V  max 

GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 

+  10VandVss  =  0V, 


NOTES 

12The  AD7710  is  tested  with  the  following  VBIAS  voltages.  With  AVDD  =  +5  V  and  Vss  =  0  V,  VSIAS  =  +2.5  V;  with  AVD 

VBIAs  =  +5  V  and  with  AVDD  =  +5  V  and  Vss  =  -5  V,  VBIAS  =  0  V. 
13Sampie  tested  at  +25°C  to  ensure  compliance. 

'"After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale  then  the 
device  will  output  all  0s. 

15These  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  go  more  negative  than 
Vss  -  30  mV.  The  offset  calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 
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Parameter 


A,  S  Versions1 


Conditions/Comments 


POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage16 

DVDD  Voltage17 

AVDD-VSS  Voltage 
Power  Supply  Currents 

AVDD  Current 

DVDD  Current 

Vss  Current 
Power  Supply  Rejection18 

Positive  Supply  (AVDD) 

Negative  Supply  (Vss) 
Power  Dissipation 

Normal  Mode 

Normal  Mode 

Standby  (Power-Down)  Mode 


+5  to  + 10 

+5 

+  10.5 

4 

4.5 

1.5 

See  Note  19 
90 

45 

52.5 

15 


V  nom 

V  nom 

V  max 

mA  max 
mA  max 
mA  max 

dB  typ 
dBtyp 

mW  max 
mW  max 
mW  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
For  Specified  Performance 


- 

Vss  =  "5  V 

Rejection  w.r.t.  AGND;  Assumes  VBIAS  Is  Fixed 


AVDD  =  DVDD  =  +5  V,  Vss  =  0  V;  Typically  25  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  -5  V;  Typically  30  mW 
AVDD  =  DVDD  =  +  5  V,  Vss  =  0  V  or  -5  V;  TypicaUy  7  mW 


NOTES 

"The  AD7710  is  specified  with  a  10  MHz  clock  for  AVDD  voltages  of  +5  V  ±  5%.  It  is  specified  with  an  8  MHz  clock  for  AVDD  voltages  greater  than  5.25  V 

and  less  than  10.5  V.  Operation  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0  to  +70°C  temperature  range. 
,7The  ±5%  tolerance  on  the  DVDD  input  is  allowed  provided  that  DVDD  does  not  exceed  AVDD  by  more  than  0.3  V. 

"Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  10  Hz,  25  Hz  or  50  Hz.  PSRR  at  60  Hz  will 

exceed  120  dB  with  filter  notches  of  10  Hz,  30  Hz  or  60  Hz. 
"PSRR  depends  on  gain:  Gain  of  1:  70  dB  typ;  Gain  of  2:  75  dB  typ;  Gain  of  4:  80  dB  typ;  Gains  of  8  to  128:  85  dB  typ.  These  numbers  can  be  improved 

(to  95  dB  typ)  by  deriving  the  VB,AS  voltage  (via  Zener  diode  or  reference)  from  the  AVDr>  supply. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  -  +25°C,  unless  otherwise  noted) 

AVDD  to  DVDD  -0.3  V  to  +12  V 

AVDD  to  Vss  -0.3  V  to  +12  V 

AVDD  to  AGND  -0.3  V  to  + 12  V 

AVDD  to  DGND   -0.3  V  to  + 12  V 

DVDD  to  AGND   -0.3  V  to  +6  V 

DV, 


DD 


to  DGND  -0.3  V  to  +6  V 

Vss  to  AGND  .  +0.3  V  to  -6  V 

Vss  to  DGND  +0.3  V  to  -6  V 

Analog  Input  Voltage  to  AGND 

  Vss  -  0.3  V  to  AVDD  +  0.3  V 

Reference  Input  Voltage  to  AGND 

 Vss  -  0.3  V  to  AVDD  +  0.3  V 

REF  OUT  to  AGND  -0.3  V  to  AVDD 

CAUTION  


Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  AVDD  +  0.3  V 
Digital  Output  Voltage  to  DGND  .  .  -0.3  V  to  DVDD  +  0.3  V 
Operating  Temperature  Range 

Commercial  (A  Version)   -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  Above  +75°C  6  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  the  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 


ORDERING  GUIDE 


Model1 

Temperature  Range 

Package  Option2 

AD7710AN 

-40°C  to  +85°C 

N-24 

AD7710AR 

-40°C  to  +  85°C 

R-24 

AD7710AQ 

-40°C  to  +85°C 

Q-24 

AD7710SQ 

-55°C  to  +  125°C 

Q-24 

NOTES 

'To  order  MIL-STD-883B,  Class  B  processed  parts,  add  /883B  to  part  number. 

Contact  our  local  sales  office  for  military  data  sheet  and  availability. 
2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package 

Information  s 
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(DVD0  =  +5  V  ±  5%;  AVDD  =  +5  V  or  +10  V3  ±  5%;  Vss  =  0  V  or  -5  V  ±  5%; 
,  ,  AGND  =  DGND  =  0  V;  fCLK1M  =  10  MHz;  Input  Logic  0  =  0  V,  Logic  1  =  DVDD, 
TIMING  CHARACTERISTICS1'  2  unless  etherise  stated.) 


Limit  at  TMIN, 

Tmax 

Parameter 

(A,  a  Versions; 

Units 

Conditions/Comments 



f             4,  5 
LCLK  IN 

Master  Clock  Frequency:  Crystal  Oscillator 
or  Externally  Supplied 

400 

kHz  min 

AVDD  =  +5V±  5% 
For  Specified  Performance 
AVDD=  +5.25  V  to  +10.5  V 

MHz  max 
MHz  max 

^CLK  IN  L.O 

0.4  x  tcLK  jn 

ns  min 

Master  Clock  Input  Low  Time;  tcLK  IN  =  l/fCLK  in 

^CLK  IN  HI 

0-4  X  tcLK  m 

ns  min 

Master  Clock  Input  High  Time 

tr6 

50 

ns  max 

Digital  Output  Rise  Time;  Typically  20  ns 

tf6 

50 

ns  max 

Digital  Output  Fall  Time;  Typically  20  ns 

t. 

1000 

ns  min 

SYNC  Pulse  Width 

OL11  V^lU<-Klilg  iVIUUC 

l2 

0 

ns  min 

DRDY  to  RFS  SetuD  Time*      ^  tl,  =  l/fr>.  v  ™ 

t 

l3 

o 

rw  min 

lio  IJllli 

DRDY  to  RFS  Hold  Time 

u 

ne  mm 
Xlo  111111 

Afl  tn  RFS  Spnin  Timp 

AU   1U  IX 1  O  OCLUjl    1  1I11C 

50 

ns  min 

Ad  m  RFS  Hnld  Timp 
lu  ixi  o  nuiu  1  line 

4  X  tcLK  IN 

ns  max 

RFS  T  nw  tn  SPT  K  Falling  FnVp 
IX 1  J  LUW  LU  O^vjL-IX  rdlll llg  cu^.c 

,  7 
r  7 

^  X  tcLK  IN 

ns  max 

uaia  /vecess  lime  t^ivro  low  io  uata  vauaj 

C /"* Y  X^"  C*ys  1 1 « j-«  TJJaa         TX«*-rt  \7nU^J  Ttn|rt.> 

l8 

*CLK  IN^2 

ns  min 

bCLK  railing  bage  to  Data  Valid  Delay 

tcLK  in/2  +  30 

ns  max 

l9 

tcLK  IN" 

ns  nom 

*?PT  K"  WioTi  PiiIcp  WiHtTh 

o^Lix  nign  l  uise  wiain 

t10 

3  X  ^CLK  IN'2 

ns  nom 

SCLK  Low  Pulse  Width 

til 

10 

ns  min 

RFS/TFS  to  SCLK  Falling  Edge  Hold  Time 

tcLK  nV2 

ns  max 

tl2 

3  x  tcLK  IN/2  +  20 

ns  max 

RFS/TFS  to  SCLK  Delay 

r  8 

r13 

3  x  tCLK  1N/2  +  20 

ns  max 

RFS  to  Data  Valid  Hold  Time 

t14 

0 

- 

ns  min 

AO  to  TFS  Setup  Time 

t15 

0 

ns  min 

AO  to  TFS  Hold  Time 

t,6 

4  x  tCLK  ,N 

ns  max 

TFS  to  SCLK  Falling  Edge  Delay  Time 

tl7 

4  x  tCLK  1N 

ns  min 

TFS  to  SCLK  Falling  Edge  Hold  Time 

tl8 

0 

ns  min 

Data  Valid  to  SCLK  Setup  Time 

tl9 

10 



ns  min 

Data  Valid  to  SCLK  Hold  Time 
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AD7710/AD7712 


Parameter 


Limit  at  T^, 
(A,  S  Versions) 


Units 


Conditions/Comments 


— 




Serial  Clock  Input  Frequency 
DRDY  to  RFS  Setup  Time 
DRDY  to  RFS  Hold  Time 
AO  to  RFS  Setup  Time 
AO  to  RFS  Hold  Time 
Data  Access  Time  (RFS  Low  to  Data  Valid) 
SCLK  Falling  Edge  to  Data  Valid  Delay 


External  Clocking  Mode 

fscLK 

Cm 


l21 
l22 

t28 


+  20 


t3i8 


■  ■->:■  •  3 


0  , 
0 

2  x  tCLK  tN 
50 

4  *  tcLK  IN 
tcLK  IN^ 
2  X  ^CLK  IN 
2  *  t^LK  IN 
2  X  tCLK  IN 
tcLK  IN  +  10 

o 

20 
10 

5  x  tcLK  in/2  +  20 
0 

4  X  t^LK  IN 

5  x  tcLK  in/2  -  SCLK  High 
30 


MHz  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 


SCLK  Falling  Edge  to  DRDY  High 
DRDY  to  Data  Valid  Hold  Time 

RES/TFS  to  SCLK  Falling  Edge  Hold  Time 

RFS  to  Data  Valid  Hold  Time 

AO  to  TFS  Setup  Time 

AO  to  TFS  Hold  Time  _ 

SCLK  Falling  Edge  to  TFS  Hold  Time 

Data  Valid  to  SCLK  Setup  Time 

Data  Valid  to  SCLK  Hold  Time 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tR  =  tF  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  6  to  9. 

'The  AD7710/AD7712  is  specified  with  a  10  MHz  clock  for  AVDD  voltages  of  +5  V  ±  5%.  It  is  specified  with  an  8  MHz  clock  for  AVDD  voltages  greater  than 
5.25  V  and  less  than  10.5  V.  Operation  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0°C  to  +  70°C  temperature  i 

*CLK  IN  duty  cycle  range  is  45%  to  55%.  CLK  IN  must  be  supplied  whenever  the  AD7710/AD77I2  is  not  in  STANDBY  mode.  If  no  clock  is  f 
case,  the  device  can  draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

!The  AD7710/AD7712  is  production  tested  with        ,N  at  10  MHz  (8  MHz  for  AVDD  <  +5.25  V).  It  is  guaranteed  by  characterization  to  operate  at  400  kHz. 

Specified  using  10%  and  90%  points  on  waveform  of  interest. 

7These  numbers  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 

"These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number 
is  then  extrapolated  back  to  remove  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are 


the  true  bus  relinquish  times  of  the  part  and,  as  such,  are  independent  of  external  bus  loading  capacitances. 

PIN  CONFIGURATION 
1SOIC 


SCLK  [7 

I?]  DGND 

SCLK  [T   *  V 

J  3 

MCLKIN  [T 

1|  DVpQ 

MCLK  IN  [T 

u 

MCLK  OUT  [7 

"51  SDATA 

MCLK  OUT  [T 

H 

AO  |T 

^1  DRDY 

AO  [7 

H 

SYNC  [T 

AD7710 

151  Sfs 

SYNC  [T  AD" 

712 

MODE  [T 

TOP  VIEW 

]5]  TFS 

"0DE  E  TOP 

VIEW  -!il 

AIN1M  [T 

(Not  to  Scale) 

lF|  AGND 

AIN1(+)  (T  (Notte 

Scale)  iJJ 

AIN1H  [T 

]3  lour 

AINK-)  [T 

33 

AIN2M  \T 

ls\  REFOUT 

STANDBY  [7 

iFJ 

AIN2<-)  [io 

lT|  REFINW 

■ 

TP  [^0 

jE 

Vss  [jl 

lT|  REFINH 

vss  Ei 

HI 

AVooLU 

H]  Vbias 

AVDD[l2 
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Pil 

1 

2 

3 
4 

5 
6 
7 

8 
9 

9 

10 

10 

11 

12 
13 

14 
15 
16 
17 
17 

18 


AD7710/AD7712 

PIN  FUNCTION  DESCRIPTION 


Function 


Serial  Clock.  Logic  Input/Output  depending  on  the  status  of  the  MODE  pin.  When  MODE  is  high,  the 
device  is  in  its  self-clocking  mode  and  the  SCLK  pin  provides  a  serial  clock  output.  This  SCLK 
becomes  active  when  RFS  or  TFS  goes  low  and  it  goes  high  impedance  when  either  RFS  or  TFS 
returns  high  or  when  the  device  has  completed  transmission  of  an  output  word.  When  MODE  is  low, 
the  device  is  in  its  external  clocking  mode  and  the  SCLK  pin  acts  as  an  input.  This  input  serial  clock 
can  be  a  continuous  clock  with  all  data  transmitted  in  a  continuous  train  of  pulses.  Alternatively,  it  can 
be  a  noncontinuous  clock  with  the  information  being  transmitted  to  the  AD7710/AD7712  in  smaller 
batches  of  data. 

Master  Clock  signal  for  the  device.  This  can  be  provided  in  the  form  of  a  crystal  or  external  clock.  A 
crystal  can  be  tied  across  the  MCLK  IN  and  MCLK  OUT  pins.  Alternatively,  the  MCLK  IN  pin  can 
be  driven  with  a  CMOS-compatible  clock  and  MCLK  .OUT  left  unconnected.  The  clock  input 
frequency  is  nominally  10  MHz. 

When  the  master  clock  for  the  device  is  a  crystal,  the  crystal  is  connected  between  MCLK  IN  and 
MCLK  OUT. 

Address  Input.  With  this  input  low,  reading  and  writing  to  the  device  is  to  the  control  register.  With 
this  input  high,  access  is  to  either  the  data  register  or  the  calibration  registers. 
Logic  Input  which  allows  for  synchronization  of  the  digital  filters  when  using  a  number  of 
AD7710/AD7712s.  It  resets  the  nodes  of  the  digital  filter. 

Logic  Input.  When  this  pin  is  high,  the  device  is  in  its  self-clocking  mode;  with  this  pin  low,  the  device 
is  in  its  external  clocking  mode. 

Analog  Input  Channel  1 .  Positive  input  of  the  programmable  gain  differential  analog  input.  The 
AIN1(+)  input  is  connected  to  an  output  current  source  which  can  be  used  to  check  that  an  external 
transducer  has  burnt  out  or  gone  open  circuit.  This  output  current  source  can  be  turned  on/off  via  the 
control  register. 

Analog  Input  Channel  1.  Negative  input  of  the  programmable  gain  differential  analog  input. 
AD7710  Only.  Analog  Input  Channel  2.  Positive  input  of  the  programmable  gain  differential  analog 
input. 

AD7712  Only.  Logic  Input.  Taking  this  pin  low  shuts  down  the  internal  analog  and  digital  circuitry, 
reducing  power  consumption  to  less  than  50  jj.W. 

AD7710  Only.  Analog  Input  Channel  2.  Negative  input  of  the  programmable  gain  differential  analog 
input. 

AD7712  Only.  Test  Pin.  Used  when  testing  Ihe  device.  Do  not  connect  anything  to  this  pin. 
Analog  Negative  Supply,  0  V  to  -5  V.  Tied  to  AGND  for  single  supply  operation.  The  input  voltage 
on  AIN1  should  not  go  >  30  mV  negative  w.r.t.  Vss  for  correct  operation  of  the  device. 
Analog  Positive  Supply  Voltage,  +5  V  to  +10  V. 

Input  Bias  Voltage.  This  input  voltage  should  be  set  such  that  VBIAS  +  0.85  x  VREF  <  AVDD  and 
Vbias  "  0.85  x  VREF  >  Vss  where  VREF  is  REF  IN(+)  -  REF  IN(-).  Ideally,  this  should  be  tied 
halfway  between  AVDD  and  Vss.  Thus,  with  AVDD  =  +5  V  and  Vss  =  0,  it  can  be  tied  to  REF  OUT; 
with  AVDD  =  +5  V  and  Vss  =  -5  V,  it  can  be  tied  to  AGND,  while  with  AVDD  =  + 10  V,  it  can  be 
tied  to  +5  V  or  to  REF  OUT. 

Reference  Input.  The  REF  IN(-)  can  he  anywhere  between  AVDD  and  Vss  provided  REF  IN(-f-)  is 
greater  than  REF  IN(-). 

Reference  Input.  The  reference  input  is  differential  providing  that  REF  IN(+)  is  greater  than  REF 
IN(-).  REF  IN(+)  can  he  anywhere  between  AVDD  and  Vss. 

Reference  Output.  The  internal  +2.5  V  reference  is  provided  at  this  pin.  This  is  a  single-ended  output 
which  is  referred  to  AGND. 

AD7710  Only.  Compensation  Current  Output.  A  20  (jlA  constant  current  is  provided  at  this  pin.  This 
current  can  be  used  in  conjunction  with  an  external  thermistor  to  provide  cold  junction  compensation. 
AD7712  Only.  Analog  Input  Channel  2.  High  level  analog  input  which  accepts  an  analog  input  voltage 
range  of  ±4  x  VREF/GAIN.  At  the  nominal  VREF  of  +2.5  V  and  a  gain  of  1,  the  AIN2  input  voltage 
range  is  ±  10  V. 

Ground  reference  point  for  analog  circuitry. 

 !  
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21 


22 


23 


24 


RFS 


DRDY 


SDATA 


DGND 


serial  data  expected  after  the  falling  edge  of  this  pulse.  In  the  self-clocking  mode,  the  serial  clock 
becomes  active  after  TFS  goes  low.  In  the  external  clocking  mode,  TFS  must  go  low  before  the  first  bit 
of  the  data  word  is  written  to  the  part. 

Receive  Frame  Synchronization.  Active  low  logic  input  used  to  access  serial  data  from  the  device.  In  the 
self-clocking  mode,  the  SCLK  and  SDATA  lines  both  become  active  after  RFS  goes  low.  In  the  external 
clocking  mode,  the  SDATA  line  becomes  active  after  RFS  goes  low. 

Logic  output.  A  falling  edge  indicates  that  a  new  output  word  is  available  for  transmission.  The  DRDY 
pin  will  return  high  upon  completion  of  transmission  of  a  full  output  word.  DRDY  is  also  used  to 
indicate  when  the  AD7710/AD7712  has  completed  its  on-chip  calibration  sequence. 
Serial  Data.  Input/Output  with  serial  data  being  written  to  the  control  register  or  the  calibration 
registers  and  serial  data  being  accessed  from  the  control  register,  calibration  registers  or  the  data 
register.  During  an  output  data  read  operation,  serial  data  becomes  active  after  RFS  goes  low  (provided 
DRDY  is  low).  During  a  write  operation,  valid  serial  data  is  expected  on  the  rising  edges  of  SCLK 
when  TFS  is  low.  The  output  data  coding  is  natural  binary  for  unipolar  inputs  and  offset  binary  for 
bipolar  inputs. 

Digital  Supply  Voltage,  +5  V.  DVDD  should  never  exceed  AVDD  by  more  than  0.3  V.  If  DVDD  powers 
up  before  AVDD,  or  if  DVDD  can  exceed  AVDD  by  more  than  0.3  V  at  any  other  time,  the  protection 
scheme  outlined  in  Figure  5  should  be  used. 
Ground  reference  point  for  digital  circuitry. 


TERMINOLOGY 
INTEGRAL  NONLINEARITY 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero  scale  (not  to  be  confused 
with  bipolar  zero),  a  point  0.5  LSB  below  the  first  code  transi- 
tion (000  .  .  .  000  to  000  .  .  .  001)  and  full-scale,  a  point  0.5  LSB 
above  the  last  code  transition  (111  .  .  .  110  to  111  .  .  .  111). 
The  error  is  expressed  as  a  percentage  of  full  scale. 

POSITIVE  FULL-SCALE  ERROR 

Positive  full-scale  error  is  the  deviation  of  the  last  code  transi- 
tion (111  .  .  .  110  to  111  .  .  .  Ill)  from  the  ideal  input  full-scale 
voltage.  For  AIN(+),*  the  ideal  full-scale  input  voltage  is 
(AIN(-)  +  VREF/GAIN  -3/2  LSBs);  for  AIN2  of  AD7712,  the 
ideal  full-scale  voltage  is  +4  x  VREF/GAIN  -3/2  LSBs.  Positive 
full-scale  error  applies  to  both  unipolar  and  bipolar  analog  input 
ranges. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  offset  error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  input  voltage.  For  AIN(+),  the  ideal  input 
voltage  is  (AIN(-)  +0.5  LSB);  for  AIN2  of  AD7712,  the  ideal 
input  is  0.5  LSB  when  operating  in  the  unipolar  mode. 

BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  midscale  transition  (0111  ...  Ill  to 
1000  .  .  .  000)  from  the  ideal  input  voltage.  For  AIN(+),  the 
ideal  input  voltage  is  (AIN(-)  -0.5  LSB);  for  AIN2  of 
AD7712,  the  ideal  input  voltage  is  -0.5  LSB  when  operating  in 
the  bipolar  mode. 

BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
input  voltage.  For  AIN(+),  the  ideal  input  voltage  is  (AIN(-) 
-VREF/GAIN  +  0.5  LSB);  for  AIN2  of  AD7712,  the  ideal 
input  voltage  is  (-4  x  VREF/GAIN+0.5  LSB)  when  operating 
in  the  bipolar  mode. 


POSITIVE  FULL-SCALE  OVERRANGE 

Positive  full-scale  overrange  is  the  amount  of  overhead  avail- 
able to  handle  input  voltages  on  AIN(+)  input  greater  than 
(AIN(-)+VREF/GAIN)  or  on  AIN2  of  AD7712  of  greater  than 
+4  x  VREF/GAIN  (for  example,  noise  peaks  or  excess  voltages 
due  to  system  gain  errors  in  system  calibration  routines)  without 
introducing  errors  due  to  overloading  the  analog  modulator  or 
overflowing  the  digital  filter. 

NEGATIVE  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages  on 
AIN(+)  below  (AIN(-)-VREF/GAIN)  or  on  AIN2  of  AD7712 
below  —4  x  VREF/GAIN  without  overloading  the  analog  modu- 
lator or  overflowing  the  digital  filter.  Note  that  the  analog  input 
will  accept  negative  voltage  peaks  on  AIN1(+)  even  in  the  uni- 
polar mode  provided  that  AIN(+)  is  greater  than  AIN(-)  and 
greater  than  Vss  -30  mV. 

OFFSET  CALIBRATION  RANGE 

In  the  system  calibration  modes,  the  AD7710/AD7712  calibrates 
its  offset  with  respect  to  the  analog  input.  The  offset  calibration 
range  specification  defines  the  range  of  voltages  that  the 
AD7710/AD7712  can  accept  and  still  calibrate  offset  accurately. 

FULL-SCALE  CALIBRATION  RANGE 

This  is  the  range  of  voltages  that  the  AD7710/AD7712  can 
accept  in  the  system  calibration  mode  and  still  calibrate  full 
scale  correctly. 

INPUT  SPAN 

In  system  calibration  schemes,  two  voltages  applied  in  sequence 
to  the  AD7710/AD7712's  analog  input  define  the  analog  input 
range.  The  input  span  specification  defines  the  minimum  and 
maximum  input  voltages  from  zero  to  full-scale  that  the 
AD7710/AD7712  can  accept  and  still  calibrate  gain  accurately. 

*AIN(  +  )  refers  to  AIN1(+)  and  AIN2(+)  of  AD7710  and  AIN1(+)  of 
AD7712.  AIN(-)  refers  to  AINl(-)  and  AIN2(-)  of  AD7710  and 
AINl(-)of  AD7712. 
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CONTROL  REGISTER  (24  BITS) 


A  write  to  the  device  with  the  AO  input  low  writes  data  to  the  control  register.  A  read  to  the  device  with  the  AO  input  low  accesses 
the  contents  of  the  control  register.  The  control  register  is  24-bits  wide  and  when  writing  to  the  register  24  bits  of  data  must  be  writ- 
ten otherwise  the  data  will  not  be  loaded  to  the  control  register.  In  other  words,  it  is  not  possible  to  write  just  the  first  12-bits  of  data 
into  the  control  register.  If  more  than  24  clock  pulses  are  provided  before  TFS  returns  high,  then  all  clock  pulses  after  the  24th  clock 
pulse  are  ignored.  Similarly,  a  read  operation  from  the  control  register  should  access  24  bits  of  data. 

MSB 


MD2 

MD1 

MDO 

G2 

Gl 

GO 

CH 

PD 

WL 

IO1 

BO 

B/U 

FS112 

FS10 

FS9 

FS8 

FS7 

FS6 

FS5 

FS4 

FS3 

FS2 

FS1 

FSO 

'Don't  Care  on  AD7712. 

2Must  always  be  0  to  ensure  correct  operation  of  the  part. 


LSB 


Operating  Mode 


MD1 

MDO 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

p  f  T' 

Operating  Mode 





Normal  Mode.  This  is  the  normal  mode  of  operation  of  the  device  whereby  a  read  to  the  device  accesses 
data  from  the  data  register.  This  is  the  default  condition  of  these  bits  after  the  internal  power-on  reset. 
Activate  Self-Calibration.  This  activates  self-calibration  on  the  channel  selected  by  CH.  This  is  a  one-step 
calibration  sequence,  and  when  complete  the  part  returns  to  Normal  Mode  (with  MD2,  MD1,  MDO  of  the 
control  registers  returning  to  0,0,0).  The  DRDY  output  indicates  when  this  self-calibration  is  complete  and 
valid  data  is  available  in  the  output  register.  For  this  calibration  type,  the  zero  scale  calibration  is  done  inter- 
nally on  shorted  (zeroed)  inputs  and  the  full-scale  calibration  is  done  on  VREF. 

Activate  System  Calibration.  This  activates  system  calibration  on  the  channel  selected  by  CH.  This  is  a  two- 
step  calibration  sequence,  with  the  zero  scale  calibration  done  first  on  the  selected  input  channel  and  DRDY 
indicating  when  this  zero  scale  calibration  is  complete.  The  part  returns  to  Normal  Mode  at  the  end  of  this 
first  step  in  the  two-step  sequence. 

Activate  System  Calibration.  This  is  the  second  step  of  the  system  calibration  sequence  with  full-scale  cali- 
bration being  performed  on  the  selected  input  channel.  Once  again,  DRDY  indicates  when  this  full-scale 


calibration  is  complete.  When  this  calibration  is  con 




:te,  the  part  returns  to 


ormal 


CH. 


Activate  System-Offset  Calibration.  This  activates  system-offset  calibration  on  the  channel  s 
This  is  a  one-step  calibration  sequence  and  when  complete  the  part  returns  to  Normal  Mode 
indicating  when  this  system  offset  calibration  is  complete.  For  this  calibration  type,  the  zero  scale  calibration 
is  done  on  the  selected  input  channel  and  the  full-scale  calibration  is  done  internally  on  VREF. 
Activate  Background  Calibration.  This  activates  background  calibration  on  the  channel  selected  by  CH.  If 
the  background  calibration  mode  is  on,  then  the  AD7710/AD7712  provides  continuous  self-calibration  of  the 
reference  and  shorted  (zeroed)  inputs.  This  calibration  takes  place  as  part  of  the  conversion  sequence, 
extending  the  conversion  time  and  reducing  the  word  rate  by  a  factor  of  six.  Its  major  advantage  is  that  the 
user  does  not  have  to  worry  about  recalibrating  the  device  when  there  is  a  change  in  the  ambient  tempera- 
ture. In  this  mode,  shorted  (zeroed)  inputs  and  V^p,  as  well  as  the  analog  input  voltage,  are  continuously 
monitored  and  the  calibration  registers  of  the  device  are  automatically  updated. 

Read/Write  Zero-Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents  of 
the  zero  scale  calibration  coefficients  of  the  channel  selected  by  CH.  A  write  to  the  device  with  AO  high 
writes  data  to  the  zero  scale  calibration  coefficients  of  the  channel  selected  by  CH.  The  word  length  for 
reading  and  writing  these  coefficients  is  24  bits  regardless,  of  the  status  of  the  WL  bit  of  the  control  regis- 
ter. Therefore,  when  writing  to  the  calibration  register,  24  bits  of  data  must  be  written,  otherwise  the  new 
data  will  not  be  transferred  to  the  calibration  register. 

Read/Write  Full-Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents  of 
the  full-scale  calibration  coefficients  of  the  channel  selected  by  CH.  A  write  to  the  device  with  AO  high 
writes  data  to  the  full-scale  calibration  coefficients  of  the  channel  selected  by  CH.  The  word  length  for  read- 
ing and  writing  these  coefficients  is  24  bits,  regardless  of  the  status  of  the  WL  bit  of  the  control  register. 
Therefore,  when  writing  to  the  calibration  register,  24  bits  of  data  must  be  written,  otherwise  the  new  data 
will  not  be  transferred  to  the  calibration  register. 
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PGA  Gain 

G2  Gl    GO  Gain 

0  0       0       1  (Default  Condition  After  the  Internal  Power-On  Reset) 

0  0  12 

0  10  4 

0  118 

1  0  0  16 
1  0       1  32 

i  i'o    jg*]^  |  oa  I  ro7  j  ~rw  '  oo  I    to  j    ^.uaM^K^  1 

1       1       1  128 
Channel  Selection 
CH  Channel 

0  AIN1        Low  Level  Input      (Default  Condition  After  the  Internal  Power-On  Reset) 

1  AIN2         High  Level  Input 

Power-Down 
PD 

0  Normal  Operation      (Default  Condition  After  the  Internal  Power-On  Reset) 

1  Power-Down 

Word  Length 

WL    Output  Word  Length 

0  16-Bit       (Default  Condition  After  Internal  Power-On  Reset) 

1  24-Bit 

-isini  snot  «  .loumoile)  at.    m  mi  ,sem  noiwittifca  tun  t  >  i»Ja 
Output  Compensation  Current  (AD7710  Only) 

IO 

0        Off      (Default  Condition  After  Internal  Power-On  Reset) 

t  iirti  'tO*na  J<fc  M  thcti  \mUoft  M  MMM  nsq  trl T  .ajalqn.oo  a  no  WiHi'ki        cos  til 

Burn-Out  Current 
BO 

0        Off      (Default  Condition  After  Internal  Power-On  Reset) 

j  abor,  birmoi-1  01  ann-lr:  juq  sl  .  ..  wqmv  .  .  .  ."iiJ«rrotl«3  bid  omT/7  MM) 
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Bipolar;  umpoiar  selection  1,0010  inputs; 
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0  Bipolar      (Default  Condition  After  Internal  Power-On  Reset) 

1  Unipolar 

Filter  Selection  (FS11-FS0) 

The  on-chip  digital  filter  provides  a  Sine3  (or  (Sinx/x)3)  filter  response.  The  12  bits  of  data  programmed  into  these  bits  determine  the 
filter  cutoff  frequency,  the  position  of  the  first  notch  of  the  filter  and  the  data  rate  for  the  part.  In  association  with  the  gain  selection, 
it  also  determines  the  output  noise  (and  hence  the  effective  resolution)  of  the  device. 

The  first  notch  of  the  filter  occurs  at  a  frequency  determined  by  the  relationship:  filter  first  notch  frequency  =  (fcLic  in"  12)/code 
where  code  is  the  decimal  equivalent  of  the  code  in  bits  FS0  to  FS11  and  is  in  the  range  19  to  2,000.  With  the  nominal  fCLK  m  of 
10  MHz,  this  results  in  a  first  notch  frequency  range  from  9.76  Hz  to  1.028  kHz.  To  ensure  correct  operation  of  the  part,  the  value 
of  the  code  loaded  to  these  bits  must  be  within  this  range.  Failure  to  do  this  will  result  in  unspecified  operation  of  the  device. 

Changing  the  filter  notch  frequency,  as  well  as  the  selected  gain,  impacts  resolution.  Tables  I  and  II  show  the  effect  of  the  filter 
notch  frequency  and  gain  on  the  effective  resolution  of  the  part.  The  output  data  rate  (or  effective  conversion  time)  for  the  device  is 
equal  to  the  frequency  selected  for  the  first  notch  of  the  filter.  For  example,  if  the  first  notch  of  the  filter  is  selected  at  50  Hz,  then  a 
new  word  is  available  at  a  50  Hz  rate  or  every  20  ms.  If  the  first  notch  is  at  1  kHz,  a  new  word  is  available  every  1  ms. 

The  settling  time  of  the  filter  to  a  full-scale  step  input  change  is  worst  case  4  x  l/(output  data  rate).  This  settling  time  is  to  100%  of 
the  final  value.  For  example,  with  the  first  filter  notch  at  50  Hz,  the  settiing  time  of  the  filter  to  a  full-scale  step  input  change  is 
80  ms  max.  If  the  first  notch  is  at  1  kHz,  the  settling  time  of  the  filter  to  a  full-scale  input  step  is  4  ms  max.  This  settling  time  can 
be  reduced  to  3  x  1 /(output  data  rate)  by  synchronizing  the  step  input  change  to  a  reset  of  the  digital  filter.  In  other  words,  if  the 
step  input  takes  place  with  SYNC  low,  the  settling  time  will  be  3  x  l/(output  data  rate).  If  a  change  of  channel  takes  place,  the  set- 
tling time  is  3  x  l/(output  data  rate)  regardless  of  the  SYNC  input,  but  DRDY  does  not  stay  high  for  3  x  1/output  rate. 

The  -3  dB  frequency  is  determined  by  the  programmed  first  notch  frequency  according  to  the  relationship:  filter  -3  dB  frequency 
-  0.262  x  first  notch  frequency,  but  DRDY  does  not  stay  high  for  3  x  1/output  rate. 
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Tables  I  and  II  show  the  output  rms  noise  for  some  typical  notch  and  -3  dB  frequencies.  The  numbers  given  are  for  the  bipolar 
input  ranges  with  a  VREF  of  +2.5  V.  These  numbers  are  typical  and  are  generated  with  an  analog  input  voltage  of  0  V.  The  output 
noise  from  the  part  comes  from  two  sources.  First,  there  is  the  electrical  noise  in  the  semiconductor  devices  used  in  the  implementa- 
tion of  the  modulator  (device  noise).  Secondly,  when  the  analog  input  signal  is  converted  into  the  digital  domain,  quantization  noise 
is  added.  The  device  noise  is  at  a  low  level  and  is  largely  independent  of  frequency.  The  quantization  noise  starts  at  an  even  lower 
level  but  rises  rapidly  with  increasing  frequency  to  become  the  dominant  noise  source.  Consequently,  lower  filter  notch  settings 
(below  60  Hz  approximately)  tend  to  be  device  noise  dominated  while  higher  notch  settings  are  dominated  by  quantization  noise. 
Changing  the  filter  notch  and  cutoff  frequency  in  the  quantization  noise  dominated  region  results  in  a  more  dramatic  improvement  in 
noise  performance  than  it  does  in  the  device  noise  dominated  region  as  shown  in  Table  I.  Furthermore,  quantization  noise  is  added 
after  the  PGA,  so  effective  resolution  is  independent  of  gain  for  the  higher  filter  notch  frequencies.  Meanwhile,  device  noise  is  added 
in  the  PGA,  and  therefore  effective  resolution  suffers  a  little  at  high  gains  for  lower  notch  frequencies. 

At  the  lower  filter  notch  settings  (below  60  Hz),  the  no  missing  codes  performance  of  the  device  is  at  the  24-bit  level.  At  the  higher 
settings,  more  codes  will  be  missed  until  at  1  kHz  notch  setting,  no  missing  codes  performance  is  only  guaranteed  to  the  12-bit  level. 
However,  since  the  effective  resolution  of  the  part  is  10.5  bits  for  this  filter  notch  setting,  this  no  missing  codes  performance  should 
be  more  than  adequate  for  all  applications. 

The  effective  resolution  of  the  device  is  defined  as  the  ratio  of  the  output  rms  noise  to  the  input  full  scale.  This  does  not  remain  con- 
stant with  increasing  gain  or  with  increasing  bandwidth.  Table  II  shows  the  same  table  as  Table  I  except  that  the  output  is  now 
expressed  in  terms  of  effective  resolution  (the  magnitude  of  the  rms  noise  with  respect  to  2  x  VREF/GAIN,  i.e.,  the  input  full  scale). 
It  is  possible  to  do  post  filtering  on  the  device  to  improve  the  output  data  rate  for  a  given  -3  dB  frequency  and  also  to  further  reduce 
the  output  noise  (see  Digital  Filtering  section). 

■ 

Table  I.  Output  Noise  vs.  Gain  and  First  Notch  Frequency 


First  Notch  of 

Typical  Output  RMS 

Noise  (|xV 

Filter  and  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate1 

Frequency 

1 

2 

4 

8 

16 

32 

64 

128 

10  Hz2 

2.62  Hz 

1.7 

1.0 

0.5 

0.36 

0.36 

0.36 

0.36 

0.36 

25  Hz2 

6.55  Hz 

4.9 

2.2 

1.2 

0.6 

0.36 

0.36 

0.36 

0.36 

30  Hz2 

7.86  Hz 

6.1 

2.4 

1.2 

0.84 

0.5 

0.36 

0.36 

0.36 

50  Hz2 

13.1  Hz 

7.5 

3.8 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

60  Hz2 

15.72  Hz 

8.5 

4.0 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

100  Hz3 

26.2  Hz 

13 

6.4 

3.7 

1.8 

1.1 

0.9 

0.65 

0.65 

250  Hz3 

65.5  Hz 

130 

75 

25 

12 

7.5 

4 

2.7 

1.7 

500  Hz3 

131  Hz 

0.6  x  103 

0.26  x  103 

140 

70 

35 

25 

15 

8 

1  kHz3 

262  Hz 

3.1  x  103 

1.6  x  103 

0.7  x  103 

0.29  x  103 

180 

120 

70 

40 

NOTES 

jThe  default  condition  (after  the  internal  power-on  reset)  for  the  first  notch  of  filter  is  60  Hz. 

For  these  filter  notch  frequencies,  the  output  rms  noise  is  primarily  dominated  by  device  noise  and  as  a  result  is  independent  of  the  value  of  the  reference  volt- 
age. Therefore,  increasing  the  reference  voltage  will  give  an  increase  in  the  effective  resolution  of  the  device  (i.e.,  the  ratio  of  the  rms  noise  to  the  input  f 
scale  is  increased  since  the  output  rms  noise  remains  constant  as  the  input  full-scale  increases). 

'For  these  filter  notch  frequencies,  the  output  rms  noise  is  dominated  by  quantization  noise  and  as  a  result  is  proportional  to  the  ^ 
Table  II.  Effective  Resolution  vs.  Gain  and  First  Notch  Frequency 


First  Notch  of 

Effective  Res 

station1  (Bits) 

Filter  and  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

2 

4 

8 

16 

32 

64 

128 

10  Hz 

2.62  Hz 

21.5 

21.5 

21.5 

20.5 

19.5 

18.5 

17.5 

16.5 

25  Hz 

6.55  Hz 

20 

20 

20 

20 

19.5 

18.5 

17.5 

16.5 

30  Hz 

7.86  Hz 

19.5 

20 

20 

19.5 

19.5 

18.5 

17.5 

16.5 

50  Hz 

13.1  Hz 

19.5 

19.5 

19.5 

19.5 

19 

18.5 

17.5 

16.5 

60  Hz 

15.72  Hz 

19 

19.5 

19.5 

19.5 

19 

18.5 

17.5 

16.5 

100  Hz 

26.2  Hz 

18.5 

18.5 

18.5 

18.5 

18 

17.5 

17 

16 

250  Hz 

65.5  Hz 

15 

15 

15.5 

15.5 

15.5 

15.5 

15 

14.5 

500  Hz 

131  Hz 

13 

13 

13 

13 

13 

12.5 

12.5 

12.5 

1  kHz 

262  Hz 

10.5 

10.5 

11 

11 

11 

10.5 

10 

10 

NOTE 

'Effective  resolution  is  defined  as  the  magnitude  of  the  output  rms  noise  with  respect  to  the  input  full  scale  (i.e.,  2  x  VREF/GAIN).  The  above  table  applies  for 
a  VREF  of  +2.5  V  and  resolution  numbers  are  rounded  to  the  nearest  0.5  LSB. 
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CIRCUIT  DESCRIPTION 

The  AD7710/AD7712  is  a  sigma-delta  A/D  converter  with 
on-chip  digital  filtering,  intended  for  the  measurement  of  wide 
dynamic  range,  low  frequency  signals  such  as  those  in  industrial 
control  or  process  control  applications.  It  contains  a  sigma-delta 
(or  charge  balancing)  ADC,  a  calibration  microcontroller  with 
on-chip  static  RAM,  a  clock  oscillator,  a  digital  filter  and  a  bidi- 
rectional serial  communications  port. 

The  part  contains  two  programmable  gain  analog  input  chan- 
nels. The  gain  range  on  both  inputs  is  from  1  to  128.  For  the 
differential  inputs,  this  means  that  the  input  can  accept  unipolar 
signals  of  between  0  mV  to  +20  mV  and  0  mV  to  +2.5  V  or 
bipolar  signals  in  the  range  from  ±20  mV  to  ±2.5  V  when  the 
reference  input  voltage  equals  +2.5  V.  The  input  voltage  range 
for  the  AIN2  input  of  the  AD7712  is  ±4  x  VREF/GAIN  and  is 
±  10  V  with  the  nominal  reference  of  +2.5  V  and  a  gain  of  1. 
The  input  signal  to  the  selected  analog  input  channel  is  continu- 
ously sampled  at  a  rate  determined  by  the  frequency  of  the  mas- 
ter clock,  CLK  IN,  and  the  selected  gain  (see  Table  III).  A 
charge  balancing  A/D  converter  (Sigma-Delta  Modulator)  con- 
verts the  sampled  signal  into  a  digital  pulse  train  whose  duty 
cycle  contains  the  digital  information.  The  programmable  gain 
function  on  the  analog  input  is  also  incorporated  in  this  sigma- 
delta  modulator  with  the  input  sampling  frequency  being  modi- 
fied to  give  the  higher  gains.  A  sine3  digital  low-pass  filter 
processes  the  output  of  the  sigma-delta  modulator  and  updates 
the  output  register  at  a  rate  determined  by  the  first  notch  fre- 
quency of  this  filter.  The  output  data  can  be  read  from  the 
serial  port  randomly  or  periodically  at  any  rate  up  to  the  output 
register  update  rate.  The  first  notch  of  this  digital  filter  (and 
hence  its  -3  dB  frequency)  can  be  programmed  via  an  on-chip 
control  register.  The  programmable  range  for  this  first  notch 
frequency  is  from  9.76  Hz  to  1.028  kHz,  giving  a  programmable 
range  for  the  -3  dB  frequency  of  2.58  Hz  to  269  Hz. 

The  AD7710/AD7712  provides  a  number  of  calibration  options 
which  can  be  programmed  via  the  on-chip  control  register.  A 
calibration  cycle  may  be  initiated  at  any  time  by  writing  to  this 
control  register.  The  part  can  perform  self-calibration  using  the 
on-chip  calibration  microcontroller  and  SRAM  to  store  calibra- 
tion parameters.  Other  system  components  may  also  be  included 
in  the  calibration  loop  to  remove  offset  and  gain  errors  in  the 
input  channel  using  the  system  calibration  mode.  Another 
option  is  a  background  calibration  mode  where  the  part  continu- 
ously performs  self-calibration  and  updates  the  calibration  coeffi- 
cients. Once  the  pan  is  in  this  mode,  the  user  does  not  have  to 
worry  about  issuing  periodic  calibration  commands  to  the  device 
or  asking  the  device  to  recalibrate  when  there  is  a  change  in  the 
ambient  temperature  or  power  supply  voltage. 


The  AD7710/AD7712  gives  the  user  access  to  the  on-chip  cali- 
bration registers  allowing  the  microprocessor  to  read  the  device's 
calibration  coefficients  and  also  to  write  its  own  calibration  coef- 
ficients to  the  part  from  prestored  values  in  E2PROM.  This 
gives  the  microprocessor  much  greater  control  over  the  part's 
calibration  procedure.  It  also  means  that  the  user  can  verify  that 
the  device  has  performed  its  calibration  correctly  by  comparing 
the  coefficients  after  calibration  with  prestored  values  in 
E2PROM. 

The  AD7710/AD7712  can  be  operated  in  single  supply  systems 
provided  that  the  analog  input  voltage  on  the  differential  inputs 
does  not  go  more  negative  than  -30  mV.  For  larger  bipolar  sig- 
nals on  the  differential  inputs,  a  Vss  of  -5  V  is  required  by  the 
part.  For  battery  operation  or  low  power  systems,  the  part  offers 
a  standby  mode  that  reduces  idle  power  consumption  to  typi- 
cally 100  uW  on  AD7712  and  7  u-W  on  AD7710. 

The  AD7710/AD7712  uses  a  second-order  sigma-delta  modula- 
tor and  a  digital  filter  that  provides  a  rolling  average  of  the  sam- 
pled output.  After  power-up,  or  if  there  is  a  step  change  in  the 
input  voltage,  there  is  a  settling  time  that  must  elapse  before 
valid  data  is  obtained. 

Input  Sample  Rate 

The  modulator  sample  frequency  for  the  device  remains  at 


s/512  (19.5  kHz  @  fc 


10  MHz)  regardless  of 


the  selected  gain.  However,  gains  greater  than  x  1  are  achieved 
by  a  combination  of  multiple  input  samples  per  modulator  cycle 
and  a  scaling  of  the  ratio  of  reference  capacitor  to  input  capaci- 
tor. As  a  result  of  the  multiple  sampling,  the  input  sample  rate 
of  the  device  varies  with  the  selected  gain  (see  Table  III).  The 

effective  input  impedance  is  1/C  >  fs  where  C  is  the  input  sam- 
pling capacitance  and  fs  is  the  input  sample  rate. 

Table  III.  Input  Sampling  Frequency  vs.  Gain 


Gain 


1 
2 
4 
8 

16 
32 
64 
128 


Input  Sampling  Frequency  (fs) 


4  x 


8  x 


fcoc  in/512  (19 
2  x  <cLK  in/512 
fcLK  in/512 
fcLK  in/512 
fcLK  in/512 
fc.LK  in/512 
fcLK  in/512 
in/512 


5  kHz  @  fCLK  IN  =  10  MHz) 
(39  kHz  @  fCLK  jN  =  10  MHz) 
(78  kHz  @  fCLK  in  =  10  MHz) 
(156  kHz  @  fCLK  IN  =  10  MHz) 
(156  kHz  @  fCLK  IN  =  10  MHz) 
(156  kHz  @  fCLK  IN  =  10  MHz) 
(156  kHz  @  fCLK  IN  =  10  MHz) 
(156  kHz  @  fCLK  IN  =  10  MHz) 
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DIGITAL  FILTERING 

The  part's  digital  filter  behaves  like  a  similar  analog  filter,  with 
a  few  minor  differences. 

First,  since  digital  filtering  occurs  after  the  A-to-D  conversion 
process,  it  can  remove  noise  injected  during  the  conversion  pro- 
cess. Analog  filtering  cannot  do  this. 

On  the  other  hand,  analog  filtering  can  remove  noise  superim- 
posed on  the  analog  signal  before  it  reaches  the  ADC.  Digital 
filtering  cannot  do  this  and  noise  peaks  riding  on  signals  near 
full-scale  have  the  potential  to  saturate  the  analog  modulator  and 
digital  filter,  even  though  the  average  value  of  the  signal  is 
within  limits.  To  alleviate  this  problem,  the  part  has  over-range 
headroom  built  into  the  sigma-delta  modulator  and  digital  filter 
which  allows  overrange  excursions  of  5%  above  the  analog  input 
range.  If  noise  signals  are  larger  than  this,  consideration  should 
be  given  to  analog  input  filtering,  or  to  reducing  the  input  chan- 
nel voltage  so  that  its  full-scale  is  half  that  of  the  analog  input 
channel  full-scale.  This  will  provide  an  overrange  capability 
greater  than  100%  at  the  expense  of  reducing  the  dynamic  range 
by  1  bit  (50%). 

Filter  Characteristics 

The  cutoff  frequency  of  the  digital  filter  is  determined  by  the 
value  loaded  to  bits  FSO  to  FS11  in  the  control  register.  At  the 
maximum  clock  frequency  of  10  MHz,  the  minimum  cutoff  fre- 
quency of  the  filter  is  2.58  Hz  while  the  maximum  programma- 
ble cutoff  frequency  is  269  Hz. 

Figure  2  shows  the  filter  frequency  response  for  a  cutoff  fre- 
quency of  2.62  Hz  which  corresponds  to  a  first  filter  notch  fre- 
quency of  10  Hz.  This  is  a  (sinx/x)3  response  (also  called  sine3) 
that  provides  >100  dB  of  50  Hz  and  60  Hz  rejection.  Program- 
ming a  different  cutoff  frequency  via  FSO-FS 1 1  does  not  alter 
the  profile  of  the  filter  response,  it  changes  the  frequency  of  the 
notches  as  outlined  in  the  Control  Register  section. 
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Since  the  AD7710/AD7712  contains  this  on-chip,  low-pass  filter- 
ing, there  is  a  settling  time  associated  with  step  function  inputs 
and  data  on  the  output  will  be  invalid  after  a  step  change  until 
the  settling  time  has  elapsed.  The  settling  time  depends  upon 
the  notch  frequency  chosen  for  the  filter.  The  output  data  rate 
equates  to  this  filter  notch  frequency  and  the  settling  time  of  the 
filter  to  a  full-scale  step  input  is  4  times  the  output  data  period. 
In  applications  using  both  input  channels,  the  settling  time  of 
the  filter  must  be  allowed  to  elapse  before  data  from  the  second 
channel  is  accessed. 

Post  Filtering 

The  on-chip  modulator  provides  samples  at  a  19.5  kHz  output 
rate.  The  on-chip  digital  filter  decimates  these  samples  to  pro- 
vide data  at  an  output  rate  which  corresponds  to  the  pro- 
grammed first  notch  frequency  of  the  filter.  Since  the  output 
data  rate  exceeds  the  Nyquist  criterion,  the  output  rate  for  a 
given  bandwidth  will  satisfy  most  application  requirements. 
However,  there  may  be  some  applications  which  require  a 
higher  data  rate  for  a  given  bandwidth  and  noise  performance. 
Applications  which  need  this  higher  data  rate  will  require  some 
post  filtering  following  the  digital  filter  of  the  AD7710/AD7712. 

For  example,  if  the  required  bandwidth  is  7.86  Hz  but  the 
required  update  rate  is  100  Hz,  the  data  can  be  taken  from  the 
AD7710/AD7712  at  the  100  Hz  rate  giving  a  -3  dB  bandwidth 
of  26.2  Hz.  Post  filtering  can  be  applied  to  this  to  reduce  the 
bandwidth  and  output  noise,  to  the  7.86  Hz  bandwidth  level, 
while  maintaining  an  output  rate  of  100  Hz. 

Post  filtering  can  also  be  used  to  reduce  the  output  noise  from 
the  device  for  bandwidths  below  2.62  Hz.  At  a  gain  of  128,  the 
output  rms  noise  is  420  nV.  This  is  essentially  device  noise  or 
white  noise,  and  since  the  input  is  chopped,  the  noise  has  a  flat 
frequency  response.  By  reducing  the  bandwidth  below  2.62  Hz, 
the  noise  in  the  resultant  passband  can  be  reduced.  A  reduction 
in  bandwidth  by  a  factor  of  2  results  in  a  y/2  reduction  in  the 
output  rms  noise.  This  additional  filtering  will  result  in  a  longer 
settling  time. 

Antialias  Considerations 

The  digital  filter  does  not  provide  any  rejection  at  integer  multi- 
ples of  the  modulator  sample  frequency  (n  x  19.5  kHz,  where  n 
=  1,  2,  3  ...  ).  This  means  that  there  are  frequency  bands, 
±f3  dB  wide  (f3     is  cutoff  frequency  selected  by  FSO  to  FS1 1) 
where  noise  passes  unattenuated  to  the  output.  However,  due  to 
the  AD7710/AD7712's  high  oversampling  ratio,  these  bands 
occupy  only  a  small  fraction  of  the  spectrum  and  most  broad- 
band noise  is  filtered.  In  any  case,  because  of  the  high  oversam- 
pling ratio  a  simple,  RC,  single  pole  filter  is  generally  sufficient 
to  attenuate  the  signals  in  these  bands  on  the  analog  input  and 
thus  provide  adequate  antialiasing  filtering. 


Figure  2.  Frequency  Response  of  AD7710/AD7712  Filter 
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is  low  enougn  so  as  not  to  introauce  gain  errors  in  uie  system. 
The  dc  input  impedance  for  the  differential  inputs  is  over  1  GO. 
The  input  appears  as  a  dynamic  load  which  varies  with  the  clock 
frequency  and  with  the  selected  gain  (see  Figure  3).  The  input 
sample  rate,  as  shown  in  Table  III,  determines  the  time  allowed 
for  the  analog  input  capacitor,  C,N,  to  be  charged.  External 
impedances  result  in  a  longer  charge  time  for  this  capacitor  and 
this  may  result  in  gain  errors  being  introduced  on  the  analog 
inputs.  Table  IV  shows  the  allowable  external  resistance/ 
capacitance  values  such  that  no  gain  error  to  the  16-bit  level  is 
introduced  while  Table  V  shows  the  allowable  external 
resistance/capacitance  values  such  that  no  gain  error  to  the 
20-bit  level  is  introduced.  Both  inputs  of  the  differential  input 
channels  look  into  similar  input  circuitry. 


SWITCHING  FREQUENCY  DEPENDS  ON 
FCLKIN  AND  SELECTED  GAIN 


Figure  3.  Differential  Inputs  Impedance 


Table  IV.  Typical  External  Series  Resistance  Which  Will  Not 
Introduce  16-Bit  Gain  Error 


External  Capacitance  (pF) 


Gain 

0 

so 

100 

500 

1000 

5000 

1 
2 
4 

8-128 

184  kn 

88.6  kO 
41.4  kn 
17.6  kn 

45.3  kn 

22.1  kn 
io.6  kn 
4.8  kn 

27.1  kn 

13.2  kn 

6.3  kn 
2.9  kn 

7.3  kn 

3.6  kn 

1.7  kn 

790  n 

4.i  kn 
2.0  kn 
970  n 
440  n 

i.i  kn 
560  n 
270  n 

120  n 

■ 




External  Capacitance  (pF) 


Gain 

0 

50 

100 

500 

1000 

5000 

1 
2 
4 

8-128 

145  kn 
70.5  kn 
31.8  kn 
13.4  kn 

34.5  kn 
16.9  kn 
8.0  kn 
3.6  kn 

20.4  kn 

io  kn 

4.8  kn 
2.2  kn 

5.2  kn 
2.5  kn 
1.2  kn 
550  n 

2.8  kn 
1.4  kn 
670  n 

300  n 

700  n 

350  n 

170  n 
so  n 

The  numbers  in  the  above  tables  assume  a  full-scale  change  on 
the  analog  input.  In  any  case,  the  error  introduced  due  to  longer 
charging  times  is  a  gain  error  which  can  be  removed  using  the 
system  calibration  capabilities  of  the  AD7710/AD7712  provided 
that  the  resultant  span  is  within  the  span  limits  of  the  system 
calibration  techniques  for  the  AD7710/AD7712. 

The  AIN2  input  of  the  AD7712  contains  a  resistive  attenuation 
network  as  outlined  in  Figure  4.  The  typical  input  impedance 
on  this  input  is  44  kn.  As  a  result,  the  AIN2  input  of  the 
AD7712  should  be  driven  from  a  low  impedance  source. 


AIN2Q— Wv- 


i 


11kQ  . 


MODULATOR 
CIRCUIT 


y 


Figure  4.  AIN2  of  AD7712  Input  Impedance 
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ANALOG  INPUT  FUNCTIONS 
Analog  Input  Ranges 

The  analog  inputs  on  the  AD77107AD7712  provide  the  user 
with  considerable  flexibility  in  terms  of  analog  input  voltage 
ranges.  One  of  the  inputs  is  a  differential,  programmable  gain, 
input  channel  which  can  handle  either  unipolar  or  bipolar  input 
signals.  The  common  mode  range  of  this  input  is  from  Vss  to 
AVDD  provided  that  the  absolute  value  of  the  analog  input  volt- 
age lies  between  Vss  -30  mV  and  AVDD+30  mV.  The  second 
analog  input  is  a  single-ended,  programmable  gain  high  level 
input  which  accepts  analog  input  ranges  of  0  to  +4  x  Vrep/ 
GAIN  or  ±4  x  VREF/GAIN. 

The  dc  input  leakage  current  on  the  AIN1  input  is  10  pA  maxi- 
mum at  25°C  (±  1  nA  over  temperature).  This  results  in  a  dc 
offset  voltage  developed  across  the  source  impedance.  However, 
this  dc  offset  effect  can  be  compensated  for  by  a  combination  of 
the  differential  input  capability  of  the  part  and  its  system  cali- 
bration mode.  The  dc  input  current  on  the  AIN2  input  depends 
on  the  input  voltage,  For  the  nominal  input  voltage  range  of 
±  10  V,  the  input  current  is  ±225  uA  typ. 

Burn-Out  Current 

The  AIN1(+)  input  of  the  AD7710/AD7712  contains  a  1  uA 
current  source  which  can  be  turned  on/off  via  the  control  regis- 
ter. This  current  source  can  be  used  in  checking  that  a  trans- 
ducer has  not  burnt-out  or  gone  open  circuit  before  attempting 
to  take  measurements  on  that  channel.  If  the  current  is  turned 
on  and  is  allowed  flow  into  the  transducer  and  a  measurement  of 
the  input  voltage  on  the  AIN1  input  is  taken,  it  can  indicate 
that  the  transducer  is  not  functioning  correctly.  For  normal 
operation,  this  burn-out  current  is  turned  off  by  writing  a  0  to 
the  BO  bit  in  the  control  register. 

Bipolar/Unipolar  Inputs 

The  two  analog  inputs  on  the  AD7710/AD7712  can  accept  either 
unipolar  or  bipolar  input  voltage  ranges.  Bipolar  or  unipolar 
options  are  chosen  by  programming  the  B/U  bit  of  the  control 
register.  This  programs  both  channels  for  either  unipolar  or 
bipolar  operation.  Programming  the  part  for  either  unipolar  or 
bipolar  operation  does  not  change  any  of  the  input  signal  condi- 
tioning; it  simply  changes  the  data  output  coding.  The  data  cod- 
ing is  binary  for  unipolar  inputs  and  offset  binary  for  bipolar 
inputs. 

Both  analog  inputs  on  the  AD7710  and  the  AIN1  input  channel 
of  the  AD7712  are  differential  and,  as  a  result,  the  voltage  to 
which  the  unipolar  and  bipolar  signals  are  referenced  is  the  volt- 
age on  the  AIN(-)  input.  For  example,  if  AIN(-)  is  +1.25  V 
and  the  part  is  configured  for  unipolar  operation  with  a  gain  of 
1  and  a  VREF  of  +2.5  V,  the  input  voltage  range  on  the  AIN(+) 
input  is  +1.25  V  to  +3.75  V.  If  AIN(-)  is  +1.25  V  and  the 
part  is  configured  for  bipolar  mode  with  a  gain  of  1  and  a  VREF 
of  +2.5  V,  the  analog  input  range  on  the  AIN(+)  input  is 
-1.25  V  to  +3.75  V.  For  the  AIN2  input  of  the  AD7712,  the 
input  signals  are  referenced  to  AGND. 


REFERENCE  INPUT/OUTPUT 

The  AD7710/AD7712  contains  a  temperature  compensated 
+2.5  V  reference  which  has  an  initial  tolerance  of  ±4%.  This 
reference  voltage  is  provided  at  the  REF  OUT  pin  and  it  can  be 
used  as  the  reference  voltage  for  the  part  by  connecting  the  REF 
OUT  pin  to  the  REF  IN(+)  pin.  This  REF  OUT  pin  is  a 
single-ended  output,  referenced  to  AGND,  which  is  capable  of 
providing  up  to  1mA  to  an  external  load.  In  applications  where 
REF  OUT  is  connected  directly  to  REF  IN(+),  REF  IN(-) 
should  be  tied  to  AGND  to  provide  the  nominal  +2.5  V  refer- 
ence for  the  AD7710/AD7712. 

The  reference  inputs  of  the  AD7710/AD7712,  REF  IN(+)  and 
REF  IN(-),  provide  a  differential  reference  input  capability. 
The  common  mode  range  for  these  differential  inputs  is  from 
Vss  to  AVDD.  The  nominal  differential  voltage,  VreF 
(REF  IN(+)-REF  IN(-)),  is  +2.5  V  for  specified  operation, 
but  the  reference  voltage  can  go  to  +5  V  with  no  degradation  in 
performance  provided  that  the  absolute  value  of  REF  IN(+)  and 
REF  IN(-)  does  not  exceed  its  AVDD  and  Vss  limits  and  the 
VBIAS  input  voltage  range  limits  are  obeyed.  The  pan  is  also 
functional  with  VREF  voltages  down  to  1  V  but  with  degraded 
performance  as  the  output  noise  will,  in  terms  of  LSB  size,  be 
larger.  REF  IN(+)  must  always  be  greater  than  REF  IN(-)  for 
correct  operation  of  the  AD7710/AD7712. 

Both  reference  inputs  provide  a  high  impedance,  dynamic  load 
similar  to  the  AIN1  analog  input.  The  maximum  dc  input  leak- 
age current  is  10  pA  (±  1  nA  over  temperature)  and  source  resis- 
tance may  result  in  gain  errors  on  the  part.  The  reference  inputs 
look  like  the  AIN1  analog  input  (see  Figure  7).  In  this  case, 
RINT  is  5  kfl  typ  and  CINX  varies  with  gain.  The  input  sample 
rate  is  fCLK  rn'512  and  does  not  vary  with  gain.  For  gains  of  1 
to  8  CINT  is  20  pF;  for  a  gain  of  16  it  is  10  pF;  for  a  gain  of  32 
it  is  5  pF;  for  a  gain  of  64  it  is  2.5  pF,  and  for  a  gain  of  128  it 
is  1.25  pF. 

The  digital  filter  of  the  part  removes  noise  from  the  reference 
input  just  as  it  does  with  the  analog  input,  and  the  same  limita- 
tions apply  regarding  lack  of  noise  rejection  at  integer  multiples 
of  the  sampling  frequency.  The  output  noise  performance  out- 
lined in  Tables  I  and  II  assumes  a  clean  reference.  If  the  refer- 
ence noise  in  the  bandwidth  of  interest  is  excessive,  it  can 
degrade  the  performance  of  the  AD7710/AD7712.  Using  the 
on-chip  reference  as  the  reference  source  for  the  part  (i.e.,  con- 
necting REF  OUT  to  REF  IN)  results  in  somewhat  degraded 
output  noise  performance  from  the  AD7710/AD7712  for  por- 
tions of  the  noise  table  that  are  dominated  by  the  device  noise. 
The  on-chip  reference  noise  effect  is  eliminated  in  ratiometric 
applications  where  the  reference  is  used  to  provide  its  excitation 
voltage  for  the  analog  front  end.  Recommended  reference  volt- 
age sources  for  the  AD7710/AD7712  include  the  AD780  and 
AD680  2.5  V  references. 
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Vbias  InP»t 

The  VBIAS  input  determines  at  what  voltage  the  internal  analog 
circuitry  is  biased.  It  essentially  provides  the  return  path  for 
analog  currents  flowing  in  the  modulator  and,  as  such,  it  should 
be  driven  from  a  low  impedance  point  to  minimize  errors. 

For  maximum  internal  headroom,  the  VBIAS  voltage  should  be 
set  halfway  between  AVDD  and  Vss.  The  difference  between 
AVDD  and  (VBIAS  +  0.85  x  VREF)  determines  the  amount  of 
headroom  which  the  circuit  has  at  the  upper  end  while  the  dif- 
ference between  Vss  and  (VBIAS  -  0.85  x  V^)  determines 
the  amount  of  headroom  the  circuit  has  at  the  lower  end.  Care 
should  be  taken  in  choosing  a  VBIAS  voltage  to  ensure  that  is 
stays  within  prescribed  limits.  For  single  +5  V  operation,  the 
selected  VBjAS  voltage  must  ensure  that  VBIAS  ±  0.85  x  VREF 
does  not  exceed  AVDD  or  Vss  or  that  the  VBjAS  voltage  itself  is 
greater  than  Vss  +  2.1  V  and  less  than  AVDD  -  2.1  V.  For 
single  + 10  V  operation  or  dual  ±5  V  operation,  the  selected 
^bias  voltage  must  ensure  that  VBIAS  ±  0.85  x  VREF  does  not 
exceed  AVDD  or  Vss  or  that  the  VBIAS  voltage  itself  is  greater 
than  Vss  +  3  V  or  less  than  AVDD  -  3  V.  For  example,  with 
AVDD  =  +4.75  V,  Vss  =  0  V  and  VREF  =  +2.5  V,  the  allow- 
able range  for  the  VBIAS  voltage  is  +2.125  V  to  +2.625  V.  With 
AVDD  =  +9.5  V,  Vss  =  0  V  and         =  +5  V,  the  range 
for  VBIAS  is  +4.25  V  to  +5.25  V.  With  AVDD  =  +4.75  V, 
Vss  =  -4.75  V  and  VREF  =  +2.5  V,  the  VBIAS  range  is 
-2.625  V  to  +2.625  V. 

The  VBIAS  voltage  does  have  an  effect  on  the  AVDD  power  sup- 
ply rejection  performance  of  the  AD7710/AD7712.  If  the  VBIAS 
voltage  tracks  the  AVDD  supply,  it  improves  the  power  supply 
rejection  from  the  AVDD  supply  line  from  80  dB  to  95  dB. 
Using  an  external  Zener  diode,  connected  between  the  AVDD 
line  and  VBIAS,  as  the  source  for  the  VBIAS  voltage  gives  the 
improvement  in  AVDD  power  supply  rejection  performance. 

USING  THE  AD7710/AD77I2:  SYSTEM  DESIGN 
CONSIDERATIONS 

The  AD7710/AD7712  operates  differendy  from  successive 
approximation  ADCs  or  integrating  ADCs.  Since  it  samples  the 
signal  continuously,  like  a  tracking  ADC,  there  is  no  need  for  a 
start  convert  command.  The  output  register  is  updated  at  a  rate 
determined  by  the  first  notch  of  the  filter  and  the  output  can  be 
read  at  any  time,  either  synchronously  or  asynchronously. 

Clocking 

The  AD7710/AD7712  requires  a  master  clock  input,  which  may 
be  an  external  TTIJCMOS  compatible  clock  signal  applied  to 
the  MCLK  IN  pin  with  the  MCLK  OUT  pin  left  unconnected. 
Alternatively,  a  crystal  of  the  correct  frequency  can  be  con- 
nected between  MCLK  IN  and  MCLK  OUT,  in  which  case  the 
clock  circuit  will  function  as  a  crystal  controlled  oscillator.  For 
lower  clock  frequencies,  a  ceramic  resonator  may  be  used 
instead  of  the  crystal.  For  these  lower  frequency  oscillators, 
external  capacitors  may  be  required  on  either  the  ceramic  reso- 
nator or  on  the  crystal. 


The  input  sampling  frequency,  the  modulator  sampling  fre- 
quency, the  -3  dB  frequency,  output  update  rate  and  calibra- 
tion time  are  all  directly  related  to  the  master  clock  frequency, 
fCLK  nj.  Reducing  the  master  clock  frequency  by  a  factor  of  2 
will  halve  the  above  frequencies  and  update  rate  and  will  double 
the  calibration  time. 

The  current  drawn  from  the  DVDD  power  supply  is  also 
directly  related 

10  fcLK  in-  Reducing  fCLK  in  by  a  factor  of  2 
will  halve  the  DVDD  current  but  will  not  affect  the  current 
drawn  from  the  AVDD  power  supply. 

System  Synchronization 

If  multiple  AD7710/AD7712s  are  operated  from  a  common  mas- 
ter clock,  they  can  be  synchronized  to  update  their  output  regis- 
ters simultaneously.  A  falling  edge  on  the  SYNC  input  resets 
the  filter  and  places  the  AD7710/AD7712  into  a  consistent, 
known  state.  A  common  signal  to  the  AD7710/AD7712s'  SYNC 
inputs  will  synchronize  their  operation.  This  would  normally  be 
done  after  each  AD7710/AD7712  has  performed  its  own  calibra- 
tion or  has  had  calibration  coefficients  loaded  to  it. 

The  SYNC  input  can  also  be  used  to  reset  the  digital  filter  in 
systems  where  the  turn-on  time  of  the  digital  power  supply 
(DVDD)  is  very  long.  In  such  cases,  the  AD7710/AD7712  will 
start  operating  internally  before  the  DVDD  line  has  reached  its 
minimum  operating  level,  +4.75  V.  With  a  low  DVDD  voltage, 
the  AD7710/AD7712's  internal  digital  filter  logic  does  not  oper- 
ate correctly.  Thus,  the  AD7710/AD7712  may  have  clocked 
itself  into  an  incorrect  operating  condition  by  the  time  that 
DVDD  has  reached  its  correct  level.  The  digital  filter  will  be 
reset  upon  issue  of  a  calibration  command  (whether  it  is  serf- 
calibration,  system  calibration  or  background  calibration)  to  the 
AD7710/AD7712.  This  ensures  correct  operation  of  the 
AD7710/AD7712.  In  systems  where  the  power-on  default  condi- 
tions of  the  AD7710/AD7712  are  acceptable,  and  no  calibration 
is  performed  after  power-on,  issuing  a  SYNC  pulse  to  the 
AD7710/AD7712  will  reset  the  AD7710/AD7712's  digital  filter 
logic.  An  R,  C  on  the  SYNC  line,  with  R,  C  time  constant 
longer  than  the  DVDD  power-on  time,  will  perform  the  SYNC 
function. 

Accuracy 

Sigma-Delta  ADCs,  like  VFCs  and  other  integrating  ADCs,  do 
not  contain  any  source  of  nonmonotonicity  and  inherently  offer 
no  missing  codes  performance.  The  AD7710/AD7712  achieves 
excellent  linearity  by  the  use  of  high  quality,  on-chip  silicon 
dioxide  capacitors,  which  have  a  very  low  capacitance/voltage 
coefficient.  The  device  also  achieves  low  input  drift  through  the 
use  of  chopper  stabilized  techniques  in  its  input  stage.  To 
ensure  excellent  performance  over  time  and  temperature,  the 
AD7710/AD7712  uses  digital  calibration  techniques  that  mini- 
mize offset  and  gain  error. 

Autocalibration 

Autocalibration  on  the  AD7710/AD7712  removes  offset  and  gain 
errors  from  the  device.  A  calibration  routine  should  be  initiated 
on  the  device  whenever  there  is  a  change  in  the  ambient  operat- 
ing temperature  or  supply  voltage.  It  should  also  be  initiated  if 
there  is  a  change  in  the  selected  gain,  filter  notch  or  bipolar/ 
unipolar  input  range.  However,  if  the  AD7710/AD7712  is  in  its 
background  calibration  mode,  the  above  changes  are  all  auto- 
matically taken  care  of  (after  the  settling  time  of  the  filter  has 
been  allowed  for). 
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The  AD7710/AD7712  offers  self-calibration,  system  calibration 
and  background  calibration  facilities.  For  calibration  to  occur  on 
the  selected  channel,  the  On-chip  microcontroller  must  record 
the  modulator  output  for  two  different  input  conditions.  These 
are  "zero  scale"  and  "full-scale"  points.  With  these  readings, 
the  microcontroller  can  calculate  the  gain  slope  for  the  input  to 
output  transfer  function  of  the  converter.  Internally,  the  part 
works  with  a  resolution  of  33  bits  to  determine  its  conversion 
result  of  either  16  bits  or  24  bits. 

The  AD7710/AD7712  also  provides  the  facility  to  write  to  the 
on-chip  calibration  registers  and  in  this  manner  the  span  and 
offset  for  the  part  can  be  adjusted  by  the  user.  The  offset  cali- 
bration register  contains  a  value  which  is  subtracted  from  all 
conversion  results,  while  the  full-scale  calibration  register  con- 
tains a  value  which  is  multiplied  by  all  conversion  results.  The 
offset  calibration  coefficient  is  subtracted  from  the  result  prior 
to  the  multiplication  by  the  full-scale  coefficient.  In  the  first 
three  modes  outlined  here,  the  DRDY  indicates  that  calibration 
is  complete  by  going  low.  If  DRDY  is  low  before  (or  goes  low 
during)  the  calibration  command,  it  may  take  up  to  one  modula- 
tor cycle  before  DRDY  goes  high  to  indicate  that  calibration  is 
in  progress.  Therefore,  the  DRDY  line  should  be  ignored  for  up 
to  one  modulator  cycle  after  the  last  bit  of  the  calibration  com- 

mand  is  written  to  the  control  register. 

smSUz  »  -  fro  iiSbtHKftatu  ^mtma-j  .  up  sgraKl  sunm 
Self-Calibration 

In  the  self-calibration  mode  with  a  unipolar  input  range,  the 
zero  scale  point  used  in  determining  the  calibration  coefficients 
is  with  both  inputs  shorted  (i.e.,  AIN(+)  =  AIN(-)  =  VmAS 
for  differential  inputs  and  AIN  =  VBIAS  for  single-ended  inputs) 
and  the  full-scale  point  is  VREF.  The  zero  scale  coefficient  is 
determined  by  converting  an  internal  shorted  inputs  node.  The 
full  scale  coefficient  is  determined  from  the  span  between  this 
shorted  inputs  conversion  and  a  conversion  on  an  internal  VREF 
node.  The  self-calibration  mode  is  invoked  by  writing  the  appro- 
priate values  (0,  0,  1)  to  the  MD2,  MD1  and  MDO  bits  of  the 
control  register.  In  this  calibration  mode,  the  shorted  inputs 
node  is  switched  in  to  the  modulator  first  and  a  conversion  is 
performed;  the  VREF  node  is  then  switched  in  and  another  con- 
version is  performed.  When  the  calibration  sequence  is  com- 
plete, the  calibration  coefficients  updated  and  the  filter  resettled 
to  the  analog  input  voltage,  the  DRDY  output  goes  low.  The 
self-calibration  procedure  takes  into  account  the  selected  gain  on 

For  bipolar  input  ranges  in  the  self-calibrating  mode,  the 
sequence  is  very  similar  to  that  just  outlined.  In  this  case,  the 
two  points  which  the  AD7710/AD7712  calibrates  are  midscale 
(bipolar  zero)  and  positive  full-scale. 


I 


System  Calibration 

System  calibration  allows  the  AD7710/AD7712  to  compensate 
for  system  gain  and  offset  errors  as  well  as  its  own  internal 
errors.  System  calibration  performs  the  same  slope  factor  calcu- 
lations as  self-calibration  but  uses  voltage  values  presented  by 
the  system  to  the  AIN  inputs  for  the  zero  and  full-scale  points. 
System  calibration  is  a  two-step  process.  The  zero  scale  point 
must  be  presented  to  the  convener  first.  It  must  be  applied  to 
the  converter  before  the  calibration  step  is  initiated  and  remain 
stable  until  the  step  is  complete.  System  calibration  is  initiated 
by  writing  the  appropriate  values  (0,  1,  0)  to  the  MD2,  MD1 
and  MDO  bits  of  the  control  register.  The  DRDY  output  from 
the  device  will  signal  when  the  step  is  complete  by  going  low. 
After  the  zero  scale  point  is  calibrated,  the  full-scale  point  is 
applied  and  the  second  step  of  the  calibration  process  is  initiated 
by  again  writing  the  appropriate  values  (0,  1,  1)  to  MD2,  MD1 
and  MDO.  Again  the  full-scale  voltage  must  be  set  up  before  the 
calibration  is  initiated  and  it  must  remain  stable  throughout  the 
calibration  step.  DRDY  goes  low  at  the  end  of  this  second  step 
to  indicate  that  the  system  calibration  is  complete.  In  the  unipo- 
lar mode,  the  system  calibration  is  performed  between  the  two 
endpoints  of  the  transfer  function;  in  the  bipolar  mode,  it  is  per- 
formed between  midscale  and  positive  full  scale. 

This  two-step  system  calibration  mode  offers  another  feature. 
After  the  sequence  has  been  completed,  additional  offset  or  gain 
calibrations  can  be  performed  by  themselves  to  adjust  the  zero 
reference  point  or  the  system  gain.  This  is  achieved  by  perform- 
ing the  first  step  of  the  system  calibration  sequence  (by  writing 
0,  1,  0  to  MD2,  MD1,  MDO).  This  will  adjust  the  zero  scale  or 
offset  point  but  will  not  change  the  slope  factor  from  what  was 
set  during  a  full  system  calibration  sequence. 

System  calibration  can  also  be  used  to  remove  any  errors  from 
an  antialiasing  filter  on  the  analog  input.  A  simple  R,  C  anti- 
aliasing filter  on  the  front  end  may  introduce  a  gain  error  on  the 
analog  input  voltage  but  the  system  calibration  can  be  used  to 
remove  this  error. 

System  Offset  Calibration 

System  offset  calibration  is  a  variation  of  both  the  system  cali- 
bration and  self-calibration.  In  this  case,  the  zero  scale  point  for 
the  system  is  presented  to  the  AIN  input  of  the  converter.  Sys- 
tem offset  calibration  is  initiated  by  writing  1,  0,  0  to  MD2, 
MD1,  MDO.  The  system  zero  scale  coefficient  is  determined  by 
converting  the  voltage  applied  to  the  AIN  input,  while  the  full- 
scale  coefficient  is  determined  from  the  span  between  this  AIN 
conversion  and  a  conversion  on  VREF.  The  zero  scale  point 
should  be  applied  to  the  AIN  input  for  the  duration  of  the  cali- 
bration  sequence.  This  is  a  one  step  calibration  sequence  with 
DRDY  going  low  when  the  sequence  is  completed.  In  the  uni- 


polar mode,  the  system  offset  calibration  is  performed  between 
the  two  endpoints  of  the  transfer  function;  in  the  bipolar  mode, 
it  is  performed  between  midscale  and  positive  full  scale. 

Background  Calibration 

The  AD7710/AD7712  also  offers  a  background  calibration  mode 
where  the  part  interleaves  its  calibration  procedure  with  its  nor- 
mal conversion  sequence.  In  the  background  calibration  mode, 
the  same  voltages  are  used  as  the  calibration  points  as  are  used 
in  the  self-calibration  mode,  i.e.,  shorted  inputs  and  VREP.  The 
background  calibration  mode  is  invoked  by  writing  1,  0,  1  to 
MD2,  MD1,  MDO  of  the  control  register.  When  invoked,  the 
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performing  calibration  and  automatically  updating  its  calibration 
coefficients.  As  a  result,  the  effects  of  temperature  drift,  supply 
sensitivity  and  time  drift  on  zero  and  full  scale  errors  are  auto- 
matically removed.  When  the  background  calibration  mode  is 
turned  on,  the  part  will  remain  in  this  mode  until  bits  MD2, 
MD1  and  MDO  of  the  control  register  are  changed.  With  back- 
ground calibration  mode  on,  the  first  result  from  the  AD7710/ 


ond  output  update  will  have  settled  to  100%  of  the  final  value. 

Table  VI  summarizes  the  calibration  modes  and  the  calibration 
points  associated  with  them.  It  also  gives  the  duration  from 
when  the  calibration  is  invoked  to  when  valid  data  is  available  to 
the  user. 


Table  VI.  Calibration  Truth  Table 


Cal  Type 

MD2,  MD1,  MDO 

Zero  Scale  Cal 

Full-Scale  Cal 

Sequence 

Duration 

Self-Cal 

0,  0,  1 

Shorted  Inputs 

Vref 

One  Step 

9  x  1/Output  Rate 

System  Cal 

0,  1,  0 

AIN 

Two  Step 

4  x  1/Output  Rate 

System  Cal 

0,  1,  1 

AIN 

Two  Step 

4  x  1/Output  Rate 

System  Offset  Cal 

1,  0,0 

AIN 

Vref 

One  Step 

9  x  1/Output  Rate 

Background  Cal 

1,  0,  1 

Shorted  Inputs 

Vref 

One  Step 

6  x  1/Output  Rate 

Span  and  Offset  Limits 

Whenever  a  system  calibration  mode  is  used,  there  are  limits  on 
the  amount  of  offset  and  span  that  can  be  accommodated.  The 
range  of  input  span  in  both  the  unipolar  and  bipolar  modes  for 
both  inputs  on  the  AD7710  and  AIN1  of  the  AD7712  has  a 
minimum  value  of  0.8  x  VREF/GAIN  and  a  maximum  value  of 
2.1  x  VREF/GAIN.  For  AIN2  on  the  AD7712,  both  numbers 
are  a  factor  of  4  higher. 

The  amount  of  offset  that  can  be  accommodated  depends 
on  whether  the  unipolar  or  bipolar  mode  is  being  used.  This 
offset  range  is  limited  by  the  requirement  that  the  positive  full- 
scale  calibration  limit  is  <  1.05  x  VREF/GAIN  for  the  differen- 
tial inputs.  Therefore,  the  offset  range  plus  the  span  range 
cannot  exceed  1.05  x  VREF/GAIN  for  the  differential  inputs.  If 
the  span  is  at  its  minimum  (0.8  x  VREF/GAIN)  the  maximum 
the  offset  can  be  is  (0.25  x  Vref^GAIN)  for  the  differential 
inputs.  For  AIN2  of  AD7712,  both  ranges  are  multiplied  by  a 
factor  of  4. 

In  the  bipolar  mode,  the  system  offset  calibration  range  is  again 
restricted  by  the  span  range.  The  span  range  of  the  converter  in 
bipolar  mode  is  equidistant  around  the  voltage  used  for  the  zero 
scale  point  thus  the  offset  range  plus  half  the  span  range  cannot 
exceed  (1.05  x  VREF/GAIN)  for  the  differential  inputs.  If  the 
span  is  set  to  2  x  VREF/GAIN,  the  offset  span  cannot  move 
more  than  ±(0.05  x  VREF/GAIN)  before  the  endpoints  of  the 
transfer  function  exceed  the  input  overrange  limits  ±(1.05  x 
Vref  /GAIN)  for  the  differential  inputs.  If  the  span  range  is  set 
to  the  minimum  ±(0.4  x  VREF/GAIN)  the  maximum  allowable 
offset  range  is  ±(0.65  x  VREF/GAIN)  for  the  differential  inputs. 
Once  again,  for  AIN2  of  AD7712,  both  ranges  are  multiplied  by 
a  factor  of  4. 

POWER-UP  AND  CALIBRATION 

On  power-up,  the  AD7710/AD7712  performs  an  internal  reset 
which  sets  the  contents  of  the  control  register  to  a  known  state. 
However,  to  ensure  correct  calibration  for  the  device  a  calibra- 
tion routine  should  be  performed  after  power-up. 

The  power  dissipation  and  temperature  drift  of  the  AD7710/ 
AD7712  are  low  and  no  warm-up  time  is  required  before  the 
initial  calibration  is  performed.  However,  if  an  external  refer- 

calibration  is  initiated. 


Drift  Considerations 

The  AD7710/AD7712  uses  chopper  stabilization  techniques  to 
minimize  input  offset  drift.  Charge  injection  in  the  analog 
switches  and  dc  leakage  currents  at  the  sampling  node  are  the 
primary  sources  of  offset  voltage  drift  in  the  converter.  The  dc 
input  leakage  current  is  essentially  independent  of  the  selected 
gain.  Gain  drift  within  the  converter  depends  primarily  upon  the 
temperature  tracking  of  the  internal  capacitors.  It  is  not  affected 
by  leakage  currents. 

Measurement  errors  due  to  offset  drift  or  gain  drift  can  be  elimi- 
nated at  any  time  by  recalibrating  the  converter  or  by  operating 
the  part  in  the  background  calibration  mode.  Using  the  system 
calibration  mode  can  also  minimize  offset  and  gain  errors  in  the 
signal  conditioning  circuitry.  Integral  and  differential  linearity 
errors  are  not  significantly  affected  by  temperature  changes. 

POWER  SUPPLIES  AND  GROUNDING 

Since  the  analog  inputs  and  reference  input  are  differential, 
most  of  the  voltages  in  the  analog  modulator  are  common-mode 
voltages.  VBIAS  provides  the  return  path  for  most  of  the  analog 
currents  flowing  in  the  analog  modulator.  As  a  result,  the  VBIAS 
input  should  be  driven  from  a  low  impedance  to  minimize  errors 
due  to  charging/discharging  impedances  on  this  line.  When  the 
internal  reference  is  used  as  the  reference  source  for  the  part, 
AGND  is  the  ground  return  for  this  reference  voltage. 

The  analog  and  digital  supplies  to  the  AD7710/AD7712  are 
independent  and  separately  pinned  out  to  minimize  coupling 
between  the  analog  and  digital  sections  of  the  device.  The  digital 
filter  will  provide  rejection  of  broadband  noise  on  the  power 
supplies,  except  at  integer  multiples  of  the  modulator  sampling 
frequency.  The  digital  supply  (DVDE>)  must  never  exceed  the 
analog  positive  supply  (AVDD)  by  more  than  0.3  V.  Power  sup- 
ply sequencing  therefore  is  important.  If  separate  analog  and 
digital  supplies  are  used,  care  must  be  taken  to  ensure  that  the 
analog  supply  is  powered  up  first.  If  this  cannot  be  ensured  or  if 
DVDD  can  exceed  AVDE>  at  any  other  time,  the  protection 
scheme  outlined  in  Figure  5  is  recommended  to  protect  the 
device.  In  systems  where  AVDD  =  +5  V  and  DVDD  =  +5  V, 
it  is  recommended  that  AVDD  and  DVDD  are  driven  from  the 
same  +5  V  supply,  although  each  supply  should  be  decoupled 
separately.  It  is  preferable  that  the  common  supply  is  the  sys- 
+  5Vi 
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It  is  also  important  that  power  is  applied  to  the  AD7710/ 
AD7712  before  signals  at  REF  IN,  AIN  or  the  logic  input  pins 
in  order  to  avoid  latch-up.  If  separate  supplies  are  used  for  the 
AD7710/AD7712  and  the  system  digital  circuitry,  then  the 
AD7710/AD7712  should  be  powered  up  first.  If  it  is  not  possi- 
ble to  guarantee  this,  then  current  limiting  resistors  should  be 
placed  in  series  with  the  logic  inputs. 


tion  registers.  With  AO  low,  data  is  accessed  from  the  control 
register. 


ANALOG  IsJl 
SUPPLY  ~~ W 


SD103COR 
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THIS  DIODE  MAY  BE  NECESSARY  IF  THE  SHORT-CIRCUIT  CURRENT 
FROM  THE  DIGITAL  SUPPLY  IS  TOO  LARGE  FOR  THE  SD103C. 

Figure  5.  Protection  Scheme  for  DVDD  Powering-Up 
Before  AVDD 


DIGITAL  INTERFACE 

The  AD7710/AD7712's  serial  communications  port  provides  a 
flexible  arrangement  to  allow  easy  interfacing  to  industry  stan- 
dard microprocessors,  microcontrollers  and  digital  signal  proces- 
sors. A  serial  read  to  the  part  can  access  data  from  the  output 
register,  the  control  register  or  from  the  calibration  registers.  A 
serial  write  to  the  part  can  write  data  to  the  control  register  or 
the  calibration  registers. 

Two  different  modes  of  operation  are  available,  optimized  for 
different  types  of  interface  where  the  AD7710/AD7712  can  act 
either  as  master  in  the  system  (it  provides  the  serial  clock)  or  as 
slave  (an  external  serial  clock  can  be  provided  to  the  AD77107 
AD7712).  These  two  modes,  labelled  self-clocking  mode  and 
external  clocking  mode,  are  discussed  in  detail  in  the  following 


sections 


Self-Clocking  Mode 


The  part  is  configured  for  its  self-clocking  mode  by  tying  the 
MODE  pin  high.  In  this  mode,  the  part  provides  the  serial 
clock  signal  used  for  the  transfer  of  data  to  and  from  the 
AD7710/AD7712.  This  self-clocking  mode  can  be  used  with 
processors  that  allow  an  external  device  to  clock  their  serial  port 
including  most  digital  signal  processors  and  microcontrollers 
such  as  the  68HC11  and  68HC05.  It  also  allows  easy  interfacing 
to  serial  parallel  conversion  circuits  in  systems  with  parallel  data 
communication,  allowing  interfacing  to  74XX299  Universal 
Shift  registers  without  any  additional  decoding.  In  the  case  of 
shift  registers,  the  serial  clock  line  should  have  a  pull-down 
resistor  instead  of  the  pull-up  resistor  shown  in  Figure  6  and 
Figure  7. 

Read  Operation 

Data  can  be  read  from  either  the  output  register,  the  control 
register  or  the  calibration  registers.  AO  determines  whether  the 
data  read  accesses  data  from  the  control  register  or  from  the 
output/calibration  registers.  This  AO  signal  must  remain  valid 


:  duration  of  the  serial  read  operation.  With  AO  high,  data 
is  accessed  from  either  the  output  register  or  from  the  calibra- 


The  function  of  the  DRDY  line  is  dependent  only  on  the  output 
update  rate  of  the  device  and  the  reading  of  the  output  data  reg- 
ister. DRDY  goes  low  when  a  new  data  word  is  available  in  the 
output  data  register.  It  is  reset  high  when  the  last  bit  of  data 
(either  16th  bit  or  24th  bit)  is  read  from  the  output  register.  If 
data  is  not  read  from  the  output  register,  the  DRDY  line  will 
remain  low.  The  output  register  will  continue  to  be  updated  at 
the  output  update  rate  but  DRDY  will  not  indicate  this.  A  read 
from  the  device  in  this  circumstance  will  access  the  most  recent 
word  in  the  output  register.  If  a  new  data  word  becomes  avail- 
able to  the  output  register  while  data  is  being  read-from  the  out- 
put register,  DRDY  will  not  indicate  this  and  the  new  data 
word  will  be  lost  to  the  user.  DRDY  is  not  affected  by  reading 
from  the  control  register  or  the  calibration  registers. 

Data  can  only  be  accessed  from  the  output  data  register  when 
DRDY  is  low.  If  RFS  goes  low  with  DRDY  high,  no  data 
transfer  will  take  place.  DRDY  does  not  have  any  effect  on 
reading  data  from  the  control  register  or  from  the  calibration 
registers. 

Figures  6a  and  6b  show  timing  diagrams  for  reading  from  the 
part  in  the  self-clocking  mode.  Figure  6a  shows  a  situation 
where  all  the  data  is  read  from  the  part  in  one  read  operation. 
Figure  6b  shows  a  situation  where  the  data  is  read  from  the 
AD7710/AD7712  over  a  number  of  read  operations.  Both  read 
operations  show  a  read  from  the  part's  output  data  register.  A 
read  from  the  control  register  or  calibration  registers  is  similar 
but  in  these  cases  the  DRDY  line  is  not  related  to  the  read 
function.  Depending  on  the  output  update  rate,  it  can  go  low  at 
any  stage  in  the  control/calibration  register  read  cycle  without 
affecting  the  read  and  its  status  should  be  ignored.  A  read  oper- 
ation from  either  the  control  or  calibration  registers  must  always 
read  24  bits  of  data  from  the  respective  register. 

Figure  6a  shows  a  read  operation  from  the  part  where  RFS 
remains  low  for  the  duration  of  the  data  word  transmission.  For 
the  timing  diagram  shown,  it  is  assumed  that  there  is  a  pull-up 
resistor  on  the  SCLK  output.  With  DRDY  low,  the  RFS  input 
is  brought  low.  RFS  going  low  enables  the  serial  clock  of  the 
AD7710/AD7712  and  also  places  the  MSB  of  the  word  on  the 
serial  data  line.  All  subsequent  data  bits  are  clocked  out  on  a 
high  to  low  transition  of  the  serial  clock  and  are  valid  prior  to 
the  following  rising  edge  of  this  clock.  The  final  active  falling 
edge  of  SCLK  clocks  out  the  LSB  and  this  LSB  is  valid  prior  to 
the  final  active  rising  edge  of  SCLK.  Coincident  with  the  next 
falling  edge  of  SCLK,  DRDY  is  reset  high.  DRDY  going  high 
turns  off  the  SCLK  and  the  SDATA  outputs.  This  means  that 
the  data  hold  time  for  the  LSB  is  slightly  shorter  than  for  all 
other  bits. 

Figure  6b  shows  a  timing  diagram  for  a  read  operation  where 
RFS  returns  high  during  the  transmission  of  the  word  and 
returns  low  again  to  access  the  rest  of  the  data  word.  As  before, 
the  waveform  for  SCLK  assumes  that  there  is  a  pull-up  resistor 
on  this  line.  Timing  parameters  and  functions  are  very  similar  to 
that  outlined  for  Figure  6a,  but  Figure  6b  has  a  number  of  addi- 
tional times  to  show  timing  relationships  when  RFS  returns  high 
in  the  middle  of  transferring  a  word. 

RFS  should  return  high  during  a  low  time  of  SCLK.  On  the 
rising  edge  of  RFS,  the  SCLK  and  SDATA  outputs  are  turned 
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Figure  6a.  Self-Clocking  Mode,  Output  Data  Read  Operation 
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Figure  6b.  Self-Clocking  Mode,  Output  Data  Read  Operation  (RFS  Returns  High  During  Read  Operation) 


off.  DRDY  remains  low  and  will  remain  low  until  all  bits  of  the 
data  word  are  read  from  the  part,  regardless  of  the  number  of 
times  RFS  changes  state  during  the  read  operation.  Depending 
on  the  time  between  the  falling  edge  of  SCLK  and  the  rising 
edge  of  RFS,  the  next  bit  (BIT  N  +  1)  may  appear  on  the  data- 
bus  before  RFS  goes  high.  When  RFS  returns  low  again,  it 
turns  on  the  SCLK  output  and  activates  the  SDATA  output. 
When  the  entire  word  is  transmitted,  the  DRDY  line  will  go 
high  turning  off  the  SDATA  and  SCLK  lines  as  per  Figure  6a. 

Write  Operation 

Data  can  be  written  to  either  the  control  register  or  calibration 
registers.  In  either  case,  the  write  operation  is  not  affected  by 
the  DRDY  line  and  the  write  operation  does  not  have  any  effect 
on  the  status  of  DRDY.  A  write  operation  to  the  control  register 
or  the  calibration  register  must  always  write  24  bits  to  the 
respective  register. 

Figure  7a  shows  a  write  operation  to  the  AD7710/AD7712  with 
TFS  remaining  low  for  the  duration  of  the  write  operation.  AO 
determines  whether  a  write  operation  transfers  data  to  the  con- 
trol register  or  to  the  calibration  registers.  This  AO  signal  must 
remain  valid  for  the  duration  of  the  serial  write  operation.  The 
falling  edge  of  TFS  enables  the  internally  generated  SCLK  out- 
put. The  serial  data  to  be  loaded  to  the  AD7710/AD7712  must 


be  valid  on  the  rising  edge  of  this  SCLK  signal.  Data  is  clocked 
into  the  AD7710/AD7712  on  the  rising  edge  of  the  SCLK  signal 
with  the  MSB  transferred  first.  On  the  last  active  high  time  of 
SCLK,  the  LSB  is  loaded  to  the  AD7710/AD7712.  Subsequent 
to  the  next  falling  edge  of  SCLK,  the  SCLK  output  is  turned 
off.  (The  timing  diagram  of  Figure  7a  assumes  a  pull-up  resistor 
on  the  SCLK  line.) 

Figure  7b  shows  a  timing  diagram  for  a  write  operation  to  the 
AD7710/AD7712  with  TFS  returning  high  during  the  write 
operation  and  returning  low  again  to  write  the  rest  of  the  data 
word.  Once  again,  the  timing  diagram  of  Figure  7b  assumes  a 
pull-up  resistor  on  the  SCLK  output.  Timing  parameters  and 
functions  are  very  similar  to  that  outlined  for  Figure  7a  but  Fig- 
ure 7b  has  a  number  of  additional  times  to  show  timing  relation- 
ships when  TFS  returns  high  in  the  middle  of  transferring  a 


word. 


The  falling  edge  of  TFS  again  initiates  the  SCLK  output  and 

data  to  be  loaded  to  the  AD7710/AD7712  must  be  valid  prior  to 

the  rising  edge  of  this  SCLK  signal.  The  rising  edge  of  TFS 

turns  off  the  SCLK  output.  TFS  should  return  high  during  the 

low  time  of  SCLK.  When  TFS  returns  low  again,  it  turns  on 

the  SCLK  output.  When  all  data  bits  have  been  written  to  the 
it,  or,  ^  \  is  mmed  off  as      Fi  7a 
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Figure  7a.  Self-Clocking  Mode,  Control/Calibration  Register  Write  Operatk 
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F/'gure  7b.  Self-Clocking  Mode,  Control/Calibration  Register  Write  Operation  (TFS  Returns  High  During  Write  Operation) 


External  Clocking  Mode 

The  AD7710/AD7712  is  configured  for  its  external  clocking 
mode  by  tying  the  MODE  pin  low.  In  this  mode,  SCLK  of  the 
part  is  configured  as  an  input  and  an  external  serial  clock  must 
be  provided  to  this  SCLK  pin.  This  external  clocking  mode  is 
designed  for  direct  interface  to  systems  which  provide  a  serial 
clock  output  that  is  synchronized  to  the  serial  data  output, 
including  microcontrollers  such  as  the  80C51,  87C51,  68HC11 
and  68HC05  and  most  digital  signal  processors. 

Read  Operation 

As  with  the  self-clocking  mode,  data  can  be  read  from  either  the 
output  register,  the  control  register  or  the  calibration  registers. 
AO  determines  whether  the  data  read  accesses  data  from  the  con- 
trol register  or  from  the  output/calibration  registers.  This  AO 
signal  must  remain  valid  for  the  duration  of  the  serial  read  oper- 
ation. With  AO  high,  data  is  accessed  from  either  the  output 
register  or  from  the  calibration  registers.  With  AO  low,  data  is 

accessed  from  the  control  register.  Qver  ,  number  rf  r£ad  operations  Both  read  operations  show'  a 

The  function  of  the  DRDY  line  is  dependent  only  on  the  output  read  from  the  pan's  output  data  register.  A  read  from  the  con- 
update  rate  of  the  device  and  the  reading  of  the  output  data  reg-       ~~'  -~  -~ 


remain  low.  The  output  register  will  continue  to  be  updated  at 
the  output  update  rate  but  DRDY  will  not  indicate  this.  A  read 
from  the  device  in  this  circumstance  will  access  the  most  recent 
word  in  the  output  register.  If  a  new  data  word  becomes  avail- 
able to  the  output  register  while  data  is  being  read  from  the  out- 
put register,  DRDY  will  not  indicate  this  and  the  new  data 
word  will  be  lost  to  the  user.  DRDY  is  not  affected  by  reading 
from  the  control  register  or  the  calibration  register. 

Data  can  only  be  accessed  from  the  output  data  register  when 
DRDY  is  low.  If  RFS  goes  low  while  DRDY  is  high,  no  data 
transfer  will  take  place.  DRDY  does  not  have  any  effect  on 
reading  data  from  the  control  register  or  from  the  calibration 
registers. 

Figures  8a  and  8b  show  timing  diagrams  for  reading  from  the 
pan's  in  the  external  clocking  mode.  Figure  8a  shows  a  situation 
where  all  the  data  is  read  from  the  part  in  one  read  operation. 
Figure  8b  shows  a  situation  where  the  data  is  read  from  the  part 


ister.  DRDY  goes  low  when  a  new  data  word  is  available  in  the 
output  data  register.  It  is  reset  high  when  the  last  bit  of  data 
(either  16th  bit  or  24th  bit)  is  read  from  the  output  register.  If 
data  is  not  read  from  the  output  register,  the  DRDY  line  will 


trol  register  or  calibration  registers  is  similar  but  i 
the  DRDY  line  is  not  related  to  the  read  function.  Depending 
on  the  output  update  rate,  it  can  go  low  at  any  stage  in  the 
control/calibration  register  read  cycle  without  affecting  the  read 
and  its  status  should  be  ignored.  A  read  operation  from  either 
the  control  or  calibration  registers  must  always  read  24  bits  of 
data  from  the  respective  register. 
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Figure  8a  shows  a  read  operation  from  the  AD7710/AD7712 
where  RFS  remains  low  for  the  duration  of  the  data  word  trans- 
mission. With  DRDY  low,  the  RFS  input  is  brought  low.  The 
input  SCLK  signal  should  be  low  between  read  and  write  opera- 
tions. RFS  going  low  places  the  MSB  of  the  word  to  be  read  on 
the  serial  data  line.  All  subsequent  data  bits  are  clocked  out  on  a 
high  to  low  transition  of  the  serial  clock  and  are  valid  prior  to 
the  following  rising  edge  of  this  clock.  The  penultimate  falling 
edge  of  SCLK  clocks  out  the  LSB  and  the  final  falling  edge 
resets  the  DRDY  line  high.  This  rising  edge  of  DRDY  turns  off 
the  serial  data  output. 

Figure  8b  shows  a  timing  diagram  for  a  read  operation  where 
RFS  returns  high  during  the  transmission  of  the  word  and 
returns  low  again  to  access  the  rest  of  the  data  word.  Timing 
parameters  and  functions  are  very  similar  to  that  outlined  for 


Figure  8a  but  Figure  8b  has  a  number  of  additional  times  to 
show  timing  relationships  when  RFS  returns  high  in  the  middle 
of  transferring  a  word. 

RFS  should  return  high  during  a  low  time  of  SCLK.  On  the 
rising  edge  of  RFS,  the  SDATA  output  is  turned  off.  DRDY 
remains  low  and  will  remain  low  until  all  bits  of  the  data  word 
are  read  from  the  part,  regardless  of  the  number  of  times  RFS 
changes  state  during  the  read  operation.  Depending  on  the  time 
between  the  falling  edge  of  SCLK  and  the  rising  edge  of  RFS, 
the  next  bit  (BIT  N  +  1)  may  appear  on  the  databus  before 
RFS  goes  high.  When  RFS  returns  low  again,  it  activates  the 
SDATA  output.  When  the  entire  word  is  transmitted,  the 
DRDY  line  will  go  high,  turning  off  the  SDATA  output  as  per 
Figure  8a. 
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Figure  8a.  External  Clocking  Mode,  Output  Data  Read  Operation 
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Figure  8b.  External  Clocking  Mode,  Output  Data  Read  Operation  (RFS  Returns  High  During  Read  Operation) 
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Write  Operation 

Data  can  be  written  to  either  the  control  register  or  calibration 
registers.  In  either  case,  the  write  operation  is  not  affected  by 
the  DRDY  line  and  the  write  operation  does  not  have  any  effect 
on  the  status  of  DRDY.  A  write  operation  to  the  control  register 
or  the  calibration  register  must  always  write  24  bits  to  the 
respective  register. 

Figure  9a  shows  a  write  operation  to  the  part  with  TFS  remain- 
ing low  for  the  duration  of  the  write  operation.  AO  determines 
whether  a  write  operation  transfers  data  to  the  control  register 
or  to  the  calibration  registers.  This  AO  signal  must  remain  valid 
for  the  duration  of  the  serial  write  operation.  As  before,  the 
serial  clock  line  should  be  low  between  read  and  write  opera- 
tions. The  serial  data  to  be  loaded  to  the  part  must  be  valid  on 
the  high  level  of  the  externally  applied  SCLK  signal.  Data  is 
clocked  into  the  part  on  the  high  level  of  this  SCLK  signal  with 
the  MSB  transferred  first.  On  the  last  active  high  time  of 
SCLK,  the  LSB  is  loaded  to  the  part. 


Figure  9b  shows  a  timing  diagram  for  a  write  operation  to  the 
AD7710/AD7712  with  TFS  returning  high  during  the  write 
operation  and  returning  low  again  to  write  the  rest  of  the  data 
word.  Timing  parameters  and  functions  are  very  similar  to  that 
outlined  for  Figure  9a,  but  Figure  9b  has  a  number  of  addi- 
tional times  to  show  timing  relationships  when  TFS  returns  high 
in  the  middle  of  transferring  a  word. 

Data  to  be  loaded  to  the  pan  must  be  valid  for  5/2  MCLK  IN 
cycles  prior  to  the  falling  edge  of  the  SCLK  signal.  TFS  should 
return  high  during  the  low  time  of  SCLK.  After  TFS  returns 
low  again,  the  next  bit  of  the  data  word  to  be  loaded  to  the  part 
is  clocked  in  on  next  high  level  of  the  SCLK  input.  On  the  last 
active  high  time  of  the  SCLK  input,  the  LSB  is  loaded  to  the 
part. 
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Figure  9a.  External  Clocking  Mode,  Control/Calibration  Register  Write  Operation 

 55  «  


 55— 

-55  55 — 


TFS  (I) 


SCLK  (I) 


I  <,<,  1 


-55- 





-55- 


n_rL 


\  MSB  n    ,,  a  BITN  X     ,,      XlBrrN+1X  ) 


SDATA  (I) 


Figure  9b.  External  Clocking  Mode,  Control/Calibration  Register  Write  Operation  (TFS  Returns  High  During 
Write  Operation) 
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with  RTD  Excitation  Currents 
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FEATURES 

Charge  Balancing  ADC 

24  Bits  No  Missing  Codes 

±0.0015%  Nonlinearity 
Programmable  Gain  Front  End 

Gains  from  1  to 128 
Three  Input  Channels  (AD7713) 
Two  Input  Channels  (AD7711) 
Low-Pass  Filter  with  Programmable  Filter  Cutoffs 
Ability  to  Read/Write  Calibration  Coefficients 
RTD  Excitation  Current  Sources 
Bidirectional  Microcontroller  Serial  Interface 
Single  Supply  Operation 

Low  Power  (AD7711:  25  mW  typ;  AD7713:  3.5  mW  typ) 
Power-Down  Mode 


GENERAL  DESCRIPTION 

The  AD7711/AD7713  is  a  complete  analog  front  end  for  low 
frequency  measurement  applications.  The  device  accepts  low 
level  signals  directly  from  a  transducer  and  outputs  a  serial  digi- 
tal word.  It  employs  a  sigma-delta  conversion  technique  to  real- 
ize up  to  24  bits  of  no  missing  codes  performance.  The  input 
signal  is  applied  to  a  proprietary*  programmable  gain  front  end 
based  around  an  analog  modulator.  The  modulator  output  is 
processed  by  an  on-chip  digital  filter.  The  first  notch  of  this  dig- 
ital filter  can  be  programmed  via  the  on-chip  control  register 
allowing  adjustment  of  the  filter  cutoff  and  settling  time. 

The  AD7711  features  one  differential  analog  input  and  one 
single-ended  analog  input.  The  AD7713  features  two  differential 
inputs  and  one  single-ended  high  level  (4  x  VREF/Gain)  input. 
Both  parts  feature  a  differential  reference  input  and  can  be  oper- 
ated from  a  single  +5  V  supply.  The  AD7711  can  also  be  oper- 
ated from  dual  supplies  to  allow  for  negative  input  voltages.  The 
parts  provide  two  current  sources  which  can  be  used  to  provide 
excitation  in  three- wire  and  four- wire  RTD  configurations. 

The  AD7711/AD7713  is  ideal  for  use  in  smart,  microcontroller- 
based  systems.  Gain  settings,  signal  polarity  and  RTD  current 
control  can  be  configured  in  software  using  the  bidirectional 
serial  port.  The  part  contains  self-calibration,  system  calibration 
and  background  calibration  options  and  also  allows  the  user  to 
read  and  to  write  the  on-chip  calibration  registers. 

•Protected  by  U.S.  Patent  No.  5,134,401. 


AD7711  FUNCTIONAL  BLOCK  DIAGRAM 
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CONTROL 
REGISTER 

OUTPUT 
REGISTER 

TPS  MODE  SDATA  SCLK  5567  AO 


AD7713  FUNCTIONAL  BLOCK  DIAGRAM 


AD7713 


AUTO-ZEROED 
MODULATOR 


•*-6  SYNC 


CLOCK 

GENERATION 

SERIAL  INTERFACE 


<>— I — i  i — (>— o — i— O- 


AGND  DGND 


RFS  TFS  MODE  SOATA  SCLK  5r57  AO 


CMOS  construction  ensures  very  low  power  dissipation  and  a 
power-down  mode  reduces  the  stand-by  power  consumption  to 
7  mW  typical  (AD7711)  and  300  u-W  typical  (AD7713).  The 
part  is  available  in  a  24-pin,  0.3  inch  wide,  plastic  and  hermetic 
dual-in-line  package  (DIP)  as  well  as  a  24-lead  small  outline 
(SOIC)  package. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(AVDD  =  +5  V  ±  5%;  DV0D  =  +5  V  ± 
inillO  CDCriCIPATinMC  =  AGND;  MCLK  IN  =  2  MHz,  unless  othe 
AU  /  /  I  O  OrtUIr IUAI  lUNO  TMAX,  unless  otherwise  noted.) 


5%;  REF  IN(+)  =  +2.5  V;  REF  IN(-) 
wise  stated.  All  specifications  TMIN  to 


Parameter 


A,  S  Versions1 


Units 


Conditions/Comments 


STATIC  PERFORMANCE 
No  Missing  Codes 


Output  Noise 
Integral  Nonlinearity 

@  25°C 

Tmin  t0  T^ax 
Positive  Full-Scale  Error2,  3 
Full-Scale  Drift5 

Unipolar  Offset  Error2 
Unipolar  Offset  Drift5 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift5 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift5 


24 
22 
18 
15 
12 

See  Tables  I  &  II 

±0.0045 
±0.0075 
See  Note  4 
3/GAIN 
0.35 

See  Note  4 

2.5/GAIN 

0.3 

See  Note  4 

2.5/GAIN 

0.3 

±0.006 
4/GAIN 
0.5 


Bits  min 
Bits  min 
Bits  min 
Bits  min 
Bits  min 


%  of  FSR  max 
%  of  FSR  max 

uWCtyp 
uV/°C  typ 

(lATCtyp 
U.WC  typ 

uV/T  typ 
u.V/°C  typ 
%  of  FSR  max 
M.V/°C  typ 
uV/°C  typ 


Guaranteed  by  Design.  For  Filter  Notches  s  12  Hz 
For  Filter  Notch  =  20  Hz 
For  Filter  Notch  =  50  Hz 
For  Filter  Notch  =  100  Hz 
For  Filter  Notch  =  200  Hz 
Depends  on  Filter  Cutoffs  and  Selected  Gain 


Filter  Notches  s  12  Hz;  Typically  ±0.0015% 
Filter  Notches  s  12  Hz 

For  Gains  of  1,  2,  4,  8 
For  Gains  of  16,  32,  64,  128 

For  Gains  of  1,  2,  4,  8 
For  Gains  of  16,  32,  64,  128 


For  Gains  of  1,  2,  4,  8 
For  Gains  of  16,  32,  64,  128 
Typically  ±0.0015% 
For  Gains  of  1,2,  4,  8 
For  Gains  of  16,  32,  64,  128 


ANALOG  INPUTS 
Input  Sampling  Rate,  fs 
Normal  Mode  50  Hz  Rejection6 
Normal  Mode  60  Hz  Rejection6 
AIN1,  AIN27 
Input  Voltage  Range8 


Common-Mode  Rejection  (CMR) 
Common-Mode  50  Hz  Rejection6 
Common-Mode  60  Hz  Rejection6 
Common-Mode  Voltage  Range10 
DC  Input  Leakage  Current  <&  +25°C 

Tmin  »  Tm% 
Sampling  Capacitance6 
AIN3 
Input  Voltage  Range 
Gain  Error1 1 
Gain  Drift 
Offset  Error" 


See  Table  III 

100 

100 


dB  min 
dB  min 


For  Filter  Notches  of  2, 5,  10, 25,  50  Hz, 
For  Filter  Notches  of  2, 6,  10, 30,  60  Hz, 


:0.02  X  f NOTCH 

:0.02  X  fNOTC„ 


0  to  +VREP9 

V  max 

±vREF 

V  max 

92 

dB  min 

150 

dB  min 

150 

dB  min 

AGND  to  AVDD 

V  min  to  V 

10 

pA  max 

1 

nA  max 

20 

pF  max 

0  to  +4  x  Vrjp 

V  max 

±0.05 

%  typ 

1 

ppm/°C  typ 

mV  max 

For  Normal  Operation.  Depends  on  Gain  Selected. 
Unipolar  Input  Range  (B/U  Bit  of  Control  Register  =  1) 
Bipolar  Input  Range  (B/U  Bit  of  Control  Register  =  0) 
At  DC 

For  Filter  Notches  of  2,5,  10,25,  50  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notches  of  2,6, 10,30,  60  Hz,  ±0.02  x  fNOXCH 


For  Normal  Operation.  Depends  on  Gain  Selected. 
Additional  Error  Contributed  by  Resistor  Attenuator 
Additional  Drift  Contributed  by  Resistor  Attenuator 
Additional  Error  Contributed  by  Resistor  Attenuator 


NOTES 

'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C;  S  Version,  -55°C  to  +125°C.  See  also  Note  16. 
2Applies  after  calibration  at  the  temperature  of  interest. 
'Positive  full-scale  error  applies  to  both  unipolar  and  bipolar  input  ranges. 
''These  errors  will  be  of  the  order  of  the  output  noise  of  the  part  as  shown  in  Table  L 
5Recalibration  at  any  temperature  or  use  of  the  background  calibration  mode  will  remove  these  drift  errors. 
''These  numbers  are  guaranteed  by  design  and/or  characterization. 

7The  AIN1  and  AIN2  analog  inputs  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum 
recommended  source  resistance  depends  on  the  selected  gain. 

8The  analog  input  voltage  range  on  the  AIN1(+)  and  AIN2(+)  inputs  is  given  here  with  respect  to  the  voltage  on  the  AINl(-)  and  AIN2(-)  inputs.  The  input 
voltage  range  on  the  AIN3  input  is  with  respect  to  AGND.  The  absolute  voltage  on  the  AIN1  and  AIN2  inputs  should  not  go  more  positive  than  AVDD  + 
30  mV  or  more  negative  than  AGND  —  30  mV. 

*VREF  =  REF  IN(+)  -  REF  IN(-). 

l0This  common-mode  voltage  range  is  allowed  provided  that  the  input  voltage  on  AIN(+)  and  AIN(-)  does  not  exceed  AVDD  +  30  mV  and  AGND  -  30  mV. 
"This  error  can  be  removed  using  the  system  calibration  capabilities  of  the  AD7711/AD7713.  This  error  is  not  removed  by  the  AD7711/AD7713's  self- 
calibration  feature.  The  offset  drift  on  the  AIN3  input  is  four  times  the  value  given  in  the  Static  Performance  section. 
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AD7711/AD7713 


AD7713- 


kzz  


Parameter 


A,  S  Versions1 


Units 


REFERENCE  INPUT 
REF  IN(+)  -  REF  IN(-)  Voltage 

Input  Sampling  Rate,  fs 
Normal-Mode  50  Hz  Rejection6 
Normal-Mode  60  Hz  Rejection6 
Common-Mode  Rejection  (CMR) 
Common-Mode  50  Hz  Rejection6 
Common-Mode  60  Hz  Rejection6 
Common-Mode  Voltage  Range10 
DC  Input  Leakage  Current  @  +25°C 
Tmtn  t0  Tmax 


+2.5  to  AVDD/1.8 

fci-K  m'512 

100 

100 

100 

150 

150 

AGND  to  AVDD 

10 

1 


V  min  to  V  max 


dB  min 
dB  min 
dB  min 
dB  min 
dB  min 

V  min  to  V  max 
pA  max 
nA  max 


For  Specified  Performance.  Part  Is  Functional  with  Lower 
Vref  Voltages 

For  Filter  Notchesof2,5, 10,25,50  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notchesof2, 6, 10, 30,  60  Hz,  ±0.02  x  fNOTCH 
At  DC 

ForFilterNotchesof2,5,10,25,  50  Hz,  ±0.02  x  fNOTCH 
For  Filter  Notches  of2,6, 10,30,  60  Hz,  ±0.02  x  fNOTCH 


LOGIC  INPUTS 
Input  Current 

All  Inputs  except  MCLK  IN 
V^L,  Input  Low  Voltage 
Vq^h,  Input  High  Voltage 

MCLK  IN  Only 
Vinl)  Input  Low  Voltage 
VINH,  Input  High  Voltage 


±10 


0.8 
2.0 


0.8 

3.5 


uAmax 

V  max 

V  min 

V  max 
Vmin 


LOGIC  OUTPUTS 
VOL,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance1' 


0.4 
4.0 
±10 
9 




V  max 

V  min 
fxA  max 
pF  typ 


Isink  -1.6  mA 
Isource  =  100  l»A 





TRANSDUCER  BURN  OUT 
Current 

Initial  Tolerance 
Drift 


20 

±10 

0.1 


nA  nom 
%  typ 
%/°Ctyp 


RTD  EXCITATION  CURRENTS 
(RTD1,  RTD2) 
Output  Current 
Initial  Tolerance 
Drift 

initial  Matching 
Drift  Matching 
Line  Regulation  (AVDD) 
Load  Regulation 


200 

±20 

20 

±1 

3 

200 
200 


uA  nom 
%  max 
ppm/°C  typ 
%  max 
ppm/°C  typ 
nA/V  max 


Matching  Between  RTD1  and  RTD2  Currents 
Matching  Between  RTD1  and  RTD2  Current  Drift 
AVDD  =  +5  V 


nA/V. 


SYSTEM  CALIBRATION 
AIN1,  AIN2 
Positive  Full- Scale  Calibration  Limit13 
Negative  Full-Scale  Calibration  Limit13 
Offset  Calibration  Limit14'  15 
Input  Span14 

AIN3 

Positive  Full-Scale  Calibration  Limit13 
Offset  Calibration  Limit15 
Input  Span 


+(1.05  x  VMF)/GAIN 
-(1.05  x  VrepYGAIN 
-(1.05  x  V^pyGAIN 
+0.8  x  Vrep/GAIN 
+(2.1  x  VREF)/GAIN 

+(4.2  x  VREF)/GAIN 
0  to  Vmjp/GAIN 
+3.2  x  Vmjp/GAIN 
+(4.2  x  VmspyGAIN 


V  max 

V  max 

V  max 

V  min 

V  max 

V  max 

V  max 

V  min 

V  max 


GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 

GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 


'  '  ;  1 

NOTES 

12Sample  tested  at  +25°C  to  ensure  compliance. 

I3After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale,  then  the 
device  will  output  all  0s. 

'These  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  AIN1  and  AIN2  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  go  more  nega- 
tive than  AGND  -  30  mV. 
"The  offset  calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 
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Parameter 

A,  S  Versions1 

Units 

Conditions/Comments 

POWER  REQUIREMENTS 
Power  Supply  Voltages 

m 

itaorim^e— rrvvoA 

AVDD  Voltage16 

+5  to  +10 

V  nom 

±5%  for  Specified  Performance 

DVDD  Voltage" 
Power  Supply  Currents 

AVDD  Current 

AVDD  Current 

DVDD  Current 

DVDD  Current 
Power  Supply  Rejection18 

(AVDD) 
Power  Dissipation 

Normal  Mode 

Standby  (Power-Down)  Mode 

+  5 

0.6 
0.7 
0.5 

•twirl  K>3  oil 

See  Note  19 

5-5' 

500 

V  nom 

mA  max 
mA  max 
mA  max 
mA  max 

dB  typ 

mW  max 

u.W  max 

±5%  for  Specified  Performance 

AVDD=+5V 
AVDD=  +10  V 

fcLK  IK  T  1  MHz.  Digital  Inputs  0  V  or  DVDD 
fcLK  in  =  2  MHz.  Digital  Inputs  0  V  or  DVDD 
Rejection  w.r.t.  AGND 

AVDD  =  DVDD  =  +SV,fCLKIN  =  l  MHz; 
Typically  3.5  mW 

AVDD  =  DVDD  =  +5  V;  Typically  300  uW 

NOTES 

16Operation  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0°C  to  +70°C  temperature  range. 
"The  ±5%  tolerance  on  the  DVnD  input  is  allowed  provided  that  DVDD  does  not  exceed  AVDD  by  more  than  0.3  V. 

"Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  2,  5,  10,  25  or  50  Hz.  PSRR  at  60  Hz  will 

exceed  120  dB  with  filter  notches  of  2,  6,  10,  30  or  60  Hz. 
"PSRR  depends  on  gain:  Gain  of  1  =  70  dB  typ;  Gain  of  2  =  75  dB  typ;  Gain  of  4  «  80  dB  typ;  Gains  of  8  to  128  =  85  dB  typ. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

AVDD  to  AGND  -0.3  V  to  +12  V 

AVDD  to  DGND   -0.3  V  to  + 12  V 

DVDD  to  AGND   -0.3  V  to  +6  V 

DVDD  to  DGND   -0.3  V  to  +6  V 

AGND  to  DGND  -0.3  V  to  +6  V 

AIN1,  AIN2  Input  Voltage 

to  AGND   -0.3  V  to  AVDD  +  0.3  V 

AIN3  Input  Voltage  to  AGND  '.  .  .  -0.3  V  to  +22  V 

Reference  Input  Voltage  to  AGND  .  .  -0.3  V  to  AVDD  +  0.3  V 
Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  AVDD  +  0.3  V 
Digital  Output  Voltage  to  DGND  .  .  -0.3  V  to  DVDD  +  0.3  V 
Operating  Temperature  Range 

Commercial  (A  Version)   -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

CAUTION   


Junction  Temperature  +150°C 

Plastic  DIP  Package,  Power  Dissipation   450  mW 

8JA  Thermal  Impedance   105°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

Cerdip  Package,  Power  Dissipation   450  mW 

6JA  Thermal  Impedance  70"C/W 

Lead  Temperature,  Soldering   +300°C 

SOIC  Package,  Power  Dissipation   450  mW 

8JA  Thermal  Impedance  .  .  75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  the  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V,  which 

readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 

Although  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still  occur 

on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 

precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 



WARNING! 


ESD  SENSITIVE  DEVICE 


AD7713  ORDERING  GUIDE 


Model1 

Temperature  Range 

Package  Option2 

AD7713AN 

-40°C  to  +85°C 

N-24 

AD7713AR 

-40°Cto  +85°C 

R-24 

AD7713AQ 
AD7713SQ 

-40°C  to  +85°C 
-55°C  to  +125°C 

Q-24 
Q-24 

n 

- 

■ 


NOTES 

'To  order  MIL-STD-883B,  Class  B  processed  parts,  add  /883B  to  part  number. 

Contact  your  local  sales  office  for  military  data  sheet  and  availability. 
2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see 

Package  Information  section. 


■ 

: 
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REF  IN(  +  )  =  +2.5  V;  REF  IN(-)  =  AGND;  MCLK  IN  =  10  MHz  unless  otherwise 
stated.  All  specifications  TMIN  to  TMAX,  unless  otherwise  noted.) 


Parameter 

A,  S  Versions1 

Units 

Conditions/Comments 

ano  ivusbing  VjOucs 

24 

Bits  nun 

Guaranteed  by  Design.  For  Filter  Notches  ^  60  Hz 

22 

Bits  min 

For  Filter  Notch  =  100  Hz 

18 

Bits  min 

Fnr  Filter  Mntrh  —  7Sfl  HV 

■ 

15 

Bits  mm 

Fnr  Filter  Nnrrh  =  50(1  H7 

1  Ul  1  111C1   1>UIC11  —   JvV  1 1Z. 

12 

Rite  mm 

Olio  111111 

Fnr  Filrpr  Nntrh  =  1  kHV 

1  Ul    1  11LC1    L>LKL11           1  MIL 

WUipUl  INOISc 

*\pp  Tahlps  T  fo  TT 

JCC    1  aUlLS  1  u  11 

llllCglal  JNUliiiiiCiiiiLj 

@  25°C 

±0.0045 

%  nf  FSR  max 
/u  ui  1  oi\  li  1  ha 

Filter  Notches  ^  60  Hz.  Typically  ±0.0015% 

1  MIN  t0  1  MAX  • 

±0.0075 

%  nf  FSR  max 

/u  Ul  1  0 1\  111CLA 

Filtpr  Nntrhpi  ■<  nf)  H7 

1  11LC1   l^UtLUCO           UU  11/. 

Positive  Full-Scale  Error2,  ^ 

Excluding  Reference 

FnH-Sralp  Drift5 
run  oidic  l/iui 

3/GAIN 

u.V/°C  typ 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 

0.35 

Fxcludine  Reference  For  Gains  nf  16  32  64  128 

L.AL1  Ulllllg  IVCICldiCC    1  Ui    VJOllld  Ul    lUj              U*  ,    1  to 

Unipolar  Unset  Error 

See  ^Jote  4 

TTnioolar  Offc*»t  Fii-ift5 

unipolar  wuset  urui 

7  S/flATN 

For  riame  nt  1     ^    X  R 

I   Ul    VJO-UlO    Ul     1  ;    £,    i)  o 

0.3 

For  Gains  nf  1 6  32  64  128 

i  ui  vjaiiio  ui  1U)  -J^j  lio 

Bipolar  Zero  Error2 

See  Note  4 

Bipolar  Zero  Drift5 

2.5/GAIN 

u.V/°C  typ 

For  Gains  of  1,  2,  4,  8 

0.3 

u,V/°C  typ 

For  Gains  of  16,  32,  64,  128 

Bipolar  Negative  Full-Scale  Error2 

±0.006 

%  of  FSR  max 

Excluding  Reference.  Typically  ±0.0015% 

Bipolar  Negative  Full-Scale  Drift5 

4/GAIN 

u.V/°C  typ 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 

0.5 

jxV/°C  typ 

Excluding  Reference.  For  Gains  of  16,  32,  64,  128 

AMAT  Ofi  TNPTTTS/RFFFRFTnTCF  TNPTTTS 

AliALUU  ll'IrU  1  0/I\.£lF  JDIS.JC.lN  «_C.  Ill  r  U  1  o 

Normal  Mode  50  Hz  Rejection6 

inn 

1UU 

. 

uD  min 

Fot-  Filter  Nntfhpc  of  10    7^    ^0  T-Tv    -+-0  (V)  v  f 

ror  ruter  iNOicnes  01  iu,  zj,  ju  nz,  — u.uz  *  'notch 

Normal  Mode  60  Hz  Rejection 

100 

dB  min 

ror  ruter  iNotcnes  01  iu,  3U,  ou  nz,  rnu.uz  a  Inotch 

U\j  input  i_c3Kage  L-urrent  \ty  tij  v_> 

m 

IU 

pA  max 

T  tnT 
AMIN  10  1  MAX 

1 

nA  max 

Sampling  Capacitance 

20 

pF  max 

ATT\J1/RFF  I'M 
/VI IN  1/ I\Jz,r  irN 

v_.ommon-jvioQe  Rejection  ^^jIvirj 

92 

At  DC 

Common-Mode  50  Hz  Rejection 

150 

_  111111 

Fnr  Filter  NJntrtipc  of  lfl    ?f    Sft  14 v    -t-fl  0.7  V  f 

ror  Finer  iNotcnes  01  iu}  zj,  ju  fiz,  —  u.uz  a  Ijjotch 

Common-Mode  60  Hz  Rejection 

150 

mln  ., 

For  Filter  Mnfrlip«  of  1  0    30    oO  H?    +0  07  V  f 

ror  Filter  rNotcnes  01  iu,  3u,  ou  nz,  — u.w  Inotch 

Common -Mode  Voltage  Range 

V      tn  AV 
Vss  to  n.VDD 

V  min  to  V  max 

Analog  Inputs8 

input  voltage  i\ange 

For  Normal  Operation.  Depends  on  Gain  Selected. 

: 

0  tn  4-V  10 
u  to  T  vREF 

max 

TTnirmlor  Tnour  Runnj>  f'R/TT  Rir  of  fontrol  Ji  foictfr  —  t^ 
L-lllpUldl    llipUL  IXdllgC  \1Ji  \J  OIL  Ul  V.U11L1U1  IvCglaLCr  —  I) 

. 

-  VREF 

Rinolo-r  Inniit  Ronna  f'R/TT  Rir  of  Pnntrnl   Pi>irlctor  —  11 

Dipoiar  input  rvange  i,d/u  dii  oi  control  Kegister  —  uj 

Tnont  ^3mnlin(7  Rati*  f 
input  OiillljJlUlg  rvdtC.  lg 

See  Table  TIT 

OCC    1  dL.'lC  111 

AIN2  Offset  Error 

4 

mV  max 

Removed  by  System  Calibrations  but  not  by  Self-Calibration 

AIN2  Offset  Drift 

2 

M-WC 

Removed  by  System  Calibration  but  not  by  Self-Calibration 

■ 

Reference  Inputs 

REF  IN(  +  )  -  REF  IN(-)  Voltage11 

+2.5  to  +5 

V  min  to  V  max 

For  Specified  Performance;  Part  Is  Functional  with 

Lower  VREF  Voltages 

Input  Sampling  Rate,  fs 

^clk  in/512 

RFFFRFNJrF  OUTPUT 

Output  Voltage 

Z.J 

__ 

V  nom 

Initial  Tolerance 

±4 

%  max 

Drift 

Output  Noise 

25 

ppm/°C  typ 

50 

P-V  typ 

pk-pk  Noise.  0.1  Hz  to  10  Hz  Bandwidth 

Line  Regulation  (AVDD) 

1 

mV/V  max 

Load  Regulation 

1.5 

mV/mA  max 

Maximum  Load  Current  1  mA 

External  Current 

1 

mA  max 

NOTES 

'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C;  S  Version,  — 55°C  to  +125°C.  See  also  Note  16. 

2Applies  after  calibration  at  the  temperature  of  interest. 

Positive  full-scale  error  applies  to  both  unipolar  and  bipolar  input  ranges. 

"These  errors  will  be  of  the  order  of  the  output  noise  of  the  part  as  shown  in  Table  I. 

5Recalibration  at  any  temperature  or  use  of  the  background  calibration  mode  will  remove  these  drift  errors. 

These  numbers  are  guaranteed  by  design  and/or  characterization. 

This  common-mode  voltage  range  is  allowed,  provided  that  the  input  voltage  on  AIN(  +  )  or  AIN(-)  does  not  exceed  AVDD  +  30  mV  and  Vss  -  30  mV. 
The  analog  inputs  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended  source 
resistance  depends  on  the  selected  gain  (see  Tables  IV  and  V). 

The  analog  input  voltage  range  on  the  AIN1(  +  )  input  is  given  here  with  respect  to  the  voltage  on  the  AINl(-)  input.  The  input  voltage  range  on  the  AIN2 
input  is  with  respect  to  AGND.  The  absolute  voltage  on  the  analog  inputs  should  not  go  more  positive  than  AVDD  +  30  mV  or  go  more  negative  than 
Vss  -  30  mV. 

°Vref  =  REF  IN(+)  -  REF  IN(-). 

"The  reference  voltage  range  may  be  restricted  by  the  input  voltage  range  requirement  on  the  VBIAS  input. 
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Parameter 

A,  S  Versions1 

Units 

Conditions/Comments 

VBIAS  INPUT12 
Input  Voltage  Range 

AVDD  -  0.85  x  Vref 
or  AVDD  -3 

orAVDD-2.1 
Vss  +  0.85  x  Vref 
or  Vss  +3 

or  Vss  +2.1 
65  to  85 

See  VBIAS  Input  Section 

VBias  Rejection 

V  max 

V  max 

V  min 

V  min 
dB  typ 

wnicnever  is  omaiier,  +  j     —  j  v  or  +iu  v/u  v 
Nominal  AVDD/V ss 

Whichever  Is  Smaller;  +5  V/0  V  Nominal  AVDD/VSS 
See  VBIAS  Input  Section 

Whichever  Is  Greater;  +5  V/-5  V  or  +10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Greater;  +5  V/0  V  Nominal  AVDD/Vss 
Increasing  with  Gain 

LOGIC  INPUTS 
Input  Current 

All  Inputs  except  MCLK  IN 
Vdjlj  Input  Low  Voltage 
VINH,  Input  High  Voltage 

MCLK  IN  Only 
VINL,  Input  Low  Voltage 
VINH,  Input  High  Voltage 

±10 

0.8 
2.0 

0.8 
3.5 

uA  max 

Vmax 

V  min 

V  max 

V  min 

LOGIC  OUTPUTS 
VOL,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance13 

0.4 
4.0 
±10 
9 

V  max 

V  min 
p.  A  max 
pFtyp 

^sink  ~  1-6  mA 
^source  =  M-A 

TRANSDUCER  BURN-OUT 
Current 

Initial  Tolerance 
Drift 

100 

±10 
0.1 

nA  nom 
%  typ 
%/°C  typ 

■ 

RTD  EXCITATION  CURRENTS  (RTD1,  RTE 
Output  Current 
Initial  Tolerance 
Drift 

Initial  Matching 
Drift  Matching 
Line  Regulation  (AVDD) 
Load  Regulation 
Output  Compliance 

 1  :  

200 

±20 

20 

±1 

3 

200 
200 

AVDD  -  2 

llA  nom 
%  max 
ppm/°C  typ 
%  max 
ppm/°C  typ 
nA/V  max 
nA/V  max 
V  max 



■ 

- 

Matching  Between  RTD1  and  RTD2  Currents 
Matching  Between  RTD1  and  RTD2  Current  Drift 
AVDD  =  +5  V 

SYSTEM  CALIBRATION 

Positive  Full-Scale  Calibration  Limit14 
Negative  Full-Scale  Calibration  Limit" 
Offset  Calibration  Limit15 
Input  Span15 

(1.05  x  VrepVGAIN 
-  (1.05  x  VrepJ/GATN 
-(LOSxVrefVGAIN 
0.8  x  VREF/GAIN 
(2.1  x  V^pyGAIN 

V  max 

V  max 

V  max 

V  min 

V  max 

GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 

NOTES 

12The  AD7711  is  tested  with  the  following  VBIAS  voltages.  With  AVDD  =  +5  V  and  Vss  =  0  V,  VBIAS  =  +2.5  V;  with  AVDD  =  +10  V  and  Vss  =  0  V,  VBIAS 

=  +5  V  and  with  AVDD  =  +5  V  and  Vss  =  -5  V,  VBIAS  =  0  V. 
13Sample  tested  at  +25°C  to  ensure  compliance. 

i4After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  then  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale,  then 
the  device  will  output  all  0s. 

15These  calibration  and  span  limits  apply  provided  that  the  absolute  voltage  on  the  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  does  not  go  more  negative 
than  Vss  -  30  mV.  The  offset  calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 


- 
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AD7711 -SPECIFICATIONS 


Parameter 

A,  S  Versions1 

Units 



Conditions/Comments 

POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage16 

DVDD  Voltage17 

AVDD  -  Vss  Voltage 
Power  Supply  Currents 

AVDD  Current 

DVDD  Current 

+5  to  +10 

•+S  r»»* 
+  10.5 

4.5 

V  nom 

V  nom 

V  max 

mA  max 
mA  max 

±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
For  Specified  Performance 

Vss  Current 
Power  Supply  Rejection18 

Positive  Supply  (AVDD) 

Negative  Supply  (Vss) 
Power  Dissipation 

Normal  Mode 

Normal  Mode 

Standby  (Power-Down)  Mode 

1.5 

See  Note  19 
90 

45 

52.5 
15 

mA  max 

dB  typ 
dB  typ 

mW  max 
mW  max 
mW  max 

Vss  =  -5  V 

Rejection  w.r.t.  AGND;  Assumes  VB[AS  Is  Fixed 

AVDD  =  DVDD  =  +5  V,  Vss  =  0  V;  Typically  25  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  -5  V;  Typically  30  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  0  V  or  -5  V; 
Typically  7  mW 

16The  AD7711  is  specified  with  a  10  MHz  clock  for  AVED  voltages  of  +5  V  ±  5%.  It  is  specified  with  an  8  MHz  clock  for  AVDD  voltages  greater  than  5.25  V 

and  less  than  10.5  V.  Operating  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0°C  to  +70°C  temperature  range. 
■'The  ±5%  tolerance  on  the  DVDD  input  is  allowed  provided  that  DVDD  does  not  exceed  AVDD  by  more  than  0.3  V. 

'"Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  10  Hz,  25  Hz  or  50  Hz.  PSRR  at  60  Hz  will 

exceed  120  dB  with  filter  notches  of  10  Hz,  30  Hz  or  60  Hz. 
19PSRR  depends  on  gain:  Gain  of  1  =  70  dB  typ;  Gain  of  2  =  75  dB  typ;  Gain  of  4  =  80  dB  typ;  Gains  of  8  to  128  =  85  dB  typ.  These  numbers  can  be 

improved  (to  95  dB  typ)  by  deriving  the  VB1AS  voltage  (via  Zener  diode  or  reference)  from  the  AVDD  supply. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

AVDDtoDVDD  

AVn 


 -0.3  V  to  +12  V 

,to  Vss  -0.3  V  to  +12  V 


55°Cto  +125°C 
65°Cto  +150°C 
150°C 


AVDD  to  AGND 
AVDD  to  DGND 
DVDD  to  AGND 







-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
.  -0.3  V  to  +6V 


DVDD  to  DGND  -0.3  V  to  +6  V 

Vss  to  AGND   +0.3  V  to  -6  V 

Vss  to  DGND  +0.3  V  to  -6  V 

Analog  Input  Voltage  to  AGND 

0.3  V  to  AVDD  +  0.3  V 


Reference  Input  Voltage  to  AGND 

  Vss  -  0.3  V  to  AVDD  +  0.3  V 

REF  OUT  to  AGND  -0.3  V  to  AVDD 

Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  AVDD  +  0.3  V 
Digital  Output  Voltage  to  DGND  .  .  -0.3  V  to  DVDD  +  0.3  V 
Operating  Temperature  Range 

Commercial  (A  Version)   -40°C  to  +85°C 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD7711  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 

AD7711  ORDERING  GUIDE 


Extended  (S  Version; 
Storage  Temperature  R 

Junction  Temperature  

Plastic  DIP  Package,  Power  Dissipation  A'. 

6JA  Thermal  Impedance   

Lead  Temperature,  Soldering  (10  sec)  +260°C 

Cerdip  Package,  Power  Dissipation   450  mW 

6,A  Thermal  Impedance  70°C/W 

Lead  Temperature,  Soldering   +300°C 

SOIC  Package,  Power  Dissipation   450  mW 

8JA  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


Model 

Temperature  Range 

Package  Option* 

AD7711AN 

-40°C  to  +85°C 

N-24 

AD7711AR 

-40°C  to  +85°C 

R-24 

AD7711AQ 

-40°C  to  +85°C 

Q-24 

AD7711SQ 

-55°Cto  +  125°C 

Q-24 

*N  =  Plastic  DIP;  Q  =  Cerdip;  P 
see  Package  Information  section. 
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TIMING  CHARACTERISTICS1, 2  <dvdd  =  +5  v  ±  s%;  avdo  =  +5  v  or  +10  v3  ±  s%;  agnd  =  dgnd  =  0  v:  tH  ,„  = 

10  MHz  (AD7711)  or  2  MHz  (AD7713);  Input  Logic  0  =  0  V,  Logic  1  =  DVD„  unless  otherwise  stated.) 


Parameter 


(A,  S  Versions) 


Units 


Conditions/Comments 


fcLK 


tCLK  IN  LO 
tCLK  IN  HI 

tl 

Self-Clocking  Mode 

h 

U 

t5 

t6 

t/ 

t87 


10 


■ 


400 

2 

10 

0.4  x  ^  IN 

0.4  x  ^  IN 

50 

50 

1000 

0 
0 

2  X  tcLK  IN 

50 

4  x  tCLK  [N 
4  x  tCLK  IN 

tCLK  In'2 

tCLK  nV2  +  30 

tCLK  In/2 

3  X  tcLK  IN/2 

10 

tCLK  Ttfi 

3  x  tcLK  IN/2  + 

3  x  tcLK  IN/2  + 

0 

4  X  tcLK  IN 
4  X  tcLK  IN 

0 
10 


20 
20 


kHz  min 
MHz  max 
MHz  max 
ns  min 
ns  min 
ns  max 
ns  max 
ns  min 

ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  max 
ns  min 
ns  max 
ns  nom 
ns  nom 
ns  min 
ns  max 
ns  max 
ns  max 
ns  min 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 


Master  Clock  Frequency 

AD7713 

AD7711 

Master  Clock  Input  Low  Time;  tcnc  IN  =  l/fCLK  in 
Master  Clock  Input  High  Time 
Digital  Output  Rise  Time;  Typically  20  ns 
Digital  Output  Fall  Time;  Typically  20  ns 
SYNC  Pulse  Width 


DRDY  to  RFS  Setup  Time 

DRDY  to  RFS  Hold  Time 

AO  to  RFS  Setup  Time 

AO  to  RFS  Hold  Time 

RFS  Low  to  SCLK  Falling  Edge 

Data  Access  Time  (RFS  Low  to  Data  Valid) 

SCLK  Falling  Edge  to  Data  Valid  Delay 

SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 
RFS/TFS  to  SCLK  Falling  Edge  Hold  Time 


RFS/TFS  to  SCLK  Delay 

RFS  to  Data  Valid  Hold  Time 

AO  to  TFS  Setup  Time 

AO  to  TFS  Hold  Time 

TFS  to  SCLK  Falling  Edge  Delay  Time 

TFS  to  SCLK  Falling  Edge  Hold  Time 

Data  Valid  to  SCLK  Setup  Time 

Data  Valid  to  SCLK  Hold  Time 


:■ 


von 


100pF 


Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 
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Parameter 


Limit  at  Tmk, 
(A,  S  Versions) 


Units 




— 


Conditio: 




jmments 







External-Clocking  Mode 

fscuK 
t-20 

hi 


t27 
%t 

r  8 

r30 

t318 

k> 

hi 

t34 

t35 


0 
0 

2  X  tcLK  IN 

50 

4  X  tcLK  IN 
^CLK  In/2 

2  x  tCLK  IN  +  20 

2  X  tcLK  iN 
2  X  tcLK  jN 
tCLK  IN  +  10 

0 

20 

10 

5  x  tCLK  in/2  +  20 
0 

0 

4  x  tCLK  iN 

5  x  tCLK  IN/2  -  SCLK  High 
30 


MHz  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


Serial  Clock  Input  Frequency 

DRDY  to  RFS  Setup  Time 

DRDY  to  RFS  Hold  Time 

AO  to  RFS  Setup  Time 

AO  to  RFS  Hold  Time 

Data  Access  Time  (RFS  Low  to  Data  Valid) 

SCLK  Falling  Edge  to  Data  Valid  Delay 

SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 


SCLK  Falling  Edge  to  DRDY  High 
DRDY  to  Data  Valid  Hold  Time 

RFS/TFS  to  SCLK  Falling  Edge  Hold  Time 

RFS  to  Data  Valid  Hold  Time 

AO  to  TFS  Setup  Time 

AO  to  TFS  Hold  Time  _ 

SCLK  Falling  Edge  to  TFS  Hold  Time 

Data  Valid  to.  SCLK  Setup  Time 

Data  Valid  to  SCLK  Hold  Time 


NOTES 

'Sample  tested  at  +25DC  to  ensure  compliance.  All  input  signals  are  specified  with  tR  =  tF  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  6  to  9  of  AD7710/AD7712  data  sheet. 

3Operation  with  AVDD  voltages  in  the  range  5.25  V  to  10.5  V  is  only  guaranteed  over  the  0°C  to  +70°C  temperature  range. 

"CLK  IN  duty  cycle  range  is  45%  to  55%.  CLK  IN  must  be  supplied  whenever  the  AD7711/AD7713  is  not  in  STANDBY  mode.  If  no  clock  is  present  in  this 
case,  the  device  can  draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

5The  AD7711  is  production  tested  at  10  MHz.  The  AD7713  is  production  tested  with  fCLK  IN  at  2  MHz.  Both  are  guaranteed  by  characterization  to  operate  at 
400  kHz. 

6Specified  using  10%  and  90%  points  on  waveform  of  interest. 

7These  numbers  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 

"These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number 
is  then  extrapolated  back  to  remove  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are 
the  true  bus  relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 


AD7711  PIN  CONFIGURATION 


AD7713  PIN  CONFIGURATION 


DIP  and  SOIC 


DIP  and  SOIC 


SCLK  [T 
MCLK  IN  [T 
MCLK  OUT  [T 
AO  [T 
SYNC  [T 
MODE  [j[ 
AIN1W  [T 
AIN1H  [T 
RTD1  [T 
RTD2  [tO 

AVDD  [if 


AD7711 


TOP  VIEW 
(Not  to  Scale) 


24]  DGND 

U  DVDD 
H]  SDATA 
2l]  DRDY 
2o]  RFS 
19]  TFS 
18]  AGND 
W]  AIN2 
l|]  REFOUT 
jj]  REF  IN(+) 
m]  REF  IN(-) 

H]  vbi*> 


AD7713 


SCLK  [T  • 

MCLK  IN  [IT 

MCLK  OUT  [T 

AO  [T 

SYNC  \T 

MODE  [T 

I —     TOP  VIEW 

AIN1<*>  LI  (No,  .0  Scale) 

AiNtB  [T 

AIN2(t)  [T 

AIN2(-)  [lO 

STANDBY  [Tf 

AVuo  [l| 


24]  DGND 

Bi  DVDD 
|D  SDATA 
fa]  DRDY 
20]  RFS 
19]  TFS 
18]  AGND 
17]  AIN3 
16]  RTD2 
1?]  REF  IN(+) 
lT]  REFINB 
13]  RTD1 
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PIN  FUNCTION  DESCRIPTION 


Mnemonic  Function 





SCLK 


MCLK  IN 

MCLK  OUT 
AO 


REF 


AIN3 

AGND 
TFS 

RFS 


Serial  Clock.  Logic  input/output  depending  on  the  status  of  the  MODE  pin.  When  MODE  is  high,  the  device  is  in 
its  self-clocking  mode  and  the  SCLK  pin  provides  a  serial  clock  output.  This  SCLK  becomes  active  when  RFS  or 
TFS  goes  low  and  it  goes  high  impedance  when  either  RFS  or  TFS  returns  high  or  when  the  device  has  completed 
transmission  of  an  output  word.  When  MODE  is  low,  the  device  is  in  its  external  clocking  mode  and  the  SCLK  pin 
acts  as  an  input.  This  input  serial  clock  can  be  a  continuous  clock  with  all  data  transmitted  in  a  continuous  train  of 
pulses.  Alternatively,  it  can  be  a  noncontinuous  clock  with  the  information  being  transmitted  to  the  AD7711/AD7713 
in  smaller  batches  of  data. 

Master  Clock  signal  for  the  device.  This  can  be  provided  in  the  form  of  a  crystal  or  external  clock.  A  crystal  can  be 
tied  across  the  MCLK  IN  and  MCLK  OUT  pins.  Alternatively,  the  MCLK  IN  pin  can  be  driven  with  a 
CMOS-compatible  clock  and  MCLK  OUT  left  unconnected.  The  clock  input  frequency  is  nominally  2  MHz  for 
AD7713  and  10  MHz  for  AD7711. 

When  the  master  clock  for  the  device  is  a  crystal,  the  crystal  is  connected  between  MCLK  IN  and  MCLK  OUT. 
Address  Input.  With  this  input  low,  reading  and  writing  to  the  device  is  to  the  control  register.  With  this  input  high, 
access  is  to  either  the  data  register  or  the  calibration  registers. 

Logic  Input  which  allows  for  synchronization  of  the  digital  filters  when  using  a  number  of  AD7711/AD7713s.  It 
resets  the  nodes  of  the  digital  filter. 

Logic  Input.  When  this  pin  is  high,  the  device  is  in  its  self-clocking  mode;  with  this  pin  low,  the  device  is  in  its 
external  clocking  mode. 

Analog  Input  Channel  K  Positive  input  of  the  programmable-gain  differential  analog  input.  The  AIN1(+)  input  is 
connected  to  an  output  current  source  which  can  be  used  to  check  that  an  external  transducer  has  burnt  out  or  has 
gone  open  circuit.  This  output  current  source  can  be  turned  on/off  via  the  control  register. 
Analog  Input  Channel  1.  Negative  input  of  the  programmable  gain  differential  analog  input. 
AD7711  Only.  Analog  Input  Channel  2.  Single-ended  programmable  gain  analog  input. 

AD7711  Only.  Reference  Output.  The  internal  +2.5  V  reference  is  provided  at  this  pin.  This  is  a  single-ended 
output  which  is  reference  to  AGND.  It  is  a  buffered  output  capable  of  providing  1  mA  to  an  external  load. 
AD7711  Only.  Input  Bias  Voltage.  This  input  voltage  should  be  set  such  that  VBIAS  +  0.85  x  Vrep  <  AVDD  and 
Vbias  "  0-85  x  Vrep  >  Vss  where         is  REF  IN(+)  -  REF  IN(-).  See  VBIAS  input  section. 
AD7711  Only.  Analog  Negative  Supply,  0  V  to  -5  V.  Tied  to  AGND  for  single  supply  operation.  The  input  voltage 
on  AIN1  or  AIN2  should  not  go  >30  mV  negative  w.r.t.  Vss  for  correct  operation  of  the  device. 
AD7713  Only.  Analog  Input  Channel  2.  Positive  input  of  the  programmable  gain  differential  analog  input. 
AD7713  Only.  Analog  Input  Channel  2.  Negative  input  of  the  programmable  gain  differential  analog  input. 
AD7713  Only.  Logic  Input.  Taking  this  pin  low  shuts  down  the  internal  analog  and  digital  circuitry,  reducing  power 
consumption  to  less  than  50  p.W. 
Analog  Positive  Supply  Voltage,  +5  V  to  +10  V. 

Constant  Current  Output.  A  nominal  200  u,A  constant  current  is  provided  at  this  pin  and  this  can  be  used  as  the 
excitation  current  for  RTDs.  This,  current  can  be  turned  on  or  off  via  the  control  register. 
Constant  Current  Output.  A  nominal  200  u,A  constant  current  is  provided  at  this  pin  and  this  can  be  used  as  the 
excitation  current  for  RTDs.  This  current  can  be  turned  on  or  off  via  the  control  register.  This  second  current  can  be 
used  to  eliminate  lead  resistance  errors  in  three-wire  RTD  configurations. 

Reference  Input.  The  REF  IN(-)  can  he  anywhere  between  AVDD  and  AGND  provided  REF  IN(+)  is  greater  than 
REF  IN(-). 

IN(+)       Reference  Input.  The  reference  input  is  differential  with  the  provision  that  REF  IN(+)  must  be  greater  than 
REF  IN(-).  REF  IN(+)  can  lie  anywhere  between  AVDD  and  AGND. 


SYNC 
MODE 
AIN1(+) 

AINl(-) 
AIN2 
REF  OUT 

• 

Vbias 
Vss 

AIN2(+) 
AIN2(-) 
STANDBY 

AVDD 
RTD1 

RTD2 


REF  IN(-) 


AD7713  only.  Analog  Input  Channel  3.  High  level  analog  input  which  accepts  an  analog  input  voltage  range  of 
4  x  VREF/GAIN.  At  the  nominal  VREF  of  +2.5  V  and  a  gain  of  1,  the  AIN3  input  voltage  range  is  0  to  +10  V. 
Ground  Reference  Point  for  Analog  Circuitry. 

Transmit  Frame  Synchronization.  Active  low  logic  input  used  to  write  serial  data  to  the  device  with  serial  data 
expected  after  the  falling  edge  of  this  pulse.  In  the  self-clocking  mode,  the  serial  clock  becomes  active  after  TFS  goes 
low.  In  the  external  clocking  mode,  TFS  must  go  low  before  the  first  bit  of  the  data  word  is  written  to  the  part. 

Receive  Frame  Synchronization.  Active  low  logic  input  used  to  access  serial  data  from  the  device.  In  the  self-clocking 
mode,  the  SCLK  and  SDATA  lines  both  become  active  after  RFS  goes  low.  In  the  external  clocking  mode,  the 
SDATA  line  becomes  active  after  RFS  goes  low. 
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Mnemonic 


Function 


—  


Logic  Output.  A  falling  edge  indicates  a  new  output  word  is  available  for  transmission.  The  DRDY  pin  will  return 
high  upon  completion  of  transmission  of  a  full  output  word.  DRDY  is  also  used  to  indicate  when  the 
AD7711/AD7713  has  completed  its  on-chip  calibration  sequence. 

Serial  Data.  Input/Output  with  serial  data  being  written  to  either  the  control  register  or  the  calibration  registers  and 
serial  data  being  accessed  from  the  control  register,  calibration  registers  or  the  data  register.  During  an  output  data 
read  operation,  serial  data  becomes  active  after  RFS  goes  low  (provided  DRDY  is  low).  During  a  write  operation, 
valid  serial  data  is  expected  on  the  rising  edges  of  SCLK  when  TFS  is  low.  The  output  data  is  natural  binary  for 
unipolar  inputs  and  offset  binary  for  bipolar  inputs. 

Digital  Supply  Voltage,  +5  V.  DVDD  should  never  exceed  AVDD  by  more  than  0.3  V.  If  DVDD  powers  up  before 
AVDD  or  if  DVDD  can  exceed  AVDD  by  more  than  0.3  V  at  any  other  time,  the  protection  scheme  outlined  in 
Figure  5  should  be  used. 

Ground  Reference  Point  for  Digital  Circuitry. 


DRDY 

; 

SDATA 
DVDD 


DGND 





TERMINOLOGY 

T^^the^a^^d^viationof  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero  scale  (not  to  be  confused 
with  bipolar  zero),  a  point  0.5  LSB  below  the  first  code  transi- 
tion (000  ...  000  to  000  ...  001)  and  full  scale,  a  point  0.5  LSB 
above  the  last  code  transition  (111  ...  110  to  111  .  .  .  111). . 
The  error  is  expressed  as  a  percentage  of  full  scale. 


POSITIVE  FULL-SCALE  OVERRANGE 

Positive  full-scale  overrange  is  the  amount  of  overhead  available 
to  handle  input  voltages  on  the  AIN(+)  inputs  greater  than 
(AIN(-)  +  VREF/GAIN)  or  on  AIN2  of  AD7711  of  greater  than 
VREF/GAIN  or  AIN3  of  AD7713  of  greater  than  +4  x  VREF/ 
GAIN  (for  example,  noise  peaks  or  excess  voltages  due  to 
system  gain  errors  in  system  calibration  routines)  without  intro- 
ducing errors  due  to  overloading  the  analog  modulator  or  to 
overflowing  the  digital  filter. 


POSITIVE  FULL-SCALE  ERROR 

Positive  full-scale  error  is  the  deviation  of  the  last  code  transi- 
tion (111  .  .  .  110  to  111  .  .  .  Ill)  from  the  ideal  input  full-scale 
voltage.  For  AIN(+),  the  ideal  full-scale  input  voltage  is 
(AIN(-)  +  VREF/GAIN  -  3/2  LSBs);  for  AIN2  of  AD7711, 
the  ideal  full-scale  input  voltage  is  VREF/GAIN  -  3/2  LSBs;  for 
AIN3  of  AD7713,  the  ideal  full-scale  voltage  is  +4  x  V^l 
GAIN  -  3/2  LSBs.  Positive  full-scale  error  applies  to  both  uni- 
polar and  bipolar  analog  input  ranges. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  offset  error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  input  voltage.  For  AIN(+),  the  ideal  input  volt- 
age is  (AIN(-)  +  0.5  LSB);  for  AIN2  of  AD7711  and  AIN3 
of  AD7713,  the  ideal  input  is  0.5  LSB  when  operating  in  the 
Unipolar  Mode. 

BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  midscale  transition  (0111  ...  Ill  to 
1000  .  .  .  000)  from  the  ideal  input  voltage.  For  AIN(+),  the 
ideal  input  voltage  is  (AIN(-)  -  0.5  LSB);  for  AIN2  of 
AD7711  the  ideal  input  is  -0.5  LSB;  AIN3  of  AD7713  can 
only  accommodate  unipolar  input  ranges. 

BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
input  voltage.  For  AIN(+),  the  ideal  input  voltage  is  (AIN(-) 
-VREF/GAIN  +  0.5  LSB);  for  AIN2  of  AD7711  the  ideal  input 
is  -Vreji/GAIN  to  0.5  LSB  when  operating  from  dual  supplies; 
AIN3  of  AD7713  can  only  accommodate  unipolar  input  ranges. 


NEGATIVE  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages  on 
AIN(+)  below  (AIN(-)  -  VREF/GAIN)  or  on  AIN2  of  AD7711 
below  -VREF/GAIN  without  overloading  the  analog  modulator 
or  overflowing  the  digital  filter. 

OFFSET  CALIBRATION  RANGE 

In  the  system  calibration  modes,  the  AD7711/AD7713  calibrates 
its  offset  with  respect  to  the  analog  input.  The  offset  calibration 
range  specification  defines  the  range  of  voltages  that  the 
AD7711/AD77I3  can  accept  and  still  calibrate  offset  accurately. 

FULL-SCALE  CALIBRATION  RANGE 

This  is  the  range  of  voltages  that  the  AD7711/AD7713  can 
accept  in  the  system  calibration  mode  and  still  calibrate  full 
scale  correctly. 

• 

INPUT  SPAN 

In  system  calibration  schemes,  two  voltages  applied  in  sequence 
to  the  AD7711/AD7713's  analog  input  define  the  analog  input 
range.  The  input  span  specification  defines  the  minimum  and 
maximum  input  voltages  from  zero  to  full  scale  that  the 
AD7711/AD7713  can  accept  and  still  calibrate  gain  accurately. 


i 
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Control  Register  (24  Bits) 

A  write  to  the  device  with  the  AO  input  low  writes  data  to  the  control  register.  A  read  to  the  device  with  the  AO  input  low  accesses 
the  contents  of  the  control  register.  The  control  register  is  24-bits  wide  and  when  writing  to  the  register  24  bits  of  data  must  be  writ- 
ten otherwise  the  data  will  not  be  loaded  to  the  control  register.  In  other  words,  it  is  not  possible  to  write  just  the  first  12  bits  of  data 
into  the  control  register.  If  more  than  24  clock  pulses  are  provided  before  TFS  returns  high,  then  all  clock  pulses  after  the  24th  clock 
pulse  are  ignored.  Similarly,  a  read  operation  from  the  control  register  should  access  24  bits  of  data. 
MSB 


MD2 

MD1 

MDO 

G2 

Gl 

GO 

SI1 

S22 

WL 

RO 

BO 

B/U 

FS11 

FS10 

FS9 

FS8 

FS7 

FS6 

FS5 

FS4 

FS3 

FS2 

FS1 

FSO 

NOTES 

'On  the  AD7711  this  bit  is  CH,  and  on  the  AD7713  this  bit  is  CHI. 
2On  the  AD771 1  this  bit  is  PD,  and  on  the  AD7713  this  bit  is  CHO.  ■ 


Operating  Mode 

MD2      MD1      MDO    Operating  Mode 


l 


Normal  Mode.  This  is  the  normal  mode  of  operation  of  the  device  whereby  a  read  to  the  device  with  AO 
high  accesses  data  from  the  data  register.  This  is  the  default  condition  of  these  bits  after  the  internal 
power-on  reset. 

Activate  Self-Calibration.  This  activates  self-calibration  on  the  channel  selected  by  CH  (CHO  and  CHI 
on  AD7713).  This  is  a  one-step  calibration  sequence,  and  when  complete,  the  part  returns  to  Normal 
Mode  (with  MD2,  MD1,  MDO  of  the  control  register  returning  to  0,  0,  0).  The  DRDY  line  indicated 
when  this  self-calibration  is  complete  and  valid  data  is  available  in  the  output  register.  For  this  calibra- 
tion type,  the  zero-scale  calibration  is  done  internally  on  shorted  (zeroed)  inputs  and  the  full-scale  cali- 
bration is  done  internally  on  VREF. 

Activate  System  Calibration.  This  activates  system  calibration  on  the  channel  selected  by  CH  (CHO  and 
CHI  on  AD7713).  This  is  a  two-step  calibration  sequence,  with  the  zero-scale  calibration  done  first  on 
the  selected  input  channel  and  DRDY  indicating  when  this  zero-scale  calibration  is  complete.  The  part 
returns  to  Normal  Mode  at  the  end  of  this  first  step  in  the  two-step  sequence. 

Activate  System  Calibration.  This  is  the  second  step  of  the  system  calibration  sequence  with  full-scale 
calibration  being  performed  on  the  selected  input  channel.  Once  again,  DRDY  indicated  when  this  full- 
scale  calibration  is  complete.  When  this  calibration  is  complete,  the  part  returns  to  Normal  Mode. 
Activate  System-Offset  Calibration.  This  activates  system-offset  calibration  on  the  channel  selected  by 
CH  (CHO  and  CHI  on  AD7713).  This  is  a  one  step  calibration  sequence  and  when  complete  the  part 
returns  to  Normal  Mode  with  DRDY  indicating  when  this  system  offset  calibration  is  complete.  For  this 
calibration  type,  the  zero-scale  calibration  is  done  on  the  selected  input  channel  and  the  full-scale  cali- 
bration is  done  internally  on  VREF. 

Activate  Background  Calibration.  This  activates  background  calibration  on  the  channel  selected  by  CH 
(CHO  and  CHI  on  AD7713).  If  the  background  calibration  mode  is  on,  then  the/  LD7711/AD7713  pro- 
vides continuous  self-calibration  of  the  reference  and  shorted  (zeroed)  inputs.  This  calibration  takes 
place  as  part  of  the  conversion  sequence,  extending  the  conversion  time  and  reducing  the  word  rate  by  a 
factor  of  six.  Its  major  advantage  is  that  the  user  does  not  have  to  worry  about  recalibrating  the  device 
when  there  is  a  change  in  the  ambient  temperature.  In  this  mode,  shorted  (zeroed)  inputs  and  Vrep,  as 
well  as  the  analog  input  voltage,  are  continuously  monitored  and  the  calibration  registers  of  the  device 
are  updated. 

Read/Write  Zero-Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents 
of  the  zero-scale  calibration  coefficients  of  the  channel  selected  by  CH  (CHO  and  CHI  on  AD7713).  A 
write  to  the  device  with  AO  high  writes  data  to  the  zero-scale  calibration  coefficients  of  the  channel 
selected  by  CH.  The  word  length  for  reading  and  writing  these  coefficients  is  24  bits,  regardless  of  the 
status  of  the  WL  bit  of  the  control  register.  Therefore,  when  writing  to  the  calibration  register,  24  bits 
of  data  must  be  written,  otherwise  the  new  data  will  not  be  transferred  to  the  calibration  register. 
Read/Write  Full-Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents 
of  the  full-scale  calibration  coefficients  of  the  channel  selected  by  CH  (CHO  and  CHI  on  AD7713).  A 
write  to  the  device  with  AO  high  writes  data  to  the  full-scale  calibration  coefficients  of  the  channel 
selected  by  CH.  The  word  length  for  reading  and  writing  these  coefficients  is  24  bits,  regardless  of  the 
status  of  the  WL  bit  of  the  control  register.  Therefore,  when  writing  to  the  calibration  register,  24  bits 
of  data  must  be  written,  otherwise,  the  new  data  will  not  be  transferred  to  the  calibration  register. 
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0  0  12 

0  10  4 

0  118 

1  0  0  16 
1  0  1  32 
1  1     0  64 

1  1     1  128 


Channel  Selection 

CHI  (AD7713  Only)  CHO  Channel 

0  0  AIN1      (Default  Condition  After  the  Internal  Power-On  Reset) 

0  1  AIN2 

1  0  AIN3      AD7713  Only 

Power-Down  (AD7711  Only) 
PD 

0  Normal  Operation  (Default  Condition  After  Internal  Power-On  Reset) 

1  Power-Down 

Word  Length 

WL  Output  Word  Length 

0  16-Bit  (Default  Condition  After  Internal  Power-On  Reset) 

1  24-Bit 

RTD  Excitation  Currents 
RO 

0  Off 


efault  Condition  After  Internal  Power-On  Reset) 

■  : 

■ 


Burn-Out  Current 
BO 

0  Off         (Default  Condition  After  Internal  Power-On  Reset) 

1  On 

Bipolar/Unipolar  Selection  (Both  Inputs) 
B/U 

0  Bipolar     (Default  Condition  After  Internal  Power-On  Reset) 

1  Unipolar 


Filter  Selection  (FS11-FS0) 

The  on-chip  digital  filter  provides  a  Sine3  (or  (Sinx/x)3)  filter  response.  The  12  bits  of  data  programmed  into  these  bits  determine  the 
filter  cutoff  frequency,  the  position  of  the  first  notch  of  the  filter  and  the  data  rate  for  the  part.  In  association  with  the  gain  selection, 
it  also  determines  the  output  noise  (and  hence  the  effective  resolution)  of  the  device. 

The  first  notch  of  the  filter  occurs  at  a  frequency  determined  by  the  relationship:  filter  first  notch  frequency  =  (fCLK  iN^12)/codc 
where  code  is  the  decimal  equivalent  of  the  code  in  bits  FSO  to  FS11  and  is  in  the  range  19  to  2,000.  The  value  of  the  code  loaded  to 
these  bits  must  be  within  this  range.  Failure  to  do  this  will  result  in  unspecified  operation  of  the  device. 

Changing  the  filter  notch  frequency,  as  well  as  the  selected  gain,  impacts  resolution.  Tables  I  and  II  show  the  effect  of  the  filter 
notch  frequency  and  gain  on  the  effective  resolution  of  the  part.  The  output  data  rate  (or  effective  conversion  time)  for  the  device  is 
equal  to  the  frequency  selected  for  the  first  notch  of  the  filter.  For  example,  if  the  first  notch  of  the  filter  is  at  10  Hz  then  a  new 
word  is  available  at  a  10  Hz  rate  or  every  100  ms.  If  the  first  notch  is  at  200  Hz,  a  new  word  is  available  every  5  ms. 

The  settling  time  of  the  filter  to  a  full-scale  step  input  change  is  worst  case  4  x  l/(the  output  data  rate).  This  settling  time  is  to  100% 
of  the  final  value.  For  example,  with  the  first  filter  notch  at  10  Hz,  the  settling  time  of  the  filter  to  a  full-scale  step  input  change  is 
400  ms  max.  This  settling  time  can  be  reduced  to  3  x  l/(output  data  rate)  by  synchronizing  the  step  input  change  to  a  reset  of  the 
digital  filter.  In  other  words,  if  the  step  input  takes  place  with  SYNC  low,  the  settling  time  will  be  3  x  l/(output  data  rate).  If  a 
change  of  channel  takes  place,  the  settling  time  is  3  x  l/(output  data  rate)  regardless  of  the  SYNC  input,  but  DRDY  does  not  stay 
high  for  3  X  1/output  rate.  The  -3  dB  frequency  is  determined  by  the  programmed  first  notch  frequency  according  to  the  relation- 
ship: filter  -3  dB  frequency  =  0.262  x  first  notch  frequency. 
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Tables  I  and  II  show  the  output  rms  noise  for  some  typical  notch  and  -3  dB  frequencies  for  the  AD7711.  The  numbers  given  are  for 
the  bipolar  input  ranges  with  a  VREF  of  +2.5  V.  These  numbers  are  typical  and  are  generated  with  an  analog  input  voltage  of  0  V. 
The  output  noise  from  the  part  comes  from  two  sources.  The  first  is  the  electrical  noise  in  the  semiconductor  devices  used  in  the 
implementation  of  the  modulator  (device  noise).  The  second  occurs  when  the  analog  input  signal  is  converted  into  the  digital  domain 
adding  quantization  noise.  The  device  noise  is  at  a  low  level  and  is  largely  independent  of  frequency.  The  quantization  noise  starts  at 
an  even  lower  level  but  rises  rapidly  with  increasing  frequency  to  become  the  dominant  noise  source.  Consequently,  lower  filter  notch 
settings  (below  60  Hz  approximately)  tend  to  be  device  noise  dominated  while  higher  notch  settings  are  dominated  by  quantization 
noise.  Changing  the  filter  notch  and  cutoff  frequency  in  the  quantization  noise  dominated  region  results  in  a  more  dramatic  improve- 
ment in  noise  performance  than  it  does  in  the  device  noise  dominated  region  as  shown  in  Table  I.  Furthermore,  quantization  noise  is 
added  after  the  PGA,  so  effective  resolution  is  independent  of  gain  for  the  higher  filter  notch  frequencies.  Meanwhile,  device  noise  is 
added  in  the  PGA  and,  therefore,  effective  resolution  suffers  a  little  at  high  gains  for  lower  notch  frequencies. 

At  the  lower  filter  notch  settings  (below  60  Hz),  the  no  missing  codes  performance  of  the  device  is  at  the  24-bit  level.  At  the  higher 
settings,  more  codes  will  be  missed  until  at  1  kHz  notch  setting,  no  missing  codes  performance  is  only  guaranteed  to  the  12-bit  level. 
However,  since  the  effective  resolution  of  the  pan  is  10.5  bits  for  this  filter  notch  setting,  this  no  missing  codes  performance  should 
be  more  than  adequate  for  all  applications. 

The  effective  resolution  of  the  device  is  defined  as  the  ratio  of  the  output  rms  noise  to  the  input  full  scale.  This  does  not  remain  con- 
stant with  increasing  gain  or  with  increasing  bandwidth.  Table  II  shows  the  same  table  as  Table  I  except  that  the  output  is  now  . 
expressed  in  terms  of  effective  resolution  (the  magnitude  of  the  rms  noise  with  respect  to  2  x  V^p/GAIN,  i.e.,  the  input  full  scale). 
It  is  possible  to  do  post  filtering  on  the  device  to  improve  the  output  data  rate  for  a  given  -3  dB  frequency  and  also  to  further  reduce 
the  output  noise  (see  Digital  Filtering  section). 


Table  I.  Output  Noise  vs.  Gain  and  First  Notch  Frequency  for  AD7711 


First  Notch  of 

Typical  Output  RMS  Noise  ((iV) 

Filter  and  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate1 

Frequency 

1 

2 

4 

8 

16 

32 

64 

128 

10  Hz2 

2.62  Hz 

1.7 

1.0 

0.5 

0.36 

0.36 

0.36 

0.36 

0.36 

25  Hz2 

6.55  Hz 

4.9 

2.2 

1.2 

0.6 

0.36 

0.36 

0.36 

0.36 

30  Hz2 

7.86  Hz 

6.1 

2.4 

1.2 

0.84 

0.5 

0.36 

0.36 

0.36 

50  Hz2 

13.1  Hz 

7.5 

3.8 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

60  Hz2 

15.72  Hz 

8.5 

4.0 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

100  Hz3 

26.2  Hz 

13 

6.4 

3.7 

1.8 

1.1 

0.9 

0.65 

0.65 

250  Hz3 

65.5  Hz 

130 

75 

25 

12 

7.5 

4 

2.7 

1.7 

500  Hz3 

131  Hz 

0.6  x  103 

0.26  x  103 

140 

70 

35 

25 

15 

8 

1  kHz3 

262  Hz 

3.1  x  103 

1.6  x  103 

0.7  x  103 

0.29  x  103 

180 

120 

70 

40 

NOTES 

'The  default  condition  (after  the  internal  power-on  reset)  for  the  first  notch  of  filter  is  60  Hz. 

"For  these  filter  notch  frequencies,  the  output  rms  noise  is  primarily  dominated  by  device  noise  and  as  a  result  is  independent  of  the  value  of  the  reference  volt- 
age. Therefore,  increasing  the  reference  voltage  will  give  an  increase  in  the  effective  resolution  of  the  device  (i.e.,  the  ratio  of  the  rms  noise  to  the  input  full 
scale  is  increased  since  the  output  rms  noise  remains  constant  as  the  input  full  scale  increases). 

3For  these  filter  notch  frequencies,  the  output  rms  noise  is  dominated  by  quantization  noise  and  as  a  result  is  proportional  to  the  value  of  the  reference  voltage. 


Table  II.  Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  AD7711 


First  Notch  of 

Effective  Resolution1  (Bits) 

Filter  and  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

2 

4 

8 

16 

32 

64 

128 

10  Hz 

2.62  Hz 

21.5 

21.5 

21.5 

20.5 

19.5 

18.5 

17.5 

16.5 

25  Hz 

6.55  Hz 

20 

20 

20 

20 

19.5 

18.5 

17.5 

16.5 

30  Hz 

7.86  Hz 

19.5 

20 

20 

19.5 

19.5 

18.5 

17.5 

16.5 

50  Hz 

13.1  Hz 

19.5 

19.5 

19.5 

19.5 

19 

18.5 

17.5 

16.5 

60  Hz 

15.72  Hz 

19 

19.5 

19.5 

19.5  - 

19 

18.5 

17.5 

16.5 

100  Hz 

26.2  Hz 

18.5 

18.5 

18.5 

18.5 

18 

17.5 

17 

16 

250  Hz 

65.5  Hz 

15 

15 

15.5 

15.5 

15.5 

15.5 

15 

14.5 

500  Hz 

131  Hz 

13 

13 

13 

13 

13 

12.5 

12.5 

12.5 

1  kHz 

262  Hz 

10.5 

10.5 

11 



11 

11 

10.5 

10 

10 

NOTE 

'Effective  resolution  is  defined  as  the  magnitude  of  the  output  rms  noise  with  respect  to  the  input  full  scale  (i.e.,  2  x  V^p/GAIN).  The  above  table  applies  for 
a  VREF  of  +2.5  V  and  resolution  numbers  are  rounded  to  the  nearest  0.5  LSB. 
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Tables  la  and  Ha  show  the  output  rms  noise  for  some  typical  notch  and  -3  dB  frequencies  for  the  AD7713.  The  numbers  given  are 
for  the  bipolar  input  ranges  with  a  VREF  of  +2.5  V.  These  numbers  are  typical  and  are  generated  with  an  analog  input  voltage  of 
0  V.  The  output  noise  from  the  part  comes  from  two  sources.  Firstly,  there  is  the  electrical  noise  in  the  semiconductor  devices  used 
in  the  implementation  of  the  modulator  (device  noise).  Secondly,  when  the  analog  input  signal  is  converted  into  the  digital  domain, 
quantization  noise  is  added.  The  device  noise  is  at  a  low  level  and  is  largely  independent  of  frequency.  The  quantization  noise  starts 
at  an  even  lower  level  but  rises  rapidly  with  increasing  frequency  to  become  the  dominant  noise  source.  Consequently,  lower  filter 
notch  settings  (below  12  Hz  approximately)  tend  to  be  device  noise  dominated  while  higher  notch  settings  are  dominated  by  quantiza- 
tion noise.  Changing  the  filter  notch  and  cutoff  frequency  in  the  quantization-noise  dominated  region  results  in  a  more  dramatic 
improvement  in  noise  performance  than  it  does  in  the  device-noise  dominated  region  as  shown  in  Table  la.  Furthermore,  quantization 
noise  is  added  after  the  PGA,  so  effective  resolution  is  independent  of  gain  for  the  higher  filter  notch  frequencies.  Meanwhile,  device 
noise  is  added  in  the  PGA  and,  therefore,  effective  resolution  suffers  a  little  at  high  gains  for  lower  notch  frequencies. 

At  the  lower  filter  notch  settings  (below  12  Hz),  the  no  missing  codes  performance  of  the  device  is  at  the  24-bit  level.  At  the  higher 
settings,  more  codes  will  be  missed  until  at  200  Hz  notch  setting,  no  missing  codes  performance  is  only  guaranteed  to  the  12-bit  level. 
However,  since  the  effective  resolution  of  the  pan  is  10.5  bits  for  this  filter  notch  setting,  this  no  missing  codes  performance  should 
be  more  than  adequate  for  all  applications. 

The  effective  resolution  of  the  device  is  defined  as  the  ratio  of  the  output  rms  noise  to  the  input  full  scale.  This  does  not  remain  con- 
stant with  increasing  gain  or  with  increasing  bandwidth.  Table  Ha  shows  the  same  table  as  Table  la  except  that  the  output  is  now 
expressed  in  terms  of  effective  resolution  (the  magnitude  of  the  rms  noise  with  respect  to  2  x  VREF/GAIN,  i.e.,  the  input  full  scale). 
It  is  possible  to  do  post  filtering  on  the  device  to  improve  the  output  data  rate  for  a  given  -3  dB  frequency  and  also  to  further  reduce 
the  output  noise  (see  Digital  Filtering  section). 


Table  la.  Output  Noise  vs.  Gain  and  First  Notch  Frequency  for  AD7713 


First  Notch  of 

Typical  Output  RMS  Noise  (jiV) 

Filter  and  O/P 
Data  Rate1 

-3  dB 
Frequency 

Gain  of 
1 

Gain  of 

2 

Gain  of 
4 

Gain  of 
8 

Gain  of 
16 

Gain  of 
32 

Gain  of 
64 

Gain  of 
128 

2  Hz2 

0.52  Hz 

1.7 

1.0 

0.5 

0.36 

0.36 

0.36 

0.36 

0.36 

5  Hz2 

1.31  Hz 

4.9 

2.2 

1.2 

0.6 

0.36 

0.36 

0.36 

0.36 

6  Hz2 

1.57  Hz 

6.1 

2.4 

1.2 

0.84 

0.5 

0.36 

0.36 

0.36 

10  Hz2 

2.62  Hz 

7.5 

3.8 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

12  Hz2 

3.14  Hz 

8.5 

4.0 

2.0 

1.0 

0.6 

0.5 

0.5 

0.45 

20  Hz3 

5.24  Hz 

13 

6.4 

3.7 

1.8 

1.1 

0.9 

0.65 

0.65 

50  Hz3 

13.1  Hz 

130 

75 

25 

12 

7.5 

4 

2.7 

1.7 

100  Hz3 

26.2  Hz 

0.6  x  103 

0.26  X  103 

140 

70 

35 

25 

15 

8 

200  Hz3 

52.4  Hz 

3.1  x  103 

1.6  x  103 

0.7  x  103 

0.29  x  103 

180 

120 

70 

40 

NOTES 

'The  default  condition  (after  the  internal  power-on  reset)  for  the  first  notch  of  filter  is  12  Hz. 

2For  these  filter  notch  frequencies,  the  output  rms  noise  is  primarily  dominated  by  device  noise  and  a  result  is  independently  of  the  value  of  the  reference  volt- 
age. Therefore,  increasing  the  reference  voltage  will  give  an  increase  in  the  effective  resolution  of  the  device  (i.e.,  the  ratio  of  the  rms  noise  to  the  input  full 
scale  is  increased  since  the  output  rms  noise  remains  constant  as  the  input  full-scale  increases). 

3For  these  filter  notch  frequencies,  the  output  rms  noise  is  dominated  by  quantization  noise  and  as  a  result  is  proportional  to  the  value  of  the  reference  voltage. 


Table  Ha.  Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  AD7713 


First  Notch  of 

Effective  Resolution1  (Bits) 

Filter  and  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

2 

4 

8 

16 

32 

64 

128 

2  Hz 

0.52  Hz 

21.5 

21.5 

21.5 

20.5 

19.5 

18.5 

17.5 

16.5 

5  Hz 

1.31  Hz 

20 

20 

20 

20 

19.5 

18.5 

17.5 

16.5 

6  Hz 

1.57  Hz 

19.5 

20 

20 

19.5 

19.5 

18.5 

17.5 

16.5 

10  Hz 

2.62  Hz 

19.5 

19.5 

19.5 

19.5 

19 

18.5 

17.5 

16.5 

12  Hz 

3.14  Hz 

19 

19.5 

19.5 

19.5 

19 

18.5 

17.5 

16.5 

20  Hz 

5.24  Hz 

18.5 

18.5 

18.5 

18.5 

18 

17.5 

17 

16 

50  Hz 

13.1  Hz 

15 

15 

15.5 

15.5 

15.5 

15.5 

15 

14.5 

100  Hz 

26.2  Hz 

13 

13 

13 

13 

13 

12.5 

12.5 

12.5 

200  Hz 

52.4  Hz 

10.5 

10.5 

11 

11 

11 

10.5 

10 

10 

NOTE 

'Effective  resolution  is  defined  as  the  magnitude  of  the  output  rms  noise  with  respect  to  the  input  full  scale  (i.e.,  2  x  VREF/GAIN).  The  above  table  applies  for 
a  VREF  of  +2.5  V  and  resolution  numbers  are  rounded  to  the  nearest  0.5  LSB. 
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CIRCUIT  DESCRIPTION 

The  AD7711/AD7713  is  a  sigma-delta  A/D  converter  with 
on-chip  digital  filtering,  intended  for  the  measurement  of  wide 
dynamic  range,  low  frequency  signals  such  as  those  in  industrial 
control  or  process  control  applications.  It  contains  a  sigma-delta 
(or  charge-balancing)  ADC,  a  calibration  microcontroller  with 
on-chip  static  RAM,  a  clock  oscillator,  a  digital  filter  and  a  bidi- 
rectional serial  communications  port. 

The  AD7711  contains  two  programmable  gain  input  channels, 
one  differential  and  one  single-ended.  The  AD7713  contains 
three  programmable  gain  analog  input  channels,  two  differential 
input  and  one  high-level  single-ended  input.  The  gain  range  on 
all  inputs  is  from  1  to  128.  For  the  low-level  inputs,  this  means 
that  the  input  can  accept  unipolar  signals  of  between  0  mV  to 
+20  mV  and  0  V  to  +2.5  V  or  bipolar  signals  in  the  range  from 
±20  mV  to  ±2.5  V  when  the  reference  input  voltage  equals 
+2.5  V.  The  input  voltage  range  for  the  AIN3  of  the  AD7713 
input  is  +4  x  VREF/GAIN  and  is  0  V  to  + 10  V  with  the  nomi- 
nal reference  of  +2.5  V  and  a  gain  of  Is  The  input  signal  to  the 
selected  analog  input  channel  is  continuously  sampled  at  a  rate 
determined  by  the  frequency  of  the  master  clock,  CLK  IN,  and 
the  selected  gain  (see  Table  III).  A  charge  balancing  A/D  con- 
verter (Sigma-Delta  Modulator)  converts  the  sampled  signal  into 
a  digital  pulse  train  whose  duty  cycle  contains  the  digital  infor- 
mation. The  programmable  gain  function  on  the  analog  input  is 
also  incorporated  in  this  sigma-delta  modulator  with  the  input 
sampling  frequency  being  modified  to  give  the  higher  gains.  A 
sine3  digital  low-pass  filter  processes  the  output  of  the  sigma- 
delta  modulator  and  updates  the  output  register  at  a  rate  deter- 
mined by  the  first  notch  frequency  of  this  filter.  The  output 
data  can  be  read  from  the  serial  port  randomly  or  periodically  at 
any  rate  up  to  the  output  register  update  rate.  The  first  notch  of 
this  digital  filter  (and  hence  its  -3  dB  frequency)  can  be  pro- 
grammed via  an  on-chip  control  register. 
The  AD7711/AD7713  provides  a  number  of  calibration  options 
which  can  be  programmed  via  the  on-chip  control  register.  A 
calibration  cycle  may  be  initiated  at  any  time  by  writing  to  this 
control  register.  The  part  can  perform  self-calibration  using  the 
on-chip  calibration  microcontroller  and  SRAM  to  store  calibra- 
tion parameters.  Other  system  components  may  also  be  included 
in  the  calibration  loop  to  remove  offset  and  gain  errors  in  the 
input  channel  using  the  system  calibration  mode.  Another 
option  is  a  background  calibration  mode  where  the  part  continu- 
ously performs  self-calibration  and  updates  the  calibration  coeffi- 
cients. Once  the  part  is  in  this  mode,  the  user  does  not  have  to 
worry  about  issuing  periodic  calibration  commands  to  the  device 
or  asking  the  device  to  recalibrate  when  there  is  a  change  in  the 
ambient  temperature  or  power  supply  voltage. 
The  AD7711/AD7713  gives  the  user  access  to  the  on-chip  calibra- 
tion registers  allowing  the  microprocessor  to  read  the  device's 
calibration  coefficients  and  also  to  write  its  own  calibration  coef- 
ficients to  the  part  from  prestored  values  in  E2PROM.  This  gives 
the  microprocessor  much  greater  control  over  the  part's  calibra- 
tion procedure.  It  also  means  that  the  user  can  verify  that  the 
device  has  performed  its  calibration  correctly  by  comparing  the 
coefficients  after  calibration  with  prestored  values  in  E2PROM. 
The  AD7713  is  a  positive  supply  only  part  while  the  AD7711 
can  be  operated  from  positive  and  negative  supplies.  For  battery 
operation  or  low  power  systems,  both  parts  offer  a  standby 
mode  that  reduces  idle  power  consumption  to  300  u,W  typical 
onAD7713and7mWtyp.calontheAD7711. 


The  AD7711/AD7713  uses  a  second-order  sigma-delta  modula- 
tor and  a  digital  filter  that  provides  a  rolling  average  of  the  sam- 
pled output.  After  power-up  or  if  there  is  a  step  change  in  the 
input  voltage,  there  is  a  settling  time  that  must  elapse  before 
valid  data  is  obtained. 

Input  Sample  Rate 

The  modulator  sample  frequency  for  the  device  remains  at 
fci.K  in/512  (3.9  kHz  @  fCLK  IN  =  2  MHz  and  19.5  kHz  @ 
fcLKiN  =  10  MHz)  regardless  of  the  selected  gain.  However, 
gains  greater  than  x  1  are  achieved  by  a  combination  of  multiple 
input  samples  per  modulator  cycle  and  a  scaling  of  the  ratio  of 
reference  capacitor  to  input  capacitor.  As  a  result  of  the  multiple 
sampling,  the  input  sample  rate  of  the  device  varies  with  the 
selected  gain  (see  Table  III).  The  effective  input  impedance  is 
1/C  •  fs  where  C  is  the  input  sampling  capacitance  and  fs  is  the 
input  sample  rate. 

Table  III.  Input  Sampling  Frequency  vs.  Gain 


Gain 


1 

2' 
4 
8 

16 
32 
64 
128 


Input  Sampling  Frequency  (fs) 


•CLK  IN' 

2  x  f. 


CLK 
4  X  fCLK 
8  X  fCLK 
8  X  fcLK 
8  X  fCLK 
8  X  fcLK 
8  X  fcLK 


12 

in/512 
in/512 
in/512 
in/512 
in/512 
in/512 
,n/512 


DIGITAL  FILTERING 

The  part's  digital  filter  behaves  like  a  similar  analog  filter,  with 
a  few  minor  differences. 

First,  since  digital  filtering  occurs  after  the  A-to-D  conversion 
process,  it  can  remove  noise  injected  during  the  conversion  pro- 
cess. Analog  filtering  cannot  do  this. 

On  the  other  hand,  analog  filtering  can  remove  noise  superim- 
posed on  the  analog  signal  before  it  reaches  the  ADC.  Digital 
filtering  cannot  do  this  and  noise  peaks  riding  on  signals  near 
full  scale  have  the  potential  to  saturate  the  analog  modulator  and 
digital  filter,  even  though  the  average  value  of  the  signal  is 
within  limits.  To  alleviate  this  problem,  the  part  has  over-range 
headroom  built  into  the  sigma-delta  modulator  and  digital  filter 
which  allows  overrange  excursions  of  5%  above  the  analog  input 
range.  If  noise  signals  are  larger  than  this,  consideration  should 
be  given  to  analog  input  filtering,  or  to  reducing  the  input  chan- 
nel voltage  so  that  its  full  scale  is  half  that  of  the  analog  input 
channel  full  scale.  This  will  provide  an  overrange  capability 
greater  than  100%  at  the  expense  of  reducing  the  dynamic  range 
by  1  bit  (50%). 

Filter  Characteristics 

The  cutoff  frequency  of  the  digital  filter  is  determined  by  the 
value  loaded  to  bits  FS0  to  FS  11  in  the  control  register.  At  a 
clock  frequency  of  2  MHz,  the  minimum  cutoff  frequency  of 
the  filter  is  0.52  Hz  while  the  maximum  programmable  cutoff 
frequency  is  53.9  Hz.  At  a  clock  frequency  of  10  MHz  (AD7711 
only),  the  minimum  cutoff  frequency  of  the  filter  is  2.58  Hz 
while  the  maximum  programmable  cutoff  frequency  is  269  Hz. 

Figure  2  shows  the  filter  frequency  response  for  a  cutoff  fre- 
quency of  2.62  Hz  which  corresponds  to  a  first  filter  notch  fre- 
quency of  10  Hz.  This  is  a  (sinx/x)3  response  (also  called  sine3) 
that  provides  >100  dB  of  50  Hz  and  60  Hz  rejection.  Program- 
ming a  different  cutoff  frequency  via  FS0-FS11  does  not  alter 
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Figure  2.  Frequency  Response  of  AD77T1/AD7713  Filter 

Since  the  AD7711/AD7713  contains  this  on-chip,  low-pass  filter- 
ing, there  is  a  settling  time  associated  with  step  function  inputs 
and  data  on  the  output  will  be  invalid  after  a  step  change  until 
the  settling  time  has  elapsed.  The  settling  time  depends  upon 
the  notch  frequency  chosen  for  the  filter.  The  output  data  rate 
equates  to  this  filter  notch  frequency  and  the  settling  time  of  the 
filter  to  a  full-scale  step  input  is  4  times  the  output  data  period. 
In  applications  using  both  input  channels,  the  settling  time  of 
the  filter  must  be  allowed  to  elapse  before  data  from  the  second 
channel  is  accessed. 

Post  Filtering 

The  on-chip  modulator  provides  samples  at  a  3.9  kHz  output 
rate  (2  MHz  clock)  and  19.5  kHz  (10  MHz  clock).  The  on-chip 
digital  filter  decimates  these  samples  to  provide  data  at  an  out- 
put rate  which  corresponds  to  the  programmed  first  notch  fre- 
quency of  the  filter.  Since  the  output  data  rate  exceeds  the 
Nyquist  criterion,  the  output  rate  for  a  given  bandwidth  will 
satisfy  most  application  requirements.  However,  there  may  be 
some  applications  which  require  a  higher  data  rate  for  a  given 
bandwidth  and  noise  performance.  Applications  which  need  this 
higher  data  rate  will  require  some  post  filtering  following  the 
digital  filter  of  the  AD7711/AD7713. 

For  example,  if  the  required  bandwidth  is  7.86  Hz  but  the 
required  update  rate  is  100  Hz,  the  data  can  be  taken  from  the 
AD7711/AD7713  at  the  100  Hz  rate  giving  a  -3  dB  bandwidth 
of  26.2  Hz.  Post  filtering  can  be  applied  to  this  to  reduce  the 
bandwidth  and  output  noise,  to  the  7.86  Hz  bandwidth  level, 
while  maintaining  an  output  rate  of  100  Hz. 

Post  filtering  can  also  be  used  to  reduce  the  output  noise  from 
the  device  for  low  bandwidths.  Noise  in  these  bahdwidths  is 
essentially  device  noise  or  white  noise,  and  since  the  input  is 
chopped,  the  noise  has  a  flat  frequency  response.  By  reducing 
the  bandwidth,  the  noise  in  the  resultant  passband  can  be 
reduced.  A  reduction  in  bandwidth  by  a  factor  of  2  results  in  a 
V2  reduction  in  the  output  rms  noise.  This  additional  filtering 
will  result  in  a  longer  settling  time. 

Antialias  Considerations 

The  digital  filter  does  not  provide  any  rejection  at  integer  multi- 
ples of  the  modulator  sample  frequency.  This  means  that  there 
are  frequency  bands,  ±f3  dB  wide  (f3  dB  is  cutoff  frequency 


most  broadband  noise  is  filtered.  In  any  case,  because  of  the 
high  oversampling  ratio  a  simple,  RC,  single-pole  filter  is  gener- 
ally sufficient  to  attenuate  the  signals  in  these  bands  on  the  ana- 
log input  and  thus  provide  adequate  antialiasing  filtering. 

If  passive  components  are  placed  in  front  of  the  AIN1  and 
AIN2  inputs  of  the  AD7711/AD7713,  care  must  be  taken  to 
ensure  that  the  source  impedance  is  low  enough  so  as  not  to 
introduce  gain  errors  in  the  system.  The  dc  input  impedance  for 
the  AIN1  and  AIN2  inputs  is  over  1  Gfi.  The  input  appears  as 
a  dynamic  load  which  varies  with  the  clock  frequency  and  with  the 
selected  gain  (see  Figure  3).  The  input  sample  rate,  as  shown  in 
Table  III,  determines  the  time  allowed  for  the  analog  input 
capacitor,  CIN,  to  be  charged.  External  impedances  result  in  a 
longer  charge  time  for  this  capacitor  and  this  may  result  in  gain 
errors  being  introduced  on  the  analog  inputs.  Both  inputs  of  the 
differential  input  channels  look  into  similar  input  circuitry. 

In  any  case,  the  error  introduced  due  to  longer  charging  times  is 
a  gain  error  which  can  be  removed  using  the  system  calibration 
capabilities  of  the  AD7711/AD7713  provided  that  the  resultant 
span  is  within  the  span  limits  of  the  system  calibration  tech- 
niques for  the  AD7711/AD7713. 


SWITCHING  FREQ  DEPENDS  ON 

<CLKIN  ' 


Figure  3.  AIN1,  AIN2  Input  Impedance 

The  AIN3  input  of  the  AD7713  contains  a  resistive  attenuation 
network  as  outlined  in  Figure  4.  The  typical  input  impedance 
on  this  input  is  44  kfi.  As  a  result,  the  AIN3  input  of  the 
AD7713  should  be  driven  from  a  low  impedance  source. 
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Figure  4.  AIN3  Input  Impedance 
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ANALOG  INPUT  FUNCTIONS 
Analog  Input  Ranges 

Both  analog  inputs  on  the  AD7711  are  programmable-gain, 
input  channels  which  can  handle  either  unipolar  or  bipolar  input 
signals.  The  AIN1  channel  of  the  AD7711  is  a  differential  input 
channel  having  a  common-mode  range  from  Vss  to  AVDD,  pro- 
vided that  the  absolute  value  of  the  analog  input  voltage  lies 
between  Vss  -  30  mV  and  AVDD  +  30  mV.  The  AIN2  input 
channel  is  a  single-ended  input  that  is  referred  to  AGND. 

The  analog  inputs  on  the  AD7713  provide  the  user  with  consid- 
erable flexibility  in  terms  of  analog  input  voltage  ranges.  Two  of 
the  inputs  are  differential,  programmable-gain,  input  channels 
which  can  handle  either  unipolar  or  bipolar  input  signals.  The 
common-mode  range  of  these  inputs  is  from  AGND  to  AVDD 
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provided  that  the  absolute  value  of  the  analog  input  voltage  lies 
between  AGND  -30  mV  and  AVDD+30  mV.  The  third  analog 
input  is  a  single-ended,  programmable  gain  high-level  input 
which  accepts  analog  input  ranges  of  0  to  +4  x  V^p/GAIN. 

The  dc  input  leakage  current  on  the  AIN1  and  AIN2  inputs  is 
10  pA  maximum  at  25°C  (±1  nA  over  temperature).  This  results 
in  a  dc  offset  voltage  developed  across  the  source  impedance. 
However,  this  dc  offset  effect  can  be  compensated  for  by  a  com- 
bination of  the  differential  input  capability  of  the  part  and  its 
system  calibration  mode.  The  dc  input  current  on  the  AIN3  of 
the  AD7713  input  depends  on  the  input  voltage,  For  the  nominal 
input  voltage  range  of  + 10  V,  the  input  current  is  225  uA  typ. 

Burn  Out  Current 

The  AIN1(+)  input  of  the  AD7711/AD7713  contains  a  current 
source  which  can  be  turned  on/off  via  the  control  register.  This 
current  source  can  be  used  in  checking  that  a  transducer  has  not 
burnt  out  or  gone  open  circuit  before  attempting  to  take  mea- 
surements on  that  channel.  If  the  current  is  turned  on  and  is 
allowed  flow  into  the  transducer  and  a  measurement  of  the  input 
voltage  on  the  AIN1  input  is  taken,  it  can  indicate  that  the 
transducer  is  not  functioning  correctly.  For  normal  operation, 
this  burn  out  current  is  turned  off  by  writing  a  0  to  the  BO  bit 
in  the  control  register.  The  burn-out  current  is  1  \xA  for  the 
AD7711  and  200  nA  for  the  AD7713. 

RTD  Excitation  Currents 

The  AD7711/AD7713  also  contains  two  matched  200  u.A  con- 
stant current  sources  which  are  provided  at  the  RTD1  and 
RTD2  pins  of  the  device.  These  currents  can  be  turned  on/off . 
via  the  control  register.  Writing  a  1  to  the  RO  bit  of  the  control 
register  enables  these  excitation  currents. 

For  four-wire  RTD  applications,  one  of  these  excitation  currents 
is  used  to  provide  the  excitation  current  for  the  RTD,  the  second 
current  source  can  be  left  unconnected.  For  three-wire  RTD 
configurations,  the  second  on-chip  current  source  can  be  used  to 
eliminate  errors  due  to  voltage  drops  across  lead  resistances. 

The  temperature  coefficient  of  the  RTD  current  sources  is  typi- 
cally 20  ppm/°C  with  a  typical  matching  between  the  temperature 
coefficients  of  both  current  sources  of  3  ppm/°C.  For  applications 
where  the  absolute  value  of  the  temperature  coefficient  is  too 
large,  the  following  schemes  can  be  used  to  remove  the  drift  error. 

The  conversion  result  from  the  AD7711/AD7713  is  ratiometric 
to  the  VREF  voltage.  Therefore,  if  the  VREF  voltage  varies  with 
the  RTD  temperature  coefficient,  the  temperature  drift  from  the 
current  source  will  be  removed.  For  four- wire  RTD  applica- 
tions, the  reference  voltage  can  be  made  ratiometric  to  RTD 
current  source  by  using  the  second  current  with  a  low  TC  resis- 
tor to  generate  the  reference  voltage  for  the  part.  In  this  case  if 
a  12.5  kfl  resistor  is  used,  the  200  jiA  current  source  generates 
+2.5  V  across  the  resistor.  This  +2.5  V  can  be  applied  to  the 
REF  IN(+)  input  of  the  part  and  with  the  REF  IN(-)  input  at 
ground  it  will  supply  a  VREF  of  2.5  V  for  the  part.  For  three- 
wire  RTD  configurations,  the  reference  voltage  for  the  part  is 
generated  by  placing  a  low  TC  resistor  (12.5  kfl  for  2.5  V  refer- 
ence) in  series  with  one  of  the  constant  current  sources.  The 
RTD  current  sources  can  be  driven  to  within  2  V  of  AVDD. 
The  reference  input  of  the  part  is  differential  so  the  REF  IN(+) 
and  REF  IN(— )  of  the  part  are  driven  from  either  side  of  the 
resistor.  Both  schemes  ensure  that  the  reference  voltage  for  the 
part  tracks  the  RTD  current  sources  over  temperature  and, 
thereby,  removes  the  temperature  drift  error. 


Bipolar/Unipolar  Inputs 

The  AIN1  and  AIN2  inputs  on  both  parts  can  accept  either  uni- 
polar or  bipolar  input  voltage  ranges  while  the  AIN3  of  the 
AD7713  accepts  only  unipolar  signals.  Bipolar  or  unipolar 
options  for  AIN1  and  AIN2  are  chosen  by  programming  the 
B/U  bit  of  the  control  register.  This  programs  both  channels  for 
either  unipolar  or  bipolar  operation.  Programming  the  part  for 
either  unipolar  or  bipolar  operation  does  not  change  any  of  the 
input  signal  conditioning;  it  simply  changes  the  data  output  cod- 
ing. The  data  coding  is  binary  for  unipolar  inputs  and  offset 
binary  for  bipolar  inputs. 

The  AIN1  and  AIN2  channels  of  the  AD7713  and  the  AIN1 
input  of  the  AD7711  are  differential,  and  as  a  result,  the  voltage 
to  which  the  unipolar  and  bipolar  signals  are  referenced  is  the 
voltage  on  the  respective  ATN(-)  input.  For  example,  if 
AIN(-)  is  +1.25  V  and  the  part  is  configured  for  unipolar  oper- 
ation with  a  gain  of  1  and  a  VREF  of  +2.5  V,  the  input  voltage 
range  on  the  AIN(+)  input  is  +1.25  V  to  +3.75  V.  For  the- 
AIN3  input  of  the  AD7713  and  the  AIN2  input  of  the  AD7711, 
the  input  signals  are  referenced  to  AGND. 

• 

REFERENCE  INPUT 

The  reference  inputs  of  the  part,  REF  IN(+)  and  REF  IN(-), 
provide  a  differential  reference  input  capability.  The  common- 
mode  range  for  these  differential  inputs  is  from  Vss  to  AVDD 
(AGND  to  AVDD  on  AD7713).  The  nominal  differential  volt- 
age, VREF  (REF  IN(+)  -  REF  IN(-)),  is  +2.5  V  for  specified 
operation  but  the  reference  voltage  can  go  to  +5  V  with  no  deg- 
radation in  performance  provided  that  the  absolute  value  of 
REF  IN(+)  and  REF  IN(-)  does  not  exceed  its  supply  limits. 
The  part  is  also  functional  with  VREF  voltages  down  to  1  V  but 
with  degraded  performance  as  the  output  noise  will,  in  terms  of 
LSB  size,  be  larger.  REF  IN(+)  must  always  be  greater  than 
REF  IN(-)  for  correct  operation  of  the  AD7711/AD7713. 

Both  reference  inputs  provide  a  high  impedance,  dynamic  load 
similar  to  the  analog  inputs.  The  maximum  dc  input  leakage 
current  is  10  pA  (±  1  nA  over  temperature)  and  source  resistance 
may  result  in  gain  errors  on  the  part.  The  reference  inputs  look 
like  the  AIN1  analog  input  (see  Figure  3).  In  this  case,  Rjnt  is 
5  kfl  typ  and  CINT  varies  with  gain.  The  input  sample  rate  is 
fCLK  in/512  and  does  not  vary  with  gain.  For  gains  of  1  to  8 
CINT  is  20  pF;  for  a  gain  of  16  it  is  10  pF,  for  a  gain  of  32  it  is 
5  pF,  for  a  gain  of  64  it  is  2.5  pF,  and  for  a  gain  of  128  it  is 
1.25  pF. 

The  digital  filter  of  the  part  removes  noise  from  the  reference 
input  just  as  it  does  with  the  analog  input,  and  the  same  limita- 
tions apply  regarding  lack  of  noise  rejection  at  integer  multiples 
of  the  sampling  frequency.  The  output  noise  performance  out- 
lined in  Tables  I  and  II  assumes  a  clean  reference.  If  the  refer- 
ence noise  in  the  bandwidth  of  interest  is  excessive,  it  can 
degrade  the  performance  of  the  AD7711/AD7713.  Recom- 
mended references  for  the  AD7711/AD7713  are  the  AD680  and 
AD780,  +2.5  V  references. 

REFERENCE  OUTPUT  (AD7711  ONLY) 

The  AD7711  contains  a  temperature  compensated  +2.5  V  refer- 
ence which  has  an  initial  tolerance  of  ±4%.  This  reference  volt- 
age is  provided  at  the  REF  OUT  pin,  and  it  can  be  used  as  the 
reference  voltage  for  the  part  by  connecting  REF  OUT  to  the 
REF  IN(+)  pin.  This  REF  OUT  pin  is  a  single-ended  output, 
referenced  to  AGND,  which  is  capable  of  providing  up  to  1  mA  to 
an  external  load.  In  applications  where  REF  OUT  is  connected 
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directly  to  REF  IN(+),  REF  IN(-)  should  be  tied  to  AGND  to 
provide  the  nominal  +2.5  V  reference  for  the  AD7711. 

Using  the  on-chip  reference  as  the  reference  source  for  the  part 
results  in  somewhat  degraded  output  noise  performance  from 
the  AD7711  for  portions  of  the  noise  table  that  are  dominated 
by  the  device  noise.  The  on-chip  reference  noise  effect  is  elimi- 
nated in  ratiometric  applications  where  the  reference  is  used  to 
provide  the  excitation  voltage  for  the  analog  front  end. 

Vbias  Input  (AD7711  only) 

The  VBIAS  input  determines  at  what  voltage  the  internal  analog 
circuitry  is  biased.  It  essentially  provides  the  return  path  for 
analog  currents  flowing  in  the  modulator  and,  as  such,  it  should 

be  driven  from  a  low  impedance  point  to  minimize  errors. 

- 

For  maximum  internal  headroom,  the  VBIAS  voltage  should  be 
set  halfway  between  AVDD  and  Vss,  The  difference  between 
AVDD  and  (VBiAS  +  0.85  x  VREF)  determines  the  amount  of 
headroom  the  circuit  has  at  the  upper  end,  while  the  difference 
between  Vss  and  (VBIAS  -  0.85  x  Vrhp)  determines  the  amount 
of  headroom  the  circuit  has  at  the  lower  end.  Care  should  be 
taken  in  choosing  a  VBIAS  voltage  to  ensure  that  it  stays  within 
prescribed  limits.  For  single  +5  V  operation,  the  selected  VBIAS 
voltage  must  ensure  that  VBIAS  ±0.85  x  VREF  does  not  exceed 
AVDD  or  Vss  or  that  the  VBIAS  voltage  itself  is  greater  than  Vss 
+  2. 1  V  and  less  than  AVDD  -2.1  V.  For  single  + 10  V  operation 
or  dual  ±5  V  operation,  the  selected  VBIAS  voltage  must  ensure 
that  VBIAS  x  0.85  x  VREF  does  not  exceed  AVDD  or  Vss  or 
that  the  VBIAS  voltage  itself  is  greater  than  Vss  +  3  V  or  less 
than  AVDD  -  3  V.  For  example,  with  AVDD  =  +4.75  V,  Vss 
=  0  V  and  Vrpp  =  +2.5  V,  the  allowable  range  for  the  VBIAS 
voltage  is  +2.125  V  to  +2.625  V.  With  AVDD  =  +9.5  V,  Vss 
=  0  V  and  Vpjjp  =  5  V,  the  range  for  VBiAS  is  +4.25  V  to 
+5.25  V.  With  AVDD  =  +4.75  V,  Vss  =  -4.75  V  and 
=  +2.5  V,  the  VBIAS  range  is  -2.625  V  to  +2.625  V. 

The  VBiAs  voltage  does  have  an  effect  on  the  AVDD  power  sup- 
ply rejection  performance  of  the  AD7711.  If  the  VBIAS  voltage 
tracks  the  AVDD  supply,  it  improves  the  power  supply  rejection 
from  the  AVDD  supply  line  from  80  dB  to  95  dB.  Using  an 
external  Zener  diode,  connected  between  the  AVDD  line  and 
VBiAsj  as  the  source  for  the  VBIAS  voltage  gives  the  improve- 
ment in  AVDD  power  supply  rejection  performance. 

USING  THE  AD7711/AD7713 
SYSTEM  DESIGN  CONSIDERATIONS 

The  AD7711/AD7713  operates  differently  from  successive 
approximation  ADCs  or  integrating  ADCs.  Since  it  samples  the 
signal  continuously,  like  a  tracking  ADC,  there  is  no  need  for  a 
start  convert  command.  The  output  register  is  updated  at  a  rate 
determined  by  the  first  notch  of  the  filter  and  the  output  can  be 
read  at  any  time,  either  synchronously  or  asynchronously. 

Clocking 

The  AD7711/AD7713  requires  a  master  clock  input,  which  may 
be  an  external  TTL/CMOS  compatible  clock  signal  applied  to 
the  MCLK  IN  pin  with  the  MCLK  OUT  pin  left  unconnected. 
Alternatively,  a  crystal  of  the  correct  frequency  can  be  con- 
nected between  MCLK  IN  and  MCLK  OUT,  in  which  case  the 
clock  circuit  will  function  as  a  crystal  controlled  oscillator.  For 
lower  clock  frequencies,  a  ceramic  resonator  may  be  used 
instead  of  the  crystal.  For  these  lower  frequency  oscillators, 
external  capacitors  may  be  required  on  either  the  ceramic  reso- 
nator or  on  the  crystal. 


The  input  sampling  frequency,  the  modulator  sampling  fre- 
quency, the  -3  dB  frequency,  output  update  rate  and  calibra- 
tion time  are  all  directly  related  to  the  master  clock  frequency, 
fcLK  in-  Reducing  the  master  clock  frequency  by  a  factor  of  2 
will  halve  the  above  frequencies  and  update  rate  and  will  double 
the  calibration  time. 

The  current  drawn  from  the  DVDD  power  supply  is  also 
directly  related  to  fCLK  IN.  Reducing  fCLK  IN  by  a  factor  of  2 
will  halve  the  DVDD  current  but  will  not  affect  the  current 
drawn  from  the  AVDD  power  supply. 

System  Synchronization 

If  multiple  AD7711/AD7713s  are  operated  from  a  common  mas- 
ter clock,  they  can  be  synchronized  to  update  their  output  regis- 
ters simultaneously.  A  falling  edge  on  the  SYNC  input  resets 
the  filter  and  places  the  part  into  a  consistent,  known  state.  A 
common  signal  to  the  parts'  SYNC  inputs  will  synchronize  their 
operation.  This  would  normally  be  done  after  each  AD7711/ 
AD7713  has  performed  its  own  calibration  or  has  had  calibration 
coefficients  loaded  to  it. 

The  SYNC  input  can  also  be  used  to  reset  the  digital  filter  in 
systems  where  the  turn-on  time  of  the  digital  power  supply 
(DVDD)  is  very  long.  In  such  cases,  the  AD7711/AD7713  will 
Stan  operating  internally  before  the  DVDE>  line  has  reached  its 
minimum  operating  level,  +4.75  V.  With  a  low  DVOD  voltage, 
the  part's  internal  digital  filter  logic  does  not  operate  correctly. 
Thus,  the  AD7711/AD7713  may  have  clocked  itself  into  an 
incorrect  operating  condition  by  the  time  that  DVDC,  has 
reached  its  correct  level.  The  digital  filter  will  be  reset  upon 
issue  of  a  calibration  command  (whether  it  is  self-calibration, 
system  calibration  or  background  calibration)  to  the  AD7711/ 
AD7713.  This  ensures  correct  operation  of  the  AD7711/ 
AD7713.  In  systems  where  the  power-on  default  conditions  of 
the  part  are  acceptable  and  no  calibration  is  performed  after 
power-on,  issuing  a  SYNC  pulse  to  the  pan  will  reset  the 
AD7711/AD7713's  digital  filter  logic.  An  R,  C  on  the  SYNC 
line,  with  R,  C  time  constant  longer  than  the  DVDD  power-on 
time,  will  perform  the  SYNC  function. 

ACCURACY 

Sigma-Delta  ADCs,  like  VFCs  and  other  integrating  ADCs,  do 
not  contain  any  source  of  nonmonotonicity  and  inherently  offer 
no  missing  codes  performance.  The  AD7711/AD7713  achieves 
excellent  linearity  by  the  use  of  high  quality,  on-chip  silicon  diox- 
ide capacitors,  which  have  a  very  low  capacitance/voltage  coeffi- 
cient. The  device  also  achieves  low  input  drift  through  the  use 
of  chopper-stabilized  techniques  in  its  input  stage.  To  ensure 
excellent  performance  over  time  and  temperature,  the  AD7711/ 
AD7713  uses  digital  calibration  techniques  which  minimize  off- 
set and  gain  error. 

AUTOCALIBRATION 

Autocalibration  on  the  AD7711/AD7713  removes  offset  and  gain 
errors  from  the  device.  A  calibration  routine  should  be  initiated 
on  the  device  whenever  there  is  a  change  in  the  ambient  operat- 
ing temperature  or  supply  voltage.  It  should  also  be  initiated  if 
there  is  a  change  in  the  selected  gain,  filter  notch  or  bipolar/ 
unipolar  input  range.  However,  if  the  AD7711/AD7713  is  in  its 
background  calibration  mode,  the  above  changes  are  all  auto- 
matically taken  care  of  (after  the  settling  time  of  the  filter  has 
been  allowed  for). 
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The  AD7711/AD7713  offers  self-calibration,  system  calibration 
and  background  calibration  facilities.  For  calibration  to  occur  on 
the  selected  channel,  the  on-chip  microcontroller  must  record 
the  modulator  output  for  two  different  input  conditions.  These 
are  "zero-scale"  and  "full-scale"  points.  With  these  readings,  the 
microcontroller  can  calculate  the  gain  slope  for  the  input  to  out- 
put transfer  function  of  the  converter.  Internally,  the  part  works 
with  a  resolution  of  33  bits  to  determine  its  conversion  result  of 
either  16  bits  or  24  bits. 

The  part  also  provides  the  facility  to  write  to  the  on-chip  calibra- 
tion registers  and  in  this  manner  the  span  and  offset  for  the  part 
can  be  adjusted  by  the  user.  The  offset  calibration  register  contains 
a  value  which  is  subtracted  from  all  conversion  results,  while  the 
full-scale  calibration  register  contains  a  value  which  is  multiplied 
by  all  conversion  results.  The  offset  calibration  coefficient  is  sub- 
tracted from  the  result  prior  to  the  multiplication  by  the  full-scale 
coefficient.  In  the  first  three  modes  outlined  here,  the  DRDY 
line  indicates  that  calibration  is  complete  by  going  low.  If  DRDY 
is  low  before  (or  goes  low  during)  the  calibration  command,  it 
may  take  up  to  one  modulator  cycle  before  DRDY  goes  high  to 
indicate  that  calibration  is  in  progress.  Therefore,  DRDY  should 
be  ignored  for  up  to  one  modulator  cycle  after  the  last  bit  of  the 
calibration  command  is  written  to  the  control  register. 

Self-Calibration 

In  the  self-calibration  mode  with  a  unipolar  input  range,  the 
zero-scale  point  used  in  determining  the  calibration  coefficients 
is  with  both  inputs  shorted  (i.e.,  AIN(+)  =  AIN(-)  =  VBjAS 
for  the  differential  inputs  and  AIN  =  VBIAS  for  AIN2  of  the 
AD7711  and  AIN3  of  the  AD7713)  and  the  full-scale  point  is 
Vrep.  The  zero-scale  coefficient  is  determined  by  converting  an 
internal  shorted  inputs  node.  The  full-scale  coefficient  is  deter- 
mined from  the  span  between  this  shorted  inputs  conversion  and 
a  conversion  on  an  internal  VREF  node.  The  self-calibration 
mode  is  invoked  by  writing  the  appropriate  values  (0,  0,  1)  to 
the  MD2,  MD1  and  MDO  bits  of  the  control  register.  In  this 
calibration  mode,  the  shorted  inputs  node  is  switched  in  to  the 
modulator  first  and  a  conversion  is  performed;  the  VreF  node  is 
then  switched  in  and  another  conversion  is  performed.  When 
the  calibration  sequence  is  complete,  the  calibration  coefficients 
updated  and  the  filter  resettled  to  the  analog  input  voltage,  the 
DRDY  output  goes  low.  The  self-calibration  procedure  takes 
into  account  the  selected  gain  on  the  PGA. 
For  bipolar  input  ranges  in  the  self-calibrating  mode,  the 
sequence  is  very  similar  to  that  just  outlined.  In  this  case,  the 
two  points  which  the  AD77I1/AD7713  calibrates  are  midscale 
(bipolar  zero)  and  positive  full  scale. 

System  Calibration 

System  calibration  allows  the  AD7711/AD7713  to  compensate 
for  system  gain  and  offset  errors  as  well  as  its  own  internal 
errors.  System  calibration  performs  the  same  slope  factor  calcu- 
lations as  self-calibration  but  uses  voltage  values  presented  by 
the  system  to  the  AIN  inputs  for  the  zero  and  full-scale  points. 
System  calibration  is  a  two-step  process.  The  zero-scale  point 
must  be  presented  to  the  converter  first.  It  must  be  applied  to 
the  converter  before  the  calibration  step  is  initiated  and  remain 
stable  until  the  step  is  complete.  System  calibration  is  initiated 
by  writing  the  appropriate  values  (0,  1,  0)  to  the  MD2,  MD1 
and  MDO  bits  of  the  control  register.  The  DRDY  output  from 
the  device  will  signal  when  the  step  is  complete  by  going  low. 
After  the  zero-scale  point  is  calibrated,  the  full-scale  point  is 
applied  and  the  second  step  of  the  calibration  process  is  initiated 


by  again  writing  the  appropriate  values  (0,  1,  1)  to  MD2,  MD1 
and  MDO.  Again  the  full-scale  voltage  must  be  set  up  before  the 
calibration  is  initiated  and  it  must  remain  stable  throughout  the 
calibration  step.  DRDY  goes  low  at  the  end  of  this  second  step 
to  indicate  that  the  system  calibration  is  complete.  In  the  unipo- 
lar mode,  the  system  calibration  is  performed  between  the  two 
endpoints  of  the  transfer  function;  in  the  bipolar  mode,  it  is  per- 
formed between  midscale  and  positive  full  scale. 
This  two-step  system  calibration  mode  offers  another  feature. 
After  the  sequence  has  been  completed,  additional  offset  or  gain 
calibrations  can  be  performed  by  themselves  to  adjust  the  zero 
reference  point  or  the  system  gain.  This  is  achieved  by  perform- 
ing the  first  step  of  the  system  calibration  sequence  (by  writing 
0,  1,  0  to  MD2,  MD1,  MDO).  This  will  adjust  the  zero  scale  or 
offset  point  but  will  not  change  the  slope  factor  from  what  was 
set  during  a  full  system  calibration  sequence. 

System  calibration  can  also  be  used  to  remove  any  errors  from 
an  antialiasing  filter  on  the  analog  input.  A  simple  R,  C  anti- 
aliasing filter  on  the  front  end  may  introduce  a  gain  error  on  the 
analog  input  voltage  but  the  system  calibration  can  be  used  to 
remove  this  error. 

System  Offset  Calibration 

System  offset  calibration  is  a  variation  of  both  the  system  cali- 
bration and  self-calibration.  In  this  case,  the  zero-scale  point  for 
the  system  is  presented  to  the  AIN  input  of  the  converter.  Sys- 
tem offset  calibration  is  initiated  by  writing  1,  0,  0  to  MD2, 
MD1,  MDO.  The  system  zero-scale  coefficient  is  determined  by 
converting  the  voltage  applied  to  the  AIN  input,  while  the  full- 
scale  coefficient  is  determined  from  the  span  between  this  AIN 
conversion  and  a  conversion  on  VREF.  The  zero-scale  point 
should  be  applied  to  the  AIN  input  for  the  duration  of  the  cali- 
bration sequence.  This  is  a  one-step  calibration  sequence  with 
DRDY  going  low  when  the  sequence  is  completed.  In  the  uni- 
polar mode,  the  system  offset  calibration  is  performed  between 
the  two  endpoints  of  the  transfer  function;  in  the  bipolar  mode, 
it  is  performed  between  midscale  and  positive  full  scale. 

Background  Calibration 

The  AD7711/AD7713  also  offers  a  background  calibration  mode 
where  the  part  interleaves  its  calibration  procedure  with  its  nor- 
mal conversion  sequence.  In  the  background  calibration  mode, 
the  same  voltages  are  used  as  the  calibration  points  as  are  used 
in  the  self-calibration  mode,  i.e.,  shorted  inputs  and  V^p.  The 
background  calibration  mode  is  invoked  by  writing  1,  0,  1  to 
MD2,  MD1,  MDO  of  the  control  register.  When  invoked,  the 
background  calibration  mode  reduces  the  output  data  rate  of  the 
part  by  a  factor  of  six  while  the  -3  dB  bandwidth  remains 
unchanged.  Its  advantage  is  that  the  part  is  continually  perform- 
ing calibration  and  automatically  updating  its  calibration  coeffi- 
cients. As  a  result,  the  effects  of  temperature  drift,  supply 
sensitivity  and  time  drift  on  zero  and  full-scale  errors  are  auto- 
matically removed.  When  the  background  calibration  mode  is 
turned  on,  the  part  will  remain  in  this  mode  until  bits  MD2, 
MD1  and  MDO  of  the  control  register  are  changed.  With  back- 
ground calibration  mode  on,  the  first  result  from  the  AD771I/ 
AD7713  will  be  incorrect  as  the  full-scale  calibration  will  not 
have  been  performed.  For  a  step  change  on  the  input,  the  sec- 
ond output  update  will  have  settled  to  100%  of  the  final  value. 

Table  IV  summarizes  the  calibration  modes  and  the  calibration 
points  associated  with  them.  It  also  gives  the  duration  from 
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when  the  calibration  is  invoked  to  when  valid  data  is  available  to 
the  user. 

Span  and  Offset  Limits 

Whenever  a  system  calibration  mode  is  used,  there  are  limits  on 
the  amount  of  offset  and  span  that  can  be  accommodated.  The 
range  of  input  span  in  both  the  unipolar  and  bipolar  modes  for 
the  AIN1  and  AIN2  inputs  of  both  the  AD7711  and  AD7713 
has  a  minimum  value  of  0.8  x  VREF/GAIN  and  a  maximum 
value  of  2.1  x  VREF/GAIN.  For  AIN3  of  the  AD7713,  the  min- 
imum value  is  3.2  x  VREF/GAIN  while  the  maximum  value  is 
4.2  x  VREF/GAIN. 

The  amount  of  offset  that  can  be  accommodated  depends  on 
whether  the  unipolar  or  bipolar  mode  is  being  used.  This  offset 
range  is  limited  by  the  requirement  that  the  positive  full-scale 
calibration  limit  is  <  1.05  x  VREF/GAIN  for  AIN1  and  AIN2. 
Therefore,  the  offset  range  plus  the  span  range  cannot  exceed 


1.05  x  VREF/GAIN  for  AIN1  and  AIN2.  If  the  span  is  at  its 
minimum  (0.8  x  VREF/GAIN)  the  maximum  the  offset  can  be  is 
(0.25  x  VREF/GAIN)  for  AIN1  and  AIN2.  For  AIN3,  both 
ranges  are  multiplied  by  a  factor  of  4. 

In  the  bipolar  mode,  the  system  offset  calibration  range  is  again 
restricted  by  the  span  range.  The  span  range  of  the  converter 
in  bipolar  mode  is  equidistant  around  the  voltage  used  for  the 
zero-scale  point  thus  the  offset  range  plus  half  the  span  range 
cannot  exceed  (1.05  x  VREF/GAIN)  for  AIN1  and  AIN2.  If  the 
span  is  set  to  2  x  VREF/GAIN,  the  offset  span  cannot  move 
more  than  ±(0.05  x  VREF/GAIN)  before  the  endpoints  of  the 
transfer  function  exceed  the  input  overrange  limits  ±(1.05  x 
VREF/GAIN)  for  AIN1.  If  the  span  range  is  set  to  the  minimum 
±(0.4  x  VREF/GAIN)  the  maximum  allowable  offset  range  is 
±(0.65  x  VREF/GAIN)  for  AIN1  and  AIN2.  The  AIN3  input 
can  only  be  used  in  the  unipolar  mode. 

• 


Table  IV.  Calibration  Truth  Table 


Cal  Type 

MD2,  MD1,  MD0 

Zero-Scale  Cal 

Full-Scale  Cal 

,  — 

Sequence 



Duration 

Self-Cal 

0,  0,  1 

Shorted  Inputs 

Vref 

One  Step 

9  x  1 /Output  Rate 

System  Cal 

0,  1,  0 

AIN  , 

Two  Step 

4  x  1/Output  Rate 

System  Cal 

0,  1,  1 

AIN 

AIN 

Two  Step 

4  x  1/Output  Rate 

System  Offset  Cal 

1,0,0 

vREF 

One  Step 

9  X  I/Output  Rate 

Background  Cal 

1,  0,  1 

Shorted  Inputs 

Vref 

One  Step 

6  x  1/Output  Rate 

POWER-UP  AND  CALIBRATION 

On  power-up,  the  AD7711/AD7713  performs  an  internal  reset 
which  sets  the  contents  of  the  control  register  to  a  known  state. 
However,  to  ensure  correct  calibration  for  the  device,  a  calibra- 
tion routine  should  be  performed  after  power-up. 

The  power  dissipation  and  temperature  drift  of  the  part  are  low 
and  no  warm-up  time  is  required  before  the  initial  calibration  is 
performed.  However,  the  external  reference  must  have  stabilized 
before  calibration  is  initiated. 

Drift  Considerations 

The  AD7711/AD7713  uses  chopper  stabilization  techniques  to 
minimize  input  offset  drift.  Charge  injection  in  the  analog 
switches  and  dc  leakage  currents  at  the  sampling  node  are  the 
primary  sources  of  offset  voltage  drift  in  the  converter.  The  dc 
input  leakage  current  is  essentially  independent  of  the  selected 
gain.  Gain  drift  within  the  converter  depends  primarily  upon  the 
temperature  tracking  of  the  internal  capacitors.  It  is  not  affected 
by  leakage  currents. 

Measurement  errors  due  to  offset  drift  or  gain  drift  can  be  elimi- 
nated at  any  time  by  recalibrating  the  converter  or  by  operating 
the  part  in  the  background  calibration  mode.  Using  the  system 
calibration  mode  can  also  minimize  offset  and  gain  errors  in  the 
signal  conditioning  circuitry.  Integral  and  differential  linearity 
errors  are  not  significantly  affected  by  temperature  changes. 

POWER  SUPPLIES  AND  GROUNDING 

The  analog  and  digital  supplies  to  the  AD7711/AD7713  are 
independent  and  separately  pinned  out  to  minimize  coupling 
between  the  analog  and  digital  sections  of  the  device.  The  digital 
filter  will  provide  rejection  of  broadband  noise  on  the  power 
supplies,  except  at  integer  multiples  of  the  modulator  sampling 
frequency.  The  digital  supply  (DVDD)  must  never  exceed  the 
analog  positive  supply  (AVDD)  by  more  than  0.3  V.  Power  sup- 
ply sequencing  is,  therefore,  important.  If  separate  analog  and 


digital  supplies  are  used,  care  must  be  taken  to  ensure  that  the 
analog  supply  is  powered  up  first.  If  this  cannot  be  ensured  or  if 
DVDD  can  exceed  AVDD  at  any  other  time,  the  protection 
scheme  outlined  in  Figure  5  is  recommended  to  protect  the 
device.  In  systems  where  AVDD  =  +5  V  and  DVDE>  =  +5  V,  it 
is  recommended  that  AVDD  and  DVDD  are  driven  from  the 
same  +5  V  supply,  although  each  supply  should  be  decoupled 
separately.  It  is  preferable  that  the  common  supply  is  the  sys- 
tem's analog  +5  V  supply. 

It  is  also  important  that  power  is  applied  to  the  AD7711/ 
AD7713  before  signals  at  REF  IN,  AIN  or  the  logic  input  pins 
in  order  to  avoid  latch-up.  If  separate  supplies  are  used  for  the 
AD7711/AD7713  and  the  system  digital  circuitry,  then  the 
AD7711/AD7713  should  be  powered  up  first.  If  it  is  not  possi- 
ble to  guarantee  this,  then  current  limiting  resistors  should  be 
placed  in  series  with  the  logic  inputs. 


THIS  DIODE  MAY  BE  NECESSARY  IF  THE  SHORT-CIRCUIT  CURRENT 
FROM  THE  DIGITAL  SUPPLY  IS  TOO  LARGE  FOR  THE  SD103C 

Figure  5.  Protection  Scheme  for  DVDD  Powering-Up 
Before  AVDD 

DIGITAL  INTERFACE 

The  digital  interface  section  for  the  AD7711/AD7713  is  identical 
to  that  outlined  in  the  DIGITAL  INTERFACE  section  of  the 
AD7710/AD7712  data  sheet. 


2-264   ANALOG-TO-DIGITAL  CONVERTERS 


REV.O 


ANALOG 


LC2M0S  Signal  Conditioning  ADC 
with  RTD  Current  Source 
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AD7711A* 
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AD7711A 


FEATURES 

Charge  Balancing  ADC 

24  Bits  No  Missing  Codes 

±0.0015%  Nonlinearity 
Two-Channel  Programmable  Gain  Front  End 

Gains  from  1  to  128 

Differential  Inputs 
Low-Pass  Filter  with  Programmable  Filter  Cutoffs 
Ability  to  Read/Write  Calibration  Coefficients 
Bidirectional  Microcontroller  Serial  Interface 
Internal/External  Reference  Option 
Single  or  Dual  Supply  Operation 
Low  Power  (25  mW  typ)  with  Power-Down  Mode 

(7  mW  typ) 

APPLICATIONS 
RTD  Transducers 


GENERAL  DESCRIPTION 

The  AD7711A  is  a  complete  analog  front  end  for  low  frequem 
measurement  applications.  The  device  accepts  low  level 
directly  from  a  transducer  and  outputs  a  serial  digit 
employs  a  sigma-delta  conversion  technique  to  realize  up  to  24 
bits  of  no  missing  codes  performance.  The  input"  signal  is 
applied  to  a  proprietary  programmable  gain  front  end  based 
around  an  analog  modulator.  The  modulator  output  is  processed 
by  an  on-chip  digital  filter.  The  first  notch  of  this  digital  filter 
can  be  programmed  via  the  on-chip  control  register  allowing 
adjustment  of  the  filter  cutoff  and  settling  time. 

The  pan  features  two  differential  analog  inputs  and  a  differen- 
tial reference  input.  Normally,  one  of  the  channels  will  be  used 
as  the  main  channel  with  the  second  channel  used  as  an  auxil- 
iary input  to  periodically  measure  a  second  voltage.  It  can  be 
operated  from  a  single  supply  (by  tying  the  Vss  pin  to  AGND) 
provided  that  the  input  signals  on  the  analog  inputs  are  more 
positive  than  -30  mV.  By  taking  the  Vss  pin  negative,  the  part 
can  convert  signals  down  to  -VREF  on  its  inputs.  The  part  also 
provides  a  400  u.A  current  source  that  can  be  used  to  provide 
excitation  for  RTD  transducers.  The  AD7711A  thus  performs 
all  signal  conditioning  and  conversion  for  a  single  or  dual  chan- 
nel system. 

The  AD7711A  is  ideal  for  use  in  smart,  microcontroller  based 
systems.  Input  channel  selection,  gain  settings  and  signal  polar- 
ity can  be  configured  in  software  using  the  bidirectional  serial 
port.  The  AD7711A  contains  self-calibration,  system  calibration 
and  background  calibration  options  and  also  allows  the  user  to 
read  and  write  the  on-chip  calibration  registers. 

• 

•Protected  by  U.S.  Patent  No.  5,134,401. 
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CMOS  construction  ensures  low  power  dissipation  and  a  soft- 
ware programmable  power  down  mode  reduces  the  standby 
power  consumption  to  only  7  mW  typical.  The  part  is  available 
%>in,  0.3  inch-wide,  plastic  and  hermetic  dual-in-line 
ickage  (DIP)  as  well  as  a  24-lead  small  outline  (SOIC) 
package. 


PIN  CONFIGURATION 
DIP  and  SOIC 


SCLK 
MCLK  IN 
MCLK  OUT 
AO 
SYNC 
MODE 
AIN1M 
AIN1H 
AIN2W 
AIN2(-) 
vss 


AV, 


DO 


AD7711A 

TOP  VIEW 
(Not  to  Scale) 


I 

22]  SDATA 
iT|  DRDY 
2o|  RFS 
lF|  TFS 
li"]  AGND 
TjJ  RTD  CURRENT 
«]  REF  OUT 
lj]  REF  IN(+) 
TT|  REFINH 

«]  vBIAS 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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STATIC  PERFORMANCE 
No  Missing  Codes 


24 
22 
18 
15 
12 

Tables  I  &  II 


Output  Noise 
Integral  Nonlinearity 

@  25°C 

Tmin  10  Tmax 
Positive  Full-Scale  Error2'  3 
Full-Scale  Drift5 

Unipolar  Offset  Error2 
Unipolar  Offset  Drift5 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift5 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift5 


±0.0045 
±0.0075 
See  Note  4 
3/GAIN 
0.35 

See  Note  4 

2.5/GAIN 

0.3 

See  Note  4 

2.5/GATN 

0.3 

±0.006 
4/GAIN 
0.5 


Bits  min 
Bits  min 
Bits  min 
Bits  min 
Bits  min 


%  of  FSR  max 
%  of  FSR  max 

M.WC  typ 
u-WCryp 

uWCtyp 
uWCtyp 

uV/°C  typ 
jiWC  typ 
%  of  FSR  max 
^WCtyp 
uWCtyp 


Guaranteed  by  Design.  For  Filter  Notches  ^  60  Hz 

For  Filter  Notch  =  100  Hz 

For  Filter  Notch  =  250  Hz 

For  Filter  Notch  =  500  Hz 

For  Filter  Notch  =  1  kHz 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Filter  Notches  .  60  Hz;  TypicaUy  ±0.0015% 
Filter  Notches  £  60  Hz 
Excluding  Reference 

Excluding  Reference.  For  Gains  of  1,  2,  4,  8 
Excluding  Reference.  For  Gains  of  16,  32,  64,  128 

For  Gains  of  i,  2,  4,  8 
For  Gains  of  16,  32,  64,  128 

For  Gains  of  1,  2,  4,  8 

For  Gains  of  16,  32,  64,  128 

Excluding  Reference;  Typically  ±0.0015% 

Excluding  Reference.  For  Gains  of  I,  2,  4,  8 

Excluding  Reference.  For  Gains  of  16,  32,  64,  128 


ANALOG  INPUTS/REFERENCE  INPUTS 
Common-Mode  Rejection  (CMR) 
Common-Mode  Voltage  Range6 
Normal  Mode  50  Hz  Rejection7 
Normal  Mode  60  Hz  Rejection7 
Common-Mode  50  Hz  Rejection7 
Common-Mode  60  Hz  Rejection7 
DC  Input  Leakage  Current7  @  +25°C 

Tmin  t0  Tmax 
Sampling  Capacitance7 
Analog  Inputs8 

Input  Voltage  Range9 


Input  Sampling  Rate,  fs 
Reference  Inputs 
REF  IN(+)  -  REF  IN(-)  Voltage" 


Input  Sampling  Rate,  fs 


92 

Vss  to  AVDD 

100 

100 

150 

150 

10 

1 

20 

o  to  +wSMF10 

±Vref 

See  Table  III 

+2.5  to  +5 

fcLK  in'512 


dB  min 
V  min  tc 
dB  min 
dB  min 
dB  min 
dB  mm 
pA  max 
nA  max 
pF  max 


V  min  to  V  max 


For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fNOTcH 
For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  X  fNOTcH 
For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  : 
For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  i, 

For  Normal  Operation.  Depends  on  Gain  Selected 
Unipolar  Input  Range  (B/U  Bit  of  Control  Register  «  1) 
Bipolar  Input  Range  (B/U  Bit  of  Control  Register  =  0) 


For  Specified  Performance.  Part  Functions  with  Lower  Vref 
Voltages 




pk-pk  Noise  0.1  Hz  to  10  Hz  Bandwidth 
Maximum  Load  Current  1  mA 


REFERENCE  OUTPUT 
Output  Voltage 
Initial  Tolerance 
Drift 

Output  Noise 

Line  Regulation  (AVDD) 


External  Current 


2.5 
±4 
20 
50 
1 

1.5 
1 


V  nom 
%  max 
ppm/°C  typ 
u-Vtyp 
mV/V  max 
mV/mA  max 
mA  max 


NOTES 

'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C;  S  Version  -55°C  to  +  125°C.  See  also  Note  16. 

2 Applies  after  calibration  at  the  temperature  of  interest. 

'Positive  full-scale  error  applies  to  both  unipolar  and  bipolar  input  ranges. 

4These  errors  will  be  of  the  order  of  the  output  noise  of  the  part  as  shown  in  Table  I. 

5Recalibration  at  any  temperature  or  use  of  the  background  calibration  mode  will  remove  these  drift  errors. 

6This  common-mode  voltage  range  is  allowed  provided  that  the  input  voltage  on  AIN(+)  and  AIN(-)  does  not  exceed  AVDD  +  30  mV  and  Vss  -  30  mV. 
7These  numbers  are  guaranteed  by  design  and/or  characterization. 

8The  analog  inputs  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended  source 
resistance  depends  on  the  selected  gain  (see  Tables  IV  and  V). 

'The  analog  input  voltage  range  on  the  AIN1(+)  and  AIN2(+)  inputs  is  given  here  with  respect  to  the  voltage  on  the  AIN1{-)  and  AIN2(-)  inputs.  The  abso- 
lute voltage  on  the  analog  inputs  should  not  go  more  positive  than  AVDD  +  30  mV  or  go  more  negative  than  Vss  -  30  mV. 
'°VREF  =  REFIN(+)-REFIN(-). 

"The  reference  input  voltage  range  may  be  restricted  by  the  input  voltage  range  requirement  on  the  VBIAS  input. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 


A,  S  Versions1 


Units 


Conditions/Comments 


'bus  INPUT12 
Input  Voltage  Range 


■ 


AVDD  -  0.85  x  VREF 
or  AVDD  -  3 

or  AVDD  -  2.1 
Vss  +  0.85  x  Vref 
or  Vs.  +  3 


V  max 

V  max 
Vmin 


VBias  Rejection 


or  Vss  +  2- 
65  to  85 


V  mm 
dBtyp 


See  VBIAS  Input  Section 

Whichever  Is  Smaller;  +5  V/-5  V  or  +10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Smaller;  +5  V/0  V  Nominal  AVDD/VSS 
See  VBIAS  Input  Section 

Whichever  Is  Greater;  +5  V/-5  V  or  +10  V/0  V 
Nominal  AVDD/VSS 

Whichever  Is  Greater;  +5  V/0  V  Nominal  AVDD/VSS 
Increasing  with  Gain 


LOGIC  INPUTS 
Input  Current 

All  Inputs  Except  MCLK  IN 
V1NL>  Input  Low  Voltage 
vinh;  Input  High  Voltage 

MCLK  IN  Only 

VINL,  Input  Low  Voltage 

VINH,  Input  High  Voltage 


:10 


0.8 
2.0 


0.8 
3.5 


u.A  max 

V  max 
Vmin 

V  max 

V  min 


LOGIC  OUTPUTS 
VOL,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance1' 


0.4 

DVDD  -  1 

±10 

9 


V  max 

V  min 
uA  max 
pF  typ 


TRANSDUCER  BURN-OUT 
Current 

Initial  Tolerance 
Drift 


100 
±10 
0.1 


nA  nam 

%rc  v 


Isink  -  1J>  mA 
Isource  =  100  uA 


yp 

iy.  ■  ..„:„,  :„ — 


7~ 

|xA  norr 

ppmTC  typ 
nA/V  max 
n. \  V  max 
V  max 





RTD  EXCITATION  CURRENT 
Output  Current 
Initial  Tolerance 
Drift 

Line  Regulation  (AVDD) 
Load  Regulation 
Output  Compliance 


400 
±20 
20 
400 
400 

AVDD  -  2 


AVDD  =  +5  V 


SYSTEM  CALIBRATION 
Positive  Full-Scale  Calibration  Limit1 
Negative  Full-Scale  Calibration  Limit 
Offset  Calibration  Limit15 
Input  Span 


■ 


(1.05  x  VREF)/GAIN 
-(1.05  x  VREF)/GAIN 
-(1.05  x  VREF)/GAIN 
0.8  x  Vrhf/GAIN 
(2.1  x  VREF)/GAIN 


V  max 

V  max 

V  max 

V  min 

V  max 


GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 


NOTES 

1JThe  AD7711A  is  tested  with  the  following  VBIAS  voltages.  With  AVDD  = 


■ 


=  +5  V  and  with  AVD 


1-5  V  and  V.. 


"5  V,  VB: 


0  V. 


5  V  and  Vss  =  0  V,  VB!AS  =  +2.5  V;  with  AVDD  =  +10  V  and  Vs, 


0V, 


"Sample  tested  at  +25°C  to  ensure  compliance. 
14After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale  then  the 
device  will  output  all  0s. 

"These  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  go  more  negative  than 
*VSs     30  mV.  The  offset  calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero.point. 


■ 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD771 1  A— SPECIFICATIONS 


Parameter 

A,  S  Versions' 

Units 

Conditions/Comments 

POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage16 

DVDD  Voltage17 

AVDD-VSS  Voltage 
Power  Supply  Currents 

AVDD  Current 

DVDD  Current 

Vss  Current 
Power  Supply  Rejection18 

to  ^  1U 

+5 

+  10.5 
4 

4.5 
1.5 

V  nom 

V  nom 

V  max 

mA  max 
mA  max 
mA  max 

I 

±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
For  Specified  Performance 

Vss  =  -5  V 

Rejection  w.r.t.  AGND;  Assumes  VmAS  Is  Fixed 

Positive  Supply  (AVD0) 
Negative  Supply  (Vss) 
Power  Dissipation 
Normal  Mode 
Normal  Mode 

Standby  (Power-Down)  Mode 

See  Note  19 
90 

45 

52.5 

15 

dBtyp 
dBtyp 

mW  max 
mWmax 
mW  max 

AVDD  =  DVDD  =  +5  V,  Vss  =  0  V;  TypicaUy  25  mW 
AVDD  =  DVDD  =  +5  V,  Vss  =  -5  V;  Typically  30  mW 
A VDD  =  D VDD  =  +  5  V,  Vss  =  0  V  or  -  5  V;  TypicaUy  7  mW 

NOTES 

16The  AD7711A  is  specified  with  a  10  MHz  clock  for  AVDD  vol! 

ages  of  +5  V  ±5%.  It  is  specified  with  an  8 

■ 

MHz  clock  for  AVDD  voltages  greater  than  5.25  V 

17The  ±5%  tolerance  on  the  DVDD  input  is  allowed  provided  that  DVDD  does  not  exceed  AVDD  by  more  than  0.3  V. 
,8Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  <  " 

exceed  120  dB  with  filter  notches  of  10  Hz,  30  Hz  or  60  Hz. 
■'PSRR  depends  on  gain:  Gain  of  1:  70  dB  typ;  Gain  of  2:  75  dB  typ;  Gain  of  4:  80  dB  typ;  Gains  of 

(to  95  dB  typ)  by  deriving  the  VBIAS  voltage  (via  Zener  diode  or  reference)  from  the  AVDD 
Specifications  subject  to  change  without  notice. 


typ;  Gains  of  8  to  l2j 
VDD  supply. 


ies  of  10  Hz 
128:85  dB, 


25  Hz  or  50  Hz.  PSRR  at  60  Hz  will 


typ.  These  numbers  can  be  improved 

■ 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C,  unless  otherwise  noted) 

AVDDtoDVDD  

AVDD  to  Vss  

AVDD  to  AGND  

AVnn  to  DGND   


-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
-0.3  V  to  +12  V 
-0.3  V  to  +12% 
-0.3  V  to  +6  V 
-0.3  V  to  +6  V 
+0.3  V  to  -6  V 
+0.3  V  to  -6V 


DD 

DVDD  to  AGND 
DVDD  to  DGND 
Vss  to  AGND  . 
Vss  to  DGND  . 
Analog  Input  Voltage  to  AGND 

 Vss  -  0.3  Vto  AVDD  +  0.3  V 

Reference  Input  Voltage  to  AGND 

 Vss  -  0.3  V 

REF  OUT  to  AGND 

CAUTION  _____ 


'  to  AVDD  +  0.3  V 


Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  AVDD  +  0.3  V 
Digital  Output  Voltage  to  DGND  .  .  -0.3  V  to  DVDD  +  0.3  V 
Operating  Temperature  Range 

Commercial  (A  Version)   -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  Above  +75°C  6  mW7°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  the  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


ORDERING  GUIDE 


Model1 

Temperature 

Package 

Range 

Option2 

AD7711AAN 

-40°C  to  +85°C 

N-24 

AD7711AAR 

-40°C  to  +85°C 

R-24 

NOTES 

"To  order  MIL-STD-883B,  Class  B  processed  parts,  add  /883B 
to  part  number.  Contact  our  local  sales  office  for  military  data 
sheet  and  availability. 

2N  =  Plastic  DIP;  R  =  SOIC.  For  oudinc  information  see 
Package  Information  section. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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CONTROL  REGISTER  (24  BITS) 

A  write  to  the  device  with  the  AO  input  low  writes  data  to  the  control  register.  A  read  to  the  device  with  the  AO  input  low  accesses 
the  contents  of  the  control  register.  The  control  register  is  24-bits  wide  and  when  writing  to  the  register  24  bits  of  data  must  be  writ- 
ten otherwise  the  data  will  not  be  loaded  to  the  control  register.  In  other  words,  it  is  not  possible  to  write  just  the  first  12-bits  of  data 
into  the  control  register.  If  more  than  24  clock  pulses  are  provided  before  TFS  returns  high,  then  all  clock  pulses  after  the  24th  clock 
pulse  are  ignored.  Similarly,  a  read  operation  from  the  control  register  should  access  24  bits  of  data. 


MSB 


MD2 

MD1 

MDO 

G2 

Gl 

GO 

CH 

PD 

WL 

10 

BO 

B/U 

FS11* 

FS10  |  FS9 

FS8 

FS7 

FS6  FS5 

FS4 

FS3 

FS2 

FS1 

FSO 

•Must  always  be  0  to  ensure  correct  operation  of  the  device. 


LSB 


MD2 


Operating 
MD1 


Mode 
MDO 


Operating  Mode 


1 


0 


Normal  Mode.  This  is  the  normal  mode  of  operation  of  the  device  whereby  a  read  to  the  device  with  AO 
high  accesses  data  from  the  data  register.  This  is  the  default  condition  of  these  bits  after  the  internal  power 
on  reset.  i  ■  «_  or . 

Activate  Self-Calibration.  This  activates  self-calibration  on  the  channel  selected  by  CH.  This  is  a  one-step 
calibration  sequence,  and  when  complete,  the  part  returns  to  normal  mode  (with  MD2,  MD1,  MDO  of  the 
control  register  returning  to  0,  0,  0).  The  DRDY  output  indicates  when  this  self-calibration  is  complete 
and  valid  data  is  available  in  the  output  register.  For  this  calibration  type,  the  zero  scale  calibration  is  done 
internally  on  shorted  (zeroed)  inputs  and  the  full-scale  calibration  is  done  internally  on  VREF. 
Activate  System  Calibration.  This  activates  system  calibration  on  the  channel  selected  by  CH.  This  is  a 
two-step  calibration  sequence,  with  the  zero  scale  calibration  done  first  on  the  selected  input  channel  and 
DRDY  indicating  when  this  zero  scale  calibration  is  complete.  The  part  returns  to  normal  mode  at  the  end 
of  this  first  step  in  ttp  two-step  sequence.  1^. 

Activate  System  Calibration.  This  is  the  second  step  of  the  system  calibration  sequence  with  full-scale  cali- 
bration being  performed  on  the  selected  input  channel.  Once  again,  DRDY  indicates  when  the  full-scale 
calibration  is  complete.  When  this  calibraWn  is  complete,  the  part  returns  to  normal  mode. 
Activate  System  Offset  Calibration.  This  activates  system  offset  calibration  on  the  channel  selected  by  CH. 
This  is  a  one-step  calibration  sequence  and,  when  complete,  the  part  returns  to  normal  mode  with  DRDY 
indicating  when  this  system  offset  calibration  is  complete.  For  this  calibration  type,  the  zero  scale  calibra- 
tion is  done  on  the  selected  input  channel  and  the  full-scale  calibration  is  done  internally  on  VREF. 
Activate  Background  Calibration.  This  activates  background  calibration  on  the  channel  selected  by  CH.  If 
the  background  calibration  mode  is  on,  then  the  AD7711A  provides  continuous  self-calibration  of  the  refer- 
ence and  shorted  (zeroed)  inputs.  This  calibration  takes  place  as  part  of  the  conversion  sequence,  extending 
the  conversion  time  and  reducing  the  word  rate  by  a  factor  of  six.  Its  major  advantage  is  that  the  user  does 
not  have  to  worry  about  recalibrating  the  device  when  there  is  a  change  in  the  ambient  temperature.  In  this 
mode,  the  shorted  (zeroed)  inputs  and  V^p,  as  well  as  the  analog  input  voltage,  are  continuously  moni- 
tored and  the  calibration  registers  of  the  device  are  automatically  updated. 

Read/Write  Zero  Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents  of 
the  zero  scale  calibration  coefficients  of  the  channel  selected  by  CH.  A  write  to  the  device  with  AO  high 
writes  data  to  the  zero  scale  calibration  coefficients  of  the  channel  selected  by  CH.  The  word  length  for 
reading  and  writing  these  coefficients  is  24  bits,  regardless  of  the  status  of  the  WL  bit  of  the  control 
register.  Therefore,  when  writing  to  the  calibration  register  24  bits  of  data  must  be  written,  otherwise  the 
new  data  will  not  be  transferred  to  the  calibration  register. 

Read/Write  Full-Scale  Calibration  Coefficients.  A  read  to  the  device  with  AO  high  accesses  the  contents  of 
the  full-scale  calibration  coefficients  of  the  channel  selected  by  CH.  A  write  to  the  device  with  AO  high 
writes  data  to  the  full-scale  calibration  coefficients  of  the  channel  selected  by  CH.  The  word  length  for 
reading  and  writing  these  coefficients  is  24  bits,  regardless  of  the  status  of  the  WL  bit  of  the  control 
register.  Therefore,  when  writing  to  the  calibration  register  24  bits  of  data  must  be  written,  otherwise  the 
new  data  will  not  be  transferred  to  the  calibration  register. 


o 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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PGA  Gain 

G2 

Gl 

GO 

Gain 

0 

0 

0 

1          (Default  Condition  After  the  Internal  Power-On  Reset) 

0 

0 

1 

2 

0 

0 

1 
1 

tuq  *3&>  li.  mb  . 
1 

4 

.,-(Si!     ,.                                 ....          ,,„                                  ,  ,     .....      ■    ■  -  , 

1 

0 

0 

16 

1 

0 

1 

32 

1 
1 

1 

1 

0 

— i  1  "•• 

64 
128 

Channel  Selection 

CH 

Channel 

0 

AIN1 

(Default  Condition  After  the  Internal  Power-On  Reset) 

1 

AIN2 

Power-Down 

PD 

0 

1 

Word  Length 
WL 

0 
1 


Normal  Operation 
Power-Down 


(Default  Condition  After  the  Internal  Power-On  Reset) 

■ 


Output  Word  Length 

16-Bit  (Default  Condition  After  Internal  Power-On  Reset) 
24-Bit 


(Default  Condition  After  Internal  Power-On  Reset) 


4 

ial  Power-On  ResetV*  .    »%i  *f 


RTD  Excitation  Current 
IO 

0  Off      (Default  Condition  After  Internal 

1  On 
Burn-Out  Current 
BO 

0  Off 

1  .  On 
Bipolar/Unipolar  Selection  (Both  Inputs) 
B/U 

0  Bipolar       (Default  Condition  After  Internal  Power-On  Reset) 

1  Unipolar 

Filter  Selection  (FS11-FS0) 

The  on-chip  digital  filter  provides  a  Sine3  (or  (Sinx/x)3)  filter  response.  The  12  bits  of  data  programmed  into  these  bits  determine  the 
filter  cutoff  frequency,  the  position  of  the  first  notch  of  the  filter  and  the  data  rate  for  the  part.  In  association  with  the  gain  selection, 
it  also  determines  the  output  noise  (and  hence  the  effective  resolution)  of  the  device. 

The  first  notch  of  the  filter  occurs  at  a  frequency  determined  by  the  relationship:  filter  first  notch  frequency  =  (fCLK  12)/code 
where  code  is  the  decimal  equivalent  of  the  code  in  bits  FSO  to  FS11  and  is  in  the  range  19  to  2,000.  With  the  nominal  fCLK  in  °f 
10  MHz,  this  results  in  a  first  notch  frequency  range  from  9.76  Hz  to  1.028  kHz.  To  ensure  correct  operation  of  the  AD7711A,  the 
value  of  the  code  loaded  to  these  bits  must  be  within  this  range.  Failure  to  do  this  will  result  in  unspecified  operation  of  the  device. 

Changing  the  filter  notch  frequency,  as  well  as  the  selected  gain,  impacts  resolution.  Tables  I  and  II  and  Figure  2  show  the  effect  of 
the  filter  notch  frequency  and  gain  on  the  effective  resolution  of  the  AD7711A.  The  output  data  rate  (or  effective  conversion  time)  for 
the  device  is  equal  to  the  frequency  selected  for  the  first  notch  of  the  filter.  For  example,  if  the  first  notch  of  the  filter  is  selected  at 
50  Hz,  then  a  new  word  is  available  at  a  50  Hz  rate  or  every  20  ms.  If  the  first  notch  is  at  1  kHz,  a  new  word  is  available  every  1  ms. 

The  settling  time  of  the  filter  to  a  full-scale  step  input  change  is  worst  case  4  x  l/(output  data  rate).  This  settling  time  is  to  100%  of 
the  final  value.  For  example,  with  the  first  filter  notch  at  50  Hz,  the  settling  time  of  the  filter  to  a  full-scale  step  input  change  is 
80  ms  max.  If  the  first  notch  is  at  1  kHz,  the  settling  time  of  the  filter  to  a  full-scale  input  step  is  4  ms  max.  This  settling  time  can 
be  reduced  to  3  x  l/(output  data  rate)  by  synchronizing  the  step  input  change  to  a  reset  of  the  digital  filter.  In  other  words,  if  the 
step  input  takes  place  with  SYNC  low,  the  settling  time  will  be  3  x  l/(output  data  rate).  If  a  change  of  channels  takes  place,  the  set- 
tling time  is  3  x  l/(output  data  rate)  regardless  of  the  SYNC  input. 

The  —  3  dB  frequency  is  determined  by  the  programmed  first  notch  frequency  according  to  the  relationship:  filter  —  3  dB  frequency 
=  0.262  x  first  notch  frequency. 

All  other  features  and  functions  of  the  AD771 1A  are  as  per  the  AD7710.  Refer  to  the  AD7710/AD7712  data  sheet  for  detailed  description. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DEVICES 


3  V/5  V,  CMOS,  Low  Cost, 
Low  Power,  Signal  Conditioning  ADC 


AD7714* 




FEATURES 

Charge  Balancing  ADC 

24  Bits  No  Missing  Codes 

0.0015%  Nonlinearity 
Five-Channel  Programmable  Gain  Front  End 

Gains  from  1  to  128 

Can  be  Configured  as  Three  Fully  Differential 
Inputs  or  Five  Pseudo-Differential  Inputs 
Three-Wire  Serial  Interface 
3  V  (AD7714-3)  or  5  V  (AD7714-5)  Operation 
Low  Power  (750  iiW  typ)  with  Power-Down 
(50  li  W  typ) 

Low-Pass  Filter  with  Programmable  Filter  Cutoffs 
Ability  to  Read/Write  Calibration  Coefficients 

APPLICATIONS 

Portable  Industrial  Instruments 
Portable  Weigh  Scales 
Loop-Powered  Systems 
Smart  Transmitters 


GENERAL  DESCRIPTION 

The  AD7714  is  a  complete  analog  front  end  for  low  frequency 
measurement  applications.  The  device  accepts  low  level  signals 
directly  from  a  transducer  and  outputs  a  serial  digital  word.  It 
employs  a  sigma-delta  conversion  technique  to  realize  up,to 
24  bits  of  no  missing  codes  performance.  The  input  signal  is  ap- 
plied to  a  proprietary  programmable  gain  front  end  based 
around  an  analog  modulator.  The  modulator  output  is  pro- 
cessed by  an  on-chip  digital  filter.  The  first  notch  of  this  digital 
filter  can  be  programmed  via  the  on-chip  control  register  allow- 
ing adjustment  of  the  filter  cutoff  and  settling  time. 

The  part  features  three  differential  analog  inputs  (which  can 
also  be  configured  as  five  pseudo-differential  analog  inputs)  as 
well  as  a  differential  reference  input.  It  operates  from  a  single 
supply  (+3  V  or  +5  V).  The  AD7714  thus  performs  all  signal 
conditioning  and  conversion  for  a  system  consisting  of  up  to 
five  channels. 

The  AD7714  is  ideal  for  use  in  smart,  microcontroller-  or  DSP- 
based  systems.  It  features  a  serial  interface  that  can  be  config- 
ured for  three-wire  operation.  Gain  settings,  signal  polarity  and 
channel  selection  can  be  configured  in  software  using  the  input 
serial  port.  The  AD7714  contains  self-calibration,  system  cali- 
bration and  background  calibration  options  and  also  allows  the 
user  to  read  and  write  the  on-chip  ( 

'Protected  by  U.S.  Patent  No.  5,134,401. 


FUNCTIONAL  BLOCK  DIAGRAM 


*VDD   Dvoo  REFINH   REF  IN(+) 
-O  Q  p 


1 

CMOS  constructioi 
The  pai 


uction  ensures  very  low  power  dissipation,  and  the 

de  reduces  the  standby  power  consumption  to 
:  part  is  available  in  a  24-pin,  0.3  inch-wide, 
hermetic  dual-in-line  package  (DIP);  a  24  lead  small 
he  (SOIC)  package  and  a  28-lead  shrink  small  outline 
package  (SSOP). 

PRODUCT  HIGHLIGHTS 

1.  The  AD7714  consumes  less  than  500  uA  (fCLKiN  =  1  MHz) 
or  1  mA  (fcLKiN=  2.5  MHz)  in  total  supply  current,  making 
it  ideal  for  use  in  loop-powered  systems. 

2.  The  programmable  gain  channels  allow  the  AD7714  to  ac- 
cept input  signals  directly  from  a  strain  gage  or  transducer 
removing  a  considerable  amount  of  signal  conditioning. 

3.  The  AD7714  is  ideal  for  microcontroller  or  DSP  processor 
applications  with  a  three-wire  serial  interface  reducing  the 
number  of  interconnect  lines  and  reducing  the  number  of 
opto-couplers  required  in  isolated  systems.  The  part  con- 
tains on-chip  registers  that  allow  control  over  filter  cutoff,  in- 
put gain,  channel  selection,  signal  polarity  and  calibration 
modes. 

4.  The  part  features  excellent  static  performance  specifications 
with  24-bit  no  missing  codes,  ±0.0015%  accuracy  and  low 
rms  noise  (<300  mV).  End-point  errors  and  the  effects  of 
temperature  drift  are  eliminated  by  on-chip  self-calibration, 
which  removes  zero-scale  and  full-scale  errors. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD771 4— »_ 

fcm  in  =  2.4576  MHz  unless  otherwise  stated.  / 


(AVDD  =  +5  V,  DVqd  =  +3  V  or  +5  V,  REF  IN(+)  =  +2.5  V;  REF  IN(-)  =  AGND; 
ations  TMIN  to  TMAX  unless  otherwise  noted.) 


Parameter 


A,  S  Versions' 


Units 


STATIC  PERFORMANCE 
No  Missing  Codes 


Output  Noise 
Integral  Nonlinearity 
Unipolar  Offset  Error2 
Unipolar  Offset  Drift4 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift4 

Positive  Full-Scale  Error2' 5 
Full  Scale  Drift4' 6 

Gain  Error2' 7 
Gain  Drift4' 8 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift4 


24 
22 
18 
15 
12 

See  Tables  I  &  II 

±0.0015 

See  Note  3 

2.5/GAIN 

0.3 

See  Note  3 
2.5/GAIN 

3fi—rLT_rv  * 

See  Note  3 

3/GAIN 

0.35 

See  Note  3 

±0.0015 
4/GAIN 

£.5    .  J 


Bits  min 
Bits  min 
Bits  min 
Bits  min 
Bits  min 

%  of  FSR  max 

uV/°C  typ 
uV/°C  typ 

uV/°C  typ 
UV/-C  typ 

HV/°C  typ 
uV/°C  typ 

ppm  of  FSR/°C  typ 
%  of  FSR  max 
uV/°C  typ 

uV/'C  typ  


Guaranteed  by  Design.  For  Filter  Notches  <  60  Hz 

For  Filter  Notch  =  100  Hz 

For  Filter  Notch  =  250  Hz 

For  Filter  Notch  =  500  Hz 

For  Filter  Notch  =  1  kHz 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Filter  Notches  <  60  Hz 

For  Gains  of  1,2,  4,  8 

For  Gains  of  16,  32,  64,  128 

For  Gains  of  1,  2,  4,  8 

For  Gains  of  16,  32,  64,  128 

For  Gains  of  1,  2,  4,  8 

For  Gains  of  16,  32,  64,  128 


Typically  ±0.0004% 
For  Gains  of  1,2,  4,  8 
For  Gains  of  16,  32,  64,  128 


ANALOG  INPUTS/REFERENCE  INPUTS 
Common-Mode  Rejection  (CMR) 
Absolute/Common-Mode  Range9 
Absolute/Common-Mode  Range9 

Normal-Mode  50  Hz  Rejection10 
Normal-Mode  60  Hz  Rejection10 
Common-Mode  50  Hz  Rejection10 
Common-Mode  60  Hz  Rejection10 
Input  Current10 
DC  Input  Leakage  Current10 

@  +25°C 

Tmtn  to  Tmax 
Sampling  Capacitance10 
Analog  Inputs11 

Input  Voltage  Range12 

Input  Sampling  Rate,  fs 

Reference  Inputs 

REF  IN(+)  -  REF  IN(-)  Voltage 

Input  Sampling  Rate,  fs  


100 

AGND  to  AVDD 

AGND  +  50  mV  to 

AVDD-1.5V 

100  „, 

100 

150 

150  ** 
1 

10 

1 

JOUHWin.TJf 

0  to  h-Vref/GAIN13 
±VREF/GAIN 
GAlNxfCLKM/' 

fcLK  IN/ 16 

+2.5 

fcLK  in/ 128 


dB  min 

Y  min  to  V  max 

 Vrain  to  V  max 

dB  min 

dB  mm  ^ 
■:  '::.dB  min 

dB  min 
m  nA  max 


pA  max 
nA  max 
pF  max 

nom 
nom 


At  DC 


SeeTs 


Table' 


VI 


JHOITAjU'WA 



eiBrtimensi T  U&rnZ 


V  nom 


Analog  Input  with  BUFFER  =  1 

For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fN0TCH 

For  Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fN0TCF1 

For  Filter  Notches  of  10,  25,  50  Hz,  +6.02  x  fN0TCH 

(orTilter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fN0TCH 

BUFFER  =  1 

BUFFER  =  0 

:  i  ' 

Unipolar  Input  Range  (B/U  Bit  of  Filter  High  Register  =  I) 
Bipolar  Input  Range  (B/U  Bit  of  Filter  High  Register  =  0) 
For  Gains  of  1,  2,  4 
For  Gains  of  8,  16,  32,  64,  128 

±5%  for  Specified  Performance.  Pan  Functions  with 
Lower  Vref  Voltages 


LOGIC  INPUTS 
Input  Current 

All  Inputs  except  MCLK  IN 

Vinl,  Input  Low  Voltage 

Vinh,  Input  High  Voltage 
MCLK  IN  Only 

Vinu  Input  Low  Voltage 

VINL,  Input  Low  Voltage 

Vimhi  Input  High  Voltage 

Vinh,  Input  High  Voltage  


* 

±10 

uA  max 

0.8 

V  max 

2.0 

V  min 

0.8 

V  max 

0.4 

V  max 

3.5 

V  min 

2.5 

V  min 

0.4 

V  max 

4.0 

V  min 

DVDD 

-0.4 

V  min 

±10 

uA  max 

9 

pFtyp 

.eh 


DVDD  =  +5.V 
DVDD  =  +3  V 
DVDD  =  +5  V 
DVdd  =  +3  V 


ye  v  .•••Km. 

noi  !,.  rjg 
■ 


LOGIC  OUTPUTS 

Vol.  Output  Low  Voltage 
V0H,  Output  High  Voltage 
V0H,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance1 4 


Isink  =  800  uA. 

IsotmcE  =  200  uA.  DVDD  =  +5  V 
Isource  =  200  uA.  DVDD  =  +3  V 


'ii'  irfctj-isv  Jot. *ai  trnrn  sdi  nir  ...  oT  .»?>ri«  nivti  y-iaaimilytft  r  ti  *i;lT 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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33  i2  AD7714 

(AVDD  =  +3  V,  DVM  =  +3  V,  REF  IN(+)  =  +1.25  V;  REF  IN(-)  =  AGND; 
feu  in  =  2.4576  MHz  unless  otherwise  stated.  All  specifications  TNIN  to  TMSX  unless  otherwise  noted.) 


AD771 4-3— SPECIFICATIONS 


A,  S  Versions' 


Units 


Conditions/Comments 





STATIC  PERFORMANCE 
No  Missing  Codes 

; 

'  ■ 

Output  Noise 
Integral  Nonlinearity 
Unipolar  Offset  Error2 
Unipolar  Offset  Drift* 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift4 

Positive  Full-Scale  Error2' 5 

Full-Scale  Drift4'6 

Gain  Error2' 7 
Gain  Drift4' 8 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift4 


24 
22 
18 
15 
12 

See  Tables  III  &  IV 

±0.003 

See  Note  3 

2.5/GAIN 

0.3 

See  Note  3 
2.5/GAIN 
0.3 

See  Note  3 

3/GAIN 
0.35 

See  Note  3 

9%  V  0  -  rt\l  isnp' 
±0.003 
4/GAIN 
0.5 


Bits  min 
Bits  min 
Bits  min 
Bits  min 
Bits  min 

%  ofFSR  max 

UWC  typ 


■ 

Guaranteed  by  Design.  For  Filter  Notches  <  60  Hz 

For  Filter  Notch  =  100  Hz 

For  Filter  Notch  =  250  Hz 

For  Filter  Notch  =  500  Hz 

For  Filter  Notch  =  1  kHz 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Filter  Notches  <  60  Hz 


uV/°C  typ 
uV/°C  typ 


uV/°C  typ 
uV/°C  typ 

ppmofFSR/°Ctyp 
%ofFSR  max 
uWCtyp 
jVrCjyg  


dB  mt%»  ^ 
V  min  to  V  max 


For  Gains  of  1,2,  4,  8 

For  Gains  of  16,  32,  64,  128 

For  Gains  of  1,2,  4,8 

For  Gains  of  16,  32,  64,  128 


For  Gains  of  1,2,  4,8 

For  Gains  of  16,  32,  64,  128 


±0.0004% 
of  1,2,  4,8 
of  16,  32,  64,  128 


ANALOG  INPUTS/REFERENCE  INPUTS 
Common-Mode  Rejection  (CMR) 
Absolute  Common-Mode  Range6 
Absolute  Common-Mode  Range6 

Normal-Mode  50  Hz  Rejection7 
Normal-Mode  60  Hz  Rejection7 
Common-Mode  50  Hz  Rejection7 
Common-Mode  60  Hz  Rejection7 
Input  Current7 
DC  Input  Leakage  Current7 

@  +25°C 

Tmin  to  TMAX 
Sampling  Capacitance7 
Analog  Inputs8 

Input  Voltage  Range' 

Input  Sampling  Rate,  fs 

Reference  Inputs 

REF  IN(+)  -  REF  IN(-)  Voltage 

Input  Sampling  Rate,  jj  


94 

AGNDtoAVnp,  •. 
AGND  +  50  mV  to 

AVnrtOil^1 
100 
100 
150 
150 

r 


:ee  Table  VI 


■ 


10 
10 

0  to  +Vrep/GAIN15 
±VREF/GAIN 
GAIN  xfCLK  in/128 

fcLKIN/16 

+  1.25 

fcLKIN/128  


dB  min 
dB  min 

pA  max 
nA  max 
pF  max 

nom 
nom 


V  nom 


talog  Input  with  BUFFER  =  1 
Filter  Notches  of  10,  25,  50  Hz,  ±0.02  x  fN0TCH 
Filter  Notches  of  10,  30,  60  Hz,  ±0.02  x  fNOTcH 
For  Filter  Notches  of  10,  25,  50  Hz,  ±0.02 
For  Filter  Notches  of  10,  30,  60 
BUFFER  =  1 
BUFFER  =  0 


,±0.02XW„ 


Unipolar  Input  Range  (B/U  Bit  of  Filter  High  Register  =  1) 
Bipolar  Input  Range  (B/U  Bit  of  Filter  High  Register  =  0) 
For  Gains  of  1,  2,  4 
For  Gains  of  8,  16,  32,  64,  128 

±5%  for  Specified  Performance.  Part  Functions  with 
Lower  Vrep  Voltages 


LOGIC  INPUTS 
Input  Current 

All  Inputs  except  MCLK  IN 
V[NL,  Input  Low  Voltage 
Vmhi  Input  High;  Voltage 

MCLK  IN  Only 

Vinl,  Input  Low  Voltage 
V1NH,  Input  High  Voltage 


±10 

0.8 
2.0 

0.4 
2.5 


fjA  max 

V  max 

V  min 

V  max 

V  min 





LOGIC  OUTPUTS 

Vol,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance' ' 


0.2 
DVDI 
±10 
9 


-0.4 


V  max 

V  min 
uA  max 
pFtyp 


Isink  =  800  uA 
Isource  =  200  uA 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 


A,  S  Versions 


Units 


Conditions/Comments 


SYSTEM  CALIBRATION 

Positive  Full-Scale  Calibration  Limit15 
Negative  Full-Scale  Calibration  Limit15 
Offset  Calibration  Limit'6 
Input  Span" 


(1.05xVrhF)/GAIN 
-(1.05xVref)/GAIN 
-(I.OSxVrepJ/GAIN 
0.8  x  Vref/GAIN 
(2.1  x  VrefVGAIN 


V  max 

V  max 

V  max 

V  min 

V  max 


GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1  and  128) 


POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage  (AD7714-3) 

AVDD  Voltage  (AD7714-5) 

DVOD  Voltage 
Power  Supply  Currents 

AVqd  Current 


DVDD  Current 


Power  Supply  Rejection18  (AVDD) 
Normal  Mode  Power  Dissipation 


Normal  Mode  Power  Dissipation 


Standby  (Power-Down)  Dissipation 


+2.7  to  +3.6 

+5 

+2.7  to  +5.25 


0.3 
0.6 

• 

0.5 

1  | 

0.2 

0.4  ' 

0.5 

1 

See  Note  19 

1.5 
2.4 
3 

4.5 

3.5  ' 
5 

7.5 
10 
100 


V  nom 

V  nom 

V  nom 


mA  max 
mA  max 

mA  max 
mA  max 

mA  max 
mA  max 
mA  max 
mA  max 

3>\ 

mW  mas 
mW  max 
mW  max 
mW  max 

mW  max 
mW  max 
mW  max 
mW  max 
|iW  max 


For  Specified  Performance 
±5%  for  Specified  Performance 
For  Specified  Performance 


AVDD  =  3  V  or  5  V.  BST  Bit  of  Filter  High  Register  =  0" 
Typically  0.2  mA.  BUFFER  =  0  V.  fctRnf  =,1  MHz  or  2.4576  MHz 
Typically  0.4  mA.  BUFFER  =  +5  V.  Iclkin  =  1  MHz  or  2.4576  MHz 
AVDD  =  3  V  or  5  V.  BST  Bit  of  Filter  High  Register  =  l17 
Typically  0.3  mA.  BUFFER  =  0  V.  feucm  =  2.4576  MHz 
Typically  0.8  mA.  BUFFER  =  +5  V.  fCLKiN  =  2.4576  MHz 
Digital  I/Ps  =  0  V  Qj©VDD 

Typically  0.15  mA  DVDD  =  3  V.  fCLK1N  =  1  MHz 
Typically  0.3  mA.  DVDD  =  5  V.  fCLKIN  =  1  MHz 
Typically  0.4  mA.  DVDD  =  3  V.  fCLXIN  =  2.4576  MHz 
.icaUy  0.8  mA.  DVDD  =  5  V.  fCLK1N  =  2.4576  MHz 


.  Digital  I/Ps  =  0  V  or  DVDD.  BST  Bit  =  0 
FER=0V.fCLKiN=  1  MHz 
;R  =  +5V.  fcLKiN=  1MHz 
iR  =  0  V.  Iclkin  =  2.4576  MHz 
Typically  3.6  mW.  BUFFER  =  +5  V.  fcijc  in  =  2.4576  MHz 
AVnD  =  DVnD  =  +5  V.  Digital  I/Ps  =  0  V  or  DVDD-  BST  Bit  =  0 
Typrcally  2.5  mW.  BUFFER  =  0  V.  fCLKIN  =  1  MHz 
Typically  3.5  mW.  BUFFER  =  +5  V.  fcLK  in  =  1  MHz 
Typically  5.5  mW.  BUFFER  =  0  V.  fcmiN  =  2.4576  MHz 
Typically  8  mW.  BUFFER  =  +5  V.  fcuciN  =  2.4576  MHz 
Typically  50  uW 


Typio 

Typically  1.6  mW 
Typicalli2Tlw; 


 :  


NOTES 

'Temperature  ranges  are  as  follows:  A  Version:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
2Applies  after  calibration  at  the  temperature  of  interest. 

'These  errors  will  be  of  the  order  of  the  output  noise  of  the  pan  as  shown  in  Tables  I  to  IV. 
4Recalibration  at  any  temperature  will  remove  these  drift  errors. 

'Positive  Full-Scale  Error  includes  Zero-Scale  Errors  (Unipolar  Offset  Error  or  Bipolar  Zero  Error)  and  applies  to  both  unipolar  and  bipolar  input  ranges. 
6Full-Scale  Drift  includes  Zero-Scale  Drift  (Unipolar  Offset  Drift  or  Bipolar  Zero  Drift)  and  applies  to  both  unipolar  and  bipolar  input  ranges. 

7Gain  Error  does  not  include  Zero-Scale  Errors.  It  is  calculated  as  Full-Scale  Error — Unipolar  Offset  Error  for  unipolar  ranges  and  Full-Scale  Error — Bipolar  Zero  Error  for 
bipolar  ranges. 

sGain  Drift  does  not  include  Unipolar  Offset  Drift/Bipolar  Zero  Drift.  It  is  effectively  the  drift  of  the  part  if  zero-scale  calibrations  only  were  performed  as  is  the  case  with  back- 
ground calibration  for  gains  of  64  and  128. 

"This  Common-Mode  voltage  range  is  allowed  provided  that  the  input  voltage  on  the  differential  inputs  does  not  go  more  positive  than  AVDD  +  30  mV  or  go  more  negative  than 
AGND  -  30  mV.  The  common-mode  mode  voltage  applies  to  those  inputs  which  form  differential  pairs  (see  Table  VI). 
1  "These  numbers  are  guaranteed  by  design  and/or  characterization. 

1  'The  analog  inputs  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended  source  resistance  de- 
pends on  the  selected  gain. 

12The  analog  input  voltage  range  on  the  analog  inputs  is  given  here  with  respect  to  the  voltage  on  the  respective  negative  input  of  its  differential  or  pseudo-differential  pair  (see 

Table  V).  The  absolute  voltage  on  the  analog  inputs  should  not  go  more  positive  than  AVDD  +  30  mV  or  go  more  negative  than  AGND  -  30  mV. 
"Vkep  =  REF  IN(+)  -  REF  IN(-). 
14Sample  tested  at  +25°C  to  ensure  compliance. 

15After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale,  then  the  device  will  output 
all  0s. 

"These  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  go  more  negative  than  AGND  -  30  mV.  The  off- 
set calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 
l7For  higher  gains  (>8)  at  fCLKiN  -  2.4576  MHz,  the  BST  bit  of  the  Filter  High  Register  must  be  set  to  1.  For  other  conditions,  it  can  be  set  to  0. 

"Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  5,  10,  25  or  50  Hz.  PSRR  at  60  Hz  will  exceed  120  dB  with  filter 
notches  of  6,  10,  30  or  60  Hz. 

"PSRR  depends  on  gain:  Gain  of  1 :  70  dB  typ;  Gain  of  2:  75  dB  typ;  Gain  of  4:  80  dB  typ;  Gains  of  8  to  128:  85  dB  typ. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TIlWIl f'  nu*nAOTrniCTirc1  2  (DVDD  = +3 V to +5 V, ± 5%; AVD0  = +3 V or +5 V, ± 5%; AGND  =  DfiND  =  0V; 
TIMINb  LHAKAl  I  tKlb  Nib     fCLKIN  =  2.5  MHz;  Input  Logic  0  =  0  V,  Logic  1  =  DVD0  unless  otherwise  noted.) 





Parameter 


Limit  at  Twin,  Tmax 
(A,  S  Versions) 


Units 


Conditions/Comments 


fCLKIN3' 

tCLKINLO 
tcLKINHI 

lf 

tDRDY 

tl 

tj 

Read  Operation 

t  6 

U 

!? 
t8 


Write  Operation 
tn 

tl2 


t  « 


400 


2.5 
0.4xtCLKIN 
0.4xttucM 

ffio 

50 

SOOxtcucw 

1000 

1000 


0 
20 

0 

20 

40 

200 

200 

20 

10 
50 
100 
50 


20 

30 

20 

200 

200 

20 


kHz  min 

MHz  max 
ns  min 
ns  min 
ns  max 
ns  max 
ns  nom 
ns  min 
ns  min 

ns  min 
ns  min 

ns  min 
ns  max 
ns  max 
ns  min 
ns  min 
ns  min 

ns  min 
ns  max 


Master  Clock  Frequency:  Crystal  Oscillator  or  Externally 
Supplied 

For  Specified  Performance 
Master  Clock  Input  Low  Time,  tcuc  in  =  1/fcLK  in 
Master  Clock  Input  High  Time 
Digital  Output  Rise  Time.  Typically  20  ns 
Digital  Output  Fall  Time.  Typically  20  ns 
DRDY  High  Time 
SYNC  Pulse  Width 
;  Pulse  Width 


1)  or 


nsmax 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


DRDY  to  CS  Setup  Time 
CS  Falling  Edge  to  SCLK  Falling  Edge  (POL 
SCLK  Rising  Edge  (POL  =  0)  Setup  Time 
SCLK  Active  Edge  to  Data  Valid  Delay7 
DVDD  =  +5V  <J| 
DVDD  =  +3  V 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

CS  Rising  Edge  to  SCLK  Rising  Edge  (POL  =  1)  or  SCLK 
Falling  Edge  (POL  =  0)  Hold  Time 

Bus  Relinquish  Time  after  SCLK  Rising  Edge  (POL  =  1)  or 
SCLK  Falling  Edge  (POL  =  0).  DVDD  =  +5  V 
SCLK  Falling  Edge  (POL  =  0).  DVDD  =  +3  V 
SCLK  Rising  Edge  (POL  =  1)  or  SCLK  Falling  Edge 
(POL  =  0)  to  DRDY  High9 

CS  Falling  Edge  to  SCLK  Falling  Edge  (POL  =  1)  or  SCLK 
Rising  Edge  (POL  =  0)  Setup  Time 
Data  Valid  to  SCLK  Active  Edge  Setup  Time6 
Data  Valid  to  SCLK  Active  Edge  Hold  Time6 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

CS  Rising  Edge  to  SCLK  Rising  Edge  (POL  =  1)  or  SCLK 
Falling  Edge  (POL  =  0)  Hold  Time 




NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  DVDD)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  2  and  3. 

3CLKIN  Duty  Cycle  range  is  45%  to  55%.  CLKIN  must  be  supplied  whenever  the  AD77H  is  not  in  standby  mode.  If  no  clock  is  present  in  this  case,  the  device  can 
draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

4The  AD7714  is  production  tested  with  fcuaN  at  2.5  MHz  (1  MHz  for  some  IDD  tests).  It  is  guaranteed  by  characterization  to  operate  at  400  kHz. 
Specified  using  10%  and  90%  points  on  waveform  of  interest. 

6These  numbers  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  the  VOL  or  VOH  limits. 
'SCLK  active  edge  is  falling  edge  of  SCLK  with  POL  =  1;  SCLK  active  edge  is  rising  edge  of  SCLK  with  POL  =  0. 

8These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then 
extrapolated  back  to  remove  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are  the  true  bus 
relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 

'DRDY  returns  high  after  the  first  read  from  the  device  after  an  output  update.  The  same  data  can  be  read  again,  if  required,  while  DRDY  is  high  although  care 
should  be  taken  that  subsequent  reads  do  not  occur  close  to  the  next  output  update. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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Load  Circuit  for  Access  Time  and  Bus  Relinquish 


! 

ORDERING  GUIDE 


Model 

AVDD 
Supply 



Temperature 

Range 

p  k  

Option* 

AD7714AN-5 

5  V 

-40°C  to  +85°C 

N-24 

AD7714AR-5 

5  V 

-40°C  to  +85°C 

R-24 

AD7714ARS-5 

5V 

-40°C  to  +85°C 

RS-28 

AD7714SQ-5 

5  V 

-55°C  to+125°C 

Q-24 

AD7714AN-3 

3V 

-40°C  to  +85°C 

N-24 

AD7714AR-3 

3  V 

-40°C  to  +85°C 

R-24 

AD7714ARS-3 

3  V 

-40°Cto+85°C 

RS-28 

AD7714SQ 

3  V&5  V 

-55°C  to  +  125°C 

I  

Q-24 

*N  =  Plastic  DIP;  R  =  SOIC;  RS  =  SSOP;  Q  =  Ccrdip.  For  outline  information 
see  Package  Information  section. 


i 


\ 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7714  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


.  girieiH  31.1 


DIP  &  SOIC 


PIN  CONFIGURATIONS 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

AVDD  to  AGND  .  ,  -0.3  V  to  +7  V 

AVdd  to  DGND   i  -0.3  V  to +7  V 

DVDD  to  AGND   -0.3  V  to  +7  V 

DVDDtoDGND   -0.3  V  to  +7  V 

Analog  Input  Voltage  to  AGND   -0.3  V  to  AVDD  +  0.3  V 

Reference  Input  Voltage  to  AGND  ...  -0.3  V  to  AVDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  DVDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  -0.3  V  to  DVDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (A  Version)    -40°C  to  +85°C 

Extended  (S  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature  + 1 50°C 

Plastic  DIP  Package,  Power  Dissipation   450  mW 

e,A  Thermal  Impedance   105°C/W 

Lead  Temperature  (Soldering,  10  sec)  +260°C 

Cerdip  Package,  Power  Dissipation  450  mW 

6JA  Thermal  Impedance   70°C/W 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

SOIC  Package,  Power  Dissipation  450  mW 

6,A  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

Power  Dissipation  (Any  Package)  to  +75°C  450  mW 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


WARNING! 


SSOP 


SCLK  fT 
MCLK  IN  [T 
MCLK  OUT  fT 
POL  |T 
SYNC  fT 
RESET  fT 
AIN1  [T 
AIN2  \T 
AIN3  [T 
AIN4  [jo 
STANDBY  [iT 


AD7714 

TOP  VIEW 
(Not  to  Scale) 


H  DGND 

m  dvdo 

m]  drdy 
19]  Es 

18]  AGND 
T7]  AIN6 
j|]  AIN5 
j|]  REF  1N(+) 
U]  REF  IN(-) 
j|]  BUFFER 


.2b  ■ 


SCLK  [T 
MCLK  IN  \T 
MCLK  OUT  [T 
POL[T 
SYNC  fT 
RESET  fT 
NC  [T 
NC  [T 
AIN1  fT 
AIN2  fio 
AIN3  J1 
AIN4  fj| 
STANDBY  fj| 
AVpo  fg 


AD7714 

TOP  VIEW 
(Not  to  Scale) 


2B\  DGND 



26]  DIN 
25]  DOUT 
m]  DRDY 

a]  cs 
a]  nc 

ij]  NC 
20]  AGND 
j?]  AIN6 
ie]  AIN5 
T7]  REF  IN(+) 
W]  REFINB 
j|]  SUFFER 


NC  =  NO  CONNECT 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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DIP/SOIC  PIN  NUMBERS 


Pin 
No. 


Mnemonic 


Function 


SCLK 

MCLK  IN 

MCLK  OUT 
POL 


SYNC 


10 


AIN2 


AIN3 


AIN4 


STANDBY 

AVDD 
BUFFER 


REF  IN(-) 
REF  IN(+) 

AIN5 
AIN6 


Serial  Clock.  Logic  Input.  An  external  serial  clock  is  applied  to  this  input  to  access  serial  data  from  the 
AD7714.  This  serial  clock  can  be  a  continuous  clock  with  all  data  transmitted  in  a  continuous  train  of  pulses. 
Alternatively,  it  can  be  a  noncontinuous  clock  with  the  information  being  transmitted  to  the  AD7714  in  smaller 
batches  of  data. 

Master  Clock  signal  for  the  device.  This  can  be  provided  in  the  form  of  a  crystal  or  external  clock.  A  crystal  can 
be  tied  across  the  MCLK  IN  and  MCLK  OUT  pins.  Alternatively,  the  MCLK  IN  pin  can  be  driven  with  a 
CMOS-compatible  clock  and  MCLK  OUT  left  unconnected.  The  clock  input  frequency  is  nominally  either 
2.5  MHz  or  1  MHz. 

When  the  master  clock  for  the  device  is  a  crystal,  the  crystal  is  connected  between  MCLK  IN  and 
MCLK  OUT. 

Clock  Polarity.  Logic  Input.  With  this  input  low,  the  first  transition  of  the  serial  clock  in  a  data  transfer 
operation  is  from  a  low  to  a  high.  In  microcontroller  applications  this  means  that  the  serial  clock  sho 
low  between  data  transfers.  With  this  input  high,  the  first  transition  of  the  serial  clock  in  a  data  transfer 
operation  is  from  a  high  to  a  low.  In  microcontroller  applications,  this  means  that  the  serial  clock  should  ii 
high  between  data  transfers.  I 
Logic  Input  which  allows  for  synchronization  of  the  digital  filters  an 

liter,  the  filter  control  logic  and  the  calibration 


and  analog  modulators  when  using  a  number 


state.  "YOOJOV.lMflST 
lgic,  digital  filter  and  analog  modulator 


,  can  be  used  as  a  pseudo-differential  input 
ntial  analog  input  pair  when  used  with  AIN1  (see 


of  AD7714S.  While  SYNC  is  low,  the  nodes  of  the  di; 
control  logic  are  reset  and  the  analog  modulator  i 
Logic  Input.  Active  low  input  which  resets 
of  the  part  to  power-on  status. 

Analog  Input  Channel  1.  Programmable-gain  analog  input  which  can  be  used  as  a  pseudo-differential  input 
when  used  with  AIN6  or  as  the  positive  input  of  a  differential  analog  input  pair  when  used  with  AIN2  (see 
Communications  Registejt.section).  , 
Analog  Input  Channel  2.  Programmable-gain  analog  input  which 
when  used  with  AIN6  or  as  the  neg 
Communications  Register  section). 
Analog  Input  Channel  3.  Programmable-gain  analog  input  which  can  be  used  as  a  pseudo-differential  input 
when  used  with  AIN6  or  as  the  positive  input  of  a  differential  analog  input  pair  when  used  with  AIN4  (see 
Communications  Register  section). 

Analog  Input  Channel  4.  Programmable-gain  analog  input  which  can  be  used  as  a  pseudo-differential  input 
when  used  with  AIN6  or  as  the  negative  input  of  a  differential  analog  input  pair  when  used  with  AIN3  (see 
Communications  Register  section). 

Logic  Input.  Taking  this  pin  low  shuts  down  the  analog  and  digital  circuitry,  reducing  power  consumption  to 
typically  50  uW. 

Analog  Positive  Supply  Voltage,  +3  V  nominal  (AD7714-3)  or  +5  V  nominal  (AD7714-5). 
Buffer  Option  Select.  Logic  Input.  With  this  input  low,  the  on-chip  buffer  on  the  analog  input  (after  the 
multiplexer  and  before  the  analog  modulator)  is  shorted  out.  With  the  buffer  shorted  out  the  current  flowing  in 
the  AVDD  line  is  reduced  to  300  uA  (fCLK  IN  =  1  MHz)  or  500  |lA  (fCuc  in  =  2.5  MHz).  With  this  input  high,  the 
on-chip  buffer  is  in  series  with  the  analog  input  allowing  the  inputs  to  handle  higher  source  impedances. 
Reference  Input.  Negative  input  of  the  differential  reference  input  to  the  AD7714.  The  REF  IN(-)  can  lie 
anywhere  between  AVDD  and  AGND  provided  REF  IN(+)  is  greater  than  REF  IN(-). 
Reference  Input.  Positive  input  of  the  differential  reference  input  to  the  AD7714.  The  reference  input  is 
differential  with  the  provision  that  REF  IN(+)  must  be  greater  than  REF  IN(-).  REF  IN(+)  can  lie  anywhere 
between  AVDD  and  AGND. 

Analog  Input  Channel  5.  Programmable-gain  analog  input  which  is  the  positive  input  of  a  differential  analog 
input  pair  when  used  with  AIN6  (see  Communications  Register  section). 

Analog  Input  Channel  6.  Reference  point  for  AIN1  through  ATN4  in  pseudo-differential  mode  or  as  the 
negative  input  of  a  differential  analog  input  pair  when  used  with  AIN5  (see  Communications  Register  section). 
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Pin 
No. 


Mnemonic 


Function 


19 


20 


CS 


21 


22 


23 
24 


DRDY 


DOUT 


DIN 


DVDD 
DGND 


Chip  Select.  Active  low  Logic  Input  used  to  select  the  AD7714.  With  this  input  hard-wired  low,  the  AD7714 
can  operate  in  its  three-wire  interface  mode  with  SCLK,  DIN  and  DOUT  used  to  interface  to  the  device.  CS 
can  be  used  to  select  the  device  in  systems  with  more  than  one  device  on  the  serial  bus  or  as  a  frame 
synchronization  signal  in  communicating  with  the  AD7714. 

Logic  output.  A  logic  low  on  this  output  indicates  that  a  new  output  word  is  available  from  the  AD7714  data 
register.  The  DRDY  pin  will  return  high  upon  completion  of  a  read  operation  of  a  full  output  word.  If  no  data 
read  has  taken  place,  after  an  output  update,  the  DRDY  line  will  return  high  for  500  x  tCLK  in  cycles  prior  to 
he  next  output  update.  This  gives  an  indication  of  when  a  read  operation  should  not  be  attempted  to  avoid 
reading  from  the  data  register  as  it  is  being  updated.  DRDY  is  also  used  to  indicate  when  the  AD77 1 4  has 
completed  its  on-chip  calibration  sequence. 

Serial  Data  Output  with  serial  data  being  read  from  the  output  shift  register  on  the  part.  This  output  shift 
register  can  contain  information  from  the  calibration  registers,  mode  register,  communications  register,  filter 
selection  registers  or  data  register  depending  on  the  register  selection  bits  of  the  Communications  Register. 
Serial  Data  Input  with  serial  data  being  written  to  the  input  shift  register  on  the  part.  Data  from  this  input  shift 
register  is  transferred  to  the  calibration  registers,  mode  register,  communications  register  or  filter  selection 
registers  depending  on  the  register  selection  bits  of  the  Communications  Register. 

-  ....     J|.      J  ;l   ■  .  1; 

Digital  Supply  Voltage,  +3  V  or  +5  V  nominal.  '%jMi>  i 

Ground  reference  point  for  digital  circuitry.  — ^  TunL  » 


TERMINOLOGY* 
INTEGRAL  NONLINEARITY 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line  j 
passing  through  the  endpoints  of  the  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero-scale  (not  to  be  confused 
with  bipolar  zero),  a  point  0.5  LSB  below  the  first  code'iransition 
(000  ...  000  to  000  ...  001)  and  Full-Scale,  a  point  0.5  LSB 
above  the  last  code  transition  (1 1 1  ...  1 10  to  1 1 1  ...  1 1 1).  The 
error  is  expressed  as  a  percentage  of  full  scale. 

POSITIVE  FULL-SCALE  ERROR 

Positive  Full-Scale  Error  is  the  deviation  of  the  last  code  transi- 
tion (11 1 ...  110  to  111 ...  1 11)  from  the  ideal  AIN(+)  voltage 
(AIN(-)  +  Vref/GAIN  -  3/2  LSBs).  It  applies  to  both  unipolar 
and  bipolar  analog  input  ranges. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  Offset  Error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  AIN(+)  voltage  (AIN(-)  +  0.5  LSB)  when  oper- 
ating in  the  unipolar  mode. 

BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  midscale  transition  (01 1 1 ...  1 1 1 
to  1000  .  . .  000)  from  the  ideal  AIN(+)  voltage  (AIN(-)  - 
0.5  LSB)  when  operating  in  the  bipolar  mode. 

GAIN  ERROR 

This  is  a  measure  of  the  span  error  of  the  ADC.  It  includes  full- 
scale  errors  but  not  zero-scale  errors.  For  unipolar  input  ranges 
it  is  defined  as  (full-scale  error-unipolar  offset  error)  while  for 
bipolar  input  ranges  it  is  defined  as  (full-scale  error-bipolar  zero 
error). 


POSITIVE  FULL-SCALE  OVERRANGE 

Positive  Full-Scale  Overrange  is  the  amount  of  overhead  avail- 
'  andle  input  voltages  on  AIN(+)  input  greater  than 

(for  example,  noise  peaks  or  excess  volt- 
in  errors  in  system  calibration  routines) 

rs  due  to  overloading  the  analog  modu- 
le digital  filter. 

NEO|™*  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages  on 
AIN(+)  below  AIN(-)  -  VreF/GAIN  without  overloading  the 
analog  modulator  or  overflowing  the  digital  filter.  Note  that  the 
analog  input  will  accept  negative  voltage  peaks  even  in  the  uni- 
polar mode  provided  that  AIN(+)  is  greater  than  AIN(-)  and 
greater  than  AGND  -  30  mV, 

OFFSET  CALIBRATION  RANGE 

In  the  system  calibration  modes,  the  AD7714  calibrates  its  off- 
set with  respect  to  the  analog  input.  The  Offset  Calibration 
Range  specification  defines  the  range  of  voltages  that  the 
AD7714  can  accept  and  still  calibrate  offset  accurately. 

FULL-SCALE  CALIBRATION  RANGE 

This  is  the  range  of  voltages  that  the  AD7714  can  accept  in  the 
system  calibration  mode  and  still  calibrate  full-scale  correctly. 

INPUT  SPAN 

In  system  calibration  schemes,  two  voltages  applied  in  sequence 
to  the  AD7714's  analog  input  define  the  analog  input  range. 
The  input  span  specification  defines  the  minimum  and  maxi- 
mum input  voltages  from  zero  to  full-scale  that  the  AD7714 
can  accept  and  still  calibrate  gain  accurately. 


BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
AIN(+)  voltage  (AIN(-)  -  VreF/GAIN  +  0.5  LSB),  when  oper- 
ating in  the  bipolar  mode. 


iut  pairs  or  to  AIN6 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7714-5  Output  Noise 

Table  I  shows  the  output  rms  noise  and  effective  resolution  for  some  typical  notch  and  -3  dB  frequencies  for  the  AD7714-5  with 
fcuc  in  =  2.4576  MHz  while  Table  II  gives  the  information  for  fcuc  iN  =  1  MHz.  The  numbers  given  are  for  the  bipolar  input  ranges 
with  a  Vrep  of  +2.5  V  and  with  BUFFER  =  0.  These  numbers  are  typical  and  are  generated  at  an  analog  input  voltage  of  0  V.  The 
numbers  in  brackets  in  each  table  are  for  the  effective  resolution  of  the  part  (rounded  to  the  nearest  0.5  LSB).  The  effective  resolu- 
tion of  the  device  is  defined  as  the  ratio  of  the  output  rms  noise  to  the  input  full-scale  (i.e.,  2  x  Vref/GAIN).  It  should  be  noted  that 
it  is  not  calculated  using  peak-to-peak  output  noise  numbers.  Peak-to-peak  noise  numbers  can  be  up  to  6.6  times  the  rms  numbers 
while  effective  resolution  numbers  based  on  peak-to-peak  noise  can  be  2.5  bits  below  the  effective  resolution  based  on  rms  noise  as 
quoted  in  the  tables. 

The  output  noise  from  the  part  comes  from  two  sources.  The  first  is  the  electrical  noise  in  the  semiconductor  devices  used  in  the 
implementation  of  the  modulator  (device  noise) .  Secondly,  when  the  analog  input  signal  is  converted  into  the  digital  domain,  quan- 
tization noise  is  added.  The  device  noise  is  at  a  low  level  and  is  largely  independent  of  frequency.  The  quantization  noise  starts  at 
an  even  lower  level  but  rises  rapidly  with  increasing  frequency  to  become  the  dominant  noise  source.  Consequently,  lower  filter 
notch  settings  (below  100  Hz  approximately  for  fcuc  in  =  2.4576  MHz  and  below  40  Hz  approximately  for  fcuc  in  =  1  MHz)  tend  to 
be  device  noise  dominated  while  higher  notch  settings  are  dominated  by  quantization  noise.  Changing  the  filter  notch  and  cutoff 
frequency  in  the  quantization-noise  dominated  region  results  in  a  more  dramatic  improvement  in  noise  performance  than  it  does  in 
the  device-noise  dominated  region  as  shown  in  Tables  I  and  II.  Furthermore,  quantization  noise  is  added  after  the  PGA,  so  effective 
resolution  is  largely  independent  of  gain  for  the  higher  filter  notch  frequencies.  Meanwhile,  device  noise  is  added  in  the  PGA  and, 
therefore,  effective  resolution  reduces  at  high  gains  for  lower  notch  frequencies.  Additionally,  in  the  device-noise  dominated  region, 
the  output  noise  is  largely  independent  of  reference  voltage  while  in  the  quantization-noise  dominated  region,  the  noise  is  propor- 
tional to  the  value  of  the  reference.  Noise  numbers  in  the  device  noise  dominated  region  will  be  higher  than  those  in  the  Table  I  for 
BUFFER  =  1  (at  a  gain  of  128,  10  Hz  notch  rms  noise  will  be  500  nV).  It  is  possible  to  do  post-filtering  on  the  device  to  improve 
the  output  data  rate  for  a  given  -3  dB  frequency  and  also  to  further  reduce  the  output  noise. 

At  the  lower  filter  notch  settings  (below  60  Hz  for  fcuc  in  =  2.4576  MHz  and  below  25-Hz  for  fcuc  in  =  1  MHz),  the  no  missing 
codes  performance  of  the  device  is  at  the  24-bit  level.  At  the  higher  settings,  more  codes  will  be  missed  until  at  1  kHz  notch  setting 
for  fcuc  in  =  2.4576  MHz  (400  Hz  for  fcuc  in  =  1  MHz),  no  missing  codes  performance  is  only  guaranteed  to  the  12-bit  level. 


Table  I.  Output  Noise/Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  fCuc  m  =  2.4576  MHz,  BUFFER  =  0 


Filter  First 

f    Typical  Output  RMS  Noise  in  uV  (Effective  Resolution  in  Bits) 

Notch  &  O/P 

-3  dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

;  < 

4 

'  8 

16 

32 

64 

128 

5  Hz 

1.31  Hz 

1.2 

(22) 

0.7 

(22) 

0.4 

(21.5) 

0.3 

(21) 

0.3 

(20) 

0.3 

(19) 

0.3 

(18) 

0.3 

(17) 

10  Hz 

2.62  Hz 

1.7 

(21.5) 

1.0 

(21.5) 

0.5 

(21.5) 

0.36 

(20.5) 

0.33 

(20) 

0.33 

(19) 

0.33 

(18) 

0.33 

(17) 

25  Hz 

6.55  Hz 

4.9 

(20) 

2.2 

(20) 

1.2 

(20) 

0.60 

(20) 

0.36 

(19.5) 

0.36 

(18.5) 

0.36 

(17.5) 

0.36 

(16.5) 

30  Hz 

7.86  Hz 

6.1 

(19.5) 

2.4 

(20) 

1.2 

(20) 

0.84 

(19.5) 

0.5 

(19.5) 

0.4 

(18.5) 

0.4 

(17.5) 

0.4 

(16.5) 

50  Hz 

13.1  Hz 

7.5 

(19.5) 

3.8 

(19.5) 

2.0 

(19.5) 

1.0 

(19.5) 

0.6 

(19) 

0.5 

(18.5) 

0.5 

(17.5) 

0.45 

(16.5) 

60  Hz 

15.72  Hz 

8.5 

(19) 

4.1 

(19) 

2.1 

(19) 

1.1 

(19) 

0.6 

(19) 

0.5 

(18.5) 

0.5 

(17.5) 

0.45 

(16.5) 

100  Hz 

26.2  Hz 

13 

(18.5) 

6.4 

(18.5) 

3.7 

(18.5) 

1.8 

(18.5) 

1.1 

(18) 

0.9 

(17.5) 

0.65 

(17) 

0.65 

(16.5) 

250  Hz 

65.5  Hz 

130 

(15) 

75 

(15) 

25 

(15.5) 

12 

(15.5) 

7.5 

(15.5) 

4.0 

(15.5) 

2.7 

(15) 

1.7 

(14.5) 

500  Hz 

131  Hz 

600 

(13) 

260 

(13) 

140 

(13) 

70  ' 

(13) 

35 

(13) 

25 

(12.5) 

15 

(12.5) 

8 

(12.5) 

1  kHz 

262  Hz 

2,850 

(11) 

1,430 

(11) 

700 

(11) 

290 

(11) 

180 

(11) 

120 

(11) 

63 

(10.5) 

35 

(10) 

Table  II.  Output  Noise/Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  fcuc  in  =  1  MHz,  BUFFER  =  0 

■ 


Filter  First 

Typical 

Output  RM 

5  Noise  in  uV 

(Effective  Resolution 

in 

Bits) 

Notch  &  O/P 
Data  Rate 

-3dB 
Frequency 

Gain 
1 

of 

Gain  of 

ai  2 

Gain  of 
4 

Gain  of 
8 

Gain  of 
16 

Gai 

3. 

n  of 

! 

Gain  of 
64 

Gain  of 
128 

2  Hz 
4  Hz 
10  Hz 
25  Hz 
30  Hz 
50  Hz 
60  Hz 
100  Hz 
200  Hz 
400  Hz 

0.52  Hz 
1.05  Hz 
2.62  Hz 
6.55  Hz 
7.86  Hz 

13.1  Hz 
15.72  Hz 

26.2  Hz 
52.4  Hz 
104.8  Hz 

1.2 

1.7 

4.9 

8.5 

10.2 

22.5 

31 

130 

600 

2,850 

(22) 

(21.5) 

(20) 

(19) 

(19) 

(18) 

(17.5) 

(15) 

(13) 

(11) 

0.7 

I.  0 
2.2 
4.1 
4.9 

II.  2 
16 
75 
260 
1,430 

(22) 

(21.5) 

(20) 

(19) 

(19) 

(18) 

(17.5) 

(15) 

(13) 

(11) 

0.4 

0.5 

1.2 

2.1 

2.6 

5.6 

7.6 

25 

140 

700 

(21.5) 

(21.5) 

(20) 

(19) 

(19) 

(18) 

(17.5) 

(15.5) 

(13) 

(11) 

0.3 

0.36 

0.60 

1.1 

1.3 

2.7 

3.7 

12 

70 

290 

(21) 

(20.5) 

(20) 

(19) 

(19) 

(18) 

(17.5) 

(15.5) 

(13) 

(11) 

0.3 

0.33 

0.36 

0.6 

0.8 

1.7 

2.3 

7.5 

35 

180 

(20) 

(20) 

(19.5) 

(19) 

(18.5) 

(17.5) 

(17) 

(15.5) 

(13) 

(11) 

0.3 

0.33 

0.36 

0.5 

0.65 

1.2 

1.5 

4.0 

25 

120 

(19) 

(19) 

(18.5) 

(18.5) 

(18) 

(17) 

(16.5) 

(15.5) 

(12.5) 

(11) 

0.3 

0.33 

0.36 

0.5 

0.65 

0.85 

1.0 

2.7 

15 

63 

(18) 

(18) 

(17.5) 

(17.5) 

(17) 

(16.5) 

(16) 

(15) 

(12.5) 

(10,5) 

0.3 

0.33 

0.36 

0.45 

0.5 

0.75 

0.85 

1.7 

8 

35 

(17) 

(17) 

(16.5) 

(16.5) 

(16) 

(15.5) 

(15.5) 

(14.5) 

(12.5) 

(10) 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7714-3  Output  Noise 

Table  III  shows  the  output  rms  noise  and  effective  resolution  for  some  typical  notch  and  -3  dB  frequencies  for  the  AD7714-3  with 
fcLKiN  =  2.4576  MHz  while  Table  IV  gives  the  information  for  fcuc  in  =  1  MHz.  The  numbers  given  are  for  the  bipolar  input  ranges 
with  a  Vref  of  +1.25  V  and  BUFFER  =  0.  These  numbers  are  typical  and  are  generated  at  an  analog  input  voltage  of  0  V.  The 
numbers  in  brackets  in  each  table  are  for  the  effective  resolution  of  the  part  (rounded  to  the  nearest  0.5  LSB).  The  effective  resolu- 
tion of  the  device  is  defined  as  the  ratio  of  the  output  rms  noise  to  the  input  full-scale  (i.e.,  2  x  Vref/GAIN).  It  should  be  noted  that 
it  is  not  calculated  using  peak-to-peak  output  noise  numbers.  Peak-to-peak  noise  numbers  can  be  up  to  6.6  times  the  rms  numbers 
while  effective  resolution  numbers  based  on  peak-to-peak  noise  can  be  2.5  bits  below  the  effective  resolution  based  on  rms  noise  as 
quoted  in  the  tables. 

The  output  noise  from  the  part  comes  from  two  sources.  The  first  is  the  electrical  noise  in  the  semiconductor  devices  used  in  the 
implementation  of  the  modulator  (device  noise).  Secondly,  when  the  analog  input  signal  is  converted  into  the  digital  domain,  quan- 
tization noise  is  added.  The  device  noise  is  at  a  low  level  and  is  largely  independent  of  frequency.  The  quantization  noise  starts  at 
an  even  lower  level  but  rises  rapidly  with  increasing  frequency  to  become  the  dominant  noise  source.  Consequently,  lower  filter 
notch  settings  (below  100  Hz  approximately  for  fcuc  in  =  2.4576  MHz  and  below  40  Hz  approximately  for  fcuc  in  =  1  MHz)  tend  to 
be  device  noise  dominated  while  higher  notch  settings  are  dominated  by  quantization  noise.  Changing  the  filter  notch  and  cutoff  fre- 
quency in  the  quantization  noise  dominated  region  results  in  a  more  dramatic  improvement  in  noise  performance  than  it  does  in  the 
device-noise  dominated  region  as  shown  in  Tables  III  and  IV.  Furthermore,  quantization  noise  is  added  after  the  PGA,  so  effective 
resolution  is  largely  independent  of  gain  for  the  higher  filter  notch  frequencies.  Meanwhile,  device  noise  is  added  in  the  PGA  and, 
therefore,  effective  resolution  suffers  a  little  at  high  gains  for  lower  notch  frequencies.  Additionally,  in  the  device-noise  dominated 
region,  the  output  noise  is  largely  independent  of  reference  voltage  while  in  the  quantization-noise  dominated  region,  the  noise  is 
proportional  to  the  value  of  the  reference.  Noise  numbers  in  the  device  noise  dominated  region  will  be  higher  than  those  in  the 
Table  III  for  BUFFER  =  1  (at  a  gain  of  128,  10  Hz  notch  rms  noise  will  be  500  nV).  It  is  possible  to  do  post-filtering  on  the  device 
to  improve  the  output  data  rate  for  a  given  -3  dB  frequency  and  also  to  further  reduce  the  output  noise  (see  Digital  Filtering  section). 

At  the  lower  filter  notch  settings  (below  60  Hz  for  fcuc  in  =  2.4576  MHz  and  below  25  Hz  for  fcuc  in  =  1  MHz),  the  no  missing 
codes  performance  of  the  device  is  at  the  24-bit  level.  At  the  higher  settings,  more  codes  will  be  missed  until  at  1  kHz  notch  setting 
for  fcLKiN  =  2.4576  MHz  (400  Hz  for  fcuc  in  =  1  MHz),  no  missing  codes  performance  is  only  guaranteed  to  the  12-bit  level. 

Table  III.  Output  Noise/Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  fCLK  m  =  2.4576  MHz,  BUFFER  =  0 

 .  .  .  _  ,  


Filter  First 

Typical  Output  RMS  Noise  in  uV  (Effective  Resolution  in  Bits) 

Notch  &  O/P 

-3dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

4 

8 

16 

32 

64 

128 

5  Hz 

1.31  Hz 

1.2 

(21) 

0.7 

(21) 

0.4 

(20.5) 

0.3 

(20) 

0.3 

(19) 

0.3 

(18) 

0.3 

(17) 

0.3 

(16) 

10  Hz 

2.62  Hz 

1.7 

(20.5) 

1.0 

(20.5) 

0.5 

(20.5) 

0.36 

(19.5) 

0.33 

(19) 

0.33 

(18) 

0.33 

(17) 

0.33 

(16) 

25  Hz 

6.55  Hz 

4.9 

(19) 

2.2 

(19) 

1.2 

(19) 

0.60 

(19) 

0.36 

(18.5) 

0.36 

(17.5) 

0.36 

(16.5) 

0.36 

(15.5) 

30  Hz 

7.86  Hz 

5.6 

(19) 

2.4 

(19) 

1.2 

(19) 

0.84 

(18.5) 

0.5 

(18.5) 

0.4 

(17.5) 

0.4 

(16.5) 

0.4 

(15.5) 

50  Hz 

13.1  Hz 

7.5 

(18.5) 

3.8 

(18.5) 

2.0 

(18.5) 

1.0 

(18.5) 

0.6 

(18) 

0.5 

(17.5) 

0.5 

(16.5) 

0.45 

(15.5) 

60  Hz 

15.72  Hz 

8.5 

(18) 

4.1 

(18) 

2.1 

(18) 

1.1 

(18) 

0.6 

(18) 

0.5 

(17.5) 

0.5 

(16.5) 

0.45 

(15.5) 

100  Hz 

26.2  Hz 

13 

(17.5) 

6.4 

(17.5) 

2.9 

(17.5) 

1.5 

(17.5) 

1.1 

(17) 

0.7 

(17) 

0.65 

(16) 

0.65 

(15) 

250  Hz 

65.5  Hz 

53 

(15.5) 

28 

(15.5) 

12 

(15.5) 

8.6 

(15) 

3.9 

(15) 

3.7 

(14) 

1.9 

(14) 

1.4 

(14) 

500  Hz 

131  Hz 

240 

(13.5) 

150 

(13) 

80 

(13) 

35 

(13) 

22 

(13) 

14 

(12.5) 

8.7 

(12) 

8 

(11.5) 

1  kHz 

262  Hz 

1400 

(11) 

610 

(11) 

370 

(10.5) 

230 

(10.5) 

125 

(10.5) 

70 

(10) 

40 

(10) 

22 

(10) 

Table  IV.  Output  Noise/Effective  Resolution  vs.  Gain  and  First  Notch  Frequency  for  fCLK  cv  =  1  MHz,  BUFFER  =  0 


Filter  First 

Typical  Output  RMS  Noise  in  uV  (Effective  Resolution  in  Bits) 

Notch  &  O/P 

-3dB 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Gain  of 

Data  Rate 

Frequency 

1 

•  2 

4 

8 

16 

32 

64 

128 

2  Hz 

0.52  Hz 

1.2 

(21) 

0.7 

(21) 

0.4 

(20.5) 

0.3 

(20) 

0.3 

(19) 

0.3 

(18) 

0.3 

(17) 

0.3 

(16) 

4  Hz 

1.05  Hz 

1.7 

(20.5) 

1.0 

(20.5) 

0.5 

(20.5) 

0.36 

(19.5) 

0.33 

(19) 

0.33 

(18) 

0.33 

(17) 

0.33 

(16) 

10  Hz 

2.62  Hz 

4.9 

(19) 

2.2 

(19) 

1.2 

(19) 

0.60 

(19) 

0.36 

(18.5) 

0.36 

(17.5) 

0.36 

(16.5) 

0.36 

(15.5) 

25  Hz 

6.55  Hz 

7.8 

(18.5) 

4.1 

(18) 

2.1 

(18) 

1.1 

(18) 

0.6 

(18) 

0.5 

(17.5) 

0.5 

(16.5) 

0.45 

(15.5) 

30  Hz 

7.86  Hz 

10.2 

(18) 

4.9 

(18) 

2.1 

(18) 

1.1 

(18) 

0.8 

(17.5) 

0.65 

(17) 

0.65 

(16) 

0.5 

(15) 

50  Hz 

13.1  Hz 

22.5 

(17) 

11.2 

(17) 

4.4 

(17) 

2.3 

(17) 

1.7 

(16.5) 

1.2 

(16) 

0.85 

(15.5) 

0.75 

(14.5) 

60  Hz 

15.72  Hz 

31 

(16.5) 

16 

(16.5) 

6.0 

(16.5) 

3.2 

(16.5) 

2.3 

(16) 

1.5 

(15.5) 

1.0 

(15) 

0.85 

(14.5) 

100  Hz 

26.2  Hz 

53 

(15.5) 

28 

(15.5) 

12 

(15.5) 

8.6 

(15) 

3.9 

(15) 

3.7 

(14) 

1.9 

(14) 

1.4 

(14) 

200  Hz 

52.4  Hz 

240 

(13.5) 

150 

(13) 

80 

(13) 

35 

(13) 

22 

(13) 

14 

(12.5) 

8.7 

(12) 

8 

(11.5) 

400  Hz 

104.8  Hz 

1400 

(11) 

610 

(11) 

370 

(10.5) 

230 

(10.5) 

125 

(10.5) 

70 

(10) 

40 

(10) 

22 

(10) 
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On-Chip  Registers 

The  AD7714  contains  eight  on-chip  registers  which  can  be  accessed  via  the  serial  port  of  the  part.  The  first  of  these  is  a  Communica- 
tions Register  which  controls  the  channel  selection,  decides  whether  the  next  operation  is  a  read  or  write  operation  and  also  decides 
which  register  the  next  read  or  write  operation  accesses.  The  DRDY  status  is  also  available  by  reading  from  the  Communications 
Register.  The  second  register  is  a  Mode  Register  which  determines  calibration  mode  and  gain  setting.  The  third  register  is  labelled 
the  Filter  High  Register  and  this  determines  the  word  length,  bipolar/unipolar  operation  and  contains  the  upper  4  bits  of  the  filter 
selection  word.  The  fourth  register  is  labelled  the  Filter  Low  Register  and  contains  the  lower  8  bits  of  the  filter  selection  word.  The 
fifth  register  is  a  Test  Register  which  is  accessed  when  testing  the  device.  The  sixth  register  is  the  Data  Register  from  which  the  out- 
put data  from  the  part  is  accessed.  The  final  two  registers  are  calibration  registers;  one  is  the  Calibration  Zero-Scale  Register  and  the 
other  is  the  Calibration  Full-Scale  Register.  The  registers  are  discussed  in  more  detail  in  the  following  sections. 

Communications  Register  (RS2-RS0  =  0,  0,  0) 

The  Communications  Register  is  an  eight  bit  register  from  which  data  can  either  be  read  or  to  which  data  can  be  written.  On  power- 
up  or  after  a  RESET,  the  AD7714  is  waiting  for  a  write  operation  to  the  Communications  Register.  This  is  the  default  state  of  the  in- 
terface, and  in  situations  where  the  interface  sequence  is  lost,  if  enough  writes  to  the  device  (at  least  four  bytes)  take  place  with  DIN 
high,  the  AD7714  returns  to  its  default  state.  Table  V  outlines  the  bit  designations  for  the  Communications  Register. 


Table  V.  Communications  Register 


0/DRDY 

RS2 

RSI 

RSO 

R/W 

CH2 

CHI 

CHO 

0/DRDY 


RS2-RS0 

■ 


R/W 


For  a  read  operation,  this  bit  provides  the  status  of  the  DRDY 
as  the  DRDY  output  pin.  For  a  write  operation,  a  0  must 
recognized  by  the  register.  If  a  1  is  written  to  this  bi 
Register  Selection  Bits.  RS2  is  the  MSB  of  the  three  se 
of  eight  on-chip  registers  the  next  read  or  write  operati. 


ie  part.  The  status  of  this  bit  is  the  same 
this  bit  so  that  the  write  operation  will  be 
k  on  to  subsequent  bits  in  the  register. 
:e  bits  select  to  which  one 
follows: 


RS2 

RSI 

RSO 

Register  Size 

0 

0 

0 

Communications  Register 

8  Bits 

0 

0 

1 

Mode  Register 

8  Bits 

0 

1 

0 

Filter  High  Register 

8  Bits 

0 

1 

1  1 

Filter  Low  Register 

8  Bits 

1 

0 

0 

Test  Register 

8  Bits 

1 

0 

1 . 

Data  Register 

16  Bits  or  24  Bits 

1 

1 

0 

Calibration  Zero-Scale  Register 

24  Bits 

1 

1 

1 

Calibration  Full-Scale  Register 

24  Bits 

Read/Write  Select.  This  bit  selects  whether  the  next  operation  is  a  read  or  write  operation  to  the  selected  register. 
A  0  indicates  a  write  cycle  for  the  next  operation  to  the  appropriate  register,  while  a  1  indicates  a  read  operation 
from  the  appropriate  register. 

Channel  Select.  These  three  bits  select  a  channel  for  either  conversion  or  for  access  to  calibration  coefficients  as 
outlined  in  Table  VI.  There  are  three  pairs  of  calibration  registers  on  the  part  with  some  of  the  input  channel 
combinations  sharing  calibration  registers.  With  CH2,  CHI  and  CHO  at  a  logic  1,  the  part  internally  looks  at 
shorted  AIN6  inputs.  This  can  be  used  as  a  test  method  to  evaluate  the  noise  performance  of  the  part.  The 
power-on  or  RESET  status  of  these  bits  is  1,  0,  0  selecting  the  differential  pair  ATN1  and  AIN2. 


Table  VI.  Channel  Selection 


CH2 

CHI 

CHO 

AIN(+) 

AIN(-) 

Type 

Calibration  Register  Pair 

0 

0 

0 

AIN1 

AIN6 

Pseudo  Differential 

Register  Pair  0 

0 

0 

1 

AIN2 

AIN6 

Pseudo  Differential 

Register  Pair  1 

0 

1 

0 

AIN3 

AIN6 

Pseudo  Differential 

Register  Pair  2 

0 

1 

1 

AIN4 

AIN6 

Pseudo  Differential 

Register  Pair  2 

1 

0 

0 

AIN1 

AIN2 

Fully  Differential 

Register  Pair  0 

1 

0 

1 

AIN3 

AIN4 

Fully  Differential 

Register  Pair  1 

1 

1 

0 

AIN5 

AIN6 

Fully  Differential 

Register  Pair  2 

1 

1 

1 

AIN6 

AIN6 

Test  Mode 

Register  Pair  2 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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Mode  Register  (RS2-RS0  =  0,  0,  1);  Power  On/Reset  Status:  00  Hex 

The  Mode  Register  is  an  eight  bit  register  from  which  data  can  either  be  read  or  to  which  data  can  be  written.  Table  VII  outlines  the 
bit  designations  for  the  Mode  Register. 

Table  VII.  Mode  Register 


MD2 

MD1 

MDO 

G2 

Gl 

GO 

BO 

FSYNC 

MD1  MDO 


Operating  Mode 


Gl 

0 

0 

1 

1 

0 

0 

1 
1 


GO 
0 
1 
0 

1  r, 

0 

1 

0 

1 


Normal  Mode;  this  is  the  normal  mode  of  operation  of  the  device  whereby  the  device  is  performing  normal 
conversions.  This  is  the  default  condition  of  these  bits  after  Power-On  or  RESET. 

Self-Calibration;  this  activates  self-calibration  on  the  channel  selected  by  CH2,  CHI  and  CHO  of  the  Communica- 
tions Register.  This  is  a  one  step  calibration  sequence  and  when  complete  the  part  returns  to  Normal  Mode.  The 
DRDY  output  or  bit  indicates  when  this  self-calibration  is  complete  and  when  a  new  valid  word  is  available  in  the 
data  register.  For  this  calibration  type,  the  zero-scale  calibration  is  done  internally  on  shorted  (zeroed)  inputs  and 
the  full-scale  calibration  is  done  internally  on  Vrhf- 

Zero-Scale  System  Calibration;  this  activates  zero-scale  system  calibration  on  the  channel  selected  by  CH2,  CHI 
and  CHO  of  the  Communications  Register.  Calibration  is  performed  on  the  analog  input  voltage  provided  at  the 
analog  input  during  this  calibration  sequence.  The  DRDY  output  or  bit  indicates  when  this  zero-scale  calibration  is 
complete  and  the  part  returns  to  Normal  Mode.  j*%^it 

Full-Scale  System  Calibration;  this  activates  full-scale  system  calibration  on  the  selected  input  channel.  Calibration 
is  performed  on  the  analog  input  voltage  provided  at  the  analog  input  during  this  calibration  sequence.  Once 
again,  DRDY  indicates  when  this  full-scale  calibration  is  complete.  When  this  calibration  is  complete,  the  part 
returns  to  Normal  Mode.  j^R\\T.  fta^"1* 

System-Offset  Calibration;  this  activates  system-offset  calibration  on  the  channel  selected  by  CH2,  CHI  and  CHO 
of  the  Communications  Register.  This  is  a  one  step  calibration  sequence  and  when  complete  the  part  returns  to 
Normal  Mode  with  DRDY  indicating  when  this  system  offset  calibration  is  complete.  For  this  calibration  type,  the 
zero-scale  calibration  is  done  on  the  selected  input  channel  and  the  full-scale  calibration  is  done  internally  on 
Background  Calibration;  this  activates  background  calibration  on  the  channel  selected  by  CH2,  CHI  and  CHO  of 
the  Communications  Register.  If  the  background  calibration  mode  is  on,  the  AD7714  provides  continuous  self- 
calibration  of  the  shorted  (zeroed)  inputs.  This  calibration  takes  place  as  part  of  the  conversion  sequence,  extending 
the  conversion  time  and  reducing  the  word  rate  by  a  factor  of  six.  Its  major  advantage  is  that  the  user  does  not  have 
to  worry  about  recalibrating  the  offset  of  the  device  when  there  is  a  change  in  the  ambient  temperature  or  supplies.  In 
this  mode,  the  shorted  (zeroed)  inputs,  as  well  as  the  analog  input  voltage,  are  continuously  monitored  and  the  cali- 
bration registers  of  the  device  are  automatically  updated.  Because  the  background  calibration  does  not  perform  full- 
scale  calibrations,  a  full-scale  self-calibration  should  be  performed  before  placing  the  part  in  background  calibration 

J??P   '  itsrt  &H  rrc    r        03  nouBisqo  J:;s/i  srf)  tol  -jIt/o  aihv,'  s  tHBWWfatti  Qj&l^  JL 

Zero-Scale  Self-Calibration;  this  activates  zero-scale  self-calibration  on  the  channel  selected  by  CH2,  CHI  and 

CHO  of  the  Communications  Register.  This  zero-scale  calibration  is  done  internally  on  shorted  (zeroed)  inputs. 

This  is  a  one  step  calibration  sequence  and  when  complete  the  part  returns  to  Normal  Mode.  The  DRDY  output  or 

bit  indicates  when  this  zero-scale  self-calibration  is  complete. 

Full-Scale  Self-Calibration;  this  activates  full-scale  self-calibration  on  the  channel  selected  by  CH2,  CHI  and  CHO 
of  the  Communications  Register.  This  full-scale  calibration  is  done  internally  on  VreF.  This  is  a  one  step  cali- 
bration sequence  and  when  complete  the  part  returns  to  Normal  Mode.  The  DRDY  output  indicates  when  this  full- 
scale  self-calibration  is  complete. 
Gain  Setting 
1 
2 

4  1 


16 
32 
64 
128 

Burn  Out  Current.  A  0  in  this  bit  turns  off  the  on-chip  burn  out  currents.  This  is  the  default  (Power-On  or 
RESET)  status  of  this  bit.  A  1  in  this  bit  activates  the  burn  out  currents. 

Filter  Synchronization.  When  this  bit  is  high,  the  nodes  of  the  digital  filter,  the  filter  control  logic  and  the  calibra- 
tion control  logic  are  reset,  and  the  analog  modulator  is  also  held  in  its  reset  state.  When  this  bit  goes  low,  valid  data 
is  available  in  3  x  l/(output  update  rate),  i.e.,  the  settling  time  of  the  filter. 
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Filter  Registers.  Power  On/Reset  Status:  Filter  High  Register:  01  Hex.  Filter  Low  Register:  40  Hex 

There  are  two  8-bit  Filter  Registers  on  the  AD7714  from  which  data  can  either  be  read  or  to  which  data  can  be  written.  Tables  VIII 
and  IX  outline  the  bit  designations  for  the  Filter  Registers. 

Table  VIII.  Filter  High  Register  (RS2-RS0  =  0, 1,  0) 

- 


B/U  WL 

BST 

1  

0     ■ . .  , 

,  .  

FS11  . 

FS10 

FS9  FS8 

D(W*Pi:  mb  £tiflq  TSleivyi  Uc'rtT  :i/i;rj  nwip'ri  a  mj'~if  03  Tsl-'.&yi  non&'id 
Table  IX.  Filter  Low  Register  (RS2-RS0  =  0,  1, 1) 

FS7  FS6 

FS5 

FS4 

FS3 

FS2 

FS1  FSO 

B/U 
WL 

BST  . 


0 

FS11-FS0 


■ 


Bipolar/Unipolar  Operation.  A  0  in  this  bit  selects  Bipolar  Operation.  This  is  the  default  (Power-On  or 
RESET)  status  of  this  bit.  A  1  in  this  bit  selects  unipolar  operation. 


Word  Length.  A  0  in  this  bit  selects  16-bit  word  length  when  reading  from  the  data  register  (i.e.,  DRDY 
returns  high  after  16  serial  clock  cycles).  This  is  the  default  (Power-On  or  RESET)  status  of  this  bit.  A  1  in 
this  bit  selects  24-bit  word  length. 

Current  Boost.  A  0  in  this  bit  reduces  the  current  taken  by  the  analog  front-end.  When  the  part  is  operated 
with  fcLKm  =  1  MHz,  this  bit  should  be  0  to  reduce  the  current  drawn  from  AVDD.  When  the  AD7714  is 
operated  from  fcuciN  =  2.4576  MHz  with  gains  of  8  to  128,  this  bit  needs  to  be  1  to  ensure  correct  operation  of 
the  device.  The  Power-On  or  RESET  status  of  this  bit  is  0. 
To  ensure  correct  operation  of  the  part,  a  0  must  be  written  to  this  bit. 

Filter  Selection.  The  on-chip  digital  filter  provides  a  Sine3  (or  (Sinx/x)3)  filter  response.  The  12-bits  of  data 
programmed  into  these  bits  determine  the  filter  cut-off  frequency,  the  position  of  the  first  notch  of  the  filter 
and  the  data  rate  for  the  part.  In  association  with  the  gain  selection,  it  also  determines  the  output  noise  (and 
hence  the  effective  resolution)  of  the  device.  'fW 

The  first  notch  of  the  filter  occurs  at  a  frequency  determined  by  the  relationship:/!&er  first  notch  frequency 
=  (fcLKiNU28)lcode  where  code  is  the  decimal  equivalent  of  the  code  in  bits  FSO  to  FS1 1  and  is  in  the  range 
19  to  4,000.  With  the  nominal  fcLK  in  of  2.4576  MHz,  this  results  in  a  first  notch  frequency  range  from  4.8  Hz 
to  1.01  kHz.  To  ensure  correct  operation  of  the  AD7714,  the  value  of  the  code  loaded  to  these  bits  must  be 
within  this  range.  Failure  to  do  this  will  result  in  unspecified  operation  of  the  device. 
Changing  the  filter  notch  frequency,  as  well  as  the  selected  gain,  impacts  resolution.  Tables  I  through  IV 
show  the  effect  of  the  filter  notch  frequency  and  gain  on  the  effective  resolution  of  the  AD7714.  The  output 
data  rate  (or  effective  conversion  time)  for  the  device  is  equal  to  the  frequency  selected  for  the  first  notch  of 
the  filter.  For  example,  if  the  first  notch  of  the  filter  is  selected  at  50  Hz,  then  a  new  word  is  available  at  a 
50  Hz  rate  or  every  20  ms.  If  the  first  notch  is  at  1  kHz,  a  new  word  is  available  every  1  ms. 
The  settling-time  of  the  filter  to  a  full-scale  step  input  change  is  worst  case  4  x  l/(output  data  rate).  For 
example,  with  the  first  filter  notch  at  50  Hz,  the  settling  time  of  the  filter  to  a  full-scale  step  input  change  is 
80  ms  max.  If  the  first  notch  is  at  1  kHz,  the  settling  time  of  the  filter  to  a  full-scale  input  step  is  4  ms 
max.  This  settling-time  can  be  reduced  to  3  x  l/(output  data  rate)  by  synchronizing  the  step  input  change  to 
a  reset  of  the  digital  filter.  In  other  words,  if  the  step  input  takes  place  with  the  SYNC  input  low  or  the 
FSYNC  bit  high,  the  settling-time  time  will  be  3  x  l/(output  data  rate)  from  when  SYNC  returns  high  or 
FSYNC  returns  low.  If  a  change  of  channel  takes  place,  the  settling-time  is  3  x  l/(output  data  rate) 
regardless  of  the  SYNC  or  FSYNC  status  as  the  part  issues  an  internal  SYNC  command  when  requested 
to  change  channels. 

The  -3  dB  frequency  is  determined  by  the  programmed  first  notch  frequency  according  to  the  relationship: 
filter  -3  dB  frequency  =  0.262  x  first  notch  frequency. 


Test  Register  (RS2-RS0  =  1,0,0) 

The  part  contains  a  Test  Register  which  is  used  in  testing  the  device.  The  user  is  advised  not  to  change  the  status  of  any  of  the  bits  in 
this  register  from  the  default  (Power-On  or  RESET)  status  of  all  0s  as  the  part  will  be  placed  in  one  of  its  test  modes  and  will  not  op- 
erate correctly.  If  the  part  enters  one  of  its  test  modes,  exercising  RESET  will  exit  the  part  from  the  mode. 
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Calibration  Zero-Scale  Register  (RS2-RS0  =  1,  1,  0) 

The  AD7714  contains  3  zero-scale  calibration  registers,  labelled  Register  0  to  Register  2.  Each  of  these  registers  is  a  24-bit  read/ 
write  register  and  24  bits  must  be  written;  otherwise  no  data  will  be  transferred  to  the  register.  The  register  is  used  in  conjunction 
with  the  associated  full-scale  calibration  register  to  form  a  register  pair.  These  register  pairs  are  associated  with  input  channel  pairs 
as  outlined  in  Table  VI. 

There  is  a  possibility  that  after  accessing  the  calibration  registers  (either  read  or  write  operation),  the  first  output  data  read  from  the 
part  contain  incorrect  data.  In  addition,  a  read  or  write  operation  to  the  calibration  register  should  not  be  attempted  while  a  calibra- 
tion is  in  progress.  These  eventualities  can  be  avoided  by  taking  either  the  SYNC  input  low  or  the  FSYNC  bit  of  the  Mode  Register 
high  before  the  calibration  register  operation  and  taking  them  either  high  or  low  respectively  after  the  operation  is  complete. 

Calibration  Full-Scale  Register  (RS2-RS0  =  I,  1,  1) 

The  AD7714  contains  3  full-scale  calibration  registers,  labelled  Register  0  to  Register  2.  Each  of  these  registers  is  a  24-bit  read/write 
register  and  24  bits  must  be  written,  otherwise  no  data  will  be  transferred  to  the  register.  The  register  is  used  in  conjunction  with  the 
associated  zero  scale  calibration  register  to  form  a  register  pair.  These  register  pairs  are  associated  with  input  channel  pairs  as  out- 
lined in  Table  VI. 

There  is  a  possibility  that  after  accessing  the  calibration  registers  (either  read  or  write  operation),  the  first  output  data  read  from  the 
part  will  contain  incorrect  data.  In  addition,  a  read  or  write  operation  to  the  calibration  register  should  not  be  attempted  while  a 
calibration  is  in  progress.  These  eventualities  can  be  avoided  by  taking  either  the  SYNC  input  low  or  the  FSYNC  bit  of  the  Mode 
Register  high  before  the  calibration  register  operation  and  taking  them  either  high  or  low  respectively  after  the  operation  is  complete. 


CIRCUIT  DESCRIPTION 

The  AD77 1 4  is  a  sigma-delta  A/D  converter  with  on-chip  digital 
filtering,  intended  for  the  measurement  of  wide  dynamic  range, 
low  frequency  signals  such  as  those  in  weigh-scale,  industrial 
control  or  process  control  applications.  It  contains  a  Sigma2  J 
delta  (or  charge-balancing)  ADC,  a  calibration  microcontroller 
with  on-chip  static  RAM,  a  clock  oscillator,  a  digital  filter  and  a 
bidirectional  serial  communications  port.  The  part  consumes 
only  500  uA  of  power  supply  current,  making  it  ideal  for 
battery-powered  or  loop-powered  instruments.  The  part  comes 
in  two  versions,  the  AD77 1 4-5  which  is  specified  for  operation 
from  a  +5  V  analog  supply  (AVDD)  and  the  AD7714-3  which  is 
specified  for  operation  from  a  +3  V  analog  supply.  The 
AD7714-5  can  be  operated  with  a  digital  supply  (DVdd)  voltage 
of+3Vor+5  V. 

The  part  contains  three  programmable-gain  fully  differential 
analog  input  channels  which  can  be  reconfigured  as  five  pseudo- 
differential  inputs.  The  gain  range  on  all  channels  is  from  1 
to  128  allowing  the  part  to  accept  unipolar  signals  of  between 
0  mV  to  +20  mV  and  0  V  to  +2.5  V  or  bipolar  signals  in  the 
range  from  +20  mV  to  ±2.5  V  when  the  reference  input  voltage 
equals  +2.5  V.  With  a  reference  voltage  of  +  1.25  V,  the  input 
ranges  are  from  0  mV  to  +10  mV  to  0  V  to  +1.25  V  in  unipolar 
mode  and  from  + 1 0  mV  to  + 1 .25  V  in  bipolar  mode. 

The  input  signal  to  the  selected  analog  input  channel  is  contin- 
uously sampled  at  a  rate  determined  by  the  frequency  of  the 
master  clock,  MCLK  IN,  and  the  selected  gain.   A  charge- 
balancing  A/D  converter  (Sigma-Delta  Modulator)  converts  the 
sampled  signal  into  a  digital  pulse  train  whose  duty  cycle  con- 
tains the  digital  information.  The  programmable  gain  function 
on  the  analog  input  is  also  incorporated  in  this  sigma  delta 
modulator  with  the  input  sampling  frequency  being  modified  to 
give  the  higher  gains.  A  Sine3  digital  low-pass  filter  processes 


the  output  of  the  sigma-delta  modulator  and  updates  the  output 
register  at  a  rate  determined  by  the  first  notch  frequency  of  this 
filter.  The  output  data  can  be  read  from  the  serial  port  randomly 
or  periodically  at  any  rate  up  to  the  output  register  update  rate. 
The  first  notch  of  this  digital  filter  (and  hence  its  -3  dB  fre- 
quency) can  be  programmed  via  the  filter  high  and  filter  low 
registers.  With  a  master  clock  frequency  of  2.4576  MHz,  the 
programmable  range  for  this  first  notch  frequency  is  from 
4.8  Hz  to  1.01  kHz  giving  a  programmable  range  for  the  -3  dB 
frequency  of  1.26  Hz  to  265  Hz. 

The  basic  connection  diagram  for  the  part  is  shown  in  Figure  2. 
This  shows  both  the  AVDD  and  DVDD  pins  of  the  AD7714  being 
driven  from  the  analog  +3  V  or  +5  V  supply.  Some  applications 
will  have  AVDD  and  DVDD  driven  from  separate  supplies.  In  the 
connection  diagram  shown,  the  AD77 1 4's  analog  inputs  are 
configured  as  three  fully  differential  inputs.  The  part  is  set  up 
for  unbuffered  mode  on  the  these  analog  inputs.  An  AD780, 
precision  +2.5  V  reference,  provides  the  reference  source  for  the 
part.  On  the  digital  side,  the  part  is  configured  for  three-wire 
operation  with  CS  tied  to  DGND.  A  quartz  crystal  or  ceramic 
resonator  provides  the  master  clock  source  for  the  part. 

The  AD7714  provides  a  number  of  calibration  options  which 
can  be  programmed  via  the  MD2,  MD 1  and  MD0  bits  of  the 
Mode  Register.  A  calibration  cycle  may  be  initiated  at  any  time 
by  writing  to  these  bits  of  the  Mode  Register.  The  part  can  per- 
form self-calibration  using  the  on-chip  calibration  micro- 
controller and  SRAM  to  store  calibration  parameters.  Other 
system  components  may  also  be  included  in  the  calibration  loop 
to  remove  offset  and  gain  errors  in  the  input  channel  using  the 
system  calibration  mode.  Another  option  is  a  background  cali- 
bration mode  where  the  part  continuously  performs  internal 
zero-scale  calibrations  and  updates  the  calibration  coefficients. 
Using  the  part  in  this  mode,  the  user  does  not  have  to  worry 
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ANALOG  INPUT  3  ^  o  p  AIN6 


ANALOG 
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wOUT 

AD780 
GND 


ANALOG 
GROUND 


DIGITAL  0_«_{)  QGND 
GROUND  T 


=r1<VF  -r- 

V  V 


0.1  nF 


>  REF  IN(+) 


[—  >  REF  INH 
V  MCLK  OUT 

>  BUFFER 


SCLK 

AD7714 

AGND  RESET 


Figure  2.  Basic  Connection  Diagram 


about  issuing  periodic  calibration  commands  to  the  device  or 
ask  the  device  to  recalibrate  when  there  is  a  change  in  the  ambi- 
ent temperature  or  power  supply  voltage.  This  automatic  re- 
moval of  offset  errors  is  achieved  at  the  expense  of  output 
update  rate  which  is  reduced  by  a  factor  of  six.  Using  the  part  in 
background  calibration  mode  automatically  removes  offset 
errors  but  not  full-scale  errors.  A  full-scale  self-calibration 
should  be  performed  before  entering  the  background  calibration 
mode.  The  residual  gain  drift  in  background  calibration  mode 
is  2  ppm/°C. 

The  AD7714  gives  the  user  access  to  the  on-chip  calibration 
registers  allowing  the  microprocessor  to  read  the  device's  cali- 
bration coefficients  and  also  to  write  its  own  calibration  coeffi- 
cients to  the  part  from  prestored  values  in  E2PROM.  This  gives 
the  microprocessor  much  greater  control  over  the  AD7714's 
calibration  procedure.  It  also  means  that  the  user  can  verify  that 
the  device  has  performed  its  calibration  correctly  by  comparing 
the  coefficients  after  calibration  with  prestored  values  in 
E2PROM.  Table  X  details  the  calibration  options  and  sequences 
available  on  the  AD77 1 4.  For  the  table,  Sel  Gain  refers  to  the 
selected  operating  gain. 

DIGITAL  INTERFACE 

The  AD7714's  serial  interface  consists  of  five  signals,  CS, 
SCLK,  DIN,  DOUT  and  DRDY.  The  DIN  line  is  used  for 


Calibration  Type 


on  Sequence 


Self  Calibration 

ZS  System  Calibration 
FS  System  Calibration 
System-Offset  Calibration 

Background  Calibration 
ZS  Self  Calibration 
FS  Self  Calibration 


ternal  ZS  Cal  @ 
Internal  FS  Cal  @ 
ZS  Cal  on  AIN  @ 
FS  Cal  on  AIN  @ 
ZS  Cal  on  AIN  @ 
Internal  FS  Cal  @ 
Internal  ZS  Cal  @ 
Internal  ZS  Cal  @ 
Internal  FS  Cal  @ 


Sel  Gain  + 
Sel  Gain 
Sel  Gain 
Sel  Gain 
Sel  Gain  + 
Sel  Gain 
Sel  Gain 
Sel  Gain 
Sel  Gain 


Duration 


9  x  1 /Output  Rate 

3  x  1/Output  Rate 
3  x  1 /Output  Rate 
9  X  I /Output  Rate 

6  x  1 /Output  Rate 
3  X  1/Output  Rate 
3  x  1/Output  Rate 
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transferring  data  into  the  on-chip  registers  while  the  DOUT  line 
is  used  for'  accessing  data  from  the  on-chip  registers.  SCLK  is 
the  serial  clock  input  for  the  device  and  all  data  transfers  (either 
on  DIN  or  DOUT)  take  place  with  respect  to  this  SCLK  signal. 
The  DRDY  line  is  used  as  a  status  signal  to  indicate  when  data 
is  ready  to  be  read  from  the  AD7714's  data  register.  DRDY 
goes  low  when  a  new  data  word  is  available  in  the  output  regis- 
ter. It  is  reset  high  when  a  read  operation  from  the  data  register 
is  complete.  It  also  goes  high  prior  to  the  updating  of  the  output 
register  to  indicate  when  not  to  read  from  the  device  to  ensure 
that  a  data  read  is  not  attempted  while  the  register  is  being  up- 
dated. CS  is  used  to  select  the  device.  It  can  be  used  to  decode 
the  AD77 1 4  in  systems  where  a  number  of  parts  are  connected 
to  the  serial  bus. 

The  AD7714  serial  interface  can  operate  in  three-wire  mode  by 
tying  the  CS  input  low.  In  this  case,  the  SCLK,  DIN  and 
DOUT  lines  are  used  to  communicate  with  the  AD7714  and 
the  status  of  DRDY  can  be  obtained  by  interrogating  the  MSB 
of  the  Communications  Register. 


DRDY 


SCLK 


Figures  3  and  4  show  timing  diagrams  for  interfacing  to  the 
AD7714  with  CS  used  to  decode  the  part.  Figure  3  is  for  a  read 
operation  from  the  AD7714's  output  shift  register  while  Figure 
4  shows  a  write  operation  to  the  input  shift  register.  Both  dia- 
grams are  for  the  POL  input  at  a  logic  high;  for  operation  with 
the  POL  input  at  a  logic  high  simply  invert  the  SCLK  waveform 
shown  in  the  diagrams.  It  is  possible  to  read  the  same  data 
twice  from  the  output  register  even  though  the  DRDY  line 
returns  high  after  the  first  read  operation.  Care  must  be  taken, 
however,  to  ensure  that  the  read  operations  have  been  com- 
pleted before  the  next  output  update  is  about  to  take  place. 



The  serial  interface  can  be  reset  by  exercising  the  RESET  input 
on  the  part.  It  can  also  be  reset  by  writing  a  series  of  Is  on  the 
DIN  input.  If  a  logic  1  is  written  to  the  AD7714  DIN  line  for 
at  least  32  serial  clock  cycles,  the  serial  interface  is  reset.  This 
ensures  that  in  three-wire  systems  that  if  the  interface  gets  lost 
either  via  a  software  error  or  by  some  glitch  in  the  system,  it  can 
be  reset  back  into  a  known  state.  This  known  state  (which  is  ■ 
also  where  the  interface  returns  to  after  a  RESET)  is  that  the 
part  is  expecting  a  write  operation  to  the  Communications 
Register.  '  ^^Nil 


^  


■ — i 

3ra — 


Figure  3.  Read  Cycle  Timing  Diagram  (POL  =  1) 


Figure  4.  Write  Cycle  Timing  Diagram  (POL  =  1) 
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AIM  ALU 

12-Bit,  468  kHz,  Sil 

PMRC 
UIVIUo 

pa-Delta  ADC 

AD7721 

FEATURES 

FUNCTIONAL  BLOCK  DIAGRAM 

12-Bit  Sigma-Delta  ADC 

30  MHz  Sampling  Rate 

468.75  kHz  Output  Word  Rate 

No  Missing  Codes 

Low-Pass  Digital  Filter 

Linear  Phase 
210  kHz  Input  Bandwidth 
On-Chip  Voltage  Reference 
Power  Supplies:  AVDD,  DVDD:  +5  V  +  5% 
Standby  Mode 

Flexible  High  Speed  Serial  Interface 


DGND2 
DGND3 


GENERAL  DESCRIPTION 

The  AD772 1  is  a  complete  low  power,  1 2-bit,  sigma-delta  m 
ADC.  The  part  operates  from  a  +5  V  supply  and  accepts  a  dif- 
ferential input  of  0  V  to  2.5  V  or  ±  1 .25  V.  The  analog  input  is 
continuously  sampled  by  an  analog  modulator  at  a  30  MHz  rate 
eliminating  the  need  for  external  sample-and-hold  circuitry.  The 
modulator  output  is  processed  by  two  finite  impulse  response 
(FIR)  digital  filters  in  series.  The  on-chip  filtering  reduces  the 
external  antialias  requirements  to  first  order  in  most  cases. 
Settling-time  for  a  step  input  is  98.74  us  while  the  group  delay 
for  the  filter  is  49.37  us. 

The  AD772 1  provides  1 2-bit  performance  for  input  bandwidths 
up  to  210  kHz.  The  pan  provides  data  at  an  output  word  rate 
of  468.75  kHz.  The  sample  rate,  filter  corner  frequency  and 
output  word  rate  are  set  by  an  external  clock  or  crystal  that  is 
nominally  set  to  1 5  MHz. 

Use  of  a  single  bit  DAC  in  the  modulator  guarantees  excellent 
linearity  and  dc  accuracy.  Endpoint  accuracy  is  ensured  by  on- 
chip  calibration  of  offset  and  gain.  This  calibration  procedure 
minimizes  the  part's  zero-scale  and  full-scale  errors. 

The  output  data  is  accessed  from  the  output  register  through  a 
flexible  serial  port  or  a  parallel  port.  This  offers  easy,  high  speed 
interfacing  to  modern  microcontrollers  and  digital  signal  proces- 
sors. The  serial  interface  operates  in  external  clocking  (slave) 
mode.  In  this  mode,  an  external  serial  clock  and  framing  pulse 
must  be  provided  to  access  the  data  from  the  output  register. 


:  part  provides  an  on-chip,  accurate  2.5  V  reference.  A 
REFIN/REFOUT  function  is  provided  that  allows  either  this 
internal  reference  or  an  external  system  reference  to  be  used  as 
the  reference  source  for  the  part. 

CMOS  construction  ensures  low  power  dissipation  while  a 
power-down  mode,  initiated  by  the  STBY  pin,  reduces  the  idle 
power  consumption  to  only  100  uW. 


ORDERING  INFORMATION 


Model 

Temperature  Range 

Package  Option* 

AD7721AN 
AD7721AR 
AD7721SQ 

-40°C  to  +85°C 
-40"C  to  +85°C 
-55°C  to  +125°C 

N-28 
R-28 
Q-28 



ie  IC  (SOIC);  Q  =  Cerdip.  For  outline 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Resolution 
Parallel 
Serial 

Minimum  Resolution  for  Which 
No  Missing  Codes  is  Guaranteed 

Parallel 

Serial 
Integral  Nonlinearity 

Parallel 

Serial 
DC  CMRR 
Offset  Error2 
Full-Scale  Error2' 3 

Unipolar  Mode 

Bipolar  Mode 
Unipolar  Offset  Drift 
Bipolar  Offset  Drift 


12 
16 

12 
16 


±1/2 
±8 
90 
0.61 


+  1.22 
±0.915 
TBD 
TBD 


12 
16 


12 
16 

±1/2 
±8 
90 
0.61 

±1.22 
±0.915 
TBD 
TBD 


Bits 
Bits 


Bits  min 
Bits  min 

LSB  max 
LSB  max 
dB  min 
mV  max 

mV  max 
mV  max 


Guaranteed  Monotonic 
Guaranteed  Monotonic 

Bipolar  Mode 
Unipolar  Mode 

Excluding  Reference 
Excluding  Reference 


ANALOG  rNPUTS 

Signal  Input  Span  (VIN1-VIN2) 

Bipolar  Mode 

Unipolar  Mode 
Maximum  Absolute  Input  Voltage 
Minimum  Absolute  Input  Voltage 
Input  Sampling  Capacitance 
Input  Sampling  Rate 
Differential  Input  Impedance 
Output  Rate  


±VREF/2 
0  to  Vref 
AVDD 
0 

0.2 

2fxTAL 

166 

468.75 


±Vref/2 
0  to  Vref 
AV„D 


0.2 

2fxT, 


V  max 

V  max 
V 

ST 


UNI  =  Va 
UNI  =  Va 


REFERENCE  INPUTS 
Vref 

REF1  Input  Current 
REF2  Input  Current 


2.4  to  2.6 


-10  to +10 
33.75 


REF2  OUTPUT 
REF2  Voltage 
Output  Current 
DC  Load  Regulation 
DC  Line  Regulation  (AVDD) 
Offset  Between  REF1  and  REF2 


2.5  ±  0.125 
±500 

1 

±5 


 sr 

2.4  to  2.6  Vm.n 


need  by  Design 
With  15  MHz  on  XTAL  Pin 


-10td  +  10 


0, 
1.7 


33.75 


uAtyp 

MAryp 


2.5  ±  0.125 
±500 


1 

±5 


'  min/V  max 


External  Reference  Applied  to  REF1 
or  REF2  Pin  for  Specified  Performance 
External  Reference  Applied  to  REF1  Pin 
External  Reference  Applied  to  REF2  Pin 


V  min/V  max 
uA  max 
mV/mA 
mV/V  max 
mV  max 



Using  Internal  Reference 
All  Reference  Modes 
All  Reference  Modes 
Using  Internal  Reference 
External  Reference  Applied  to  REF1  Pin 



DYNAMIC  SPECIFICATIONS 

Dynamic  Range 

Signal  to  (Noise  +  Distortion) 

Total  Harmonic  Distortion 

Frequency  Response 
0  to  210  kHz 
259  kHz  to  14.741  MHz 
14.741  MHz  to  15.259  MHz 
15.259  MHz  to  29.741  MHz 


72 
70 
-80 

±0.05 
-72 
-30 
-72 


72 
70 
-80 

±0.05 
-72 
-30 
-72 


dB  min 
dB  min 
dB  max 

dB  max 
dB  min 





45  to  55 


dBr 


Input  Bandwidth  0  to  210  kHz 
Input  Bandwidth  0  to  210  kHz 


50%  Duty  cycle  on  XTAL1  Pin 


CLOCK 

XTAL1  Mark  Space  Ratio 


45  to  55 




%m 


ForS 


LOGIC  INPUTS 

Vinh)  Input  High  Voltage 
VINL)  Input  Low  Voltage 
Iinh>  Input  Current 
QN,  Input  Capacitance 


2.0 
0.8 
10 
10 


2.0 
0.8 
10 
10 


V  min 

V  max 
uA  max 
pF  max 


LOGIC  OUTPUTS 

Voh.  Output  High  Voltage 
V0u  Output  Low  Voltage 


4.0 
0.4 


4.0 
0.4 


V  min 

V  max 


I  lour  I  <200  uA 
I  lour  I  S  1.6  mA 
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Aversion 

S  Version 

Units 

Test  Conditions/Comments 

POWER  SUPPLIES 

AVDD 
DVDD 

IDD  (Total  from  AVDD>  DVDD) 
Power  Consumption 
Power  Consumption 

4.75/5.25 

4.75/5.25 

70 

350 

100 

4.75/5.25 

4.75/5.25 

80 

400 

100 

V  min/V  max 

V  min/V  max 
mA  max 
mW  max 
uW  max 

STBY  =  0  V 
STBY  =  +5  V 

NOTES 

'Operating  temperature  range  is  as  follows:  A  Version:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
2Applies  after  calibration  at  temperature  of  interest. 

'Full-scale  error  applies  to  both  positive  and  negative  full-scale  error.  It  excludes  reference  error.  The  ADC  gain  is  calibrated  w.r.t.  the  voltage  on  the  REF2  [ 
Specifications  subject  to  change  without  notice. 


TIMING  CHARACTERISTICS1 


(AVD0  =  +5  V  +  5%;  0V0d  =  +5  V  ±  5%;  AGND  = 


DGNO  =  0  V.  fCLK  IN  =  15  MHz,  REFIN  =  +2.5  V) 


Parameter 


Limit  at  TMrN,  Tmax 
(A,  S  Versions) 


Units 


Conditions/Comments 


Serial  Interface 

ti 
k 

U 
t5 
t6 
t7' 
t8 


Parallel  Interface 

Read  Operation 

tio 


tcLK  IN 

0 

10 

10 

25 
25 
25 


20 


t.i 

t,2 

t» 

tl42 
tl52 


t,6 
tl7 

Write  Operation 

tu 

tw 

t22 


2  X  tCLK  E 

0 
0 
25 

f 

20 
0 

tcLKIN 
0 

35 
20 
0 
0 


mm 
min 
min 
max 
min 
min 
max 
min 
min 
max 


DRDY  High  Time 
DRDY  to  RFS  Setup  Time 

'  Low  to  SCLK  Falling  Edge  Setup  Time 
FS  Low  to  Data  Valid  Delay 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 
SCLK  Rising  Edge  to  Data  Valid  Delay 
RFS  to  SCLK  Falling  Edge  Hold  Time 
Bus  Relinquish  Time  after  Rising  Edge  of  RFS 


as 
ns 

ns 
ns 
ns 
ns 
ns 


min 

min 
min 
min 
min 
min 
max 


DRDY  HighTime 
DRDY  to  CS  Setup  Time 
CS  to  RD  Setup  Time 

RD  Pulse  Width   

Data  Access  Time  after  Falling  Edge  of  RD 
Bus  Relinquish  Time  after  Rising  Edge  of  RD 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


CS  to  RD  Hold  Time 
RD  to  DRDY  High  Time 

CS  to  WR  Setup  Time 
WR  Pulse  Width 

Data  Valid  to  WR  High  Setup  Time 
Data  Valid  to  WR  High  Hold  Time 
CS  to  WR  Hold  Time 


NOTES 

't-  and  ti4  are  measured  with  the  load  circuit  below  and  defined  as  the  time  required  for  an  output  to  cross  0.4  V  or  2  V. 

2t9  and  ti5  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  shown  below.  The  measured  number  is  then 
extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  time  quoted  in  the  Timing  Characteristics  is  the  true  bus 
relinquish  time  of  the  part  and,  as  such,  is  independent  of  external  bus  loading  capacitance. 


Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 
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PIN  FUNCTION  DESCRIPTION 


coins  /  ^ 


:  •        -it  . 


Mnemonic 


Function 





AVDD 
AGND 
DVDD 
DGND 


Analog  Positive  Supply  Voltage,  +5  V  ±  5%. 
Ground  reference  point  for  analog  circuitry. 
Digital  Supply  Voltage,  +5  V  +  5%. 
Ground  reference  point  for  digital  circuitry. 


VIN1 
VTN2 


REF1 
REF2 


RD 


WR 


Analog  Input.  In  unipolar  operation,  the  analog  input  range  on  VIN1  is  VIN2  to  (VIN2  +  VreF);  for  differential 
(bipolar)  operation,  the  analog  input  range  on  VIN1  is  (VIN2  +  VkeF/2).  Alternatively,  VIN2  can  be  connected  to 
the  internal  reference  in  bipolar  mode  to  give  a  single-ended  input  on  VTN1  of  (VREF  ±  VREF/2).  VTN2  can  be 
connected  to  the  internal  reference  on  chip  by  taking  SINGIP  high  in  the  serial  mode  or  writing  to  bit  SINGIP  in 
the  parallel  mode.  The  absolute  analog  input  range  must  lie  between  0  and  AVDD.  The  analog  input  is  continu- 
ously sampled  and  processed  by  the  analog  modulator. 

Reference  Pins.  The  AD7721  can  operate  with  the  on-board  reference  which  has  a  nominal  value  of  2.5  V.  Alter- 
natively, an  external  reference  can  be  used.  There  are  three  modes  of  operation: 

1.  Using  the  internal  reference.  REF2  is  used  as  the  REFOUT.  A  10  nF  capacitor  is  required  on  REF2. 

2.  Using  an  external  reference.  REF1  is  used  as  REFIN  with  the  external  reference  source  being  connected  to 
this  pin.  This  reference  is  internally  buffered  thus,  the  reference  sees  a  high  impedance  static  load. 
However,  there  will  be  an  error  added  to  this  reference  due  to  the  offset  voltage  of  the  internal  buffer 
amplifier,  the  offset  having  a  value  of  ±5  mV  maximum.  A  10  nF  capacitor  is  required  from  REF2  to 
ground.  This  method  is  useful  when  the  external  reference  cannot  drive  a  1 0  nF  load  capacitor. 

3.  For  system  gain  errors  less  than  0.02%,  REF1  is  grounded  and  the  external  reference  is  connected  to 
REF2.  REF2  is  directly  connected  to  the.on-chip  modulator.  With  this  arrangement,  a  capacitor  of  value 
1 0  nF  is  required  between  REF2  and  ground.  *       a  ^r^A  %^ 

The  AD7721  operates  with  a  15  MHz  crystal  or  with  a  15  MHz  external  clock  which  is  connected  to  the  XTAL 
pin.  The  modulator  samples  the  analog  input  on  both  phases  of  the  clock,  increasing  the  sampling  rate  to  30  MHz. 

Logic  Output.  In  parallel  mode,  a  falling  edge  indicates  a  new  output  word  is  available  for  transmission.  DRDY 
will  return  high  upon  completion  of  a  read  operation.  If  a  read  operation  does  not  occur  between  output  updates, 
DRDY  will  become  active  for  two  clock  cycles  before  the  next  output  update.  In  serial  mode,  DRDY  goes  high  for 
one  SCLK  cycle  to  indicate  that  data  is  available. 

Chip  Select.  When  the  ADC  is  operated  in  parallel  mode,  this  input  selects  the  device.  Note  that  serial  mode  op- 
eration is  attained  by  tying  CS  along  with  RD  and  WR  to  DGND. 

Read.  This  digital  input  is  used  in  conjunction  with  CS  to  read  data  from  the  device  when  configured  for  parallel 
mode  operation. 

Write.  This  digital  input  is  used  in  conjunction  with  CS  to  write  data  to  the  device  when  the  part  is  configured  for 
parallel  mode  operation. 

The  function  of  these  pins  depends  on  the  status  of  CS,  RD  and  WR.  Driving  CS  low  along  with  RD  or  WR  reads 
data  or  writes  data  to  the  device  in  the  parallel  mode.  Tying  CS,  RD  and  WR  low  together  configures  the  part  for 
serial  mode  operation.  NOTE:  All  three  pins  must  be  low  for  a  minimum  of  two  clock  cycles  of  the  internal  clock 
(15  MHz)  before  the  part  is  configured  for  serial  mode  operation. 
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SERIAL  MODE  ONLY 

For  serial  mode  operation,  CS,  WR  and  RD  must  be  tied  to  DGND. 


SDATA/DB11 

RFS/DB10 

SCLK/DB9 

CLKOUT/DB7 

SINGIP/DB6 


SYNC/DB5 


UNI/DB2 


CAL/DB1 
STBY/DBO 


DVAL/SYNC 


Serial  Data  Output.  Output  serial  data  becomes  active  after  RFS  goes  low.  Sixteen  bits  of  data  are  clocked  out 
starting  with  the  MSB.  Serial  data  is  clocked  out  on  the  rising  edge  of  SCLK  and  is  valid  on  the  subsequent  falling 
edgeofSCLK. 

Receive  Frame  Synchronization.  Active  low  logic  input.  This  is  a  logic  input  with  RFS  provided  externally  as  a 
strobe  or  framing  pulse  to  access  serial  data  from  the  output  register.  Alternatively,  RFS  may  be  provided  by  con- 
necting this  input  to  DRDY  which  is  active  high  in  the  serial  mode.  When  RFS  is  high,  SDATA  is  high  impedance. 

Serial  Clock.  Logic  Input.  This  input  serial  clock  can  be  a  continuous  clock  or,  alternatively,  it  can  be  a  non-con- 
tinuous clock  with  the  information  being  read  from  the  AD7721  in  smaller  batches  of  data. 

Serial  Clock.  Logic  Output.  The  internal  digital  clock  is  provided  as  an  output  on  this  pin.  This  buffered  signal 
can  alternatively  be  used  as  the  clock  input  to  SCLK  in  the  serial  mode. 

Single-Ended  Analog  Input,  Digital  Input.  The  AD7721  can  accept  a  single-ended  analog  input.  A  logic  high  on 
the  logic  input  SINGIP  causes  the  pin  VIN2  to  be  connected  to  the  reference  internally,  enabling  the  AD772 1  to 
accept  a  single-ended  analog  input.  When  SINGIP  is  at  a  logic  low,  the  AD7721  operates  with  a  differential  in- 

Put-   

Synchronization  Input.  The  internal  digital  filter  is  reset  on  the  rising  edge  of  a  SYNC  pulse.  The  filter  reset  op- 
Should  a  SYNC  be  requested  while  the 
id  the  calibration  will  be  abandoned. 

be±1.25VorOVto2.5V.  TheUNIpin 


his  pin  selects  the  + 1.25  V  range  while  a  logic  low 
t  is  placi 

libranon,  new  offset  and  g 

... 
put  the  device  into  the  po 


eration  requires  2048  clock  cycles,  throughout  which  DRDY 
part  is  in  calibration  mode,  the  SYNC  will  be  acted  upon 

Analog  Input  Range  Select,  Digital  Input.  The  an: 
is  used  to  select  the  input  range  required.  A  logi 
selects  the  0  V  to  2.5  V  analog  input  range. 

Calibration  Mode  Pin.  When  this  pin  is  pulsed  high,  the  part  is  placed  in  its  calibration  mode  and  both  the  gain 
and  offset  are  calibrated.  At  the  end  of  calibration,  new  offset  and  gain  calibration  coefficients  are  loaded  to  the 
calibration  registers.        ^9  \  *  ^  ^*  \ 

Standby  Mode  Input.  Logic  input  used  to  put  the  device  into  the  power  save  (standby)  mode.  The  STBY  pin  is 
low  for  normal  operation  and  high  for  standby  operation.  When  the  part  is  placed  in  the  standby  mode,  the  values 
in  the  offset  and  gain  registers  are  unaffected. 

Data  Valid  Digital  Output.  An  excessive  overload  on  the  modulator  inputs  can  cause  the  modulator  to  go  unstable. 
Once  this  condition  is  detected  by  internal  circuits,  the  modulator  is  reset  into  a  stable  state  and  DVAL  goes  low 
for  2048  clock  cycles.  This  period  allows  sufficient  time  for  the  modulator  and  digital  filter  to  settle.  An  overload 
on  the  input  pins  can  also  cause  clipping  in  the  digital  filter.  This  will  cause  DVAL  to  remain  low.  As  well  as  the 
AD7721  indicating  an  overload  by  taking  DVAL  low,  the  AD7721  also  highlights  an  overload  by  loading  the  out- 
put register.  A  positive  overload  causes  the  output  register  to  be  reset  to  1 1 1  ...  1 1  (unipolar  input)  or  01 1  ...  1 1 
(bipolar  input).  A  negative  overload  causes  the  output  register  to  be  set  to  000  .  .  .00  (unipolar  input)  or  100  .  .  .00 
(bipolar  input).  When  DVAL  goes  low,  data  can  still  be  read  from  the  interface  and  DRDY  will  continue  to  indi- 
cate that  there  is  data  to  be  read. 


~  


PARALLEL  MODE  ONLY 


DVAL/SYNC 


SDATA/DB1 1- 
STBY/DB0 


Data  Valid  Digital  Output/Synchronization  Input  depending  on  the  status  of  bit  DB3  in  the  control  register.  When 
the  AD7721  is  powered  up,  bit  DB3  will  be  set  to  "0,"  causing  this  pin  to  be  programmed  as  DVAL.  The  pin  can 
be  placed  in  SYNC  mode  by  writing  a  "  1 "  to  bit  DB3  in  the  control  register.  When  changing  the  function  of  this 
pin  from  SYNC  mode  to  DVAL  mode,  a  logic  high  must  be  applied  to  the  pin. 
DVAL:  An  overload  in  the  modulator  is  highlighted  as  in  the  serial  mode. 

SYNC:  Operates  as  in  the  serial  mode  except  DRDY  remains  high  while  the  digital  filter  is  being  reset. 
Data  Outputs  DBl  1  to  DBO,  DBl  1  being  the  Most  Significant  Bit  (MSB). 
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microprocessors,  microcontrollers  and  digital  signal  processors. 
The  AD7721  can  be  operated  in  External-Clocking  mode.  This 
External-Clocking  mode  is  designed  for  direct  interface  to  sys- 
tems that  provide  a  serial  clock  output  which  is  synchronized  to 
the  serial  data  output  including  microcontrollers  such  as  the 
80C51,  87C51,  68HC11  and  68HC05  and  most  digital  signal 
processors.  This  external  clock  can  have  a  frequency  up  to 
20  MHz.  Alternatively,  the  SCLK  input  can  be  provided  by  the 
master  clock  by  connecting  CLKOUT  to  SCLK.  The  RFS  sig- 
nal can  also  be  provided  by  the  AD7721  by  connecting  RFS  to 
DRDY. 

Figure  2  shows  the  timing  diagram  for  reading  from  the 
AD7721.  DRDY  goes  high  to  indicate  the  presence  of  a  new 
word  in  the  output  register.  DRDY  remains  high  for  one  inter- 
nal clock  (15  MHz)  cycle.  RFS  is  taken  low  to  access  data  from 
the  AD7721.  The  serial  clock  input  does  not  have  to  be  con- 
tinuous. The  serial  data  can  be  accessed  in  a  number  of  bytes. 
However,  RFS  must  remain  low  for  the  duration  of  the  data 
transfer  operation.  Although  the  AD7721  has  a  12-bit  digital 
output  in  the  parallel  mode,  sixteen  bits  of  data  are  available  for 
transmission  in  the  serial  mode,  starting  with  the  MSB.  Serial 
data  is  clocked  out  of  the  device  on  the  rising  edge  of  SCLK  and 
is  valid  on  the  falling  edge  of  SCLK.  DRDY  rises  for  one  inter- 
nal clock  cycle  when  a  new  word  is  available  in  the  output 
ter.  Any  earlier  result  still  in  the  output  register  is  lost  at  t 
time. 
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tied  to  DGND  together.  Figure  3  shows  a  timing  diagram  for 
reading  from  the  AD7721  in  the  parallel  mode.  When  conver- 
sion is  complete,  DRDY  goes  low  to  indicate  that  new  data  is 
available  in  the  AD7721's  output  register.  When  the  data  has 
been  read  from  the  register  using  the  CS  and  RD  inputs,  the 
DRDY  pin  returns  high.  This  DRDY  pin  can  be  used  to  drive 
an  edge-triggered  interrupt  of  a  microprocessor.  CS  and  RD 
going  low  accesses  the  12-bit  conversion  result. 

Write  Operation 

The  write  operation  is  used  for  self-calibration,  selecting  uni- 
polar or  bipolar  analog  input  ranges,  placing  the  part  in  power 
down  mode  (standby)  or  programming  the  function  of  pin 
DVAL/SYNC.  When  the  AD7721  is  placed  in  the  write  mode, 
data  bits  DBO  to  DB3  and  DB6  function  as  control  bits,  DBO 
becoming  the  Standby  mode  bit,  DB1  becoming  the  Calibration 
mode  bit,  DB2  being  used  to  select  the  analog  input  range  and, 
DB3  being  used  to  select  the  function  of  pin  DVAIVSYNC. 
Writing  a  logic  "  1 "  to  DB2  selects  bipolar  operation  while  a 
logic  low  selects  unipolar  operation.  For  a  single-ended  input  in 
bipolar  mode,  DB6  (SINGIP)  is  taken  to  a  logic  high.  When 
SINGIP  is  at  a  logic  low,  VIN2  must  be  provided  externally. 

;  up  in  unipolar  mode.   Calibration  is  per- 
by  writing  a  logic  "  1 "  to  DB 1  while  the  pan  is  put  into 
dby  mode  by  inputting  a  logic  high  to  DBO.  Writing  a 
it  DB3  places  pin  DVAL/SYNC  in  SYNC  mode  while 
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Figure  2.  Serial  Mode  Output  Register  Read 
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NOTE:  (I)  SIGNIFIES  AN  INPUT;  (O)  SIGNIFIES  AN  OUTPUT. 


Figure  3.  Parallel  Mode  Output  Register  Read 
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writing  a  "0"  places  the  pin  in  DVAL  mode.  CS  and  WR  going 
low  places  this  information  in  the  control  register.  Figure  4 
shows  a  timing  diagram  for  the  write  operation.  Bits  DB4  to 
DB5  and  bits  DB7  to  DB15  are  used  to  test  the  AD7721  in  par- 
allel mode.  Thus,  for  normal  operation,  a  logic  "0"  is  inputted 
to  these  bits. 
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Figure  4.  Write  Timing  Diagram 
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ANALOG  INPUT 

In  the  bipolar  mode  configuration,  the  analog  input  range  is 
±1.25  V.  The  designed  code  transitions  occur  midway  between 
successive  integer  LSB  values.  The  output  code  is  2s  comple- 
ment binary  with  1  LSB  =  0.61  mV  in  parallel  mode  and  38  uV 
in  serial  mode.  The  ideal  input/output  transfer  function  is  illus- 
trated in  Figure  6. 


In  the  unipolar  mode,  the  analog  input  range  is  0  V  to  2.5  V. 
Again,  the  designed  code  transitions  occur  midway  between  suc- 
cessive integer  LSB  values.  The  output  code  is  straight  binary 
with  1  LSB  =  0.61  mV  in  parallel  mode  and  38  uV  in  serial  mode. 
The  ideal  input/output  transfer  function  is  shown  in  Figure  7. 

OUTPUT 


DIFFERENTIAL  INPUT  VOLTAGE  (VIN1-VIN2) 


Figure  6.  Bipolar  Mode  Transfer  Func, 


INPUT  VOLTAGE  (VIN1-VIN2) 

Mode  Transfer  Function 
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LC2M0S  High  Speed,  ^P-Compatible 
8-Bit  ADC  with  Track/Hold  Function 


FEATURES 

Fast  Conversion  Time:  660  ns  max 
100  kHz  Track-and-Hoid  Function 
1  MHz  Sample  Rate 
Unipolar  and  Bipolar  Input  Ranges 
Ratiometric  Reference  Inputs 
No  External  Clock 

Extended  Temperature  Range  Operation 
Skinny  20-Pin  DIPs,  SOIC  and  20-Terminal 
Surface  Mount  Packages 


GENERAL  DESCRIPTION 

The  AD7821  is  a  high-speed,  8-bit,  sampling,  analog-to-digital 
converter  that  offers  improved  performance  over  the  popular 
AD7820.  It  offers  a  conversion  time  of  660  ns  (vs.  1.36  u.s  for 
the  AD7820)  and  100  kHz  signal  bandwidth  (vs.  6.4  kHz).  The 
sampling  instant  is  better  defined  and  occurs  on  the  falling  edge 
of  WR  or  RD.  The  provision  of  a  Vss  pin  (Pin  19)  allows  the 
part  to  operate  from  ±  5  V  supplies  and  to  digitize  bipolar  input 
signals.  Alternatively,  for  unipolar  inputs,  the  Vss  pin  can  be 
grounded  and  the  AD7821  will  operate  from  a  single  +5  V  sup- 
ply, like  the  AD7820. 

The  AD7821  has  a  built-in  track-and-hold  function  capable  of 
digitizing  full-scale  signals  up  to  100  kHz  max.  It  also  uses  a 
half-flash  conversion  technique  that  eliminates  the  need  to  gen- 
erate a  CLK  signal  for  the  ADC. 

The  AD7821  is  designed  with  standard  microprocessor  control 
signals  (CS,  RD,  WR,  RDY,  INT)  and  latched,  three-state  data 
outputs  capable  of  interfacing  to  high-speed  data  buses.  An 
overflow  output  (OFL)  is  also  provided  for  cascading  devices  to 
achieve  higher  resolution. 

The  AD7821  is  fabricated  in  Linear-Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  combining 
precision  bipolar  circuits  with  low-power  CMOS  logic.  The  part 
features  a  low  power  dissipation  of  50  mW. 
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PRODUCT  HIGHLIGHTS 


Fast  Conversion  Time 
The  half-flash  conversion  technique,  coupled  with  fabrication 
on  Analog  Devices'  LC2MOS  process,  enables  a  very  fast 
conversion  time.  The  conversion  time  for  the  WR-RD  mode 
is  660  ns,  with  700  ns  for  the  RD  mode. 

Built-in  Track-and-Hold 

This  allows  input  signals  with  slew  rates  up  to  1.6  V/u.s  to  be 
converted  to  8-bits  without  an  external  track-and-hold.  This 
corresponds  to  a  5  V  peak-to-peak,  100  kHz  sine-wave  signal. 


at  total  unadjusted  error  fig- 
e  full  operating  temperature 


Total  Unadjusted  Error 
The  AD7821  features  an  excelle 
ure  of  less  than  ±  1  LSB  over  tt 
range. 

Unipolar/Bipolar  Input  Ranges 

The  AD7821  is  specified  for  single  supply  (+5  V)  operation 
with  a  unipolar  full-scale  range  of  0  to  +5  V,  and  for  dual 
supply  (±5  V)  operation  with  a  bipolar  input  range  of 
±2.5  V.  Typical  performance  characteristics  are  given  for 
other  input  ranges. 

Dynamic  Specifications  for  DSP  Users 
In  addition  to  the  traditional  ADC  specifications,  the 
AD782 1  is  specified  for  ac  parameters,  including  signal-to- 
noise  ratio,  distortion  and  slew  rate. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7821  -SPECIFICATIONS 

VREF(-)  =  -2.S  V.  These  test  conditions  apply  unless  otherwise  stated 


VDI)=  +5  V  ±  5%,  END  =  0  V.  Unipolar  Input  Range:     =  GND,  VREF(+)  = 
=  GND.  Bipolar  Input  Range:  Vss  =  -5  V  ±  5%,  VREF(+)  =  2.5  V, 
.  All  specifications  Tml„  to  Tmax  unless  otherwise  stated.  Specifications 


apply  for  RD  Mode  (Pin  7  =  0  V). 


Parameter 


K  Version1 


B,  T  Versions 


UNIPOLAR  INPUT  RANGE 
Resolution2 

Total  Unadjusted  Error3 
Minimum  Resolution  for  which 
No  Missing  Codes  are  Guaranteed 
BIPOLAR  INPUT  RANGE 
Resolution2 
Zero  Code  Error 
Full  Scale  Error 
Signal-to-Noise  Ratio  (SNR)3 
Total  Harmonic  Distortion  (THD)3 
Peak  Harmonic  or  Spurious  Noise3 
Intennodulation  Distortion  (IMD)3 


±1 

J  


Bits 
LSB  t 


.J  


Slew  Rate,  Tracking3 


±1 

±1 

45 

-50 

-50 

-50 
-50 
1.6 
2.36 


-50 
-50 


-50 
-50 
1.6 
2.36 


Bits 

LSB  max 
LSB  max 
dB  min 
dB  max 


dB  max 
dB  max 
V/u.s  max 
V/u-s  typ 


".oirtnoi  Mi 


Vm  =  99.85  kHz  Full-Scale  Sine  Wave  with  Isampling  =  500  kHz 
V^j  =  99.85  kHz  Fiul-Scale  Sine  Wave  with  fSAMPLiNG  =  500  kHz 
V„j  =  99.85  kHz  Full-Scale  Sine  Wave  with  Isampling  =■  500  kHz 
fa  (84.72  kHz)  and  fb  (94.97  kHz)  Full-Scale 
Sine  Waves  with  ^sampling  = 

500  kHz 

Second  Order  Terms 
Third  Order  Terms 


REFERENCE 
Input 

Vref  (+)  Input  Voltage  Range 
Vref  (~)  InPut  Voltage  Range 





1.0/4.0 

Vref(-)A'De 
Vss/VRef(+) 


1.0/4.0 

vVREF(-)AfDD 

Vss/VREF<  +  ) 


kfl  min/kn  max 

V  min/V  max 

V  min/V  max 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Leakage  Current 
Input  Capacitance 


vREP<-yvREF(+) 

±3 
55 


Vref(-)/VREfC+) 

±3 

55 


V  min/V  max 
p.A  max 
PF  typ 


LOGIC  INPUTS 
CS\  WR,  RD 

VlNH 

Vinl 

I1N„  (CS^RD) 

IfnhCWR) 

W 

Input  Capacitance4 
MODE 

ki&Pav,  w  ants  <:' 
'  VINL 

W. 

Input  Capacitance4 





2.4 
P-8 
1 

3  i: 
-1 


3.5 
1.5 
200 
-1 
8 





2.4 

0.S 

1 

3 

-1 


200 

J  


V  min 
Vmax 
uA  max 
uAmax 
u.A  max 
pF  max 

V  min 

V  max 
|xA  max 
(iA  max 

pF  max  


Typically  5  pF 


50  uA  typ 

Typically  5  pF  


LOGIC  OUTPUTS 
DB0-DB7,  OFT,  INT 
Voh 

Vol  lO  (V  e 
IOL.T  (DB0-DB7) 

Output  Capacitance"  (DI 

RDY 
Vol 

IoUT 

Output  Capacitance4 


4.0 
0.4 

8 

0.4 

±3 


4.0 
0.4 
±3 


0.4 

±3 


V  min 
Vmax 
p.A  max 
pF  max 

V  max 
u.A  max 
pF  max 


Isource  =  360  uA 
Isink  =  L6  mA 
Floating  State  Leakage 
Typically  5  pF 

Isink  =  2.6  mA 
Floating  State  Leakage 
Typically  5  pF  


POWER  SUPPLY 
Idd 

Iss 

Power  Dissipation 
Power  Supply  Sensitivity 


15 

100 

50 

±1/4 


20 
100 
50 

±1/4 


mA  max 
u.A  max 
mW  typ 
LSB  max 


CS  =  RD  =  0  V 
CS  =  RD  =  0  V 

±1/16  LSB  typ,  VDD  =  4.75  V  to  5.25  V, 
(Vref(+)  =  4.75  V  max  for  Unipolar  Mode) 


NOTES 

'Temperature  Ranges  are  as  follows:  K  Version  =  -40°C  to  +85°C;  B  Version  =  - 
21  LSB  =19.53  mV  for  both  the  unipolar  (0  to  +5  V)  and  bipolar  (-2.5  V  to  +2.5 
3See  Terminology. 

"Sample  tested  at  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


40"C  to  +85°Q  T  Version  = 
V)  input  ranges. 


-55'C  to  +  125°C. 
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AD7821 


TIMING  CHARACTERISTICS1 


(V„„  =  +5  V  ±  5%,  Vss  =  0  V  or  -5  V  ±  5%;  Unipolar  or  Bipolar  Input  Range) 


Conditions/Comments 


."AC 
Parameter 


Limit  at  25°C 


(All  Versions) 


Limit  at 

T"""'T~" 

(K,  B,  Versions) 


tat 
(T  Version) 


Units 


lACCl3 
tRl 

lrNTL2 

tREAD2 


0 

70 

700  ' 

tcRD  +25 

Icrd  +50 

5Q     v  - 

80 

15 

10 

250 

160 


160 
185 
150 
380 
500 
65 


0 
0 
85 


rji  ..-4,  . 


ICRD  +30 

tcRD  +65 

85  l» 

15 

'0 

425 

325 

10 

350 

205 


205 
235 
185 

610 

75 


0 
0 

100 


Icrd  +35 
Icrd  +75 

90 

80 

500 

400 

10 

450 

240 


240 
275 
220 


65 
90 


30 
45 


75 

110 

100 


35 
60 


700 


85 

130 

120 


40 

70 


ns  min 
ns  min 
ns  max 


ns  max 
ns  max 
ns  typ 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
[j.s  max 
ns  min 
ns  min 


ns  max 
ns  max 
ns  max 
ns  typ 
ns  max 


ns  max 
ns  max 


ns  max 
ns  max 


CS  to  RD/WR  Setup  Time 
CS  to  RD/WR  Hold  Time 
CTto  RDY  Delay.  Pull-Up 
Resistor  5  kl. 

Conversion  Time  (RD  Mode) 
Data  Access  Time  (RD  Mode) 
CL  =  20  pF 
CL  =  100  pF 

RD  to  INT  Delay  (RD  Mode) 


Data  Hold  Time 


*een  Conversions 


Delay  Time  between  WR  and  RD  Pulses 

RD"  Pulse  Width  (WR-RD  Mode,  see  Figure  12b) 

Determined  by  tAccl 

Data  Access  Time  (WR-RD  Mode,  see  Figure  12b) 
CL  =  20  pF 
CL=  lOOpF 
RD  to  INT  Delay 
WR  to  INT  Delay 

RD  Pulse  Width  (WR-RD  Mode,  see  Figure  12a) 
Determined  by  tACC2 

Data  Access  Time  (WR-RD  Mode,  see  Figure  12a) 
CL  -  20  pF 
CL  =  100  pF 

WR  to  INT  Delay  (Stand-Alone  Operation) 
Data  Access  Time  after  INT 
(Stand-Alone  Operation) 
CL  =  20PF 
CL  =  100  pF 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  control  signals  are  specified  with  tr 
2CL  =  50  pF. 

'Measured  with  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V, 
4Defined  as  the  time  required  for  the  data  lines  to  change  0.5  V  when  loaded  with  the  circuits  of  Figure  2. 
Specifications  subject  to  change  without  notice. 

Test  Circuits 

uxjjuO  l:sU  .  inZ-vntn  e.'JC  ISO 

.R5 


tf  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 


V    DGND  V 


-1-  m 


ORDERING  GUIDE 


Model1 


a.  High  Z  to  VOH  b.  High  Z  to  VOL 

Figure  1.  Load  Circuits  for  Data  Access  Time  Test 


AD7821KN 
AD7821KP 
AD7821KR 
AD7821BQ 
AD7821TQ 
AD7821TE 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 
-550Cto  +125°C 





Total  Unadjusted 
Error  (LSB) 


±1  max 
±1  max 
±1  max 
±1  max 
±1  max 
±1  max 
1 


Package 
Option2 


N-20 

P-20A 

R-20 

Q-20 

Q-20 

E-20A 


I 

SND  V 

a.  VOH  to  High  Z 


V 

b.  VOL  to  High  Z 


NOTES 

'To  order  M1L-STD-883,  Class  B  processed  parts,  add  /883B  to  part  num- 
ber. Contact  local  sales  office  for  military  data  sheet. 

2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package 
m  section. 


Figure  2.  Load  Circuits  for  Data  Hold  Time  Test 
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Digital  Input  Voltage  to  GND 
(Pins  6-8,  13)  

Digital  Output  Voltage  to  GND 
(Pins  2-5,  9,  14-18)   . 

VREF  (+)  to  GND  


.-0.3  V,  VDD  +0.3  V 


Vs 


-0.3  V,  VDD  +0.3  V 
-0.3  V,  VDD  +0.3  V 
-0.3  V,  VDD  +0.3  V 

VIN  to  GND  Vss  -0.3  V,  VDD  +0.3  V 

Operating  Temperature  Range 
Commercial  (K  Version)  


(-)  to  GND   Vs 


-40°C  to  +85°C 


i^iutuui  v  a   vaaiuu;  —  ;J  ^  tO  +  1Z3~L< 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  lOsecs)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C  450  mW 

Derates  above  +75°C  by  6  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


PIN  CONFIGURATIONS 


DIP  AND  SOIC 


v„  [T 

*n  v„<, 

DB0 

w]  v„ 

OBI 

tT|  OFL 

db2  rrj 

TT|  DB7IMSBI 

DB3  |T" 

AD7821 

"iel  DB6 

wrVhdy  |T" 

TOP  VIEW 
(Not  to  Seals) 

"Tsl  DBS 

MODE  |  7 

l7|  0B4 

RD  |  ■ 

13]  cs 

IMT  fT 

«]  Vmrl*> 

GND  Qo 

11]  v„,(-> 

PIN  FUNCTION  DESCRIPTION 


Pin      Mnemonic  Description 


Analog  Input:  Range  VREF(-)<VIN£ 
VREF(+). 

Three-State  Data  Output  (LSB). 
Three-State  Data  Outputs. 
WRITE  control  input/READY  status 
output.  See  Digital  Interface  section. 
Mode  Selection  Input.  It  determines 
whether  the  device  operates  in  the  V/R-RD 
or  RD  mode.  This  input  is  internally 
pulled  low  through  a  50  uA  current  source. 
See  Digital  Interface  section. 
READ  Input.  RD  must  be  low  to  access 
data  from  the  part.  See  Digital  Interface 
section. 

INTERRUPT  Output.  INT  going  low 
indicates  that  the  conversion  is  complete. 
INT  returns  high  on  the  rising  edge 
of  CS  or  RD.  See  Digital  Interface  section. 
Ground. 

Lower  limit  of  reference  span. 
Range:  VSS==VREF(-)<VREF(+). 
Upper  limit  of  reference  span. 
Range:  VREF(-)<VREF(+)^VDD. 


2  DB0 

3-5  DB1-DB3 

6  WR/RDY 

7  MODE 


8  RD 


INT 


10  GND 

11  V^-) 

12  VREF(+) 


N  B  it 


13       CS  Chip  Select  Input.  The  device  is 

selected  when  this  input  is  low. 
14-16  DB4-DB6  Three-State  Data  Outputs. 

17  DB7  Three-State  Data  Output  (MSB). 

18  OFL  Overflow  Output.  If  the  analog  input  is 

higher  than  (VREF(+)  -1/2  LSB),  OFL 
will  be  low  at  the  end  of  conversion.  It 
is  a  non-three-state  output  which  can 
be  used  to  cascade  2  or  more  devices  to 
increase  resolution. 
Negative  supply  voltage. 

Positive  supply  voltage,  +5  V. 


19 


20 


Vss 


j: 
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ANALOG  3  V  to  5  V  Single  Supply,  200  kSPS, 

DEVICES     Single/Multichannel  1 2-Bit  Sampling  ADCs 


— 







FUNCTIONAL  BLOCK  DIAGRAMS 





FEATURES 

Battery-Compatible  Supply  Voltage:  Guaranteed 
Specs  for  VD0  of  3  V  to  5.5  V 
AD7853/AD7858:  200  kSPS,  AD7853L/AD7858L: 
100  kSPS 

Pseudo-Differential  Input  with  Two  Input  Ranges 
(AD7853) 

8  Single  Ended  or  4  Pseudo-Differential  Inputs  (AD7858) 
Self  and  System  Calibration 
Read/Write  Capability  of  Calibration  Data 
Low  Power 

AD7853/AD7858:  15  mW  (VDD  =  3  V) 

AD7853L/AD7858L:  5.5  mW  (VDD  =  3  V) 
Power-Down  Mode:  25  |iW  Power  Consumption 
Flexible  Serial  Interface 

Three-Wire  SPI  Compatible 

Two-Wire  8051  Compatible 
24-Pin  DIP,  SOIC  and  SSOP  Packages 

APPLICATIONS 

Battery-Powered  Systems  (Portable  PCs,  Personal 

Digital  Assistants  (PDAs))  <fj* 
Pen  Computers 

Instrumentation  and  Control  Systems 
High  Speed  Modems 


GENERAL  DESCRIPTION 


The  AD7853/AD7858  are  high  speed,  low  power,  12-bit  ADCs 
that  operate  from  a  single  3  V  or  5  V  power  supply,  the  AD7853 
being  the  single  channel  version  and  the  AD7858  the  multi- 
channel version.  The  ADCs  contain  self-calibration  and  system 
calibration  options  to  ensure  accurate  operation  over  time  and 
temperature. 

The  AD7853/AD7858  is  capable  of  200  kHz  throughput  rate. 
The  input  track-and-hold  acquires  a  signal  in  500  ns  and  fea- 
tures a  pseudo-differential  sampling  scheme.  The  AD7853  has 
the  added  advantage  of  two  input  voltage  ranges  (0  V  to  Vref 
and  -Vref/2  to  +Vref/2).  Input  signal  range  is  to  the  supply  and 
the  part  is  capable  of  converting  full  power  signals  to  100  kHz. 

CMOS  construction  ensures  low  power  dissipation  (18  mW  typ) 
with  power-down  mode  (25  (J.W  typ).  The  part  is  available  in 
24-pin,  0.3  inch-wide  DIP,  24-lead  SOIC  and  24-lead  SSOP 
packages. 


v  ^^C*  \  K 


SM2     SYNC      DIN      DOUT    SCLK  POLARITY 


PRODUCT 

1 .  Operation  with  either  3  V  or  5  V  power  supplies. 

2.  Operates  with  reference  voltages  from  1.2  V  to  the  supply. 

3.  Unipolar  analog  input  range  from  0  V  to  VSUPpLY. 

4.  Self  and  System  calibration  including  power-down  mode. 


5.  Versatile  serial  I/O  port. 

6.  Single  channel  (AD7853)  or  8  channel  (AD7858). 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG-TO-DIGITAL  CONVERTERS  2-299 


JATIONS1'  ^  (AVDD  =  OVl!ll  =  +5.0V±10%,fcuui<  =  4MHZifSAI(plE 
Logic  High;  T»  =  TMIN  to  TMAX,  unless  otherwise  noted.) 


B  Version'    Units  Test  Conditions/Comments   


Paxami 


neter 


A  Version 


DYNAMIC  PERFORMANCE 
Signal-to-Noise  Ratio'  (SNR) 

Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion  (IMD) 

Second  Order  Terms 

Third  Order  Terms 


70 


-78 
-78 


Channel-to-Channel  Isolation 


-78 
-78 
-80 


o- 


71 

-80 
-80 

-80 
-80 
-80 


dB  min 
dB  max 


dB  typ 
dBtyp 
dB  max 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Unipolar  Offset  Error 
Unipolar  Offset  Error  Match 
Positive  Full-Scale  Error 
Negative  Full-Scale  Error 
Full-Scale  Error  Match5 


Bipolar  Zero  Error 


I 


Bipolar  Zero  Error  Match 


12 
±1 
±1 
±1 
2 

±2 
±2 

±1 

2 


12 

±0.5 
±0.5 
±0.5 
2 

±1 
±1 

2 

±0.5 
2 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Typically  SNR  Is  72  dB 

Vm  =  10  kHz  Sine  Wave,  fsAMPLE  =  200  kHz  (100  kHz)4 
Vm  =  10  kHz  Sine  Wave,  f sample  =  200  kHz  (100  kHz)4 
=  10  kHz,  f sample  =  200  kHz  (100  kHz)4 


fa  =  9.983  kHz,  fb  =  10.05  kHz,  fsAMPLE  =  200  kHz  (100  kHz)4 
fa  =  9.983  kHz,  fb  =  10.05  kHz,  jsample  =  200  kHz  (100  kHz)4 
(AD7858  Only)  _  

(Any  Channel  AD7858  Only) 


in*fl  tuqnl  owT  rfriw  t\nfn\  UitnaieftiO-obustH 
Guaranteed  No  Missed  Codes  to  12  Bits 

(AD7858  Only) 

■tsO  nohbidiitO  \e-  yjitidaq*3  oliiW\ba*fl 

iswul  woJ 

(AD7858  Only) 

(AD7858  Only)  


ANALOG  INPUT 

Input  Voltage  Ranges  (AD7853/AD7858) 
(AD7853  Only) 
Leakage  Current 
Input  Capacitance 


0  to  Vref 
±Vref/2 
±1 
20 


0  to  Vref 
±Vrbf/2 
±1 
20 


Volts 
Volts 
uA  max 
pF  typ 


,  AIN(+) 


of.  •MbwH 

K~,  -  u  »  iv  .rhf 

<-)  =  -W2tD+V„p« 


REFERENCE  INPUT/OUTPUT 
REFiN  Input  Voltage  Range 
Input  Impedance 
REFout  Output  Voltage 
RBFqut  Tempco  


2.3/VDD 
30 

2.3/2.7 
40 


LOGIC  INPUTS 

Input  High  Voltage,  Vinh 
Input  Low  Voltage,  V^ 
Input  Current,  Ira 
Input  Capacitance,  QN6 


2.4 
0.8 
±10 
10 


IT2  V 

1  to  Internal  Reference  Node 





uA  max 
pF  max 


VTO  =  0VorVD 


LOGIC  OUTPUTS 

Output  High  Voltage,  V0h 
Output  Low  Voltage,  Vol 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance6 
Output  Coding  (AD7853/AD7858) 
(AD7853  Only)  


4 

0.4 
±10 
10 


4 

0.4 
±10 
10 

Straight  (Natural)  Binary 
2s  Complement 


V  min 

V  max 
uA  max 
pF  max 


Isource  =  200  uA 
Isink  =  0.8  mA 


Unipolar  Input  Range 
Bipolar  Input  Range 




CA.iftT  snilariip.j  (eilnytdftib-nbiiviQ  a  anuJ 

(L  Versions  Only) 

(L  Versions  Only) 



CONVERSION  RATE 
Conversion  Time 
Track/Hold  Acquisition  Time 


4.5  (9)4 
0-5  (D4 


4.5  (9)4 
0-5  (l)4 


us  max 
us  max 




V  min/max 
mA  max 

uA  max 
uA  max 
tiA  max 
iiA  max 
mW  max 

mW  max 
uW  max 





 r 


.'.■igzijBv, 


POWER  REQUIREMENTS 
AVDD,DVDD 
Idd 

Sleep  Mode 

With  External  Clock  On 

Wjthn  , , 


Normal  Mode  Power  Dissipation 
Save  Mode  Power  Dissipation 
With  External  Clock  On 
With  External  Clock  Off 


+4.5/+5.5 
5.5  (1.8)4 

100 
TBD 
10 

TBD 

30  (10)4 

0.55 
Jl  


+4.5/+5.5 
5.5  (1.8)4 

100 

TBD 

10 

TBD 

30  (10)4 

0.55 
55 


Typically  4.5  mA  (1.5)4;  SLEEP  =  VDD 
Logic  Inputs  @  0  V  or  VDD;  SLEEP  =  0  V 
Typically  70  uA.  PMGT  (Control  Register)  =  1 
PMGT  (Control  Register)  =  0 
Typically  7  uA.  PMGT  (Control  Register)  =  1 
PMGT  (Control  Register)  =  0. 

:  =  VDr 


VDD  =  5.5  V:  Typically  25  m' 


VDD  = 
VDD  = 


5.5  V:  Typically  0.4  mW;  SLEEP  =  0  V 
5.5  V:  Typically  30  uW;  SLEEP  =  0  V 


shorn  nwob-Tjwoq  sfiifaoom  soLtcidiis}  msiwZ  bofitbZ  .{• 


'Temperature  ranges  as  follows:  A,  B  Versions:  -40°C  to  +85°C. 
Specifications  apply  after  calibration. 
3SNR  calculation  includes  distortion  and  noise  components. 
^Specifications  written  within  parentheses  (  )  refer  to  the  AD7853L/AD7858L. 
5Full-scale  error  match  is  the  worst  case  of  the  positive  full-scale  error  match  or  the 
6Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development,  its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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full-scale  error  match. 


3VSPE 

(AD7853/AD7858) 


AD7853/AD7858 


DVD0  =  +3.0  V  to  +3.6  V,  tam  =  5  MHz;  (2.5  MHz  for  L  versions);  f sample  =  200  kHz 
High;  T»  =  THIN  to  T«„,  unless  otherwise  noted.)   


Parameter 


A  Version1    B  Version'  Units 


Test  Conditions/Comments 


that  I 


DYNAMIC  PERFORMANCE 
Signal-to-Noise  Ratio5  (SNR) 

Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion  (IMD) 

Second  Order  Terms 

Third  Order  Terms 
Channel-to-Channel  Isolation 


70 


-78 
-78 


-78 
-78 
-80 


-80 
-80 

-80 
-80 
-80 


dB  min 

dB  max 
dB  max 

dB  typ 
dB  typ 
dB  max 


Typically  SNR  Is  72  dB 

Vm  =  10  kHz  Sine  Wave,  fsAMPLE  =  200  kHz  (100  kHz)4 
Vm  =  10  kHz  Sine  Wave,  f sample  =  200  kHz  (100  kHz)4 
V,n  =  10  kHz,  f sample  =  200  kHz  (100  kHz)4 

fa  =  9.983  kHz,  fb  =  10.05  kHz,  fsAMPLE  =  200  kHz  (100  kHz)4 
fa  =  9.983  kHz,  fb  =  10.05  kHz,  fsAMPLE  »  200  kHz  (100  kHz)4 
(AD7858  Only)  


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Unipolar  Offset  Error 
Unipolar  Offset  Error  Match 
Positive  Full-Scale  Error 
Negative  Full-Scale  Error 
Full-Scale  Error  Match5 
Bipolar  Zero  Error 
Bipolar  Zero  Error  Match 


12 
±1 
±1 
±1 

2 

±2 
±2 

2 

±1 

2 


12 

±0.5 
±0.5 
±0.5 
2 

±1 
±1 

2 

±0.5 
2 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


(Any  Channel  AD7858  Only) 


Guaranteed  No  Missed  Codes  to  12  Bits 
(AD7858  Only) 


(AD7858  Only) 
(AD7858  Only) 


ANALOG  INPUT 

Input  Voltage  Ranges  (AD7853/AD7858) 
(AD7853  Only) 
Leakage  Current 
Input  Capacitance 


REFERENCE  INPUT/OUTPUT 
REFuj  Input  Voltage  Range 
Input  Impedance 
REFout  Output  Voltage 
REFqut  Tempco  


|C+>-AINH  =  0VtoVREF 


lonal  from  1.2  V 
istor  Connected  to  Internal  Reference  Node 


LOGIC  INPUTS 

Input  High  Voltage,  Vinh 
Input  Low  Voltage,  Wjsl 
Input  Current,  Iin 
Input  Capacitance,  Cru6 


Vm  =  0  V  or  VDD 


LOGIC  OUTPUTS 

Output  High  Voltage,  V0h 
Output  Low  Voltage,  V0l 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance6 
Output  Coding  (AD7853/AD7858) 
(AD7853  Only)   


2.4 
0.4 
±10 
10 

Straight  (Natural)  Binary 
2s  Complement 


4.5  (9)4 

4.5  (9)4 

us  max 

0.5  (l)4 

0.5  (l)4 

Ms  max 

+3.0/+3.6 

+3.0/+3.6 

V  min/max 

5.0  (1.8)4 

5.0  (1.8)4 

mA  max 

100 

100 

uA  max 

TBD 

TBD 

|4A  max 

10 

10 

uA  max 

TBD 

TBD 

uA  max 

18  (6.5)4 

18  (6.5)" 

mW  max 

0.36 

0.36 

mW  max 

36 

36 

uWmax 

Isource  =  200  uA 
Isink  =  0.8  mA 


Unipolar  Input  Range 
Bipolar  Input  Range 


CONVERSION  RATE 
Conversion  Time  ■ 

Track/Hold  Acquisition  Time  


(L  Versions  Only) 
(L  Versions  Only) 


POWER  REQUIREMENTS 
AVDD,DVDD 
Idd 

Sleep  Mode 

With  External  Clock  On 

With  External  Clock  Off 

Normal  Mode  Power  Dissipation 
Standby  Mode  Power  Dissipation 
With  External  Clock  On 
With  External  Clock  Off 


Typically  4.0  mA  (1.5)4;  SLEEP  =  VDD 
Logic  Inputs  @  0  V  or  VDD;  SLEEP  =  0  V 
Typically  70  pA.  PMGT  (Control  Register)  =  1 
PMGT  (Control  Register)  =  0 
Typically  7  uA.  PMGT  (Control  Register)  =  1 

PMGT  (Control  Register)  =  0.   

VDD  =  3.6  V:  Typically  15  mW  (5.4)4;  SLEEP  =  VDD 


VDD  =  3.6  V:  Typically  0.3  mW;  SLEEP  =  0  V 
Vpo  =  3.6  V:  Typically  25  uW;  SLEEP  =  0  V 


NOTES 

'Temperature  ranges  as  follows:   A,  B  Versions:  -40°C  to  +85°C. 

Specifications  apply  after  calibration.  &  ■ 

3  SNR  calculation  includes  distortion  and  noise  components. 

Specifications  written  within  parentheses  ( )  refer  to  the  AD7853UAD7858L. 

5Full-scale  error  match  is  the  worst  case  of  the  positive  full-scale  error  match  or  the  negative  full-scale  error  match. 
Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TIMING  SPECIFICATIONS    <vDD  =  +3.0 v to  +5.5 v; kam = 4 mm* ta = tmih to  Tiux.  unless  otherwise  noted) 


Parameter 


Limit  at  TMIN,  Tmax 
(A,  B,  S  Versions) 


Units 


kHz  min 
MHz  max 
MHz  max 
ns  min 
ns  max 
Us  max 

ns  min  (min/max) 

ns  min 

ns  max 

nsmax 

ns  max 

ns  min 

ns  min 

ns  min 

ns  min 

ns  min  (min/max) 
ns  min 
ns  max 
ns  max 
ns  max 
ns  max 
ns  max 
ns  max 


Description 


ICLKJN 

fsCLK 

H 
t2 

^CONVERT 

t3 

t3A 

t4 

tM 

t5 

t) 

t? 

tg 

It 

tio 

tlOA 

til 

tllA 

tl2 

tl3 

tl4 

tl5 

tcAL 

tcALl 

tCAL2 


500 

4 

fcLKIN 
1003 

50 


Master  Clock  Frequency 
(2  MHz  for  the  AD7853L/AD7858L) 
Serial  Clock  Input  Frequency 
CONVST  Pulse  Width 


4.5  (18  x  Iclkin) 

60  (60/0.4  x  tscuc) 

60 

604 

704 

604 

40 

0 

0.4  x  tscuc5 

0.4  X  tscuc' 

30  (30/0.4  x  tscuc) 

30 

604 

70" 

804 

604 

100 

50 

N2  X  tcLKIN 
N3  X  tcLKIN 
N4  x  tcLKIN 


CONVST  to  BUSY  Propagation  Delay 
Conversion  Time 
SYNC  to  SCLK  falling  Edge  Setup  Time  (Continuous  SCLK  input). 
SYNC  to  SCLK  falling  Edge  Setup  Time  (AD7853  only). 
Delay  from  SYNC  until  DOUT  3-state  disabled. 
Delay  from  SYNC  until  DIN  3-state  disabled. 
Data  Access  time  after  falling  edge  of  SCLK. 
Data  Setup  Time  Prior  to  rising  edge  of  SCLK. 
Data  Valid  to  SCLK  Hold  Time. 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

SCLK  Rising  Edge  to  SYNC  Hold  Time  (Continuous  SCLK). 
SCLK  Rising  Edge  to  SYNC  Hold  Time  (AD7853  only). 
Delay  from  SYNC  until  DOUT  3-state  enabled. 
Delay  from  SYNC  until  DIN  3-state  enabled. 
Delay  from  SCLK  to  DIN  being  configured  as  output 
Delay  from  SCLK  to  DIN  being  configured 
Edge  to  BUSY  delay. 
'ST  to  BUSY  delay  in  calibration  sequence. 
3ull  self  calibration  time,  N2  an  integer. 

Internal  DAC  plus  system  full-scale  calibration  time,  N3  an  integer 
System  offset  calibration  time,  N4  an  integer. 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  The  timing  figures  here  are  for  the  AD7853/AD7858  only  and  not  for  the  AD7853L/AD7858L,  so  the  timing  figures 
for  the  AD7853L/AD7858L  will  reflect  that  the  AD7853L/AD7858L  operates  at  half  the  speed  of  the  AD7853,  and  an  example  of  this  is  given  with  the  max  master 
clock  frequency  of  2.5  MHz  for  the  AD7853L/AD7858L.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  VDO)  and  timed  from  a  voltage  level  of 
1.6  V. 

2See  Table  I  and  Figures  2,  4,  5,  6,  8  where  all  the  timing  diagrams  are  for  ADC  output  data  as  distinct  from  calibration  or  control  register  data  in  which  case  there 
would  not  be  the  4  leading  zeros  with  the  output  data.  Instead  there  would  be  4  data  bits  DB15-DB12  in  their  place.   

*The  CONVST  pulse  width  will  depend  on  the  way  the  part  is  being  operated.  For  operation  where  the  BUSY  is  not  connected  to  the  SLEEP  pin  then  the 
CONVST  pulse  width  is  100  ns  min  as  stated  above.  If  BUSY  is  connected  to  the  SLEEP  pin  so  that  the  part  goes  into  sleep  mode  after  conversion  the  conversion 
time  will  be  different  and  will  also  be  dependent  on  the  PMGT  bit  in  the  control  register. 

4t4  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 
5SCLK  mark/space  ratio  (measured  from  a  voltage  level  of  1.6  V)  is  40/60  to  60/40. 

■ 


Figure  1.  Load  Circuit  for  Digital  Output  Timing  Specifications 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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REV.  0 


AD7853/AD7858 


TYPICAL  TIMING  DIAGRAM 

All  the  timing  diagrams  (Figures  2-9)  are  for  ADC  output  data 
from  the  part,  and  this  is  why  there  are  4  leading  zeros  before 
the  12  bits  of  data.  However  for  a  control  register  or  calibration 
register  read,  there  will  not  be  4  leading  zeros  on  the  output 
data.  These  4  leading  zeros  will  be  replaced  by  data  bits  DB15- 
DB12  for  this  read  operations. 

In  Figure  2  below  we  have  a  typical  read  and  write  timing  dia- 
gram with  the  CONVST  and  BUSY.  The  essence  of  this  is  to 
show  exactly  what  most  of  the  timing  numbers  relate  to.  Here 
the  reading  from  and  writing  to  the  part  is  shown  after  the  con- 
version so  in  this  case  the  maximum  conversion  rate  cannot  be 
achieved.  To  achieve  the  maximum  throughput  rate  of  1 00  kHz 
(AD7853L)  or  200  kHz  (AD7853)  the  user  must  read  from  and 
write  to  the  part  during  conversion. 

There  is  a  very  useful  mode  of  operation  for  reducing  power 
consumption.  In  this  power  save  mode  of  operation  the  BUSY 
can  be  connected  to  the  SLEEP  pin  so  that  at  the  end  of  conver- 
sion the  part  automatically  goes  into  sleep  mode.  However  on 
the  next  CONVST  pulse,  the  part  then  must  be  allowed  a  rea- 
sonable time  to  "wake  up"  before  converting  the  signal  on  the 
AIN  pin.  Thus  the  CONVST  pulse  width  must  be  made  longer 
and  will  extend  well  beyond  the  rising  edge  of  the  BUSY  (see 
specification  for  CONVST  pulse  width)  so  that  it  caters  for 
what  is  called  "wake-up"  time. 


ORDERING  GUIDE 


POLARITY  PIN  LOGIC  HIGH 


CONVST  (l/P| 


 —  — 

•  ^CONVERT  *j  ^^^k 

 *  

I  is,  


Linearity 

Power 

Package 

Model 

Error  (LSB) 

Dissipation  (mW) 

Option* 

AD7853AN 

±  1 

1  R 

N-24 

±  1/2 

18 

N-24 

AD7853LAN 

±1 

D.J 

N-24 

AD7853LBN 

±1/2 

ft  5 
O.  J 

N-24 

AD7853AR 

±  1 

1  S 

1  o 

R-24 

AD7853BR 

±1/2 

1  o 

R-24 

AD7853LAR 

±1 

ft  ^ 

R-24 

AD7853LBR 

±1/2 

ft  5 
O.J 

R-24 

AD7853LARS 

±1 

6.5 

RS-24 

A  T"\  *7  a  S  O  A  V  T 

AU7858AN 

±  1 

18 

N-24 

tMJ  /OJ0.D1N 

18 

AD7858LAN 

±1 

6.5 

N-24 

AD7858LBN 

±1/2 

6.5 

N-24 

AD7858AR 

±1 

18 

R-24 

AD7858BR 

±1/2 

18 

R-24 

AD7858LAR 

6.5 

R-24 

AD7858LBR  ..... 

6.5 

R-24 

AD7858LARS 

6.5 

RS-24 

Package  Information  section. 


NOTE:  tCONVERT  =  4.5  |i>  MAX,  t,  =  100  ns  MIN,  ts  =  60  n«  MAX,     =  40  na  MIN,  t7  =  0  n.  MIN. 


Figure  2.  AD7853  Timing  Diagram  (Typical  Read  or  Write  Operation) 
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AD7853/AD7858 

ABSOLUTE  MAXIMUM  RATINGS' 

(TA  =  +25°C  unless  otherwise  noted) 

AVDD  to  AGND  -0.3  V  to  +7  V 

DVDDtoDGND   

Analog  Input  Voltage  to  AGND  .  .  . 

Digital  Input  Voltage  to  DGND   -0.3  V  to  DVDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  .  .  .  -0.3  V  to  DVDD  +  0.3  V 

REFIN/REFOUT  to  AGND   -0.3  V  to  AVDD  +  0.3  V 

Input  Current  to  any  Pin  except  Supplies2   ±10  mA 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 


 -0.3  V  to  +7  V 

-0.3  V  to  AVDD  +  0.3  V 


Junction  Temperature 


Plastic  DIP  Package  Power,  Power  Dissipation   450  mW 

9JA  Thermal  Impedance   105°C/W 

9,c  Thermal  Impedance   35°C/W 

Lead  Temperature  (Soldering,  10  sec)   +260°C 

SOIC,  SSOP  Package,  Power  Dissipation   450  mW 

9JA  Thermal  Impedance  .  75°C/W  (SOIC)  1 15°C/W  (SSOP) 
9,c  Thermal  Impedance  ..  25°C/W  (SOIC)  35°C/W  (SSOP) 
Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   .  +215°C 

Infrared  (15  sec)   +220°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch  up. 


.  +  150°C 


■ 


PIN  CONFIGURATIONS 
DIP,  SOIC  and  SSOP 


CONVST  [T  • 
BUSY  [T 
SLEEP  [T 
REF,„/REFOUT  [T 
AVdd  LI 

agnd  (T  AD7853 


cBEra  d 

AIN(+)  [T 

AIN(-)  [to 

NC  [j| 


TOP  VIEW 
(Not  to  Scale) 





m]  sync 

23]  SCLK 
22]  CLKIN 
F]  DIN 
io]  DOUT 
li]  DGND 

H]  "Von 
17]  CAE 
16]  SM2 
l|]  SM1 
u\  POLARITY 
13]AMODE 


1 


NC  =  NO  CONNECT 


AIN2  [77 

AIN3  E2  E  ™ 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7853/AD7858  features  proprietary  ESD  protection  circuitry,  permanent  dam- 
age may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


■it- 


■ 
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AD78S3  PIN  DESCRIPTIONS 


AD7853/AD7858 


Mnemonic 


Description 


CONVST 
BUSY 


Convert  start.  Logic  input.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  its  hold  mode  and 
starts  conversion. 

Busy  output.  The  busy  output  goes  high  when  conversion  begins  (note  that  BUSY  goes  high  before 


SLEEP 

REFin/REF0ut 


AVDD 

6 

AGND 

7 

Crefi 

8 

CreF2 

9 

AIN(+) 

10 

AIN(-) 

11,  12 

NC 

13 

AMODE 

POLARITY 


SMI 


SM2 

CAL 

DVDD 
DGND 
DOUT 
DIN 

CLKIN 
SCLK 


SYNC 


CONVST  goes  high)  and  stays  high  until  conversion  is  completed,  at  which  time  it  goes  low. 
also  used  to  indicate  when  the  AD7853  has  completed  its  on-chip  calibration  sequence. 
Sleep  input/Low  power  mode.  With  this  pin  logic  low  all  circuitry  is  powered  down  including  the  internal 
voltage  reference.  Calibration  data  is  retained.  With  the  pin  logic  high  normal  operation  results. 
Reference  input/output.  This  pin  is  connected  to  the  internal  reference  via  a  resistor  so  that  the  reference 
voltage  appears  at  this  pin  from  the  internal  reference.  An  external  reference  can  be  applied  to  overdrive 
this  pin.  This  pin  is  the  reference  source  for  the  analog-to-digital  converter,  and  the  nominal  reference 
voltage  is  2.5  V  but  can  be  as  high  as  AVDD  to  give  a  larger  reference  for  the  analog-to-digital  converter. 
Analog  positive  supply  voltage,  +3.0  V  to  +5.5  V. 
Analog  ground.  Ground  reference  for  track/hold,  reference  and  DAC. 

Reference  capacitor  (0.1  pp  multilayer  ceramic).  This  external  capacitor  is  used  as  a  charge  source  for  the 
internal  DAC. 

Reference  capacitor  (0.01  uF  ceramic  disc).  This  external  capacitor  is  used  in  conjunction  with  the  on-chip 
reference.  Jli/^J 
Analog  input.  Positive  input  of  the  differential  analog  input. 
Analog  input.  Negative  input  of  the  differential  analog  input 
No  Connect  pins.  -  ikl^ 

Analog  mode  pin.  This  pin  allows  two  different  analog  input  ranges  to  be  selected:  A  logic  0  selects  range 
0  to  Vrehn  ( i.e.,  AIN(+)  -  AIN(-)  =  0  to  Vmn>l),  A  logic  1  selects  range  -Vrefin/2  to  +VREFIN/2  (i.e., 
AIN(+)-AIN(-)  =  -VK8F1N/2to+VREFIN/2)> 

This  pin  determines  the  edge  of  the  serial  clock  (SCLK)  on  which  the  data  is  latched  and  transferred  to  the 
DOUT  pin  or  latched  from  the  DIN  pin.  Depending  on  the  mode  of  operation  then  the  output  data  can  be 
clocked  out  on  the  rising  or  falling  edge  of  the  serial  clock  (SCLK).  The  data  input  is  always  latched  on  the 
rising  edge  of  the  serial  clock  (SCLK)  regardless  of  the  state  of  the  POLARITY  pin.  It  is  best  to  see  the 
timing  diagrams  for  each  of  the  operating  modes  to  see  which  edges  of  the  SCLK  are  critical  for  the  output 
data  and  for  the  input  data.  All  the  timing  diagrams  are  with  the  POLARITY  pin  high,  so  bringing  the 
POLARITY  pin  low  will  reverse  the  edge  of  the  SCLK  that  the  data  input  is  latched  in  on  and  will 
also  reverse  the  edge  of  the  SCLK  that  the  output  data  is  clocked  out  on. 

Serial  mode  select  pin.  When  this  pin  is  high,  the  device  is  in  its  self-clocking  mode;  when  it  is  low,  the  device 
is  in  its  external  clocking  mode.  This  pin  is  used  in  conjunction  with  SM2  to  give  different  modes  of 
operation  as  shown  in  Table  III. 

Serial  mode  select  pin.  This  pin  is  used  in  conjunction  with  the  SMI  pin  in  order  to  give  the  different  modes 
of  operation  as  shown  in  Table  III. 

Calibration  input.  A  logic  0  on  this  input  resets  all  logic  and  initiates  a  calibration  on  its  rising  edge.  This 

input  overrides  all  other  internal  operations. 

Digital  supply  voltage,  +3.0  V  to  +5.5  V. 

Digital  ground.  Ground  reference  point  for  digital  circuitry. 

Serial  data  output.  The  data  output  is  supplied  to  this  pin  as  a  1 6-bit  serial  word. 

Serial  data  input.  The  data  to  be  loaded  to  the  control  register  is  applied  to  this  pin  in  serial  form  (16-bit 

word).  This  pin  can  act  as  an  input  pin  or  as  a  I/O  pin  depending  on  the  mode  the  part  is  in  (see  Table  III). 

Master  clock  signal  for  the  device  (4  MHz).  Sets  the  conversion  and  calibration  times. 

Serial  port  clock.  Logic  input/output.  The  SCLK  pin  is  configured  as  an  input  or  output,  dependent  on  the 

type  of  serial  data  transmission  (self-clocking  or  external-clocking)  that  has  been  selected  by  the  SMI 

and  SM2  pins.  The  data  is  latched  on  the  rising  or  falling  edge  of  SCLK  depending  on  the  POLARITY  input 

logic  level. 

This  pin  can  be  an  input  level  triggered  active  low  (similar  to  a  chip  select  in  one  case  and  to  a  frame  sync 
in  the  other  case)  or  an  output  (similar  to  a  frame  sync)  pin  depending  on  SMI  and  SM2  (see  Table  III). 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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fin  Mnemonic 


8 

9-16 


24 


CONVST 


BUSY 


SLEEP 

REFjn/REFout 

AVDD 

AGND 

Crefi 

CreF2 

AIN,-AIN8 


17 

CAL 

18 

DVDD 

19 

DGND 

20 
21 

DOUT 

•  ■  9  V 
DIN 

22 

CLKIN 

23 

SCLK 

Description 

Convert  start.  Logic  input.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  its  hold  mode  and 
starts  conversion.  If  the  CONVST  is  tied  to  the  BUSY  pin,  then  the  part  will  go  into  sleep  mode  once  conversion 
is  complete  and  on  the  next  conversion  cycle  the  part  needs  to  "wake-up"  before  a  conversion  can  take  place. 
Busy  output.  The  busy  output  goes  high  when  conversion  begins  (note  that  BUSY  goes  high  before  CONVST 
goes  high)  and  stays  high  until  conversion  is  completed,  at  which  time  it  goes  low.  BUSY  is  also  used  to 
indicate  when  the  AD7858  has  completed  its  on-chip  calibration  sequence. 

Sleep  input/low  power  mode.  With  this  pin  logic  low  all  circuitry  is  powered  down  including  the  internal 

voltage  reference.  Calibration  data  is  retained.  With  the  pin  logic  high  normal  operation  results. 

Reference  input/output.  This  pin  is  connected  to  the  internal  reference  via  a  resistor  so  that  the  reference 

voltage  appears  at  this  pin  from  the  internal  reference.  An  external  reference  can  be  applied  to  overdrive  this 

pin.  This  pin  is  the  reference  source  for  the  analog-to-digital  converter  and  the  nominal  reference  voltage  is 

2.5  V.  However  this  pin  can  be  taken  as  high  as  AVDD  to  give  a  larger  reference  for  the  analog-to-digital  converter. 

Analog  positive  supply  voltage,  +3.0  V  to  +5.5  V. 

Analog  ground.  Ground  reference  for  track/hold,  reference  and  DAC. 

Reference  capacitor  (0.1  uF  multilayer  ceramic).  This  external  capacitor  is  used  as  a  charge  source  for  the 
internal  DAC.  i 

Reference  capacitor  (0.01  uF  ceramic  disc).  This  external  capacitor  is  used  in  conjunction  with  the  on-chip 
reference.  ■  IV^fV 

Analog  inputs.  Eight  analog  inputs  which  can  be  used  as  eight  single  ended  inputs  (referenced  to  AGND)  or 
four  pseudo  differential  inputs  where  ATN,  would  be  the  positive  input  and  AIN2  would  be  the  negative 
input  and  similarly  for  pairs  AIN3  AIN4,  AIN5  AIN6>  and  AIN7  AIN„.  Pseudo  differential  means  that  the 
negative  input  cannot  be  taken  below  AGND.  Theselection  of  single  ended  or  pseudo  differential  channels 
can  be  programmed  via  the  SGL/DIFF  bit  in  the  control  register,  and  also  the  channel  to  be  selected  for 
conversion  can  be  programmed  by  the  bits  CHSLT0,  CHSLT1,  CHSLT2  in  the  control  register. 
Calibration  input.  A  logic  0  on  this  input  resets  all  logic  and  initiates  a  calibration  on  its  rising  edge. 


SYNC 


This  input  overrides  all  other  internal  operations  (see  Figure  s). 
Digital  supply  voltage,  +3.0  V  to  +5.5  V? 
Digital  ground.  Ground  reference  point  for  digital  circuitry. 
Serial  data  output.  The  data  output  is  supplied  to  this  pin  as  a  16-bit  serial  word. 

Serial  data  input.  The  data  to  be  loaded  to  the  control  register  is  applied  to  this  pin  in  serial  form  (16-bit  word). 
This  pin  can  act  as  an  input  pin  or  as  a  I/O  pin  depending  on  the  mode  the  part  is  in  (see  Operating  Modes). 
Master  clock  signal  for  the  device  (4  MHz).  Sets  the  conversion  and  calibration  times. 
Serial  port  clock.  The  SCLK  pin  is  configured  as  an  input  pin,  and  the  user  must  provide  1 6  clock  pulses  at 
this  pin  for  correct  operation.  The  input  data  is  latched  on  the  rising  edge  of  SCLK,  and  the  output  data  is 
clocked  out  on  the  falling  edge  of  SCLK  (see  timing  diagrams). 

The  user  must  provide  a  frame  sync  signal  at  this  pin  and  this  signal  is  level  triggered  active  low.  This  pin 
can  be  tied  permanently  low.  When  this  input  is  high  then  the  part  will  not  read  in  the  input  data  and 
output  data  will  also  be  disabled. 


1 
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CONTROL/STATUS  REGISTER 

The  power-up/default  state  of  all  bits  in  the  control/status  register  is  0. 

When  writing  to  the  control  register,  the  first  two  bits  are  used  in  determining  whether  it  is  the  control/status  register  or  the  calibra- 
tion register  that  is  being  written  to.  A  1 1  in  the  first  two  bits  ensures  that  it  is  the  control/status  register  that  you  are  writing  to,  and  a 
10  tells  the  part  that  it  is  the  calibration  register  that  is  being  written  to.  Also  a  00  in  the  first  two  bits  does  not  have  any  effect  and  a 
01  is  not  allowed. 


Mnemonic 


Comment 


STCAL 


CALSLT1 
CALSLT2 


CALMD 

CONVST 
2/3  MODE 

RDSLT1 
RDSLT2 


SLEEP 

PMGT 

'CHSLT0 
*CHSLT1 
*CHSLT2 


SGLDIFF 


BUSY 


Start  calibration  bit.  The  type  of  calibration  is  determined  by  the  setting  of  CALSLT1  and  CALSLT2 
and  also  whether  it  is  a  system  or  device  calibration  is  set  by  the  calibration  mode  (CALMD)  bit.  The 
default/Power  up  setting  is  for  full  device  calibration  (i.e.,  calibration  of  DAC,  Offset,  and  Gain). 
These  two  bits  are  for  calibration  control  so  that  one  can  select  the  type  of  calibration  that  is  to  be 
performed  depending  on  the  value  of  the  bits.  A  00  will  give  a  full  DAC  +  Offset  +  Gain  calibration,  a  01 
will  give  an  Offset  +  Gain  calibration,  a  1 0  combination  will  give  just  an  Offset  calibration,  and  a  1 1  will 
give  a  Gain  calibration.  The  calibration  can  be  a  system  or  device  calibration  depending  on  the  setting  of 
the  calibration  mode  bit  (see  Table  I). 

This  is  the  calibration  mode  bit.  A  0  here  selects  the  device  itself  for  calibration  and  a  1  selects  a  system 
calibration.  The  default/power-up  state  is  a  0  so  that  it  is  a  device  calibration  is  selected  unless  this  bit  is 
changed  (see  Table  I). 


This  is  the  conversion  start  bit.  This  is  used  for  in 
tion  with  system  calibration  as  shown  in  the  ( 
The  interface  mode  select  bit.  With  this  1 
used  as  an  output  as  well  as  an  input. 
Theses  two  bits  determine  what  data  is  going  to  1 
.ation  is  used  fc 


are  set  to  00,  a  0 1  combinatio 


I  for  tea 


evice  ca 

onversion  start  and  it  is  also  used  in  conjunc- 

diagram  of  Figure  6. 
wire  interface  mode  is  enabled  where  DIN  is 

id  irJm  the  part.  ADC  data  will  be  read  when  the  bits 
and  contains  no  useful  user  information,  a  10 


combination  allows  reading  of  the  calibration  register  data,  and  all  ensures  reading  of  control  register  data. 
This  is  the  sleep  bit  which  puts  the  device  into  sleep  mode  when  1  and  the  extent  of  the  power  down  is 
determined  by  the  power  management  bit. 

Power  management  bit.  With  this  set  to  0  then  when  put  into  sleep  mode  there  will  be  a  full  power  down 
whereas  if  set  to  1  there  will  only  be  a  selective  power  down. 

(AD7858  only,  should  be  0  for  AD7853.)  These  three  bits  are  used  to  select  the  channel  to  be  converted. 
With  three  bits  then  we  can  address  all  the  eight  channels.  One  should  refer  to  Table  II  for  the  combinations 
of  these  three  bits  for  different  channel  selections.  The  default  selection  is  the  pseudo  differential  mode  with 
positive  channel  ATN,  and  negative  channel  AIN2. 

(AD7858  only,  should  be  0  for  AD7853)  This  is  the  bit  which  determines  whether  the  input  channels  are 
in  the  single  ended  mode  or  in  the  pseudo  differential  mode.  With  this  bit  set  to  1  then  the  singled  ended 
mode  is  enabled.  The  default  setting  of  this  bit  is  0  so  that  the  input  channels  are  in  the  pseudo  differential 
mode.  This  bit  is  used  in  conjunction  with  the  three  channel  selection  bits  CHSLT0,  CHSLT1,  CHSLT2 
and  one  should  refer  to  Table  II  for  the  bit  combinations  for  different  selections. 
This  is  the  conversion/calibration  busy  bit  which  is  read  only  and  tells  you  when  the  part  is  finished 
conversion  or  calibration. 


It  is  important  to  note  that  in  writing  to  the  control  register  it  is  Bit  15  (the  MSB)  that  is  the  first  bit  in  the  data  stream  and  not  Bit  0, 
so  that  the  first  bit  to  be  written  to  the  control  register  will  be  Bit  15  then  Bit  14,  Bit  13  and  so  on  down  to  Bit  0. 

"These  bits  for  the  channel  selection  and  the  channel  configuration  are  only  valid  for  the  AD7858  and  for  the  AD7853  these  bits  must  all  be  made  0  when  writing  to 
the  control  register. 
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Shown  below  are  the  tables  for  the  different  types  of  calibration  and  the  different  types  of  configurations  for  the  analog  inputs 
(AD7858  only)  that  can  be  selected  in  the  control  register. 


Table  L  Calibration  Selection  in  the  Control  Register  (AD7853/AD7858) 


CALSLT2 

CALSLTl 

CALMD 

Calibration  Type 

0 

0 

0 

A  full  internal  calibration  is  initiated  where  the  internal  DAC  is  calibrated  then  the 
Internal  Offset  Error  is  calibrated  out  and  finally  the  Internal  Gain  Error  is  calibrated  out. 
A  full  system  calibration  is  initiated  here  where  firstly  the  Internal  DAC  is  calibrated 
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and  then  the  System  Offset  Error  is  calibrated  out  and  finally  the  System  Gain  Error 
is  calibrated  out. 

Here  the  Internal  Offset  Error  is  calibrated  out  and  then  the  Internal  Gain  Error  is 
calibrated  out. 

Here  the  System  Offset  Error  is  calibrated  out  and  then  the  System  Gain  Error  is 
calibrated  out. 

This  calibrates  out  the  Internal  Offset  Error  only. 
This  calibrates  out  the  System  Offset  Error  only. 
This  calibrates  out  the  Internal  Gain  Error  only. 
This  calibrates  out  the  System  Gain  Error  only. 

NOTE 

There  is  more  information  on  the  calibration  features  of  the  pan  under  the  Calibration  section  of  this  data  slreet.  1  i 

Table  II.  Multichannel  Selection  in  the  Control  Register  for  the  AD78S8 
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AGND 
AGND 
AGND 
AGND 
AGND 
AGND 
AGND 
AGND 

The  four  selection  bits  are  in  the  control  register.  .  , 
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ni 


TERMINOLOGY1 
Integral  Nonlinearity 

This  is  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  ADC  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero  scale  {which  is  AIN( +)  = 
AIN(-)  -112  LSB  in  unipolar  mode  (AD7853IAD7858),  and 
AIN(+)  =  AIN(-)  -Vkef'2  -  112  LSB  in  bipolar  mode  (AD78S3 
only)),  a  point  1/2  LSB  below  the  first  code  transition  (00  .  .  . 
000  to  00  ...  001)  and  full  scale  (which  is  AIN(+)  =  A1N(-) 
+  VgEp  +  112  LSB  in  unipolar  range  (AD7853IAD7858),  and 
AIN(+)  =A1N(-)  +VREFI2  +  112  LSB  in  bipolar  mode  (AD7853 
only)),  a  point  1/2  LSB  above  the  last  code  transition  (11... 
1 1 0  to  1 1  .  .  .  111). 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal  1  LSB 
change  between  any  two  adjacent  codes  in  the  ADC. 

Unipolar  Offset  Error 

This  is  the  deviation  of  the  first  code  transition  (00  .  .  .  000  to 
00  .  .  .  001)  from  the  ideal  AIN(+)  voltage  (AIN(-)  +  1/2  LSB) 
when  operating  in  the  unipolar  mode. 

Positive  Full-Scale  Error 

This  applies  to  the  unipolar  and  bipolar  modes  and  is  the  devia- 
tion of  the  last  code  transition  (1 1  ...  1 10  to  1 1  ...  1 1 1  (for 
unipolar  mode  (AD7853IAD7858))  and  01  ...  110  to  01 
(for  bipolar  mode  (AD7853  only))  from  the  ideal  (ATN(+) 
AIN(-)  +  Full  Scale  -  1.5  LSB)  after  the  offset  error 
offset  error  or  bipolar  offset  error)  has  been  adjusted  out. 

Negative  Full-Scale  Error 

This  applies  to  the  bipolar  mode  only  and  is  the  deviation  of  the 
first  code  transition  (10  .  .  .  000  to  10  .  .  .  001)  from  the  ideal 
(AIN(+)  =  AIN(-)  -  Vref/2  +  0.5  LSB  (bipolar  mode  (AD7853 
only))). 

Bipolar  Zero  Error 

This  is  the  deviation  of  the  midscale  transition  (all  0s  to  all  Is) 

from  the  ideal  AIN(+)  voltage  (AIN(-)  -  1/2  LSB). 

MMMM 
Channel-to-Channel  Isolation 

Channel-to-channel  isolation  is  a  measure  of  the  level  of 
crosstalk  between  channels.  It  is  measured  by  applying  a  full- 
scale  1  kHz  signal  to  the  other  seven  inputs  and  determining 
how  much  that  signal  is  attenuated  in  the  channel  of  interest. 
The  figure  given  is  the  worst  case  for  all  channels. 

Track/Hold  Acquisition  Time 

Track/hold  acquisition  time  is  the  time  required  for  the  output  of 
the  track/hold  amplifier  to  reach  its  final  value,  within  ±  1/2  LSB, 
after  the  end  of  conversion  (the  point  at  which  the  track/hold 
returns  into  track  mode).  It  also  applies  to  a  situation  where  a 
change  in  the  selected  input  channel  takes  place  (AD7858  only) 
or  where  there  is  a  step  input  change  on  the  input  voltage  ap- 
plied to  the  selected  VIN  input  of  the  AD7853/AD7858.  It 
means  that  the  user  must  wait  for  the  duration  of  the  track/hold 
acquisition  time  after  the  end  of  conversion  or  after  a  channel 
change/step  input  change  to  VIN  before  starting  another  conver- 
sion, to  ensure  the  part  operates  to  specification. 


Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  A/D  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  sum  of  all  nonfundamental  signals 
up  to  half  the  sampling  frequency  (fs/2),  excluding  dc.  The  ratio 
is  dependent  on  the  number  of  quantization  levels  in  the  digiti- 
zation process;  the  more  levels,  the  smaller  the  quantization 
noise.  The  theoretical  signal  to  (noise  +  distortion)  ratio  for  an 
ideal  N-bit  converter  with  a  sine  wave  input  is  given  by: 

Signal  to  (Noise  +  Distortion)  =  (6.02N  +1.76)  dB 

Thus  for  a  12-bit  converter,  this  is  74  dB. 

Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7853,  it  is  denned  as: 


THD  (dB)  =  20  log  a/(K22+F32 


+  V/  + 


2+V?)IV, 


where  V!  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonics. 1 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 

I spectrum  (up  td  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundarnental.  Normally,  the  value  of  this  specification  is  deter- 
ed  by  the  largest  harmonic  in  the  spectrum,  but  for  parts 
e  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
peak. 

modulation  Distortion 


puts  consisting  of  sine  waves  at  two  frequencies,  fa  and 
b',  any  active  device  with  nonlinearities  will  create  distortion 
products  at  sum  and  difference  frequencies  of  mfa  ±  nib  where 
m,  n  =  0,  1 ,  2,  3,  etc.  Intermodulation  distortion  terms  are 
those  for  which  neither  m  or  n  are  equal  to  zero.  For  example, 
the  second  order  terms  include  (fa  +  fb)  and  (fa  -  fb),  while  the 
third  order  terms  include  (2fa  +  fb),  (2fa  -  fb),  (fa  +  2fb)  and 
(fa  -  2fb). 

The  AD7853  is  tested  using  the  CCIF  standard  where  two  in- 
put frequencies  near  the  top  end  of  the  input  bandwidth  are 
used.  In  this  case,  the  second  order  terms  are  usually  distanced 
in  frequency  from  the  original  sine  waves  while  the  third  order 
terms  are  usually  at  a  frequency  close  to  the  input  frequencies. 
As  a  result,  the  second  and  third  order  terms  are  specified  sepa- 
rately. The  calculation  of  the  intermodulation  distortion  is  as 
per  the  THD  specification  where  it  is  the  ratio  of  the  rms  sum  of 
the  individual  distortion  products  to  the  rms  amplitude  of  the 
fundamental  expressed  in  dBs. 


'AIN(-)  refers  to  the  negative  input  of  the  pseudo  c 
AGND  for  the  AD7858  depending  on  the  channel  c 
refers  to  the  negative  input  for  the  AD7853. 
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No. 


SMI     SM2     SYNC     DIN     DOUT  SCLK  Comment 


1  (AD7853/AD7858) 


2  (AD7853/AD7858) 


3  (AD7853  Only) 


4(AD7853  0nly) 
5  (AD7853  Only) 


I/P1 


I/O 


(O/P)2 


IP 


I/P1 


I/P3 


O/P 


O/P 


I/P 


I/P 


O/P 


O/P 


I/P 


I/P 


TWO-WIRE  MODE  (8051).  In  this  mode  of  operation  the  user 
must  supply  the  serial  clock  (SCLK  with  a  total  of  1 6  clock 
cycles).  This  mode  can  only  be  entered  by  programming  the 
interfaced  mode  select  (2/3  MODE)  bit  in  the  control  register. 
The  SYNC  pin  must  also  be  provided  by  the  user;  it  is  level  trig- 
gered and  can  be  tied  low  permanently  in  this  mode.  The  DIN 
pin  is  used  for  inputting  the  data  (in  serial  form)  as  well  as 
providing  the  output  data  in  serial  form. 

THREE- WIRE  MODE  (SPI).  In  this  mode  of  operation  the 
user  must  supply  the  frame  sync  signal  (SYNC)  and  serial  clock 
(SCLK  with  a  total  of  16  clock  cycles).  This  is  the  default  mode. 
Here  the  DOUT  pin  is  used  for  the  output  data  and  DIN  pin  is 
used  for  the  input  data  only. 

DSP  MASTER  MODE.  In  this  mode  of  operation  a  frame  sync 
input  is  needed  at  the  SYNC  pin  and  a  serial  clock  SCLK  is 
needed  with  a  continuous  clock  or  1 6  clock  cycles  from  when 


.  This  mode  of  operation  is  where  the  pan 
:ontinuous  serial  clock  (SCLK  with  a  total  of  1 6 
and  the  frame  sync  (SYNC). 


NOTES 

I/P:  Input,  I/O:  Input/Output,  O/P:  Output 
'SYNC  pin  is  an  input  pin  which  is  level  triggered  active  low. 
2Output  data  may  appear  at  the  DOUT  pin  but  the  pin  is  not  used  and  should  be  left 
3 A  frame  sync  signal  (input  or  output)  which  is  edge  triggered  (high  to  low). 
'Noncontinuous  serial  clock. 
Continuous  serial  clock. 


ive  mode  of  operation  where  the  part 
INUOUS  CLOCK  (TMS)  signal  (SCLK) 
(SYNC).  


■ 


OPERATING  SETUPS 

From  Table  III  it  is  clear  that  all  the  interface  modes  apply  to 
the  AD7853  (and  AD7853L)  but  that  only  interface  modes  1 
and  2  apply  to  the  AD7858  (and  AD7858L).  In  all  the  timing 
diagrams  the  reference  to  the  Polarity,  SMI  and  SM2  pins  only 
applies  to  the  AD7853.  Next,  before  describing  the  operating 
modes  in  more  detail,  the  different  arrangements  for  reading, 
writing  and  starting  conversions  will  be  described. 

The  most  useful  arrangement  is  where  the  writing  and  reading 
takes  place  during  conversion  as  shown  in  Figure  3.  This  allows 
for  the  maximum  throughput  rate  (200  kHz  AD7853/AD7858, 
100  kHz  AD7853IVAD7858L).  It  is  clear  from  Figure  3  that  the 
read  on  the  DOUT  pin  is  for  the  previous  conversion  and  the 
write  on  the  DIN  pin  is  for  the  next  conversion. 

The  arrangement  in  Figure  3  is  only  valid  for  the  three-wire 
mode  and  the  DSP  Master  Mode  (AD7853  only)  of  operation. 
The  different  arrangements  for  the  other  modes  of  operation  are 
shown  under  the  respective  operating  mode  section. 

There  are  other  less  common  arrangements  that  can  be  used. 
These  involve  initiating  a  write  in  synchronization  with  the  start 
of  conversion  and  then  waiting  for  the  conversion  to  be  complete 


THE  CONVERSION  RESULT  DUE  TO  WRITE  Nt1 
IS  READ  HERE 


Figure  3. 

before  reading  from  the  part.  The  reverse  of  this  can  also  be 
used  where  a  read  is  initiated  in  synchronization  with  the  start  of 
conversion,  and  writing  to  the  part  once  the  conversion  is  com- 
plete.  Alternatively  the  conversion  can  be  initiated  by  setting  the 
CONVST  bit  in  the  control  register  to  1  when  writing  to  the 
part.  These  arrangements  are  similar  to  the  arrangements  shown 
in  Figures  4c,  4d,  and  4e  for  the  two-wire  mode  of  operation, 
but  both  the  reading  and  writing  would  not  take  place  on  the 
DIN  pin. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Timing 

The  two  timing  figures  t3  and  t10  need  to  be  explained  due  to 
their  complexity.  Theses  times  apply  to  Figures  4d,  4e,  5a,  5b, 
and  6  only  where  the  SYNC  and  the  SCLK  are  both  inputs  to 
the  part.  For  Figure  8  where  SYNC  and  SCLK  are  outputs 
from  the  part,  t3A  and  t10A  are  used  and  these  are  explained 
under  the  DSP  Slave  Mode  section. 

Taking  t3  first  and  a  continuous  SCLK  situation  (which  only  ap- 
plies for  Figures  4d,  5a  and  6),  t3  has  a  minimum  spec  of  60  ns  so 
that  the  part  will  have  enough  time  to  prepare  for  the  first 
SCLK  edge.  The  max  spec  for  t3  (which  only  applies  with  a  con- 
tinuous SCLK)  is  0.4  tscuc  which  ensures  that  the  SYNC  does 
not  go  low  before  the  rising  edge  A  of  the  dashed  SCLK  (shown 
in  the  timing  diagrams) .  This  ensures  that  the  part  does  not  clock 
in  an  incorrect  data  bit  from  the  DIN  pin  as  DB15. 

Next  take  the  time  t10  and  a  continuous  SCLK  situation  (again 
this  only  applies  to  Figures  4d,  5a  and  6 ),  t10  has  a  minimum  spec 
of  30  ns  which  is  so  that  the  part  will  have  enough  time  to  pre- 
pare for  the  rising  edge  of  SYNC.  The  max  spec  for  t10  (which 
only  applies  with  a  continuous  SCLK)  is  0.4  tSCLK  which  ensures 
that  the  SYNC  goes  high  before  the  falling  edge  B  of  the  dashed 
SCLK  (shown  in  the  timing  diagrams) .  This  ensures  that  the  part 
does  not  offset  the  next  write  sequence  and  also  so  that  an  extra 
bit  will  not  be  clocked  out  onto  the  DOUT  pin. 

....  .......  —  ••        ,  , 

Both  t3  and  t10  only  have  a  minimum  spec  when  there  is  a  In 
noncontinuous  SCLK  to  allow  the  part  enough  time  to  prepare 
for  the  following  edge  of  the  relevant  signal.  There  is  no  maxi- 
mum spec  for  t3  and  t10  as  there  is  no  danger  of  getting  an  extra 
clock  edge  to  upset  the  operation  of  the  part. 

Two-Wire  Mode  (AD7853  and  AD7858)  ^\  V-* 

The  different  setup  arrangements  for  reading  and  writing  to  the 
part  in  the  two-wire  mode  are  shown  in  Figures  4a,  4b,  and  4c. 
The  read  and  writing  takes  place  on  the  DIN  line  and  the  con- 


AD7853/AD7858 

given  is  for  a  serial  clock  of  4  MHz  (2  MHz  is  max  for  L  ver- 
sions), but  is  still  only  an  approximate  time.  Thus  the  9.5  us 
shown  is  the  fastest  throughput  time  for  the  two-wire  interface 
operating  mode  which  corresponds  to  a  frequency  of  ' " 
(52  kHz  for  L  versions). 

THE  CONVERSION  RESULT  DUE 
TO  WRITE  N  IS  READ  HERE 


CONVERSION  N-1 


4.5j.is 

CONVERSION  N 

**  ■■  '  9.5|is 

Figure  4a. 

Figure  4b  is  the  same  as  Figure  4a  except  that  the  conversion  is 
initiated  in  synchronizations  with  a  read  operation  instead  of  a 
write  operation.  Again  the  data  read  from  the  part  is  one  conver- 
sion behind  the  corresponding  write  operation.  (The  write  to  the 
part  must  enable  the  two-wire  mode  and  may  also  initiate  a  conver- 
sion, and  so  the  hardtoare  CONVST  signal  is  not  needed.) 

CON 
(KRIl 


version  start  take  place  on  the  CONVST  line.  (Note  that  the 
write  to  the  part  must  set  the  2/3  MODE  bit  in  the  control  reg- 
ister to  1  for  all  cases  4a,  4b,  4c.  Also  the  conversion  can  be 
started  by  setting  the  CONVST  bit  in  the  control  register  to  1, 
and  so  the  CONVST  pin  does  not  need  to  be  used  in  cases  4b 
and  4c.) 

In  Figure  4a  a  write  is  initiated  in  synchronization  with  the  start 
of  a  conversion  cycle  (thus  with  this  setup  the  write  cannot  initiate  THtoCwriteRn'is  readhere** 

the  start  of  conversion  via  the  control  register,  but  the  2fh  MODE  bit 
must  be  set  to  1  in  all  the  write  sequences  to  the  part).  Then  after 
the  conversion  is  finished,  a  read  operation  is  started  and  the 
data  read  here  is  from  conversion  N-1  and  does  not  correspond 
to  the  previous  write.  You  must  wait  until  the  next  conversion 
(conversion  N)  before  reading  data  corresponding  to  the  initial 
write  (write  N) .  The  very  first  read  from  the  part  here  will  not 
contain  a  result  from  a  conversion  under  the  two-wire  mode  due 
to  the  fact  that  the  write  sequence  is  one  sequence  behind  the 
conversion  sequence.  The  time  for  the  read  and  write  operation 


■■■'wm 

Figure  4b. 

igure  4c  shows  another  way  of  operating  the  part  in  the  two- 
wire  mode  where  getting  the  fastest  throughput  rate  is  not  es- 
sential. It  is  the  most  basic  way  to  operate  the  part.  A  write  is 
initiated  (which  enables  the  two-wire  mode  and  may  also  initiate  the 
start  of  conversion).  After  this  a  conversion  is  started,  and  when 
conversion  is  complete,  the  result  is  read  back.  From  these  dia- 
grams it  can  be  seen  that  the  part  cannot  be  run  at  its  max 
throughput  rate  in  the  two-wire  mode  due  to  the  time  taken  to 
read  and  write  data  on  the  same  pin. 


|  write n]\^ 

|  conversion 


READ  N  |  WRITE  N+l]^ 

— i—* 

n   r  [CONVERSION  N+1 


I  READ  N-1  | 


Figure  4c. 
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Below  in  Figure  4d  and  in  Figure  4e  are  the  timing  diagrams  for 
operating  mode  No.  1  in  Table  I  where  we  are  in  the  2-wire  in- 
terface mode.  Here  the  DIN  pin  is  used  for  both  input  and  out- 
put as  shown.  The  SYNC  input  is  level  triggered  active  low  and 
can  be  pulsed  (Figure  4d)  or  can  be  constantly  low  (Figure  4e). 

In  Figure  4a  the  part  samples  the  input  data  on  the  rising  edge 
of  SCLK.  When  the  SYNC  is  taken  high,  the  DIN  pin  is  con- 
figured as  an  output  and  is  then  3-stated.  Taking  SYNC  low 
disables  the  3-state  on  the  DIN  pin,  and  the  first  SCLK  falling 
edge  clocks  out  the  first  data  bit.  Once  the  16  clocks  have  been 
provided  and  the  SYNC  taken  high,  the  DIN  pin  will  automati- 
cally revert  back  to  being  an  input  after  a  time  tj  i .  Note  that  a 
continuous  SCLK  shown  by  the  dotted  waveform  in  Figure  4d 
can  be  used  provided  that  the  SYNC  is  low  for  only  1 6  clock 
pulses  in  each  of  the  read  and  write  cycles. 

POLARITY  PIN  LOGIC  HIGH 


NC(I/P) 


SCLK  (UP) 


In  Figure  4e  the  SYNC  line  is  tied  low  permanently,  and  this  re- 
sults in  a  different  timing  arrangement  for  the  DIN  pin.  The  dif- 
ference between  SYNC  being  tied  low  and  being  pulsed  is  that 
the  DIN  pin  will  never  be  3-stated  in  this  mode,  and  it  is  also 
the  last  rising  edge  of  the  SCLK  that  causes  the  DIN  pin  to  go 
from  being  an  input  to  an  output  and  back  to  an  input  pin.  Here 
a  continuous  SCLK  cannot  be  used  as  the  SYNC  is  tied  low 
permanently. 

s 


1 


DIN  (I/O)  '////jT^t 


NOTE:  t 
t 


=  60  ns  MIN  (NONCONTINUOUS  SCLK).  60/0.4tsculna  Mil 
.  60  ns  MAX,  t6  =  40  ns  MIN,  t7  =  0  ns  MlN. 


(CONTINUOUS  SCLK), 


OIN  BECOMES 
AN  INPUT 


Figure  id.  Timing  Diagram  for  Read/Write  Operations  with  DIN  as  an  Input/Output 
(i.e.,  Operating  Mode  No.  7,  SMI  =  SM2  =  0) 

,Yvi\  


SCLK(I/P) 


POLARITY  PIN  LOGIC  HIGH 


  DATA  WRITE  m  \  L  _  n«T«  DEin  1 


DIN  BECOMES 
AN  OUTPUT 
(3-STATED) 

NOTE:  t5  =  60  ns  MAX,  t6  ■  40  ns  MIN,  t7  =  0  ns  MIN,  t12  =  80  ns  MAX,  t13  =  60  ns  MAX. 
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Figure  4e.  Timing  Diagram  for  Read/Write  Operations  with  DIN  as  an  Input/Output  and  SYNC  Input  Tied  Low 
(i.e.,  Operating  Mode  No.  1,  SM1  =  SM2  =  0) 
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Three- Wire  Mode  (AD78S3  and  AD78S8) 
In  Figure  5a  and  Figure  5b  we  have  the  timing  diagrams  for 
operating  mode  No.  2  in  Table  I  which  is  the  three-wire  inter- 
face mode.  Here  the  SYNC  input  is  active  low  and  can  be 
pulsed  (Figure  5  a)  or  can  be  constantly  low,  (Figure  5b).  If 
SYNC  is  constantly  low,  the  serial  clock  input  (SCLK)  must 
supply  16  clock  pulses  for  the  part  to  operate  correctly;  other- 
wise with  a  pulsed  SYNC  input,  a  continuous  SCLK  can  be 
used  provided  SYNC  is  low  for  only  16  clock  cycles.  In  Figure 
5a  the  SYNC  going  low  disables  the  3-state  on  the  POUT  pin. 
The  first  falling  edge  of  the  SCLK  after  the  SYNC  going  low 
clocks  out  the  first  leading  zero  on  the  DOUT  pin.  The  DOUT 


POLARITY  PIN  LOGIC  HIGH 


pin  is  3-stated  again  a  time  t, ,  after  the  SYNC  goes  high.  With 
the  DIN  pin  the  data  input  has  to  be  set  up  a  time  t5  before  the 
SCLK  rising  edge  as  the  part  samples  the  input  data  on  the 
SCLK  rising  edge. 

Figure  5b  shows  the  timing  diagram  for  the  three-wire  interface 
mode  where  the  SYNC  input  has  been  tied  permanently  low. 
The  only  difference  between  this  timing  diagram  and  the  one  in 
Figure  5a  is  that  the  DOUT  pin  is  never  3-stated  since  the 
SYNC  input  is  never  brought  high.  Also  the  LSB  of  the  output 
data  will  remain  on  the  DOUT  pin  until  the  next  read  cycle 
where  the  first  SCLK  falling  edge  will  clock  out  the  first  leading 
zero  of  the  next  conversion. 


NOTE:  t3  =  60  na  MIN  (N0NC0NTINU0US  SCLK)  60/0.4^^ 

t,  =  60  n«  MAX,  t6  =  40  ns  MIN,  t7  =  0  ns  MIN,  t10  =  30  ns  A 

Figure  5a.  Timing  Diagram  for  Reai 
Input  Pulsed  (i.e..  Operating  Mode  Ndt.2, 
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DOUT  (0/P)  '//////A- 


\      OB13      X      °B12      X     ""I       X   "»«       Xl,  )T 


2 


30/0.4tSCLK  ns  MIN/MAX  (CONTINUOUS  SCLK) 
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NOTE:  ts  =  60  ns  MAX,  t,  .  40  ns  MIN,  t,  =  0  n.  ft 


Figure  5b.  Timing  Diagram  for  Head/Write  Operations  with  DIN  as  an  Input  and  DOUT  as  Output  and  SYNC  Input 
Tied  Low  (i.e.,  Operating  Mode  No.  2,  SM1  =  SM2  =  0) 
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POLARITY  PIN  LOGIC  HIGH 
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NOTE:  t3  =  60  ns  MIN  (NONCONTINUOUS  SCLK),  BOAMI^,,  ns  MIN/MAX  (CONTINUOUS  SCLK), 

t5  =  60  ns  MAX,  t6  =  40  ns  MIN,  t7  =  0  ns  MIN,  t10  =  30  ns  MIN  (NONCONTINUOUS  SCLK).30/0.4tSCLK  ns  MIN/MAX  (CONTINUOUS  SCLK) 



Figure  6.  Timing  Diagram  for  Read/Write  Operation  with  SYNC  Input  Edge  Triggered 
(i.e.,  Operating  Mode  No.  3,  SM  7  =  0  SM2  =  1) 


DSP  Master  Mode  (AD7853  Only) 

In  Figure  6  the  timing  diagram  for  operating  mode  No.  3  is 
shown.  In  this  mode  the  DSP  is  the  master  and  the  part  is  the 
slave.  Here  the  SYNC  input  is  edge  triggered  going  from  high  to 
low,  and  the  1 6  clock  pulses  are  counted  from  this  edge  so  that 
you  can  have  a  continuous  clock  input  or  a  noncontinuous  clock 
input  that  provides  1 6  clock  pulses  after  the  falling  edge  of  the 
SYNC  input.  If  a  continuous  clock  is  being  used,  the  SYNC 
must  go  high  after  1 6  clock  pulses  to  disable  the  effect 
more  clocks.  The  falling  edge  of  SYNC  disables  the  3: 
the  DOUT  pin,  and  the  data  is  clocked  out  on  the  falling  edj 
of  SCLK.  Once  SYNC  goes  high,  the  3-state  on  the  DO 
is  enabled.  The  data  input  is  sampled  on  the  rising  edge  of 
SCLK  and  thus  has  to  be  valid  a  time  1$  before  this  rising  edge. 

DSP  Slave  Mode  (AD78S3  Only)  (Continuous  and 
Noncontinuous  SCLK) 

The  timing  diagram  here  is  for  operating  mode  Nos.  4  and  5, 
the  only  difference  being  the  continuous  and  noncontinuous 
clock  outputs.  These  modes  of  operation  are  especially  different 
from  all  the  other  modes  since  the  SCLK  and  SYNC  are  out- 
puts. The  SYNC  is  generated  by  the  part  as  is  the  SCLK,  and 
the  dotted  line  shows  the  case  of  the  continuous  clock.  The 
master  clock  at  the  CLKIN  pin  is  routed  directly  to  the  SCLK 
pin  for  operating  mode  No.  5  (Continuous  SCLK),  and  the 
CLKIN  input  is  gated  with  the  SYNC  to  give  the  SCLK  in  op- 
erating mode  No.  4  (Noncontinuous  SCLK). 

The  most  important  point  about  these  two  operation  modes  is 
that  the  result  of  the  current  conversion  is  clocked  out  during 
the  same  conversion,  and  a  write  to  the  part  during  this  conver- 
sion is  for  the  next  conversion.  The  arrangement  is  shown  in 
Figure  7.  First  the  conversion  is  initiated  with  the  CONVST  sig- 
nal going  low,  and  then  when  part  is  ready,  the  SYNC  will  go 
low  and  the  SCLK  will  clock  out  the  data  on  the  DOUT  pin 


during  conversion.  Also  the  data  on  the  DIN  pin  is  clocked  in 
by  the  same  SCLK  for  the  next  conversion.  All  the  timing  wave- 


forms in  Figure 
modes  of  operai 
(AD785. 
added  advant 


conversion.  Thus  in  these  two 
mum  throughput  rate  of  200  kHz 
(AD7853L)  can  be  obtained  with  the 
t. the  result  read  during  conversion  is  the  re- 
mversiOn  and  not  the  result  of  the  previous 
s  of  operation. 


e  part  is  now  the  master  and  the  DSP  is  the 
data  is  clocked  out  from  the  part  to  the 
:  rising  edge  of  SCLK,  and  the  input  data  to 
pin  is  also  clocked  in  to  the  part  on  the  ris- 
e  SCLK. 

THE  CONVERSION  RESULT  DUE 
TO  WRITE  N+1  IS  READ  HERE 
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Figure  7. 

Some  of  the  timing  numbers  for  the  timing  diagram  of  Figure  8 
need  explaining  due  to  their  complexity.  First,  t3A  has  only  a 


min  spec  and  no  max  spec  as  the  part  will  ensure  that  the  SYNC 
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POLARITY  PIN  LOGIC  HIGH 

SYNC  (Off) 


: 

 S1!  


SCLK<0/P) 


DOUT  (O/P) 


NOTE:  t3A  =  60  ns  MIN.  tg  =  60  ns MAX,  tg  =  40  ns  MIN,  l,  =  0n>  MIN, t,0A  =  30  ns  MIN 


■ 


Figure  8.  Timing  Diagram  for  Read/Write  with  SYNC  Output  and  SCLK  Output  (Continuous  and  Noncontinuousi 
(i.e.,  Operating  Mode  Nos.  4  and  5,  SMI  =  1,  SM2  =  7  and  0) 


goes  low  after  the  rising  edge  C  of  the  dashed  SCLK  in  Figure  8 
(if  there  is  a  continuous  SCLK)  so  that  the  part  will  not  clock  in 
an  incorrect  data  bit  from  the  DIN  pin  as  DB15.  The  other  time 
is  tioA  which  again  only  has  a  min  spec  and  no  max  spec  as  the 
part  will  again  ensure  that  the  SYNC  has  gone  high  before  the 
rising  edge  D  of  the  dashed  SCLK  in  Figure  8  (if  there  is  a  con- 
tinuous SCLK).  This  ensures  both  that  the  SCLK  will  not  clock 
in  an  extra  bit  from  the  DIN  pin  which  would  offset  the  next 
write  sequence,  and  also  that  another  bit  will  not  be  clocked  out 
of  the  part  onto  the  DOUT  pin. 

CALIBRATION 

There  are  two  main  calibration  features  on  the  AD7853/ 
AD7858;  these  are  a  self  or  device  calibration  and  a  system  cali 
bration.  For  both  system  and  self-calibrations  there  are  a  num- 
ber of  different  types  of  calibration  that  can  be  selected 
depending  on  the  setting  of  various  bits  in  the  control  register. 
These  options  are  covered  by  Table  I. 

There  are  a  number  of  points  that  are  useful  to  state  before  de- 
scribing the  procedure  for  initiating  a  system  calibration.  The 
first  point  is  that  the  maximum  calibration  range  is  approxi- 
mately ±3%  of  Vrep  for  both  the  system  offset  and  gain  errors. 
Also,  if  the  errors  are  outside  this  range,  the  system  calibration 
algorithm  will  reduce  the  errors  as  much  as  the  trim  range 


allows.  Large  system  errors  can  be  reduced  in  an  incremental 
fashion  by  doing  multiple  system  (gain  +  offset)  calibrations. 
This  is  possible  due  to  the  way  that  the  system  calibration  algo- 
rithm works.  In 
error  and  th 
lar  mode  it  is  the 
that  are  adjusted. 

System  Calil 


ar  mode  (AD7853  only)  it  is  the  midscale 
full-scale  error  that  are  adjusted;  in  unipo- 
scale  error  and  the  positive  f 


ig  diagram  in  Figure  9  is  for  a  system  cali- 
the  falling  edge  of  CAL  initiates  an  internal  reset 
a  calibration.  (Note  that  if  the  part  is  in  the 
where  BUSY  is  connected  to  SLEEP  so  that  the 
mode  after  conversion,  then  t,  will  be  as  for  the 
to  allow  for  the  "wake-up"  time;  again  depending  on  the 
>e  of  sleep  mode  that  the  part  is  in,  there  will  be  different  "wake- 
up"  times.)  Then  the  rising  edge  of  CAL  starts  calibration  of  the 
internal  DAC.  Then  if  the  control  register  is  set  for  a  full  cali- 
bration, the  CONVST  must  be  used  also.  The  full-scale  system 
voltage  should  be  applied  to  the  analog  input  pins  from  the  start 
of  calibration.  Then  the  offset  voltage  due  to  the  system  must  be 
present  on  the  AIN  pin  (after  the  full-scale  system  offset  is  com- 
pleted) for  a  minimum  setup  time  (tSETUp)  of  100  ns  before  the 
rising  edge  of  the  CONVST. 


CONVST  (l/P) 


SYSTEM  FULL  SCALE   "OFFSET 

NOtti  t,  =  100  ns  MIN,  t14  =  100  ns  MIN,  t,s  =  50  ns  MIN,          =  N2t,;LKIN,  tCAL!  =  N3tCLK1N 


Figure  9.  Calibration  Timing  Diagram  for  Full  System  Calibration 
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not  pulse  like  in  the  system  calibration  diagram.  So  a  self- 
calibration  is  initiated  by  bringing  the  CAL  pin  low  (which  ini- 
tiates an  internal  reset  as  in  system  calibration)  and  then  high 
again.  {Note  that  if  the  part  is  in  the  autoshut-off  mode  where  BUSY 
is  connected  to  SLEEP  so  that  the  part  goes  into  sleep  mode  after  con- 
version, then  t]  will  be  as  for  the  CONVST  to  allow  for  the  "wake- 
up"  time;  again  depending  on  the  type  of  sleep  mode  that  the  part  is 
in,  there  will  be  different  "wake-up"  times.)  The  BUSY  line  is  trig- 
gered high  from  the  rising  edge  of  CAL  and  BUSY  will  go  low 
when  the  self-calibration  is  complete. 

POWER-DOWN  MODES 

There  are  two  power-down  modes  on  the  part,  one  being  a  full 
power  down,  the  other  a  selective  power  down  where  only  cer- 
tain internal  circuitry  is  powered  down.  The  advantage  of  the 
selective  power  down  is  that  the  part  will  not  require  as  much 
time  to  "wake  up"  as  for  the  full  power  down.  The  type  of 
power  down  is  selected  by  programming  the  power  management 
bit  (PMGT)  in  the  control  register,  0  for  a  full  power  down  and 
1  for  a  selective  power  down. 


r_ .  „.-..-  Ml  vx  i»u  .  i  >ii  me  luiiLioi  register  deter- 
mines whether  this  is  a  full  or  selective  power  down.  With  this 
setup  the  part  will  take  longer  to  "wake-up"  than  in  the  normal 
mode,  and  this  time  will  also  depend  on  the  capacitor  connected 
to  the  Cref  pins.  Table  IV  contains  power-up  times  for  different 
values  of  capacitors  connected  to  the  Cref  pins  and  for  the  two 
different  power-down  modes  (full  power  down  or  selective 
power  down). 

Table  IV. 


Crefi 
(uF) 

CreF2 

(UF) 

Power-Down  Mode 

Power-Up  Delay 

(sec) 

0.1 
0.1 
1.0 
1.0 

0.01 
0.01 
0.1 
0.1 

Full 

Selective 
Full 

Selective 

— I  

TBD 
TBD 
TBD 
TBD 
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AD7870/AD7870A/AD7875/AD7876 


FEATURES 

Complete  Monolithic  12-Bit  ADC  with: 

2  us  Track/Hold  Amplifier 

8  us  A/D  Converter 

On-Chip  Reference 

Laser-Trimmed  Clock 

Parallel,  Byte  and  Serial  Digital  Interface 
72  dB  SNR  at  10  kHz  Input  Frequency  (AD7870, 

AD7870A,  AD7875) 
57  ns  Data  Access  Time 
Low  Power  -60  mW  typ 
Variety  of  Input  Ranges: 

±3  V  for  AD7870/AD7870A 

0  to  +5  V  for  AD7875 

±10  V  for  AD7876 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7870/AD7870A/AD7875/AD7876  is  a  fast,  complete, 
12-bit  A/D  converter.  It  consists  of  a  track/hold  amplifier,  8  (is 
successive-approximation  ADC,  3  V  buried  Zener  reference  and 
versatile  interface  logic.  The  ADC  features  a  self-contained 
internal  clock  which  is  laser  trimmed  to  guarantee  accurate  con- 
trol of  conversion  time.  No  external  clock  timing  components 
are  required;  the  on-chip  clock  may  be  overridden  by  an  exter- 
nal clock  if  required. 

The  parts  offer  a  choice  of  three  data  output  formats:  a  single, 
parallel,  12-bit  word;  two  8-bit  bytes,  or  serial  data.  Fast  bus 
access  times  and  standard  control  inputs  ensure  easy  interfacing 
to  modern  microprocessors  and  digital  signal  processors. 

All  parts  operate  from  ±5  V  power  supplies.  The  AD7870  and 
AD7876  accept  input  signal  ranges  of  ±3  V  and  ±10  V,  respec- 
tively, while  the  AD7875  accepts  a  unipolar  0  to  +5  V  input 
range.  The  parts  can  convert  full  power  signals  up  to  50  kHz. 

The  AD7870/AD7870A/AD7875/AD7876  feature  dc  accuracy 
specifications  such  as  linearity,  full-scale  and  offset  error.  In 
addition,  the  AD7870/AD7870A  and  AD7875  are  fully  specified 
for  dynamic  performance  parameters  including  distortion  and 
signal-to-noise  ratio. 

The  parts  are  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  (LC2MOS)  process,  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low-power  CMOS  logic. 
The  pans  are  available  in  a  24-pin,  0.3  inch-wide,  plastic  or  her- 
metic dual-in-line  package  (DIP).  The  AD7870/AD7870A  and 
AD7875  are  available  in  a  28-pin  plastic  leaded  chip  carrier 
(PLCC),  while  the  AD7876  is  available  and  in  a  24-pin  small 
outline  (SOIC)  package. 


PRODUCT  HIGHLIGHTS 

1.  Complete  12-Bit  ADC  on  a  Chip. 

The  AD7870/AD7870A/AD7875/AD7876  provides  all  the 
functions  necessary  for  analog-to-digital  conversion  and  com- 
bines a  12-bit  ADC  with  internal  clock,  track/hold  amplifier 
and  reference  on  a  single  chip. 

2.  Dynamic  Specifications  for  DSP  Users. 

The  AD7870/AD7870A  and  AD7875  are  fully  specified  and 
tested  for  ac  parameters,  including  signal-to-noise  ratio,  har- 
monic distortion  and  intermodulation  distortion. 

3.  Fast  Microprocessor  Interface. 

Data  access  times  of  57  ns  make  the  parts  compatible  with 
modern  8-  and  16-bit  microprocessors  and  digital  signal  pro- 
cessors. Key  digital  timing  parameters  are  tested  and  guaran- 
teed over  the  full  operating  temperature  range. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
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AD7870/AD7870A/AD7875/AD7876  -SPECIFICATIONS «.  .„ 

=-5  V  ±  5%,  AGND  =  DGNO  =  0  V,  fcu(  =  2.5  MHz  external,  unless  otherwise  stated.  All  Specifications  Tml„  to  Tmal  unless  otherwise  noted.) 


Parameter 


J,  A' 


AD7870/AD7870A 
K,  B1    L,  C1  S1 


Units 


DYNAMIC  PERFO: 
Signal  to  Noise  Ratio3 

@  +25°C 

T„^,  to  T„„ 
Total  Harmonic  Distortion  (THD) 

Peak  Harmonic  or  Spurious  Noise 

Intermodulation  Distortion  (IMD) 
Second  Order  Terms 
Third  Order  Terms 
Track/Hold  Acquisition  Time 


\  mi 


70 
70 
-80 


-80 


70 
70 
-80 


-80 


-80 
-80 
2 


72 
71 
-80 


-80 


-80 
2 


69 
69 
-78 

-78 


-78 
-78 
2 


69 
69 
-78 


-78 


-78 
-78 


dB  min 
dB  min 

dB  may 

dB  max 


dB  max 
dB  max 

|j.s  max 


Vk,  =  10  kHz  Sine  Wave,  fSAMpLE  =  100  kHz 
Typically  71.5  dB  for  0  <  VIN  <  50  kHz 
V!N=  10  kHz  Sine  Wave,fSAMPLE=  100  kHz 
Typically  -86  dB  for  0  <  VIN  <  50  kHz 
Vm  =  10  kHz,  fsAMPLE  =  100  kHz 
Typically  -86  dB  for  0  <  VIN  <  50  kHz 

fa  =  9  kHz,  fb  =  9.5  kHz,  f sample  =  50  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPI.E  =  50  kHz 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  which 

No  Missing  Codes  are  Guaranteed 
Integral  Nonlinearity 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full-Scale  Error4 
Negative  Full-Scale  Error" 


12 
12 

±1/2 


±5 
±5 
±5 


12 
12 

±1/2 

±1 

±1 

±5 
±5 
±5 


12 
12 

±1/4 

±1/2 

±1 

±5 

±5 

±5 


12 

±1/2 


12 
12 

±1/2 

±1 

±1 

±5 

±5 

±5 


Bits 
Bits 

LSB  typ 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Current 


±3 
±500 


±3 

t500 


±3 
±500 


t3 

b500 


±3 
±500 


Volts 
u.A  max 


REFERENCE  OUTPUT 
REF  OUT  @  +25°C 

REF  OUT  Tempco 

Reference  Load  Sensitivity  (AREF  OUT/AI) 

i 


2.99 
3.01 
±60 
±1 


2.99 
3.01 
±60 
±1 


2.99 
3.01 

±35 
±1 


2.99 
3.01 
±60 
±1 


2.99 
3.01 
±35 
±1 


V  min 

V  max 
ppm/°C  max 
mV  max 


Reference  Load  Current  Change  (0-500  u.A) 
Reference  Load  Should  Not  Be  Changed 
During  Conversion. 


LOGIC  INPUTS 
Input  High  Voltage, 
Input  Low  Voltage,  V^jl 
Input  Current,  IIN 

Input  Current  (12/8/CLK  Input  Only) 
Input  Capacitance,  C,N5 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


V  min 

V  max 
u-A  max 
u.A  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
Vm  =  0  V  to  VDD 
V™  =  Vss  to  V™, 


LOGIC  OUTPUTS 

Output  High  Voltage,  VOH 

Output  Low  Voltage,  VOL 

DB11-DB0 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance5 


4.0 
0.4 


±10 
15 


4.0 
0.4 


4.0 
0.4 


±10 
15 


4.0 
0.4 


4.0 
0.4 


±10 
15 


V  min 

V  max 

M-A  max 
pF  max 


Isource  -  40  U-A 


SINK-  1.6  mA 


CONVERSION  TIME 
External  Clock  (fCLK  =  2.5  MHz) 
Internal  Clock 


7/9 


7/9 


7/9 


u.s  max 

U:S  min/u.s  max 


POWER  REQUIREMENTS 

vss 


Power  Dissipation 


+  5 

-5 

13 

6 

95 


+  5 

-5 

13 

6 

95 


+5 

-5 

13 

6 

95 


+5 

-5 

13 

6 

95 


+  5 

-5 

13 

6 

95 


V  nom 

V  nom 
mA  max 
mAmax 
mW  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Typically  8  mA 
Typically  4  mA 
Typically  60  mW 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K,  L  Versions;  0  to  +70°C:  A,  B,  C  Versions;  -25°C  to  +85°C:  S,  T  Versions;  -55°C  to  +  125°C.  AD7870A  has  only 
J  Version. 

2VM  (pk-pk)  =  ±3  V. 

3SNR  calculation  includes  distortion  and  noise  components. 

"Measured  with  respect  to  internal  reference  and  includes  bipolar  offset  error. 

5Sample  tested  @  +25°C  to  ensure  compliance. 

Specifications  subject  to  change  without  notice. 
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Parameter 

AI 

K,  B1 

J7875/AD 
L,C 

7876 
T1 

Units 

Test  Conditions/Comments 

DC  ACCURACY 
Resolution 

12 

12 

12 

Bits 

Minimum  Resolution  for  Which 
No  Missing  Codes  Are  Guaranteed 

Integral  Nonlinearity  @  +25°C 
to  Tm  (AD7875  Only) 
T,™,  to  T„„  (AD7876  Only) 

Differential  Nonlinearity 

Unipolar  Offset  Error  (AD7875  Only) 

Bipolar  Zero  Error  (AD7876  Only) 

Full-Scale  Error  at  +25°C2 

Full-Scale  TC2 

Track/Hold  Acquisition  Time 

12 

±1 

±1 

±1 

±1 

±5 

±6 

±8 

±60 

2 

12 

±1/2 
±1 
±1/2 
±1 

±5 
±2 
±8 
±35 

2  . 

12 
±1 
±1 
±1 

-1,  +1.5 

±5 

±6 

±8 

±60 

2 

Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
ppm/°C  max 
u.s  max 

Typical  full-scale  error  is  ±  1  LSB 
Typical  TC  is  ±20  ppm/°C 

DYNAMIC  PERFORMANCE'  (AD7875  ONLY) 
Signal-to-Noise  Ratio4  (SNR) 
@  +25°C 

Tmin  to  T„ 

Total  Harmonic  Distortion  (THD) 

Peak  Harmonic  or  Spurious  Noise 

Intermodulation  Distortion  (IMD) 
Second  Order  Terms 
Third  Order  Terms 

70 
70 
-80 

-80 

-80 

-80 


72 
71 
-80 

-80 

-80 
-80 

69 
69 
-78 

-78 

-78 
-78 

dB  min 
dB  min 
dB  max 

dB  max 

dB  max 
dB  max 

Vm  =  10  kHz  Sine  Wave,  fSAMpLE  =  100  kHz 
Typically  71.5  dB  for  0  <  Vm  <  50  kHz 
V,n  =  10  kHz  Sine  Wave,  fs ample  =  100  kHz 
Typically  -86  dB  for  0  <  Vm  <  50  kHz 

\T                1ft  LM,    f                             lftft  LIT, 

»IN  -  iU  kHZ,  IsAMPLE  -  100  kHZ 

Typically  -86  dB  for  0  <  VIN  <  50  kHz 

fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 



ANALOG  INPUT 

AD7875  Input  Voltage  Range 

AD7875  Input  Current 

AD7876  Input  Voltage  Range 

AD7876  Input  Current 

Oto  +5 
500 
±10 
±600 

0  to  +5 
500 
±10 
±600 

0  to  +5 
500 
±10 
±600 

Volts 

U.A  max 
Volts 
uA  max 

■ 

REFERENCE  OUTPUT 
REF  OUT  @  +25°C 

REF  OUT  Tempco 

Reference  Load  Sensitivity  (AREF  OUT/AI) 

2.99 
3.01 
±60 
-1 

2.99 
3.01 

±35 
-1 

2.99 
3.01 
±60 
-1 

V  min 

V  max 
ppm/°C  max 
mV  max 

Typical  Tempco  is  ±20  ppm/°C 
Reference  Load  Current  Change  (0-500  u.A) 
Reference  Load  Should  Not  Be  Changed 
During  Conversion. 

LOGIC  INPUTS 
Input  High  Voltage,  V1NH 
Input  Low  Voltage,  VINL 
Input  Current,  lm 

Input  Current  (12/8/CLK  Input  Only) 
Input  Capacitance,  CjN5 

2.4 

0.8 

±10 

±10 

10 

2.4 

0.8 

±10 

±10 

10 

2.4 

0.8 

±10 

±10 

10 

Vmin 
V  max 
uA  max 
u.A  max 
pF  max 



VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
Vn,  =  0  V  to  VDD 
V™  =  Vss  to  VDD 

LOGIC  OUTPUTS 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 
DB11-DB0 

Plr\atin ff-^f aft*  T  (^nrr^nr 
1  lUdLlllg  OldlC  l_^CdKdgC            I CilL 

Floating-State  Output  Capacitance5 

4.0 
0.4 

10 
15 

4.0 
0.4 

10 
15 

4.0 
0.4 

10 
15 

V  min 

V  max 

l^A  max 
pF  max 

^SOURCE  =  ^O  uA 
Isink  If  L6  mA 

CONVERSION  TIME 
External  Clock  (fCLK  =  2.5  MHz) 
Internal  Clock 

8 

7/9 

8 

7/9 

8 

7/9 

lls  max 

jjls  min/ixs  max 

POWER  REQUIREMENTS 

As  per  AD7870/AD7870A 

NOTES 

'Temperature  ranges  are  as  follows:  AD7875:  K,  L  Versions,  0  to  +  70°C;  B,  C  Versions,  -40°C  to  +85°C;  T  Version,  -55°C  to  +  125°C.  AD7876:  B,  C  Ver- 
sions, -40°C  to  +85°C;  T  Version,  -55°C  to  +125°C. 

includes  internal  reference  error  and  is  calculated  after  unipolar  offset  error  (AD7875)  or  bipolar  zero  error  (AD7876)  has  been  adjusted  out. 
Full-scale  error  refers  to  both  positive  and  negative  full-scale  error  for  the  AD7876. 

'Dynamic  performance  parameters  are  not  tested  on  the  AD7876  but  these  are  typically  the  same  as  for  the  AD7875. 
''SNR  calculauon  includes  distortion  and  noise  components. 
'Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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Parameter 

(J,  K.,  l,  A,  B,  ^  versions; 

13,  x  versions; 

«JU11S 

t, 

50 

50 

ns  min 

CONVST  Pulse  Width 

t2 
t3 

0 
60 

0 

75 

ns  min 
ns  min 

CS  to  RD  Setup  Time  (Mode  1) 
RD  Pulse  Width 

'4 

0 

0 

ns  min 

CS  to  RD  Hold  Time  (Mode  1) 

t5 

70 

70 

ns  max 

RD  to  INT  Delay 

t63 

57 

70 

ns  max 

Data  Access  Time  after  RD 

t/ 

5 

5 

ns  min 

Bus  Relinquish  Time  after  RD 

50 

50 

ns  max 

t8 

0 
0 

0 

ns  min 

HBEN  to  RD  Setup  Time 

0 

ns  min 

HBEN  to  RD  Hold  Time 

t,0 

100 

100 

ns  min 

SSTRB  to  SCLK  Falling  Edge  Setup  Time 

370 

370 

ns  min 

SCLK  Cycle  Time 

r  6 
'13 

135 
20 

150 
20 

ns  max 
ns  min 

SCLK  to  Valid  Data  Delay.  CL=35  pF 
SCLK  Rising  Edge  to  SSTRB 

« 

t15 
t» 

tl7 

100 

10 

100 

60 

120 

200 

100 

10 

100 

60 

120 

200 

ns  max 

ns  min 

ns  max 

ns  min 



ns  max 

ns  min 

Bus  Relinquish  Time  after  SCLK 
CS  to  RD  Setup  Time  (Mode  2) 

rn  RTTQV  Prnr^Q  trot  inn  T~1p1<h' 

Data  Setup  Time  Prior  to  BUSY 

ttf 

0 

0 

ns  min 

CS  to  RD  Hold  Time  (Mode  2) 

t19 

t2o 

0 

0 

ns  min 

HBEN  to  CS  Setup  Time 

0 

0 

ns  min 

HBEN  to  CS  Hold  Time 

+  5V 


50pF 


NOTES 

'Timing  specifications  in  bold  print  are  100%  production  tested.  AH  other  times  are  sample  tested  at  +  25°C  to  ensure  compliance.  All  input  signals  are 
specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

2SeriaI  timing  is  measured  with  a  4.7  kU  pull-up  resistor  on  SDATA  and  SSTRB  and  a  2  kll  pull-up  on  SCLK.  The  capacitance  on  all  three  outputs  is  35  pF. 
3t6  is  measured  with  the  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 
4t7  is  defined  as  the  time  required  for  the  data  lines  to  change  0.5  V  when  loaded  with  the  circuits  of  Figure  2. 
'SCLK  mark/space  ratio  (measured  from  a  voltage  level  of  1.6  V)  is  40/60  to  60/40. 

6SDATA  will  drive  higher  capacitive  loads  but  this  will  add  to  t12  since  it  increases  the  external  RC  time  constant  (4.7  kn||CJ  and  hence  the  lime  to 
reach  2.4  V.  Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND   -0.3  V  to  +7  V 

Vss  to  AGND  +0.3  V  to  -7  V 

AGND  to  DGND  -0.3  V  to  VDD  +0.3  V 

VIN  to  AGND    -15  V  to +15  V 

REF  OUT  to  AGND   0  V  to  VDD 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Commercial  (J,  K,  L  Versions  -  AD7870)   0  to  +70°C 

Commercial  (K,  L  Versions  -  AD7875)   0  to  +70°C 

Industrial  (A,  B,  C  Versions  -  AD7870)  .  .  .  -25°C  to  +85°C 

Industrial  (B,  C  Versions  -  AD7875/AD7876) 

 -40°C  to  +85°C 

Extended  (S,  T  Versions)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

CAUTION  -  -  


a.  High-Z  to  VOH 


b.  High-Z  to  VOL 


Figure  1.  Load  Circuits  for  Access  Time 


I 


1  

DBN  - 

'  3kil 

ZIOpF 

7 

IIOpF 

/ DGND\ 

VOH  to  High-Z 


DGNDV 

VOL  to  High-Z 


Figure  2.  Load  Circuits  for  Output  Float  Delay 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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Temperature 

Vnsf  Voitage 

i^Uiiiiiicanij 

1  aw*u»£w 

Model1' 2 

Range 

Range 

(V) 

(dBs) 

(LSB) 

Option3 

A  T"WC7fi  A  ¥XT 
AJJ/o/UAJJN 

U  to  t/u  l 

±3 

70  min 

+  1/7  txm 

—  i/z  iyp 

NT  1± 

AJJ/o/UJIN 

U  tO  t/U  Li 

±3 

70  min 

—  i/z  iyp 

in-z*t 

AJJ/O/UJvIN 

U  10  t/U  L 

±3 

70  nun 

it  1  max 

XT  J  A 

A  T\TQtf\l  XT 

U  tO  t/UL 

±3 

72  min 

+  1/1  mov 

—  i/z  max 

XT  OJ. 

A  T"^7fl7fiTP 

AJJ/o/UJr 

U  10  -r  /U  C 

±3 

70  min 

=n  i/z  iyp 

P.7RA 

AU/5/Ulvr 

U  CO    r  /U  vj 

±  3 

70  min 

/u  Him 

+  1  mav 
—  1  IIldA 

AT^7Q*7nT  P 

U  tO  t/U  L 

±3 

72  min 

+  1/7  mnv 

in  i/z  max 

AD7870AQ 

7SCT'  trt  +  8^°P 
—  ZJ  ^  tO  +83  L, 

±3 

70  min 

— 1/2  typ 

O  74 

AD7870BQ 

-25°C  to  +85°C 

±3 

70  min 

±1  max 

Q-24 

AD7870CQ 

-25°C  to  +85°C 

±3 

72  min 

±  1/2  max 

Q-24 

AD7870SQ4 
AD7870TQ4 

-55°Cto  +  125°C 

±3 

69  min 

±  1/2  typ 

Q-24 

-55°Cto  +125°C 

±3 

69  min 

±1  max 

Q-24 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  pans,  add  /883B  to  part  number.  Contact 
local  sales  office  for  military  data  sheet. 

zContact  local  sales  office  for  LCCC  (Leadless  Ceramic  Chip  Carrier)  availability. 
>N  =  Narrow  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC);  Q  -  Cerdip.  For  outline 
information  see  Package  Information  section. 
4Available  to  /883B  processing  only. 


AD7875  ORDERING  GUIDE 


Integral 

Temperature 

\m  Voltage 

SNR 

Nonlinearity 

Package 

Model' 

Range 

Range (V) 

(dBs) 

(LSB) 

Option2 

AD7875KN 

0  to  +70°C 

0  to  +5 

70  min 

±1  max 

N-24 

AD7875LN 

0  to  +70°C 

0  to  +5 

72  min 

±1/2  max 

N-24 

AD7875KR 

0  to  +70°C 

0  to  +5 

70  min 

±1  max 

R-24 

AD7875KP 

0  to  +70°C 

0  to  +5 

70  min 

±1  max 

P-28A 

AD7875LP 

0  to  +70°C 

Oto  +5 

72  min 

±1/2  max 

P-28A 

AD7875BQ 

-40°C  to  +85°C 

0  to  +5 

70  min 

±1  max 

Q-24 

AD7875CQ 

-40°C  to  +85°C 

0  to  +5 

72  min 

±1/2  max 

Q-24 

AD7875TQ3 

-55°C  to  +125°C 

0  to  +5 

69  min 

±1  max 

Q-24 


NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  part  number.  Contact 
local  sales  office  for  military  data  sheet. 

2N  =  Narrow  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC);  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC). 
For  outline  information  see  Package  Information  section. 
'Available  to  /883B  processing  only. 


AD7876  ORDERING  GUIDE 


Model1 

Temperature 
Range 

I 

VIN  Voltage 
Range  (V) 

Integral 

Nonlinearity 

(LSB) 

Package 
Option2 

AD7876BN 

-40°C  to  +85°C 

±10 

±1  max 

N-24 

AD7876CN 

-40°C  to  +85°C 

±10. 

±  1/2  max 

N-24 

AD7876BR 

-40°C  to  +85°C 

±10 

±1  max 

R-24 

AD7876CR 

-40°C  to  +85°C 

±10 

±1/2  max 

R-24 

AD7876BQ 

-40°C  to  +85°C 

±10 

±1  max 

Q-24 

AD7876CQ 

-40°C  to  +85°C 

±10 

±1/2  max 

Q-24 

AD7876TQ3 

-55°C  to  +125°C 

±10 

±1  max 

Q-24 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  part  number.  Contact 
local  sales  office  for  military  data  sheet. 

2N  =  Narrow  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline 
information  see  Package  Information  section. 
'Available  to  /883B  processing  only. 
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PIN  FUNCTION  DESCRIPTION 


Function 


it" 


DIP 

Pin 

Pin  No. 

Mnemonic 

1 

RD 

2 

BUSY/INT 

3 

CLK 

4 

DB11/HBEN 

8-11 
12 

13-16 

17 
18 
19 
20 
21 
22 

23 
24 


DB10/SSTRB 


DB9/SCLK 


DB8/SDATA 


DB7/LOW- 
DB4/LOW 

DGND 

DB3/DB11- 
DB0/DB8 

AGND 
REF  OUT 

VIN 
Vss_ 

12/8/CLK 


CONVST 

cs 


Read.  Active  low  logic  input.  This  input  is  used  in  conjunction  with  CS  low  to  enable  the  data  outputs. 
Busy/Interrupt,  Active  low  logic  output  indicating  converter  status.  See  timing  diagrams. 

Clock  input.  An  external  TTL-compatible  clock  may  be  applied  to  this  input  pin.  Alternatively,  tying  this  pin  to  Vss 
enables  the  internal  laser-trimmed  clock  oscillator. 

Data  Bit  1 1  (MSB)/High  Byte  Enable.  The  function  of  this  pin  is  dependent  on  the  state  of  the  12/8/CLK  input  (see 
below).  When  12-bit  parallel  data  is  selected,  this  pin  provides  the  DB11  output.  When  byte  data  is  selected,  this  pin 
becomes  the  HBEN  logic  input.  HBEN  is  used  for  8-bit  bus  interfacing.  When  HBEN  is  low,  DB7/LOW  to  DB0/DB8 
become  DB7  to  DBO.  With  HBEN  high,  DB7/LOW  to  DB0/DB8  are  used  for  the  upper  byte  of  data  (see  Table  I). 

Data  Bit  10/Serial  Strobe.  When  12-bit  parallel  data  is  selected,  this  pin  provides  the  DB10  output.  SSTRB  is  an 
active  low  open-drain  output  that  provides  a  strobe  or  framing  pulse  for  serial  data.  An  external  4.7  kfl  pull-up  resis- 
tor is  required  on  SSTRB. 

Data  Bit  9/Serial  Clock.  When  12-bit  parallel  data  is  selected,  this  pin  provides_the  DB9  output.  SCLK  is  the  gated 
serial  clock  output  derived  from  the  internal  or  external  ADC  clock.  If  the  12/8/CLK  input  is  at  -5  V,  then  SCLK 
runs  continuously.  If  12/8/CLK  is  at  0  V,  then  SCLK  is  gated  off  after  serial  transmission  is  complete.  SCLK  is  an 
open-drain  output  and  requires  an  external  2  kfl  pull-up  resistor. 

Data  Bit  8/Serial  Data.  When  12-bit  parallel  data  is  selected,  this  pin  provides  the  DB8  output.  SDATA  is  an  open- 
drain  serial  data  output  which  is  used  with  SCLK  and  SSTRB  for  serial  data  transfer.  Serial  data  is  valid  on  the  fall- 
ing edge  of  SCLK  while  SSTRB  is  low.  An  external  4.7  kfl  pull-up  resistor  is  required  on  SDATA. 

Three-state  data  outputs  which  are  controlled  by  CS  and  RD.  Their  function  depends  on  the  12/8/CLK  and  HBEN 
inputs.  With  12/8/CLK  high,  they  are  always  DB7-DB4.  With  12/8/CLK  low  or  -5  V,  their  function  is  controlled 
by  HBEN  (see  Table  I). 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Three-state  data  .outputs  which  are  controlled  by  CS  and  RD.  Their  function  depend: 
inputs.  With/12/8/CLK  high,  they  are  always  DB3-DB0.  With  12/8/CLK  low  or  -5  ' 
by  HBEN  (see  Table  I). 

Positive  Supply,  +5  V  ±5%. 

Analog  Ground.  Ground  reference  for  track/hold,  reference  and  DAC. 

Voltage  Reference  Output.  The  internal  3  V  reference  is  provided  at  this  pin.  The  external  load  capability  is  500  p.A. 
Analog  Input.  The  analog  input  range  is  ±3  V  for  the  AD7870,  ±  10  V  for  the  AD7876  and  0  to  +5  V  for  the  AD7875. 
Negative  Supply,  -5  V  ±5%. 

Three  Function  Input.  Defines  the  data  format  and  serial  clock  format.  With  this  pin  at  +5  V,  the  output  data  for- 
mat is  12-bit  parallel  only.  With  this  pin  at  0  V,  either  byte  or  serial  data  is  available  and  SCLK  is  not  continuous. 
With  this  pin  at  -5  V,  byte  or  serial  data  is  again  available  but  SCLK  is  now  continuous. 

Convert  Start.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  its  hold  mode  and  starts  conversion. 
This  input  is  asynchronous  to  the  CLK  input. 

Chip  Select.  Active  low  logicjnput.  The  device  is  selected  when  this  input  is  active.  With  CONVST  tied  low,  a  new 
conversion  is  initiated  when  CS  goes  low. 


on  the  12/8/CLK  and  HBEN 
,  their  function  is  controlled 


HBEN 

DB7/LOW 

DB6/LOW 

DB5/LOW 

DB4/LOW 

DB3/DB11 

DB2/DB10 

DB1/DB9 

DB0/DB8 

HIGH 

LOW 

LOW 

LOW 

LOW 

DB11  (MSB) 

DB10 

DB9 

DB8 

LOW 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO  (LSB) 

RD 

E 

BUSV/INT 

E 

CLK 

E 

DB 11  HBEN 

E 

DB10SSTRB 

E 

089  SCLK 

E 

DBS  SDATA 

E 

DB7  LOW 

E 

1366  LOW 

E 

DBS  LOW 

E 

D84/L0W 

E 

DGND 

E 

DIP  and  SOIC2 


3 
B 

a 

3 
13 

3 


Table  I.  Output  Data  for  Byte  Interfacing 
PIN  CONFIGURATIONS' 


CONVST 
12  8  CLK 


REF  OUT 
AGND 

DBO  DBS 
DB1/OB9 
DB2  DB10 


PLCC2 


DB 11. HBEN  (T 
DB10  SSTRB  []T 
DB9SCLK  [7 
NC  [7 
DB8/SDATA  fT 
OB7<LOW  Qo 
DB6/LOW  QT 


'PIN  CONFIGURATIONS  ARE  THE  SAME  FOR 

THE  AD7870,  AD7875  AND  AD7876. 
*THE  AD7870  AND  AD7875  ARE  AVAILABLE  IN 

DIP  AND  PLCC;  THE  AD7870A  IS  AVAILABLE  IN 

PLASTIC  DIP;  THE  AD7875  AND  AD7876  ARE 

AVAILABLE  IN  SOK  AND  Off. 
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ANALOG 
DEVICES 


LC2M0S 

Complete  14-Bit  Sampling  ADCs 


AD7871/AD7872 


FEATURES 

Complete  Monolithic  14-Bit  ADC 
2s  Complement  Coding 
Parallel,  Byte  and  Serial  Digital  Interface 
80  dB  SNR  at  10  kHz  Input  Frequency 
57  ns  Data  Access  Time 
Low  Power— 50  mW  typ 
83  kSPS  Throughput  Rate 
16- Lead  SOIC  (AD7872) 

APPLICATIONS 
Digital  Signal  Processing 
High  Speed  Modems 
Speech  Recognition  and 
Spectrum  Analysis 
DSP  Servo  Control 


GENERAL  DESCRIPTION 

The  AD7871  and  AD7872  are  fast,  complete,  14-bit  analog-to- 
digital  conveners.  They  consist  of  a  track/hold  amplifier, 
successive-approximation  ADC,  3  V  buried  Zener  reference  and 
versatile  interface  logic.  The  ADC  features  a  self-contained,  la- 
ser trimmed  internal  clock,  so  no  external  clock  timing  compo- 
nents are  required.  The  on-chip  clock  may  be  overridden  to 
synchronize  ADC  operation  to  the  digital  system  for  minimum 
noise. 

The  AD7871  offers  a  choice  of  three  data  output  formats:  a  sin- 
gle, parallel,  14-bit  word;  two  8-bit  bytes  or  a  14-bit  serial  data 
stream.  The  AD7872  is  a  serial  output  device  only.  The  two 
parts  are  capable  of  interfacing  to  all  modern  microprocessors 
and  digital  signal  processors. 

The  AD7871  and  AD7872  operate  from  ±5  V  power  supplies, 
accept  bipolar  input  signals  of  ±3  V  and  can  convert  full  power 
signals  up  to  41.5  kHz. 

In  addition  to  the  traditional  dc  accuracy  specifications,  the 
AD7871  and  AD7872  are  also  fully  specified  for  dynamic  perfor- 
mance parameters  including  distortion  and  signal-to-noise  ratio. 

Both  devices  are  fabricated  in  Analog  Devices'  LC2MOS  mixed 
technology  process.  The  AD7871  is  available  in  28-pin  plastic 
DIP,  hermetic  DIP  and  PLCC  packages.  The  AD7872  is  avail- 
able in  16-pin  plastic  and  hermetic  DIP  packages  or 
16-lead  SOIC. 


FUNCTIONAL  BLOCK  DIAGRAMS 

AGND      CBtt       REFOUT      VIN  Voo 


CONTROL (l 
CONVST [2 


jb4x>> — ©— ©- 

SSTRB  SCLK  SDATA        DGNO  Vss 


PRODUCT  HIGHLIGHTS 

1.  Complete  14-Bit  ADC  on  a  Chip. 

Dynamic  Specifications  for  DSP  Users. 
3.  Low  Power. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7871/AD7872— SPECIFICATIONS 


(V0D  =  +5  V  ±  5%,  Vjs  =  -5  V  ±  5%,  AGND  =  DGND  = 
0  v-  'clk  =  2  MHz  external,  fs,HPLE  =  83  kHz  unless  otherwis 
statedJAII  Specifications  Tmi„  to  Tmal  unless  otherwise  noted 


Parameter 


J,  A 

Versions1 


K,  B 
Versions1 


T 

Version1 


Units 


DYNAMIC  PERFORMANCE2 
Signal  to  Noise  Ratio3  (SNR)  (5  +25°C 

^"min  ^0  Tmax 

Total  Harmonic  Distortion  (THD) 

Peak  Harmonic  or  Spurious  Noise 

Intel-modulation  Distortion  (IMD) 
Second  Order  Terms 

Third  Order  Terms 

Track/Hold  Acquisition  Time 


80 

-86 


-86 


-86 


-86 


80 

79 

80 

79 

-90 

-85 

-90 

-90 


-90 


-85 

-85 
-85 


dB  mm 
dB  mm 
dB  max 
dB  typ 
dB  max 
dB  typ 

dB  max 
dB  typ 
dB  max 
dB  typ 
u.s  max 


Vm  =  10  kHz  Sine  Wave 

SNR  is  Typically  82  dB  for  <VrN<41.5  kHz; 

V„=  10  kHz  Sine  Wave; 

V^lOkHz. 


fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which 

No  Missing  Codes  Are  Guaranteed 
Integral  Nonlinearity  <g  +  25°C 
Integral  Nonlinearity 
Bipolar  Zero  Error 
Positive  Gain  Error4 
Negative  Gain  Error4 


14 


±12 
±12 
±12 


14 
14 

±1/2 

±1 

±12 

±12 

±12 


14 
14 

±1/2 

±1 

±12 

±12 

±12 


Bits 
Bits 

LSB  typ 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Current 


±3 
±500 


±3 
±500 


t3 
t500 


Volts 
IxA  max 


REFERENCE  OUTPUT 
REF  OUT  <S  +25°C 

T^  to  Tmax 
REF  OUT  Tempco 
Reference  Load  Sensitivity 

(AREF  OUT/AI) 


2.99/3.01 
2.98/3.02 


±1 


2.99/3.01 
2.98/3.02 
±40 

±1 


2.99/3.01 
2.98/3.02 
±40 

±1 


V  min/V  max 

V  min/V  max 
ppm/DC  max 

mV  max 


Typically  35  ppm 

Reference  Load  Current  Change  (0-500  (iA); 

Reference  Load  Should  Not  Be  Changed  During  Conversion 


LOGIC  INPUTS 
Input  High  Voltage,  V^h 
Input  Low  Voltage,  VINL 
Input  Current,  I,N_ 
Input  Current  (14/8/CLK  Input  Only) 
Input  Capacitance,  CIN5 

LOGIC  OUTPUTS 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 
DB13  -  DB0 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance5 




2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


V  min 

V  max 
uA  max 
uA  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 

VIN  =  Vss  to  VDD 


4.0 
0.4 

10 
15 


4.0 
0.4 


4.0 
0.4 


V  min 

V  max 

u-A  max 
pF  max 


^source  —  40  U.A 
ISINK  =  1.6  mA 


CONVERSION  TIME 
External  Clock 
Internal  Clock 


10 
10.5 


10 
10.5 


10 

10.5 


u.s  max 
u.s  max 


The  Internal  Clock  Has  a  Nominal  Value  of  2  MHz 


POWER  REQUIREMENTS 
VDD 
Vss 
Idd 
Iss 

Power  Dissipation 


+  5 

-5 

13 

6 

95 


+5 

-5 

13 

6 

95 


+5 

-5 

13 

6 

95 


V  nom 

V  nom 
mA  max 
mA  max 
mW  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Typically  6  mA 
Typically  4  mA 
Typically  50  mW 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K  versions,  0°C  lo  +70°C;  A,  B  versions, 
2VIN  =  ±3  V. 

3SNR  calculation  includes  distortion  and  noise  components. 
4Measured  with  respect  to  internal  reference. 
5Sample  tested  <a  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


-40°C  lo  +85°C;  T  version;  -55°C  to  +125°C. 
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TIMING  CHARACTERISTICS 


1.2 


(Vqq  =  +5  V  ±  5%,  Vss  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V.  See  Figures  3, 4, 5  and  6.) 


Limit  at  Tmia, 

Limit  at  Tmi„,  Tma„ 

Parameter 

Q,  K,  A,  B  Versions) 

(T  Version) 

Units 

Conditions/Comments 

h 

->U 

DU 

ns  mm 

L-uiN vo i  ruise  wiatn 

0 

n 
U 

ns  mm 

to  t\D  setup  i  ime  t^ivioae  i ) 

h 

oU 

ns  mm 

D  Y)  Pule*!  \Y7iHrh 

ix u  i  uiSc  w  lain 

0 

A 

u 

ns  mm 

r-C  .„  DlS  UnU  Tims  /UnHs   1  "\ 

to  kjj  rioia  l  ime  ^ivioac  i ) 

70 
57 

7ft 

ns  mm 

t\u  to  iin  i  uciny 

70 

ns  max 

Data  Access  Time  after  RD 

-  4 

h 

5 

5 

ns  mm 

Bus  Kelincjuisti  l  ime  alter  kjj 

50 

50 

ns  max 

h 

0 

0 

ns  min 

ri.Bfc.iN  to  KLJ  oetup  l  ime 

U 

n 
u 

ns  min 

riDiiiN  to       rioia  i  ime 

1UU 

l  nn 
1UU 

ns  min 

jj  i  KJ5  to  ol-jljs.  railing  cage  oetup  i  ime 

-  5 
til 

440 

440 

ns  min 

0L.L.K  L.ycie  l  ime 

t  6 
l12 

155 

155 

ns  max 

oLX.iv  to  Vaiia  Data  Uelay.  CL  —  5j  pr 

hi 

140 
20 

150 
20 

ns  max 
ns  min 

bCLK  Kising  ndge  to  bo  1  Kb 

tl4  L 

4 

ns  min 

Bus  Relinquish  Time  after  SCLK 

loo 

100 

ns  max 

tl5 

60 

60 

ns  min 

CS  to  RD  Setup  Time  (Mode  2) 

tl6 

120 

120 

ns  max 

CS  to  BUSY  Propagation  Delay 

t,73 

200 

200 

ns  min 

Data  Setup  Time  Prior  to  BUSY 

tl8 

0 

0 

ns  min 

CS  to  RD  Hold  Time  (Mode  2) 

tl9 

0 

0 

ns  min 

HBEN  to  CS  Setup  Time 

ho 

0 

0 

ns  min 

HBEN  to  CS  Hold  Time 

compliance.  All  inpui  signals  are  specified  with  tr  =  rf  =  5  ns 


NOTES 

'Timing  Specifications  in  bold  print  are  100%  production  tested.  All  other  limes  are  sample  tested  at  +25°C  to 

(10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V.   

2SeriaI  timing  is  measured  with  a  4.7  kll  pull-up  resistor  on  SDATA  and  SSTRB  and  a  2  ki!  pull-up  resistor  on  SCLK.  The  capacitance  on  all  three  outputs  is  35  pF. 
3t6  and  l17  are  measured  with  the  load  circuits  of  Figure  1  and  defined  as  the  lime  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

4t7  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  2.  The  measured  number  is  then  extrapolated  back  to 
the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  time,  t7,  quoted  in  the  Timing  Characteristics  is  ihe  true  bus  relinquish  lime  of  the  part  and  is 
independent  of  bus  loading. 

'SCLK  mark/space  ratio  (measured  from  a  voltage  level  of  1.6  V)  is  40/60  lo  60/40. 

6SDATA  will  drive  higher  capacitive  loads,  but  this  will  add  to  ll2  since  it  increases  the  external  RC  time  constant  (4.7  kll//CL)  and  hence  the  time  to  reach  2.4  V. 


Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND   -0.3  V  to  +7  V 

Vss  to  AGND   +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V 

VIN  to  AGND   Vss  -  0.3  V  to  VDD  +  0.3  V 

REF  OUT,  CREF  to  AGND   0  V  to  VDD 

Digital  Inputs  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Digital  Outputs  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (J,  K  Versions)  0°C  to  +70°C 

Industrial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   6  mW/°C 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
trie  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


Figure  1.  Load  Circuit  for  Access  Time 


to  output 


Figure  2.  Load  Circuit  for  Output  Float  Delay 


CAUTION   _ 

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 
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DIP,  SOIC 


CONVST  |"T 

cs|T 

*rr 

BUSY/INT  [T 
CLK  [T 
DB13/HBEN  [T 
DB12/SSTRB  pT 
DB1VSCUX  [T 
DB10/SDATA  [T 
DB9  (jO 
DM  [TT 
DB7  [l2 

DM  Q7 

DGND  Q4 


AD7871 
TOP  VIEW 
INol  to  Sum 


SCLK  [T 
SDATA  ^ 


14/B/CLOCK  CONTROL 

27]  V„  CONVST  [7 

«]  V.  CLK  [7 

]TJ  REFOUT  SSTRB  |T 

24]  NC 
a]  c«„ 

3agnd 

2o]  DB0/OB8 
la]  0BVDB9 
IF)  DB2JDB10 
"if]  DB3/DB11 

V]  D84/0B12 

K~|  DBS(DB13 
— 1 


E 
E 


AD7872 
TOP  VIEW 
(Not  to  Scale) 


33  v» 

«]  v.. 
3  v„ 

"iTI  REFOUT 
lT|  AGND 

]7jc«. 

To]  NC 

7]  v„ 


PLCC 


II  IS  18  II  1  >' 


NC  =  NO  CONNECT 


NC  =  NO  CONNECT 


AD7871  ORDERING  GUIDE 


Model1,  2 

Temperature 
Range 

SNR 

Relative 
Accuracy 

Package 
Option3 

AD7871JN 

AD7871KN 

AD7871JP 

AD7871KP 

AD7871AQ 

AD7871BQ 

AD7871TQ4 

0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
79  dBs  min 

±1  max 

±1  max 

±1  max 
±1  max 

N-28 
N-28 
P-28A 
P  ?f?A 
Q-28 

Q-2»0'^ITAJ»  JAUMlXfM  3TUJ028A 
Q-28 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  part 
number.  Contact  local  sales  office  for  military  data  sheet. 
2Contact  local  sales  office  for  LCCC  availability. 

JN  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC);  Q  =  Cerdip. 
For  outline  information  see  Package  Information  section. 
4Available  to  /883B  processing  only. 


AD7872  ORDERING  GUIDE 


■ 


Model1 

Temperature 
Range 

SNR 

Relative 
Accuracy 

Package 
Option2 

AD7872AN 

AD7872JN 

AD7872KN 

AD7872JR 

AD7872KR 

AD7872AQ 

AD7872BQ 

AD7872TQ3 

-40°C  to  +85°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
80  dBs  min 
79  dBs  min 

±1  max 

±1  max 

±1  max 
±1  max 

N-16 
N-16 
N-16 
R-16 
R-16 
Q-16 
Q-16 
Q-16 

NOTES 

■ 


number.  Contact  local  sales  office  for  military  data  sheet. 

=  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline 
information  see  Package  Information  section. 
'Available  to  /883B  processing  only. 
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TRACK /HOLD 
GOES  INTO  HOLD 


*»— I  h  -1 1— 
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SIGNAL  ACQUISITION   .  '  'I 


TRACK /HOLD 

TRACK  SIGNAL  ACQUISITION 
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■ 


DB13-OB0 

Figure  3.  Mode  7  Timing  Diagram,  14-Bit  Parallel  Read 
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I,,  t..  V  AND  t,  ARE  THE  SAME  FOR  A  HIGH  BYTE  READ  AS  FOR  A  LOW  BYTE  READ. 

 L  4,7  HI  PULL-UP  RESISTOR 

'EXTERNAL  2  kit  PULL-UP  RESISTOR  CONTINUOUS  SCLK  IDASHED  LINEI  Wl 
[CONTROL!  =  -5  V;  NONCONT1NUOUS  WHEN  14/6/CLK  ICONTROLI  =  OV. 


Figure  4.  Mode  1  Timing  Diagram,  Byte  or  Serial  Read 
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Figure  5. 
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Figure  6.  Mode  2  Timing  Diagram,  Byte  or  Serial  Read 
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DEVICES 


LC2M0S  4-Channel,  12-Bit  Simultaneous 
Sampling  Data  Acquisition  System 


AD7874 

FEATURES 

Four  On-Chip  Track/Hold  Amplifiers 
Simultaneous  Sampling  of  4  Channels 

FUNCTIONAL 

iiff 

BLOCK  DIAGRAM 

CS     RD  CONVST      VM>  VDO 

Fast  12-Bit  ADC  with  8  lis  Conversion  Time/Channel 
29  kHz  Sample  Rate  for  All  Four  Channels 
On-Chip  Reference 
±10  V  Input  Range 
±5  V  Supplies 

APPLICATIONS 
Sonar 

Motor  Controllers 
Adaptive  Filters 
Digital  Signal  Processing 


GENERAL  DESCRIPTION 

The  AD7874  is  a  four-channel  simultaneous  sampling,  12-bit 
data  acquisition  system.  The  part  contains  a  high  speed  12-bit 
ADC,  on-chip  reference,  on-chip  clock  and  four  track/hold 
amplifiers.  This  latter  feature  allows  the  four  input  channels  to 
be  sampled  simultaneously,  thus  preserving  the  relative  phase 
information  of  the  four  input  channels,  which  is  not  possible  if 
all  four  channels  share  a  single  track/hold  amplifier.  This  makes 
the  AD7874  ideal  for  applications  such  as  phased-array  sonar 
and  ac  motor  controllers  where  the  relative  phase  information  is 
important. 

The  aperture  delay  of  the  four  track/hold  amplifiers  is  small  and 
specified  with  minimum  and  maximum  limits.  This  allows  sev- 
eral AD7874s  to  sample  multiple  input  channels  simultaneously 
without  incurring  phase  errors  between  signals  connected  to  sev- 
eral devices.  A  reference  output/reference  input  facility  also 
allows  several  AD7874s  to  be  driven  from  the  same  reference 
source. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7874  is  also  fully 
specified  for  dynamic  performance  parameters  including  distor- 
tion and  signal-to-noise  ratio. 

The  AD7874  is  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  (LC2MOS)  process,  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low-power  CMOS  logic. 
The  part  is  available  in  a  28-pin,  0.6"  wide,  plastic  or  hermetic 
dual-in-line  package  (DIP),  in  a  28-terminal  leadless  ceramic 
chip  carrier  (LCCC)  and  in  a  28-pin  SOIC. 


™  Y       I  HOLD  1  |^— I  I 

„    X       I  TRACK/  |  

"wi  V         HOLD  2  .  i 


TRACK/ 
HOLD  3 


TRACK/ 
HOLD  4 


CONTROL  LOGIC     |»  "^,5?? L  F*Q 


Li 


AD7874 


AGND  DGND  Vss 


PRODUCT  HIGHLIGHTS 

1.  Simultaneous  Sampling  of  Four  Input  Channels. 

Four  input  channels,  each  with  its  own  track/hold  amplifier, 
allow  simultaneous  sampling  of  input  signals.  Track/hold 
acquisition  time  is  2  jjls,  and  the  conversion  time  per  channel 
is  8  u.s,  allowing  29  kHz  sample  rate  for  all  four  channels. 

2.  Tight  Aperture  Delay  Matching. 

The  aperture  delay  for  each  channel  is  small  and  the  aperture 
delay  matching  between  the  four  channels  is  less  than  4  ns. 
Additionally,  the  aperture  delay  specification  has  upper  and 
lower  limits  allowing  multiple  AD7874s  to  sample  more  than 
four  channels. 

3.  Fast  Microprocessor  Interface. 

The  high  speed  digital  interface  of  the  AD7874  allows  direct 
connection  to  all  modern  16-bit  microprocessors  and  digital 
signal  processors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212, 
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Am  ma    CDcr  icir  atihuc  v»  = +5  v  v*  =  5  v  ABND  = D6ND  = 0  v- REF  |N  = +3  v> = 2.5  mhz 

MU/0/*f  OrCblrlUHIIUIlO  external.  All  specifications T^,  to unless  otherwise  noted.) 


SAMPLE-AND-HOLD 


Acquisition  Time2  to  0.01% 
Droop  Rate2- 3 

-3  dB  Small  Signal  Bandwidth3 


Aperture  Jitter2,  5 
Aperture  Delay  Matching2 


lAVerrion 




SAMPLE-AND-HOLD  AND  ADC 
DYNAMIC  PERFORMANCE 
Signal-to-Noise  Ratio 
Total  Harmonic  Distortion 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion 

2nd  Order  Terms 

3rd  Order  Terms 
Channel-to-Channel  Isolation2 


DC  ACCURACY 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 
Positive  Full-Scale  Error4 
Negative  Full-Scale  Error4 
Full-Scale  Error  Match 
Bipolar  Zero  Error 
Bipolar  Zero  Error  Match 


ANALOG  INPUTS 
Input  Voltage  Range 
Input  Current 


REFERENCE  OUTPUT5 
REF  OUT 

REF  OUT  Error  @  +25°C 

Tmin  to  T„„ 
REF  OUT  Temperature  Coefficient 


REFERENCE  INPUT 
Input  Voltage  Range 
Input  Current 
Input  Capacitance3 


LOGIC  INPUTS 
Input  High  Voltage,  V!NH 
Input  Low  Voltage, 
Input  Current,  lm 
Input  Capacitance,  C;N3 


LOGIC  OUTPUTS 

Output  High  Voltage,  VOH 

Output  Low  Voltage,  V0l 

DB0-DB11 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance 
Output  Coding 


POWER  REQUIREMENTS 

Vss 
Idd 
Iss 

Power  Dissipation 


2 
1 

500 

0 

40 

200 

4 


70 

-78 

-78 

-80 
-80 
-80 


12 
±1 
±1 

±5 
±5 
S 

±5 
4 


±10 
±600 


3 

±0.33 
±1 
±35 
±1 


2.85/3.15 

±1 

10 


2.4 
0.8 
±10 
10 


4.0 
0.4 


10 


B  Version 


2 
1 

500 

0 

40 

200 

4 


-80 
-80 


-80 


12 

±1/2 
±1 

±5 
±5 
5 

±5 
4 


±10 
±600 


3 

±0.33 
±1 
±35 
±1 


2.85/3.15 

±1 

10 


2.4 
0.8 
±10 
10 


4.0 
0.4 


±10 
10 


S  Version 


2 
2 

500 

0 

40 

200 

4 


70 

-78 

-78 

-80 
-80 
-80 


12 

±1 
±1 
±5 
±5 
5 

±5 
4 


±10 
±600 


3 

±0.33 
±1 
±35 
±2 


2.85/3.15 

±1 

10 


2.4 
0.8 
±10 
10 


4.0 
0.4 


±10 
10 


2s  COMPLEMENT 


+5 
-5 
18 
12 
150 


+5 
-5 
18 
12 
150 


+  5 
-5 
18 
12 
150 


Units 


lis  max 
mV/ms  max 
kHz  typ 
ns  min 
ns  max 
ps  typ 


dB  min 
dB  max 
dB  max 

dB  max 
dB  max 
dB  max 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Volts 
M-A  max 


V  nom 
%  max 
%  max 
ppm/°C  typ 
mV  max 


V  min/V  max 
u.A  max 
pF  max 


V  min 

V  max 
M-A  max 
pF  max 


V  min 

V  max 

p.  A  max 
pF  max 


V  nom 

V  nom 
mA  max 
inA  max 
mW  max 


Test 


 4 


Vm  =  500  mV  p-p 


fm  =  10  kHz  Sine  Wave,  f sample  =  29  kHz 
frN  =  10  kHz  Sine  Wave,  fSAMPLE  =  29  kHz 
fm  =  10  kHz  Sine  Wave,  f sample  =  29  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  f sample  =  29  kHz 


No  Missing  Codes  Guaranteed 

Any  Channel 

Any  Channel 

Between  Channels 

Any  Channel 

Between  Channels 


— 


Reference  Load  Current  Change  (0-500  uA) 

Reference  Load  Should  Not  Be  Changed  During  Conversion 


3  V  ±  5% 


VDD  =  5  V  ±5% 
VDD  =  5  V  ±5% 
Vm  =  0  V  to  VDD 


VDD  =  5  V  ±5%;  Isource  =  40  ixA 
VDD  =  5  V  ±5%;  ISINK  =  16  mA 

V™  =  0  V  to  VDD 


±5%  for  Specified  Performance 

±5%  for  Specified  Performance 

CS  =  RD  =  CONVST  =  +5  V;  Typically  12  mA 

CS  =  RD  =  CONVST  =  +5  V;  Typically  8  mA 

CS  =  RD  =  CONVST  =  +5  V;  Typically  100  mW 


NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -4CC  to  +85°C;  S  Vi 
2See  Terminology. 
'Sample  tested  @  +25°C  to 

4  Measured  with  respect  to  the  REF  IN  voltage  and  ii 
5For  capacinve  loads  greater  than  50  pF  a  series  resistor  is 
Specifications  subject  to  change  without  notice. 


-55°Cto  +125-C. 
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TIMIMP  PUADAPTPDICTirC1  (V"D  =  +5  V  *  5%'  Vss  =  "5  V  *  5%'  *GND  =  DGND  =  °  V' <CU(  =  2  5  M"Z  'M 
TIMING  CHAKAUlKIoIIIo   unless  otherwise  stated.) 


Parameter 

A,  B  Versions 

S  Version 

Units 

Conditions/Comments 

k 

50 

50 

ns  min 

CONVST  Pulse  Width 

t2 

0 

0 

ns  min 

CS  to  RD  Setup  Time 

h 

60 

70 

ns  min 

RD  Pulse  Width 

u 

0 

0 

ns  min 

CS  to  RD  Hold  Time 

h 

60 

57 
* 

60 
70 

ns  max 
nsmax 

RD  to  INT  Delay 

Data  Access  Time  after  RD 

Bus  Relinquish  Time  after  RD 

ns  mm 

45 

50 

ns  max 

<• 

130 

150 

ns  min 

Delay  Time  between  Reads 

tcONV 

11.5 

31 

32.5 

,xs  min 
ixs  max 

CONVST  to  INT,  External  Clock 
CONVST  to  INT,  External  Clock 

31 

35 

31 
35 

(jls  min 
ixs  max 

CONVST  to  INT,  Internal  Clock 
CONVST  to  INT,  Internal  Clock 

tcLK 

10 

10 

ixs  max 

Minimum  Input  Clock  Period 

NOTES 

'Timing  Specifications  in  bold  print  arc  100%  production  tested.  All  other  times  are  sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals 
are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2t6  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

3t7  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  2.  The  measured  number  is  then  extrap- 
.  olated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  time,  t7,  quoted  in  the  timing  characteristics  is  the  true 
bus  relinquish  time  of  the  pan  and  as  such  is  independent  of  external  bus  loading  capacitances. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  AGND   -0.3  V  to  +7  V 

VDD  to  DGND   -0.3  V  to  +7  V 

Vss  to  AGND  +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  VDD+0.3  V 

V,N  to  AGND  -15  V  to  +15  V 

REF  OUT  to  AGND   0  V  to  VDD 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    1,000  mW 

Derates  above  +75°C  by   10  mW/°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specifications  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


Load  Circuit  for  Access  Time 

■ 


1.6mA 


+2.1  V 


200uA 


Figure  2.  Load  Circuit  for  Bus  Relinquish  Time 


CAUTION   ,  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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ORDERING  GUIDE 


Model1 


■ 

i  ' 


AD7874AN 
AD7874BN 
AD7874AR 
AD7874BR 
AD7874AQ 
AD7874BQ 
AD7874SQ3 
AD7874SE3 


Range 


-40°C  to  +85°C 
-40°Cto  +  85°C 
-40°Cto  +  85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°Cto  +125-C 

-55°Cto  +125°C 




SNR 

(dBs) 


70  min 
72  min 
70  min 
72  min 
70  min 
72  min 
70  min 
70  min 


Relative 

Accuracy 

(LSB) 


±1  max 
±1/2  max 
±1  max 
±  1/2  max 
±1  max 
±1/2  max 
±  1  max 
±1  max 


Package 
Option2 


N-28 
N-28 
R-28 
R-28 
Q-28 
Q-28 
Q-28 
E-28A 


/  NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part  number. 

Contact  our  local  sales  office  for  military  data  sheet  and  availability. 
ZE  =  Leaded  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC. 

For  outline  information  see  Package  Information  s 
'Available  to  /883B  processing  only. 

! 


PIN  CONFIGURATIONS 
DIP  and  SOIC 


v,»,  H 
v,m  IT 
»do  EE 

INT  [T 
CONVST  [T 
RD  |T 

cs  [T 


H  V1N4 

27]  V,M 

H  »SS 

25]  refout 

24]  REF  IN 
a\  AGND 
H]  DBO  (LSB) 


AD7874 

_l    TOP  VIEW  .. 

CLK  LI  (Not  to  Scale)  13  081 

VD[)  QT  2(i]  DB2 

OB11  (MSB)  [lO  19]  DBS 

DB10  [l?  TB]  DBA 

DB9  [if  W\  DBS 

DBS  [j?  n]  DBS 

DGND  [|4  l|]  DB7 


Ml 


12  13  14  : 15  16  17 

i  i  §  §  i 


TRACK/HOLDS  GO 
INTO  HOLD 

—  


*ACQUIS 


■tf— 


I 


TIMES  Ij,  ts,  I, ,  ts,  t7  AND  tfl  ARE  THE  SAME  FOR  ALL  FOUR  READ  OPERATIONS. 

Figure  7.  AD7874  Timing  Diagram 
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LC2M0S  Complete  12-Bit 
100  kHz  Sampling  ADC  with  DSP  Interface 


AD7878 

FEATURES 

Complete  ADC  with  DSP  Interface,  Comprising: 

Track/Hold  Amplifier  with  2  jis  Acquisition  Time 

7  (is  A/D  Converter 

3  V  Zener  Reference 

8-Word  FIFO  and  Interface  Logic 
72  dB  SNR  at  10  kHz  Input  Frequency 
Interfaces  to  High  Speed  DSP  Processors,  e.g., 

ADSP-2100,  TMS32010,  TMS32020 
41  ns  max  Data  Access  Time 
Low  Power,  60  mW  typ 

APPLICATIONS 
Digital  Signal  Processing 
Speech  Recognition  and  Synthesis 
Spectrum  Analysis 
High  Speed  Modems 
DSP  Servo  Control 

GENERAL  DESCRIPTION 

The  AD7878  is  a  fast,  complete  12-bit  A/D  converter  with  a 
versatile  DSP  interface  consisting  of  an  8-word,  first-in,  first-out 
(FIFO)  memory  and  associated  control  logic. 

The  FIFO  memory  allows  up  to  eight  samples  to  be  digitized 
before  the  microprocessor  is  required  to  service  the  A/D  con- 
verter. The  eight  words  can  then  be  read  out  of  the  FIFO  at 
maximum  microprocessor  speed.  A  fast  data  access  time  of  41  ns 
allows  direct  interfacing  to  DSP  processors  and  high  speed 
16-bit  microprocessors. 

An  on-chip  status/control  register  allows  the  user  to  program  the 
effective  length  of  the  FIFO  and  contains  the  FIFO  out  of 
range,  FIFO  empty  and  FIFO  word  count  information. 

The  analog  input  of  the  AD7878  has  a  bipolar  range  of  ±3  V. 
The  AD7878  can  convert  full  power  signals  up  to  50  kHz  and  is 
fully  specified  for  dynamic  parameters  such  as  signal-to-noise 
ratio  and  harmonic  distortion. 

The  AD7878  is  fabricated  in  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  four  package  styles,  28-pin  plastic  and 
hermetic  dual-in-line  package  (DIP),  leadless  ceramic  chip  car- 
rier (LCCC)  or  plastic  leaded  chip  carrier  (PLCC). 

PRODUCT  HIGHLIGHTS 

1 .  Complete  A/D  Function  with  DSP  Interface 

The  AD7878  provides  the  complete  function  for  digitizing  ac 
signals  to  12-bit  accuracy.  The  part  features  an  on-chip  track/ 
hold,  on-chip  reference  and  12-bit  A/D  converter.  The  addi- 
tional feature  of  an  8-word  FIFO  reduces  the  high  software 
overheads  associated  with  servicing  interrupts  in  DSP 
processors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


FUNCTIONAL  BLOCK  DIAGRAM 

ABHB  OFF  OUT      v,„  v„  v»o 


3. 


Dynamic  Specifications  for  DSP  Users 
The  AD7878  is  fully  specified  and  tested  for  ac  parameters, 
including  signal-to-noise  ratio,  harmonic  distortion  and  inter- 
modulation  distortion.  Key  digital  timing  parameters  are  also 
tested  and  specified  over  the  full  operating  temperature 
range. 

Fast  Microprocessor  Interface 

Data  access  time  of  41  ns  is  the  fastest  ever  achieved  in  a 
monolithic  A/D  converter  and  makes  the  AD7878  compatible 
with  all  modern  16-bit  microprocessors  and  digital  signal 
processors.         ORDERING  GUIDE 


Temperature 

Signal-to- 

Data  Access 

Package 
Options3 

Model1- 2 

Range 

Noise  Ratio 

Time 

AD7878JN 

0°C  to  +70°C 

70  dB 

57  ns 

N-28 

AD7878AQ 

-25°C  to  +85°C 

70  dB 

57  ns 

Q-28 

AD7878SQ 

-55°C  to  +125-C 

70  dB 

57  ns 

Q-28 

AD7878KN 

<FC  to  +70°C 

72  dB 

57  ns 

N-28 

AD7878BQ 

-25°C  to  +85°C 

72  dB 

57  ns 

Q-28 

AD7878LN 

0°C  to  +70°C 

72  dB 

41  ns 

N-28 

AD7878SE4 

-55°C  to  +125°C 

70  dB 

57  ns 

E-28A 

AD7878JP 

0°C  to  +70°C 

70  dB 

57  ns 

P-28A 

AD7878KP 

0°C  to  +  70°C 

72  dB 

57  ns 

P-28A 

AD7878LP 

0°C  to  +70°C 

72  dB 

41  ns 

P-28A 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  pan  num- 
ber. Contact  our  local  sales  office  for  military  data  sheet. 

-Analog  Devices  reserves  the  right  to  ship  either  ceramic  (D-28)  packages  or 
cerdip  (Q-28)  hermetic  packages. 

"For  outline  information  see  Package  Information  section. 
S  only. 
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Parameter 

Versions1 

Versions 

Version 

Units 

Test  Conditions/Comments 

DYNAMIC  PERFORMANCE2 
Signal-to-Noise  Ratio  (SNR)3  @  25°C 

T„i»  tO  T„, 

70 
70 

72 
71 

70 
70 

dB  min 
dB  min 

mn  —  10  kHz  aine  Wave  ,  Isample  —  too  kriz 
Typically  71.5  dB  for  0<V,N<50  kHz 

Total  Harmonic  Distortion  (THD) 

-80 

-80 

-78 

dB  max 

Vm  =  10  kHz  Sine  Wave,  fSAMFLE  =  '"0  kHz 
Typically  -86  dB  for  0<V,N<50  kHz 

Peak  Harmonic  or  Spurious  Noise 

-80 

-80 

-78 

dB  max 

Vm  =  10  kHz,  fSAMPLI,  =  100  kHz 
Typically  -86  dB  for  0<VrN<50  kHz 

ci  i.n_   n_       n  e  i.ur_   c                   en  i.n„ 

fa  =  9  kHz,  fb  =  9.5  kHz,  iSAmple  =  50  kHz 
fa  =  9  kHz  fh  =  9  5  kH7  f „ . . , „,  _  =  50  kH7 

id  —  ~  Knz ,  iu  —  7.  J  Kiii ,  i  SAMPLE  J^J 

Intermodulation  Distortion  (IMD) 
Second  Order  Terms 

-80 

-80 

-78 

dB  max 

l  mra  wraer  1  enns 

—80 

—  80 

—78 

dB  max 

Track/Hold  Acquisition  Time 

2 

2 

2 

p.s  max 

See  Throughput  Rate  Section. 

ft    K  - 

DC  ACCURACY 

1 

Resolution 

12 

12 

12 

Bits 

Minimum  Resolution  for  which 
No  Missing  Codes  are  Guaranteed 

12 

12 

12 

Bits 

Relative  Accuracy 

±1/2 

±1/4 

±1/2 

LSB  typ 

Differential  Nonlinearity 
Bipolar  Zero  Error 

±1/2 

±1/2 

±1/2 

LSB  typ 
LSB  max 

±6 

±6 

±6 

Pncifivp  Pull  *Jralf*  Prrnt"^ 

±6 

±6 

±6 

LSB  max 

Negative  Full  Scale  Error4 

±6 

±6 

±6 

LSB  max 

ANALOG  INPUT 

Tnnnr  Vnlfatw*  Rantrp 

Input  Current 

±3 
±550 

±3 
±550 

±3 
±550 

Volts 
|xA  max 

: 

REFERENCE  OUTPUT5 

REF  OUT 

REF  OUT  Error  @  25°C 

3 

3 

±10 

3 

±10 

V  nom 
mV  max 

±10 

T„i„  to  Tmax 

±15 

±15 

±15 

mV  max 

Reference  Load  Sensitivity 
(AREF  OUT/AI) 

±1 

±1 

±1 

mV  max 

Reference  Load  Current  Change  (0-500  uA). 
Reference  Load  Should  Not  Be  Changed 

During  Conversion. 

LOGIC  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Currentj  Ijj^ 
Input  Capacitance,  Cjjj6 

+2.4 
+0.8 
±10 
10 

+2.4 
+0.8 
±10 
10 

+  2.4 
+0.8 
±10 
10 

Vmin 
V  max 
(xA  max 
dF  max 

Vcc  =  +5  V  ±  5% 
Vcc  =  +5  V  ±  5% 
VrN  =  0  to  Vcc 

■  1 

LOGIC  OUTPUTS 

n 

Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 
DB11-DB0 

+2.7 
+0.4 

+2.7 
+0.4 

+2.7 
+0.4 

V  min 

V  max 

^SOURCE  =  40  pA 
'sink  =  1-6  ™A 

Floating  State  Leakage  Current 

±10 

±10 

±10 

±10 

uAmax 

Floating  State  Output  Capacitance6 

15 

15 

15 

15 

pF  max 

CONVERSION  TIME 

7/7.125 

7/7.125 

7/7.125 

US  min/|is  max 

Assuming  No  External  Read/Write  Operations 

7/9.250 

7/9.250 

7/9.250 

us  min/ui  may 

111111/  1111UV 

Assuming  17  External  Read/^X^rite  Operations 
See  Internal  Comparator  Timing  Section 

POWER  REQUIREMENTS 

+  5 

+  5 

+  5 

V  nom 

±5%  for  Specified  Performance 

Vcc 

vss 

Idd 

+5 

+  5 

+  5 

V  nom 

±5%  for  Specified  Performance 

-5 
13 

-5 
13 

-5 
13 

V  nom 
mA  max 

±5%  for  Specified  Performance 
CS  =  DMWR  =  DMRD  -  5  V 

Ice 

100 

100 

100 

ixA  max 

CS  =  DMWR  =  DMRD  =  5  V 

4SS 

6 

6 

tn  A  rhflY 

fS  =  DMWR  —  DMRD  —  S  V 

Power  Dissipation 

95.5 

95.5 

95.5 

mW  max 

Typically  60  mW 

NOTES 

'Temperature  range  as  follows:  J,  K,  L  versions:  0  to  +70°C;  A,  B  versions: 
2VIN  =  ±3  V.  See  Dynamic  Specifications  section. 
3SNR  calculation  includes  distortion  and  noise  components. 
4Measured  with  respect  to  the  Internal  Reference. 
5For  Capacitive  Loads  greater  than  50  pF  a  series  r 
6SampIe  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


-25X  to  +85°C;  S  version:  -55°C  to  +125°C. 


1  Reference  section). 


■ 

■ 
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TIMING  CHARACTERISTICS1  (vD0  =  5  v  ±  5%,  vcc  =  5  v  ±  s%,  vss  =  -5  v  ±  5%) 


Parameter 


Limit  at  Tm 
(L  Grade) 


Limit  at  T^,  Tmax 
(J,  K,  A,  B  Grades) 


Limit  at  Tm 
(S  Grade) 


Units 


Conditions/Comments 


t, 
tj 

<4 


'12 

Preset 


65 
65 

2  CLK  IN  cycles 
0 
0 
45 
50 
16 
0 
41 
5 
45 
42 
50 
20 
10 
41 

2  CLK  IN  cycles 


65 
65 

2  CLK  IN  cycles 
0 
0 
60 
50 
16 
0 
57 
5 
45 
42 
50 
20 
10 
57 


2  CLK  IN  cycles 


75 
75 

2  CLK  IN  cycles 
0 
0 
60 
50 
16 
0 
57 
5 

45 

55 
50 
30 
10 

57 

2  CLK  IN  cycles 


ns  max 
ns  max 
min 
ns  min 
ns  min 
ns  min 
u.s  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 
u.s  max 
ns  min 
ns  mm 
ns  min 
min 


CLK  IN  to  BUSY  Low  Propagation  Delay 
CLK  IN  to  BUSY  High  Propagation  Delay 
CONVST  Pulse  Width 

CS  to  DMRD/REGISTER  ENABLE  Setup  Time 
CS  to  DMRD/REGISTER  ENABLE  Hold  Time 
DMRD  Pulse  Width 


ADD0  to  DMRD/REGISTER  ENABLE  Setup  Time 
ADD0  to  DMRD/REGISTER  ENABLE  Hold  Time 


Data  Access  Time  after  DMRD 
Bus  Relinquish  Time 

REGISTER  ENABLE  Pulse  Width 


Data  Valid  to  REGISTER  ENABLE  Setup  Time 
Data  Hold  Time  after  REGISTER  ENABLE 
Data  Access  Time  after  BUSY 
RESET  Pulse  Width 


DBN  ■ 


'DGND 


  DBN 


SOpF 


;  56k 

ISOpF 

DGNDV 


NOTES 

'Timing  Specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified 
with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

%  and  t,4  are  measured  with  the  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 
3t10  is  defined  as  the  time  required  for  the  data  lines  to  change  0.5  V  when  loaded  with  the  circuits  of  Figure  2. 
Specifications  subject  to  change  without  notice. 

5V  ABSOLUTE  MAXIMUM  RATINGS* 

O  (TA  =  +25°C  unless  otherwise  stated) 

VDE>  to  DGND   -0.3  V  to +7  V 

Vcc  to  DGND  -0.3  V  to  +7  V 

Vss  to  DGND  +0.3  V  to  -7  V 

VDD  to  Vcc   -0.3  V  to  +0.3  V 

AGND  to  DGND  -0.3  V  to  VDD  +0.3  V 

VIN  to  AGND  -15  V  to  +15  V 

REF  OUT  to  AGND   0  to  VDD 

Digital  Inputs  to  DGND   

CLK  IN,  DMWR,  DMRD,  RESET, 

CS,  CONVST,  ADD0   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND 

ALFL,  BUSY  -0.3  V  to  VDD  +0.3  V 

Data  Pins 

DB11-DB0 
Operating  Temperature  P  -- 

J,  K,  L  Versions   0  to  +70°C 

A,  B  Versions  -25°C  to  +85°C 

S  Version  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   1000  mW 

Derates  above  +75°C  by  10  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  These  are  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


DBN 


a.  High-Z  to  V0h  b.  High-Z  to  VOL 

Figure  1.  Load  Circuits  for  Access  Time 


DBN  - 


...-0.3VtoVDD+0.3V 


:iopf 


DGND  V 

a.  Von  to  High-Z  b.  VOL  to  High-Z 

Figure  2.  Load  Circuits  for  Output  Float  Delay 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
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AD7878 


PIN  FUNCTION  DESCRIPTION 





Pin  Pin 

Number  Mnemonic  Function 








CS 

DMWR 


ADDO         Address  Input.  This  control  input  determines  whether  the  word  placed  on  the  output  data  bus  during  a  read  operation  is  a 
data  word  from  the  FIFO  RAM  or  the  contents  of  the  status/control  register.  A  logic  low  accesses  the  data  word  from 
Location  0  of  the  FIFO  while  a  logic  high  selects  the  contents  of  the  register  (see  Status/Control  Register  section). 
Chip  Select.  Active  low  logic  input.  The  device  is  selected  when  this  input  is  active. 

Data  Memory  Write.  Active  low  logic  input.  DMWR  is  used  in  conjunction  with  CS  low  and  ADDO  high  to  write  data  to 

the  status/control  register.  Corresponds  to  DMWR  (ADSP-2100),  R/W  (MC68000,  TMS32020),  WE  (TMS32010). 


DMRD        Data  Memory  READ.  Active  low  logic  input.  DMRD  is  used  in  conjunction  with  CS  low  to  enable  the  three-state  output 

buffers.  Corresponds  directly  to  DMRD  (ADSP-2100),  DEN  (TMS32010). 
BUSY         Active  low  logic  output.  This  output  goes  low  when  the  ADC  receives  a  CON  VST  pulse  and  remains  low  until  the 

track/hold  has  gone  into  its  hold  mode.  The  three-state  drivers  of  the  AD7878  can  be  disabled  while  the  BUSY  signal  is  low 
(see  Extended  READ/WRITE  section).  This  is  achieved  by  writing  a  logic  0  to  DB5  (DISO)  of  the  status/control  register. 
Writing  a  logic  1  to  DBS  of  the  status/control  register  allows  data  to  be  accessed  from  the  AD7878  while  BUSY  is  low. 
FIFO  Almost  Full.  A  logic  low  indicates  that  the  word  count  (i.e.,  number  of  conversion  results)  in  the  FIFO  memory  has 
reached  the  programmed  word  count  in  the  status/control  register.  ALFL  is  updated  at  the  end  of  each  conversion.  The 
ALFL  output  is  reset  to  a  logic  high  when  a  word  is  read  from  the  FIFO  memory  and  the  word  count  is  less  than  the 
preprogrammed  word  count.  It  can  also  be  set  high  by  writing  a  logic  1  to  DB7  (ENAF)  of  the  status/control  register. 
Digital  Ground.  Ground  reference  for  digital  circuitry. 

Digital  supply  voltage,  +  5  V  ±5%.  Positive  supply  voltage  for  digital  circuitry. 

Data  Bit  11  (MSB).  Three-state  TTL  output.  Coding  for  the  data  words  in  FIFO  RAM  is  2s  complement. 
Data  Bit  10  to  Data  Bit  5.  Three-state  TTL  input/outputs. 
Data  Bit  4  to  Data  Bit  1.  Three-state  TTL  outputs. 
Data  Bit  0  (LSB).  Three-state  TTL  output. 
Analog  positive  supply  voltage,  +5  V  ±5%. 


ALFL 


7  DGND 

9  DB11 
10-15  DB10-DB5 
16-19  DB4-DB1 
DBO 
V, 


20 
21 
22 
23 


DD 

AGND 
REF  OUT 


24  V, 

25  V, 
26 


27  RESET 


Analog  Ground.  Ground  reference  for  track/hold,  reference  and  DAC. 
Voltage  Reference  Output.  The  internal  3  V  analog 
reference  is  500  llA. 

Analog  Input.  Analog  input  range  is  ±3  V. 
Analog  negative  supply  voltage,  -5  V  ±5%. 


The  external  load  capability  of  the 


CONVST     Convert  Stan.  Logic  input.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  its  hold  mode  and  starts 
conversion.  The  CONVST  input  is  asynchronous  to  CLK  IN  and  is  independent  of  CS,  DMWR  and  DMRD. 


Reset.  Active  low  logic  input.  A  logic  low  sets  the  words  in  FIFO  memory  to  1000  0000  0000  and  resets  the  ALFL  output 
and  status/control  register. 

28  CLK  IN      Clock  Input.  TTL-compatible  logic  input.  Used  as  the  clock  source  for  the  A/D  converter.  The  mark-space  ratio  of  this 

clock  can  vary  from  35/65  to  65/35. 

PIN  CONFIGURATIONS 


DIP 


ADDO  [T  • 

2l]  CLK  IN 

CS  [T 

Tj  RESET 

DMWR  fT 

~to)  CONVST 

DMRD  [T 

26*1  V„ 

IUsy  [7 

m]  v„ 

im  (T 

23]  REF  OUT 

DGND  IT  «" 

a]  AGND 

r=  TOP 
Vcc   [_•_      <Not  to 

;iew  —. 
SwW       2lJ  Voo 

0*11  [7 

20)  DM 

Deis  Qo 

«]  DB1 

on  [7T 

«]  DM 

DM  Q7 

77]  DM 

DB7  Ql 

!*]  DM 

PLCC 


BUSY  fT 
ALFL  fT 
DGND  [T 
V«  (T 

oan  r_T 

DBIO  Qo 

am  QT 


AD 7876 

TOP  VIEW 
{Not  to  Seolol 


l2£jl22)tUt!)Hl^JLfJ 


12  IS 

If f till 
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DEVICES 


LC2M0S  Single +5  V  Supply, 
Low  Power,  12-Bit  Sampling  ADC 


AD7880 


FEATURES 

12-Bit  Monolithic  A/D  Converter 
66  kHz  Throughput  Rate 

12  lis  Conversion  Time 

3  its  On-Chip  Track/Hold  Amplifier 
Low  Power 

Power  Save  Mode:  2  mW  typ 

Normal  Operation:  25  mW  typ 
70  dB  SNR 

Fast  Data  Access  Time:  57  ns 
Small  24-Lead  SOIC  and  0.3"  DIP  Packages 

APPLICATIONS 

Battery  Powered  Portable  Systems 
Digital  Signal  Processing 
Speech  Recognition  and  Synthesis 
High  Speed  Modems 
Control  and  Instrumentation 

GENERAL  DESCRIPTION 

The  AD7880  is  a  high  speed,  low  power,  12-bit  A/D  converter 
which  operates  from  a  single  +5  V  supply.  It  consists  of  a  3  u.s 
track/hold  amplifier,  a  12  u.s  successive-approximation  ADC, 
versatile  interface  logic  and  a  multiple-input-range  circuit.  The 
part  also  includes  a  power  save  feature. 

An  internal  resistor  network  allows  the  pan  to  accept  both  uni- 
polar and  bipolar  input  signals  while  operating  from  a  single 
+  5  V  supply.  Fast  bus  access  times  and  standard  control  inputs 
ensure  easy  interfacing  to  modern  microprocessors  and  digital 
signal  processors. 

The  AD7880  features  a  total  throughput  time  of  15  |xs  and  can 
convert  full  power  signals  up  to  33  kHz  with  a  sampling  fre- 
quency of  66  kHz. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7880  is  also  fully 
specified  for  dynamic  performance  parameters  including  har- 
monic distortion  and  signal-to-noise  ratio. 

The  AD7880  is  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  (LC2MOS)  process,  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  24-pin,  0.3  inch-wide,  plastic  or  her- 
metic dual-in-line  package  (DIP)  as  well  as  a  small  24-lead  SOIC 
package. 


FUNCTIONAL  BLOCK  DIAGRAM 


LOW  POWER 
CONTROL 
CIRCUIT 


■Q  MODE 


AD7880 


PRODUCT  HIGHLIGHTS 

1.  Fast  Conversion  Time. 

12  lis  conversion  time  and  3  u-s  acquisition  time  allow  for 
large  input  signal  bandwidth.  This  performance  is  ideally 
suited  for  applications  in  areas  such  as  telecommunications, 
audio,  sonar  and  radar  signal  processing. 

2.  Low  Power  Consumption. 

2  mW  power  consumption  in  the  power-down  mode  makes 
the  part  ideally  suited  for  portable,  hand  held,  battery  pow- 
ered applications. 

3.  Multiple  Input  Ranges. 

The  part  features  three  user-determined  input  ranges,  0  to 
+  5  V,  0  to  10  V  and  ±5  V.  These  unipolar  and  bipolar 
ranges  are  achieved  with  a  5  V  only  power  supply. 


■ 


fuCTJl/  ' 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7880— SPECIFICATIONS 


(Vqq  =  +5  V  ±  5%,  VREF  =  VDD,  AGND  =  DGND  =  0  V,  fcu(lll  =  2.5  MHz, 


unless 


Parameter 


B  Versions1 


C  Versions1 


Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE2 
Signal-to-Noise  Ratio3  (SNR) 


70 


Total  Harmonic  Distortion  (THD)  -80 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion  (IMD) 
Second  Order  Terms  -80 
Third  Order  Terms  -80 


70 


-80 


dB  min 

dB  typ 
dB  typ 

dB  typ 
dB  typ 


Typically  SNR  Is  72  dB 
Vqj  =  1  kHz  Sine  Wave, 
V^j  =  1  kHz  Sine  Wave, 

VrN  =  1  kHz,  f SAMPLE  = 


f sample  -  66  kHz 
fsAMPLE  =  66  kHz 
66  kHz 


fa  =  0.983  kHz,  fb  =  1.05  kHz,  fSAMPLE  =  66  kHz 
fa  =  0.983  kHz,  fb  =  1.05  kHz,  fSAMPLE  =  66  kHz 





DC  ACCURACY 
Resolution 

Integral  Nonlinearity 
Differential  Nonlinearity 
Full-Scale  Error 
Bipolar  Zero  Error 
Unipolar  Offset  Error 


tl 
tl 
tl5 
tlO 

kS 


±5 
±5 
±5 


LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


All  DC  ACCURACY  Specifications  Apply  for 
the  Three  Analog  Input  Ranges 

Guaranteed  Monotonic 




ANALOG  INPUT 
Input  Voltage  Ranges 


Input  Resistance 


0  to  Vrep 

0  to  2  Vref 

±VREF 

10 

5/12 

5/12 


0  to  Vrep 
0  to  2  Vref 

±VrEf 

10 

5/12 
5/12 


Volts 
Volts 
Volts 
Mfi  min 
k!  1  min/max 
kfl  min/max 


See  Figure  5 

See  Figure  6 

See  Figure  7 

0  to  Vref  Range 

8  kfi  typical:  0  to  2VREF  Range 

8  kfl  typical:  ±VREF  Range 


REFERENCE  INPUT 

Vref  (For  Specified  Performance) 
*ref 

Nominal  Reference  Range 


5 

1.5 

2.5/VDD 


5 

1.5 

2.5/VDD 


V 

mA  max 
V  min/max 


±5%:  Normally  Vref  =  VDD  (See  Reference  Input  Section) 
See  Figure  3  for  Degradation  in  Performance  Down  to  2.5  V 


LOGIC  INPUTS  _ 

CONVST,  RD,  CS,  CLKIN 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VmL 
Input  Current,  1^ 
Input  Capacitance,  Cm4 

MODE  INPUT 

Input  High  Voltage,  VwH 
Input  Low  Voltage,  VmL 
Input  Current,  IM 
Input  Capacitance,  Cm4 


2.4 
0.8 
±10 
10 


1 

±125 
10 


2.4 
0.8 
±10 
10 

4 
1 

±125 
10 


V  min 

V  max 
u.A  max 
pF  max 


V|jj  =  0  V  or  VDD 


V  min 

V  max 
u.A  max 
pF  max 


VIN  =  0VorVDD 


LOGIC  OUTPUTS 





DB11-DB0,  BUSY 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 

DB11-DB0 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance4 


4.0 
0.4 

±10 
10 


4.0 
0.4 

±10 
10 


V  min 

V  max 

u-A  max 
pF  max 


^source  —  400  p.A 
'sink  =1.6  mA 


CONVERSION 
Conversion  Time 
Track/Hold  Acquisition  Time 


u.s  max 
lis  max 


2.5  MHz 


POWER  REQUIREMENTS 
Idd 

Normal  Power  Mode  @  +25°C 

T„i„  to 
Power  Save  Mode  @  +25°C 

T„i„  to  T„ 
Power  Dissipation 
Normal  Power  Mode  @  +25°C 

T„»  to  T^ 
Power  Save  Mode  @  +25°C 

Tmin  10  T-gv 


+  5 

7.5 
10 
750 
1 

37.5 
50 
3.75 
5 


7.5 
10 
750 
1 

37.5 
50 
3.75 
5 


V  nom 

mA  max 
mA  max 
u.A  max 
mA  max 

mW  max 
mW  max 
mW  max 
mW  max 


±5%  for  Specified  Performance 

Typically  4  mA;  MODE  8  VDD 

Typically  5  mA;  MODE  =  VDD 

Logic  Inputs  @  0  V  or  VDD;  MODE  =  0  V  ■ 

Logic  Inputs  @  0  V  or  VDD;  MODE  =  0  V 

VDD  =  5  V:  Typically  20  mW;  MODE  =  VDD 
VDD  =  5  V:  Typically  25  mW;  MODE  =  VDD 
VDD  =  5  V:  Typically  2  mW;  MODE  =  0  V 
VDD  =  5  V:  Typically  2.5  mW;  MODE  =  0  V 


NOTES 

'Temperature  Ranges  are  as  follows:  B/C  Versions,  -40°C  to  +85°C. 
2VIN  =  0toVREF. 

JSNR  calculation  includes  distortion  and  noise 
"Sample  tested  @25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS1 


(V0D  =  +5  V  ±  5%,  VMF  =  VDD,  AGND  =  DGND  =  0  V) 


Parameter 

Limit  at  25°C 
(All  Versions) 

Limit  at  Tmin, 
(All  Versions) 

t, 

50 

50 

130 

130 

0 

0 

0 

0 

0 

0 

«6 

60 

75 

h2 

57 

70 

5 

SO 

50 

Units 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 

ns  min 
ns  max 


Conditions/Comments 


CONVST  Pulse  Width 


CONVST  to  BUSY  Falling  Edge 

BUSY  to  CS  Setup  Time 

CS  to  RD  Setup  Time 

CS  to  RD  Hold  Time 

RD  Pulse  Width 

Data  Access  Time  after  RD 

Bus  Relinquish  Time  after  RD 


.  All  input  signals  are 


NOTES 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  25°C  to 
with  rr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

h,  is  measured  with  the  load  circuit  of  Figure  2  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

3t8  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  0.5  V  when  loaded  with  the  circuit  of  Figure  2.  The  measured 

extrapolated  back  to  remove  the  effects  of  charging  the  SO  pF  capacitor.  This  means  that  the  time,  t„  quoted  in  the  timing  characteristics  is 

quish  time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 


the  true  bus  relin- 


- 


Table  I.  AD7880  Truth  Table 


CS 


1 
1 
0 
0 


CONVST 


1 

1 
1 


RD 


Function 


Not  Selected 
Start  Conversion  f 
Enable  ADC  Data 
Data  Bus  Three  Stated 


—  I  L-         *■  ABSOLUTE  MAXIMUM  RATINGS* 


Figure  1.  Timing  Diagram 


■ 


TO  OUTPUT  - 

PIN  r 


Figure  2.  Load  Circuit  for  Access  and  Relinquish  Time 


to  AGND   -0.3  V  to  +7  V 

VDD  to  DGND   -0.3  V  to  +7  V 

AGND  to  DGND  -0.3  V  to  VDD  +0.3  V 

VrNA.  V.NB  to  AGND  (Fig  5)  -0.3  V  to  VDD  +0.3  V 

VmA  to  AGND  (Fig  6)  -0.6  V  to  2  VDD  +0.6  V 

V^  to  AGND(Fig  7)  -VDD-0.3  V  to  VDD+0.3  V 

Vref  to  AGND  0.3  V  to  VDD 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Industrial  (B,  C  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
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ORDERING  GUIDE 


PIN  CONFIGURATION 


Model 


AD7880BN 
AD7880BQ 
AD7880CN 
AD7880CQ 
AD7880BR 
AD7880CR 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 


Full-Scale 

Error 

(LSBs) 


±15 

±15 

±5 

±5 

±15 

±5 


Bipolar 
Zero 
Error 
(LSBs) 


±10 

±10 

±5 

±5 

±10 

±5 


«M.nV  =  mV  ,« 

Package 
Option* 


N-24 
Q-24 
N-24 
Q-24 
R-24 

HI 


_ 


*N  =  Plastic  DIP;  Q  «  Cerdip;  R  =  SOIC  (Small  Outline  Integrated 
Circuit).  For  outline  information  see  Package  Information  section. 


AGND  [7 

*w[T 

cs  |T 

CONVST  [7 

BUSy[s 
CLKtN  [7 

dgndQo 

dbo  m 

DBl[« 


(Not  to  S 





23]  MODE 
5]  0B11 
21]  DB10 
20]  DBS 
is]  DBS 
ij]  DB7 

57|db6 

is]  DBS 
15]DB4 
14]  DBS 

jTjDB2 


I  11/  .te"r 


I 


PIN  FUNCTION  DESCRIPTION 


Pin 

No. 


Pin 


Function 


CJOMVOJAfl! 


 v —  

VINA 
VlNB 

AGND 


1 
2 
3 
4 

5. 
6 


v  REF 

CS 


CONVST 
RD 


BUSY 
CLKIN 


10  DGND 
11...  22  DB0-DB11 

23  MODE 

24  V 

_  L£5  


Analog  Input. 
Analog  Input. 
Analog  Ground. 


Chip  Select.  Active  Low  Logic  input.  The  device  is  selected  when  this  input  is  active. 

Convert  Start.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  hold  mode  and  starts 
conversion.  This  input  is  asynchronous  to  the  CLKIN  and  is  independent  of  CS  and  RD. 

Read.  Active  Low  Logic  Input.  This  input  is  used  in  conjunction  with  CS  low  to  enable  data  outputs. 


Voltage  Reference  Input.  This  is  normally  tied  to  VDD. 

„  .       ......  'IA 


Active  Low  Logic  Output.  This  status  line  indicates  converter  status.  BUSY  is  low  during  conversion. 

Clock  Input.  TTL-compatible  logic  input.  Used  as  the  clock  source  for  the  A/D  converter.  The  mark/ 
space  ratio  of  the  clock  can  vary  from  40/60  to  60/40. 

Digital  Ground. 

Three-State  Data  Outputs.  These  become  active  when  CS  and  RD  are  brought  low. 

MODE  Input.  This  input  is  used  to  put  the  device  into  the  power  save  mode  (MODE 
normal  operation,  the  MODE  input  will  be  a  logic  high  (MODE  =  VDD). 


Power  Supply.  This  is  n 


0  V).  During 

.  .  iy*rooOT 
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level  I 
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FEATURES 

2.5  us  Throughput  Time 

16-Bit  Sampling  ADC 

Self-Calibration 

High  Speed  Parallel  Interface 

92  dB  Signal-to-Noise  Ratio 

Low  Power:  200  mW  typ 

1  mW  in  Power-Down  Mode 
Unipolar  and  Bipolar  Input  Signal  Ranges 
On-Chip  2.5  V  Reference 
Operates  from  ±5  V  Supplies 

APPLICATIONS 
Data  Acquisition  Systems 
Digital  Signal  Processing 
Spectrum  Analysis 
DSP  Servo  Control 


■ 

- 

FUNCTIONAL  BLOCK  DIAGRAM 

CHEF2 


CREF1 

2=t 


— o- 


AD7B82 


9AVDD 


DUAL 
SAMPLE-AND-HOLD 
AMPLIFIER 


SELF-CALIBRATING  1 
16-BIT  SWITCHED 
CAPACITOR  OAC 


T* 


COMPARATOR 


<  >~  *"  GENERATION 


1  6-BfT 
SAR  AND 
CONTROL 


-QvRI 


■6  AQND 
6  DGND 


CONTROL  LOGIC 


Z  A/D  converter.  It 


i  sleep  cm.  bip/up  convst  busy  avss 


GENERAL  DESCRIPTION 

The  AD7882  is  a  fast,  16-bit  self-calibrating  A/D  converter.  It 
consists  of  a  sample-and-hold  amplifier,  a  self-calibrating  16-bit 
ADC,  a  2.5  V  reference  and  versatile  interface  logic.  An  on- 
chip  controller  manages  the  self-calibrating  algorithm  that 
reduces  linearity,  offset  and  gain  errors  to  +0.0015%.  System 
offset  and  gain  errors,  caused  by  external  conditioning  circuitry, 
can  also  be  included  in  the  calibration  procedure.  Throughput 
time  is  minimized  at  2.5  us  by  the  use  of  a  dual  sample-and-hold 
amplifier.  The  ADC  also  has  a  self-contained  internal  clock 
which  is  laser  trimmed  to  guarantee  accurate  control  of  conver- 
sion time;  alternatively,  an  external  clock  may  be  used. 

Another  feature  of  the  AD7882  is  a  power-down  mode  that 
reduces  power  dissipation  from  its  normal  operating  value  of 
200  mW  to  1  mW. 

The  AD7882  operates  from  ±5  V  supplies.  Analog  input  ranges 
can  be  unipolar,  0  to  2.5  V  or  bipolar,  ±2.5  V.  The  analog  in- 
put bandwidth  is  200  kHz. 

In  addition  to  traditional  dc  accuracy  specifications  such  as  lin- 
earity, the  AD7882  is  also  fully  specified  for  dynamic  perfor- 
mance parameters  including  harmonic  distortion  and 
signal-to-noise  ratio  (SNR). 

The  AD7882  is  fabricated  in  Analog  Devices'  Linear  Compat- 
ible CMOS  (LC2MOS),  an  advanced,  mixed  technology  process 
that  combines  precision  bipolar  circuits  with  low  power  high- 
speed CMOS  logic.  The  part  is  available  in  a  44-pin  plastic 
quad  flatpack  (PQFP)  and  40-pin  cerdip. 

This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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PRODUCT  HIGHLIGHTS 

1 .  Fast  2.5  jls  Throughput  Time 
JfTast  2.5  (is  throughput  time  makes  the  AD7882  suitable  for 
a  wide  range  of  data  acquisition  applications. 

2.  Self-Calibration  Achieves  High  Accuracy 
A  self-calibrating  algorithm  minimizes  linearity,  offset  and 
gain  errors.  The  calibration  procedure  can  also  include  ex- 
ternal offset  and  gain  errors. 

3.  Dynamic  Specifications  for  DSP  Users 
In  addition  to  traditional  dc  specifications,  the  AD7882  is 
specified  for  ac  parameters  including  signal-to-noise  ratio 
and  harmonic  distortion.  These  parameters  along  with  im- 
portant timing  parameters  are  tested  on  every  device. 

4.  Fast,  Versatile  Microprocessor  Interface 
Fast  bus  access  times  and  standard  control  signals  make  the 
AD7882  easy  to  interface  to  microprocessors. 

5.  Low  Power 

Low  power  monolithic  solution  allows  ease  of  application. 
The  AD7882  also  has  a  power  down  facility. 
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AD7882— SPECIFICATIONS 

AGND  =  DGND  =  0  V,  f clkin  =  10  MHz,  fSAMPlE  =  400  kHz.  All  s 


5  V  ±  5%,  DVod  =  5  V  ±  5%,  AVss  =  -5  V  +  5%,  VREFWI  =  2.5  V, 
specifications  TMIN  to  TMM  unless  otherwise  noted.) 


Parameter 


A,S 

Versions' 


B,T 

Versions' 


Units 


Test  Conditions/Comments 


3  PERFORMANCE2 
*Ioise  +  Distortion  Ratio) 


90 


THD 


Peak  Harmonic  or  Spurious  Noise 

Intermodulation  Distortion  (IMD) 

2nd  Order  Terms 

3rd  Order  Terms 
Throughput  Time 
Aperture  Delay 
Aperture  Jitter 
Noise 


-95 
-88 
-98 
-90 


2.5 
10 
20 
70 


90 

85 

-95 

-88 

-98 

-90 


2.5 
10 
20 
70 


dB  min 
dB  min 
dB  max 
dB  max 
dB  max 
dB  max 

dB  max 
dB  max 
us  max 
ns  typ 
pstyp 
uVrmstyp 


nic  =  -100dB 


DC  ACCURACY2 
Resolution 

Minimum  Resolution  for  Which  No  Missing 

Codes  are  Guaranteed 
Integral  Nonlinearity 
Integral  Nonlinearity 
Differential  Nonlinearity 
Unipolar  Offset  Error 
Unipolar  Gain  Error 
Bipolar  Zero  Error 
Bipolar  Positive  Gain  Error 
Bipolar  Negative  Gain  Error 


Aim  =10  kHz,  Typical  SNR  =  92  dB 
Am  =  100  kHz,  Typical  SNR  =  87  dB 
Am  =  10  kHz,  Typical  THD  =  -100  dB 
Aim  =  100  kHz,  Typical  THD  =  -90  dB 
Am  =  10  kHz,  Typical  Peak  I 
Am  =  100  kHz,  Typical  Peak  Harmonic  =  -92  dB 

fA  =  98kHz,fB=100kHz 

fftoH  Mioft-oi-tanoia  Sb  SS 


16 


16 

±1/2 


±0.9 

±2 
±2 
±2 
±2 
±2 


16 
16 

±1/2 

±1.0 

±0.5 

±2 

±2 

±2 

±2 

—  ■ 


Bits 
Bits 

LSBtyp 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSI!  max 


I*  •;  -V-.'-  nc 


it* 


POWER  SUPPLY  REJECTION 
AVDD  Only 
AVSS  Only 


84 
84 


84 
84 


dB  typ 
dB  typ 


ANALOG  I/P 
Input  Current 
Input  Capacitance3 


±1 
20 


±1 
20 




REFERENCE  OUTPUT 

Vrefout  @  +25°C 
Vrefout  Tempco 


uA  max 
pF  max 


.    8;  • 

Input  Range  =  0  V  to  +2.5  V  or  ±2.5  V 


2.5 
20 


2.5 
20 


Volts  Nominal 
ppm/°C  typ 


±1% 


REFERENCE  INPUT 
Vrefin  Range 
Vrefin  Current 


2.5 
±1 


2.5 
±1 


Volts 
uA  ma 


±2% 


LOGIC  INPUTS 

Input  High  Voltage,  VmH 
Input  Low  Voltage,  Vjml 


Input  Current 
Input  Capacitance 


.3 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


Volts  min 
Volts  max 
uA  max 
pF  max 


SLEEP  INPUT 


Input  High  Voltage,  VmH 
Input  Low  Voltage,  V,NL 
CLKIN  INPUT 

Negative  Trigger  Level 


Vdd 
0.2 


VDD-0.2 
0.2 

-2 


s  mm 
Volts  max 

Volts  min 


This  is  the  Trigger  Level  for  Choosing  Internal 
Clock  Operation  of  the  Device 


I 


■ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 


1 


A,S 

Versions' 


B,T 

Versions' 


Units 


Test  Conditions/Comments 


LOGIC  OUTPUTS 

Output  High  Voltage,  V0h 

Output  Low  Voltage,  VOL 

DB15-DB0 

Floating-State  Leakage  Current 
Floating-State  Output  Capacitance3 


2.4  MM 

2.4 

0.4 

0.4 

±1C 

±10 

20 

20 

+5 

+5 

+  5 

+5 

-5 

-5 

1 

1 

29 

29 

27 

27 

300 

300 

40 

40 

50 

50 

40 

40 

Volts  min 
Volts  max 


pA  max 
pF  max 


=  200  uA 
1.6  mA 


POWER  REQUIREMENTS 
DVDD 
AVDD 
AVSS 

Normal  Mode 

DIDD 
AIDD 
AIss 

Power  Dissipation 
Sleep  Mode 
DIDD 
AIdd 
AIss 

Power  Dissipation 


Volts 
Volts 
Volts 

mA  max 
mA  max 
mA  max 
mW  max 

jiA  max 
pA  max 
uA  max 
mW  max 


NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  *85°Q  S,  T  Ve: 
2Specifications  apply  after  calibration. 
'Sample  tested  at  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


±5% 
±5% 
±5% 


Typically  200  mW,  CLKIN  not  Running 


Typically  500  pW,  Input  Logic  Levels  of  0 
and  VDD-  0.2  V,  CLKIN  Not  Running. 
Typically  1.5  mW  with  CLKIN  Ri 


2  V 


r 


■ 


■ 


■ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 


(All  Versions) 


(A,  B  Versions) 



15 

5 

15 

5 

40 
40 
5 

22  tcuON 

2.3 

25  tcucuj 
2.6 

40 
30 
0 
0 
50 
50 
10 
75 
15 
5 

40 
30 
20 
0 
40 
30 
30 


Units 


Conditions/Comments 


ti 
t2 
h 
U 
ti 
U 
t7 

^CONVERT 
tsAMPLE 


tio 

til 

tl2 

t,,2 

t,45 

t|5 
tl6 
tl7 
t.8 
tl9 
t20 
t2l 
t22 
t23 

tCALl 
tcAL  2 
tcAL3 
tCAL4 


10 

5 

10 
5 

30 
30 
5 

22  tcLKIN 

2.3 

25  tcLKIN 

2.6 
30 

20 

0 

0 

40 

40  ' 

10  . 
75 
10 
5 

40 

20 

10 

0 

30 

20 

20 

9276744  tCLKIN 
6359324  tCLKiN 
1475104  tcucjN 
1442324  tCLKrN 


ADD0  to  WR  Setup  Time 
ADD0  to  WR  Hold  Time 
CS  to  WR  Setup  Time 
CS  to  WR  Hold  Time 
WR  Pulse  Width 
Data  Setup  Time 
Data  Hold  Time 

Conversion  Time:  Synchronous  Operation 
Conversion  Time:  Internal  Clock  Operation 
Time  Between  Samples:  Synchronous  Operation 
Time  Between  Samples:  Internal  Clock  Operation 


CONVST  Pulse  Width 
CONVST  High  to  BUSY  Low  Delay 
CS  to  RD  Setup  Time 
CS  to  RD  Hold  Time 
Cidth 

i  to  Data  Valid  Delay  (Data  Access  Time) 
lid  Time  After  RD  (Bus  Relinquish  Time) 


Setup  Time 
Hold  Time 
ata  Valid  before  Rising  Edge  of  BUSY 
Falling  Edge  to  BUSY  Low  Delay 
AL  Setup  Time 
:o  CAL  Hold  Time 
AL  Pulse  Width 
CAL  High  to  BUSY  Low  Delay 
CONVST  High  to  BUSY  Low  Delay:  System 
CAL  Mode 

Device  Calibration  Time:  Device  CAL  Mode 
DAC  Calibration  Time:  System  CAL  Mode 
Offset  Calibration  Time:  System  CAL  Mode 
Gain  Calibration  Time:  System  CAL  Mode 


NOTES 

'Timing  Specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +25  °C  to  ensure  compliance.  All  input  signals  are  specified 
with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

2t,3  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

't14  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  I,  The  measured  number  is  then  extrapolated 
back  to  remove  the  effects  of  charging  or  discharging  the  1 00  pF  capacitor.  This  means  that  the  time,  1 14,  quoted  in  the  Timing  Specifications  is  the  true  bus  relin- 
quish time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 

Specifications  subject  to  change  without  notice 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Figure  1.  Load  Circuit  for  Bus  Access  and  Relinquish  Time 


Figure  2.  Write  Timing  Diagram 


 ,  


X 


M  ha) 


Figure  3.  Read  Timing  Diagram,  Asynchronous  Operation  (M/S  =  Low;  CAL  =  High) 


ANALOG 
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CONVST 


-'sample  - 


\ 
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X 


Figure  4.  Read  Timing  Diagram,  Asynchronous  Operation  (M/S,  CS,  RD,  ADDO  =  Low;  CAL  =  High) 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG  INPUT 
'  (t„)  SAMPLED 


ANALOG  INPUT 


"  Sample  " 
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*18    ^  ^CONVERT   
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Figure  5.  Read  Timing  Diagram,  Synchronous  Operation  <CS,  RD  =  Low:  M/S,  CAL  =  High) 


START  OF 
CALIBRATION 


CONVST 


Figure  7.  System  Calibration  Timing  (M/S  =  High;  RD,  WR  =  High) 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS'- 2 

(TA  =  +25°C  unless  otherwise  noted) 

AVpD  to  AGND   -0.3  V  to  +7  V 

AVSs  to  AGND   +0.3  V  to -7  V 

AGND  to  DGND   -0.3  V  to +0.3  V 

AVDD  to  DVDD   -0.3  V  to  +0.3  V 

Analog  Inputs  to  AGND  AVSS  -  0.3  V  to  AVDD  +  0.3  V 

Reference  Inputs  to  AGND  .  .  .  AVSS  -  0.3  V  to  AVDD  +  0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  DVDD  +  0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  DVDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  Plastic  (A,  B  Versions)  -40°C  to  +85°C 

Extended  Hermetic  (S,  T  Versions)  -55°C  to  +125°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature  +150°C 

Lead  Temperature  (Soldering,  1 0  sec)   +300°C 

Cerdip  Package,  Power  Dissipation   1000  mW 

8JA  Thermal  Impedance  50°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

PQFP  Package,  Power  Dissipation   875  mW 

9jA  Thermal  Impedance  .... 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)  

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings 
permanent  damage  to  the  device.   This  is  a  stress  rating  only 


PQFP  Pinout 


Z    B!J  Q 

o  bk  oic 

O  <  0 


13 

m  £  c 

?  3  S  5  §  8  S  «-8  S  5 

RRRHRRHHRRR 


CLKIN 
SLEEP 
AGND  1 
AGND  2 
AGND  3 
CflEFl 
CHEF2 

Vrefin 


1  cxq 

3  C 
5C 


9 
10 

A*™  11 


REFOUT 
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.  PIN  1  IDENTIFIER 


AD7882 

TOP  VIEW 
(NOT  TO  SCALE) 
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133  DB13 
132  DB12 
131  DB11 
130  DV„, 
D29  DV„, 
128  DGND 
127  DGND 
126  DB10 
125  DB9 
124  DBS 
123  DB7 


operation  of  the  device  at  these  or  any  other  conditions  above  t 
operational  sections  of  this  specification  is  not  implied.  Exposi 
maximum  rating  conditions  for  extended  periods  may  affect  device 
transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


CREF2  I]! 
VREF1N  fjj 
VREFOUT  0? 

AVpo  r» 

AVss 
A„1  [Jf 
A„2  [js 
DBO  [is 
DB1 


r 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7882  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
 i  





WARNING 


ESD  SENSITIVE  DEVICE 
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Power  Supply 

DVDD 
AVSS 
AVDD 
DGND 
AGND 

Analog  and  Reference  Pins 

AinIj  A[m2 


Digital  positive  supply,  +5  V  +  5%. 
Analog  negative  supply,  -5  V  +  5%. 
Analog  positive  supply,  +5  V  ±  5%. 
Digital  Ground.  Ground  reference  for  digital  circuitry. 
Analog  Ground.  Ground  reference  for  analog  circuitry. 


Vrefin 


Interface 

RD 

CS 

ADDO 


WR 

DB15-DB0 


Analog  Inputs.  Both  analog  inputs  must  be  tied  together.  The  input  ranges  are;  0  V  to  2.5  V  and ±2.5  V. 
Voltage  Reference  Input.  The  AD7882  is  specified  with  a  voltage  reference  of  2.5  V,  which  can  be  provided 
externally  or  by  the  on-chip  voltage  reference. 

Voltage  Reference  Output.  The  internal  2.5  V  reference  is  provided  at  this  pin.  It  has  an  output  impedance 
which  is  nominally  20  k£2. 

1 0  |1F  Reference  Capacitor.  This  is  a  charge  reservoir  for  the  coarse  internal  reference  buffer,  and  it  damps 
voltage  excursions  at  the  buffer  output.  This  must  be  a  high  quality,  low  series  inductance  capacitor. 
0.2  pF  Reference  Capacitor.  This  is  a  charge  reservoir  for  the  fine  internal  reference  buffer,  and  it  damps 
voltage  excursions  at  the  buffer  output.  This  must  be  a  high  quality,  low  series  inductance  capacitor. 

Read,  active  low  logic  input.  This  input  is  used  in  conjunction  with  CS  low  to  enable  the  three-state  data  outputs. 
Chip  select,  active  low  logic  input.  The  device  is  selected  when  this  input  is  active. 

Address  Input.  This  control  input  determines  whether  the  word  placed  on  the  output  data  bus  during  a  read 
operation  is  an  ADC  conversion  result  or  the  contents  of  the  control  register.   A  logic  low  accesses  a  conversion 
result  while  a  logic  high  accesses  the  control  register.  When  writing,  if  ADDO  is  high,  the  control  register  is  the 
destination.  If  ADDO  is  low,  the  calibration  data  memory  is  the  destination. 

junction  with  CS  and  ADDO  to  write  data  to  the  AD7882. 
CS  and  RD.  Data  output  coding  is  2s  complement  binary. 


Write,  active  low  logic  input.  This  input  is 
Three-state  data  outputs  which  are  controlled  t 


Timing  and  Control 


CLKIN 


BUSY 


CONVST 


BIP/UP 


SLEEP 


CAL 


M/S 


Clock  input,  an  external  TTL-compatible  clock  may  be  applied  to  this  input  pin.  Alternatively,  tying  this  pin 
to  AVSs  enables  the  internal  clock  oscillator. 

This  output  indicates  converter  status.  BUSY  is  low  during  conversion  and  calibration. 
Conversion  Start.  A  low  to  high  transition  on  this  logic  input  pin,  when  the  AD7882  is  configured  for 
asynchronous  operation,  places  the  sample-and-hold  amplifier  in  the  hold  mode  and  starts  conversion. 
Bipolar/Unipolar  select  logic  input.  A  logic  high  selects  the  bipolar  input  range  (An  Range  =  IVrefjn),  and  a 
logic  low  selects  the  unipolar  range  (AIN  Range  =  0  to  Vrefjn). 

Sleep  function,  active  low  logic  input.  Once  asserted,  the  AD7882  enters  the  low  power  mode.  All  internal 
circuitry  including  the  internal  voltage  reference  is  powered  down.  Calibration  data  is  retained. 
Active  low  logic  input.  A  logic  low  on  this  input  resets  all  internal  logic  and  initiates  a  calibration.  Initiating 
a  calibration  overrides  all  other  internal  operations  and  if  a  conversion  is  in  progress,  it  will  be  terminated. 
Mode/Sync  Logic  Input.  This  is  a  dual  function  pin.  When  the  device  is  in  the  CAL  mode  (CAL  input  low),  it 
determines  the  calibration  mode.  When  the  device  is  in  the  normal  operating  mode,  it  determines  whether 
conversion  is  synchronous  or  asynchronous.  Synchronous  operation  means  that  the  device  continuously  converts 
the  input  in  synchronism  with  the  clock.  Asynchronous  operation  means  that  the  device  converts  the  analog  input 
in  response  to  the  application  of  a  CONVST  signal.  See  Table  I  for  the  CAL,  M/S  Truth  Table.  Note  that 
the  control  register  can  be  used  to  disable  this  input  pin.  See  Control  Register  Section. 


Table  I.  AD7882  Operating  Modes 


CAL 

MIS 

Function 

1 

0 

Asynchronous  Operation 

1 

1 

Synchronous  Operation 

0 

0 

Device  Calibration 

0 

1 

System  Calibration 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TERMINOLOGY 
Integral  Nonlinearity 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  ADC  transfer  function. 
The  endpoints  of  the  transfer  function  are  zero  scale  (not  to  be 
confused  with  bipolar  zero),  a  point  0.5  LSB  below  the  first 
code  transition  (000  ...  000  to  000  ...  001)  and  full  scale,  a 
point  0.5  LSB  above  the  last  code  transition  (1 1 1  ...  1 10  to 
1 1 1  ...  1 1 1).  The  error  is  expressed  in  LSBs. 

Differential  Nonlinearity/No  Missed  Codes 

This  is  the  difference  between  the  measured  and  the  ideal 
1  LSB  change  between  any  two  adjacent  codes  in  the  ADC. 
Differential  linearity  error  is  expressed  in  LSBs.  A  differential 
linearity  error  of  ±0.9  LSB  or  less  guarantees  no  missed  codes 
to  the  full  resolution  of  the  device.  Thus,  the  AD7882  has  no 
missed  codes  guaranteed  to  16  bits. 

Unipolar  Offset  Error 

When  the  device  is  operating  in  the  0  to  +Vr£pjn  range,  the  de- 
viation of  the  first  code  transition  from  the  ideal  (+0.5  LSB)  is 
the  unipolar  offset  error.  It  is  expressed  in  LSBs. 

Unipolar  Gain  Error 

This  is  the  deviation  of  the  last  code  transition  (01  ...  1 10  to 
01  ...  1 1 1)  from  the  ideal  (V^nu  -  1.5  LSB)  after  bipolar  zero 
error  has  been  adjusted  out. 

Bipolar  Zero  Error 

This  is  the  deviation  of  the  midscale  transition  (all 
from  the  ideal  (AGND). 

Positive  Gain  Error 

This  is  the  deviation  of  the  last  code  transition"(01 
0 1  ...  1 1 1 )  from  the  ideal  (Vrefin  -1-5  LSB)  after  bi| 
error  has  been  adjusted  out. 

Negative  Gain  Error 

This  is  the  deviation  of  the  first  code  transition  (10  .  .  .  000  to 
10  ...  001)  from  the  ideal  (-VreFIN  +  0.5  LSB)  after  bipolar 
zero  error  has  been  adjusted  out. 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  A/D  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  rms  sum  of  all  nonfundamental 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dependent  upon  the  number  of  quantization  levels 
in  the  digitization  process;  the  more  levels,  the  smaller  the  quan- 
tization noise.  The  theoretical  signal  to  (noise  +distortion)  ratio 
for  an  ideal  N-bit  convener  with  a  sine  wave  input  is  given  by: 

Signal  to  (Noise  +  Distortion)  =  (6.02A?  +  1 .76)  dB 

Thus  for  a  16-bit  converter,  this  is  98  dB. 


THD  (dB)  =  20  log 


Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7882,  it  is  defined  as 

Vk22  +  k32  +  k42  +  f,2+k62 

where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonics. 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  is  deter- 
mined by  the  largest  harmonic  in  the  spectrum,  but  for  parts 
where  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
noise  peak. 

Interniodulation  Distortion 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  active  device  with  nonlinearities  will  create  distortion 
products  at  sum  and  difference  frequencies  of  mfa  ±  nib  where 
m,  n  =  0,  1,  2, .3,  etc.  Intermodulation  terms  are  those  for 
which  neither  m  nor  n  are  equal  to  zero.  For  example,  the  sec- 
ond order  terms  include  (fa  +  fb)  and  (fa  -  fb),  while  the  third 
order  terms  include  (2fa  +  fb),  (2fa  -  fb),  (fa  +  2fb)  and  (fa  - 

2fb). 

The  AD7882  is  tested  using  the  CCIF  standard  where  two  input 
frequencies  near  the  top  end  of  the  input  bandwidth  are  used. 
In  this  case,  the  second  and  third  order  terms  are  of  different 
The  second  order  terms  are  usually  distanced  in 
luency  from  the  original  sine  waves,  while  the  third  order 
terms  are  usually  at  a  frequency  close  to  the  input  frequencies. 
As  a  result,  the  second  and  third  order  terms  are  specified  sepa- 
rately. The  calculation  of  the  intermodulation  distortion  is  as 
per  the  THD  specification  where  it  is  the  ratio  of  the  rms  sum  of 
the  individual  distortion  products  to  the  rms  amplitude  of  the 
fundamental  expressed  in  dBs. 

Power  Supply  Rejection  Ratio 

This  is  the  ratio,  in  dBs,  of  the  change  in  positive  gain  error  to 
the  change  in  AVDD,  DVDD  or  AVSs-  It  is  a  dc  measurement. 
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CIRCUIT  DESCRIPTION 
Analog  Input 

The  analog  input  circuitry  includes  two  SHAs  in  a  ping-pong 
configuration  as  in  Figure  8.  The  SHAs  alternatively  acquire 
the  analog  input  and  hold  the  output  constant  for  the  ADC  con- 
versions. During  conversion,  one  of  the  SHAs  is  in  the  hold 
mode  while  the  other  is  in  the  sample  mode.  The  sample  and 
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SW 
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Figure  8.  Input  SHA  Configuration 

hold  states  are  then  switched  after  every  conversion.  The  ben- 
efit of  this  configuration  is  to  eliminate  the  need  for  acquisition 
time  between  conversions.  The  throughput  time  is  now  effec- 
tively equal  to  the  conversion  time  which  is  2.5  us.  The  analog 
input  range  can  be  either  unipolar  or  bipolar  depending  on  the 
status  of  the  BIPAJP  input.  The  transfer  function  for  the  unipo- 
lar range  is  straight  binary  while  the  transfer  function  for  the  bi- 
polar input  is  2s  complement.  These  are  shown  in  Figures  9 
and  10. 
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0111...111 

0111...110 

0000...011 

00OO...010 

0000...001 

O0OO...0O0 
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1000...001 
1000...000 


Figure  9.  Unipolar  Transfer  Function 

,  ■  ■ 
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Figure  10.  Bipolar  Transfer  Function 


Calibration 

The  AD7882  conversion  procedure  is  based  on  the  successive 
approximation  algorithm.  Accuracy  of  the  individual  compo- 
nents, such  as  the  DAC  and  comparator,  is  critical  to  achieve 
1 6-bit  performance.  The  comparator  uses  an  autozero  tech- 
nique to  null  both  internal  and  external  offsets.  Another  advan- 
tage of  this  scheme  is  that  it  nulls  1/f  noise.  The  autozero 
switching  occurs  well  above  the  1/f  roll-off  frequency,  thus  the 
noise  appears  as  a  dc  offset  which  gets  cancelled. 

The  internal  DAC  uses  binary  weighted  capacitors  instead  of 
the  traditional  R-2  R  ladder  type.  This  allows  the  AD7882  to 
employ  a  calibration  routine  that  nulls  the  errors  of  the  indi- 
vidual DAC  segments  along  with  offset  and  gain  errors.  Each 
segment  of  the  capacitor  DAC  contains  multiple  capacitors  that 
are  used  to  trim  for  absolute  accuracy.  During  a  calibration 
routine,  the  DAC  segments  are  compared  against  other  seg- 
ments and  trimmed  to  1/4  LSB  accuracy.  Offset  and  gain  errors 
are  then  calibrated  either  against  the  device  AGND  and  Vrefuj 
inputs  or  external  reference  voltages  that  are  applied  at  the  AiN 
input.  -  . 

Calibration  Routine 

The  AD7882  is  capable  of  two  calibration  methods;  system  cali- 
bration and  device  calibration.  Both  modes  calibrate  the  inter- 
nal DAC  linearity  along  with  offset  and  gain  errors.  A  system 
calibration  is  where  the  device  calibrates  its  full  scale  and  offset 
voltages  against  externally  applied  voltages.  For  a  device  cali- 
bration, full  scale  and  offset  are  calibrated  against  the  Vreftn 
and  AGND  inputs.   Note  that  a  calibration  must  always  be 
initiated  after  power  on  to  meet  the  device  performance 
specifications. 

Calibr; 

pin  or  in  software  by  writing  the  appropriate  word  to  the  control 
register.  The  AD7882  will  always  perform  a  full  calibration  if 
initiated  in  hardware.  However,  under  software  control,  partial 
calibration  options  including  only  offset  and  gain,  can  be  per- 
formed. These  options  are  shown  in  Table  III. 

Device  Calibration 

Device  calibration  is  initiated  by  pulsing  CAL  low;  see  Figure  6. 
Offset  and  gain  are  calibrated  against  the  AGND  and  Vreftn  in- 
puts respectively.  This  calibration  procedure  takes  928  ms, 
when  using  a  10  MHz  clock. 

System  Calibration 

System  calibration  is  initiated  by  a  positive  edge  on  CAL  as 
shown  in  Figure  7.   BUSY  goes  low  three  times  during  the  cali- 
bration procedure  corresponding  to  the  DAC,  offset  and  gain 
calibrations  respectively.  The  rising  edge  of  the  first  BUSY 
pulse  indicates  that  the  DAC  calibration  is  complete  and  the 
AD7882  is  now  ready  to  calibrate  the  offset.  This  is  achieved  by 
applying  an  external  0  V  input  at  the  Ain  input  and  asserting  the 
CONVST  input.  Note,  the  external  0  V  input  must  be  within 
±1.5%  of  AGND.  The  rising  edge  of  the  second  BUSY  pulse 
indicates  that  the  part  is  ready  to  calibrate  full  scale.  This  time, 
the  full  scale  input  voltage  must  be  applied  to  the  analog  input, 
and  CONVST  must  be  asserted  once  again.  The  full-scale  input 
voltage  must  be  within  ±  1.5%  of  the  reference  input  voltage. 
Complete  calibration  time  is  928  ms  plus  the  width  of  the  two 
CONVST  start  pulses,  when  using  a  1 0  MHz  clock  for  the 
device. 


-incmnui 

n  may  be  initiated  in  hardware  by  asserting  the  CAL 
or  in  sofl 
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Configuring  the  M/S  Input 

The  M/S  input  with  conjunction  with  the  CAL  input  deter- 
mines the  type  of  calibration  initiated  when  CAL  is  taken  low. 
It  also  determines  whether  the  conversion  is  asynchronous  (con- 
trolled by  the  CONVST  input)  or  synchronous  (with  CLKTN). 
In  all,  they  can  be  configured  in  four  different  ways  as  shown  in 
Figure  11.  The  CAL  input  is  asserted  by  a  positive  edge,  when 
calibration  is  required.  Then,  for  example  if  synchronous  op- 
eration  and  device  calibration  is  required,  M/S  is  tied  to  CAL. 
Note,  an  inverter  can  be  used  between  the  CAL  and  the  M/S 
inputs  when  asynchronous  operation  and  system  calibration  is 
required. 

If  CAL  is  high,  then  the  user  can  start  a  Calibration  from  the 
Control  Register. 


CALIBRATION 

DEVICE 
CALIBRATION 

SYSTEM 
CALIBRATION 

■ 

'PERATION 

ASYNCHRONOUS  j 

CAL  M/S 

-°  2 

CAL  M/S 

-LT^ 

NORMAL  C 

|  SYNCHRONOUS 

CAL  M/S 

O-O 

~i_r 

CAL  M/S 

■  ■ 


The  data  outputs  are  controlled  by  the  CS  and  RD  inputs.  The 
possible  timing  configurations  are  shown  in  Figures  3,  4  and  5. 
If  CS  and  RD  are  tied  permanently  low,  then  the  data  bus  will 
always  be  active.  However,  it  will  change  state  at  the  end  of 
conversion  to  reflect  the  most  recent  result.  Reading  the  < 
bus  must  be  avoided  at  this  time. 

Control  Register 

The  control  register  serves  the  dual  function  of  providing 
control  and  monitoring  the  status  of  the  AD7882.  This  register 
is  directly  accessible  through  the  data  bus  with  a  read  or  write 
operation  while  ADDO  is  high.  One  of  the  option  settings  in 
the  control  register  is  to  set  up  the  coefficients  register  for 
reading  or  writing.  The  coefficient  registers  contain  the  calibra- 
tion coefficients.  Loading  the  coefficients  to  the  register  con- 
sists of  writing  forty  16-bit  words.  This  activity  is  considerably 
shorter  for  almost  any  processor  than  performing  a  calibration. 
Thus,  a  typical  application  might  read  all  the  coefficients  after 
calibration,  store  them  in  the  backup  memory  and  rewrite  them 
to  the  AD7882  in  future  power-up  initialization  routines.  Read- 
ing the  calibration  coefficients  consists  of  forty  read  cycles  to 
the  AD7882.  This  will  return  forty  16-bit  words  to  the 
microprocessor.- 

Writing  to  the  AD78R2 

Data  can 

ciehts  register. 


Figure  11.  M/S  Input  Configuration 

Timing  and  Control  "tr  ^ 

Data  communication  with  the  AD7882  is  controlled  by  four 
control  inputs:  CS,  RD,  WR  and  ADDO.  The  data  transfer 
consists  of  reading  and  writing  to  the  control  register  or  coeffi- 
cients register  and  reading  the  conversion  result  from  the  output 
data  register. 

Conversion  Control  and  Data  Reads 

Conversion  can  be  controlled  in  hardware  by  asserting  the 
CONVST  input  (Asynchronous  Mode)  or  the  device  can  be  set 
up  for  continuous  "back-to-back"  conversions  (Synchronous 
Mode).  The  M/S  input  controls  these  as  outlined  above.  In 
synchronous  mode,  a  power-up,  CAL  or  CONVST  will  initiate 
operation. 

■ 


be  written  to  ei 
sster.  Atyp.cal 


either  the  control  register  or  the  coeffi- 
timing  diagram  is  shown  in  Figure  12. 
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Figure  12.  Typical  Write  Timing 
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Table  II.  Control  Register  Bit  Functions 


Bit  Location 


I/O 


Power-Up 
Default 


Function 


CRO 
CR1 
CR2 


CR3 


CR4 
CR5 
CR6 
CR7 


CR9 

■  ■ 

CR10 

CR11 

CR12 

CR13 
CR14 


CR15 


Read  Only 
Read  Only 
Read/Write 


Read/Write 

Read/Write 
Read/Write 
Read/Write 
Read/Write 

Read/Write 
Read/Write 
Read 
Read 

Read/Write 
Read/Write 


0 
0 

BIP/UP 


0 
1 
1 
1 

SLEEP 
SLEEP 

0 
0 

0 

1 


Conversion  status.  This  bit  is  high  during  conversion. 
Calibration  status.  This  bit  is  high  during  calibration. 

BIP/UP  Select.  Unipolar  operation  is  selected  when  CR2  is  0;  bipolar  operation 
is  selected  when  CR2  is  1.  This  assumes  that  CR3  is  1.  When  CR3  is  0,  CR2 
reflects  the  BIP/UP  input. 

If  CR3  =  1,  then  Control  Register  bits  CR2,  CR9  and  CR10  have  priority. 

Otherwise  external  pins,  SLEEP  and  BIP/UP,  have  priority. 

CR4  to  CR7  determine  the  calibration  function,  see  Table  III. 

Calibration  function,  See  CR4. 

Calibration  function,  See  CR4. 

Calibration  function,  See  CR4. 

Not  Used 

Sleep  Control  Bit.  When  CR3  is  1,  setting  CR9  to  0  powers  down  all  circuitry 

except  the  reference.  When  CR3  is  0,  CR9  reflects  the  state  of  the  SLEEP  input. 

Reference  power  down.  When  CR3  is  1,  reference  is  powered  by  writing  a  0  to 

CR10.  When  CR3  is  0,  CR10  reflects  the  state  of  the  SLEEP  input. 

A  1  in  this  location  indicates  an  overflow  on  AIN  in  the  last  conversion  and  a 

gain  adjust  is  required:  to  bring  the  input  back  within  range. 

A  1  in  this  location  indicates  an  underflow  on  AIN  in  the  last  conversion  and  a 

gain  adjust  is  required  to  bring  the  input  back  within  range. 

Not  Used  "rJV*      I^N^  ■ 

Status  Bit.  If  this  is  1,  it  means  that  the  calibration  is  halted.  Calibration  can  be 
continued  by  writing  a  0  to  this  location. 

Reset  Bit.  All  memory  and  logic  is  reset  when  a  0  is  written  to  this  location. 
Reset  happens  on  the  rising  edge  of  WR.  If  there  is  a  subsequent  control 
register  read  all  bits  except  CR15  will  have  power-up  default  setting.  Therefore, 
to  restart  after  a  software  reset,  it  is  necessary  to  write  a  1  back  into  CR15. 


Table  III.  Calibration  Options  Using  the  Control  Register 


CR7 


CR6 


CR5 


CR4 


Function 


Normal  Conversion,  No  Calibration 

Normal  Conversion,  No  Calibration 

Gain  Error  Only-Device  Calibration 

Gain  Error  Only-System  Calibration 

Offset  Error  Only-Device  Calibration 

Offset  Error  Only-System  Calibration 

Offset  and  Gain  Error  Only-Device  Calibration 

Offset  and  Gain  Error  Only-System  Calibration 

Read  All  Calibration  Coefficients 

Write  All  Calibration  Coefficients 

Read  Gain  Calibration  Coefficients  Only 
Write  Gain  Calibration  Coefficients  Only 
Read  Offset  Calibration  Coefficients  Only 
Write  Offset  Calibration  Coefficients  Only 
Full  Device  Calibration 
Full  System  Calibration 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG 
DEVICES 


LC2M0S 

12-Bit,  3.3  V  Sampling  ADC 


AD7883 


FEATURES 

Battery-Compatible  Supply  Voltage:  Guaranteed  Specs 

for  VDD  of  3  V  to  3.6  V 
12-Bit  Monolithic  A/D  Converter 
50  kHz  Throughput  Rate 

15  m.s  Conversion  Time 

5  (is  On-Chip  Track/Hold  Amplifier 
Low  Power 

Power  Save  Mode:  1  mW  typ 

Normal  Operation:  8  mW  typ 
70  dB  SNR 

Small  24-Lead  SOIC  and  0.3"  DIP  Packages 
APPLICATIONS 

Battery  Powered  Portable  Systems 
Laptop  Computers 

GENERAL  DESCRIPTION 

The  AD7883  is  a  high  speed,  low  power,  12-bit  A/D  converter 
which  operates  from  a  single  +3  V  to  +3.6  V  supply.  It  consists 
of  a  5  u.s  track/hold  amplifier,  a  1 5  u.s  successive-approximation 
ADC,  versatile  interface  logic  and  a  multiple-input-range  circuit. 
The  part  also  includes  a  power  save  feature. 

Fast  bus  access  times  and  standard  control  inputs  ensure  easy 
interfacing  to  modern  microprocessors  and  digital  signal 
processors. 

The  AD7883  features  a  total  throughput  time  of  20  p.s  and  can 
convert  full  power  signals  up  to  25  kHz  with  a  sampling  fre- 
quency of  50  kHz. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7883  is  also  fully 
specified  for  dynamic  performance  parameters  including  har- 
monic distortion  and  signal-to-noise  ratio. 

The  AD7883  is  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  (LC2MOS)  process,  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  24-pin,  0.3  inch-wide,  plastic  dual-in- 
line package  (DIP)  as  well  as  a  small  24-lead  SOIC  package. 


FUNCTIONAL  BLOCK  DIAGRAM 


SAMPLING 
COMPARATOR 


LOW  POWER 
CONTROL 
CIRCUIT 


SAR 
COUNTER 


E COUNTER 


THREE 
STATE 
BUFFERS 


AD7883 


PRODUCT  HIGHLIGHTS 

1.3  V  Operation 

The  AD7883  is  guaranteed  and  tested  with  a  supply  voltage 
of  3  V  to  3.6  V.  This  makes  it  ideal  for  battery-powered 
applications  where  12-bit  A/D  conversion  is  required. 

2.  Fast  Conversion  Time 

15  u.s  conversion  time  and  5  u.s  acquisition  time  allow  for 
large  input  signal  bandwidth.  This  performance  is  ideally 
suited  for  applications  in  areas  such  as  telecommunications, 
audio,  sonar  and  radar  signal  processing. 

3.  Low  Power  Consumption 

1  mW  power  consumption  in  the  power-down  mode  makes 
the  part  ideally  suited  for  portable,  hand  held,  battery  pow- 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DYNAMIC  PERFORMANCE2 
Signal-to-Noise  Ratio3  (SNR) 

Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  1 
Intermodulation  Distortion  (' 

Second  Order  Terms 

Third  Order  Terms 


69 

dB  min 

—80  ___ 

dB  typ 

-80 

dB  typ 

-80 

dB  typ 

-80 

dB  typ 

Typically  SNR  Is  71  dB 

Vm  =  1  kHz  Sine  Wave,  fSAMPLE  =  50  kHz 

Vjn  =  1  kHz  Sine  Wave,  ^sample  =  50  kHz 


_  =  1  kHz,fSj__ 

fa  =  0.983  kHz,  fb  ■■ 
fa  =  0.983  kHz,  fb  ■■ 


50  kHz 


1SAMPLE  —  JKJ 

1  05  kHz  f  =50  kHz 

— |   SAMPLE  


1.05  kHz,  f; 


50  kHz 


DC  ACCURACY 
Resolution 

Integral  Nonlinearity 
Differential  Nonlinearity 
Full-Scale  Error 
Bipolar  Zero  Error 
Unipolar  Offset  Error 


12 


t2 

tl 

t20 

tl2 

t3 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


All  DC  ACCURACY  Specifications  Apply  for 
the  Two  Analog  Input  Ranges 

Guaranteed  Monotonic 




ANALOG  INPUT 
Input  Voltage  Ranges 

Input  Resistance 


0  to  Vref 

±Vref 

10 

5/12 


Volts 
Volts 
Mfl  min 
kfl  min/max 




See  Figure  4 
See  Figure  5 
0  to  Vrej,  Range 
8  kfl  typical:  ±VR 


,  Range 


■ 


REFERENCE  INPUT 
Vref  (For  Specified  P 
Irf.f 


— 


1.2 


V 

mA  max 


LOGIC  INPUTS  _ 
CONVST,  RD,  CS,  CLKIN 

Input  High  Voltage,  VINH 

Input  Low  Voltage,  VINL 

Input  Current,  IIN 

Input  Capacitance,  CIN4 
MODE  INPUT 

Input  High  Voltage,  V1NH 

Input  Low  Voltage,  VINL 

Input  Current,  IIN 

Input  Capacitance,  CIN" 

LOGIC  OUTPUTS 

DB11-DB0,  BUSY 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 

DB11-DB0 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance4 


2.1 
0.6 
±10 
10 

vDD- 

0.2 

±100 

10 


0.2 


V  min 

V  max 
uA  max 
pF  max 

V 
V 

(jlA  max 
pF  max 


vin     0  V  or  VDD 


V^  =  0  V  or  VDD 


2.4 
0.4 


=  10 


10 





V  min 

V  max 

|iA  max 

pF  max 

_Z_  


^source  —  200  (j.A 
'sink  =  0.8  mA 


CONVERSION 
Conversion  Time 
Track/Hold  Acquisition  Time 


15 
5 


p.s  max 
lis  max 


fcLKiN  —  2  MHz 


POWER  REQUIREMENTS 

^DD 

'dd 

Normal  Power  Mode  @  +25°C 

Power  Save  Mode  @  +25°C 

Power  Dissipation 
Normal  Power  Mode  @  +25°C 

Power  Save  Mode  @  +25°C 
  TMIN  to  Tmax 


+  3.3 

3 
4 

400 
800 

11 

15 
1.5 
3 


V  nom 

mA  max 
mA  max 
p-A  max 
u.A  max 

mW  max 
mW  max 
mW  max 
mW  max 


+  3  V  to  +3.6  V  for  Specified  Performance 

Typically  2  mA;  MODE  =  VDD 
Typically  2.5  mA;  MODE  =  VDD 

Logic  Inputs  @  0  V  or  VDD;  MODE  =  0  V;  Typically  250  uA 
Logic  Inputs  @  0  V  or  VDD;  MODE  =  0  V;  Typically  300  uA 


VDD  =  3.6  V:  Typically  8  mW;  MODE 
VDD  =  3.6  V:  Typically  9  mW;  MODE  =  V, 
VDD  =  3.6  V:  Typically  1  mW;  MODE  =  0  V 
VDD  =  3.6  V:  Typically  1  mW;  MODE  =  0  V 


DD 
DD 


NOTES 

'Temperature  range  is  as  follows:  B  Versions:  -40°C  to  +85°C. 
!VIN  =  0  to  VREF. 

3SNR  calculation  includes  distortion  and  noise  components. 
4Sample  tested  (§■  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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TIMING 


(V0[1  =  +3  V  to  +3.6  V,  VREF  =  VDD,  AGND  =  DGND  =  0  V) 


Parameter 

Limit  at  +25°C 
(All  Versions) 

Limit  at  TMIN, 
(All  Versions) 

TjWAX 

Units 

Conditions/Comments 

li 

JU 

ah 
ou 

 1 

ns  min 

L>vJIN  Vol  1  uise  w  lutn 

t2 

200 

200 

ns  max 

CONVST  to  BUSY  Falling  Edge 

t3 

0 

0 

ns  min 

BUSY  to  CS  Setup  Time 

U 

0 

ns  min 

CS  to  RD  Setup  Time 

h 

0 

0 

ns  min 

CS  to  RD  Hold  Time 

110 

150 

ns  min 

RD  Pulse  Width 

100 

140 

ns  max 

Data  Access  Time  after  RD 

t,5 

5 

5 

ns  min 

Bus  Relinquish  Time  after  RD 

90 

90 

ns  max 

NOTES 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  25°C  to  ensure  compliance.  All  input  signals  are  specified 
with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

2t7  is  measured  with  the  load  circuit  of  Figure  2  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

\  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  0.5  V  when  loaded  with  the  circuit  of  Figure  2.  The  measured  number  is  then 
extrapolated  back  to  remove  the  effects  of  charging  the  50  pF  capacitor.  This  means  that  the  time,  t„  quoted  in  the  timing  characteristics  is  the  true  bus  relin- 
quish time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 





 TRACK/HOLD 

GOES  INTO  HOLD 


7 


■ 


THREE-STATE  /  DATA 

 \  VALID 


O  *1.6V 


Figure  2.  Load  Circuit  for  Access  and  Relinquish  Time 


Figure  1.  Timing  Diagram 


■  ■ 


Table  I.  AD7883  Truth  Table 


CS 

CONVST 

RD 

Function 

1 

1 

X 

Not  Selected 

1 

1  ' 

Start  Conversion  f 

0 

1 

0 

Enable  ADC  Data 

0 

1 

1 

Data  Bus  Three  Stated 

l 

ORDERING  GUIDE 

; 

Package 

Model 

Temperature  Range 

Option* 

AD7883BN 

-40°C  to  +85°C 

N-24 

AD7883BR 

-40°C  to  +85°C 

R-24 

*N  =  Plastic  DIP;  R  -  SOIC  (Small  Outline  Integrated  Circuit). 
For  outline  information  see  Package  Information  section. 
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ABSOLUTE  MAXIMUM  RATINGS* 

v<      ...  ir.xm 


to  AGND   -0.3  V  to  +7  V 

VDD  to  DGND  -0.3  V  to  +7  V 

AGND  to  DGND  -0.3  V  to  VDD  +0.3  V 

V,NA,  VINB  to  AGND  (Fig  4)  -0.3  V  to  VDD  +0.3  V 

VINA  to  AGND  (Fig  5)  -VDD-0.3  V  to  VDD+0.3  V 

VREF  to  AGND  0.3  V  to  VDD 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Industrial  (B  Version)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +  75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


PIN  CONFIGURATION 


EKd 

v«.[7 

AGND  [T 

vref[T 
csQ_ 

AD7883 

TOP  V<EW 
l»oi »  Sola) 

m]mode 
SJdbh 

£l]  DB10 

2<J  DB9 

i^DBe 

>3dB7 

3DB6 

1«]dB5 

CONVST [T 

55  [£. 
busy[T 

CLKIN  [T 

DGND  Q£ 
0B0  \<£ 
DB1  QT 

3dB4 
3DB3 
]T]dB2 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 



PIN  FUNCTION  DESCRIPTION 


WARNING! 


Pin 

No. 


Pin 

Mnemonic 


Func 


tion 


1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11  . 
23 

24 


V,NA 
VINB 
AGND 

VrEF 
CS 

CONVST 
RD 


1  when  this  input  is  active. 


BUSY 
CLKIN 

DGND 
.  .  22  DB0-DB11 
MODE 


Analog  Input. 
Analog  Input. 
Analog  Ground. 

Voltage  Reference  Input.  This  is  normally  tied  to  V 
Chip  Select.  Active  Low  Logic  input.  The  device  is  s 
Convert  Start.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  hold  mode  and  starts 
conversion.  This  input  is  asynchronous  to  the  CLKIN  and  is  independent  of  CS  and  RD. 
Read.  Active  Low  Logic  Input.  This  input  is  used  in  conjunction  with  CS  low  to  enable  data  outputs. 
Active  Low  Logic  Output.  This  status  line  indicates  converter  status.  BUSY  is  low  during  conversion. 
Clock  Input.  TTL-compatible  logic  input.  Used  as  the  clock  source  for  the  A/D  converter.  The  mark/ 
space  ratio  of  the  clock  can  vary  from  40/60  to  60/40. 
Digital  Ground. 

Three-State  Data  Outputs.  These  become  active  when  CS  and  RD  are  brought  low. 

MODE  Input.  This  input  is  used  to  put  the  device  into  the  power  save  mode  (MODE  =  0  V).  During 
normal  operation,  the  MODE  input  will  be  a  logic  high  (MODE  =  VDD). 
Power  Supply.  This  is  nominally  +3.3  V. 
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ANALOG 
DEVICES 


16-Bit, 


LC2M0S 

High  Speed  Sampling  ADCs 


AD7884/AD7885 


FEATURES 

Monolithic  Construction 
Fast  Conversion:  5.3  u.s 
High  Throughput:  166  kSPS 
Low  Power:  250  mW 

APPLICATIONS 

Automatic  Test  Equipment 

Medical  Instrumentation 

Industrial  Control 

Data  Acquisition  Systems 

Robotics 


GENERAL  DESCRIPTION 

The  AD7884/AD7885  is  a  16-bit  monolithic  analog-to-digital 
converter  with  internal  sample-and-hold  and  a  conversion  time 
of  5.3  jjls.  The  maximum  throughput  rate  is  166  kSPS.  It  uses  a 
two  pass  flash  architecture  to  achieve  this  speed.  Two  input 
ranges  are  available:  ±5  V  and  ±3  V.  Conversion  is  initiated  by 
the  CONVST  signal.  The  result  can  be  read  into  a  microproces- 
sor using  the  CS  and  RD  inputs  on  the  device.  The  AD7884  has 
a  16-bit  parallel  reading  structure  while  the  AD7885  has  a  byte 
reading  structure.  The  conversion  result  is  in  2s  complement 
code. 

The  AD7884/AD7885  has  its  own  internal  oscillator  which  con- 
trols conversion.  It  runs  from  ±5  V  supplies  and  needs  a  VREF+ 
of  +3  V. 

The  AD7884  is  available  in  a  40-pin  plastic  DIP  package  and  in 
a  44-pin  PLCC  package. 

The  AD7885  is  available  in  a  28-pin  plastic  DIP  package  and 
the  AD7885A  is  available  in  a  44-pin  PLCC  package. 


FUNCTIONAL  BLOCK  DIAGRAMS 


AGNDS   AGNDF  AVdd  AVSs  vdd  \%S 


F  VReFtS  Vimv    VREF_     GND    CONVST    BUSY  DGND 
AGNDS    AGNDF  AVp0  AVss  Vdd  Vss 

AD7885 


c 


LATCH 
ALU 


-Wr- 


o  o — o 


-*Qdb7 


— vO  DBO 


Hi 


-Q  HBEN 


VREF.  F    VREF. S    VINV      VHEF-    GND     CONVST     BUSY  DGND 


This  is  an  abridged  data  sheet.  To  obtain  the  i 


st  recent  version  or 
at  1-800-446-6212. 
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Parameter 


/ersion1-^ 


Units 


Test 


Conditions/Comments 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which 
No  Missing  Codes  Are  Guaranteed 
Integral  Nonlinearity 
Positive  Gain  Error 
Positive  Gain  Error 

GainTC4 
Bipolar  Zero  Error 
Bipolar  Zero  Error 

Bipolar  Zero  TC4 
Negative  Gain  Error 
Negative  Gain  Error 

Offset  TC4 
Noise 


16 


0.03 


±0.03 

±2  .. 
120 


16 
16 

±0.006 
±0.03 
±0.05 
±2 

±0.05 
±0.15 
±8 

±0.03 
±0.05 
±2 
120 


Bits 
Bits 

%  FSR  max 
%  FSR  typ 
%  FSR  max 
ppm  FSR/°C  typ 
%  FSR  typ 
%  FSR  max 
ppm  FSR/°C  typ 
%  FSR  typ 
%  FSR  max 
ppm  FSR/°C  typ 
M.V  rms  typ 


Typically  0.003%  FSR 
AD7885AN/BN:  0.1%  typ 
AD7885BN:  0.2%  max 

^"»8M  aar  ^mwNpmmII  neiH 

Wm  OSS  :is\mo1  woJ 


AD7885AN/BN:  0.1%  typ 
AD7885BN:  0.2%  max 

78  u.V  rms  typical  in  ±3  V  Input  Range 


DYNAMIC  PERFORMANCE 
Signal  to  (Noise  +  Distortion) 

Total  Harmonic  Distortion 

Peak  Harmonic  or  Spurious  Noise 
i  Distortion  (IMD) 

 I  Order  Terms 

3rd  Order  Terms 


84 

82 

-88. 

-84 

-88 

-84 
-84 


84 

82 

-88 

-84 


dB  min 
dB  typ 
dB  max 
dB  typ 
dB  max 

dB  typ 
dB  typ 


Input  Signal 
Input  Signal 
Input  Signal 
Input  Signal 
Input  Signal 


±5  V,  1  kHz  Sine  Wave,  Typically  86  dB 
±5  V,  12  kHz  Sine  Wave 
±5  V,  1  kHz  Sine  Wave 
±5  V,  12  kHz  Sine  Wave 
±5  V,  1  kHz  Sine  Wave 


11.5  kHz,  fB  =  12  kHz,  fSAMPl.E  =  166  kHz 
11.5  kHz,  fB  =  12  kHz,  fSAMPLE  =  166  kHz 


CONVERSION  TIME 
Conversion  Time 
Acquisition  Time 
Throughput  Rate 


5.3 
2.5 
166 


5.3 
2.5 


u.s  max 
u,s  max 

kSPS  max  There  is  an  overlap  between  conversion  and  acquisitio 


ANALOG  INPUT 
Voltage  Range 

Input  Current 


±3 
±4 





±5 
±3 
±4 


Volts 
Volts 
mA  max 


REFERENCE  INPUT 
Reference  Input  Current 


+5 


±5 


ft' 


mA  max 


W   +  S 





LOGIC  INPUTS 

Input  High  Voltage,  V,NH 
Input  Low  Voltage,  Vjm_ 
Input  Current,  1,^, 
Input  Capacitance,  C!N4 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
u.A  max 
pF  max 


VDD  =  5  V±  5% 
VDD  =  5  V±  5% 
Input  Level  =  0  V  to  VDD 


LOGIC  OUTPUTS 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  Vou 


DB15-DB0 


4.0 
0.4 


4.0 
0.4 


:  Capacil 


V  min 

V  max 

u.A  max 
pF  max 


^source  —  40  U.A 
Isink  =  1.6  mA 


POWER  REQUIREMENTS 
Iss 

Power  Supply  Rejection  Ratio 

AGain/AVDD 

AGain/AVss 
Power  Dissipation 


3 
.- 

30 


86 
86 
325 


+  5 
-5 
35 
30 

86 
86 
325 


V  nom 

V  nom 
mA  max 
mA  max 

dB  typ 
dB  typ 
mW  max 


±5%  for  Specified  Performance 
±  5%  for  Specified  Performance 
Typically  25  mA 
Typically  25  mA 


Typically  250  mW 


NOTES 

Temperature  Ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C. 
2Vm  =  ±5  V. 

3The  AD7885AAP  has  the  same  specs  as  the  AD7884AP. 
The  AD7885ABP  has  the  same  specs  as  the  AD7884BP. 
4Sample  tested  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS1' 2  S  S  +i " 1  S%' "=  =  "S "  *  *  "  "     — 1 1  s*'  *" 1 1 4 

 ;  


Parameter 


Limit  at  +25°C 
(All  Versions) 


Limit  at  T 


min>  1  MAX 


(A,  B  Versions) 


Units 

ns 

min 

ns 

max 

ns 

min 

ns 

min 

ns 

min 

ns 

max 

ns 

min 

ns 

max 

ns 

min 

ns 

min 

ns 

min 

ns 

min 

ns 

min 

ns 

max 

Conditions/Comments 


tl 

50 

h 

100 

o 

ta 

60 

tj  <"»V«AOW 

0 

57 

5 

50 

t, 

40 

10 

t.o 

25 

tl. 

60 

tl2 

60 

tl3 

55 

Em 

55 

50 

100 

0 

60 

0 

57 

5.  . 

50 

40 

80 

25 

60 

60 

70 

70 


CONVST  Pulse  Width 

CONVST  to  BUSY  Low  Delay 

CS  to  RD  Setup  Time 

RD  Pulse  Width 

CS  to  RD  Hold  Time 

Data  Access  Time  after  RD 

Bus  Relinquish  Time  after  RD 


ns  max 


New  Data  Valid  before  Rising  Edge  of  BUSY 

HBEN  to  RD  Setup  Time 

HBEN  to  RD  Hold  Time 

HBEN  Low  Pulse  Duration 

HBEN  High  Pulse  Duration 

Propagation  Delay  from  HBEN  Falling  to 

Data  Valid 

Propagation  Delay  from  HBEN  Rising  to 
Data  Valid 


NOTES 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +  5°C  to  ensure  compliance.  All  input  signals  are  specified 
with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

2ts  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

3t7  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then  extrap- 
olated back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time,  t7,  quoted  in  the  Timing  Characteristics  is  the  true 
bus  relinquish  time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 

Specifications  subject  to  change  without  notice. 


ORDERING  GUIDE 


Model1 

Temperature 
Range 

Linearity 
Error 
(%  FSR) 

SNR 

(dB) 

Package 
Option2 

AD7884AN 
AD7884BN 
AD7884AP 
AD7884BP 

AD7885AN 
AD7885BN 
AD7885ABP 
AD7885AAP 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

±0.006 
±0.006 

84 
84 
84 
84 

84 
84 
84 
84 

N-40A 
N-40A 

P-44A                             TO  OUTPUT  PIN 

P-44A                            0  T 
N-28A  ^ 

±0.006 
±0.006 

N-28A 
P-44A 
P-44A 

NOTES 

'Analog  Devices  reserves  the  right  to  ship  cerdip  (Q)  in  lieu  of  plastic  DIP. 
2N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC).  For  outline 
information  see  Package  Information  section. 


♦2.1V 


Time 


Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish 
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Figure  2.  AD7884  Timing  Diagram,  Using  CS  and  RD 
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Figure  3.  AD7884  Timing  Diagram,  with  CS  and  RD 
Permanently  Low 
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Figure  4,  AD7885  Timing  Diagram,  Using  CS  and  RD 
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Figure  5.  AD7885  Timing  Diagram,  with  CS  and  RD  Permanently  Low 
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ABSOLUTE  MAXIMUM  RATINGS1 

VDD  to  AGND   -0.3  V  to  +7  V 

AVDD  to  AGND   -0.3  V  to  +7  V 

Vss  to  AGND  +0.3  V  to  -7  V 

AVSS  to  AGND  -0.3  V  to  -7  V 

AGND  Pins  to  DGND  -0.3  V  to  VDD  +0.3  V 

AVDD  to  VDD2   -0.3  V  to  +7  V 


AVS 


,  to  Vss2  +0.3  V  to 


■7  V 


GND  to  DGND  -0.3  V  to  VDD  +0.3  V 

VINS,  V1NF  to  AGND  Vss  -0.3  V  to  VDD  +0.3  V 

Vrff+  to  AGND   Vs; 


-0.3  V  to  VDD  +0.3  V 
-0.3  V  to  VDD  +0.3  V 

Vmv  to  AGND   Vss  -0.3  V  to  VDD  +0.3  V 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

CAUTION  !  i  B  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


Operating  Temperature  Range 

Commercial  Plastic  (A,  B  Versions)  -40°C  to  +85°C 

Industrial  Cerdip  (A,  B  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  .  .  .  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   1000  mW 

Derates  above  +75°C  by   10  mW/°C 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
!If  the  AD7884/AD7885  is  being  powered  from  separate  analog  and  digital 
supplies,  AVSS  should  always  come  up  before  Vss.  See  Figure  13  for  a 
recommended  protection  circuit  using  Schottky  diodes. 
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PIN  FUNCTION  DESCRIPTION 


h., . 


AD7884 

AD7885 

AD7885A 

Description 

VINV 

VINV 

Vjnv 

This  pin  is  connected  to  the  inverting  terminal  of  an  op  amp,  as  in  Figure  6,  and  allows  the 
inversion  of  the  supplied  +3  V  reference. 

Vref- 

VREF- 

Vree- 

This  is  the  negative  reference  input,  and  it  can  be  obtained  by  using 
invert  the  positive  reference  input.  In  this  case,  the  amplifier  output 
See  Figure  6. 

an  external  amplifier  to 
is  connected  to  VREF_ . 

±3VINS 

±3VINS 

This  is  the  analog  input  sense  pin  for  the  ±3  volt  analog  input  range  on  the  AD7884  and 
AD7885A. 

±3VINF 

±3VINF 

This  is  the  analog  input  force  pin  for  the  ±3  volt  analog  input  range  on  the  AD7884  and 
AD7885A.  When  using  this  input  range,  the  ±5  VINF  and  ±5  VINS  pins  should  be  tied  to 
AGND. 

- 

±3VIN 

- 

This  is  the  analog  input  pin  for  the  ±3  volt  analog  input  range  on  the  AD7885.  When  using 

this  input  range,  the  ±5  VINF  and  ±5  V^jS  pins  should  be  tied  to  AGND. 

-3VINS 

-+.  sv  ^ 

This  is  the  analog  input  sense  pin  for  the  ±5  volt  analog  input  range  on  both  the  AD7884, 
AD7885  and  AD7885A. 

+  5V.„,F 

—  IN 

t  v  »k.  *  H 
—  INT 

+  W  F 

—  IN 

This  is  the  analog  input  force  pin  for  the  ±  5  volt  analog  input  range 
AD7885  and  AD7885A.  When  using  this  input  range,  the  ±3  VINF 
should  be  tied  to  AGND. 

on  both  the  AD7884, 
and  ±3  VINS  pins 

AGNDS 

AGNDS 

AGNDS 

This  is  the  ground  return  sense  pin  for  the  9-bit  ADC  and  the  on-chip  residue  amplifier. 

AGNDF 

AGNDF 

AGNDF 

This  is  the  ground  return  force  pin  for  the  9-bit  ADC  and  the  on-chip  residue  amplifier. 

AVDD 

AVDD 

AVDE> 

Positive  analog  power  rail  for  the  sample-and-hold  amplifier  and  the  residue  amplifier. 

AT/ 

rtvss 

AVSS 

AVSS 

Negative  analog  power  rail  for  the  sample-and-hold  amplifier  and  the  residue  amplifier. 

GND 

GND 

GND 

This  is  the  ground  return  for  sample-and-hold  section. 

Vss 

Vss 

Vss 

Negative  supply  for  the  9-bit  ADC. 

VDD 

Vdd 

VDD 

Positive  supply  for  the  9-bit  ADC  and  all  device  logic. 

CONVST 

CONVST 

CONVST 

This  asynchronous  control  input  starts  conversion. 

cs 

CS 

CS 

Chip  Select  control  input. 

RD 

RD 

RD 

Read  control  input.  This  is  used  in  conjunction  with  CS  to  read  the  conversion  result  from 
the  device  output  latch. 

HBEN 

HBEN 

High  Byte  Enable.  Active  high  control  input  for  the  AD7885.  It  selects  either  the  high  or 

the  low  byte  of  the  conversion  for  reading. 

RTTQV 

BUSY 

Busy  output.  The  Busy  output  goes  low  when  conversion  begins  and 
completed,  at  which  time  it  goes  high. 

S.xteen-bu  parallel  data  word  output  on  the  AD7884. 

stays  low  until  it  is 

DB0-DB15 

DB0-DB7 

DB0-DB7 

Eight-bit  parallel  data  byte  output  on  the  AD7885. 

DGND 

DGND 

DGND 

Ground  return  for  all  device  logic. 
Reference  force  input. 

Vref+F 

Vref+f 

Vref+F 

Vref+S 

Vref+S 

Vref+S 

Reference  sense  input.  The  device  operates  from  a  +3  V  reference. 
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TERMINOLOGY 
Integral  Nonlinearity 

This  is  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  ADC  transfer  function. 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal 
1  LSB  change  between  any  two  adjacent  codes  in  the  ADC. 

Bipolar  Zero  Error 

This  is  the  deviation  of  the  midscale  transition  (all  Os  to  all  Is) 
from  the  ideal  (AGND). 

Positive  Gain  Error 

This  is  the  deviation  of  the  last  code  transition  (01  .  .  .  110  to 
01  ...  Ill)  from  the  ideal  (+VREF+  S  -  1  LSB),  after  Bipolar 
Zero  Error  has  been  adjusted  out. 

Negative  Gain  Error 

This  is  the  deviation  of  the  first  code  transition  (10  .  .  .  000  to 
10  .  .  .  001)  from  the  ideal  (-VREP+S  +  1  LSB),  after  Bipolar 
Zero  Error  has  been  adjusted  out. 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  AID  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  rms  sum  of  all  nonfundamental 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dependent  upon  the  number  of  quantization  levels 
in  the  digitization  process;  the  more  levels,  the  smaller  the 
quantization  noise.  The  theoretical  signal  to  (noise  +  distortion) 
ratio  for  an  ideal  N-bit  converter  with  a  sine  wave  input  is  given 
by: 

Signal  to  (Noise  +  Distortion)  =  (6.02N  +  1.76)  dB 
Thus  for  an  ideal  16-bit  converter,  this  is  98  dB. 
Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7884/AD7885,  it  is 
defined  as: 


+  vi  +  vi  +  vi  + 


THD  (dB)  =  20  log 


where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonics. 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  is  deter- 
mined by  the  largest  harmonic  in  the  spectrum,  but  for  parts 
where  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
noise  peak. 

Intel-modulation  Distortion 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  active  device  with  nonlinearities  will  create  distortion 
products  at  sum  and  difference  frequencies  of  mfa  ±  nfb  where 
m,  n  =  0,  1,  2,  3,  etc.  Intermodulation  terms  are  those  for 
which  neither  m  or  n  are  equal  to  zero.  For  example,  the  second 
order  terms  include  (fa  +  fb)  and  (fa  -  fb),  while  the  third 
order  terms  include  (2fa  +  fb),  (2fa  -  fb),  (fa  +  2fb)  and 
(fa  -  2fb). 


The  AD7884/AD7885  is  tested  using  the  CCIFF  standard  where 
two  input  frequencies  near  the  top  end  of  the  input  bandwidth 
are  used.  In  this  case,  the  second  and  third  order  terms  are  of 
different  significance.  The  second  order  terms  are  usually  dis- 
tanced in  frequency  from  the  original  sine  waves  while  the  third 
order  terms  are  usually  at  a  frequency  close  to  the  input  fre- 
quencies. As  a  result,  the  second  and  third  order  terms  are 
specified  separately.  The  calculation  of  the  intermodulation  dis- 
tortion is  as  per  the  THD  specification  where  it  is  the  ratio  of 
the  rms  sum  of  the  individual  distortion  products  to  the  rms 
amplitude  of  the  fundamental  expressed  in  dBs. 

Power  Supply  Rejection  Ratio 

This  is  the  ratio,  in  dBs,  of  the  change  in  positive  gain  error  to 
the  change  in  VDD  or  Vss.  It  is  a  dc  measurement. 

OPERATIONAL  DIAGRAM 

An  operational  diagram  for  the  AD7884/AD7885  is  shown  in 
Figure  6.  It  is  set  up  for  an  analog  input  range  of  ±5  V.  If  a 
±3  V  input  range  is  required,  Al  should  drive  ±3  VINS  and 
±3  VINF  with  ±5  VINS,  ±5  VINF  being  tied  to  system  AGND. 
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NOTE:  POWEH  SUPPLY  DECOUPLING  NOT  SHOWN 


DATA 
OUTPUTS / 


CONTROL  ) 
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Figure  6.  AD7884/AD7885  Operational  Diagram 

The  chosen  input  buffer  amplifier  (Al)  should  have  low  noise 
and  distortion  and  fast  settling  time  for  high  bandwidth  applica- 
tions. Both  the  AD711  and  the  AD845  are  suitable  amplifiers. 
A2  is  the  force,  sense  amplifier  for  AGND.  The  AGNDS  pin 
should  be  at  zero  potential.  Therefore,  the  amplifier  must  have  a 
low  input  offset  voltage  and  good  noise  performance.  It  must 
also  have  the  ability  to  deal  with  fast  current  transients  on  the 
AGNDS  pin.  The  AD817  has  the  required  performance  and  is 
the  recommended  amplifier. 

If  AGNDS  and  AGNDF  are  simply  tied  together  to  Star 
Ground  instead  of  buffering,  the  SNR  and  THD  are  not  signifi- 
cantly degraded.  However,  dc  specifications  like  INL,  Bipolar 
Zero  and  Gain  Error  will  be  degraded. 
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The  required  +  3  V  reference  is  derived  from  the  AD780  and 
buffered  by  the  high-speed  amplifier  A3  (AD845,  AD817  or 
equivalent).  A4  is  a  unity  gain  inverter  which  provides  the  -3  V 
negative  reference.  The  gain  setting  resistors  are  on-chip  and  are 
factory  trimmed  to  ensure  precise  tracking  of  VREF+.  Figure  6 
shows  A3  and  A4  as  AD845s  or  AD817s.  These  have  the  ability 
to  respond  to  the  rapidly  changing  reference  input  impedance. 

CIRCUIT  DESCRIPTION 
Analog  Input  Section 

The  analog  input  section  of  the  AD7884/AD7885  is  shown  in 
Figure  7.  It  contains  both  the  input  signal  conditioning  and 
sample-and-hold  amplifier.  Note  that  the  analog  input  is  truly 
benign.  When  SWla  goes  open  circuit  to  put  the  SHA  into  the 
hold  mode,  SWlb  is  closed.  This  means  that  the  input  resistors, 
Rl  and  R2  are  always  connected  to  either  virtual  ground  or  true 


ground. 


If 
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±3V,NF 
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Figure  7.  AD7884/AD7885  Analog  Input  Section 

When  the  ±3  VINS  and  ±3  V[NF  inputs  are  tied  to  0  V,  the 
input  section  has  a  gain  of  -0.6  and  transforms  an  input  signal 
of  ±5  volts  to  the  required  ±3  volts.  When  the  ±5  VINS  and 
±5  V[NF  inputs  are  grounded,  the  input  section  has  a  gain  of 
—  1  and  so  the  analog  input  range  is  now  ±3  volts.  Resistors  R4 
and  R5,  at  the  amplifier  output,  further  condition  the  ±3  volts 
signal  to  be  0  to  -3  volts.  This  is  the  required  input  for  the 
9-bit  A/D  converter  section. 

With  SWla  closed,  the  output  of  Al  follows  the  input  (the 
sample-and-hold  is  in  the  track  mode).  On  the  rising  edge  of  the 
CONVST  pulse,  SWla  goes  open  circuit,  and  capacitor  CI 
holds  the  voltage  on  the  output  of  Al.  The  sample-and-hold  is 
now  in  the  hold  mode.  The  aperture  delay  time  for  the  sample- 


ie. 

and-hold  is  nominally  50  ns 


■ 


1 


A/D  Converter  Section 

The  AD7884/AD7885  uses  a  two-pass  flash  technique  in  order 
to  achieve  the  required  speed  and  resolution.  When  the 
CONVST  control  input  goes  from  low  to  high,  the  sample-and- 
hold  amplifier  goes  into  the  hold  mode  and  a  0  V  to  —  3  V  si| 
is  presented  to  the  input  of  the  9-bit  ADC.  The  first  phase  of 
conversion  generates  the  9  MSBs  of  the  16-bit  result  and  trans- 
fers these  to  the  latch  and  ALU  combination.  They  are  also  fed 
back  to  the  9  MSBs  of  the  16-bit  DAC.  The  7  LSBs  of  the 
DAC  are  permanently  loaded  with  0s.  The  DAC  output  is  sub- 
tracted from  the  analog  input  with  the  result  being  amplified 
and  offset  in  the  Residue  Amplifier  Section.  The  signal  at  the 
output  of  A2  is  proportional  to  the  error  between  the  first  phase 
result  and  the  actual  analog  input  signal  and  is  digitized  in  the 
second  conversion  phase.  This  second  phase  begins  when  the 
16-bit  DAC  and  the  Residue  Error  Amplifier  have  both  settled. 
First,  SW2  is  turned  off  and  SW3  is  turned  on.  Then,  the  SHA 
section  of  the  Residue  Amplifier  goes  into  hold  mode.  Next 
SW2  is  turned  off  and  SW3  is  turned  on.  The  9-bit  result  is 
transferred  to  the  output  latch  and  ALU.  An  error  correction 
algorithm  now  compensates  for  the  offset  inserted  in  the  Resi- 
due Amplifier  Section  and  errors  introduced  in  the  first  pass 
conversion  and  combines  both  results  to  give  the  16-bit  answer. 
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Figure  8.  A/D  Converter  Section 
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Timing  and  Control  Section 

Figure  9  shows  the  timing  and  control  sequence  for,  the 
AD7884/AD7885.  When  the  part  receives  a  CONVST  pulse,  the 
conversion  begins.  The  input  sample-and-hold  goes  into  the 
hold  mode  50  ns  after  the  rising  edge  of  CONVST  and  BUSY 
goes  low.  This  is  the  first  phase  of  conversion  and  takes  3.35  u.s 
to  complete.  The  second  phase  of  conversion  begins  when  SW2 
is  turned  off  and  SW3  turned  on.  The  Residue  Amplifier  and 
SHA  section  (A2  in  Figure  8)  goes  into  hold  mode  at  this  point 
and  allows  the  input  sample-and-hold  to  go  back  into  sample 
mode.  Thus,  while  the  second  phase  of  conversion  is  ongoing, 
the  input  sample-and-hold  is  also  acquiring  the  input  signal  for 
the  next  conversion.  This  overlap  between  conversion  and  acq 
sition  allows  throughput  rates  of  166  kSPS  to  be  ; 


FIRST  PHASE  OF  CONVERSION 
1ST  9-BIT  CONVERSION 
DAC  SETTLING  TIME 
RESIDUE  AMPLIFIER 
SETTLING  TIME 


SECOND  PHASE  OF  CONVERSION 
2ND  9-BIT  CONVERSION 
ERROR  CORRECTION 
OUTPUT  LATCH  UPDATE 


Figure  9.  Timing  and  Control  Sequence 

USING  THE  AD7884/AD7885 
Analog  Input  Ranges 

The  AD7884/AD7885  can  be  set  up  to  have  either  a  ±3  volts 
analog  input  range  or  a  ±5  volts  analog  input  range.  Figures  10 
and  1 1  show  the  necessary  corrections  for  each  of  these.  The 
output  code  is  2s  complement  and  the  ideal  code  table  for  both 
input  ranges  is  shown  in  Table  I. 

Reference  Considerations 

The  AD7884/AD7885  operates  from  a  ±3  volt  reference.  This 
 u~   1   i.;       —  Amor 


can  be  derived 


using  the  AD780  as  shown  in  Figure  6. 
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Figure  10.  ±5  V  Input  Range  Connection 


V|NV0- 


*3V,NF 


Figure  11.  ±3  V  Input  Flange  Connections 

The  critical  performance  specification  for  a  reference  in  a  16-bit 
application  is  noise.  The  reference  pk-pk  noise  should  be  insig- 
nificant in  comparison  to  the  ADC  noise.  The  AD7884/AD7885 
has  a  typical  rms  noise  of  120  u.V.  For  example  a  reasonable 
target  would  be  to  keep  the  total  rms  noise  less  than  125  u-V. 
To  do  this  the  reference  noise  needs  to  be  less  than  35  u.V  rms. 
In  the  100  kHz  band,  the  AD780  noise  is  less  than  30  u.V  rms, 
making  it  a  very  suitable  reference. 

The  buffer  amplifier  used  to  drive  the  device  VREF+  should 
have  low  enough  noise  performance  so  as  not  to  affect  the  over- 
all system  noise  requirement.  The  AD845  and  AD817  achieve 
this. 


Table  £  Ideal  Output  Code  Table  for  the  AD7884/AD7885 



Analog  Input 


In  Terms  of  FSR2 


+  FSR/2  -  1  LSB 
+  FSR/2  -  2  LSBs 
+FSR/2  -  3  LSBs 

AGND  +  1  LSB 
AGND 

AGND  -  1  LSB 

-(FSR/2  -  3  LSBs) 
-(FSR/2  -  2  LSBs) 
-(FSR/2  -  1  LSB) 


+3  V  Range3 


2.999908 
2.999817 
2.999726 

0.000092 
0.000000 
-0.000092 

-2.999726 
-2.999817 
-2.999908 


t5  V  Range4 


4.999847 
4.999695 
4.999543 

0.000153 
0.000000 
-0.000153 

-4.999543 
-4.999695 
-4.999847 


Digital  Output 
Code  Transition1 


011  . 
011  . 
011  . 

000  , 
000  . 

Ill . 

100  , 
100  . 
100  . 


Ill  to  011  . 

.  110 

110  to  011  . 

.  101 

101  to  011  . 

.  100 

001  to  000  . 

.  000 

000  to  111  . 

.  Ill 

Ill  to  111  . 

.  110 

011  to  100  . 

.  010 

010  to  100  . 

.  001 

001  to  100  . 

.  000 

NOTES 

'This.table  applies  for  VREFtS  =  +  3  V. 
2FSR  (Full-Scale  Range)  is  6  volts  for  the  : 


!I  LSB  on  the  ±3  V  range  is  FSR/216  and  is  equal  to  91.5  m-V. 
41  LSB  on  the  ±5  V  range  is  FSR/216  and  is  equal  to 


3  V  input  range  and  10  volts  for  the  ±5  V  input  range, 
equal  to  91.5  aV. 
equal  to  152.6  u-V. 
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Decoupling  and  Grounding 

The  AD7884  and  AD7885A  have  one  AVDD  pin  and  two  VDD 
pins.  They  also  have  one  AVSS  pin  and  three  Vss  pins.  The 
AD7885  has  one  AVDD  pin,  one  VDD  pin,  one  AVSS  pin  and 
one  Vss  pin.  Figure  6  shows  how  a  common  +5  V  supply 
should  be  used  for  the  positive  supply  pins  and  a  common  -5  V 
supply  for  the  negative  supply  pins. 

For  decoupling  purposes,  the  critical  pins  on  both  devices  are 
the  AVDD  and  AVSS  pins.  Each  of  these  should  be  decoupled  to 
system  AGND  with  10  u.F  tantalum  and  0. 1  u.F  ceramic  capaci- 
tors right  at  the  pins.  With  the  VDD  and  Vss  pins,  it  is  suffi- 
cient to  decouple  each  of  these  with  ceramic  1  u.F  capacitors. 

AGNDS,  AGNDF  are  the  ground  return  points  for  the  on-chip 
9-bit  ADC.  They  should  be  driven  by  a  buffer  amplifier  as 
shown  in  Figure  6.  If  they  are  tied  directly  together  and  then 
to  ground,  there  will  be  a  marginal  degradation  in  linearity 
performance. 

The  GND  pin  is  the  analog  ground  return  for  the  on-chip  linear 
circuitry.  It  should  be  connected  to  system  analog  ground. 

The  DGND  pin  is  the  ground  return  for  the  on-chip  digital  cir- 
cuitry. It  should  be  connected  to  the  ground  terminal  of  the 
VDD  and  Vss  supplies.  If  a  common  analog  supply  is  used  for 
AVDD  and  VDD  then  DGND  should  be  connected  to  the  com- 
mon ground  point. 

Power  Supply  Sequencing 

AVDD  and  VDD  are  connected  to  a  common  substrate  and  there 
is  typically  17  H  resistance  between  them.  If  they  are  powered 
by  separate  +5  V  supplies,  then  these  should  come  up  simulta- 
neously. Otherwise,  the  one  that  comes  up  first  will  have  to 
drive  +5  V  into  a  17  CI  load  for  a  short  period  of  time.  How- 
ever, the  standard  short-circuit  protection  on  regulators  like  the 
7800  series  will  ensure  that  there  is  no  possibility  of  damage  to 
the  driving  device. 

AVSS  should  always  come  up  either  before  or  at  the  same  time 
as  Vss.  If  this  cannot  be  guaranteed,  Schottky  diodes  should  be 
used  to  ensure  that  Vss  never  exceeds  AVSS  by  more  than 
0.3  V.  Arranging  the  power  supplies  as  in  Figure  6  and  using 
the  recommended  decoupling  ensures  that  there  are  no  power 
supply  sequencing  issues  as  well  as  giving  the  specified  noise 
performance. 


AD7884/AD7885  PERFORMANCE 
Linearity 

The  linearity  of  the  AD7884/AD7885  is  determined  by  the 
on-chip  16-bit  D/A  converter.  This  is  a  segmented  DAC  which 
is  laser  trimmed  for  16-bit  DNL  performance  to  ensure  that 
there  are  no  missing  codes  in  the  ADC  transfer  function.  Figure 
13  shows  a  typical  INL  plot  for  the  AD7884/AD7885. 
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Figure  13.  AD7884/AD7885  Typical  Linearity  Performance 
Noise 

In  an  A/D  converter,  noise  exhibits  itself  as  code  uncertainty  in 
dc  applications  and  as  the  noise  floor  (in  an  FFT,  for  example) 
in  ac  applications. 

In  a  sampling  A/D  converter  like  the  AD7884/AD7885,  all 
information  about  the  analog  input  appears  in  the  baseband 
from  dc  to  1/2  the  sampling  frequency.  An  antialiasing  filter  will 
remove  unwanted  signals  above  fs/2  in  the  input  signal  but  the 
converter  wideband  noise  will  alias  into  the  baseband.  In  the 
AD7884/AD7885,  this  noise  is  made  up  of  sample-and-hold 
noise  and  a/d  converter  noise.  The  sample-and-hold  section  con- 
tributes 5 1  u-V  rms  and  the  ADC  section  contributes  59  u.V 
rms.  These  add  up  to  a  total  rms  noise  of  78  p.V.  This  is  the 
input  referred  noise  in  the  ±3  V  analog  input  range.  When 
operating  in  the  ±  5  V  input  range,  the  input  gain  is  reduced  to 
—0.6.  This  means  that  the  input  referred  noise  is  now  increased 
by  a  factor  of  1.66  to  120  u.V  rms. 

Figure  14  shows  a  histogram  plot  for  5000  conversions  of  a  dc 
input  using  the  AD7884/AD7885  in  the  ±5  V  input  range.  The 
analog  input  was  set  as  close  as  possible  to  the  center  of  a  code 
transition.  All  codes  other  than  the  center  code  are  due  to  the 
oise.  In  this  case,  the  spread  is  six  codes. 
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Figure  12.  Schottky  Diodes  Used  to  Protect  Against 
Incorrect  Power  Supply  Sequencing 
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Figure  14.  Histogram  of  5000  Conversions  of  a  DC  Input 
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If  the  noise  in  the  converter  is  too  high  for  an  application,  it  can 
be  reduced  by  oversampling  and  digital  filtering.  This  involves 
sampling  the  input  at  higher  than  the  required  word  rate  and 
then  averaging  to  arrive  at  the  final  result.  The  very  fast  conver- 
sion time  of  the  AD7884/AD7885  makes  it  very  suitable  for 
oversampling.  For  example,  if  the  required  input  bandwidth  is 
40  kHz,  the  AD7884/AD7885  could  be  oversampled  by  a  factor 
of  2.  This  yields  a  3  dB  improvement  in  the  effective  SNR  per- 
formance. The  noise  performance  in  the  ±5  volt  input  range  is 
now  effectively  85  u-V  rms  and  the  resultant  spread  of  codes  for 
2500  conversions  will  be  four.  This  is  shown  in  Figure  15. 


(X-1)     (X)     (X  +  1)  (X  +  2) 
CODE 

Figure  15.  Histogram  of  2500  Conversions  of  a  DC  Input 
Using  a  x2  Oversampling  Ratio 

Dynamic  Performance 

With  a  combined  conversion  and  acquisition  time  of  6  (is,  the 
AD7884/AD7885  is  ideal  for  wide  bandwidth  signal  processing 
applications.  Signal  to  (Noise  +  Distortion),  Total  Harmonic 
Distortion,  Peak  Harmonic  or  Spurious  Noise  and  Intermodula- 
tion  Distortion  are  all  specified.  Figure  16  shows  a  typical  FFT 
plot  of  a  1.8  kHz,  ±5  V  input  after  being  digitized  by  the 
AD7884/AD7885. 


f,N  =  1.8kHz,  1  5V  SINE  WAVE 
'SAMPLE  ■  '63kHz 
.  SNR  =  87dB   


2048  POINT  FFT 

Figure  16.  AD7884/AD7885  FFT  Plot 
Effective  Number  of  Bits 

The  formula  for  SNR  (see  Terminology  Section)  is  related  to  the 
resolution  or  number  of  bits  in  the  converter.  Rewriting  the  for- 
mula, below,  gives  a  measure  of  performance  expressed  in  effec- 
tive number  of  bits  (N). 

N  =  (SNR  -  1.76I/6.02 


FREQUENCY -kHz 


Figure  17.  Effective  Number  of  Bits  vs.  Frequency 

The  effective  number  of  bits  for  a  device  can  be  calculated  from 
its  measured  SNR.  Figure  17  shows  a  typical  plot  of  effective 
number  of  bits  versus  frequency  for  the  AD7884.  The  sampling 
frequency  is  166  kHz. 


MICROPROCESSOR  INTERFACING 

The  AD7884/AD7885  is  designed  on  a  high  speed  process  which 
results  in  very  fast  interfacing  timing  (Data  Access  Time  of 
57  ns  max).  The  AD7884  has  a  full  16-bit  parallel  bus,  and  the 
AD7885  has  an  8-bit  wide  bus.  The  AD7884,  with  its  parallel 
interface,  is  suited  to  16-bit  parallel  machines  whereas  the 
AD7885,  with  its  byte  interface,  is  suited  to  8-bit  machines. 
Some  examples  of  typical  interface  configurations  follow. 

AD7884  to  MC68000  Interface 

Figure  18  shows  a  general  interface  diagram  for  the  MC68000, 
16-bit  microprocessor  to  the  AD7884.  In  Figure  18,  conversion 
is  initiated  by  bringing  CSA  low  (i.e.,  writing  to  the  appropriate 
address).  This  allows  the  processor  to  maintain  control  over  the 
complete  conversion  process.  In  some  cases  it  may  be  more 
desirable  to  control  conversion  independent  from  the  processor. 
This  can  be  done  by  using  an  external  sampling  timer. 
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Figure  18.  AD7884  to  MC68000  Interface 

Once  conversion  has  been  started,  the  processor  must  wait  until 
it  is  completed  before  reading  the  result.  There  are  two  ways  of 
ensuring  this.  The  first  way  is  to  simply  use  a  software  delay  to 
wait  for  6.5  lis  before  bringing  CS  and  RD  low  to  read  the  data. 
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The  second  way  is  to  use  the  BUSY  output  of  the  AD7884  to 
generate  an  interrupt  in  the  MC68000.  Because  of  the  nature  of 
its  interrupts,  the  MC68000  requires  additional  logic  (not  shown 
in  Figure  18)  to  allow  it  to  be  interrupted  correctly.  For  full 
information  on  this,  consult  the  MC68000  User's  Manual. 

AD7885  to  8088  Interface 

The  AD7885,  with  its  byte  (8  +  8)  data  format,  is  ideal  for  use 
with  the  8088  microprocessor.  Figure  19  is  the  interface  dia- 
gram. Conversion  is  started  by  enabling  CSA.  At  the  end  of 
conversion,  data  is  read  into  the  processor.  The  read  instruc- 


MOV  AX,  C001 
MOV  AX,  C000 


Read  8  MSBs  of  data 
Read  8  LSBs  of  data 
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Figure  19.  AD7885  to  8088  Interface 
AD7884  to  ADSP-2101  Interface 

Figure  20  shows  an  interface  between  the  AD7884  and  the 
ADSP-2101.  Conversion  is  initiated  using  a  timer  which  allows 
very  accurate  control  of  the  sampling  instant.  The  AD7884 
BUSY  line  provides  an  interrupt  to  the  ADSP-2101  when  con- 
version is  completed.  The  RD  pulse  width  of  the  processor  can 
be  programmed  using  the  Data  Memory  Wait  State  Control 
Register.  The  result  can  then  be  read  from  the  ADC  using  the 
following  instruction: 

MRO  =  DM  (ADC) 

where  MRO  is  the  ADSP-2101  MRO  register,  and 
ADC  is  the  AD7884  address. 
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Figure  20.  AD7884  to  ADSP-2101  Interface 


Stand-Alone  Operation 

If  CS  and  RD  are  tied  permanendy  low  on  the  AD7884,  then, 
when  a  conversion  is  completed,  output  data  will  be  valid  on  the 
rising  edge  of  BUSY.  This  makes  the  device  very  suitable  for 
stand-alone  operation.  All  that  is  required  to  run  the  device  is 
an  external  CONVST  pulse  which  can  be  supplied  by  a  sample 
timer.  Figure  21  shows  the  AD7884  set  up  in  this  mode  with 
the  BUSY  signal  providing  the  clock  for  the  74HC574  3-state 
latches. 
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Figure  21.  Stand-Alone  Operation 


Digital  Feedthrough  from  an  Active  Bus 

It  is  very  important  when  using  the  AD7884/AD7885  in  a 
microprocessor-based  system  to  isolate  the  ADC  data  bus  from 
the  active  processor  bus  while  a  conversion  is  being  executed. 
This  will  yield  the  best  noise  performance  from  the  ADC. 
Latches  like  the  74HC574  can  be  used  to  do  this.  If  the  device 
is  connected  directly  to  an  active  bus  then  the  convener  noise 
will  typically  increase  by  a  factor  of  30%. 
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12-Bit,  750  kHz/1  MHz,  Sampling  ADC 


— 


FEATURES 
750  kHz/1  MHz  Throughput  Rate 
1  |is/750  ns  Conversion  Time 
12-Bit  No  Missed  Codes  Over  Temperature 
67  dB  SNR  at  100  kHz  Input  Frequency 
Low  Power -250  mW  typ 
Fast  Bus  Access  Time -57  ns  max 


FUNCTIONAL  BLOCK  DIAGRAM 


APPLICATIONS 

Digital  Signal  Processing 

Speech  Recognition  and  Synthesis 

Spectrum  Analysis 

DSP  Servo  Control 


CS     RD  CONVST 


VIN1  O-^vV-f^vVl 


vin2  9-^^^-H^NVH , 


- 


GENERAL  DESCRIPTION 

The  AD7886  is  12-bit  ADC  with  a  sample-and-hold  amplifier 
offering  high  speed  performance  combined  with  low  power  dissi- 
pation. The  AD7886  is  a  triple  pass  flash  ADC,  which  uses  15 
comparators  in  a  4-bit  flash  technique  to  achieve  12-bit  accuracy 
in  1  p.s/750  ns  conversion  time.  An  on-chip  clock  oscillator  pro- 
vides the  appropriate  timing  for  each  of  the  three  conversion 
stages  eliminating  the  need  for  any  external  clocks.  Acquisition 
time  of  the  sample-and-hold  amplifier  gives  a  resulting  through- 
put rate  of  750  kHz/1  MHz.* 

The  AD7886  operates  from  ±5  V  power  supplies.  Pin- 
strappable  inputs  offer  a  choice  of  three  analog  input  ranges; 
0to5  V,  Oto  lOVor  ±5  V. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  offset  and  full-scale  errors,  the  AD7886  is  also  speci- 
fied for  dynamic  performance  parameters  including  harmonic 
distortion  and  signal-to-noise  ratio. 

The  AD7886  has  a  high  speed  digital  interface  with  three-state 
data  outputs.  Conversion  control  is  provided  by  a  CONVST 
input.  Data  access  is  controlled  by  CS  and  RD  inputs,  standard 
microprocessor  signals.  The  data  access  time  of  less  than  57  ns 
means  that  the  AD7886  can  interface  directly  to  most  modern 
microprocessors  including  DSP  processors. 


•Contact  your  local  salesperson  for  further  information  on  the  1  MHz 
version. 


10k 


15 

COMPARATORS 
AND 
4-BIT  FLASH 
LOGIC 


CLOCK 
OSCILLATOR 
AND  TIMER  (-T 

~T~ 


The  AD7886  is  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  process,  a  mixed  technology  process  that  combines  preci- 
sion bipolar  circuits  with  low  power  CMOS  logic. 

The  AD7886  is  available  in  both  a  28-pin  DIP  and  in  a  28-pin 
leaded  chip  carrier. 

PRODUCT  HIGHLIGHTS 

1.  Fast  1.33  us/1  m-s  Throughput  Time. 
Fast  throughput  time  makes  the  AD7886  suitable  for  a  wide 
range  of  data  acquisition  applications. 

2.  Dynamic  Specifications  for  DSP  Users. 

The  AD7886  is  specified  for  ac  parameters,  including  signal- 
to-noise  ratio,  harmonic  distortion  and  intermodulation  dis- 
tortion. Key  digital  timing  parameters  are  also  tested  and 
guaranteed  over  the  full  operating  temperature  range. 

3.  Fast  Microprocessor  Interface. 

Standard  control  signals,  CS  and  RD,  and  fast  bus  access 
times  make  the  AD7886  easy  to  interface  to  microprocessors. 

4.  Low  Power. 


LC2MOS 
250  mW 


process  gives  low  power  dissipation  of 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DYNAMIC  PERFORMANCE2 
Signal-to-Noise  Ratio'  (SNR) 
Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion  (IMD) 

Second  Order  Terms 

Third  Order  Terms 


65 

-75 
-77 


-80 


67 

-75 

-77 


65 

-75 

-77 

-80 


dB  min 
dB  typ 
dB  typ 

dB  typ 
dB  typ 


VIN  =  100  kHz  Sine  Wave,  ^sample  "  750  kHz 
VIN  =  100  kHz  Sine  Wave,  fSAMPLE  =  750  kHz 
VIN  =  100  kHz  Sine  Wave,  fSAMpLE  =  750  kHz 

f.  =  96  kHz,  f„  =  103  kHz,  ^sample  =  750  kHz 


ACCURACY 
Resolution 

Integral  Linearity  T^  to  Tj^ 
Minimum  Resolution  for  Which 

No  Missing  Codes  Are  Guaranteed 
Unipolar  Offset  Error  @  +25°C 

Bipolar  Offset  Error  @  +25°C 
to  Tm 

Unipolar  Gain  Error  @  +  25°C 

T^  to  T„ 
Bipolar  Gain  Error  @  +25°C 

T_i-  to  T„_ 


12 


12 

±5 
±5 
±5 
±5 
±5 
±5 
±5 
±5 


12 

±2 

12 

±5 
±5 
±5 
±5 
±5 
±5 
±5 
±5 


12 

±2 

12 

±5 
±5 
±5 
±5 
±5 
±5 
±5 
±5 


Bits 

LSB  max 
Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Input  Range:  0  to  5  V  or  0  to  10  V 
Input  Range:  ±5  V 
Input  Range:  0  to  5  V  or  0  to  10  V 
Input  Range:  ±5  V 


ANALOG  INPUT 
Unipolar  Input  Current 
Bipolar  Input  Current 


1.5 

±0.75 


1.5 

±0.75 


1.5 

±0.75 


mA  max 
mA  max 


Input  Ranges:  0  to  5  V  or  0  to  10  V 
Input  Range:  ±5  V 


REFERENCE  INPUT 
Vrjsf 

Input  Reference  Current 
Rl,  Resistance 
R2,  Resistance 
R2/R1  Ratio 


-3.5 
-10 

6.3 
0.7 


-3.5 
-10 
9 

6.3 
0.7 


-3.5 
-10 
9 

6.3 
0.7 


Volts 
mA  m 
kflno 
kflno 


±2%  For  Specified  Performance 

±25% 
±25% 
±0.1% 




0.5  0.5 
0.5  0.5 




LSB  typ  Vss  =  -5  V,  VDD  -  +4.75  V  to  +5.25  V 
LSB  typ     VDr>  =  +5  V,  Vss  =  -4.75  V  to  -5.25  V 


POWER  SUPPLY  REJECTION 
VDD  Only,  (FS  Change) 
Vss  Only,  (FS  Change) 


0.5 
0.5 


LOGIC  INPUTS 
Input  High  Voltage,  VmH 
Input  Low  Voltage,  V|„L 
Input  Current,  IIN 
Input  Capacitance,  CrN4 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
u.A  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 


VIN  =  0  V  to  VD 


LOGIC  OUTPUTS 

DB11-DB0,  BUSY 
Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 

DB11-DB0 

Floating-State  Leakage  Current 
Floating-State  Output  Capacitance4 


0.4 

±10 
15 


4 

0.4 

±10 
15 


4 

0.4 


tlO 


V  min 

V  max 

M- A  max 
pF  max 


^source  —  200  p.A 
Isink  =  1.6  mA 


POWER  REQUIREMENTS 
VDD 

Vss 
Idd 
Iss 

Power  Dissipation 


+  5 

-5 

35 

-35 

250 

350 


+5 

-5 

35 

-35 

250 

350 


+  5 

-5 

35 

-35 

250 

350 


V  nom 

V  nom 
mA  max 
mA  max 
mWtyp 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Typically  25  mA,  CONVST  =  CS  =  RD  =  V, 
Typically  25  mA,  CONVST  =  CS  =  RD  =  VD 


DD 


CONVST  =  CS  =  RD  =  VD 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K  Versions:  0°C  to  +70°C;  B  Version: 
'Applies  to  all  three  input  ranges,  VIN  =  0  to  FS,  pk-to-pk  V. 
'SNR  calculation  includes  distortion  and  noise  con 
4Sample  tested  @+25°C  to  ensure  compliance. 


-40°C  to  +85°C;  T  Version:  -55X  to  +125°C. 
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TIMING  CHARACTERISTICS 


(VD0  =  +5  V  ±  5%,  Vss  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V) 


... 
Lfliilll  31 

... 

Li II 11  I  31 

¥  imit  at 

T  T 

x  min  >   *  max 

T  T 

*  min>  i  max 

T  T 

x  min'  1  max 

i  drtUiicicr 

V  CTMOII ) 

(T  Version) 

• 

Units 

Conditions/Comments 

ti 

50 

50 

50 

ns  min 

CONVST  Pulse  Width 

1 

1 

1 

M  s  max 

t2 

0 

0 

0 

ns  min 

CS  to  RD  Setup  Time 

0 

0 

0 

ns  min 

CS  to  RD  Hold  Time 

u 

60 

60 

75 

ns  min 

RD  Pulse  Width 

t5 

100 

100 

100 

ns  max 

CONVST  to  BUSY  Propagation  Delay,  (CL  =  10  pF) 

t62 

57 

57 

70 

ns  max 

Data  Access  Time  After  RD 

h3 

10 

10 

10 

ns  min 

Bus  Relinquish  Time  After  RD 

50 

50 

60 

ns  max 

h 

20 

20 

14 

ns  min 

Data  Setup  Time  Prior  to  BUSY,  (CL  =  20  pF) 

10 

10 

0 

ns  min 

Data  Setup  Time  Prior  to  BUSY,  (CL  =  100  pF) 

10 

10 

10 

ns  min 

Bus  Relinquish  Time  After  CONVST 

100 

100 

100 

ns  max 

tio 

0 

0 

0 

ns  min 

CS  High  to  CONVST  Low 

tu 

0 

0 

0 

ns  min 

BUSY  High  to  RD  Low 

im 

250 

250 

250 

ns  typ 

BUSY  High  to  CONVST  Low,  SHA  Acquisition  Time 

1.333 

1.333 

1.333 

u.s  min 

Sampling  Interval 

tcONV 

950 

950 

950 

ns  typ 

Conversion  Time 

1000 

1000 

1000 

ns  max 

NOTES 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +25DC  to  ensure  compliance.  All  input  signals  are 
specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  VJ  and  timed  from  a  voltage  level  of  1.6  V. 

2t6  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

3t7  and  t,  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured 
number  is  then  extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  load  capacitor,  CL.  This  means  that  the  times,  t7  and  t,,  quoted  in  the 
timing  characteristics  are  the  true  bus  relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 


Specifications  subject  to  change  without  notice. 


TO  OUTPUT 
PIN 


+2.1  V 


 -15  V  to +15  V 

-0.3  V  to  VDr>  +0.3  V 


Figure  1.  Load  Circuit  for  Bus  Access  and  Relinquish  Time 

ABSOLUTE  MAXIMUM  RATINGS1,  2 

(TA  =  +25°C  unless  otherw.se  noted) 

VDD  to  AGND   ■.  .  -0.3  Vto +7  V 

Vss  to  AGND   +0.3  V  to  -7  V 

AGND  to  DGND  -0.3  V  to  VDD  +0.3  V 

CAUTION   


VIN1,  VIN2,  SUM,  +5REF  to  AGND 

Vref  to  AGND   Vss 

Digital  Inputs  to  DGND 
CS,  RD,  CONVST   -0.3  V  to  VDD  +0.3  V 

Digital  Outputs  to  DGND 

DB0  to  DB1 1,  BUSY   -0.3  V  to  VDD  +0.3V 

Operating  Temperature  Range 

Commercial  (J,  K  Versions)  0°C  to  +70°C 

Industrial  (B  Version)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   1000  mW 

Derates  above  +75°C  by  j  10  mW/°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2If  Vss  is  open  circuited  with  VDD  and  AGND  applied,  the  Vss  pin  will  be 
pulled  positive,  exceeding  the  Absolute  Maximum  Ratings.  If  this  possibility 
exists,  a  Schottky  diode  from  Vss  to  DGND  (cathode  end  to  GND)  e 
that  the  Absolute  Maximum  Ratings  will  be  observed. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted.  
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ORDERING  GUIDE 


Model1- 2 

Temperature 
Range 

SINK 

(dBs) 

Integral 

Nonlineanty 

(LSBs) 

Package 
Option3 

AD7886JD 

0°C  to  +70°C 

65 

D-28 

AD7886KD 

0°C  to  +70°C 

67 

±2.0 

D-28 

AD7886JP 

0°C  to  +70°C 

65 

P-28A2 

AD7886KP 

0°C  to  +70°C 

67 

±2.0 

P-28A2 

AD7886BD 

-40°C  to  +85°C 

67 

±2.0 

D-28 

AD7886TD 

-55°Cto  +125°C 

65 

±2.0 

D-28 

NOTES 

'Contact  your  sales  office  for  availability  of  AD7886BD,  AD7886TD  and  1  MHz  version. 
2  Analog  Devices  reserves  the  right  to  ship  J-Leaded  Ceramic  Chip  Carrier  (JLCCC) 
in  lieu  of  PLCC  packages. 

3D  =  Ceramic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see 
Package  Information  section. 


PIN  FUNCTION  DESCRIPTION 


DIP  Pin 
Number 


Mnemonic 


10  &  19  VDD 

15  &  24  Vss 

16  &  23  AGND 
5  DGND 


Positive  Power  Supply,  +5  V  ±  5%.  Both  VDD  pins  must  be  tied  together. 
Negative  Power  Supply,  -5  V  ±  5%.  Both  Vss  pins  must  be  tied  together. 
Analog  Ground.  Both  AGND  pins  must  be  tied  together. 
Digital  Ground.   


— 


Analog  and  Reference  Inputs 


17  &  18  VIN 

20  +5REF 

21  SUM 

22  Vref 


Analog  Inputs,  VIN1  and  VIN2.  The  pan  can  be  pin  strapped  for  any  one  of  three  analog  input  ranges; 


Range 

Pin  Strap 

Signal  Input 

0to5  V 

Connect  VIN2  to  VIN1 

VIN1  &  VIN2 

0  to  10  V 

Connect  VIN2  to  GND 

VIN1 

±5  V 

Connect  VIN2  to  +5  V 

VIN1 

+5  V  Reference  input.  This  input  is  used  in  conjunction  with  SUM  and  VREF  inputs  to  scale  an  external 
+5  V  reference  to  -3.5  V,  the  required  reference  for  the  pan,  see  Figure  2. 

Summing  Point.  This  input  is  used  in  conjunction  with  +5REF  and  VREF  inputs  to  scale  an  external 
+5  V  reference  to  -3.5  V,  the  required  reference  for  the  pan,  see  Figure  2. 
Voltage  Reference  Input.  The  AD7886  is  specified  with  VREF  =  -3.5  V. 


Interface  and  Control 

1-4,  DB7-DB4 


6-9, 

25-28 

11 

12 

13 

14 


DB3-DB0 

DB11-DB8 

BUSY 

CS_ 

RD 


Three-state  data  outputs. 

These  outputs  are  controlled  by  CS  and  RD.  DB11  is  the  Most ! 


:  Bit  (MSB). 


BUSY  Output  indicates  convener  status.  BUSY  is  low  during  conversion. 
Chip  Select  Input.  The  device  is  selected  when  this  input  is  low. 
Read  Input.  This  active  low  signal,  in  conjunction  with  CS,  is  used  to  < 
drivers. 

Conversion  Start  Input.  This  input  is  used  to  start  conversion. 
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PIN  CONFIGURATIONS 


DIP 


PLCC 


DB7  [7 
DB6  [T 
DB5  [7 
DB4  [7 
DGND  (7 
DB3  [7 
DB2  [7 
DBl[7 
DBo[7 

vdd|io 

BUSY  [ll 
CS  [l2 
RD  Q3 
CONVST  [M 


AD7886 

TOP  VIEW 
(Not  to  Scale) 

MU 


~2b\ 
— _J 

DBS 

±u 

DB9 

a] 

DB10 

^1 

DB11 

i 

AGND 

1 

VREF 

m 

SUM 

+5REF 

VDD 

VIN2 

13 

VIN1 

dgnd|T 

DB3  [7 
0B2  (T 
DB1  [7 
DBO  (7 

vod  [io 

BUSY  [ll 


AD7886 

TOP  VIEW 

flJOIWiS.I: 


1DB11 

24]  vss 

23]  AGND 
'ref 
2l]  SUM 
20]  +5REF 

i»]vDD 


ji]  AGND 
_H]Vss 


hiJbijyyyiijjH 


is  li 

s  3 

CON 

Z 





TERMINOLOGY 

Unipolar  Offset  Error 

The  ideal  first  code  transition  should  occur  when  the  analog  in- 
put is  1  LSB  above  AGND.  The  deviation  of  the  actual  transi- 
tion from  that  point  is  termed  the  offset  error. 

Bipolar  Zero  Error 

The  ideal  midscale  transition  (i.e.,  0111  1111  1111  to  1000  0000 
0000  for  the  ±5  V  range  should  occur  when  the  analog  input  is 
at  zero  volts.  Bipolar  zero  error  is  the  deviation  of  the  actual 
transition  from  mat  point. 

Gain  Error 

In  the  unipolar  mode,  gain  error  is  measured  with  respect  to  the 
first  and  last  code  transition  points.  The  ideal  difference  be- 
tween these  points  if  FS-2  LSBs.  For  bipolar  applications,  the 
gain  error  is  measured  from  the  midscale  transition  to  both  the 
first  and  last  code  transitions.  The  ideal  difference  in  this  case  is 
FS/2-1  LSB.  The  gain  error  is  defined  as  the  deviation  between 
the  ideal  difference,  given  above,  and  the  measured  difference. 
For  the  bipolar  case,  there  are  two  gain  errors,  the  figure  in  the 
specification  page  represents  the  worst  case.  Ideal  FS  depends 
on  the  +5REF  input;  for  the  0  to  5  V  input,  ideal  FS  = 
+5REF  and  for  the  0  to  10  V  and  ±5  V  ranges,  ideal  FS  =  2  x 
+5REF. 

CONVERTER  DETAILS 

The  AD7886  is  a  triple-pass  flash  ADC  which  uses  15  compara- 
tors in  a  4-bit  flash  technique  to  perform  the  12-bit  conversion 
procedure.  Each  of  the  40%  quantization  levels  is  realized  inter- 
nally with  a  precision  resistor  DAC. 

The  fifteen  comparators  first  compare  the  analog  input  voltage 
to  the  Vrep/16  voltages  of  the  resistor  array.  This  determines 
the  four  most  significant  bits  and  selects  1  out  of  16  voltage  seg- 
ments. The  comparators  are  then  switched  to  15  subvoltages  on 
that  segment  to  determine  the  next  four  bits  and  select  1  out  of 
256  voltage  segments.  A  further  switching  of  the  comparators  to 


another  15  subvoltages  produces  the  complete  12-bit  conversion 
result.  The  12  bits  of  data  are  then  stored  internally  in  a  three- 
state  output  latch. 

REFERENCE  INPUT 

The  AD7886  operates  from  a  -3.5  V  reference  which  must  be 
provided  at  the  VREF  input.  Two  on-chip  resistors  for  use  with 
an  external  amplifier  can  be  used  for  deriving  -3.5  V  from 
standard  5  V  references.  Figure  2  shows  an  example  with  the 
AD586  which  a  is  a  high  performance  voltage  reference  which 
exhibits  excellent  stability  performance,  5  ppm/°C  max.  The  ex- 
ternal amplifier  serves  a  second  function  of  force/sensing  the 
VR 


:  input.  Force/sensing  minimizes  error  contributions  from 
♦v 




IITTED  FOR  CLARITY 


Figure  2.  Typical  Reference  Circuitry 
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voltage  or  IR  drops  along  the  internal  conductors.  IR  drops  in 
the  reference  path  cause  a  gain  error,  and  typically  the  external 
amplifier  reduces  this  error  by  2  LSBs.  In  systems  where  a 
-3.5  V  reference  is  available  then  it  can  be  applied  to  the  VREF 
input  directly  causing  a  slight  increase  in  gain  error.  A  low  op 
amp  offset  voltage  is  important  as  any  offset  voltage  will  add 
directly  to  the  voltage  that  is  being  force/sensed.  Suitable  op 
amps  for  this  application  are  precision  op  amps  such  as  the 
AD705  or  the  AD707  which  feature  offset  voltages  of  less  than 
100  u.V. 

Proper  decoupling  on  the  op  amp  output  is  important  to  sup- 
press high  speed  transients  during  the  conversion  procedure. 
Note,  connecting  capacitors  directly  to  op  amp  outputs  can 
cause  stability  problems.  However,  the  use  of  large  capacitors, 
10  uP  in  Figure  2,  limits  the  open-loop  bandwidth  preventing 
any  closed-loop  oscillations. 

TRACK-AND-HOLD  AMPLIFIER 

The  analog  input  is  sampled  by  an  on-chip  track-and-hold  am- 
plifier before  being  applied  to  the  ADC.  The  3dB  bandwidth  of 
this  amplifier  is  typically  20  MHz  which  is  much  greater  than 
the  Nyquist  limit  of  the  ADC,  so  it  can  be  used  for  undersam- 
pling  applications.  The  track-and-hold  amplifier  acquires  the 
input  signal  to  12-bit  accuracy  in  less  than  333  ns.  The  overall 
throughput  time  is  equal  to  the  conversion  time  plus  the  track/ 
hold  amplifier  acquisition  time  which  is  1.333  u.s  for  the 
AD7886. 

The  operation  of  the  track/hold  amplifier  is  essentially  transpar- 
ent to  the  user.  The  track-to-hold  transition  occurs  at  the  start 
of  conversion  on  the  falling  edge  of  CONVST.  The  conversion 
procedure  does  not  start  until  the  rising  edge  of  CONVST.  The 
width  of  the  CONVST  pulse  low  time  determines  the  track-to- 
hold  settling  time.  The  track/hold  reverts  back  to  the  track 
mode  at  the  end  of  conversion  when  BUSY  has  returned  high. 


0  TO  5V  ANALOG  INPUT  RANGE 


0TO5V 


0  TO  10V  ANALOG  INPUT  RANGE 


0  TO  10V 
O^— 


TO 

'COMPARATORS 


±5V  ANALOG  INPUT  RANGE 


v    I  ; 


ANALOG  INPUT  RANGES 

The  AD7886  has  three  user  selectable  analog  input  ranges:  0  to 
5  V,  0  to  10  V  and  ±5  V.  Figure  3  shows  how  to  configure  the 
two  analog  inputs  (VIN1  and  VIN2)  for  these  ranges. 

UNIPOLAR  OPERATION 

Figure  4  shows  a  typical  unipolar  circuit  for  the  AD7886.  The 
ideal  input/output  characteristic  is  shown  in  Figure  5.  The  de- 
signed code  transitions  occur  on  integer  multiples  of  1  LSB. 

The  output  code  is  natural  binary  with  1  LSB  =  FS/4096.  FS  is 
either  +5  V  or  +10  V  depending  on  how  the  analog  inputs  are 
configured. 


0  TO  10V  RANGE:  CONNECT  VIN2  TO  AOND 

Figure  4.  Unipolar  Operation 


00.000 


1      2  3 
VIN,  INPUT  VOLTAGE  (LSBS) 


Figure  3.  Analog  Input  Range  Configurations 


FS  -1LSB 


Figure  5.  Ideal  Input/Output  Transfer  Characteristic  for 
Unipolar  Operation 
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LC2M0S  Single  Supply, 
12-Bit  600  kSPSADC 


FEATURES 

Fast  12-Bit  ADC  with  1.3  us  Conversion  Time 
600  kSPS  Throughput  Rate  (AD7892-3) 
500  kSPS  Throughput  Rate  (AD7892  1,  AD7892-2) 
Single  Supply  Operation 
On-Chip  Track/Hold  Amplifier 
Selection  of  Input  Ranges: 
±10  V  or  ±5  V  for  AD7892-1 
0  V  to  +2.5  V  for  AD7892-2 
±2.5  V  for  AD7892-3 
High  Speed  Serial  and  Parallel  Interface 
Low  Power,  60  mW  typ 

Overvoltage  Protection  on  Analog  Inputs  (AD7892-1 
and  AD7892-3) 


CLOCK 

CONTROL  LOGIC 

RD     EOC  CONVST     AGND   DGND  STANDBY 


GENERAL  DESCRIPTION 

The  AD7892  is  a  high  speed,  low  power,  1 2-bit  A/D  converter 
that  operates  from  a  single  +5  V  supply.  The  part  contains  a 
1.3  us  successive  approximation  ADC,  an  on-chip  track/hold 
amplifier,  an  internal  +2.5  V  reference  and  on-chip  versatile 
interface  structures  that  allow  both  serial  and  parallel  connec- 
tion to  a  microprocessor.  The  pan  accepts  an  analog  input  range 
of  ±  10  V  or  ±5  V  (AD7892-1),  0  V  to  +2.5  V  (AD7892-2)  and 
+2.5  V  (AD7892-3).  Overvoltage  protection  on  the  analog  in- 
puts for  the  AD7892-1  and  AD7892-3  allows  the  input  voltage 
to  go  to  ±  1 7  V  or  ±  7  V  respectively  without  damaging  the  ports. 

The  AD7892  offers  a  choice  of  two  data  output  formats:  a 
single,  parallel,  1 2-bit  word  or  serial  data.  Fast  bus  access  times 
and  standard  control  inputs  ensure  easy  parallel  interface  to 
microprocessors  and  digital  signal  processors.  A  high  speed 
serial  interface  allows  direct  connection  to  the  serial  ports  of 
microcontrollers  and  digital  signal  processors. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  part  is  also  specified  for 
dynamic  performance  parameters  including  harmonic  distortion 
and  signal-to-noise  ratio. 


The  AD7892  is  fabricated  in  Analog  Devices'  Linear  Compat- 
ible CMOS  (LC2MOS)  process,  a  mixed  technology  process 
that  combines  precision  bipolar  circuits  with  low-power  CMOS 
logic.  It  is  available  in  a  24-pin,  0.3"  wide,  plastic  or  hermetic 
DIP  or  in  a  24-pin  SOIC. 

PRODUCT  HIGHLIGHTS 

1.  The  AD7892-3  features  a  conversion  time  of  1.3  us  and  a 
track/hold  acquisition  time  of  0.35  us.  This  allows  a 
throughput  rate  for  the  part  up  to  600  ksps.  The  AD7892-1 
and  AD7892-2  operate  with  throughput  rates  of  500  ksps. 

2.  The  AD7892  operates  from  a  single  +5  V  supply  and  con- 
sumes 60  mW  typ  making  it  ideal  for  low  power  and  portable 
applications. 

--  >  ■  , 

3.  The  part  offers  a  high  speed,  flexible  interface  arrangement 
with  parallel  and  serial  interfaces  for  easy  connection  to 
microprocessors,  microcontrollers  and  digital  signal 
processors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DYNAMIC  PERFORMANCE 


Signal  to  (Noise  +  Distortion)  Ratio3 
Total  Harmonic  Distortion3 
Peak  Harmonic  or  Spurious  Noise3 
Intermodulation  Distortion3 

2nd  Order  Terms 

3rd  Order  Terms 


70 

-80 

-81 

-80 
-80 


70 
-80 


-80 
-80 


70 

-80 

-81 

-80 
-80 


dB  min 
dB  max 
dB  max 

dB  max 
dB  max 


fm  =  100  kHz.  f sample  ■  500  ksps 
(AD7892-1  and  AD7892-2)  and  600  1 
(AD7892-3) 


a  =  49  kHz,  fb  =  50  kHz 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which  No 

Missing  Codes  Are  Guaranteed 
Relative  Accuracy3 
Differential  Nonlinearity3 
Positive  Full-Scale  Error3 
AD7892-1  and  AD7892-3 

Negative  Full-Scale  Error3 

Bipolar  Zero  Error3 
AD7892-2  Only 

Unipolar  Offset  Error3 


±4 
±3 


±3 


12 
±1 
±1 
±4 

±4 
+2 

±2 


12 
±1 
±1 
±4 

±4 

±3 

±3 


Bits 
Bits 

LSB  max 
LSB  max 
LSB  max 

LSB  max 
LSB  max 

LSB  max 


ANALOG  INPUT 
AD7892-1 

Input  Voltage  Range 

Input  Voltage  Range 

Input  Resistance 
AD7892-2 

Input  Voltage  Range  on  ViN1 

Input  Current 

Input  Voltage  Range  on  Vini 
AD7892-3 

Input  Voltage  Range  on  ViNi 
Input  Resistance 


±10 
±5 


0  to  +2.5 

50 

±50 


±10 
±5 


0  to  +2.5 

50 

±50 


±10 
±5 


0  to  +2.5 

50 

±50 


±2.5 
2 


±2.5 
2 


±2.5 
2 


Volts 
Volts 
kS2  min 

Volts 
nA  max 
mV  max 

Volts 
kO  min 


Input  Applied  to  Vim  with  Vm2  Grounded 

Input  Applied  to  Vini  and  VIN2 

Input  Applied  to  VjNl  with  VIN2  Grounded 

Input  Applied  to  ViN1  and  Referenced  to  ViN2 


Input  Applied  to  ViN1  with  Vi>j2  Unconnected 


REFERENCE  OUTPUT/INPUT 
REF  IN  Input  Voltage  Range 
Input  Impedance 
Input  Capacitance4 
REF  OUT  Output  Voltage 
REF  OUT  Error  @  +25°C 

Tmin  to  TMax 
REF  OUT  Temperature  Coefficient 
REF  OUT  Output  Impedance 


2.375/2.625 

1.6 

10 

2.5 

±10 

±20 

25 

5.5 


2.375/2.625 

1.6 

10 

2.5 

±10 

±20 

25 

5.5 


2.375/2.625 

1.6 

10 

2.5 

±10 

±25 

25 

5.5 


V  min/V  max 
kO  min 

pF  max 

V  nom 
mV  max 
mV  max 
ppm/°C  typ 
kS2  nom 


2.5  V  ±  5% 

Resistor  Connected  to  Internal  Reference  Node 


LOGIC  INPUTS 

Input  High  Voltage,  ViNH 
Input  Low  Voltage,  VrNL 
Input  Current,  IIN 
Input  Capacitance,  CrN4 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
\lA  max 
pF  max 


VDD  =  5  V±  5% 
VDD  =  5  V  ±  5% 
V™  =  0  V  to  V, 


DO 


LOGIC  OUTPUTS 

Output  High  Voltage,  V0h 
Output  Low  Voltage,  V0l 
DB11-DB0 

Floating-State  Leakage  Current 

Floating-State  Capacitance11 
Output  Coding 

AD7892-1  and  AD7892-3 

AD7892-2 


4.0 
0.4 


±10 
15 


4.0 
0.4 


±10 
15 


4.0 
0.4 


±10 
15 


V  min 

V  max 

liAmax 
pF  max 


Isource  =  200  pA 
Isink  =1.6  mA 


2s  Complement 
Straight  (Natural)  Binary 
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Parameter 

A  Versions 

B  Versions 

S  Version2 

Units 

1  est  tjOnaitions/ljOmments 

CONVERSION  RATE 
Conversion  Time 
Track/Hold  Acquisition  Time3 

1.3 
0.35 

1.3 
0.35 

us  max 
us  max 

AD7892-3 
AD7892-3 

Conversion  Time 
Track/Hold  Acquisition  Time3 

1.6 
0.4 

1.6 
0.4 

1.6 
0.4 

ps  max 
us  max 

AD7892-1  andAD7892-2 
AD7892-1  and  AD7892-2 

POWER  REQUIREMENTS 
VDD 
Idd 

Normal  Operation 
Standby  Mode5 
Power  Dissipation 
Normal  Operation 
Standby  Mode5 

+5 

18 

250 

90 
1.25 

+5 

18 
250 

90 
1.25 

1  

+5 

18 

250 

90 
1.25 

V  nom 

mA  max 
uAtyp 

mW  max 
mW  typ 

±5%  for  Specified  Performance 

1 

VDD  =  +5  V.  Typically  60  mW 

NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
2S  Version  available  on  AD7892-1  and  AD7892-2. 
3See  Terminology. 

^Sample  tested  @  +25°C  to  ensure  compliance. 

This  standby  current  is  achieved  with  resistors  to  either  DGND  or  VDD  on  Pins  8,  9,  16  and  17.  A  conversion  should  not  be  initiated  on  the  part  within  30  us  of 
exiting  standby  mode. 

Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA=  +25°C  unless  otherwise  noted) 

VDD  to  AGND  -0.3  V  to  +7  V 

VDD  to  DGND  -0.3  V  to  +7  V 

Analog  Input  Voltage  to  AGND 

AD7892-1  +17  V 

AD7892-2   -0.3  V,  VDD 

AD7892-3   ±7  V 

Reference  Input  Voltage  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)  -55°C  to +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 


Junction  Temperature   + 1 50°C 

Plastic  DIP  Package,  Power  Dissipation   450  mW 

e,A  Thermal  Impedance   105°C/W 

Lead  Temperature  (Soldering,  10  sec)   +260°C 

Cerdip  Package,  Power  Dissipation  450  mW 

8JA  Thermal  Impedance   70°C/W 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

SOIC  Package,  Power  Dissipation  450  mW 

9JA  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ORDERING  GUIDE 


Model 


Input  Range 


Sample  Rate        Relative  Accuracy 


Temperature  Range 


Package  Option* 


AD7892AN-1 
AD7892BN-1 
AD7892AR-1 
AD7892BR-1 
AD7892SQ-1 
AD7892AN-2 
AD7892BN-2 
AD7892AR-2 
AD7892BR-2 
AD7892SQ-2 
AD7892AN-3 
AD7892BN-3 
AD7892AR-3 
AD7892BR-3 
 1  


±5  Vor±10V 
±5  Vor±10  V 
±5  Vor±10  V 
±5  Vor±10V 
±5  Vor±10V 
0  V  to  +2.5  V 
0  V  to  +2.5  V 
0  V  to  +2.5  V 
0Vto+2.5  V 
0  V  to  +2.5  V 
+2.5  V 
±2.5  V 
±2.5  V 

±2.5  V 







500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
500  ksps 
600  ksps 
600  ksps 
600  ksps 
600  ksps 


±1  LSB 

±1  LSB 
±1  LSB 

±1  LSB 

±1  LSB 
±1  LSB 

+  1  LSB 

±1  LSB 


-40°C 
-40°C 
-40°C 
-40°C 
-55°C 
-40°C 
-40°C 
^t0°C 
-40°C 
-55°C 
^t0°C 
-40°C 
^0°C 
-40°C 



to  +85°C 
to  +85°C 
to  +85°C 
to  +85°C 
to  +125°C 
to  +85°C 
to  +85°C 
to  +85°C 
to  +85°C 
to  +125°C 
to  +85°C 
to  +85°C 
to  +85°C 
to  +85°C 

 1  


N-24 
N-24 
R-24 
R-24 
Q-24 
N-24 
N-24 
R-24 
R-24 
Q-24 
N-24 
N-24 
R-24 
R-24 




*N  =  Plastic  DIP;  R  =  SOIC;  Q  ■  Cerdip.  For  outline  information  see  Package  Information  section. 
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TIMING  CHARACTERISTICS1, 2 (vDD = +5 v ±  5%.  agno = dgnd = 0 v,  ref  in  =  +2.5 w 


1.  al  ttillclCL 

T  VI  31UU3 

Version 

Unit 

Test  Conditions/Comments 

tcONV 

1.3 

|is  max 

Conversion  Time  for  AD7892-3 

1.6 

us 

fjs  max 

Conversion  Time  for  AD7892-1,  AD7892-2 

tACQ 

■ 

ns  min 

Acquisition  Time  for  AD7892-3 

400 

400 

ns  min 

Acquisition  Time  for  AD7892-1,  AD7892-2 

Parallel  Interface 

ti 

35 

45 

ns  min 

CONVST  Pulse  Width 

L2 

60 

60 

ns  min 

EOC  Pulse  Width 

t3 

0 

0 

ns  min 

EOC  Falling  Edge  to  CS  Falling  Edge  Setup  Time 

    6         6                                  6         6  f 

CS  to  RD  Setup  Time 

t4 

6 

0 

ns  min 

35 

45 

ns  min 

Read  Pulse  Width 

Data  Access  Time  After  Falling  Edge  of  RD 

«J 
t*» 

35 

40 

ns  max 

t74 

5 

5 

ns  min 

Bus  Relinquish  Time  After  Rising  Edge  of  RD 

30 

40 

ns  max 

t| 

0 

0 

ns  min 

CS  to  RD  Hold  Time 

100 

100 

ns  min 

RD  to  CONVST  Setup  Time 

Serial  Tntprfnrp 

RFS  T  nw  fo  SPT  K  Fallincr  FHcre  Sertin  Time 

tin 
L10 

30 

35 

ns  min 

r  3 

&  j 

j\j 

ns  max 

T3T7S  T  rtiir  f-n  HntQ  ValiH  DaIiu 
1\T O  LOW  IO  Udld  V  tUlu  LJCiay 

L12 

25 

25 

ns  min 

SCI  K  Hiffh  Pulse  Width 

ti3 

25 

25 

ns  min 

SCLK  Low  Pulse  Width 

t,43 

5 

.  5 

ns  mm 

SCLK  Rising  Edge  to  Data  Valid  Hold  Time 

t153 

25 

30 

ns  max 

SCLK  Rising  Edge  to  Data  Valid  Delay 

ny  vov  

20 

b-xj^O  bnrn.iT 

ns  min 

RFS  to  SCLK  Falling  Edge  Hold  Time 

tn4 

(yx/h\  ,anmblo3) 

0 

ns  min 

Bus  Relinquish  Time  after  Rising  Edge  of  RFS 

30 

30 

ns  max 

tI7A4 

0 

ns  min 

Bus  Relinquish  Time  after  Rising  Edge  of  SCLK 

30 

30 

ns  max 

■■  1  ns  (10%  to  90%  of +5  V)  and  timed  from  a  voltage  level  of  +  1.6  V. 

■ 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  measured  with  tr  = 
!See  Figures  2  and  3. 

'Measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

'These  times  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  l .  The  measured  number  is  then 
extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are  the  true  bus 
relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 

'Assumes  CMOS  loads  on  data  bits.  With  TTL  loads,  more  current  is  drawn  from  the  data  lines  and  the  RD  to  CONVST  time  needs  to  be  extended  to  300  ns  min. 
Specifications  subject  to  change  without  notice. 


aorua  a/iiMHUflo 


■'.A  •  '.a  .  i  @  1.6mA 


■ 

■ 

9.1 


TO 

OUTPUT 


Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 








CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7892  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
 — 
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PIN  FUNCTION  DESCRIPTION 


Pin 
No. 


Mnemonic 





- 


Description 


1 

2 


STANDBY 


VIN2 


-•>  this 


5 


REF  OUT/REF  IN 


10 
11 
12 
13 

14 

15 


AGND 
MODE 


DB11/LOW 

DB10/LOW 

DB9 

DB8 

DB7 

DB6 

DGND 
DB5/SDATA 


Positive  supply  voltage,  +5  V  ±  5%. 

Standby  Input.  Logic  Input.  With  this  input  at  a  logic  high,  the  part  is  in  its  normal  operating 
mode;  with  this  input  at  a  logic  low,  the  part  is  placed  in  its  standby  or  power-down  mode, 
which  reduces  power  consumption  to  5  mW  typical. 

Analog  Input  2.  For  the  AD7892-1,  this  input  either  connects  to  AGND  or  to  ViN1  to 
determine  the  analog  input  voltage  range.  With  Wm2  connected  to  AGND  on  the  AD7892-1, 
the  analog  input  range  at  the  VINi  input  is  ±  10  V.  With  VIN2  connected  to  VIN1  on  the 
AD7892-1,  the  analog  input  range  to  the  part  is  ±5  V. 

For  the  AD7892-2,  the  voltage  range  at  the  Vmi  input  is  referenced  to  the  voltage  applied  to 
the  Vjn2  input.  The  allowable  span  for  the  Vin2  voltage  is  +50  mV.  With  VIN2  at  AGND  on 
the  AD7892-2,  the  analog  input  voltage  range  at  the  VIN1  input  is  0  to  +2.5  V. 
For  the  AD7892-3,  this  input  should  be  connected  to  AGND. 

Analog  Input  1.  The  analog  input  voltage  to  be  converted  by  the  AD7892  is  applied  to 
input.  For  the  AD7892-1,  the  input  voltage  range  is  either  ±5  V  or  + 10  V  depending  on  where 
the  VIN2  input  is  connected.  For  the  AD7892-2,  the  voltage  range  on  the  V!N1  input  is  0  V  to 
+2.5  V  with  respect  to  the  voltage  appearing  at  the  Vm2  input.  For  the  AD7892-3,  the  voltage 
range  on  the  Vmi  input  is  ±2.5  V. 

Voltage  Reference  Output/Input.  The  part  can  be  used  with  either  its  own  internal  reference 
or  with  an  external  reference  source.  The  on-chip  +2.5  V  reference  is  provided  at  this  pin. 
When  using  this  internal  reference  as  the  reference  source  for  the  part,  REF  OUT  should  be 
decoupled  to  AGND  with  a  0. 1  )JF  disc  ceramic  capacitor.  The  output  impedance  of  this 
reference  source  is  typically  5.5  k£l.  When  using  an  external  reference  source  as  the  reference 
voltage  for  the  part,  the  reference  source  should  be  connected  to  this  pin.  This  overdrives  the 
internal  reference  and  provides  the  reference  source  for  the  part.  The  REF  IN  input  is  buf- 
fered on-chip  but  must  be  able  to  sink  or  source  current  through  the  resistor  to  the  output 
of  the  on-chip  reference.  The  nominal  reference  voltage  for  correct  operation  of  the  AD7892 
is  +2.5  V. 

Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC. 

Mode.  Control  input  which  determines  the  interface  mode  for  the  AD7892.  With  this  pin  at  a 
logic  low,  the  device  is  in  its  serial  interface  mode;  with  this  pin  at  a  logic  high,  the  device  is  in 
its  parallel  interface  mode. 

Data  Bit  1 1/Test  Pin.  When  the  device  is  in  its  parallel  mode,  this  pin  is  Data  Bit  1 1  (MSB),  a 
three-state  TTL-compatible  output.  When  the  device  is  in  its  serial  mode,  this  is  used  as  a  test 
pin  which  must  be  tied  to  a  logic  low  for  correct  operation  of  the  AD7892 
Data  Bit  10/Test  Pin.  When  the  device  is  in  its  parallel  mode,  this  pin  is  Data  Bit  10,  a  three- 
state  TTL-compatible  output.  When  the  device  is  in  its  serial  mode,  this  is  used  as  a  test  pin 
which  must  be  tied  to  a  logic  low  for  correct  operation  of  the  AD7892. 

Data  Bit  9.  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when 
the  device  is  in  its  serial  mode. 

Data  Bit  8.  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when 
the  device  is  in  its  serial  mode. 

Data  Bit  7.  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when 
the  device  is  in  its  serial  mode. 

Data  Bit  6.  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when 
the  device  is  in  its  serial  mode. 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Data  Bit  5/Serial  Data.  When  the  device  is  in  its  parallel  mode,  this  pin  is  Data  Bit  5,  a 

three-state  TTL-compatible  output.  When  the  device  is  in  its  serial  mode,  this  becomes 

the  serial  data  output  line.  Sixteen  bits  of  serial  data  are  provided  with  four  leading 

zeros  preceding  the  12-bits  of  valid  data.  Serial  data  is  valid  on  the  falling  edge  of 

SCLK  for  sixteen  edges  after  RFS  goes  low.  Output  coding  is  2s  complement  for  AD7892-1 

and  AD7892-3  and  straight  (natural)  binary  for  AD7892-2. 
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Pin 
No. 


Mnemonic 


Description 


16 

17 

18 
19 

20 


21 
22 
23 

24 


DB4/SCLK 

DB3/RFS 

DB2 
DB1 
DBO 


RD 

CS 
EOC 

CONVST 


Data  Bit  4/Serial  Clock.  When  the  device  is  in  its  parallel  mode,  this  pin  is  Data  Bit  4,  a  three-state 
TTL-compatible  output.  When  the  device  is  in  its  serial  mode,  this  becomes  the  serial  clock  pin, 
SCLK.  SCLK  is  an  input  and  an  external  serial  clock  must  be  provided  at  this  pin  to  obtain  serial 
data  from  the  AD7892.  Serial  data  is  clocked  out  from  the  output  shift  register  on  the  rising  edges 
of  SCLK  after  RFS  goes  low. 

Data  Bit  3/Receive  Frame  Synchronization.  When  the  device  is  in  its  parallel  mode,  this  pin  is 
Data  Bit  3,  a  three-state  11  Incompatible  output.  When  the  device  is  in  its  serial  mode,  this 
becomes  the  receive  frame  synchronization  input  with  RFS  provided  externally  to  obtain  serial 
data  from  the  AD7892. 

Data  Bit  2.  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when  the 
device  is  in  its  serial  mode. 

Data  Bit  1 .  Three-state  TTL-compatible  output.  This  output  should  be  left  unconnected  when  the 
device  is  in  its  serial  mode. 

Data  Bit  0  (LSB).  Three-state  TTL-compatible  output.  Output  coding  is  2s  complement  for 
AD7892-1  and  AD7892-3  and  straight  (natural)  binary  for  AD7892-2.  This  output  should  be  left 
unconnected  when  the  device  is  in  its  serial  mode. 

Read.  Active  low  logic  input  which  is  used  in  conjunction  with  CS  low  to  enable  the  data  outputs. 
Chip  Select.  Active  low  logic  input  which  is  used  in  conjunction  with  RD  to  enable  he  data  outputs. 
End-of-Conversion.  Active  low  logic  output  indicating  converter  status.  The  end  of  conversion  is 
signified  by  a  low-going  pulse  on  this  line.  The  duration  of  this  EOC  pulse  is  nominally  100  ns. 
Convert  Start.  Logic  Input.  A  low  to  high  transition  on  this  input  puts  the  track/hold  into  its  hold 
mode  and  starts  conversion. 


PIN  CONFIGURATION 
DIP  and  SOIC 


"do  LI 
STANDBY  [T 

REF  OUT/REF  IN  [T 


AGND  [T     AD7892      ,9]  DB1 

DB11/LOW  [T  17]  DB3/RFS 

DB10/LOW  \T  W]  DB4/CSCLK 

DBS  \w  K]  DB5/SDATA 

DBS  [iT  M]  OGND 

DB7  H|  13]  I 

■ 


24]  CONVST 

23]  ioc 
22]  cs 

ff]  RD 

20]  DBO  (LSB) 
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CIRCUIT  DESCRIPTION 

The  AD7892  is  a  fast,  12-bit  single  supply  A/D  converter.  It 
provides  the  user  with  signal  scaling,  track/hold,  reference,  A/D 
converter  and  versatile  interface  logic  functions  on  a  single  chip. 
The  signal  scaling  on  the  AD7892-1  allows  the  part  to  handle 
either  ±5Vor  ±  1 0  V  input  signals  while  operating  from  a  single 
+5  V  supply.  The  AD7892-2  handles  a  0  to  +2.5  V  analog  in- 
put range,  while  signal  scaling  on  the  AD7892-3  allows  it  to 
handle  ±2.5  V  input  signals  when  operating  from  a  single  sup- 
ply. The  part  requires  a  +2.5  V  reference  which  can  be  pro- 
vided from  the  part's  own  internal  reference  or  from  an  external 
reference  source. 


Conversion  is  initiated  on  the  AD7892  by  pulsing  the  CONVST 
input.  On  the  rising  edge  of  CONVST,  the  track/hold  goes 
from  track  mode  to  hold  mode  and  the  conversion  sequence  is 
started.  At  the  end  of  conversion  (falling  edge  of  EOC),  the 
track/hold  returns  to  tracking  mode  and  the  acquisition  time  be- 
gins. Conversion  time  for  the  part  is  1 .3  us  (AD7892-3)  and  the 
track/hold  acquisition  time  is  350  ns  (AD7892-3).  This  allows 
the  AD7892-3  to  operate  at  throughput  rates  up  to  600  ksps. 
The  AD7892-1  and  AD7892-2  are  specified  with  a  1.6  us  con- 
version and  400  ns  acquisition  time  allowing  a  throughput  rate 
of  500  ksps. 

Track/Hold  Section 

The  track/hold  amplifier  on  the  AD7892  allows  the  ADC  to  ac- 
curately convert  an  input  sine  wave  of  full-scale  amplitude  to 
12-bit  accuracy.  The  input  bandwidth  of  the  track/hold  is 
greater  than  the  Nyquist  rate  of  the  ADC  even  when  the  ADC  is 
operated  at  its  maximum  throughput  rate  of  600  kHz  (i.e.,  the 
track/hold  can  handle  input  frequencies  in  excess  of  300  kHz). 

The  track/hold  amplifier  acquires  an  input  signal  to  12-bit  accu- 
racy in  less  than  350  ns.  The  operation  of  the  track/hold  is  es- 
sentially transparent  to  the  user.  The  track/hold  amplifier  goes 
from  its  tracking  mode  to  its  hold  mode  on  the  rising  edge  of 
CONVST.  The  aperture  time  for  the  track/hold  (i.e.,  the  delay 
time  between  the  external  CONVST  signal  and  the  track/hold 
actually  going  into  hold)  is  typically  1 5  ns.  At  the  end  of  con- 
version, the  part  returns  to  its  tracking  mode.  The  acquisition 
time  of  the  track/hold  amplifier  begins  at  this  point. 

Reference  Section 

The  AD7892  contains  a  single  reference  pin,  labelled 

REF  OUT/REF  IN,  which  either  provides  access  to  the  part's 

own  +2.5  V  reference  or  to  which  an  external  +2.5  V  reference 


can  be  connected  to  provide  the  reference  source  for  the  part. 
The  part  is  specified  with  a  +2.5  V  reference  voltage.  Errors  in 
the  reference  source  will  result  in  gain  errors  in  the  AD7892's 
transfer  function  and  will  add  to  the  specified  full-scale  errors 
on  the  part.  On  the  AD7892-1  and  AD7892-3,  it  will  also  re- 
sult in  an  offset  error  injected  in  the  attenuator  stage. 

The  AD7892  contains  an  on-chip  +2.5  V  reference.  To  use  this 
reference  as  the  reference  source  for  the  AD7892,  simply  con- 
nect a  0.1  uF  disc  ceramic  capacitor  from  the  REF  OUT/ 
REF  IN  pin  to  AGND.  The  voltage  that  appears  at  this  pin  is 
internally  buffered  before  being  applied  to  the  ADC.  If  this  ref- 
erence is  required  for  use  external  to  the  AD7892,  it  should  be 
buffered  as  the  part  has  a  FET  switch  in  series  with  the  refer- 
ence output  resulting  in  a  source  impedance  for  this  output  of 
5.5  k£l  nominal.  The  tolerance  on  the  internal  reference  is 
±  10  mV  at  25°C  with  a  typical  temperature  coefficient  of 
25  ppm/°C  and  a  maximum  error  over  temperature  of  ±25  mV. 

If  the  application  requires  a  reference  with  a  tighter  tolerance  or 
the  AD7892  needs  to  be  used  with  a  system  reference,  then  the 
user  has  the  option  of  connecting  an  external  reference  to  this 
REF  OUT/REF  IN  pin.  The  external  reference  will  effectively 
overdrive  the  internal  reference  and  thus  provide  the  reference 
source  for  the  ADC.  The  reference  input  is  buffered  before  be- 
ing applied  to  the  ADC  with  the  maximum  input  current  is 
±  100  uA.  Suitable  reference  sources  for  the  AD7892  include  the 
AD680,  AD780  and  REF43  precision  +2.5  V  references. 

INTERFACING 

The  part  provides  two  interface  options,  a  1 2-bit  parallel  inter- 
face and  a  three-wire  serial  interface.  The  required  interface 
mode  is  selected  via  the  MODE  pin.  The  two  interface  modes 
are  discussed  in  the  following  sections. 

Parallel  Interface  Mode 

The  parallel  interface  mode  is  selected  by  tying  the  MODE  in- 
put to  a  logic  high.  Figure  2  shows  a  timing  diagram  illustrating 
the  operational  sequence  of  the  AD7892.  The  on-chip  track/ 
hold  goes  into  hold  mode,  and  conversion  is  initiated  on  the  ris- 
ing edge  of  the  CONVST  signal.  When  conversion  is  complete, 
the  end  of  conversion  line  (EOC)  pulses  low  to  indicate  that 
new  data  is  available  in  the  AD7892's  output  register.  This 
EOC  line  can  be  used  to  drive  an  edge-triggered  interrupt  of  a 
microprocessor.  The  read  operation  should  be  completed 
200  ns  prior  to  the  next  rising  edge  of  CONVST.  CS  and  RD 
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«CONV 

— *5— 


-«- 


1  LT 


— trr-7 

I      -W  K-t, 


VAUD 
PATA  , 


Figure  2.  Parallel  Mode  Timing  Diagram 
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going  low  accesses  the  12-bit  conversion  result.  In  systems 
where  the  part  is  interfaced  to  a  gate  array  or  ASIC,  this  EOC 
pulse  can  be  applied  to  the  CS  and  RD  inputs  to  latch  data  out 
of  the  AD7892  and  into  the  gate  array  or  ASIC.  This  eliminates 
the  logic  required  in  the  gate  array  or  ASIC  to  recognize  the  end 
of  conversion  and  generate  the  read  signal  for  the  AD7892.  To 
obtain  optimum  performance  from  the  AD7892,  it  is  not  recom- 
mended to  tie  CS  and  RD  permanendy  low  as  this  keeps  the 

three-state  active  during  conversion. 

\VJO  H3SI  t.ifi  ifi'  tl  v  nsqw  vrcuroj  a*it>  'h.  1.0  s  Mt 
Serial  Interface  Mode 

The  AD7892  is  configured  for  serial  mode  interfacing  by  tying 
the  MODE  input  low.  It  provides  for  a  three-wire,  serial  link 
between  the  AD7892  and  industry-standard  microprocessors, 
microcontrollers  and  digital  signal  processors.  SCLK  and  RFS 
of  the  AD7892  are  inputs,  and  the  AD7892's  serial  interface  is 
designed  for  direct  interface  to  systems  that  provide  a  serial 
clock  input  that  is  synchronized  to  the  serial  data  output  includ- 
ing microcontrollers  such  as  the  80C51,  87C51,  68HC1 1  and 
68HC05  and  most  digital  signal  processors. 

Figure  3  shows  the  timing  diagram  for  reading  from  the 
AD7892  in  the  serial  interface  mode.  RFS  goes  low  to  access 
data  from  the  AD7892.  The  serial  clock  input  does  not  have  to 
be  continuous.  The  serial  data  can  be  accessed  in  a  number  of 
bytes.  However,  RFS  must  remain  low  for  the  duration  of  the 
data  transfer  operation.  Sixteen  bits  of  data  are  transmitted 


with  four  leading  zeros  followed  by  the  12-bit  conversion  result 
starting  with  the  MSB.  Serial  data  is  clocked  out  of  the  device 
on  the  rising  edge  of  SCLK.  Old  data  is  guaranteed  to  be  valid 
for  5  ns  after  this  edge.  This  is  useful  for  high  speed  serial  clocks 
where  the  access  time  of  the  part  would  not  allow  sufficient  set- 
up time  for  the  data  to  be  accepted  on  the  falling  edge  of  the 
clock.  In  this  case,  care  must  be  taken  that  RFS  does  not  go  just 
prior  to  a  rising  edge  of  SCLK.  For  slower  serial  clocks  data  is 
valid  on  the  falling  edge  of  SCLK.  At  the  end  of  the  read  opera- 
tion, the  SDATA  line  is  three-stated  by  a  rising  edge  on  either 
the  SCLK  of  RFS  inputs,  whichever  occurs  first.  Serial  data 
cannot  be  read  during  conversion  to  avoid  feedthrough  prob- 
lems from  the  serial  clock  to  the  conversion  process.  For  opti- 
mum performance,  a  serial  read  should  also  be  avoided  within 
400  ns  of  the  rising  edge  of  CONVST  to  avoid  feedthrough  into 

the  track/hold  during  its  acquisition  time.  The  serial  read  

should,  therefore,  occur  between  the  end  of  conversion  (EOC 
falling  edge)  and  400  ns  prior  to  the  next  rising  edge  of 
CONVST.  This  limits  the  maximum  achievable  throughput 
rate  in  serial  mode  (assuming  20  MHz  serial  clock)  to  400  ksps 
for  the  AD7892-3  and  357  ksps  for  the  AD7892-1  and 
AD7892-2. 


RFS  (I) 
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FEATURES 

Fast  12-Bit  ADC  with  6  (is  Conversion  Time 
8-Pin  Mini-DIP  and  SOIC 
Single  Supply  Operation 
High  Speed,  Easy-to-Use,  Serial  Interface 
On-Chip  Track/Hold  Amplifier 
Selection  of  Input  Ranges 

±10  V  for  AD7893-10 

0  V  to  +2.5  V  for  AD7893-2 
Low  Power:  25  mW  typ 


FUNCTIONAL  BLOCK  DIAGRAM 

REFIN  V„, 


- 


GENERAL  DESCRIPTION 

The  AD7893  is  a  fast,  12-bit  ADC  which  operates  from  a  single 
+5  V  supply  and  is  housed  in  a  small  8-pin  mini-DIP  and  8-pin 
SOIC.  The  part  contains  a  6  p.s  successive  approximation  A/D 
converter,  an  on-chip  track/hold  amplifier,  an  on-chip  clock  and 
a  high  speed  serial  interface. 

Output  data  from  the  AD7893  is  provided  via  a  high  speed, 
serial  interface  port.  This  two-wire  serial  interface  has  a  serial 
clock  input  and  a  serial  data  output  with  the  external  serial 
clock  accessing  the  serial  data  from  the  part. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7893  is  also  speci- 
fied for  dynamic  performance  parameters  including  harmonic 
distortion  and  signal-to-noise  ratio. 

The  part  accepts  an  analog  input  range  of  ±  10  V  (AD7893-10) 
or  0  V  to  +2.5  V  (AD7893-2)  and  operates  from  a  single  +5  V 
supply  consuming  only  25  mW  typical. 

The  AD7893  is  fabricated  in  Analog  Devices'  Linear  Compatible 
CMOS  (LC2MOS)  process,  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  small,  8-pin,  0.3"  wide,  plastic  or  her- 
metic dual-in-line  package  (mini-DIP)  and  in  an  8-pin,  small- 
outline  IC  (SOIC). 


AGND  DGND 
•AD7893-10  ONLY 


SCLK  SDATA 


PRODUCT  HIGHLIGHTS 

1.  Fast,  12-Bit  ADC  in  8-Pin  Package 

The  AD7893  contains  a  6  p.s  ADC,  a  track/hold  amplifier, 
control  logic  and  a  high  speed  serial  interface,  all  in  an  8-pin 
package.  This  offers  considerable  space  saving  over  alterna- 
tive  solutions. 

■ 

2.  Low  Power,  Single  Supply  Operation 

The  AD7893  operates  from  a  single  +5  V  supply  and  con- 
sumes only  25  mW.  This  low  power,  single  supply  operation 
makes  it  ideal  for  battery-powered  or  portable  applications. 

3.  High  Speed  Serial  Interface 

The  part  provides  high  speed  serial  data  and  serial  clock  lines 
allowing  for  an  easy,  two-wire  serial  interface  arrangement. 


■ 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44«-6212. 
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=  +5  V,  AGND  =  DGND  =  0  V,  REF  IN  =  +2.5  V.  All  Specifications  TMIN  to 
,„  unless  otherwise  noted.) 


Parameter 


Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE 
Signal  to  (Noise  +  Distortion)  Ratio2 
@  +25°C 

Tmin  to  Tjviax 
Total  Harmonic  Distortion  (THD)2 
Peak  Harmonic  or  Spurious  Noise2 
nodulation  Distortion  (IMD)2 
2nd  Order  Terms 
3rd  Order  Terms 


70 

70 

70 

dB  min 

70 

dB  min 

-80 

-80 

-80 

dB  max 

-80 

-80 

-80 

dB  max 

-80 

-80 

-80 

dB  max 

-80 

-80 

-80 

dB  max 

f,N  =  10  kHz  Sine  Wave,  fSi 


=  117  kHz 


fIN  =  10  kHz  Sine  Wave,  fSAMPLE  =  I17  kHz 
f,N  =  10  kHz  Sine  Wave,  fSAMPLE  =  u7  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMpLE  =  117  kHz 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  which 
No  Missing  Codes  are  Guaranteed 
Relative  Accuracy 

Positive  Full-Scale  Error2 
AD7893-2  Only 

Unipolar  Offset  Error 
AD7893-10  Only 

Negative  Full-Scale  Error2 

Bipolar  Zero  Error 


12 

12 

Bits 

12 

12 

12 

Bits 

±1 

±  1/2 

±1 

LSB  max 

±1 

±1 

±1 

LSB  max 

±3 

±1.5 

±3 

LSB  max 

±4 

±3 

±4 

LSB  max 

±3' 

±1.5 

±3 

LSB  max 

±4 

±2 

±4 

LSB  max 

UYt  Wm  as  iswoS  "vt>- 


ANALOG  INPUT 

AD7893-10 

Input  Voltage  Range 
Input  Resistance 

AD7893-5 

Input  Voltage  Range 
Input  Resistance 

AD7893-2 

Input  Voltage  Range 
Input  Current 


±10  ±10  ±10 

16  16  16 


0  to  +5 
9 


0  to  +5 
9 


0  to  +5 
9 


0  to  +2.5  0  to  +2.5  0  to  +2.5 
500  500  500 


Volts 
kfi  min 

Volts 
kfl  min 

Volts 
n  A  max 


■ 


REFERENCE  INPUT 
REF  IN  Input  Voltage  Range 
Input  Current 
Input  Capacitance3 


2.375/2.625  2.375/2.625  2.375/2.625 


2 

,  2  ■ 

10 

10 

10 

10 

2.4 

2.4 

2.4 

0.8 

0.8 

0.8 

±10 

±10 

±10 

10 

10 

10 

V  min/V  max 
^A  max 
pF  max 


2.5  V  ±  5% 


LOGIC  INPUTS 

Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current,  Ijn 
Input  Capacitance,  CIN3 


V  min 

V  max 
uA  max 
pF  max 


Vdd  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
VIN  =  0  V  to  VDD 


LOGIC  OUTPUTS 

Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 
Output  Coding 

AD7893-10 

AD7893-2 


4.0 
0.4 


4.0 
0.4 


4.0 
0.4 


V  min 

V  max 


Source  =  200  HA 
Isink  =  lf> 


2s  Complement 
Straight  (Natural)  Binary 


CONVERSION  RATE 
Conversion  Time 
Track/Hold  Acquisition  Time2 


6 

1.5 


6 

1.5 


6 

1.5 


u.s  max 
u,s  max 


POWER  REQUIREMENTS 
'dd 

Power  Dissipation 


+  5 

9 

45 


+  5 

9 

45 


+5 

9 

45 


V  nom 
mA  max 
mW  max 


±5%  for  Specified  Performance 
Typically  25  mW 


NOTES 

'Temperature  Ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version:  ^"C  to  +125°C. 
2See  Terminology. 

3SampIe  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS1' 2  <v0D  =  +5 


=  DGND  =  0  V,  REF  IN  =  +2.5  V) 


Parameter 

A,  B 
Versions 

S 

Version 

Units 

Test  Conditions/Comments 

t, 

50 

50 

ns  min 

CONVST  Pulse  Width 

t2 

60 

70 

ns  min 

SCLK  High  Pulse  Width 

U 

30 

40 

ns  min 

SCLK  Low  Pulse  Width 

U* 

50 

60 

ns  max 

SCLK  Rising  Edge  to  Data  Valid  Delay 

t54 

10 

10 

ns  min 

Bus  Relinquish  Time  after  Falling  Edge  of  SCLK 

100 

100 

ns  max 

NOTES 

Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  measured  with  tr  =  tf  =  1  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of 
+  1.6  V. 
2See  Figure  5. 

'Measured  with  the  load  circuit  of  Figure  1  and  denned  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

4Derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then  extrapo- 
lated back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  time,  t5)  quoted  in  the  timing  characteristics  is  the  true 
bus  relinquish  time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted)  I 

VDD  to  AGND   -0.3  V  to  +7  V  Qi.emA 

VDD  to  DGND   -0.3  V  to  +7  V 

Analog  Input  Voltage  to  AGND 

AD7893-10,  AD7893-5   +17  V  T0 

AD7893-2   -5  V,  +10  V  output  o— J— < 

Reference  Input  Voltage  to  AGND    .  .  -0.3  V  to  VDD  +  0.3  V  PIN  p 

Digital  Input  Voltage  to  DGND  ....  -0.3  V  to  VDD  +  0.3  V  — 

Digital  Output  Voltage  to  DGND  .  .  .  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 
Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C  ...        ,   ,      ,  „ .     u  .  . 

„.        t  D  Figure  1.  Load  Circuit  for  Access  Time  and  Bus 

Storage  Temperature  Range   -65°C  to  +  50  C  Relinquish  Time 

Junction  Temperature  +  150°C  ^ 

Plastic  DIP  Package,  Power  Dissipation   450  mW 

6JA  Thermal  Impedance   130°C/W 

Lead  Temperature,  (Soldering,  10  sec)   +260°C 

Cerdip  Package,  Power  Dissipation   450  mW 

8JA  Thermal  Impedance   125°C/W 

Lead  Temperature,  (Soldering,  10  sees)  +300°C 

SOIC  Package,  Power  Dissipation   450  mW 

6,A  Thermal  Impedance   170°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)  +220°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7893  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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PIN  FUNCTION  DESCRIPTION 


No. 


Pin 

Mnemonic 


Description 





— 1  





REF  IN 


2 

3 

AGND 

4 

SCLK 

Voltage  Reference  Input.  An  external  reference  soi 
voltage  for  the  AD7893's  conversion  process.  The 
voltage  for  correct  operation  of  the  AD7893  is  +2.5 

Analog  Input  Channel 


The  analog  input  range  is  ±  10  V  (. 

+2.5  V  (AD7893-2). 


connected  to  this  pin  to  provide  the  reference 
is  buffered  on-chip.  The  nominal  reference 


SDATA 


DGND 
CONVST 


-10),  0  to  +5  V  (AD7893-5)  and  0  to 
Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC. 

Serial  Clock  Input.  An  external  serial  clock  is  applied  to  this  input  to  obtain  serial  data  from  the  AD7893.  A 
new  serial  data  bit  is  clocked  out  on  the  rising  edge  of  this  serial  clock  and  data  is  valid  on  the  falling  edge. 
The  serial  clock  input  should  be  taken  low  at  the  end  of  the  serial  data  transmission. 

Serial  Data  Output.  Serial  data  from  the  AD7893  is  provided  at  this  output.  The  serial  data  is  clocked  out  by 
the  rising  edge  of  SCLK  and  is  valid  on  the  falling  edge  of  SCLK.  Sixteen  bits  of  serial  data  are  provided  with 
four  leading  zeros  followed  by  the  12-bits  of  conversion  data.  On  the  sixteenth  falling  edge  of  SCLK,  the 
SDATA  line  is  disabled  (three-stated).  Output  data  coding  is  twos  complement  for  the  AD7893-10  and 
straight  binary  for  the  AD7893-2  and  AD7893-5. 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Convert  Start.  Edge-triggered  logic  input.  On  the  falling  edge  of  this  input,  the  serial  clock  counter  is  reset  to 
zero.  On  the  rising  edge  of  this  input,  the  track/hold  goes  into  its  hold  mode  and 


pply  voltage,  +5  V  ±  5%. 








PIN  < 


DIP  and  SOIC 


REF  IN  [7  •  T]VDD 

vin  [Z      AD7893  T]  CONVST 

AGNDH    <nZ^I,  H-D 

SCLK  [T  |T]  S 


— ' 


ORDERING 


■ 

- 

i 


Temperature 

Linearity 

SNR 

Package 

Model 

Range 

Error  (LSB) 

(dB) 

Option* 

AD7893AN-2 

-40°C  to  +85°C 

±1  LSB 

70  dB 

N-8 

AD7893BN-2 

-40°C  to  +  85°C 

±1/2  LSB 

72  dB 

N-8 

AD7893AR-2 

-40°C  to  +85°C 

±1  LSB 

70  dB 

SO-8 

AD7893BR-2 

-40°C  to  +85°C 

±  1/2  LSB 

72  dB 

SO-8 

AD7893SQ-2 

-55°C  to  +125°C 

±1  LSB 

70  dB 

Q-8 

AD7893AN-5 

-40°C  to  +85°C 

±1  LSB 

70  dB 

N-8 

AD7893BN-5 

-40°C  to  +85°C 

±1/2  LSB 

72  dB 

N-8 

AD7893AR-5 

-40°C  to  +85°C 

±1  LSB 

70  dB 

SO-8 

AD7893BR-5 

-40°C  to  +85°C 

±1/2  LSB 

72  dB 

SO-8 

AD7893SQ-5 

-55°C  to  +125°C 

±1  LSB 

70  dB 

Q-8 

AD7893AN-10 

-40°C  to  +85°C 

±1  LSB 

70  dB 

N-8 

AD7893BN-10 

-40°C  to  +85°C 

±1/2  LSB 

72  dB 

N-8 

AD7893AR-10 

-40°C  to  +85°C 

±1  LSB 

70  dB 

SO-8 

AD7893BR-10 

-40°C  to  +85°C 

±1/2  LSB 

72  dB 

SO-8 

AD7893SQ-10 

-55°C  to  +125°C 

±1  LSB 

70  dB 

Q-8 

*N  =  Plastic  DIP,  Q  =  Cerdip,  SO  =  SOIC.  For  outline  information  see  Package 
Information  section. 
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TERMINOLOGY 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  A/D  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  rms  sum  of  all  nonfundamental 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dependent  upon  the  number  of  quantization  levels 
in  the  digitization  process;  the  more  levels,  the  smaller  the 
quantization  noise.  The  theoretical  signal  to  (noise  +  distortion) 
ratio  for  an  ideal  N-bit  converter  with  a  sine  wave  input  is  given 
by: 

Signal  to  (Noise  +  Distortion)  =  (6.02N  +  1.76)  dB 

florJifenr.iT  sfcttj  I  'liKjalsoltnA 
Thus  for  a  12-bit  converter,  this  is  74  dB. 

Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7893,  it  is  defined  as: 


THD(dB) 

111  .  .  .  til  ai  0 


20  log 


11 

I 


where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  Vs  and  V6  are  the  rms  amplitudes  of  the  second  through 
the  sixth  harmonics. 

100,. <  .  001  Cj!  0OU  .  .  tX'l  j  TTIR?*  ?-)  82J  '  +  smz^- 
Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  is  deter- 
mined by  the  largest  harmonic  in  the  spectrum,  but  for  parts 
where  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
noise  peak. 

rrwoiifeli  i-£eS«JA  sdi  id  oomtuii  lafcusu  umiuo'  <uaai  ieabl 
Intermodulation  Distortion 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  active  device  with  nonlinearities  will  create  distortion 
products  at  sum  and  difference  frequencies  of  mfa  ±  nfb  where 
m,  n  =  0,  1,  2,  3,  etc.  Intermodulation  terms  are  those  for 
which  neither  m  or  «  are  equal  to  zero.  For  example,  the  second 
order  terms  include  (fa  +  fb)  and  (fa  -  fb),  while  the  third 
order  terms  include  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb)  and 
(fa  -  2  fb). 

here  two  input 
i  are  used. 

In  this  case,  the  second  and  third  order  terms  are  of  different 
significance.  The  second  order  terms  are  usually  distanced  in 
frequency  from  the  original  sine  waves,  while  the  third  order 
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terms  are  usually  at  a  frequency  close  to  the  input  frequencies. 
As  a  result,  the  second  and  third  order  terms  are  specified  sepa- 
rately. The  calculation  of  the  intermodulation  distortion  is  as  per 
the  THD  specification  where  it  is  the  ratio  of  the  rms  sum  of 
the  individual  distortion  products  to  the  rms  amplitude  of  the 
fundamental  expressed  in  dBs. 

Relative  Accuracy 

Relative  accuracy  or  endpoint  nonlinearity  is  the  maximum  devi- 
ation from  a  straight  line  passing  through  the  endpoints  of  the 
ADC  transfer  function. 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal 

I  LSB  change  between  any  two  adjacent  codes  in  the  ADC. 

Positive  Full-Scale  Error  (AD7893-10) 

This  is  the  deviation  of  the  last  code  transition  (01 
01  ...  Ill)  from  the  ideal  (4  x  REF  IN  -  1  LSB)  af 
Bipolar  Zero  Error  has  been  adjusted  out. 

Positive  Full-Scale  Error  (AD7893-5) 

This  is  the  deviation  of  the  last  code  transition  (11  ...  110  to 

II  ...  Ill)  from  the  ideal  (2  x  REF  IN  -  1  LSB)  after  the 
Unipolar  Offset  Error  has  been  adjusted  out. 

Positive  Full-Scale  Error  (AD7893-2) 

This  is  the  deviation  of  the  last  code  transition  (11  .  .  .  110  to 
11  ...  Ill)  from  the  ideal  (REF  IN  -  1  LSB)  after  the  Unipo- 
lar Offset  Error  has  been  adjusted  out. 

Bipolar  Zero  Error  (AD7893-10) 

This  is  the  deviation  of  the  midscale  transition  (all  Os  to  all  Is) 
from  the  ideal  0  V  (AGND). 

Unipolar  Offset  Error  (AD7893-2,  AD7893-5) 

This  is  the  deviation  of  the  first  code  transition  (00  .  .  .  000  to 
00  .  .  .  001)  from  the  ideal  1  LSB. 

Negative  Full-Scale  Error  (AD7893-10) 

This  is  the  deviation  of  the  first  code  transition  (10  ...  000  to 
10  .  .  .  001)  from  the  ideal  (-4  x  REF  IN  +  1  LSB)  after 
Bipolar  Zero  Error  has  been  adjusted  out. 

Track/Hold  Acquisition  Time 

Track/Hold  acquisition  time  is  the  time  required  for  the  output 
of  the  track/hold  amplifier  to  reach  its  final  value,  within 
±1/2  LSB,  after  the  end  of  conversion  (the  point  at  which  the 
track/hold  returns  to  track  mode).  It  also  applies  to  situations 
where  there  is  a  step  input  change  on  the  input  voltage  applied 
to  the  VjN  input  of  the  AD7893.  This  means  that  the  user  must 
wait  for  the  duration  of  the  track/hold  acquisition  time  after  the 
end  of  conversion  or  after  a  step  input  change  to  V,N  before 
starting  another  conversion,  to  ensure  that  the  part  operates  to 
specification. 
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CONVERTER  DETAILS 

The  AD7893  is  a  fast,  12-bit  single  supply  A/D  converter.  It 
provides  the  user  with  signal  scaling  (AD7893-10),  track/hold, 
A/D  converter  and  serial  interface  logic  functions  on  a  single 
chip.  The  A/D  converter  section  of  the  AD7893  consists  of  a 
conventional  successive-approximation  converter  based  around 
an  R-2R  ladder  structure.  The  signal  scaling  on  the  AD7893-10 
and  AD7893-5  allows  the  part  to  handle  ±10  V  and  0  to  +5  V 
input  signals  respectively  while  operating  from  a  single  +  5  V 
supply.  The  AD7893-2  accepts  an  analog  input  range  of  0  V  to 
+2.5  V.  The  part  requires  an  external  +2.5  V  refei 
reference  input  to  the  part  is  buffered  on-chip. 

A  major  advantage  of  the  AD7893  is  that  it  provides  all  of  the 
above  functions  in  an  8-pin  package,  either  8-pin  mini-DIP  or 
SOIC.  This  offers  the  user  considerable  spacing  saving  advan- 
tages over  alternative  solutions.  The  AD7893  consumes  only 
25  mW  typical  making  it  ideal  for  battery-powered  applications. 


Conversion  is  initiated  on  the  AD7893  by  pulsing  the  CON  VST 
input.  On  the  rising  edge  of  CONVST,  the  on-chip  track/hold 
goes  from  track  to  hold  mode  and  the  conversion  sequence  is 
started.  The  conversion  clock  for  the  part  is  generated  internally 
using  a  laser-trimmed  clock  oscillator  circuit.  Conversion  time 
for  the  AD7893  is  6  u,s  and  the  track/hold  acquisition  time  is 
1.5  (jls.  To  obtain  optimum  performance  from  the  part,  the  read 
operation  should  not  occur  during  the  conversion  or  during 
600  ns  prior  to  the  next  conversion.  This  allows  the  part  to 
operate  at  throughput  rates  up  to  117  kHz  and  achieve  data 
sheet  specifications.  The  part  can  operate  at  higher  throughput 
rates  (up  to  133  kHz)  with  slightly  degraded  performance  (see 
Timing  and  Control  section). 


CIRCUIT  DESCRIPTION 
Analog  Input  Section 

The  AD7893  is  offered  as  three  part  types,  the  AD7893-10 
which  handles  a  ±  10  V  input  voltage  range,  the  AD7893-5 
which  handles  a  0  to  +5  V  input  range  and  the  AD7893-2 
which  handles  a  0  V  to  +2.5  V  input  voltage  range. 

Figure  2  shows  the  analog  input  section  for  the  AD7893-10  and 
AD7893-5.  The  analog  input  range  of  the  AD7893-10  is  ±10  V 
into  an  input  resistance  of  typically  33  kfi.  The  input  range  on 
the  AD7893-5  is  0  to  +5  V  into  an  input  resistance  of  typically 
11  kfi.  This  input  is  benign  with  no  dynamic  charging  currents 
as  the  resistor  stage  is  followed  by  a  high  input  impedance  stage 


REFIN  f"> 


ri       "2 ; 

30k£i     7.5k£! . 

V,nO  VW  


AGND  C> 


TO  INTERNAL 
COMPARATOR 


AD7893-1 0/AD7893-5 


Figure  2.  AD7893-10/AD7893-5  Analog  Input  Structure 


of  the  track/hold  amplifier.  For  the  AD7893-10,  Rl  =  30  kfi, 
R2  =  7.5  kfi  and  R3  =  10  kfi.  For  the  AD7893-5,  Rl  and  R3 
=  5  kfi  while  R2  is  open-circuit. 

For  the  AD7893-10,  the  designed  code  transitions  occur  on  suc- 
cessive integer  LSB  values  (i.e.,  1  LSB,  2  LSBs,  3  LSBs  ...). 
Output  coding  is  2s  complement  binary  with  1  LSB  =  FS/4096 
=  20  V/4096  =  4.88  mV.  The  ideal  input/output  transfer  func- 
tion for  the  AD7893-10  is  shown  in  Table  I. 

Table  I.  Ideal  Input/Output  Code  Table  for  the  AD7893-10 




...  i 
Analog  Input' 


+FSR/2  -  1  LSB2  (9.995117) 
+FSR/2  -  2  LSBs  (9.990234) 
+FS 


AGND  +  1  LSB  (0 
AGND  (0.000000) 
AGND  -  1  LSB  (-0.004883) 

-FSR/2  +  3  LSBs  (-9.985352) 
-FSR/2  +  2  LSBs  (-9.990234) 
-FSR/2  +  1  LSB  (-9.995117) 


Digital  Output 
Code  Transition 


011  .  .  .  110  to  011  ...  Ill 
011  .  .  .  101  to  011  .  .  .110 
011  .  .  .  100  to  011  . 


000  . 

Ill . 
Ill . 


000  to  000  . 
Ill  to  000  . 
110  to  111  . 


100  ..  .  010  to  100  , 
100  ..  .  001  to  100  . 
100  ..  .  000  to  100  . 


NOTES 

'FSR  is  full-scale  range  and  is  20  V  with  REF  IN  =  +2.5  V. 
21  LSB  =  FSR/4096  =  4.883  mV  with  REF  IN  =  +2.5  V. 

For  the  AD7893-5,  the  designed  code  transitions  again  occur  on 
successive  integer  LSB  values.  Output  coding  is  straight  (natu- 
ral) binary  with  1  LSB  =  FS/4096  =  5  V/4096  =  1.22  mV.  The 
ideal  input/output  transfer  function  for  the  AD7893-5  is  shown 
in  Table  II 

The  analog  input  section  for  the  AD7893-2  contains  no  biasing 
resistors  and  the  VIN  pin  drives  the  input  to  the  track/hold 
amplifier  directly.  The  analog  input  range  is  0  V  to  +2.5  V  into 
a  high  impedance  stage  with  an  input  current  of  less  than 
500  nA.  This  input  is  benign  with  no  dynamic  charging  cur- 
rents. Once  again,  the  designed  code  transitions  occur  on  suc- 
cessive integer  LSB  values.  Output  coding  is  straight  (natural) 
binary  with  1  LSB  =  FS/4096  =  2.5  V/4096  =  0.61  mV.  Table 


II  also  shows  l 


AD7893-2 

■  i  ' 


Table  II.  Ideal  Input/Output  Code  Table  for 
AD7893-2/AD7893-5 


Digital  Output 

Analog  Input1 

Code  Transition 

+FSR  -  1  LSB2 

111  . 

.  110  to  111  . 

.  .  Ill 

+FSR  -  2  LSB 

Ill  . 

.  101  to  111  . 

.  .  110 

+  FSR  -  3  LSB 

Ill  . 

.  100  to  111  . 

.  .  101 

AGND  +  3  LSB 

000  . 

.  010  to  000  . 

.  .  011 

AGND  +  2  LSB 

000  . 

.  001  to  000 

010 

AGND  +  1  LSB 

000  . 

.  000  to  000  . 

.  .  001 

NOTES 

'FSR  is  Full  Scale  Range  and  is  5  V  for  AD7893-5  and  2.5  V  for  AD7893-2 
with  REF  IN  =  +2.5  V. 

21  LSB  =  FSR/4096  and  is  1.22  mV  for  AD7893-5  and  0.61  mV  for 
AD7893-2  with  REF  IN  =  +2.5  V. 
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Track/Hold  Section 

The  track/hold  amplifier  on  the  analog  input  of  the  AD7893 
allows  the  ADC  to  accurately  convert  an  input  sine  wave  of  full- 
scale  amplitude  to  12-bit  accuracy.  The  input  bandwidth  of  the 
track/hold  is  greater  than  the  Nyquist  rate  of  the  ADC  even 
when  the  ADC  is  operated  at  its  maximum  throughput  rate  of 
117  kHz  (i.e.,  the  track/hold  can  handle  input  frequencies  in 
excess  of  58  kHz). 

The  track/hold  amplifier  acquires  an  input  signal  to  12-bit  accu- 
racy in  less  than  1.5  u.s.  The  operation  of  the  track/hold  is 
essentially  transparent  to  the  user.  The  track/hold  amplifier  goes 
from  its  tracking  mode  to  its  hold  mode  at  the  start  of  conver- 
sion (i.e.,  the  rising  edge  of  CONVST).  The  aperture  time  for 
the  track/hold  (i.e.  the  delay  time  between  the  external  CON- 
VST signal  and  the  track/hold  actually  going  into  hold)  is  typi- 
cally 15  ns.  At  the  end  of  conversion  (6  (as  after  the  rising  edge 
of  CONVST)  the  part  returns  to  its  tracking  mode.  The  acquisi- 
tion time  of  the  track/hold  amplifier  begins  at  this  point. 

Reference  Input 

The  reference  input  to  the  AD7893  is  buffered  on-chip  with  a 
maximum  reference  input  current  of  1  u.A.  The  part  is  specified 
with  a  +2.5  V  reference  input  voltage.  Errors  in  the  reference 
source  will  result  in  gain  errors  in  the  AD7893's  transfer  func- 
tion and  will  add  to  the  specified  full-scale  errors  on  the  part. 
On  the  AD7893-10  it  will  alsb  result  in  an  offset  error  injected 
in  the  attenuator  stage.  Suitable  reference  sources  for  the 
AD7893  include  the  AD780  and  AD680  precision  +2.5  V 
references. 

Timing  and  Control  Section 

Figure  4  shows  the  timing  and  control  sequence  required  to 
obtain  optimum  performance  from  the  AD7893.  In  the  sequence 
shown,  conversion  is  initiated  on  the  rising  edge  of  CONVST 
and  new  data  from  this  conversion  is  available  in  the  output  reg- 
ister of  the  AD7893  6  |xs  later.  Once  the  read  operation  has 
taken  place,  a  further  600  ns  should  be  allowed  before  the  next 
rising  edge  of  CONVST  to  optimize  the  settling  of  the  track/ 
hold  amplifier  before  the  next  conversion  is  initiated.  With  the 
serial  clock  frequency  at  its  maximum  of  8.33  MHz,  the  achiev- 
able throughput  rate  for  the  part  is  6  u.s  (conversion  time)  plus 
1.92  |xs  (read  time)  plus  0.6  (is  (acquisition  time).  This  results 
in  a  minimum  throughput  time  of  8.52  u.s  (equivalent  to  a 
throughput  rate  of  117  kHz). 


■ 


The  read  operation  consists  of  sixteen  serial  clock  pulses  to  the 
output  shift  register  of  the  AD7893.  After  sixteen  serial  clock 
pulses  the  shift  register  is  reset  and  the  SDATA  line  is  three- 
stated.  If  there  are  more  serial  clock  pulses  after  the  sixteenth 
clock,  the  shift  register  will  be  moved  on  past  its  reset  state. 
However,  the  shift  register  will  be  reset  again  on  the  falling  edge 
of  the  CONVST  signal  to  ensure  that  the  part  returns  to  a 
known  state  every  conversion  cycle.  As  a  result,  a  read  operation 
from  the  output  register  should  not  straddle  across  the  falling 
edge  of  CONVST  as  the  output  shift  register  will  be  reset  in  the 
middle  of  the  read  operation  and  the  data  read  back  into  the 
microprocessor  will  appear  invalid. 

The  throughput  rate  of  the  part  can  be  increased  by  reading 
data  during  conversion  or  during  the  acquisition  time.  If  the 
data  is  read  during  conversion,  a  throughput  time  of  6  jjls  (con- 
version time)  plus  1.5  jjls  is  achieved.  This  niinimum  through- 
put time  of  7.5  u,s  is  achieved  with  a  slight  reduction  in 
performance  from  the  AD7893.  The  signal  to  (noise  +  distor- 
tion) number  is  likely  to  degrade  by  approximately  1.5  dB  while 
the  code  flicker  from  the  part  will  also  increase  (see  AD7893 
PERFORMANCE  section). 

Because  the  AD7893  is  provided  in  an  8-pin  package  to  mini- 
mize board  space,  the  number  of  pins  available  for  interfacing  is 
very  limited.  As  a  result,  no  status  signal  is  provided  from  the 
AD7893  to  indicate  when  conversion  is  complete.  In  many 
applications  this  will  not  be  a  problem  as  the  data  can  be  read 
from  the  AD7893  during  conversion  or  after  conversion.  How- 
ever, applications  which  want  to  achieve  optimum  performance 
from  the  AD7893  will  have  to  ensure  that  the  data  read  does  not 
occur  during  conversion  or  during  600  ns  prior  to  the  rising 
edge  of  CONVST.  This  can  be  achieved  in  either  of  two  ways. 
The  first  is  to  ensure  in  software  that  the  read  operation  is  not 
initiated  until  6  u.s  after  the  rising  edge  of  CONVST.  This  will 
only  be  possible  if  the  software  knows  when  the  CONVST  com- 
mand is  issued.  The  second  scheme  would  be  to  use  the  CON- 
VST signal  as  both  the  conversion  start  signal  and  an  interrupt 
signal.  The  simplest  way  to  do  this  would  be  to  generate  a 
square  wave  signal  for  CONVST  with  high  and  low  times  of 
6  u.s  (see  Figure  4).  Conversion  is  initiated  on  the  rising  edge  of 
CONVST.  The  falling  edge  of  CONVST  occurs  6  u.s  later 
and  can  be  used  as  either  an  active  low  or  falling  edge-triggered 
interrupt  signal  to  tell  the  processor  to  read  the  data  from  the 
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Figure  3.  Timing  Sequence  for  Optimum  Performance  from  the  AD7893 
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CONVERSION  IS  INITIATED 
AND  TRACK/HOLD  GOES 
INTO  HOLD 


CONVST  INDICATES      fiP  INT  SERVICE 
TO  ]*P  THAT  ORPOLUNG 
CONVERSION  IS 
COMPLETE 


SERIAL  READ      READ  OPERATION 
OPERATION      SHOULD  END  600ns 
PRIOR  TO  NEXT 
RISING  EDGE  OF 


Figure  4.  CONVST  Used  as  Status  Signal 


AD7893.  Provided  the  read  operation  is  completed  600  ns 
before  the  rising  edge  of  CONVST,  the  AD7893  will  operate  to 
specification. 

This  scheme  limits  the  throughput  rate  to  12  us  minimum. 
However,  depending  upon  the  response  time  of  the  microproces- 
sor to  the  interrupt  signal  and  the  time  taken  by  the  processor 
to  read  the  data,  this  may  the  fastest  which  the  system  could 
have  operated.  In  any  case,  the  CONVST  signal  does  not  have 
to  have  a  50:50  duty  cycle.  This  can  be  tailored  to  optimize  the 
throughput  rate  of  the  part  for  a  given  system. 


Alternatively,  the  CONVST  signal  can  be  used  as  a  normal  nar- 
row pulse  width.  The  rising  edge  of  CONVST  can  be  used  as  an 
active  high  or  rising  edge-triggered  interrupt.  A  software  delay 
of  6  us  can  then  be  implemented  before  data  is  read  from  the 
part. 

Serial  Interface 

The  serial  interface  to  the  AD7893  consists  of  just  two  wires,  a 
serial  clock  input  (SCLK)  and  the  serial  data  output  (SDATA). 
This  allows  for  an  easy-to-use  interface  to  most  microcontrollers, 
DSP  processors  and  shift  registers. 

Figure  5  shows  the  timing  diagram  for  the  read  operation  to  the 
AD7893.  The  serial  clock  input  (SCLK)  provides  the  clock 
source  for  the  serial  interface.  Serial  data  is  clocked  out  from  the 
SDATA  line  on  the  rising  edge  of  this  clock  and  is  valid  on  the 
falling  edge  of  SCLK.  Sixteen  clock  pulses  must  be  provided  to 
the  part  to  access  to  full  conversion  result.  The  AD7893  pro- 
vides four  leading  zeros  followed  by  the  12-bit  conversion  result 
starting  with  the  MSB  (DB11).  The  last  data  bit  to  be  clocked 
out  on  the  final  rising  clock  edge  is  the  LSB  (DBO).  On  the  six- 


SDATA  (O) 


THREE-STATE 


FOUR  LEADING  ZEROS 


teenth  falling  edge  of  SCLK,  the  SDATA  line  is  disabled  (three- 
stated).  After  this  last  bit  has  been  clocked  out,  the  SCLK  input 
should  return  low  and  remain  low  until  the  next  serial  data  read 
operation.  If  there  are  extra  clock  pulses  after  the  sixteenth 
clock,  the  AD7893  will  start  over  again  with  outputting  data 
from  its  output  register  and  the  data  bus  will  no  longer  be  three- 
stated  even  when  the  clock  stops.  Provided  the  serial  clock  has 
stopped  before  the  next  falling  edge  of  CONVST,  the  AD7893 
will  continue  to  operate  correctly  with  the  output  shift  register 
being  reset  on  the  falling  edge  of  CONVST.  However, 


ST  goes 


SCLK  line  must  be  low  when  CONVST 
reset  the  output  shift  register  correctly. 

The  serial  clock  input  does  not  have  to  be  continuous  during  the 
serial  read  operation.  The  sixteen  bits  of  data  (four  leading  zeros 
and  12  bit  conversion  result)  can  be  read  from  the  AD7893  in  a 
number  of  bytes.  However,  the  SCLK  input  must  remain  low 
between  the  two  bytes. 

Normally,  the  output  register  is  updated  at  the  end  of  conver- 
sion. However,  if  a  serial  read  from  the  output  register  is  in 
progress  when  conversion  is  complete,  the  updating  of  the  out- 
put register  is  deferred.  In  this  case,  the  output  register  is 
updated  when  the  serial  read  is  completed.  If  the  serial  read  has 
not  been  completed  before  the  next  falling  edge  of  CONVST, 
then  the  output  register  will  be  updated  on  the  falling  edge  of 
CONVST  and  the  output  shift  register  count  is  reset.  In  appli- 
cations where  the  data  read  has  been  started  and  not  completed 
before  the  falling  edge  of  CONVST,  the  user  must  provide  a 
CONVST  pulse  width  of  greater  than  1.5  us  t 
setup  of  the  AD7893  before  the  next  conversion  is  iniri 


THREE-STATE 


-»   


Figure  5.  Data  Read  Operation 
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applications  where  the  output  update  takes  place  either  at  the 
end  of  conversion  or  at  the  end  of  a  serial  read  which  is  com- 
pleted 1.5  (is  before  the  rising  edge  of  CONVST,  the  normal 
pulse  width  of  50  ns  minimum  applies  to  CONVST. 

The  AD7893  counts  the  serial  clock  edges  to  know  which  bit 
from  the  output  register  should  be  placed  on  the  SDATA  out- 
put. To  ensure  that  the  part  does  not  lose  synchronization,  the 
serial  clock  counter  is  reset  on  the  falling  edge  of  the  CONVST 
input  provided  the  SCLK  line  is  low.  The  user  should  ensure 
that  a  falling  edge  on  the  CONVST  input  does  not  occur,  while 
a  serial  data  read  operation  is  in  progress. 

■ 

MICROPROCESSOR/MICROCONTROLLER  INTERFACE 

The  AD7893  provides  a  two-wire  serial  interface  which  can  be 
used  for  connection  to  the  serial  ports  of  DSP  processors  and 
microcontrollers.  Figures  6  through  9  show  the  AD7893  inter- 
faced to  a  number  of  different  microcontrollers  and  DSP  proces- 
sors. The  AD7893  accepts  an  external  serial  clock  and  as  a 
result,  in  all  interfaces  shown  here,  the  processor/controller  is 
configured  as  the  master,  providing  the  serial  clock,  with  the 
AD7893  configured  as  the  slave  in  the  system. 

AD7893-8051  Interface 

Figure  6  shows  an  interface  between  the  AD7893  and  the 
8XC5 1  microcontroller.  The  8XC5 1  is  configured  for  its  Mode  0 
'  serial  interface  mode.  The  diagram  shows  the  simplest  form  of 
the  interface  where  the  AD7893  is  the  only  part  connected  to 
the  serial  port  of  the  8XC5 1  and,  therefore,  no  decoding  of  the 
serial  read  operations  is  required.  It  also  makes  no  provisions  for 
monitoring  when  conversion  is  complete  on  the  AD7893. 

Either  of  these  two  tasks  can  readily  be  accomplished  with 
minor  modifications  to  the  interface.  To  chip  select  the  AD7893 
in  systems  where  more  than  one  device  is  connected  to  the 
8XC51's  serial  port,  a  port  bit,  configured  as  an  output,  from 
one  of  the  8XC51's  parallel  ports  can  be  used  to  gate  on  or  off 
the  serial  clock  to  the  AD7893.  A  simple  AND  function  on  this 
port  bit  and  the  serial  clock  from  the  8XC5 1  will  provide  this 
function.  The  port  bit  should  be  high  to  select  the  AD7893  and 
low  when  it  is  not  selected. 


8XC51 

AD7893 

P3.0  ( 

J  SDATA 

P3.1  Q  p»  

J  SCLK 

Figure  6.  AD7893  to  8XC51  Interface 


To  monitor  the  conversion  time  on  the  AD7893  a  scheme  such 
as  outlined  previously  with  CONVST  can  be  used.  This  can  be 
implemented  in  two  ways.  One  is  to  connect  the  CONVST  line 
to  another  parallel  port  bit  which  is  configured  as  an  input.  This 
port  bit  can  then  be  polled  to  determine  when  conversion  is 
complete.  An  alternative  is  to  use  an  interrupt  driven  system  in 
which  case  the  CONVST  line  should  be  connected  to  the  INT1 
input  of  the  8XC51. 

The  serial  clock  rate  from  the  8XC51  is  limited  to  significantly 
less  than  the  allowable  input  serial  clock  frequency  with  which 
the  AD7893  can  operate.  As  a  result,  the  time  to  read  data  from 
the  part  will  actually  be  longer  than  the  conversion  time  of  the 
part.  This  means  that  the  AD7893  cannot  run  at  its  maximum 
throughput  rate  when  used  with  the  8XC51. 

AD7893-68HC11  Interface 

An  interface  circuit  between  the  AD7893  and  the  68HC11 
microcontroller  is  shown  in  Figure  7.  For  the  interface  shown, 
the  68HC11  SPI  port  is  used  and  the  68HC11  is  configured  in 
its  single-chip  mode.  The  68HC11  is  configured  in  the  master 
mode  with  its  CPOL  bit  set  to  a  logic  zero  and  its  CPHA  bit  set 
to  a  logic  one.  As  with  the  previous  interface,  the  diagram 
shows  the  simplest  form  of  the  interface  where  the  AD7893  is 
the  only  part  connected  to  the  serial  port  of  the  68HC11  and, 
therefore,  no  decoding  of  the  serial  read  operations  is  required. 
It  also  makes  no  provisions  for  monitoring  when  conversion  is 
complete  on  the  AD7893. 

Once  again,  either  of  these  two  tasks  can  readily  be  accom- 
plished with  minor  modifications  to  the  interface.  To  chip  select 
the  AD7893  in  systems  where  more  than  one  device  is  con- 
nected to  the  68HCll's  serial  port,  a  port  bit,  configured  as  an 
output,  from  one  of  the  68HCll's  parallel  ports  can  be  used  to 
gate  on  or  off  the  serial  clock  to  the  AD7893.  A  simple  AND 
function  on  this  port  bit  and  the  serial  clock  from  the  68HC11 
will  provide  this  function.  The  port  bit  should  be  high  to  select 
the  AD7893  and  low  when  it  is  not  selected. 

To  monitor  the  conversion  time  on  the  AD7893  a  scheme,  such 
as  outlined  in  the  previous  interface  with  CONVST,  can  be 
used.  This  can  be  implemented  in  two  ways.  One  is  to  connect 
the  CONVST  line  to  another  parallel  port  bit  which  is  config- 
ured as  an  input.  This  port  bit  can  then  be  polled  to  determine 
when  conversion  is  complete.  An  alternative  is  to  use  an  inter- 
rupt driven  system  in  which  case  the  CONVST  line  should  be 
connected  to  the  IRQ  input  of  the  68HC11. 


Figure  7.  AD7893  to  68HC1 1  Interface 
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The  serial  clock  rate  from  the  68HC11  is  limited  to  significantly 
less  than  the  allowable  input  serial  clock  frequency  with  which 
the  AD7893  can  operate.  As  a  result,  the  time  to  read  data  from 
the  part  will  actually  be  longer  than  the  conversion  time  of  the 
part.  This  means  that  the  AD7893  cannot  run  at  its  maximum 
throughput  rate  when  used  with  the  68HC11. 

AD7893-ADSP-2105  Interface 

An  interface  circuit  between  the  AD7893  and  the  ADSP-2105 
DSP  processor  is  shown  in  Figure  8.  In  the  interface  shown,  the 
RFS1  output  from  the  ADSP-2105's  SPORT1  serial  port  is  used 
to  gate  the  serial  clock  (SCLK1)  of  the  ADSP-2105  before  if  is 
applied  to  the  SCLK  input  of  the  AD7893.  The  RFS1  output  is 
configured  for  active  high  operation.  The  interface  ensures  a 
noncontinuous  clock  for  the  AD7893's  serial  clock  input,  with 
only  sixteen  serial  clock  pulses  provided  and  the  serial  clock  line 
of  the  AD7893  remaining  low  between  data  transfers.  The 
SDATA  line  from  the  AD7893  is  connected 
the  ADSP-2105's  serial  port. 

■ 


Figure  8.  AD7893  to  ADSP-2105  Interface 


The  timing  relationship  between  the  SCLK1  and  RFS1  outputs 
of  the  ADSP-2105  are  such  that  the  delay  between  the  rising 
edge  of  the  SCLK1  and  the  rising  edge  of  an  active  high  RFS1 
is  up  to  25  ns.  There  is  also  a  requirement  that  data  must  be 
setup  10  ns  prior  to  the  falling  edge  of  the  SCLK1  to  be  read 
correctly  by  the  ADSP-2105.  The  data  access  time  for  the 
AD7893  is  50  ns  from  the  rising  edge  of  its  SCLK  input. 
Assuming  a  10  ns  propagation  delay  through  the  external  AND 
gate,  the  high  time  of  the  SCLK1  output  of  the  ADSP-2105 
must  be  %  (50  +  25  +10  +10)  ns,  i.e.,  >  95  ns.  This  means 
that  the  serial  clock  frequency  with  which  the  interface  of  Fig- 
ure 13  can  work  with  is  limited  to  5.26  MHz. 

An  alternative  scheme  is  to  configure  the  ADSP-2105  such  that 
it  accepts  an  external  serial  clock.  In  this  case,  an  external  non- 
continuous  serial  clock  is  provided  which  drives  the  serial  clock 
inputs  of  both  the  ADSP-2105  and  the  AD7893.  In  this  scheme, 
the  serial  clock  frequency  is  limited  to  5  MHz  by  the  ADSP-2105. 

To  monitor  the  conversion  time  on  the  AD7893  a  scheme,  such 
as  outlined  in  previous  interfaces  with  CONVST,  can  be  used. 
This  can  be  implemented  by  connecting  the  CONVST  line 
directly  to  the  IRQ2  input  of  the  ADSP-2105. 


AD7893-DSP56000  Interface 

Figure  9  shows  an  interface  circuit  between  the  AD7893  and  the 
DSP56000  DSP  processor.  The  DSP5600  is  configured  for  nor- 
mal mode  asynchronous  operation  with  gated  clock.  It  is  also  set 
up  for  a  16-bit  word  with  the  gated  serial  clock  being  generated 
by  the  DSP56000  and  appears  on  the  SCO  pin.  The  SCO  pin 
should  be  configured  as  an  output  by  setting  bit  SCD0  to  1.  In 
this  mode,  the  DSP56000  provides  sixteen  serial  clock  pulses  to 
the  AD7893  in  a  serial  read  operation.  The  DSP56000  assumes 
valid  data  on  the  first  falling  edge  of  SCK  so  the  interface  is 
simply  two-wire  as  shown  in  Figure  9. 

To  monitor  the  conversion  time  on  the  AD7893  a  scheme,  such 
as  outlined  in  previous  interface  examples  with  CONVST,  can 
be  used.  This  can  be  implemented  by  connecting  the  CONVST 
line  directly  to  the  IRQA  input  of  the  DSP56000. 
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Figure  9.  AD7893  to  DSP56000  Interface 
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AD7893  PERFORMANCE 

Figure  10  shows  a  histogram  plot  for  8192  conversions  of  a  dc 
input  using  the  AD7893.  The  analog  input  was  set  at  the  center, 
of  a  code  transition.  The  timing  and  control  sequence  used  was 
as  per  Figure  3  where  the  optimum  performance  of  the  ADC 
was  achieved.  It  can  be  seen  that  almost  all  the  codes  appear  in 
the  one  output  bin  indicating  very  good  noise  performance  from 
the  ADC.  The  rms  noise  performance  for  the  AD7893-2  for  the 
above  plot  was  87  (jlV.  Since  the  analog  input  range,  and  hence 
LSB  size,  on  the  AD7893T10  is  eight  times  what  it  is  for  the 
AD7893-2,  the  same  output  code  distribution  results  in  ai 
put  rms  noise  of  700  (xV  for  the  AD7893-10. 
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AD7896* 


FEATURES 

Fast  12-Bit  ADC  with  8  us  Conversion  Time 
8-Pin  Mini-DIP  and  SOIC 

3le  3  V  Supply  Operation 
High  Speed,  Easy-to-Use,  Serial  Interface 
On-Chip  Track/Hold  Amplifier 
Analog  Input  Range  is  0  V  to  VDD 
High  Input  Impedance 
Low  Power:  10  mW  typ 


GENERAL  DESCRIPTION 

The  AD7896  is  a  fast,  12-bit  ADC  which  operates  from  a  singl 
+3  V  supply  and  is  housed  in  a  small  8-pin  mini-DIP  and  8-pin 
SOIC.  The  part  contains  an  8  ps  successive  approximation  A/D 
converter,  an  on-chip  track/hold  amplifier,  an  on-chip  clock  and 
a  high  speed  serial  interface. 

Output  data  from  the  AD7896  is  provided  via  a  1 
serial  interface  port.  This  two-wire  serial  interface  has  a% 
clock  input  and  a  serial  data  output  with  the  external  serial  clock 
accessing  the  serial  data  from  the  part. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7896  is  also  speci- 
fied for  dynamic  performance  parameters  including  harmonic 
distortion  and  signal-to-noise  ratio. 

The  part  accepts  an  analog  input  range  of  0  V  to  Vdd  and  oper- 
ates from  a  single  +3  V  supply  consuming  only  10  mW  typical. 
The  VDD  input  is  also  used  as  the  reference  for  the  part  so  that 
no  external  reference  is  required. 

The  AD7896  features  a  high  sampling  rate  mode  and,  for  low 
power  applications,  a  proprietary  automatic  power  down  mode 
where  the  part  automatically  goes  into  power  down  once  con- 
version is  complete  and  "wakes  up"  before  the  next  conversion 
cycle. 

The  AD7896  is  fabricated  in  Analog  Devices'  Linear  Compat- 
ible CMOS  (LC2MOS)  process,  a  mixed  technology  process 
that  combines  precision  bipolar  circuits  with  low  power  CMOS 
logic.  The  part  is  available  in  a  small,  8-pin,  0.3"  wide,  plastic 
or  hermetic  dual-in-line  package  (mini-DIP)  and  in  an  8-pin, 
small  outline  IC  (SOIC). 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  HIGHLIGHTS 

i.  Complete,  12-bit  ADC  in  8-Pin  Package 

The  AD7896  contains  an  8  |Js  ADC,  a  track/hold  amplifier, 
control  logic  and  a  high  speed  serial  interface,  all  in  an  8-pin 

.  The  VCD  input  is  used  as  the  reference  for  the  part  so 
no  external  reference  is  needed.  This  offers  considerable 
~^e  sVing  over  alternative  solutions. 

'  Power,  Single  Supply  Operation 
The  AD7896  operates  from  a  single  +3  V  supply  and  con- 
sumes only  10  mW  typical.  The  automatic  power  down 
mode,  where  the  part  goes  into  power  down  once  conversion 
is  complete  and  "wakes  up"  before  the  next  conversion  cycle, 
makes  the  AD7896  ideal  for  battery  powered  or  portable 
applications. 

I.  High  Speed  Serial  Interface 
The  part  provides  high  speed  serial  data  and  serial  clock  lines 
allowing  for  an  easy,  two-wire  serial  interface  arrangement. 


"Patent  pending. 
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(VDn  =  +3.0  V  to  +3.6  V, 
unless  otherwise  noted) 


:  0  V.  All  specifications  TMIN  to  TMAX 


A 

Versions1 

B 

Versions 

S 

Version 

Units 

 , 

DYNAMIC  PERFORMANCE 2 
Signal  to  (Noise  +  Distortion)  Ratio3 

70 

70 

70 

dBmin 

fm  =10  kHz  Sine  Wave,  f sample  =  100  kHz 

^"min  to  T^^x 
Total  Harmonic  Distortion  (THD)3 
Peak  Harmonic  or  Spurious  Noise3 
Intermodulation  Distortion  (IMD)3 

2nd  Order  Terms 

3rd  Order  Terms 

o  o      o  o 

00  00         00  00 

II  II 

70 

-80 

-80 

-80 
-80 

-80 
-80 

-80 
-80 

dB  min 
dB  max 
dB  max 

dBmax 
dB  max 

fm  =  10  kHz  Sine  Wave,  f sample  =  100  kHz 
fM  =  10  kHz  Sine  Wave,  f sample  =  100  kHz 
fa  =  9  Hz,  fb  =  9.5^,^=100  kHz 

DC  ACCURACY 
Resolution 

Minimum  Resolution  for  which  No 

Missing  Codes  are  Guaranteed 
Relative  Accuracy3 
Differential  Nonlinearity3 
Positive  Full-Scale  Error3 
Unipolar  Offset  Error 

12 

12 
±1 
±1 
±3 
±4 

12 
12 

±1/2 
+  1 
±1.5 
±3 

12 

12 
±1 
±1 
±3 
+  4 

Bits 
Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 



■ 

ANALOG  INPUT 
Input  Voltage  Range 
Input  Current 

0  V  to  +VDD 
50 

0  V  to  +VDD 
50 

0  V  to  +VDD 

SL 

^  

LOGIC  INPUTS 

Input  High  Voltage,  ViNH 
Input  Low  Voltage,  VmL 
Input  Current,  lm 
Input  Capacitance,  Cm4 

2.0 
0.8 
±10 
10 

2.0 
0.8 

10 

2.0 
0.8 
±10 

10  a 

VrTx 
uA  max 
pF  max 

VDD  =  3.0  V  to  3.6  V 
Vm  =  0  V  to  VDD 

%              .«>»iT)iru  fatiM  b»*p  iff  A  it 

LOGIC  OUTPUTS 

Output  High  Voltage,  V0H 
Output  Low  Voltage,  V0l 
Output  Coding 

■ 

2.4 
0.4 

Straight 

2.4 
0.4 

Natural)  Bina 

2.4       %  A 
0.4  V 

ry 

V  min 

V  max 

Isource  =  2  mA 
ISINK  =  2  mA 

■ 

CONVERSION  RATE 
Conversion  Time: 
Mode  1  Operation 
Mode  2  Operation5 
Track/Hold  Acquisition  Time 

8 

13 

1.5 

8  . 

13 

1.5 

8 

13 

1.5 

us  max 
us  max 
us  max 

POWER  REQUIREMENTS 
VDD 
Idd 

Power  Dissipation 
Power-Down  Mode 
Idd 

Power  Dissipation 

+3.0/+3.6 

4.5 

15 

10 

36 

+3.0/+3.6 

4.5 

15 

10 

36 

+3.0/+3.6 

4.5 

15 

10 
36 

V  min/max 
mA  max 
mW  max 

uA  max 
uWmax 

VDD  =  3.3  V,  Typically  10  mW 

NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
2Applies  to  Mode  1  operation.  See  section  on  operating  modes. 
3See  Terminology. 

4Sample  tested  @  +25°C  to  ensure  compliance. 

5This  13  us  includes  the  "wake-up"  time  from  standby.  This  "wake-up"  time  is  timed  from  the  rising  edge  of  CONVST,  whereas  conversion  is  timed  from  the 
falling  edge  of  CONVST,  for  narrow  CONVST  pulse  width  the  conversion  time  is  effectively  the  "wake-up"  time  plus  conversion  time  hence  13  us.  This  can  be 
seen  from  Figure  3.  Note  that  if  the  CONVST  pulse  width  is  greater  than  5  us  then  the  effective  conversion  time  will  increase  beyond  1 3  us. 


Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS1  (vDD = +3.o  v to  +3.6  v.  agno  =  dgno  =  o  v> 


Parameter 

A,  B 
Versions 

S 

Version 

Units 

Test  Conditions/Comments 

ti 

50 

50 

ns  min 

CONVST  Pulse  Width 

t2 

50 

50 

ns  min 

SCLK  High  Pulse  Width 

k 

50 

50 

ns  min 

SCLK  Low  Pulse  Width 

u 

802 

802 

ns  max 

Data  Access  Time  After  Falling  Edge  of  SCLK 

tg 

15 

15 

ns  min 

Data  Hold  Time  After  Falling  Edge  of  SCLK 

ti 

1003 

1003 

ns  max 

Bus  Relinquish  Time  After  Falling  Edge  of  SCLK 

NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  measured  with  tr  =  tf  =  1  ns  (10%  to  90%  of  +3.3  V)  and  timed  from  a  voltage  level  of  +1.6  V. 
2Measured  with  the  load  circuit  of  Figure  1  and  denned  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.0  V. 

'Derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1 .  The  measured  number  is  then  extrapolated  back 
to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  time,  t6,  quoted  in  the  timing  characteristics  is  the  true  bus  relinquish  time 
of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vdd  to  AGND   -0.3  V  to +7  V 

VDD  to  DGND  -0.3  V  to  +7  V 

Analog  Input  Voltage  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)   -40°C  to  *85 

Extended  (S  Version)  -5 

Storage  Temperature  Range   -65"C  to  + 1 50' 

Junction  Temperature   

Plastic  DIP  Package,  Power  Dissipation 

8jA  Thermal  Impedance   f25°C/W 

e,c  Thermal  Impedance  50°C/W 

Lead  Temperature  (Soldering,  10  sec)   +260°C 

SOIC  Package,  Power  Dissipation  450  mW 

G,A  Thermal  Impedance   160°C/W 

Gjc  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


d  Circuit  for  Access  Time  and  Bus  Relinquish 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7896  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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PIN  FUNCTION  DESCRIPTION 


Pin 
No. 


Pin 

Mnemonic  Description 


- 


5 


SDATA 


Analog  Input.  The  analog  input  range  is  0  V  to  VDD. 
Positive  supply  voltage,  +3.0  V  to  3.6  V. 

Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC. 
Serial  Clock  Input.  An  external  serial  clock  is  applied  to  this  input  to  obtain  serial  data  from 
the  AD7896.  A  new  serial  data  bit  is  clocked  out  on  the  falling  edge  of  this  serial  clock.  Data 
is  guaranteed  valid  for  1 5  ns  after  this  falling  edge  so  the  uP  can  accept  data  on  the  either  the 
falling  edge  or  the  rising  edge.  The  serial  clock  input  should  be  taken  low  at  the  end  of  the 
serial  data  transmission. 

Serial  Data  Output.  Serial  data  from  the  AD7896  is  provided  at  this  output.  The  serial  data 
is  clocked  out  by  the  falling  edge  of  SCLK,  but  the  data  can  also  be  read  on  the  falling  edge 
of  the  SCLK.  This  is  possible  because  data  bit  N  is  valid  for  a  specified  time  after  the  falling 
edge  of  the  SCLK  (data  hold  time)  and  can  be  read  before  data  bit  N+ 1  becomes  valid  a 
specified  time  after  the  falling  edge  of  SCLK  (data  access  time)  (see  Figure  4).  Sixteen  bits 
of  serial  data  are  provided  with  four  leading  zeros  followed  by  the  1 2-bits  of  conversion  data. 
On  the  sixteenth  falling  edge  of  SCLK,  the  SDATA  line  is  held  for  the  data  hold  time  and 
then  disabled  (three-stated).  Output  data  coding  is  straight  binary. 
Digital  Ground.  Ground  reference  for  digital  circuitry. 


BUSY 

■ 


Convert  Start.  Edge-triggered  logic  input.  On  the  falling  edge  of  this  input,  the  track/hold 

"**~pT  is  low  at  the  end  of  conver- 
rising  edge  of  CONVST 


goes  into  its  hold  mode  and  conversion  is  initiated, 
sion,  the  part  goes  into  power  down  mode.  T 
"wakes  up"  the  part. 

The  BUSY  pin  is  used  to  indicate  when  the  part 

ind  will 


If  CON 
ase,  the 


ing  a  conversion.  The  BUSY  pin  will  go 
when  the  conversion  is  complete. 


■ 

■ 

■ 

5  SDATA 

T1S+   tost  Otij  '!tmrl  tocjbV 


■ 

ORDERING  GUIDE 


Model 


AD7896AN 
AD7896BN 
AD7896AQ 
AD7896BQ 
AD7896AR 
AD7896BR 
AD7896SQ 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°Cto+125°C 


Linearity 
Error  (LSB) 


±1  LSB 
±1/2  LSB 
+  1  LSB 
±  1/2  LSB 
±1  LSB 
+  1/2  LSB 
±1  LSB 


SNR 
(dB) 


70  dB 
72  dB 
70  dB 
72  dB 
70  dB 
72  dB 
70  dB 


Package 
Option* 


N-8 
N-8 
Q-8 
Q-8 
R-8 
R-8 
Q-8 


tic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
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TERMINOLOGY 
Relative  Accuracy 

This  is  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  ADC  transfer  function.  The  end- 
points  of  the  transfer  function  are  zero  scale  (which  is  Vw  = 
AGND  +  1/2  LSB)  a  point  1/2  LSB  below  the  first  code  transi- 
tion (00  .  .  .  000  to  00  ...  001)  and  full  scale  (which  is  V,N  = 
AGND  +  VDD-  1/2  LSB),  a  point  1/2  LSB  above  the  last  code 
transition  (11...  110  to  11...  111). 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal  1  LSB 
change  between  any  two  adjacent  codes  in  the  ADC. 

Unipolar  Offset  Error 

This  is  the  deviation  of  the  first  code  transition  (00  .  .  .  000  to 
00  ...  001)  from  the  ideal       voltage  (AGND  +  1  LSB). 

Positive  Full-Scale  Error 

This  is  the  deviation  of  the  last  code  transition  (1 1  ...  1 10  to 
11  ...  Ill  from  the  ideal  (VIN  =  AGND  +  VDD  -  1  LSB) 
after  the  offset  error  has  been  adjusted  out. 

Track/Hold  Acquisition  Time 

Track/hold  acquisition  time  is  the  time  required  for  the  output 
of  the  track/hold  amplifier  to  reach  its  final  value,  within 
±  1/2  LSB,  after  the  end  of  conversion  (the  point  at  which  the 
track/hold  returns  into  track  mode).  It  also  applies  to  a  situation 
where  there  is  a  step  input  change  on  the  input  voltage  a] 
to  the  selected      input  of  the  AD7896.  It  means  thai  , 
must  wait  for  the  duration  of  the  track/hold  acquisition  t 
after  the  end  of  conversion  or  after  a  step  input  change  to 
before  starting  another  conversion,  to  ensure  tnl  part^p 
to  specification. 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  A/D  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  sum  of  all  nonfundamental  signals 
up  to  half  the  sampling  frequency  (fs/2),  excluding  dc.  The  ratio 
is  dependent  on  the  number  of  quantization  levels  in  the  digiti- 
zation process;  the  more  levels,  the  smaller  the  quantization 
noise.  The  theoretical  signal  to  (noise  +  distortion)  ratio  for  an 
ideal  N-bit  converter  with  a  sine  wave  input  is  given  by: 

Signal  to  (Noise  +  Distortion)  =  (6.02N  +1.76)  dB 

Thus  for  a  12-bit  converter,  this  is  74  dB. 


Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7896,  it  is  defined  as: 


THD  (dB)  =  20  log 


¥1 


+  V2  +v<2  +V52  +  V2 


where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonics. 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 
spectrum  (up  to  fg/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  is  deter- 
mined by  the  largest  harmonic  in  the  spectrum,  but  for  pans 
where  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
noise  peak. 

Intermodulation  Distortion 


With  inputs  cop 
fb,  any  ac 
produc 


of  sine  waves  at  two  frequencies,  fa  and 
e%ith  nonlinearities  will  create  distortion 
d  difference  frequencies  of  mfa  ±  nfb  where 
Intermodulation  distortion  terms  are 

nor  n  are  equal  to  zero.  For  example, 
s  include  (fa  +  fb)  and  (fa  -  fb),  while  the 
include  (2fa  +  fb),  (2fa  -  fb),  (fa  +  2fb)  and 


The  AD7896  is  tested  using  the  CCIF  standard  where  two  in- 
put frequencies  near  the  top  end  of  the  input  bandwidth  are 
used.  In  this  case,  the  second  order  terms  are  usually  distanced 
in  frequency  from  the  original  sine  waves  while  the  third  order 
terms  are  usually  at  a  frequency  close  to  the  input  frequencies. 
As  a  result,  the  second  and  third  order  terms  are  specified  sepa- 
rately. The  calculation  of  the  intermodulation  distortion  is  as 
per  the  THD  specification  where  it  is  the  ratio  of  the  rms  sum  of 
the  individual  distortion  products  to  the  rms  amplitude  of  the 
fundamental  expressed  in  dBs. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7896 


OPERATING  MODES 

Mode  1  Operation  (High  Sampling  Performance) 

The  timing  diagram  in  Figure  2  is  for  optimum  performance  in 
Operating  Mode  1  where  the  falling  edge  of  CONVST  starts 
conversion  and  puts  the  Track/Hold  amplifier  into  its  hold 
mode.  This  falling  edge  of  CONVST  also  causes  the  BUSY  sig- 
nal to  go  high  to  indicate  that  a  conversion  is  taking  place.  The 
BUSY  signal  goes  low  when  the  conversion  is  complete  which  is 
8  us  max  after  the  falling  edge  of  CONVST,  and  new  data  from 
this  conversion  is  available  in  the  output  register  of  the  AD7896. 


A  read  operation  accesses  this  data.  This  read  operation  consists 
of  1 6  clock  cycles,  and  the  length  of  this  read  operation  will  de- 
pend on  the  serial  clock  frequency.  For  the  fastest  throughput 
rate  (with  a  serial  clock  of  10  MHz)  the  read  operation  will  take 
1.6  us.  The  read  operation  must  be  complete  at  least  400  ns 
before  the  falling  edge  of  the  next  CONVST,  and  this  gives  a 
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busv 

SCLK 


total  time  of  10  u 
100  kHz).  This  mode  ! 
pling  applications. 
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Figure  2.  Mode  1  Timing  Operation  Diagram  for  High  Sampling  Performance 


Mode  2  Operation  (Auto  Sleep  After  Conversion) 

The  timing  diagram  in  Figure  3  is  for  optimum  performance  in 
Operating  Mode  2  where  the  part  automatically  goes  into  sleep 
mode  once  BUSY  goes  low  after  conversion  and  "wakes  up"  be- 
fore  the  next  conversion  takes  place.  This  is  achieved  by  keeping 
CONVST  low  at  the  end  of  conversion  whereas  it  was  high  at 
the  end  of  conversion  for  Mode  1  operation.  The  rising  edge  of 
CONVST  "wakes  up"  the  part.  This  wake-up  time  is  5  us  at 
which  point  the  Track/Hold  amplifier  goes  into  its  hold  mode. 
The  conversion  takes  8  us  after  this,  provided  the  CONVST 
has  gone  low,  giving  a  total  of  1 3  us  from  the  rising  edge  of 
CONVST  to  the  conversion  being  complete  which  is  indicated 
by  the  BUSY  going  low.  Note  that  since  the  wake-up  time  from 
the  rising  edge  of  CONVST  is  5  us,  when  the  CONVST  pulse 
width  is  greater  than  5  us  the  conversion  will  take  more  than  the 


13  us  shown  in  diagram  from  the  rising  edge  of  CONVST.  This 
is  because  the  Track/Hold  amplifier  goes  into  its  hold  mode  on 
the  falling  edge  of  CONVST  and  then  the  conversion  will  not  be 
complete  for  a  further  8  us.  In  this  case  the  BUSY  will  be  the 
best  indicator  for  when  the  conversion  is  complete.  Even  though 
the  part  is  in  sleep  mode,  data  can  still  be  read  from  the  part. 
The  read  operation  consists  of  16  clock  cycles  as  in  Mode  1  op- 
eration. For  the  fastest  serial  clock  of  10  MHz  the  read  opera- 
tion will  take  1.6  (is,  and  this  must  be  complete  at  least  400  ns 
before  the  falling  edge  of  the  next  CONVST  to  allow  the  Track/ 
Hold  amplifier  to  have  enough  time  to  settle.  This  mode  is  very 
useful  when  the  part  is  converting  at  a  slow  rate  as  the  power 
consumption  will  be  significantly  reduced  from  that  of  Mode  1 
operation. 
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Figure  3.  Mode  2  Timing  Diagram  Where  Automatic  Sleep  Function  Is  Initiated 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG 
DEVICES 


High  Speed 
6-Bit  A/D  Converter 


AD9000 


FEATURES 
77MSPS  Encode  Rate 
Bipolar  Input  Range 
Low  Error  Rate 
Overflow  Bit 

MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
QAM  Telecommunications 
Electronic  Warfare  (ECM,  ECCM,  ESM) 
Radar  Guidance  Digitizers 


FUNCTIONAL  BLOCK  DIAGRAM 


*S?<3 


ENCODE 


GENERAL  DESCRIPTION 

The  AD9000  is  a  6-bit,  high  speed,  analog-to-digital  converter 
with  ECL  compatible  outputs  and  a  bipolar  input  stage.  The 
AD9000  is  fabricated  in  a  high-performance  bipolar  process 
which  allows  encode  rates  up  to  77MSPS. 

The  AD9000  employs  the  standard  flash  convener  architecture 
based  on  64  individual  comparators  which  simultaneously  deter- 
mine the  precise  analog  signal  level.  The  comparators  are  followed 
by  two  stages  of  decoding  logic,  allowing  the  AD9000  to  operate 
with  a  very  low  error  rate.  The  low  35pF  input  capacitance  of 
the  AD9000  greatly  simplifies  the  analog  driver  stage.  Also 
incorporated  into  the  AD9000  design  is  an  overflow  output  bit 
as  well  as  a  hysteresis  control  pin  to  modify  comparator 


ORDERING  GUIDE 


The  AD9000  is  offered  as  both  an  commercial  temperature 
range  device  0  to  +  70°C,  and  as  an  extended  temperature  range 
device  -  55°C  to  +  125°C.  Both  versions  are  available  packaged 
in  a  16-pin  ceramic  DIP.  The  extended  temperature  range  device 
is  also  available  in  a  28-pin  ceramic  LCC  package.  The  extended 
temperature  range  versions  are  offered  as  fully  compliant  MIL- 
STD-883  Class  B  devices. 


PIN  DESIGNATIONS 


Temperature 

Package 

Model1 

Range 

Description 

Option2 

AD9000JD 

Oto  +70°C 

16-Pin  DIP,  Industrial 

D-16 

AD9000SD 

-55°Cto  +  125°C 

16-Pin  DIP 

D-16 

AD9000SE 

-55°Cto  +  125°C 

28-Pin  LCC 

E-28A 

- 

-v.fT 

ANALOG  GROUND  [7 

V-  fT 

E 

E 

A,.  (T 
'V,  f7 


AD9000 
TOP  VIEW 
INot  to  Scale] 


]fj  DIGITAL  GROUND 
77]  OVERFLOW 
TjJ  BIT  1  (MSB) 
7T)  BIT  2 
12*1  BIT3 
TT]  BIT  4 
Tol  BIT 5 

=i 

_jjBIT6|LSBI 


NOTES 

'MIL-STD-883  versions  available,  contact  factory. 

2D  =  Ceramic  DIP;  E  =  Leadless  Ceramic  Chip  Carrier.  For  outline  information  see  Package 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


NC  =  NO  CONNECT 
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AD9000— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS 


(Supply  Voltages  =  -5.2V  and  +  5.0V;  Differential  Reference  Voltage  =  2.0V 


I  ■ 


Parameter 





RESOLUTION 


DC 


No  Missing  Codes 


INITIAL  OFFSET  ERROR 
iference  Ladder 


Ladder 


Bottom  of 


Offset  Drift  Coefficient 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Bias  Current  (Sampling)5 
Input  Bias  Current  (Latched)5 
Input  Resistance 
Input  Capacitance 
Full  Power  Bandwidth6 


REFERENCE  INPUT2' 3 
Reference  Ladder  Resistance 
Ladder  Temperature  Coefficient 
Reference  Input  Bandwidth 


DYNAMIC  PERFORMANCE7 
Conversion  Rate 
Conversion  Time  ( +  1  Clock) 
Aperture  Delay  (tD) 
Aperture  Uncertainty  (Jitter) 
Output  Propagation  Delay  (tPD)8 
Output  Hold  Time  (toH)9 
Transient  Response10 
Overvoltage  Recovery  Time 1 1 
Output  Rise  Time12 
Output  Fall  Time 12 
Output  Time  Skew 


ENCODE  INPUT 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "l"Current 
Logic  "0"  Current 
Input  Capacitance 
ENCODE  Pulse  Width  High  (trmd 
ENCODE  Pulse  Width  Low  (tpnJ 


Temp 


+  25°C 
Full 
+  25°C 
Full 
Full 


+  25°C 
Full 
+  25°C 
Full 
Full 


Full 
Full 
Full 

+  25°C 
+  25°C 
+  25°C 


+  25°C 
+  25°C 


+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25X 
+  25°C 
+  25°C 


Full 
Full 
Full 
Full 

+  25°C 
+  25°C 
+  25°C 


Commercial 
0to+70°C 
AD9000JD 
Min       Typ  Max 


0.25 


0.5 
1.0 
0.5 
1.0 


Military 
-55°Cto+125°C 
AD9000SD/SE 
Min      Typ  Max 


0.25 


0.25 


7/8 
1.5 
7/8 


1.5 
145 


+  2.0V 


3.0 

35 

20 


800 
20 

50 





80 

0.275 
20 


200 


50 


70 
2 

25 


13 
11 


0.4 


20 

12 
14 


5.0 
5.0 


-1.1 


2.5  5.0 


-1.5 
100 
100 


6.6 
6.6 





0.5 
1.0 
0.5 
1.0 

GUARANTEED 


Units 


Bits 


LSB 
LSB 
LSB 
LSB 


0.3 


0.25 


145 


7/8 
1.5 
7/8 
1.5 


±2.0V 


3.0 
35 
20 


800 
20 

50 


80 


200 


0.275 
20 


75 


77 

2 
25 


13 
11 


13.3 


12 
14 


4.5 
4.5 


0.4 


-1.1 


2.5 


-1.5 

100 

100 


6.6 
6.6 


LSB 
LSB 
LSB 
LSB 

u.V/°C 


V 

jiA 

uA 

kfl 

pF 

MHz 


n 

arc 

MHz 


MHz 

ns 
ns 
ps 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


pi- 


ns 


ns 
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AD9000 


ELECTRICAL  CHARACTERISTICS <w> 


AC  LINEARITY1 1 
Dynamic  Linearity12 
In-Band  Harmonics 

(DCtolMHz) 

(lMHzto5MHz) 

(5MHzto8MHz) 
Signal  to  Noise  Ratio13 
Signal  to  Noise  Ratio14 
Two  Tone  Intel-modulation  Rejection15 
Noise  Power  Ratio  (NPR)16 


DIGITAL  OUTPUTS5 
Logic  "1"  Voltage 
Logic  "0"  Voltage 


POWER  SUPPLY 17 

Positive  Supply  Current  ( +  5 .0V) 

Negative  Supply  Current  ( -  5.2V) 

Nominal  Power  Dissipation 
Reference  Ladder  Dissipation 



Temp 


Full 
Full 


+  25°C 
Full 
+  25°C 
Full 
+  25°C 
+  25°C 
 ' — 


Commercial 
Oto  +70°C 
AD9000JD 
Min       Typ  Max 


+  25°C 

0.5 

+  25°C 

44 

+  25°C 

42 

+  25°C 

38 

+  25°C 

31 

33 

+  25°C 

40 

42 

+  25°C 

46 

+  25°C 

30 

-1.1 


-1.5 


60 

68 

675 
20 


70 
75 
80 
85 


Military 
-55"Cto+125°C 
AD9000SD/SE 
Min       Typ  Max 


0.5 

44 

42 
38 

31 
40 

46 

 —  


:n»(j|j|iup3  3TA'<««qtK 

! 





-1.1 


-1.5 


60 

70 

mA 

75 

mA 

68 

80 

mA 

85 

mA 

675 

mW 

20 

mW 

Units 


LSB 

dBc 
dBc 
dBc 
dB 
dB 

dt 




NOTES 
1Ain=+Vref. 

2£>etermined  by  3dB  reduction  in  reconstructed  output  at  7SMSPS. 
3Under  normal  operating  conditions,  the  analog  input  voltages  should  not 

exceed  nominal  ±  2V  operating  range,  nor  the  supply  voltages 

(  +  VS  and  -  Vs),  whichever  is  smaller. 

4Under  normal  operating  conditions  the  differential  reference  voltage  may 

range  from  ±  0.5V  to  ±2V;  +  Vhef^  —  Vrep- 
sOutput  terminated  with  100ft  resistors  to  -  2.0V. 
'Measured  from  the  leading  edge  of  ENCODE  to  data  out  on  Bit  1  (MSB). 
'Measured  from  the  trailing  edge  of  ENCODE  to  data  out  on  Bit  1  (MSB). 
"For  full-scale  step  input,  6-bit  accuracy  is  attained  in  specified  time. 
'Recovers  to  6-bit  accuracy  in  specified  time,  after  150%  full-scale 

input  overvoltage. 

■  • 


ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage   -0.3Vto+6V 

Negative  Supply  Voltage    -  6.0V  to  +  0.3V 

Analog- to- Digital  Ground  Voltage  Differential  0.5 

Analog  Input  Voltages  (AIN,  +VREF,  -VREF)2  ±3V 

Differential  Reference  Voltage  ( +  VreF  to  -  VreF)3    .  .  .  .  6V 

ENCODE  Input  Voltage   -Vsto0V 

HYSTERESIS  Control  Voltage   0Vto+3.0V 

Digital  Output  Current  20mA 

Power  Dissipation  (  +  25°C  Free  Air)4    745mW 

Operating  Temperature  Range 

AD9000JD  0  to  +70°C 

AD9000SD/SE  -  55°C  to  + 125°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature   +  175°C 

Lead  Soldering  Temperature  (lOsec)  +  300°C 


'"Measured  on  Bit  1  (MSB)  only. 
"Measured  at  50MSPS  encode  rate. 
,zAnalog  input  frequency  =  15MHz. 

"RMS  signal  to  RMS  noise,  with  540kHz  analog  input  signal. 

"Peak-to-peak  signal  to  rms  noise,  with  540kHz  analog  input  signal. 

"f,=9.3MHz;  f2  =  7.6MHz;  Encode=42MHz. 

I6DC  to  8.2MHz  noise  bandwidth  with  3.886MHz  slot. 

1 'Supply  voltage  should  remain  stable  within  ±5%  for  normal  operation. 

Specifications  subject  to  change  without  notice. 

•i  I 

I 

NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  under  any  of  these  conditions  is  not  necessarily  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods 
may  affect  device  reliability. 

2Under  normal  operating  conditions,  the  analog  inp 
exceed  nominal  ±2V  operating  range,  nor  the  supply  1 
(  +  VS  and  -  Vs),  whichever  is  smaller. 

3Under  normal  operating  conditions  the  differential  reference  voltage  may 
range  from  ±  0.5V  to  ±2V;  +  Vref*  -  Vrbf- 
typical  thermal  impedances  .  .  . 

16-Pin  Ceramic  =  67°C/W;  6k  =  7°C/W 

28-Pin  LCC  8,.  =  62°C/W;  8^  =  14°C/W 
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FEATURES 

150MSPS  Encode  Rate 
Low  Input  Capacitance:  17pF 
Low  Power:  750mW 
-5.2V  Single  Supply 

MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
Radar  Systems 

Digital  Oscilloscopes/ATE  Equipment 
Laser/Radar  Warning  Receivers 
Digital  Radio 

Electronic  Warfare  (ECM,  ECCM,  ESM) 
Communication/Signal  Intelligence 


GENERAL  DESCRIPTION 

The  AD9002  is  an  8-bit,  high  speed,  analog-to-digital  converter. 
The  AD9002  is  fabricated  in  an  advanced  bipolar  process  which 
allows  operation  at  sampling  rates  in  excess  of  150  megasamples' 
second.  Functionally,  the  AD9002  is  comprised  of  256  parallel 
comparator  stages  whose  outputs  are  decoded  to  drive  the  ECL 
compatible  output  latches. 

An  exceptionally  wide  large  signal  analog  input  bandwidth  of 
160MHz  is  due  to  an  innovative  comparator  design  and  very 
close  attention  to  device  layout  considerations.  The  wide  input 
bandwidth  of  the  AD9002  allows  very  accurate  acquisition  of 
high  speed  pulse  inputs,  without  an  external  track-and-hold. 
The  comparator  output  decoding  scheme  minimizes  false  codes 
which  is  critical  to  high  speed  linearity. 

The  AD9002  provides  an  external  hysteresis  control  pin  which 
can  be  used  to  optimize  comparator  sensitivity  to  further  improve 
performance.  Additionally,  the  AD9002's  low  power  dissipation 
of  750m  W  makes  it  usable  over  the  full  extended  temperature 


range.  The  AD9002  also  incorporates  an  overflow  bit  to  ind 
overrange  inputs.  This  overflow  out] 
overflow  inhibit  pin. 

The  AD9002  is  available  in  two  grades,  one  with  0.5LSB  linearity 
and  one  with  0.75LSB  linearity.  Both  versions  are  offered  in  an 
industrial  grade,  -25°C  to  +85°C,  packaged  in  a  28-pin  DIP 
and  a  28-pin  JLCC.  The  military  temperature  range  devices, 
-  55°C  to  +  125°C,  are  available  in  ceramic  DIP  and  LCC  packages 
and  are  compliant  to  MIL-STD-883  Class  B. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  (-Vs)   .  .  .  -6V 

Analog-to-Digital  Supply  Voltage  Differential  0.5V 

Analog  Input  Voltage   -Vsto+0.5V 

Digital  Input  Voltage    -  Vs  to  0V 

Reference  Input  Voltage  (  +  VREF  -  Vref)2    •    -3.5V  to  0.  IV 

Differential  Reference  Voltage   2.1V 

Reference  Midpoint  Current   ±4mA 

ENCODE  to  ENCODE  Differential  Voltage  4V 

Electrical  Characteristics  (-vs=-5.2v;  Differential 


Digital  Output  Current  

Operating  Temperature  Range 

AD9002AD/BD/AJ/BJ   

AD9002SE/SD/TD/TE  

Storage  Temperature  Range  

Junction  Temperature3  

Lead  Soldering  Temperature  (lOsec) 


 20mA 

-25°C  to  +85°C 
-55°Cto  +  125°C 
-65X10  +  150°C 

  +  175°C 

  +300°C 


=  2.0V,  unless  otherwise  stated) 


Test 

AD9002AD/AJ 

AD9O02BD/BJ 

AD9O02SD/SE 

AD9002TD/TE 

Parameter 

Temp 

Level 

Min 

Typ 

Mai 

Min 

Typ 

Mai 

Min 

Typ 

Mai 

Min 

Typ 

Mai 

Units 

RESOLUTION 

8 

8 

8 

8 

Bits 

DC  ACCURACY 

Differential  Linearity 

+  25°C 

I 

0.6 

0.75 

0.4 

0.5 

0.6 

0.75 

0.4 

0.5 

LSB 

Full 

VI 

1.0 

0.75 

1.0 

0.75 

LSB 

Integral  Linearity 

+  25°C 

I 

0.6 

1.0 

0.4 

0.5 

0.6 

1.0 

0.4 

0.5 

LSB 

Full 

VI 

1.2 

1.2 

1.2 

1.2 

LSB 

No  Missing  Codes 

Full 

VI 

GUARANTEED 

GUARANTEED 

GUARANTEED 

GUARANTEED 

INITIAL  OFFSET  ERROR 

mV 

Top  of  Reference  Ladder 

+  25°C 

I 

8 

14 

g 

14 

8 

14 

8 

14 

Full 

VI 

17 

17 

17 

17 

mV 

Bottom  of  Reference  Ladder 

+  25°C 

I 

4 

10 

10 

—4  

10 

4 

10 

mV 

Offset  Drift  Coefficient 

Full 

VI 

12 

12 

12 

12 

mV 

Full 

V 

20 

50 

20 

uV/x 

ANALOG  INPUT 

+  25°C 

60 

100 

Input  Bias  Current4 

I 

60 

100 

60 

100 

60 

100 

uA 

Full 

VI 

200 

200 

200 

200 

u.A 

Input  Resistance 

+  25°C 

III 

100 

200 

100 

200 

100 

200 

100 

200 

kfl 

+  25°C 

III 

17 

22 

17 

22 

17 

22 

17 

22 

pF 

Large  Signal  Bandwidth' 

+  258C 

V 

160 

160 

160 

160 

MHz 

Input  Slew  Rate6 

+  25°C 

V 

440 

440 

440 

440 

V/us 

REFERENCE  INPUT 
Reference  Ladder  Resistance 

+  25°C 

VI 

64 

80 

110 

64 

80 

110 

64 

80 

no 

64 

80 

110 

n 

Ladder  Temperature  Coefficient 

V 

0.25 

0.25 

0.25 

0.25 

ore 

Reference  Input  Bandwidth 

+  25°C 

V 

10 

10 

10 

10 

MHz 

DYNAMIC  PERFORMANCE 

Conversion  Rate 

+  25°C 

I 

125 

150 

125 

150 

125 

150 

125 

150 

MSPS 

Aperture  Delay: 

+  25°C 

V 

1.3 

1.3 

1.3 

1.3 

ns 

Aperture  Uncertainty  (Jitter) 

15 

15 

15 

15 

Ps 

Output  Delay  (tpo)7, 8 

+  25X 

I 

2.5 

3.7 

5.5 

2.5 

3.7 

*-5 

2.5 

3.7 

5.5 

2.5 

3.7 

5.5 

Transient  Response* 

+  25°C 

V 

6 

6 

6 

6 

ns 

Overvoltage  Recovery  Time 10 

+  25"C 

V 

6 

6 

6 

6 

3.0 

ns 

Output  Rise  Time7 

+  25°C 

I 

3.0 

3.0 

3.0 

ns 

Output  Fall  Time7 

+  25"C 

I 

IS 

2.5 

2.5 

2.5 

ns 

Output  Time  Skew7' 11 

+  25'C 

V 

0.6 

0.6 

0.6 

0.6 

ns 

ENCODE  INPUT 

Logic  "1"  Voltage' 

Full 

VI 

-  1.1 

-1.1 

'  -1.1 

-1.1 

V 

Logic  "0"  Voltage7 

Full 

VI 

-1.5 

-1.5 

-1.5 

-1.5 

V 

Logic"!"  Current 

Full 

VI 

150 

150 

150 

150 

uA 

Logic  "0"  Current 

Full 

VI 

120 

120 

120 

120 

uA 

Input  Capacitance 

+  25-C 

V 

3 

3 

3 

3 

PF 

Encode  Pulse WidthCLow)"- 

+  25°C 

I 

1.5 

1.5 

1.5 

ns 

Encode  Pulse  Width(High)12 

+  25°C 

I 

1.5 

1.5 

1.5 

1.5 

ns 

OVERFLOW  INHIBIT  INPUT 

0V  Input  Current 

Full 

VI 

144 

300 

144 

300 

144 

300 

144 

300 

uA 

AC  LINEARITY13 
Effective  Bits" 

+  25°C 

V 

/.o 

/.o 

7.6 

7.6 

Bits 

In-Band  Harmonics 

55 

dc  to  1.23MHz 

+  25°C 

I 

48 

55 

48 

55 

48 

48 

SS 

dB 

dcto9.3MHz 

+  25'C 

V 

50 

50 

50 

50 

dB 

dc  to  19.3MHz 

+  25°C 

V 

44 

44 

44 

44 

dB 

Signal-to-Noise  Ratio'5 

+  25°C 

I 

46 

47.6 

46 

47.6 

•  46 

47.6 

46 

47.6 

dB 

Two  Tone  Intermod  Rejection16 

+  25-C 

V 

60 

60 

60 

60 

dB 

DIGITAL  OUTPUTS7 

Logic"!"  Voltage 

Full 

VI 

-1.1 

-1.1 

-1.1 

-1.1 

V 

Logic  "0"  Voltage 

Full 

VI 

-1.5 

-1.5 

-1.5 

-  1.5 

V 

POWER  SUPPLY17 

SuppIyCurrent  ( -  5.2V) 

+  25°C 

I 

145 

175 

145 

175 

145 

175 

145 

175 

mA 

Full 

VI 

200 

200 

200 

200 

mA 

Nominal  Power  Dissipation 

+  25"C 

V 

750 

750 

750 

750 

mW 

Reference  Ladder  Dissipation 

+  25'C 

V 

50 

50 

50 

50 

mW 

Power  Supply  Rejection  Ratio18 

+  25*C 

I 

0.8 

1.5 

0.8 

1.5 

0.8 

1.5 

0.8 

1.5 

|  mV/V 

REV.  B 


ANALOG-TO-DIGITAL  CONVERTERS  2-403 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired. 
Functional  operability  under  any  of  these  conditions  is  not  necessarily 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  of  time  may  affect  device  reliability. 
2  +  Vref  a:  -VREF  under  all  circumstances. 
'Maximum  junction  temperature  (tj  max)  should  not  exceed  175°C 
for  ceramic  packages,  and  150°C  for  plastic  packages: 
t,  =  PD  !8JA!  +  t» 
PD  (8,c)  +  tc 
where 

PD  =  power  dissipation 

8jA  =  thermal  impedance  from  junction  to  ambient  (°C/W) 
9JC  =  thermal  impedance  from  junction  to  case  ("C/W) 
tA  =  ambient  temperature  (°C) 
tc  -   case  temperature  (°C) 
typical  thermal  impedances  are: 
Ceramic  DIP  6,A  =  56<C/W;  6JC  =  20°C/W 
Plastic  DIP  e1A  =  60°C/W;  «1C  =  20'CW 


16 


Ceramic  LCC  6,A  =  69°C/W;  8,C  =  23°C/W 
PLCC  8JA  =  60°C/W,  8IC  =  19°C/W. 


'Measured  with  AIN  =  0V. 

'Measured  by  FFT  analysis  where  fundamental  is  -  3dB  FS. 
'Input  slew  rate  derived  from  rise  time  (10  to  90%)  of  full  scale  input. 
'Outputs  terminated  through  lOOfl  to  -  2V. 
'Measured  from  ENCODE  in  to  data  out  for  LSB  only. 
'For  full-scale  step  input,  8-bit  accuracy  is  attained  in  specified  time. 
'"Recovers  to  8-bit  accuracy  in  specified  time  after  150%  full-scale  input 
overvoltage. 

"Output  time  skew  includes  high-to-low  and  low-to-high  transitions  as  well 

-ENCODE 'signS  t^T^Z^  be  less  than  .0ns  for  norm* 

operation. 
''Measured  at  125MSPS  encode  rate. 
''Analog  input  frequency=  1.23MHz. 

,SRMS  signal  to  rms  noise,  with  1.23MHz  analog  input  signal. 
'Input  signals  IV  p-p  @1.23MHz  and  IV  p-p  @2.30MHz. 
"Supplies  should  remain  stable  within  ±  5%  for  normal  operation. 
'"Measured  at  -5.2V  ±5%. 
Specifications  subject  to  change  without  notice. 


Recommended  Operating  Conditions 


Input  Voltage 

Parameter 

Min 

Nominal 

Max 

-Vs 

+  VreF 

-Vref 
Analog  Input 

-5.46 
-Vref 
-2.1 
-Vref 

-5.20 

O.OV 

-2.0 

-4.94 
+  0.1 
+  VREF 
+  Vref 

( 

EXPLANATION  OF  TEST  LEVELS 

Test  Level  I 
Test  Level  II 


Test  Level  III 
Test  Level  IV 

Test  Level  V 
Test  Level  VI 


Model 


AD9002AD 

AD9002BD 

AD9002AJ 

AD9002B] 

AD9002SD2 

AD9002SE2 

AD9002TD2 

AD9002TE2 


Linearity 


0.75LSB 
0.50LSB 
0.75LSB 
0.50LSB 
0.75  LSB 
0.75  LSB 
0.50  LSB 
0.50  LSB 


100%  production  tested. 

100%  production  tested  at  +  25°C,  and  sample  tested 
at  specified  temperatures. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characteriza- 
tion testing. 

Parameter  is  a  typical  value  only. 
All  devices  are  100%  production  tested  at  +  25°C. 
1 00%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 

temperature  extremes  for  commercial/industrial 

j  




devices. 


Temperature  Range 


-25°Cto+85°C 
-25°Cto+85°C 
-25°Cto+85°C 
-25°Cto+85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 
-55°Cto+125°C 
-55°Cto  +  125°C 


Package 
Option1 





D-28 
D-28 
J-28 
J-28 
D-28 
E-28A 
D-28 
E-2 


Ceramic  Chip  Carrier;  J  =  Ceramic  Leaded 
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2-404   ANALOG-TO-DIGITAL  CONVERTERS 


REV.  B 


iiB-o  bssqZ  rfgiH 

Pin#  Name 


AD9002 


FUNCTIONAL  DESCRIPTION 
 Description 


1  DIGITAL  GROUND 

2  OVERFLOW  INH 

I 


One  of  four  digital  ground  pins.  All  digital  ground  pins  should  be  connected  together. 
OVERFLOW  INHIBIT  controls  the  data  output  polarity  for  overvoltage  inputs. 


ANALOG 
INPUT 

OVERFLOW  ENABLED 
(FLOATING  OR  -  5.2V) 
OF  D,  D2  D3  D4  D5  D6  D7  D„ 

OVERFLOW  INHIBITED  (GND) 
OF  D,  D2  D3  D,  D5  D6  D7  D8 

VlN>  +  VREF 
Vin^+Vref 

1     0000000  0 

0  xxxxxxxx 

0      1111111  1 
0     XXXXXXX  X 

4 

5 
6 
7 

8 

9 
10 
11 
12 
13 
14 

15 

16-19 
20 

21,22 
23 

24,25 

26 

27 


HYSTERESIS 

+  Vref 

ANALOG  INPUT 
ANALOG GROUND 
ENCODE 


ENCODE 

ANALOG GROUND 
ANALOG  INPUT 

~  Vref 
REFmid 

DIGITAL  GROUND 
DIGITAL -Vs 

Dl 

D2-D5 

DIGITAL  GROUND 
ANALOG  -Vs 

DIGITAL  GROUND 

D6.D7 

D8 

OVERFLOW 


28         DIGITAL  -Vs 


The  Hysteresis  control  voltage  varies  the  comparator  hysteresis  from  OmV  to  lOmV,  for  a  change 
from  -5.2V  to  -2.2V  at  the  Hysteresis  control  pin.  Normally  connected  to  -5.2V. 
The  most  positive  reference  voltage  for  the  internal  resistor  ladder. 
One  of  two  analog  input  pins.  Both  analog  input  pins  should  be  connected  together. 
One  of  two  analog  ground  pins.  Both  analog  ground  pins  should  be  connected  together. 
Noninverted  input  of  the  differential  encode  input.  This  pin  is  driven  in  conjunction  with 
ENCODE.  Data  is  latched  on  the  rising  edge  of  the  ENCODE  signal. 
Inverted  input  of  the  differential  encode  input.  This  pin  is  driven  in  conjunction  with  ] 
One  of  two  analog  ground  pins.  Both  analog  ground  pins  should  be  connected  together. 
One  of  two  analog  input  pins.  Both  analog  inputs  should  be  connected  together. 
The  most  negative  reference  voltage  for  the  internal  resistor  ladder. 
The  midpoint  tap  on  the  internal  resistor  ladder. 

One  of  four  digital  ground  pins.  All  digital  ground  pins  should  be  connected  together. 

One  of  two  negative  digital  supply  pins  (nominally  -  5.2V).  Both  digital  supply  pins  should  be 

connected  together. 

Digital  data  output  (LSB). 

Digital  data  output. 

One  of  four  digital  ground  pins.  All  digital  ground  pins  should  be  connected  together. 

One  of  two  negative  analog  supply  pins  (nominally  -  5.2V).  Both  analog  supply  pins  should  be 

connected  together. 

One  of  four  digital  ground  pins.  All  digital  ground  pins  should  be  connected  together. 
Digital  data  output. 
Digital  data  output  (MSB). 

Overflow  data  output.  Logic  high  indicates  an  input  overvoltage  (VrN>  +  VreF)  if  OVERFLOW 
INHIBIT  is  enabled  (overflow  enabled,  -5.2V).  See  OVERFLOW  INHIBIT. 
One  of  two  negative  digital  supply  pins  (nominally  -  5.2V).  Both  digital  supply  pins  should  be 
connected  together.   





to 

DIP 


DIGITAL  GROUND  f~T 
OVERFLOW  INH  [T 


■ 

PIN  DESIGNATIONS 

LCC 


ANALOG  INPUT  S 
ANALOG  GROUND  G 
ENCODE  7 


ANALOG  GROUND  9 
ANALOG  INPUT  70 
-V„,  77 


-SEE  FUNCTION  DESCRIPTIONS 


rjJis  ! 


JLCC 

i  i  I  • 

I  |  |>- 1  v  |- 

s   5  5   t   t   J  I 

*     t    o    o    a    o  a 


ANALOG  INPUT  ^ 
ANALOG  GROUND  ^ 
ENCODE  (T 
ENCODE  [T 
ANALOG  GROUND  |T 
ANALOG  INPUT 


-v„, [n 


1 1 


25]  D, 
24]  D, 

23]  DIGITAL  GROUND 
2±]  ANALOG  -V, 
ll]  ANALOG  -V, 
m]  DIGITAL  GROUND 

3 D* 


■ .  ■ 

■ 


1 


■ 


REV.  B 


ANALOG-TO-DIGITAL  CONVERTERS  2-405 


AD9012 


FEATURES 

100MSPS  Encode  Rate 
Very  Low  Input  Capacitance  -  16pF 
Low  Power  -  1W 
TTL  Compatible  Outputs 
MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
Radar  Guidance 

Digital  Oscilloscopes/ATE  Equipment 
Laser/Radar  Warning  Receivers 
Digital  Radio 

Electronic  Warfare  (ECM,  ECCM,  ESM) 
Communication/Signal  Intelligence 


BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD9012  is  an  8-bit,  ultrahigh  speed,  analog-to-digital 
converter.  The  AD9012  is  fabricated  in  an  advanced  bipolar 
process,  which  allows  operation  at  sampling  rates  up  to  100 
megasamples/second.  Functionally,  the  AD9012  is  comprised  of 
256  parallel  comparator  stages  whose  outputs  are  decoded  to 
drive  the  TTL  compatible  output  latches. 

The  exceptionally  wide  large  signal  analog  input  bandwidth  of 
160MHz  is  due  to  an  innovative  comparator  design  and  very 
close  attention  to  device  layout  considerations.  The  wide  input 
bandwidth  of  the  AD9012  allows  very  accurate  acquisition  of 
high  speed  pulse  inputs  without  an  external  track-and-hold.  The 
comparator  output  decoding  scheme  minimizes  false  codes, 
which  is  critical  to  high  speed  linearity. 

The  AD9012  is  available  in  two  grades,  one  with  0.5LSB  linearity 
and  one  with  0.75LSB  linearity.  Both  versions  are  offered  in  an 
industrial  grade,  -25°C  to  +  85°C,  packaged  in  a  28-pin  DIP 


ENCODE (7 


HYSTERESIS     -vs  +vs 


and  a  28-pin  JLCC.  The  military  temperature  range  devices, 
-  55°C  to  +  125°C,  are  available  in  ceramic  DIP  and  LCC  packages 
and  are  compliant  to  MIL-STD-883  Class  B. 

The  AD9012  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD9012/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446*6212. 


2-406  ANALOG-TO-DIGITAL  CONVERTERS 


REV.  B 


SPECIFICATIONS 


AD9012 


ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage  (  +  VS)   .  .  .  +6V 

Analog  to  Digital  Supply  Voltage  Differential  (-Vs)  .  .  .  0.5V 


Negative  Supply  Voltage  ( -  Vs)  -  6V 

Analog  Input  Voltage   -Vsto+0.5V 

ENCODE  Input  Voltage   -0.5Vto+5V 

OVERFLOW  INH  Input  Voltage    -5.2V  to  0V 

Reference  Input  Voltage  (  +  VreF  -Vref)2  ■  -3.5V  to  +0.1V 
Differential  Reference  Voltage   2.1V 


Reference  Midpoint  Current   ±  4mA 

Digital  Output  Current  30mA 

Operating  Temperature  Range 

AD9012AQ/BQ/AJ/BJ    -25°Cto+85°C 

AD9012SE/SQ/TE/TQ  -  55°C  to  +  125°C 

Storage  Temperature  Range  -65°C  to  +  150°C 

Junction  Temperature3   +175°C 

Lead  Soldering  Temperature  (lOsec)   +  300°C 


ELECTRICAL  CHARACTERISTICS  <+vs= +5.ov;  -  v,=  -u* 


Differential  Reference  Voltage = 2.0V,  unless  otherwise  noted) 


Temp 


Test 
Level 


AD9012AQ/AJ 
Min        Typ  Max 


AD9012BQ/BJ 
Min       Typ  Max 


AD9012SQ/SE 
Min       Typ  Max 


AD9012TQ/TE 
Min      Typ  Max 


RESOLUTION 


DC  ACCURACY 
Differential  Linearity 


No  Missing  Codes 


+  25-C 
Full 
+  25°C 
Full 
FuU 


0.6  0.75 
1.0 

0.6  1.0 
1.2 

GUARANTEED 


0.4 


0.5 
0.75 
0.4  0.5 
1.2 

GUARANTEED 


0.75 
1.0 
1.0 
1.2 

GUARANTEED 


0.6 


0.6 


0.4  0.5 
0.75 
0.4  0.5 

3lvrfw  ziKlaxUl&I-l 
GUARANTEED 


INITIAL  OFFSET  ERROR 
Top  of  Reference  Ladder 


Bottom  of  Reference  Ladder 
Offset  Drift  Coefficient 


+  25*C 
Full 
+  25*C 
FuU 
FuU 


15 
18 
10 

13 


15 
18 
10 
13 


7 

15 

18 

10 

13 

25 

60 

100 

200 

200 

16 

18 

160 

440 

ANALOG  INPUT 


Input  Resistance 
Input  Capacitance 
Large  Signal  Bandwidth5 
Analog  Input  Slew  Rate6 


+  25°C 
FuU 
+  25°C 
+25"C 
+  25°C 
+  25°C 


100 
200 


200 

16 

160 


60 

100 

200 

200 

16 

18 

160 

100 
200 


200 
16 
160 
440 


REFERENCE  INPUT 
Reference  Ladder  Resistance 
Ladder  Temperature  Coefficient 
Reference  Input  Bandwidth 


+  25"C 
+  25°C 


80 

0.25 

10 


0.25 
10 


0.25 
10 


80 

0.25 

10 


DYNAMIC  PERFORMANCE 
Conversion  Rate 
Aperture  Delay 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (tpr,)''* 
Transient  Response9 
Overvoltage  Recovery  Time 10 
Output  Rise  Time7 
Output  FaU  Time7 
Output  Time  Skew7, 11 


+  25°C 
+  25°C 
+  25°C 
+  25"C 
+  25*C 
+  25°C 
+  25°C 
+  25-C 
+  25°C 


100 
3.8 
15 
4.9 


6.6 
3.3 
3.0 


8.0 
4.3 


100 
3.8 

15  -  . .,; 
4.9  11 


30        4  3 


75  100 
3.8 

11  lAl  riT 
4  4.9  11 


6.6 

3.3 

 L2_ 


8.0 

4.3 


100 

MSPS 

3.8 

ns 

IS 

l» 

4.9 

11 

ns 

8 

ns 

8 

ns 

6.6 

8.0 

ns 

3.3 

4.3 

ns 

3.0 

ns 

ENCODE  INPUT 
Logic  "1"  Voltage7 
Logic  "0"  Voltage7 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Encode  Pulse  Width  (Low)17 
Encode  Pulse  Width  (High)12 


FuU 
FuU 
FuU 
FuU 

+  25°C, 
+  25°C 
+  25°C 


0.8 
250 
400 


2.5 
2.5 


2.0 

nntt 


2.5 
2.5 


,!V|:n.iinT 


0.8 
250 
400 


0.8 
250 
400 


2.5 
2.5 


2.5 
2.5 


0.8 
250 
400 


OVERFLOW  INHIBIT  INPUT 
0V  Input  Current 


_250_ 


AC  LINEARITY 1 3 
Effective  Bits14 
In  -  Band  Harmonics 
dc  to  1.23MHz 
dc  to  9.3MHz 
dc  to  19.3MHz 
Signal-tc-Noise  Ratio 1 5 
Noise  Power  Ratio16 


+  25°C 

+  25t 
+  25X 
+  25*C 
+  25-C 
+  25°C 


55 
50 


47.6 
37 


7.5 

55 

50 

44 

47.6 

37 


55 
50 


47.6 
37 


55 
50 


47.6 
37 


DIGITAL  OUTPUT 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 


FuU 
Full 


POWER  SUPPLY17 

Positive  Supply  Current  ( - 


5.0V) 


Supply  Currcnt(- 5.2V) 

Nominal  Power  Dissipation 
Reference  Ladder  Dissipation 
Power  Supply  Rejection  Ratio 


+  25°C 
FuU 
+  25"C 
FuU 
+  25°C 
+  25"C 
+  25*C 


33  45 
48 

152  179 
191 

955 
44 

0.85  2.5 


33 

45 

48 

152 

179 

191 

955 

44 

1 

33 


152 


0.85  2.5 


45 
48 
179 
191 

955 

M 

0.8  2.5 


33 

45 

mA 

48 

mA 

152 

179 

mA 

191 

mA 

955 

mW 

44 

mW 

0.8 

2.5 

mV/V 
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AD9012 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired. 
Functional  operability  under  any  of  these  conditions  is  not  necessarily 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 
2  +  VREF  "  -  VREF  under  all  circumstances. 

'Maximum  junction  temperature  (tj  max)  should  not  exceed  +  175°C 
for  ceramic  packages,  and  +  150°C  for  plastic  packages: 
t,  =  PD(8,A)  +  tA 
PD  (eJC)  +  tc 
where 

PD  =  power  dissipation 

8JA  =  thermal  impedance  from  junction  to  ambient  (°C/W) 

8jC  =  thermal  impedance  from  junction  to  case  (°C/W) 

tA  -  ambient  temperature  (°C) 

tc  -  case  temperature  (°C) 
typical  thermal  impedances  are: 

Ceramic  DIP  6JA  =  42"C/W;  8,c  =  10°C/W 

Ceramic  LCC  8,A  =  50°C/W;  8,c  =  15°C/W 

JLCC  8,A  =  59°C/W;  8JC=  15°C/W. 
^Measured  with  Analog  Input  =  OV. 
^Measured  by  FFT  analysis  where  fundamental  is  -  3dBc. 

Recommended  Operating  Conditions 


'Input  slew  i 
input. 

'Outputs  terminated  with  two  equivalent  'LSOO  type  loads.  (See  load 
circuit.) 

8Measured  from  ENCODE  into  data  out  for  LSB  only. 
9For  full-scale  step  input,  8-bit  accuracy  is  attained  in  specified  time. 
,0Recovers  to  8-bit  accuracy  in  specified  time,  after  150%  full-scale  input 


"Output  time  skew  includes  high-to-low  and  low-to-high  transitions  as  well 

as  bit-to-bit  time  skew  differences. 
l2ENCODE  signal  rise/fall  times  should  be  less  than  30ns  for  normal 

operation. 

l3Measured  at  75MSPS  encode  rate.  Harmonic  data  based  on  worst  case 

harmonics. 
14Analog  input  frequency  =  1 .23MHz. 

"RMS  signal  to  rms  noise,  including  harmonics  with  1.23MHz  analog  input 
signal. 

"NPR  measured  @  0  5MHz.  Noise  Source  is  250mW  (rms)  from  0.5MHz 
to  8MHz. 

"Supplies  should  remain  stable  within  *  5%  for  normal  operation. 


Measured  at  -5.2V  ±  5%  and  +5.0V  ±5%. 
Specifications  subject  to  change  without  notice 


Input  Voltage 

Parameter 

Min 

Nominal 

Max 

-Vs 
+  VS 

+  VreF 

—  Vref 
Analog  Input 

-5.46 
+  4.75 
-Vref 
-2.1 
-Vref 

-5.20 
5.00 
0.0V 
-2.0 

-4.94 
+  5.25 
+  0.1 
+  VREF 

+  Vref 

LOAD  CIRCUIT 


TTL  O-f-ft 
OUTPUT  T 

15pF  r!= 


EXPLANATION  OF  TEST  LEVELS 

Test  Level  I        -    100%  production  tested. 

Test  Level  II      -    100%  production  tested  at  +  25°C,  and  sample  tested 

at  specified  temperatures. 
Test  Level  III     -   Sample  tested  only. 

Test  Level  IV     -   Parameter  is  guaranteed  by  design  and  characteriza- 
tion testing. 

Test  Level  V       -    Parameter  is  a  typical  value  only. 

Test  Level  VI      -   All  devices  are  100%  production  tested  at  +  25°C. 

100%  production  tested  at  temperature  extremes  for 

extended  temperature  devices;  sample  tested  at 

temperature  extremes  for  c 

devices. 


ORDERING  GUIDE 


Device 

Linearity 

Temperature  Range 

Package 
Option* 

AD9012AQ 

0.75LSB 

-  25°C  to  +  85°C 

Q-28 

AD9012BQ 

0.50LSB 

-25°Cto  +  85°C 

Q-28 

AD9012AJ 

0.75LSB 

-25°Cto  +85°C 

J-28 

AD9012BJ 

0.50LSB 

-25°Cto  +  85°C 

J-28 

AD9012SQ 

0.75LSB 

-55°Cto  +  125°C 

Q-28 

AD9012SE 

0.75LSB 

-  550Cto  +  125°C 

E-28A 

AD9012TQ 

0.50LSB 

-55°Cto  +  125°C 

Q-28 

AD9012TE 

0.50LSB 

-55°Cto  +  125°C 

E-28A 

*E  =  Leadless  Ceramic  Chip  Carrier;  J  -  Ceramic  Leaded  Chip  Carrier;' 
For  outline  information  see  Package  Information  section. 


ier;Q  = 
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AD9012 


FUNCTIONAL  DESCRIPTION 


1  DIGITAL  +  Vs  One  of  three  positive  digital  supply  pins  (nominally  +  5.0V). 

2  OVERFLOW  INH  OVERFLOW  INHIBIT  controls  the  data  output  coding  for  overvoltage  inputs  (AIN»  +  Vref). 


3 

HYSTERESIS 

4 

+  VreF 

5 

ANALOG  INPUT 

6 

ANALOG GROUND 

7 

ENCODE 

g 

DIGITAL  +  Vs 

9 

ANALOG GROUND 

10 

ANALOG INPUT 

11 

—  Vref 

12 

REFMID 

13 

DIGITAL  +  Vs 

14 

DIGITAL  -Vs 

15 

D,(LSB) 

16-19 

D2-D5 

20 

DIGITAL  GROUND 

21,22 

ANALOG  -  Vs 

23 

DIGITAL  GROUND 

24,25 

D6,  D7 

26 

Dg(MSB) 

27 

OVERFLOW 

28 

DIGITAL -Vs 

ANALOG 
INPUT 

OVERFLOW  ENABLED  (FLOATING 
OF  D,  D2  D3  D4  D5  D6  D7  D8 

OVERFLOW  INHIBITED  (GND) 
OF  D,  D2  D3  D4  D5  D6  D7  D8 

Vin^+Vref 
V!N<+Vref 

1  00000000 
0  XXXXXXXX 

0  11111111 

o  xxxxxxxx 

The  Hysteresis  control  voltage  varies  the  comparator  hysteresis  from  OmV  to  lOmV,  for  a  change 
from  —  5.2V  to  -  2.2V  at  the  Hysteresis  control  pin. 
The  most  positive  reference  voltage  for  the  internal  resistor  ladder. 
One  of  two  analog  input  pins.  Both  analog  input  pins  should  be  connected  together. 
One  of  two  analog  ground  pins.  Both  analog  ground  pins  should  be  connected  together. 
TTL  level  encode  command  input.  ENCODE  is  rising  edge  sensitive. 
One  of  three  positive  digital  supply  pins  (nominally  +  5.0V). 

One  of  two  analog  ground  pins.  Both  analog  ground  pins  should  be  connected  together. 
One  of  two  analog  input  pins.  Both  analog  inputs  should  be  connected  together. 
The  most  negative  reference  voltage  for  the  internal  resistor  ladder. 
The  midpoint  tap  on  the  internal  resistor  ladder. 
One  of  three  positive  digital  supply  pins  (nominally  +5.0V) 
One  of  two  negative  digital  supply  pins  (nominally  -  5.2V).  Both  digital  supply  pins  should  be 
connected  together. 

Digital  data  output.  D,  (LSB)  is  the  least  significant  bit  of  the  digital  output  word. 
Digital  data  output. 

One  of  two  digital  ground  pins.  Both  digital  grounds  pins  should  be  connected  together. 

One  of  two  negative  analog  supply  pins  (nominally  -  5.2V).  Both  analog  supply  pins  should  be 

connected  together. 

One  of  two  digital  ground  pins.  Both  digital  ground  pins  should  be  connected  together. 
Digital  data  output. 

Digital  data  output  D8  (MSB)  is  the  most  significant  bit  of  the  digital  output  word. 

Overflow  data  output.  Logic  HIGH  indicates  an  input  overvoltage  (VIN>  +  VREf),  if  OVERFLOW 

INHIBIT  is  enabled  (overflow  enabled,  floating).  See  OVERFLOW  INHIBIT. 

One  of  two  negative  digital  supply  pins  (nominally  -  5.2V).  Both  digital  supply  pins  should  be 

connected  together. 

 5  


PIN  DESIGNATIONS 


DIGITAL  Vs+  [T 
OVERFLOW  INH  [~T 
HYSTERESIS  [~3~ 

♦  v„,  [T 

ANALOG  INPUT  [T 
ANALOG  GROUND  (T 
ENCODE  |"T 
DIGITAL  Vs*  |~fl~ 
ANALOG  GROUND  \V_ 
ANALOG  INPUT 

-v,„  fJ7 

REF„„  fig 
DIGITAL  Vs  +  ft7 
DIGITAL  Vs-pU 


AD9012 
TOP  VIEW 
(Not  to  Sella) 


2fl]  DIGITAL  Vs- 
2?]  OVERFLOW 
Is]  O,  (MSB) 
2S]  D, 
Z4~|  D. 

23]  DIGITAL  GROUND 
22]  ANALOG  Vs- 
2l"|  ANALOG  Vs  - 
lo|  DIGITAL  GROUND 

"is"!  D, 
"ie*l  d4 

"l7]  D, 
"is]  D, 
iT]  O,  ILSBI 


ANALOG  INPUT  5  I 
ANALOG  GROUND  S  \ 
ENCODE  7  ! 
DIGITAL  Vs  + 
ANALOG  GROUND  9  j 
ANALOG  INPUT  10  [ 
-V„,  11 


12    13    14    IS   16   17  IS 

3  i  s  1  °" Q"  °" 


■ 
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ANALOG-TO-DIGITAL  CONVERTERS  2-409 


ANALOG 
DEVICES 


3Hin 


10-Bit  60  MSPS 
A/D  Converter 








AD9020 


FEATURES 

Monolithic  1 0-Bit /60  MSPS  Converter 
TTL  Outputs 

Bipolar  (±1.75  V)  Analog  Input 
56  dB  SNR  @  2.3  MHz  Input 
Low  (45  pF)  Input  Capacitance 
MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
Digital  Oscilloscopes 
Medical  Imaging 
Professional  Video 
Radar  Warning/Guidance  Systems 
Infrared  Systems 

GENERAL  DESCRIPTION 

The  AD9020  A/D  converter  is  a  10-bit  monolithic  converter 
capable  of  word  rates  of  60  MSPS  and  above.  Innovative  archi- 
tecture using  512  input  comparators  instead  of  the  traditional 
1024  required  by  other  flash  converters  reduces  input  capaci- 
tance  and  improves  linearity. 

Encode  and  outputs  are  TTL-compatible,  making  the  AD9020  an 
ideal  candidate  for  use  in  low  power  systems.  An  overflow  bit  is 
provided  to  indicate  analog  input  signals  greater  than  +VSENSE. 

Voltage  sense  lines  are  provided  to  insure  accurate  driving  of  the 
±VREF  voltages  applied  to  the  units.  Quarter-point  taps  on  the 
resistor  ladder  help  optimize  the  integral  linearity  of  the  unit. 

Either  68-pin  ceramic  leaded  (gull  wing)  packages  or  ceramic 
LCCs  are  available  and  are  specifically  designed  for  |ow  therma 
impedances.  Two  performance  grades  for  temperatures  of  both 
to  +70°C  and  -55°C  to  +125°C  ranges  are  offered  to  allow  the 
user  to  select  the  linearity  best  suited  for  each  application.  Dy- 
namic performance  is  fully  characterized  and  production  tested 
at  +25°C.  MIL-STD-883  units  are  available. 

The  AD9020  A/D  Converter  is  available  in  versions  compliant 
with  MIL-STD-883.  Refer  to  the  Analog  Devices  Military  Prod 
ucts  Databook  or  current  AD9020/883B  data  sheet  for  detailed 
specifications. 


FUNCTIONAL 


■ 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


AD9020 


ABSOLUTE  MAXIMUM  RATINGS1 


.  i  .   W  .  .  .  ."W.  .1.  ."5^W.  .  .  .V.1.  +6  V 


-6  V 


ANALOG  IN  -2  V  to  +2  V 

+VREF,  -VREF,  3/4REF,  1/2REF,  1/4REF   -2  V  to  +2  V 

+VREF  to  -VREF  4.0  V 

DIGITAL  INPUTS  -0.5  V  to  +VS 


3/4REF,  1/2REF,  1/4REF  Current  ±10  mA 

Digital  Output  Current  20  mA 

Operating  Temperature 

AD9020JE/KE/JZ/KZ  0  to  +70°C 

Storage  Temperature   .....  — 65°C  to  +150°C 

Maximum  Junction  Temperature2  +  175°C 

Lead  Soldering  Temp  (10  sec)   +300°C 


ELECTRICAL  CHARACTERISTICS  (±vs  —  ±5  V;  ±VSENSE  =  ±1.75  V;  ENCODE  =  40  MSPS  unless  otherwise  noted)3 


— 


Parameter  (Conditions) 


Test 
Level 


Min 


AD9020JE/JZ 

Typ  Max 


AD9020KE/KZ 
Min       Typ  Max 




Units 

Bits 


RESOLUTION 





10 


10 




1.0 
1.25 


DC  ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 


+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 
I 

VI 
VI 


1.0 


1.25 


1.25 
1.5 
2.0 
2.5 


0.75 


1.0 


Guaranteed 


1.5 
2.0 


LSB 
LSB 
LSB 

if  sikiH 


ANALOG  INPUT 
Input  Bias  Current" 

Input  Resistance 
Input  Capacitance4 

Analog  Bandwidth 




+25°C 

Full 

+25°C 

+25°C 

+25°C 


I 

VI 
I 

V 
V 


2.0 


0.4 

7.0 

45 

175 


1.0 
2.0 


2.0 


?TU<nu 

0.4  1.0 

HO' 

2.0 

7.0 

45 

175 


mA 
mA 
kfl 
PF 
MHz 


REFERENCE  INPUT 
Reference  Ladder  Resistance 

Ladder  Tempco 
Reference  Ladder  Offset 
Top  of  Ladder 

Bottom  of  Ladder 

Offset  Drift  Coefficient 

SWITCHING  PERFORMANCE 
Conversion  Rate 
Aperture  Delay  (tA) 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (tQD)5 
Output  Time  Skew5 


+25°C 

Full 

Full 

+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 

V 

I 

VI 
I 

VI 
V 


22 
14 


37 

56 

66 

0.1 

45 

90 

90 

45 

90 

90 

50 

22 
14 


jnamO  vlqq 
37  56 


0.1 

45  90 
90 

45  90 
90 

50 


n 
n 

arc 

mV 
mV 
mV 
mV 

(jlWC 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


I 

V 
V 

I 
I 


60 


jb  mmt  nrjvr 


60 


1 

5 

10 
3 


13 
5 


.5 
10 
3 


13 




MSPS 
ns 

ps,  rms 

ns 

ns 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Effective  Number  of  Bits  (ENOB) 
fIN  =  2.3  MHz 
fIN  =  10.3  MHz 
fIN  =  15.3  MHz 
Signal-to-Noise  Ratio6 
fIN  =  2.3  MHz 
fIN  =  10.3  MHz 
fIN  =  15.3  MHz 
Signal-to-Noise  Ratio6 
(Without  Harmonics) 
fIN  =  2.3  MHz 
fINI  =  10.3  MHz 
15.3  MHz 


+25°C 
+25°C 

+25°C 
+25°C 
+25°C 

+25°C 
+25°C 
+25°C 


+25°C 
+25°C 
+25°C 


V 
V 

I 

IV 
IV 

I 
I 
I 


8.6 
8.0 
7.5 

54 
50 


10 
10 

9.0 
8.4 
8.0 

56 
53 


47  50 


8.6 
8.0 
7.5 

54 
50 
47 


10 
10 

9.0  OJTAV 

8.4 

8.0 

Ljiast.i  notftulxnq  »?0t 

53.  ■ 
50 


54 
51 
48 


56 
54 
52 


54  56 
51  54 
48  52 


ns 
ns 

Bits 
Bits 
Bits 

dB 
dB 
dB 


dB 
dB 
dB 


] 
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(CONTINUED) 
Harmonic  Distortion 
fjN  =  2.3  MHz 
frN  =  10.3  MHz 
frN  =  15.3  MHz 

TDOisTo°rtLnX™0t-^ 
Differential  Phase 
Differential  Gain 


M  H 


+25°C 
+25°C 
+25°C 


+2 
+25°C 
+25°C 


I 
I 
I 

V 
V 
V 


61  67 
55  59 
49  53 


70 
0.5 
1 


61  67 
55  59 
49  53 


0.5 
1 


ENCODE  INPUT 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Pulse  Width  (High) 
Pulse  Width  (Low) 


Full 
Full 
Full 
FuU 

+25°C 
+25°C 
+  25°C 


VI 
VI 
VI 
VI 
V 

I 
I 


2.0 


0.8 
20 

m 


2.0 


0.8 
20 
800 

5 


V 

V 

(j.A 

(jlA 

pF 

ns 

ns 


DIGITAL  OUTPUTS 
Logic  "1"  Voltage  (IOH  =  2  mA) 
Logic  "0"  Voltage  (IOL  =  10  mA) 


Full 
Full 


VI 
VI 


2.4 


2.4 


0.4 


V 
V 


POWER  SUPPLY 
+VS  Supply  Current 

-Vs  Supply  Current 

Power  Dissipation 

Power  Supply  Rejection 
Ratio  (PSRR)8 





+25°C 

Full 

+25°C 

Full 

+  25°C 

Full 

Full 


I 

VI 
I 

VI 

I 

VI 
VI 


440 


140 
2.8 





530 
542 
170 
177 
3.3 
3.4 

10 


440 
140 
2.8 


530 
542 
170 
177 
3.3 
3.4 

10 


mA 

mA 

mA 

mA 

W 

W 

mV/V 


NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

Typical  thermal  impedances  (pan  soldered  onto  board):  68-pin  leaded  ceramic  chip  carrier:  6JC  =  TOW;  8JA  =  17°C/W  (no  air  flow);  8JA  =  I5°C/W 
(air  flow  =  500  LFM).  68-pin  ceramic  LCC:  6,c  =  2.6°C/W;  6,A  =  15°C/W  (no  air  flow);  8JA  =  13°C/W  (air  flow  =  500  LFM). 

33/4REF,  1/2REF,  and  1/4REF  reference  ladder  taps  are  driven  from  dc  sources  at  +0.875  V,  0  V,  and  -0.875  V,  respectively.  Accuracy  of  the  overflow  compara- 
tor is  not  tested  and  not  included  in  linearity  specifications. 
•Measured  with  ANALOG  IN  =  +VSENSE. 

5Output  delay  measured  as  worst-case  time  from  50%  point  of  the  rising  edge  of  ENCODE  to  50%  point  of  the  slowest  rising  or  falling  edge  of  D0-D9.  Output 
skew  measured  as  worst-case  difference  in  output  delay  among  D0-D9. 

6RMS  signal  to  rms  noise  with  analog  input  signal  1  dB  below  full  scale  at  specified  frequency. 
'Intermodulation  measured  with  analog  input  frequencies  of  2.3  MHz  and  3.0  MHz  at  7  dB  below  full  scale. 
'Measured  as  the  ratio  of  the  worst-case  change  in  transition  voltage  of  a  single  comparator  for  a  5%  change  in  +VS  < 


Specifications  subject  to  change  without  notice. 


I 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures. 

III  -  Sample  tested  only. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C.  100% 

production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature  ex- 
tremes for  commercial/industrial  devices. 


-Vs. 

ORDERING  GUIDE 


Temperature 

Package 

Device 

Range 

Description 

Option* 

AD9020JZ 

0  to  +70°C 

68-Pin  Leaded  Ceramic 

Z-68 

AD9020JE 

0  to  +70°C 

68-Pin  Ceramic  LCC 

E-68A 

AD9020KZ 

0  to  +70°C 

68-Pin  Leaded  Ceramic 

Z-68 

AD9020KE 

0  to  +70°C 

68-Pin  Ceramic  LCC 

E-68A 

AD9020SZ/883 

-55°C  to  +125°C 

68-Pin  Leaded  Ceramic 

Z-68 

AD9020SE/883 

-55°C  to  +125°C 

68-Pin  Ceramic  LCC 

E-68A 

AD9020TZ/883 

-55°C  to  +125°C 

68-Pin  Leaded  Ceramic 

Z-68 

AD9020TE/883 

-55°Cto  +  125°C 

68-Pin  Ceramic  LCC 

E-68A 

AD9020/PCB 

0  to  +70°C 

Evaluation  Board 

*E  =  Ceramic  Leadless  Chip  Carrier;  Z  : 
For  outline  inform 


Ceramic  Leaded  Chip  Carrier. 
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AD9020  Pin  Designations 
AD9020  PIN  DESCRIPTIONS 


2,  16,  28,  29,  35, 
41,  42,  54,  64 

3,  6,  15,  18,  25,  30, 
33,  34,  37,  40,  45, 
52,  55,  65,  68 

4,  5,  13,  17,  27,  31,  32 
36,  38,  39,  43,  53,  66,  67 

7 

8,  9 
11 

12 

14 

19-23,  46-50 
51 

56 
57 

59 


61 


- 


63 





Name 


-Vs 
+VS 

GROUND 
ANALOG  IN 

+  VSENSE 

ENCODE 
D0-D9 

OVERFLOW 

—  Vref 

—  VSENSE 

LSBs  INVERT 
MSB  INVERT 


Function 


Midpoint  of  internal  reference  ladder. 
Negative  supply  voltage;  nominally  -5.0  V 


:5%. 


Positive  supply  voltage;  nominally  +5  V  ±5%. 


All  ground  pins  should  be  connected  together  and  to  low- 
impedance  ground  plane. 

Three-quarter  point  of  internal  reference  ladder. 

Analog  input;  nominally  between  ±1.75  V. 

Voltage  sense  line  to  most  positive  point  on  internal  resistor 

Voltage  force  connection  for  top  of  internal  reference  ladder. 
Normally  driven  to  provide  +1.75  V  at  +VSENSe- 

TTL-compatible  convert  command  used  to  begin  digitizing 
process. 

TTL-compatible  digital  output  data. 
TTL-compatible  output  indicating  ANALOG  IN  > 

+Vsense- 

Voltage  force  connection  for  bottom  of  internal  reference 
ladder.  Normally  driven  to  provide  -1.75  V  at  -VSENSe- 
Voltage  sense  line  to  most  negative  point  on  internal  resistor 
ladder.  Normally  -1.75  V. 

Normally  grounded.  When  connected  to  +VS,  lower  order 
bits  (D0-Dg)  are  inverted. 

Normally  grounded.  When  connected  to  +VS,  most 
significant  bit  (MSB;  D,)  is  inverted. 

One-quarter  point  of  internal  reference  ladder. 
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ANALOG 
DEVICES 


12-Bit  20  MSPS 
Monolithic  A/D  Converter 


FEATURES 
Monolithic 

12-Bit  20  MSPS  A/D  Converter 
Low  Power  Dissipation:  1.3  Watts 
On-Chip  T/H  and  Reference 
High-Spurii  Free  Dynamic  Range 
TTL  Logic 

APPLICATIONS 
Radar  Receivers 
Digital  Communications 
Digital  Instrumentation 
Electro-Optics 


ANALOG 
INPUT 

OSOGQA 
W3IV  «TOT 

ENCODE Q 


OAC 


+2V 
REF 



5-BIT 
ADC 


DIGITAL 
ERROR 
CORRECTION 


PRODUCT  DESCRIPTION 

The  AD9022  is  a  high  speed,  high  performance,  monolithic  1 2- 
bit  analog-to-digital  converter.  All  necessary  functions,  includ- 
ing track-and-hold  (T/H)  and  reference,  are  included  on  chip  to 
provide  a  complete  conversion  solution.  It  is  a  companion  unit 
to  the  AD9023;  the  primary  difference  between  the  two  is  that 
all  logic  for  the  AD9022  is  TTL  compatible,  while  the  AD9023 
utilizes  ECL  logic  for  digital  inputs  and  outputs.  Pinouts  for  the 
two  parts  are  nearly  identical. 

Operating  from  +5  V  and  -5.2  V  supplies,  the  AD9022  pro- 
vides excellent  dynamic  performance.  Sampling  at  20  Msps  with 
ArN  =  1  MHz,  the  spurious  free  dynamic  range  (SFDR)  is  typi- 
cally 80  dB;  with  Am  =  9.6  MHz,  SFDR  is  74  dB.  SNR  is  typi- 
cally 65  dB. 

The  on-board  T/H  has  a  100  MHz  bandwidth  and,  more  impor- 
tantly, is  designed  to  provide  excellent  dynamic  performance  for 
analog  input  frequencies  above  Nyquist.  This  feature  is  neces- 
sary in  many  under-sampling  signal  processing  applicatioi 
such  as  in  direct  IF  to  digital  conversion. 

To  maintain  dynamic  performance  at  higher  IFs,  monolithic 


i  . .  V: 


With  DNL  typically  less  than  0.5  LSB  and  20  ns  transient  re- 
sponse settling  time,  the  AD9022  provides  excellent  results 
when  low-frequency  analog  inputs  must  be  oversampled  (such 
as  CCD  digitization).  The  full  scale  analog  input  is  ±  1  V  with  a 
300  Q  input  impedance.  The  analog  input  can  be  driven  directly 
from  the  signal  source,  or  can  be  buffered  by  the  AD96xx  series 
of  low  noise,  low  distortion  buffer  amplifiers. 

All  timing  is  internal  to  the  AD9022;  the  clock  signal  initiates 
the  conversion  cycle.  For  best  results,  the  encode  command 
should  contain  as  little  jitter  as  possible.  High  speed  layout  prac- 
tices must  be  followed  to  ensure  optimum  A/D  performance. 

The  AD9022  is  built  on  a  trench  isolated  bipolar  process  and 
utilizes  an  innovative  multipass  architecture  (see  the  block 
diagram).  The  unit  is  packaged  in  28-pin  ceramic  DIPs  and 
gullwing  surface  mount  packages.  The  AD9022  is  specified  to 
operate  over  the  industrial  (-25°C  to  +85°C)  and  military 
(-55°C  to  +  125°C)  temperature  ranges. 


RF  track-and-holds  (such  as  the  AD9100  and  AD9101 


Samplifier™,)  can  be  used  with  the  AD9022  to  process  signals 
up  to  and  beyond  70  MHz. 

Samplifier  is  a  trademark  of  Analog  Devices,  Inc. 

I 


■ 

Tsbro  -rwcJ  ,j,V+  oi  bsiooansa  mtTW  .ty. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  speci 


Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


i  subject  to  change  without  notice. 


2-474   ANALOG-TO-DIGITAL  CONVERTERS 


REV.O 


SPECIFICATIONS  AD9022 

ELECTRICAL  CHARACTERISTICS  <+v* = +5  ft  v$ =-5 2 * El,C0|le = 20  MSPS  unless othewise noted> 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9022AQ/AZ 
Min  Typ  Max 


AD9022BQ/BZ 
Min  Typ  Max 


AD9022SQ/SZ 
Min  Typ  Max 


Units 


RESOLUTION 


12 


12 


12 


Bits 


DC  ACCURACY 

Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 
Offset  Error 

Gain  Error 

Thermal  Noise 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

+25°C 

Full 

+25°C 


I 

VI 
I 

VI 
VI 

I 

VI 

I 

VI 
V 


0.4  0.75 
1.0 

1.2  2.5 
1.25  3.0 
Guaranteed 
5  25 
15  35 
±0.5  ±2.5 
0.5  3.5 
0.5 


0.25 


0.5 

0.75 
2.0 


1.2 
1.25  3.0 
Guaranteed 


5 
15 

±0.5 

0.5 

0.5 


25 
35 

±2.5 
3.5 


0.4  0.75 
1.0 

1.2  2.5 
1.25  3.0 
Guaranteed 
5  25 
15  35 
±0.5 
0.5 
0.5 


±2.5 
3.5 


LSB 
LSB 
LSB 
LSB 

mV 
mV 
%  FS 
%FS 
LSB,  rms 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


Full 

+25°C 

+25°C 


rv 
v 
rv 


±1.024 
250    300  375 
7 

115 


±1.024 
250    300,  375 

•  115 


±1.024 
250    300  375 
7 

115 


n 

pF 
MHz 




SWITCHING  PERFORMANCE1 
Minimum  Conversion  Rate 
Maximum  Conversion  Rate 
Aperture  Delay  (t*) 
Aperture  Uncertainty  Qitter) 
Output  Delay  (too) 


+25°C 

Full 

+25°C 

+25°C 

Full 


rv 

VI 
IV 

rv 
rv 


0.82    1.12  1.42 


ENCODE  INPUT 
Logic  Compatibility 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Pulse  Width  (High) 
Pulse  Width  (Low) 


d: 


20 

O.MfTl2  1.42 


33.5 


20 

0.82    1.12  1.42 


14.5 


33.5 


7  20 

7  20 
4 

25  250 

17.5  250 


TTL 

2.0 

L_  I  0.8 


7  20 

7  20 
4 

25  250 

17.5  250 


TTL 


2.0 


25 
17.5 


0.8 
20 
20 

250 
250 


Msps 
Msps 
ns 

ps,  rms 
ns 


V 

V 

UA 

uA 

pF 

ns 


DYNAMIC  PERFORMANCE 

Transient  Response 

Overvoltage  Recovery  Time 

Harmonic  Distortion 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 

Signal-to-Noise  Ratio2 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 

Signal-to-Noise  Ratio2 
(Without  Harmonics) 

Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 


+25°C 
+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

Full 


+25°C 

Full 

+25°C 

+25°C 

Full 


V 
V 

I 

VI 
V 
I 

VI 
I 

VI 
V 

I 

VI 


I 

VI 

V 

I 

VI 


65 
65 

63 
61 

62 
61 

61 
60 


65 
63 


62 
60 


20 
20 

73 
70 
75 
74 
70 

65 
64 
65 
64 
63 


66 
64 
66 
65 
63 


70 
70 


70 
70 


20 
20 

75 
75 
75 
74 
72 


20  - 
20 


65 
64 


64 
63 


67 
66 
65 
66 
65 





66 
65 

65 
64 


67 

66 

66 

66 

65 



65  66 
63  64 
66 

62  65 
60  63 


ns 
ns 


65 

73 

dBc 

65 

70 

dBc 

75 

dBc 

63 

74 

dBc 

61 

70 

dBc 

62 

65 

dB 

61 

64 

dB 

65 

dB 

61 

64 

dB 

60 

63 

dB 

:.gn&fl  yunen 

-  





dB 
dB 
dB 
dB 
dB 
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Two-Tone  Intermodulation 
Distortion  Rejection3 

+25°C 

V 

76 

76 

76 

dBc 

. 

DIGITAL  OUTPUTS' 

Logic  Compatibility 
Logic  "  1 "  Voltage 
Logic  0  Voltage 
Output  Coding 

Full 
Full 

VI 
VI 

TTL 

2.4 

0.5 

Offset  Binary 

TTL 

2.4 

0.5 

Offset  Binary 

TTL 

2.4 

0.5 

Offset  Binary 

V 
V 

POWER  SUPPLY 
+VS  Supply  Voltage 
+VS  Supply  Current 
-Vs  Supply  Voltage 
-Vs  Supply  Current 
Power  Dissipation 
Power  Supply 

Full 
Full 
Full 
Full 

pull 

run 

VI 
VI 
VI 
VI 

VT 
VI 

4.75    5.0  5.25 
100  120 

-5.45  -5.2  -4.95 
160  190 

I. j  1.0 

4.75    5.0  5.25 
100  120 

-5.45-5.2  -4.95 
160  190 

l  ^     l  fi 
I. J  1.0 

4.75    5.0  5.25 
100  120 

-5.45  -5.2  -4.95 
160  190 

1    %           1  f, 

I. J  1.0 

mA 
mA 
mA 
mA 
W 

mV/V 

Rejection  Ratio  (PSRR)4 

Full 

IV 

28 

28 

28 

NOTES 

'AD9022  load  is  a  single  LS  latch. 

2RMS  signal-to-rms  noise  with  analog  input  signal  I  dB  below  full  scale  at  specified  frequency. 
'Intermodulation  measured  with  analog  input  frequencies  of  9.3  MHz  and  9.6  MHz  at  7  dB  below  full  scale. 
4PSRR  is  sensitivity  of  offset  error  to  power  supply  variations  within  the  5%  limits  shown. 
Specifications  subject  to  change  wi 
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AD9022  Timing  Diagram 
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ABSOLUTE  MAXIMUM  RATINGS' 

+VS   46  V 

-Vs   -6V 

Analog  Input   -Vs  to  +VS 

Digital  Inputs  -Vs  to  0  V 

Digital  Output  Current   20  mA 

Gain  Adjust  -Vs  to  +VS 

Offset  Adjust   -Vs  to  +VS 

Operating  Temperature  Range  (Case) 

AD9022AQ/AZ/BQ/BZ   -25°C  to  +85°C 

AD9022SQ/SZ  -55°C  to  +125°C 

Maximum  Junction  Temperature2  +175°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Storage  Temperature  Range   -65°C  to +150°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
'Typical  thermal  impedances:  "Q"  Package  (Ceramic  DIP):  8JC  =  10°C/W;  8B  = 
ackage  (Gullwing  Surface  Mount):  8IC  =  13°C/W;  9,A  =  45°C/W. 


ORDERING  GUIDE 


35°C/W. 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option 

AD9022AQ/BQ 

-25°C  to  +85°C 

28-Pin  Ceramic  DIP 

Q-28 

AD9022AZ/BZ 

-25°C  to  +85°C 

28-Pin  Ceramic 

Z-28 

Leaded  Chip  Carrier 

AD9022SQ 

-55°C  to+125°C 

28-Pin  Ceramic  DIP 

Q-28 

AD9022SZ 

-55°C  to  +125°C 

28-Pin  Ceramic 

Z-28 

Leaded  Chip  Carrier 

*For  outline  information  see  Package  Information  section. 
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I  -   100%  production  tested. 

II  -   100%  production  tested  at +25°C,  and  sample  tested  at 

specified  temperatures.  AC  testing  done  on  sample  basis. 

III  -   Sample  tested  only. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C.  100% 

production  tested  at  temperature  extremes  for  extended 
temperature  devices;  guaranteed  by  design  and  characteriza- 
tion testing  for  industrial  devices. 


DIE  LAYOUT  AND  MECHANICAL  INFORMATION 

Die  Dimensions   205  x  228  x  21  (±  1)  mils 

Pad  Dimensions  4x4  mils 

Metalization  Aluminum 

Backing   None 

Substrate  Potential  -Vs 

Transistor  Count  4,080 

Passivation   Oxynitride 

Die  Attach  Silver  Glass 

Bond  Wire  Aluminum 


1-3 

D3-D1 

Digital  output  bits  of  ADC;  TTL/CMOS 

compatible. 

Least  significant  bit  of  ADC  output; 
TTIVCMOS  compatible. 

4 

DO  (LSB) 

5 

NC 

No  Connection  Internally 

6 

+5  V  Power  Supply 

7 

GND 

Ground 

8 

ENCODE 

Encode  clock  input  to  ADC.  Internal 
T/H  is  placed  in  hold  mode  (ADC  is 

encoding)  on  rising  edge  of  encode 

signal. 

9 

GND 

Ground 

10 

+5  V  Power  Supply 

11 

GND 

Ground 

12 

Ain  <%j 

Noninverting  input  to  T/H  amplifier. 

13 

-5.2  V  Power  Supply 

14*,! 

+VS 

+5  V  Power  Supply 

15 

-5.2  V  Power  Supply 

16 

Ground 

VoMP 

Should  be  connected  to  -Vs  through 

0.1  uF  capacitor. 

18 

Dll  (MSB) 

Most  significant  bit  of  ADC  output; 
TTL/CMOS  compatible. 

^Lr 

D10-D4 

Digital  output  bits  of  ADC;  TTL/CMOS 
compatible. 

26 

+VS 

+5  V  Power  Supply 

27 

-Vs 

-5.2  V  Power  Supply 

28 

GND 

Ground 

PIN  DESIGNATIONS 

D3  [T  • 

|j]  GND 

D2  \T 

Wl  "vs 

D1  \T 

DO  (LSB)  \T 

25]  D4 

NC  \T 

24]  D5 

♦vs  S 

23]  D6 

GND    [T  AD9 

)=  TOP 
ENCODE    [T  (Notto 

022  — i 
u"      22]  D7 

Sc"e)   ?H  ■» 

GND  [£ 

m]  D9 

+vs  [10 

19]  D10 

GND  [j? 

i|]  D11  (MSB) 

A,N  III 

\f]  COMP 

"VS  111 

H]  GND 

+vs  [u 

NC  =  NO  CONNECT 
COMPENSATION  (PIN  17)  SHOULD  BE 
CONNECTED  TO  -V   THROUGH  0.01nF 
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AD9022 

DEFINITIONS  OF  SPECIFICATIONS 
Analog  Bandwidth 

The  analog  input  frequency  at  which  the  spectral  power  of  the 
fundamental  frequency  (as  determined  by  FFT  analysis)  is  re- 
duced by  3  dB. 

Aperture  Delay 

The  delay  between  the  rising  edge  of  the  ENCODE  command 
and  the  instant  at  which  the  analog  input  is  sampled. 

Aperture  Uncertainty  (Jitter) 

The  sample-to-sample  variation  in  aperture  delay. 

Differential  Nonlinearity 

The  deviation  of  any  code  from  an  ideal  1  LSB  step. 
Harmonic  Distortion 

The  rms  value  of  the  fundamental  divided  by  the  rms  value  of 
the  worst  harmonic  component. 

Integral  Nonlinearity 

The  deviation  of  the  transfer  function  from  a  reference  line  mea- 
sured in  fractions  of  1  LSB  using  a  "best  straight  line"  deter- 
mined by  a  least  square  curve  fit. 

Minimum  Conversion  Rate 

The  encode  rate  at  which  the  SNR  of  the  lowest  analog  signal 
frequency  tested  drops  by  no  more  than  3  dB  below  the  guaran- 
teed limit. 

Maximum  Conversion  Rate 

The  encode  rate  at  which  parametric  testing  is  per 


/  "Vs 
Analog  Input 


■ 

ENCODE ( 


IBd  /t  1 


Output  Propagation  Delay  j^XjJP*   f^*^S     -»  -jV 

The  delay  between  the  50%  point  of  the  rising  edge  of  the  EN-  compensa- 
CODE  command  and  the  time  when  all  output  data  bits  are 
within  valid  logic  levels. 

Overvoltage  Recovery  Time 

The  amount  of  time  required  for  the  converter  to  recover  to 
12-bit  accuracy  after  an  analog  input  signal  150%  of  full  scale  is 
reduced  to  the  full-scale  range  of  the  converter. 

Power  Supply  Rejection  Ratio  (PSRR) 

The  ratio  of  a  change  in  input  offset  voltage  to  a  change  in 
power  supply  voltage. 

Signal-to-Noise  Ratio  (SNR) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo- 
nents, including  harmonics  but  excluding  dc,  with  an  analog  in- 
put signal  1  dB  below  full  scale. 

Signal-to-Noise  Ratio  (Without  Harmonics) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo- 
nents, excluding  the  first  five  harmonics  and  dc,  with  an  analog 
input  signal  1  dB  below  full  scale. 

Transient  Response 

The  time  required  for  the  converter  to  achieve  1 2-bit  accuracy 
when  a  step  function  is  applied  to  the  analog  input. 

Two-Tone  Intel-modulation  Distortion  (IMD)  Rejection 

The  ratio  of  the  power  of  either  of  two  input  signals  to  the 
power  of  the  strongest  third-order  IMD  signal. 


Compensation 


Output  Stage 
Figure  1.  Equivalent  Circuits 


- 

■ 
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THEORY  OF  OPERATION 

Refer  to  the  block  diagram. 

The  AD9022  employs  a  three  pass  subranging  architecture  and 
digital  error  correction.  This  combination  of  design  techniques 
ensures  12-bit  accuracy  at  relatively  low  power. 
Analog  input  signals  are  immediately  attenuated  through  a  re- 
sistor divider  and  applied  directly  to  the  sampling  bridge  of  the 
track-and-hold  (T/H).  The  T/H  holds  whatever  analog  value  is 
present  when  the  unit  is  strobed  with  an  ENCODE  command. 
The  conversion  process  begins  on  the  rising  edge  of  this  pulse, 
which  should  conform  to  the  minimum  and  maximum  pulse 
width  requirements  shown  in  the  specifications.  Operation  be- 
low the  recommended  encode  rate  (2  Msps)  may  result  in  ex- 
cessive droop  in  the  internal  T/H  devices-leading  to  large  dc 
and  ac  errors. 

The  held  analog  value  of  the  first  track-and-hold  is  applied  to  a 
5-bit  flash  converter  and  a  second  T/H.  The  5-bit  flash  con- 
verter resolves  the  most  significant  bits  (MSBs)  of  the  held  ana- 
log voltage.  These  5  bits  are  reconstructed  via  a  5-bit  DAC  and 
subtracted  from  the  original  T/H  output  signal  to  form  a  residue 
signal. 

A  second  T/H  holds  the  amplified  residue  signal  while  it  is  en- 
coded with  a  second  5-bit  flash  ADC.  Again  the  5  bits  are  re 
constructed  and  subtracted  from  the  second  T/H  output  to 
form  a  residue  signal.  This  residue  is  amplified  and  encoded 
with  a  4-bit  flash  ADC  to  provide  the  3  least  significant  bit; 
(LSBs)  of  the  digital  output  and  one  bit  of  error  correction. 

Digital  Error  Correction  logic  aligns  the  data  from  the  three 
flash  converters  and  presents  the  result  as  a  1 24)11  parallel  digi- 
tal word.  The  output  stage  of  the  AD9022  is  TTL.  Output  data 
may  be  strobed  on  the  rising  edge  of  the  ENCODE  command. 

AD9022  IN  RECEIVER  APPLICATIONS 

Advances  in  semiconductor  processes  have  resulted  in  low  cost 
digital  signal  processing  (DSP)  and  analog  signal  processing 
which  can  help  create  cost  effective  alternative  receiver  designs. 
Today,  an  all-digital  receiver  allows  tuning,  demodulation,  and 
detection  of  receiver  signals  in  the  digital  domain.  By  digitizing 
IF  signals  directly  and  utilizing  digital  techniques,  it  becomes 
possible  to  make  significant  improvements  in  receiver  design. 
For  high  frequency  IFs,  the  ADC  is  the  key  to  the  receiver's 
performance.  Unfortunately,  the  specifications  frequently  used 
by  receiver  designers  and  analog-to-digital  (ADC)  manufactur- 
ers are  often  very  different.  Noise  Figure  and  Intercept  Point 
are  common  measures  of  noise  and  linearity  in  analog  RF  sys- 
tem design.  ADCs  are  more  frequently  specified  in  terms  of 
SNR  and  harmonic  distortion. 

Noise 

Noise  figure  (NF)  is  a  measure  of  receiver  sensitivity  and  is  de- 
fined as  the  degradation  of  signal-to-noise  ratio  (SNR)  as  a  sig- 
nal passes  through  a  device.  In  equation  form: 

NF  =  SNR  (in)  -  SNR  (out) 

Noise  figure  is  a  bandwidth  invariant  parameter  for  reasonably 
narrow  bandwidths  in  most  devices.  The  system  noise  figure  for 
a  combination  of  amplifiers  and  mixers,  for  instance,  can  be 
analyzed  without  regard  to  the  information  bandwidth. 


AD9022 

Thermal  noise  contribution  from  the  ADC  behaves  in  a  similar 
fashion;  however,  the  spectral  density  of  quantization  noise  is  a 
function  of  the  sample  rate.  In  addition,  the  spectral  density  of 
the  quantization  noise  is  flat  only  in  an  ADC  with  perfect  linear- 
ity, i.e.,  perfect  1  LSB  step  sizes. 

To  analyze  the  system  noise  performance,  ADC  noise  figure  is 
calculated  by  normalizing  the  SNR  of  the  ADC  output  to  a  1  Hz 
bandwidth.  This  result  is  given  by: 

SNR  (/Hz)  =  SNR  +  10  logl0  (Fs/2)  1 
where  Fs  is  the  sample  rate. 

This  will  be  true  only  for  converters  in  which  perfect  quantiza- 
tion noise  dominates.  There  may  be  an  upper  sample  rate, 
above  which  the  thermal  noise  of  the  converter  is  the  dominant 
source  of  noise.  In  this  case,  normalization  would  be  based  on 
the  noise  bandwidth  of  the  ADC.  For  an  AD9022  with  a  typical 
SNR  of  64  dB  and  a  sample  rate  of  20  Msps,  the  normalized 
SNR  is  equal  to  134  dB  (64  +  70).  Both  thermal  and  quantiza- 
tion noise  contribute  to  this  number. 

The  SNR  of  the  input  is  assumed  to  be  limited  by  the  thermal 
noise  of  the  input  resistance,  or  -174  dBm/Hz.  The  input  signal 
level  is  +10  dBm  (2  V  p-p  into  50  Q).  Noise  figure  of  the  ADC 
can  be  calculated  by: 

\'F=SNR(u 


SNR  (out)  =  [+10  -  (174)]  -  134  =  50  dB 
'  sa  '  ink  2Ji/qruo  bfifiauorij  \ltj'  ji  '■>   :      !.  . 
tut  voltage  levels,  not  power.  Conse- 
quently, tne  input  SNR  can  be  determined  more  accurately  by 
determining  the  ratio  of  the  signal  voltage  to  the  noise  voltage  of 
the  terminating  resistor.  However,  both  the  input  signal  and 
noise  voltage  delivered  to  the  ADC  are  also  a  function  of  the 
source  impedance.  The  dependence  of  NF  on  sample  rate,  lin- 
earity, source  and  terminating  impedances,  and  the  number  of 
assumptions  that  are  required  highlight  the  weakness  of  using 
NF  as  a  figure  of  merit  for  an  ADC.  The  rather  large  number 
that  results  bolsters  this  belief  by  indicating  the  ADC  is  often 
the  weakest  link  in  the  signal  processing  path. 

Linearity 

The  Third  Order  intercept  point  for  a  linear  device  (with  some 
nonlinearity)  is  a  good  way  to  predict  3rd  order  spurious  signals 
as  a  function  of  input  signal  level.  For  an  ADC,  however,  this  in 
an  invalid  concept  except  with  signals  near  full  scale.  As  the  in- 
put signal  is  reduced,  the  performance  burden  shifts  from  the 
input  track-and-hold  (T/H)  to  the  encoder.  This  creates  a  non- 
linear function,  as  contrasted  with  the  third  order  intercept  be- 
havior, which  predicts  an  improvement  in  dynamic  range  as  the 
signal  level  is  decreased. 

For  signals  near  full  scale,  the  intercept  point  is  calculated  the 
same  as  any  device: 

Intercept  Point  =  [Harmonic  Suppression/ (N -I)]  +  Input  Power 
where  N  =  the  order  of  the  IMD  (3  in  this  case) 

AD9022  Intercept  Point  =  80/2  +  3  dBm  (7  dBm  below  full  scale) 
-  43  dBm 

For  signals  below  this  level,  the  spurious  free  dynamic  range 
(SFDR)  curves  shown  in  the  data  sheet  are  a  more  accurate  pre- 
dictor of  dynamic  range.  The  SFDR  curve  is  generated  by  mea- 
suring the  ratio  of  the  signal  (either  tone  in  the  two-tone 
measurement)  to  the  worst  spurious  signal  which  is  observed  as 
the  analog  input  signal  amplitude  is  swept. 
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The  worst  spurious  signal  is  usually  the  second  harmonic  or  3rd 
order  IMD.  Actual  results  are  shown  on  several  plots.  The 
straightline  with  a  slope  of  one  is  constructed  at  the  point  where 
the  worst  SFDR  touches  the  line.  This  line,  extrapolated  to  full 
scale,  gives  the  SFDR  of  the  ADC.  This  value  can  then  be  used 
to  predict  the  dynamic  range  by  simply  subtracting  the  input 
level  from  the  SFDR.  As  shown  on  the  two-tone  SFDR  plot,  for 
example,  a  signal  20  dB  below  full  scale  will  always  have  a  dy- 
namic range  of  at  least  67  dB  (87  dB  -  20  dB). 

It  should  be  noted  that  all  SFDR  lines  are  constructed  to  be 
valid  only  below  a  certain  level  below  full  scale.  Above  these 
points,  the  linearity  of  the  device  is  dominated  by  the 
nonlinearities  of  the  front  end  and  best  predicted  by  the  inter- 
cept point. 

AD9022  NOISE  PERFORMANCE 

High  speed,  wide  bandwidth  ADCs  such  as  the  AD9022  are  op- 
timized for  dynamic  performance  over  a  wide  range  of  analog 
input  frequencies.  However,  there  are  many  applications  (Imag- 
ing, Instrumentation,  etc.)  where  dc  precision  is  also  important. 
Due  to  the  wide  input  bandwidth  of  the  AD9022  for  a  given  in- 
put voltage,  there  will  be  a  range  of  output  codes  which  may  oc- 
cur. This  is  caused  by  unavoidable  circuit  noise  within  the 
wideband  circuits  in  the  ADC.  If  a  dc  signal  is  applied  to  the 
ADC  and  several  thousand  outputs  are  recorded,  a  distribution 
of  codes  such  as  that  shown  in  the  histogram  below  may  result. 
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Figure  2.  ADC  Equivalent  Input  Noise 

The  correct  code  appears  most  of  the  time,  but  adjacent  codes 
also  appear  with  reduced  probability.  If  a  normal  probability 
density  curve  is  fitted  to  this  Gaussian  distribution  of  codes,  the 
standard  deviation  will  be  equal  to  the  equivalent  input  rms 
noise  of  the  ADC.  The  rms  noise  may  also  be  approximated  by 
converting  the  SNR,  as  measured  by  a  low  frequency  FFT,  to 
an  equivalent  input  noise.  This  method  is  accurate  only  if  the 
SNR  performance  is  dominated  by  random  thermal  noise  (the 
low  frequency  SNR  without  harmonics  is  the  best  measure). 
Sixty-three  dB  equates  to  1  LSB  rms  for  a  2  V  p-p  (0.707  V 
rms)  input  signal.  The  AD9022  has  approximately  0.5  LSB  of 
rms  noise  or  a  noise  limited  SNR  of  69  dB,  indicating  that  noise 
alone  does  not  limit  the  SNR  performance  of  the  device  (quanti- 
zation noise  and  linearity  are  also  major  contributors). 


This  thermal  noise  may  come  from  several  sources.  The  drive 
source  impedance  should  be  kept  low  to  minimize  resistor 
thermal  noise.  Some  of  the  internal  ADC  noise  is  generated  in 
the  wideband  T/H.  Sampling  ADCs  generally  have  input  band- 
widths  which  exceed  the  Nyquist  frequency  of  one-half  the 
sampling  rate.  (The  AD9022  has  an  input  bandwidth  of  over 
100  MHz,  even  though  the  sampling  rate  is  limited  to  20  Msps.) 

Wide  bandwidth  is  required  to  minimize  gain  and  phase  distor- 
tion and  to  permit  adequate  settling  times  in  the  internal  ampli- 
fiers and  T/Hs.  But  a  certain  amount  of  unavoidable  noise  is 
generated  in  the  T/H  and  other  wideband  circuits  within  the 
ADC;  this  causes  variation  in  output  codes  for  dc  inputs.  Good 
layout,  grounding,  and  decoupling  techniques  are  essential  to 
prevent  external  noise  from  coupling  into  the  ADC  and  further 
corrupting  performance. 

USING  THE  AD9022 
Layout  Information 

Preserving  the  accuracy  and  dynamic  performance  of  the 
AD9022  requires  that  designers  pay  special  attention  to  the  lay- 
out of  the  printed  circuit  board. 

i  short  as  possible  and  be  properly 
.  The  analog  input  connection 
ligital  signals  paths;  this  reduces  the 
rise  which  is  capacitively  coupled 
I  signal  paths  should  also  be  kept 
i  should  be  matched  to  avoid  propagation 
match.  The  AD9022  digital  outputs  should  be  buff- 
itched  close  to  the  device  (<2  cm).  This  prevents  load 
transients  which  may  feed  back  into  the  device. 

In  high  speed  circuits,  layout  of  the  ground  is  critical.  A  single, 
low  impedance  ground  plane  on  the  component  side  of  the 
board  is  recommended.  Power  supplies  should  be  capacitively 
coupled  to  the  ground  plane  with  high  quality  0.1  |iF  chip  ca- 
pacitors to  reduce  noise  in  the  circuit.  All  power  pins  of  the 
AD9022  should  be  bypassed  individually.  The  compensation 
pin  (COMP  Pin  17)  should  be  bypassed  directly  to  the  -Vs 
supply  (Pin  1 5)  as  close  to  the  part  as  possible  using  a  0. 1  uF 
chip  capacitor. 

Multilayer  boards  allow  designers  to  lay  out  signal  traces  with- 
out interrupting  the  ground  plane,  and  provide  low  impedance 
ground  planes.  In  systems  with  dedicated  analog  and  digital 
grounds,  all  grounds  for  the  AD9022  should  be  connected  to 
the  analog  ground  plane. 

In  systems  using  multilayer  boards,  dedicated  power  planes  are 
recommended  to  provide  low  impedance  connections  for  device 
power.  Sockets  limit  dynamic  performance  and  are  not  recom- 
mended for  use  with  the  AD9022. 

Timing 

Conversion  by  the  AD9022  is  initiated  by  the  rising  edge  of  the 
ENCODE  clock  (Pin  8).  All  required  timing  is  generated  inter- 
nal to  the  ADC.  Care  should  be  taken  to  ensure  that  the  encode 
clock  to  the  AD9022  is  free  from  jitter  that  can  degrade  dy- 
namic performance.  The  clock  driver  should  be  compatible  with 
TTL  LS  logic  series  devices.  Drivers  with  excessive  slew  rate  or 
overdrive  will  degrade  the  dynamic  performance  of  the  AD9022. 
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Generous  space  is  provided  near  the  analog  input  and  digital 
outputs  to  support  additional  signal  processing  components  the 
user  may  wish  to  add.  This  prototyping  area  includes  through 
holes  with  100  mil  centers  to  support  a  variety  of  component 
additions. 

Input/Output/Supply  Information 

Power  supply,  analog  input,  clock  connections,  and  recon- 
structed output  (RC  OUTPUT)  are  identified  by  labels  on  the 
evaluation  board. 

Operation  of  the  evaluation  board  will  conform  to  the  following 
characteristics: 


Parameter 

Typical 

Units 

Supply  Current 

+5  V 

150 

mA 

-5  V 

300 

mA 

AlN 

Impedance 

51 

Q 

Voltage  Range 

±1.024 

V 

CLOCK 

Impedance 

51 

n 

Frequency: 

20 

Msps 

RC  OUTPUT 

Impedance 

| 

Voltage  Range 

0to-l 

v 

Pulse  width  of  the  ADC  encode  clock  must  be  controlled  to  en- 
sure the  best  possible  performance.  Dynamic  performance  is 
guaranteed  with  a  clock  pulse  HIGH  minimum  of  25  ns.  Opera- 
tion with  narrower  pulses  will  degrade  SNR  and  dynamic  per- 
formance. From  a  system  perspective,  this  is  generally  not  a 
problem,  because  a  simple  inverter  can  be  used  to  generate  a 
suitable  clock  if  the  system  clock  is  less  than  25  ns  wide. 

The  AD9022  provides  latched  data  outputs.  Data  outputs  are 
available  two  pipeline  delays  and  one  propagation  delay  after  the 
rising  edge  of  the  encode  clock  (refer  to  the  AD9022  Timing 
Diagram).  The  length  of  the  output  data  lines  and  the  loads 
placed  on  them  should  be  minimized  to  reduce  transients  within 
the  AD9022;  these  transients  can  detract  from  the  converter's 
dynamic  performance. 

Operation  at  encode  rates  less  than  2  Msps  is  not  recom- 
mended. The  internal  track-and-hold  saturates,  causing  errone- 
ous conversions.  This  T/H  saturation  precludes  clocking  the 
AD9022  in  a  burst  mode. 

The  duty  cycle  of  the  encode  clock  for  the  AD9022  is  critical  for 
obtaining  rated  performance  of  the  ADC.  Internal  pulse  widths 
within  the  track-and-hold  are  established  by  the  encode  com- 
mand pulse  width;  to  ensure  rated  performance,  minimum  and 
maximum  pulse  width  restrictions  should  be  observed.  Opera- 
tion at  20  Msps  is  optimized  when  the  duty  cycle  is  held  at  50%. 
Duty  cycle  variations  of  less  than  ±5%  will  cause  no  degradation 
in  performance  at  20  Msps.  '^^G^^r 
Analog  Input 

The  analog  input  (Pin  12)  voltage  range  is  nomrhally  ±1.024 
volts.  The  range  is  set  with  an  internal  voltage  reference  and 
cannot  be  adjusted  by  the  user.  The  input  resistance  is  300  Q 
and  the  analog  bandwidth  is  100  MHz,  making  the  AD9022 
useful  in  undersampling  applications. 

The  AD9022  should  be  driven  from  a  low  impedance  source. 
The  noise  and  distortion  of  the  amplifier  should  be  considered 
to  preserve  the  dynamic  range  of  the  AD9022. 

Power  Supplies 

The  power  supplies  of  the  AD9022  should  be  isolated  from  the 
supplies  used  for  noisy  devices  (digital  logic  especially)  to  re- 
duce the  amount  of  noise  coupled  into  the  ADC.  For  optimum 
performance,  linear  supplies  ensure  that  switching  noise  from 
the  supplies  does  not  introduce  distortion  products  during 
the  encoding  process.  If  switching  supplies  must  be  used, 
decoupling  recommendations  above  are  critically  important. 
The  PSRR  of  the  AD9022  as  a  function  of  the  ripple  frequency 
present  on  the  supplies  is  shown  in  the  performance  graphs. 
Clearly,  power  supplies  with  the  lowest  possible  frequency 
should  be  selected. 

AD9022  EVALUATION  BOARD 

The  evaluation  board  for  the  AD9022  (AD9022/PCB)  provides 
an  easy  and  flexible  method  for  evaluating  the  ADC's  perfor- 
mance without  (or  prior  to)  developing  a  user-specific  printed 
circuit  board.  The  two-sided  board  includes  a  reconstruction 
DAC  and  digital  output  interface;  and  uses  the  layout  and  appli- 
cations suggestions  outlined  above.  It  is  available  from  Analog 
Devices  at  nominal  cost. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


Analog  Input 

Analog  input  signals  can  be  fed  directly  into  the  device  under 
test  input  (ArN).  The  AIN  input  is  terminated  at  the  device  with 
a  62  £1  resistor  to  give  a  parallel  equivalent  of  51  £2  (62  £2||300  fi). 

DAC  Reconstruction 

The  AD9022  evaluation  board  provides  an  on-board  AD9713B 
reconstruction  DAC  for  observing  the  digitized  analog  input 
signal.  The  AD9713B  is  terminated  into  51  Q  to  provide  a 
1  V  p-p  signal  at  the  output  (RC  Output). 

Output  Data 

The  output  data  bits  are  latched  with  two  74LS574  latches 
which  drive  a  40-pin  connector  (AMP  p/n  102153-09).  The 
data  and  clock  signals  are  available  at  the  connector  per  the  pin 
assignments  shown  on  the  schematic  of  the  evaluation  board. 
Data  is  latched  on  the  rising  edge  of  the  encode  clock. 
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12-Bit  20  MSPS 
Monolithic  A/D  Converter 
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FEATURES 
Monolithic 

12-Bit  20  MSPS  A/D  Converter 
Low  Power  Dissipation:  1.3  Watts 
On-Chip  T/H  and  Reference 
High-Spurii  Free  Dynamic  Range 
ECL  Logic 

APPLICATIONS 
Radar  Receivers 
Digital  Communications 
Digital  Instrumentation 
Electro-Optic 
Medical  Imaging 
Digital  Filters 


PRODUCT  DESCRIPTION 

The  AD9023  is  a  high  speed,  high  performance,  monolithic  12^ , 
bit  analog-to-digital  converter.  All  necessary  functions,  inch 
ing  track-and-hold  (T/H)  and  reference,  are  included 
provide  a  complete  conversion  solution.  It  is  a  comp 
to  the  AD9023;  the  primary  difference  between  the  two  is  t. 
all  logic  for  the  AD9022  is  TTL  compatible,  while  the  AD902 
utilizes  ECL  logic  for  digital  inputs  and  outputs.  Pinouts  for  the 
two  parts  are  nearly  identical. 

Operating  from  +5  V  and  -5.2  V  supplies,  the  AD9023  provides 
excellent  dynamic  performance.  Sampling  at  20  Msps  with 
A[N  =  1  MHz,  the  spurious  free  dynamic  range  (SFDR)  is  typi- 
cally 80  dB;  with  Am  =  9.6  MHz,  SFDR  is  74  dB.  SNR  is  typi- 
cally 65  dB. 

The  on-board  T/H  has  a  1 00  MHz  bandwidth  and,  more  impor- 
tantly, is  designed  to  provide  excellent  dynamic  performance  for 
analog  input  frequencies  above  Nyquist.  This  feature  is  neces- 
sary in  many  undersampling  signal  processing  applications,  such 
as  in  direct  IF  to  digital  conversion. 

To  maintain  dynamic  performance  at  higher  IFs,  monolithic  RF 
track-and-holds  (such  as  the  AD9100  and  AD9101 
Samplifier™)  can  be  used  with  the  AD9023  to  process  signals 
up  to  and  beyond  70  MHz. 

Samplifier  is  a  trademark  of  Analog  Devices,  Inc. 


FUNCTIONAL  BLOCK  DIAGRAM 


ANALOG 
INPUT 


T        Lav1-[^>-(i5>-' » 


L 


5-BIT 
ADC 


DIGITAL 
ERROR 
CORRECTION 


ADC 


With  DNL  typically  less  than  0 
sponse  settling  time,  the  AD90: 


.5  LSB  and  20  ns  transient  re- 
9023  provides  excellent  results 
analog  inputs  must  be  over-sampled  (such 
atiooj.  The  full-scale  analog  input  is  +  1  V  with  a 
put  impedance.  The  analog  input  can  be  driven  directly 
i  the  signal  source,  or  can  be  buffered  by  the  AD96xx  series 
of  low'  noise,  low  distortion  buffer  amplifiers. 

All  timing  is  internal  to  the  AD9023;  the  clock  signal  initiates 
the  conversion  cycle.  For  best  results,  the  encode  command 
should  contain  as  little  jitter  as  possible.  High  speed  layout  prac- 
tices must  be  followed  to  ensure  optimum  A/D  performance. 

The  AD9023  is  built  on  a  trench  isolated  bipolar  process  and 
utilizes  an  innovative  multipass  architecture  (see  the  block  dia- 
gram). The  unit  is  packaged  in  28-pin  ceramic  DIPs  and 
gullwing  surface  mount  packages.  The  AD9023  is  specified  to 
operate  over  the  industrial  (-25°C  to  +85°C)  and  extended 
(-55°C  to  +125°C)  temperature  ranges. 


■ 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development. 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (+VS  =  +5  V;  -Vs  =  -5.2  V;  Encode  =  20  MSPS,  unless  otherwise  noted) 


AD9023 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9023AQ/AZ 
Min  Typ  Max 


AD9023BQ/BZ 
Min  Typ  Max 


AD9023SQ/SZ 
Min  Typ  Max 


Units 


RESOLUTION 


12 


12 


12 


Bits 


DC  ACCURACY 

Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 
Offset  Error 

Gain  Error 

Thermal  Noise 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

+25°C 

Full 

+25°C 


I 

VI 
I 

VI 
VI 

I 

VI 

I 

VI 
V 


0.4  0.75 
1.0 

1.2  2.5 
1.25  3.0 
Guaranteed 
5  25 
15  35 
±0.5  ±2.5 
0.5 
0.5 


3.5 


0.25  0.5 

0.75 
1.2  2.0 
1.25  3.0 
Guaranteed 
5  25 
15  35 
±0.5  +2.5 
0.5 
0.5 


3.5 


0.4  0.75 
1.0 

1.2  2.5 
1.25  3.0 
Guaranteed 
5  25 
15  35 
±0.5  ±2.5 
0.5 
0.5 


3.5 


LSB 
LSB 
LSB 
LSB 

mV 
mV 
%  FS 
%FS 
LSB,  rms 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


Full 

+25°C 

+25°C 


rv 
v 

IV 


±1.024 
250    300  375 
7 

115 


±1.024 
250    300  375 

wj 

115 


±1.024 
250    300  375 
7 

115 


V  , 
Q 
pF 
MHz 


SWITCHING  PERFORMANCE ' 
Minimum  Conversion  Rate 
Maximum  Conversion  Rate 
Aperture  Delay  (tfl) 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (t0D) 


+25°C 
Full 
+25°C 
+25°C 
Full  . 


rv 

VI 

rv 


.82    1.12    1.42    J  0.82    1.12  1.42 


20 

0.82    1.12  1.42 


14.5 


33.5 


Msps 
Msps 
ns 

PS,  rms 
ns 


ENCODE  INPUT 
Logic  Compatibility 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Logic  "  1 "  Current 
Logic  "0"  Current 
Input  Capacitance 
Pulse  Width  (High) 
Pulse  Width  (Low) 


Full 
Full 
Full 
Full 

+25°C 
+25°C 
+25°C 


VI 
VI 
VI 
VI 
V 

rv 
rv 


ECL 

2.0     \l  » 
0.8 

150 
150 
4 

25  250 
17.5  250 


ECL 

2.0 

0.8 

150 
150 
4 

25  .  250 
17.5  250 


ECL 


2.0 


150 
150 
4 


25 
17.5 


0.8 


250 
250 


V 

V 

uA 

MA 

pF 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Harmonic  Distortion 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 
Signal-to-Noise  Ratio2 
Analog  Input  @  1 .2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 
Signal-to-Noise  Ratio2 
(Without  Harmonics) 
Analog  Input  @  1 .2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 


+25°C 
+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

Full 


+25°C 

Full 

+25°C 

+25°C 

Full 


V 
V 

I 

VI 
V 

I 

VI 

I 

VI 

V 

I 

VI 


I 

VI 

V 

I 

VI 


65 
65 

63 
61 

62 
61 

61 

60 


65 
63 


62 
60 


20 
20 

73 
70 
75 
74 
70 

65 
64 
65 
64 
63 


66 
64 
66 
65 
63 


70 
70 


64 
63 


20 
20 

75 
75 
75 
74 
72 

67 
66 
65 
66 
65 


67 
66 
66 
66 
65 


20 

ns 

20 

ns 

65 

73 

dBc 

65 

70 

dBc 

75 

dBc 

63 

74 

dBc 

61 

70 

dBc 

62 

65 

dB 

61 

64 

dB 

65 

dB 

61 

64 

dB 

60 

63 

dB 

b5 
63 

62 
60 


66 
64 
66 
65 
63 


dB 
dB 
dB 
dB 
dB 
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Parameter  (Conditions) 


Temp 


Test 
Level 


AD9023AQ/AZ 
Min  Typ  Max 


AD9023BQ/BZ 
Min  Typ  Max 


AD9023SQ/SZ 
Min  Typ  Max 


Units 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Harmonic  Distortion 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 
Signal-to-Noise  Ratio2 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 
Signal-to-Noise  Ratio2 
(Without  Harmonics) 
Analog  Input  (§1.2  MHz 
@  1.2  MHz 
@  4.3  MHz 
@  9.6  MHz 
@  9.6  MHz 
Two-Tone  Intermodulation 
Distortion  Rejection3 


+25°C 
+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

Full 


+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 


I 

VI 
V 

I 

VI 

I 

VI 
V 

I 

VI 


65 
65 


63 
61 


62 
61 


61 
60 


73 
70 
75 
74 
70 

65 
64 
65 
64 
63 


70 
70 


70 
70 


65 
64 


64 

63 


75 
75 
75 
74 
72 

67 
66 
65 
66 
65 


65 
65 


63 
61 


62 
61 


61 

60 


73 
70 
75 
74 
70 

65 
64 
65 
64 

63 


Vns 
Vns 

dBc 
dBc 
dBc 
dBc 
dBc 


dB 
dB 
dB 
dB 
dB 


AA 


DIGITAL  OUTPUTS' 
Logic  Compatibility 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Output  Coding 


Full 
Full 


POWER  SUPPLY 
+VS  Supply  Voltage 
+VS  Supply  Current 
-Vs  Supply  Voltage 
-Vs  Supply  Current 
Power  Dissipation 
Power  Supply  Rejection 
Ratio  (PSRR)4 


Full 
Full 
Full 
Full 
Full 

Full 


VI 
VI 
VI 
VI 
VI 

IV 


4.75    5.0  5.25 

100  120 

-5.45  -5.2  -4.95 

160  190 

1.3  1.6 

28 


4.75    5.0  5.25 

100  120 

-5.45  -5.2  -4.95 

160  190 

1.3  1.6 

28 


4.75  5.0 
100 

-5.45  -5.2 
160 
1.3 


5.25 

120 

-4.95 

190 

1.6 


28 


mA 
mA 
mA 
mA 
W 

mV/V 


v 


NOTES 

■AD9023  load  is  a  single  LS  latch. 

2RMS  signal-to-rms  noise  with  analog  input  signal  1  dB  below  full  scale  at  specified  frequency. 
3Intermodulation  measured  with  analog  input  frequencies  of  9.3  MHz  and  9.6  MHz  at  7  dB  below  full  scale. 
4PSRR  is  sensitivity  of  offset  error  to  power  supply  variations  within  the  5%  limits  shown. 
Specifications  subject  to  change  without  notice. 


■ 


ABSOLUTE  MAXIMUM  RATINGS' 

+VS   +6V 

-Vs   -6V 

Analog  Input   -Vs  to  +VS 

Digital  Inputs  -Vs  to  0  V 

Digital  Output  Current   20  mA 

Gain  Adjust   -Vs  to  +VS 

Offset  Adjust   -Vsto+Vs 

Operating  Temperature  Range  (Case) 

AD9023AQ/AZ/BQ/BZ   -25°C  to +85°C 

AD9023SQ/SZ/TQ/TZ   -55°C  to +125°C 


Maximum  Junction  Temperature2  +175°C 

Lead  Temperature  (Soldering,  10  sec)  +30CC 

Storage  Temperature  Range   -65°C  to  +  150°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

2Typical  thermal  impedances:  "Q"  Package  (Ceramic  DIP):  eIC  =  10°C/W;  8,A  = 
35°C/W.  "Z"  Package  (Gullwing  Surface  Mount):  6IC  =  13X/W;  8,A  =  45°OW. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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ORDERING  GUIDE 


Timing  Diagram 


■ 


Model 


AD9023AQ/BQ 
AD9023AZ/BZ 

AD9032SQ 
AD9023SZ 


Temperature 
Range 


Package 
Description 


-25°C  to  +85°C 
-25°C  to  +85°C 

-55°C  to  +125°C 
-55°Cto+125°C 


28-Pin  Ceramic  DIP 
28-Pin  Ceramic 
Leaded  Chip  C 
28-Pin 
28-Pin  O 
Leaded  Chip 


Package 
Option 


*For  outline  information  see  Package  Information  section. 

EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I  -   100%  production  tested. 

II  -   100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures.  AC  testing  done  on  sample  basis. 

III  -  Sample  tested  only. 

rV  -  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

V  -   Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C;  guaranteed 

by  design  and  characterization  testing  at  temperature 
extremes  for  industrial  devices. 


DIE  LAYOUT  AND  MECHANICAL  INFORMATION 

Die  Dimensions   205  x  228  x  21  (±1)  mils 

Pad  Dimensions  4x4  mils 

Metalization  Aluminum 

 None 

 -Vs 

 4,128 

  Oxynitride 

 Silver  Glass 

 Aluminum 


I 

o 

n  ■ 

D11  (MSB) 

D10 

m 

D9 

08 

D7 

06 

D5 

04 

DO  (LSB) 
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AD9023 


PIN  DESCRIPTION 


PIN  DESIGNATIONS 


Pin  No. 

Name 

Function 

1-3 

D3-D1 

Digital  output  bits  oi  ADC,  cLL 
compatible. 

4 

DO  (LSB) 

Least  significant  bit  of  ADC  output; 
ECL  compatible. 

5 

ENCODE 

Complementary  encode  input  to  ADC. 

6 

NC 

No  Connect 

7 

GND 

Ground 

8 

ENCODE 

Encode  clock  input  to  ADC.  Internal 
T/H  is  placed  in  hold  mode  (ADC  is 
encoding)  on  rising  edge  of  encode 
signal. 

9 

GND 

Ground 

10 

+VS 

+5  V  Power  Supply 

11 

GND 

Ground 

12 

Am 

Noninverting  input  to  T/H  amplifier. 

13 

-Vs 

-5.2  V  Power  Supply 

14 

+vs 

+5  V  Power  Supply 
-5.2  V  Power  Supply 

15 

-Vs 

16 

GND 

Ground                                      .  ' 

17 

COMP 

Should  be  connected  to  -Vs  through 

0.1  uF  capacitor. 

is 
18 

r\l  1  f\KOTl\ 

Dl  1  (MSB) 

m„«  •  >-  ••■    „f  Anr  JL:,;.  ^*>%* 

Most  significant  bit  of  ADU  output;  ^£ 
ECL  compatible. 

19-25 

D10-D4 

Digital  output  bits  of  ADC;  ECL 
compatible. 

26 

+vs 

+5  V  Power  Supply 

27 

-Vs 

-5.2  V  Power  Supply 

28 

GND 

Ground 

1 
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Compensation  Encode  Input 

Figure  1.  Equivalent  Circuits 


Output  Stage 


THEORY  OF  OPERATION 

Refer  to  the  block  diagram.  The  AD9023  employs  a  three  pass 
subranging  architecture  and  digital  error  correction.  This  com- 
bination of  design  techniques  insures  12-bit  accuracy  at  rela- 
tively low  power. 

Analog  input  signals  are  immediately  attenuated  through  a  res: 
tor  divider  and  applied  directly  to  the  sampling  bridge  of  the 
track-and-hold  (T/H).  The  T/H  holds  whatever  analog  value  is 
present  when  the  unit  is  strobed  with  an  ENCODE  command. 
The  conversion  process  begins  on  the  rising  edge  of  this  pulse, 
which  should  conform  to  the  minimum  and  maximum  pulse 
width  requirements  shown  in  the  specifications.  Operation  be- 
low the  recommended  encode  rate  (2  Msps)  may  result  in  ex- 
cessive droop  in  the  internal  T/H  devices-leading  to  large  dc 
and  ac  errors. 

The  held  analog  value  of  the  first  track-and-hold  is  applied  to  a 
5-bit  flash  converter  and  a  second  T/H.  The  5-bit  flash  con- 
verter resolves  the  most  significant  bits  (MSBs)  of  the  held  ana- 
log voltage.  These  5  bits  are  reconstructed  via  a  5-bit  DAC  and 
subtracted  from  the  original  T/H  output  signal  to  form  a  residue 
signal. 

A  second  T/H  holds  the  amplified  residue  signal  while  it  is  en- 
coded with  a  second  5-bit  flash  ADC.  Again  the  5  bits  are  re- 
constructed and  subtracted  from  the  second  T/H  output  to  form 
a  residue  signal.  This  residue  is  amplified  and  encoded  with  a  4- 
bit  flash  ADC  to  provide  the  3  least  significant  bits  (LSBs)  of 
the  digital  output  and  one  bit  of  error  correction. 

Digital  Error  Correction  logic  aligns  the  data  from  the  three 
flash  converters  and  presents  the  result  as  a  1 2-bit  parallel  digi- 
tal word.  The  output  stage  of  the  AD9023  is  TTL.  Output  data 
may  be  strobed  on  the  rising  edge  of  the  ENCODE  command. 


rmance 

idwidth  ADCs  such  as  the  AD9023  are  op- 
c  performance  over  a  wide  range  of  analog 
however,  there  are  many  applications  (Imag- 
tc.)  where  dc  precision  is  also  important, 
'put  bandwidth  of  the  AD9023  for  a  given  in- 
ere  will  be  a  range  of  output  codes  which  may  oc- 
used  by  unavoidable  circuit  noise  within  the 

in  the  ADC.  If  a  dc  signal  is  applied  to  the 
'eral  thousand  outputs  are  recorded,  a  distribution 
such  as  that  shown  in  the  histogram  below  may  result. 


1  1 

ONE  STANDARD  - 
DEVIATION  •  RMS 

\~+— 

NOISE 

.EVEL 

A 

i 

f 

1 

1 

X-1  X  x+1 

OUTPUT  CODE 


Figure  2.  Equivalent  Input  Noise 
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The  correct  code  appears  most  of  the  time,  but  adjacent  codes 
also  appear  with  reduced  probability.  If  a  normal  probability 
density  curve  is  fitted  to  this  Gaussian  distribution  of  codes,  the 
standard  deviation  will  be  equal  to  the  equivalent  input  rms 
noise  of  the  ADC.  The  rms  noise  may  also  be  approximated  by 
converting  the  SNR,  as  measured  by  a  low  frequency  FFT,  to 
an  equivalent  input  noise.  This  method  is  accurate  only  if  the 
SNR  performance  is  dominated  by  random  thermal  noise  (the 
low  frequency  SNR  without  harmonics  is  the  best  measure). 
Sixty-three  dB  equates  to  1  LSB  rms  for  a  2  V  p-p  (0.707  V  rms) 
input  signal.  The  AD9023  has  approximately  0.5  LSB  of  rms 
noise  or  a  noise  limited  SNR  of  69  dB,  indicating  that  noise 
alone  does  not  limit  the  SNR  performance  of  the  device  (quanti- 
zation noise  and  linearity  are  also  major  contributors). 

This  thermal  noise  may  come  from  several  sources.  The  drive 
source  impedance  should  be  kept  low  to  minimize  resistor  ther- 
mal noise.  Some  of  the  internal  ADC  noise  is  generated  in  the 
wideband  T/H.  Sampling  ADCs  generally  have  input  band- 
widths  which  exceed  the  Nyquist  frequency  of  one-half  the 
sampling  rate.  (The  AD9023  has  an  input  bandwidth  of  over 
100  MHz,  even  though  the  sampling  rate  is  limited  to  20  Msps.) 


USING  THE  AD9023 


Layout  Information 

Preserving  the  accuracy  and  dynamic  performance  of  the 
AD9023  requires  that  designers  pay  special  attention  to  the  lay-  ^ 
out  of  the  printed  circuit  board. 

Analog  paths  should  be  kept  as  short  as  possible  and  be  properly 
terminated  to  avoid  reflections.  The  analog  input  connection 
should  be  kept  away  from  digital  signals  paths;  this  reduces  Ae. 
amount  of  digital  switching  noise  which  is  capacitively  coupled  , 
into  the  analog  section.  Digital  signal  paths  should  also  be  kept 
short,  and  run  lengths  should  be  matched  to  avoid  propagation 
delay  mismatch.  The  AD9023  digital  outputs  should  be  buff- 
ered or  latched  close  to  the  device  (<  2  cm).  This  prevents  load 
transients  which  may  feed  back  into  the  device. 

In  high  speed  circuits,  layout  of  the  ground  is  critical.  A  single, 
low  impedance  ground  plane  on  the  component  side  of  the 
board  is  recommended.  Power  supplies  should  be  capacitively 
coupled  to  the  ground  plane  with  high  quality  0. 1  uF  chip  ca- 
pacitors to  reduce  noise  in  the  circuit.  All  power  pins  of  the 
AD9023  should  be  bypassed  individually.  The  compensation 
pin  (COMP  Pin  17)  should  be  bypassed  directly  to  the  -Vs  sup- 
ply (Pin  15)  as  close  to  the  part  as  possible  using  a  0.1  |iF  chip 
capacitor. 

Multilayer  boards  allow  designers  to  lay  out  signal  traces  with- 
out interrupting  the  ground  plane,  and  provide  low  impedance 
ground  planes.  In  systems  with  dedicated  analog  and  digital 
grounds,  all  grounds  for  the  AD9023  should  be  connected  to 
the  analog  ground  plane. 

In  systems  using  multilayer  boards,  dedicated  power  planes  are 
recommended  to  provide  low  impedance  connections  for  device 
power.  Sockets  limit  dynamic  performance  and  are  not  recom- 
mended for  use  with  the  AD9023. 


Timing 

Conversion  by  the  AD9023  is  initiated  by  the  rising  edge  of  the 
ENCODE  clock  (Pin  8).  All  required  timing  is  generated  inter- 
nal to  the  ADC.  Care  should  be  taken  to  ensure  that  the  encode 
clock  to  the  AD9023  is  free  from  jitter  that  can  degrade  dy- 
namic performance. 

Pulse  width  of  the  ADC  encode  clock  must  be  controlled  to  en- 
sure the  best  possible  performance.  Dynamic  performance  is 
guaranteed  with  a  clock  pulse  HIGH  minimum  of  25  ns.  Opera- 
tion with  narrower  pulses  will  degrade  SNR  and  dynamic  per- 
formance. From  a  system  perspective,  this  is  generally  not  a 
problem  because  a  simple  inverter  can  be  used  to  generate  a 
suitable  clock  if  the  system  clock  is  less  than  25  ns  wide. 

The  AD9023  provides  latched  data  outputs.  Data  outputs  are 
available  two  pipeline  delays  and  one  propagation  delay  after  the 
rising  edge  of  the  encode  clock  (refer  to  the  AD9023  Timing 
Diagram) .  The  length  of  the  output  data  lines  and  the  loads 
placed  on  them  should  be  minimized  to  reduce  transients  within 
the  AD9023;  these  transients  can  detract  from  the  converter's 
dynamic  performance.  Operation  at  encode  rates  less  than  2 
Msps  is  not 
rates,  causing 
eludes  cl.  ' 


y  cycle ' 
in  perform; 

Analog  Input 

The  analog  input  (Pin  12)  voltage  range  is  nominally  ±1.024 
volts.  The  range  is  set  with  an  internal  voltage  reference  and 
cannot  be  adjusted  by  the  user.  The  input  resistance  is  300  fl 
and  the  analog  bandwidth  is  100  MHz,  making  the  AD9023 
useful  in  undersampling  applications. 

The  AD9023  should  be  driven  from  a  low  impedance  source. 
The  noise  and  distortion  of  the  amplifier  should  be  considered 
to  preserve  the  dynamic  range  of  the  AD9023. 

Power  Supplies 

The  power  supplies  of  the  AD9023  should  be  isolated  from  the 
supplies  used  for  noisy  devices  (digital  logic  especially)  to  re- 
duce the  amount  of  noise  coupled  into  the  ADC.  For  optimum 
performance,  linear  supplies  ensure  that  switching  noise  from 
the  supplies  does  not  introduce  distortion  products  during  the 
encoding  process.  If  switching  supplies  must  be  used,  decoupling 
recommendations  above  are  critically  important.  The  PSRR  of 
the  AD9023  as  a  function  of  the  ripple  frequency  present  on  the 
supplies  is  shown  in  the  performance  graphs.  Clearly,  power 

-ould  be  selected. 


ie  internal  track-and-hold  satu- 
:rsions.  This  T/H  saturation  pre- 
3  in  a  burst  mode. 

clock  for  the  AD9023  is  critical  for 
ated  performance  of  the  ADC.  Internal  pulse  widths 
d-hold  are  established  by  the  encode  com- 
o  ensure  rated  performance,  minimum  and 
strictions  should  be  observed.  Opera- 
optimized  when  the  duty  cycle  is  held  at  50%. 
ations  of  less  than  ±5%  will  cause  no  degradation 
ce  at  20  Msps. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


2-428  ANALOG-TO-DIGITAL  CONVERTERS 


REV.  0 


raAN 

LiDE 


ANALOG 
VICES 


12-Bit,  31MSPS 
A/D  Converter 


AD9027 


FEATURES 

12-Bit  31  MSPS  A/D  Converter 
Low  Power  Dissipation:  1.5  Watts 
On-Chip  T/H  and  Reference 
Wide  Spurious-Free  Dynamic  Range 
ECL  Logic 

APPLICATIONS 
Cellular  Base  Stations 
Communications  Receivers 
Radar  Receivers 
Spectrum  Analyzers 
Electro-Optics 
Medical  Imaging 


FUNCTIONAL  BLOCK  DIAGRAM 


ANALOG 
INPUT 


ENCODE  6 


-wl™>-jl6>- 


5-BIT 
ADC 


DIGITAL 
ERROR 
CORRECTION 


■*Mr 


4-BIT 
ADC 





PRODUCT  DESCRIPTION 

The  AD9027  is  a  high  speed,  high  performance,  monolithic  12- 
bit  analog-to-digital  converter.  All  necessary  functions,  includ- 
ing track-and-hold  (T/H)  and  reference,  are  included  on  chin  ro 
provide  a  complete  conversion  solution. 

It  is  a  companion  unit  to  the  AD9026;  the  primary  difference 
between  the  two  is  that  all  logic  for  the  AD9026  is  TTL  com- 
patible, while  the  AD9027  utilizes  ECL  logic  for  digital  inputs 
and  outputs.  Pinouts  for  the  two  parts  are  nearly  identical. 

The  on-board  T/H  has  a  200  MHz  bandwidth  and,  more  impor- 
tantly, is  designed  to  provide  excellent  dynamic  performance 
for  analog  input  frequencies  above  Nyquist.  This  feature  is  nec- 
essary in  many  undersampling  signal  processing  applications, 
such  as  in  direct  IF-to-digital  conversion.  In  addition,  wide 
spurious-free  dynamic  range  (SFDR)  over  the  entire  Nyquist 
bandwidth  makes  the  AD9027  well  suited  for  multichannel 
transceiver  applications  which  need  to  digitize  bandwidths  up 
to  15  MHz. 


i 


All  timing  is  internal  to  the  AD9027;  the  clock  signal  initiates 
the  conversion  cycle.  For  best  results,  the  encode  command 
Should  contain  as  little  jitter  as  possible.  High  speed  layout  prac- 
tices must  be  followed  to  ensure  optimum  A/D  performance. 

le  AD9027  is  built  on  a  trench  isolated  bipolar  process  and 
zes  an  innovative  multipass  architecture  (see  the  block  dia- 
Tie  unit  is  packaged  in  a  28-pin  ceramic  DIP;  the  cus- 
tom cofired  ceramic  package  forms  a  multilayer  substrate  to 
which  are  attached  internal  bypass  capacitors  and  the  AD9027 
die.  The  AD9027  is  specified  to  operate  over  the  industrial 
(-25°C  to  +85°C)  temperature  range. 


This  is  a 


• 

II 

• 

• 

data  sheet.  To  obtain  the  most  recent  version  or 
data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter  (Conditions) 


RESOLUTION 


Temp 


lest 
Level 


AD  902  7 AD 
Min  Typ 


Max 


12 


DC  ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 
Offset  Error 

Gain  Error 

Thermal  Noise 


+25°C 

I 

Full 

VI 

+25°C 

I 

Full 

VI 

Full 

VI 

+25°C 

I 

Full 

VI 

+25°C 

I 

Full 

VI 

+25°C 

V 

0.4 

0.75 

LSB 

1.0 

LSB 

1.2 

2.5 

LSB 

1.25 

3.0 

LSB 

Guaranteed 

5 

25 

mV 

15 

35 

mV 

±0.5 

±2.5 

%FS 

0.5 

3.5 

%FS 

0.7 

±1.024 

V 

300 

375 

n 

ANALOG  INPUT 
Input  Voltage  Range 
Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


Full 

+25°C 
+25°C 


IV 

V  7 

IV  C3L  »  200 

 ,  ,  r.  

V  I  TBD 
!V  TBD  


250 


SWITCHING  PERFORMANCE1 
Conversion  Rate 
Aperture  Delay  (ia) 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (too) 


+25°C 
+25°C 
+25°C 
Full 


31 


TBD 


ENCODE  INPUT 
Logic  Compatibility 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Logic  "  1 "  Current 
Logic  "0"  Current 
Input  Capacitance 
Pulse  Width  (High) 
Pulse  Width  (Low) 


Differential  ECL 


Full 

Full 

Full 

Full 

+25°C 

+25°C 

+25°C 


VI 
VI 

VI 
VI 
V 
IV 

rv 


-l.i 


TBD 

TBD  


-1.5 


TBD 
TBD 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Harmonic  Distortion2 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  9.6  MHz 
@  13.4  MHz 
@  13.4  MHz 
Signal-to-Noise-and-Distortion2  (SINAD) 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  9.6  MHz 
@  13.4  MHz 
@  13.4  MHz 
Signal-to-Noise  Ratio2  (SNR)  (Without  Harmonics) 
Analog  Input  @  1.2  MHz 
@  1.2  MHz 
@  9.6  MHz 
@  13.4  MHz 
@  13.4  MHz 
Two-Tone  Imermodulation 
Distortion  Rejection3 


+25°C 
+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

Full 

+25°C 


V 
V 

I 

VI 

I 
I 

VI 

I 

VI 

I 
I 

VI 

I 

VI 

I 
I 

VI 

V 


73 
70 
72 
72 
70 

65 
64 
64 
63 
62 

66 
65 
65 
64 
63 
75 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD9027 


Parameter  (Conditions) 


Test 
Temp 


Level 


Min 


AD9027AD 
Typ 


Max 


Units 


DIGITAL  OUTPUTS1 
Logic  Compatibility 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Output  Coding 


Full 
Full 


VI 
VI 


-1.1 


ECL 


Offset  Binary 


-1.5 


V 
V 


POWER  SUPPLY 
+VS  Supply  Voltage 
+Vs  Supply  Current 
-Vs  Supply  Voltage 
-Vs  Supply  Current 
Power  Dissipation 
Power  Supply 
Rejection  Ratio  (PSRR)4 


Full 
Full 
Full 
Full 
Full 

Full 


VI 
VI 
VI 
VI 
VI 

IV 


4.75 


5.45 


5.0 

112 

-5.2 

180 

1.5 

12 


5.25 
-4.95 


V 

mA 
V 

mA 
W 

mV/V 


NOTES 

'AD9027  is  terminated  into  5.2  V  through  2,000  ohms. 
2  Analog  input  signal  is  1  dB  below  full  scale  at  specified  frequency. 

'Intermodulation  measured  with  analog  input  frequencies  of  9.6  MHz  and  1 1.3  MHz  at  7  dB  below  f 
4PSRR  is  sensitivity  of  offset  error  to  power  supply  variations  within  the  5%  limits  shown, 
tions  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS' 

+vs  r.  :.; 

-vs  

Analog  Input   

Digital  Inputs  

Digital  Output  Current   

Operating  Temperature  Range  (Case)  .  .  . 

Maximum  Jun  ,ction  Temperature   

Lead  Temperature  (Soldering,  10  sec)  .  .  . 

Storage  Temperature  Range   

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

typical  thermal  impedances:  "Q"  Package  (Ceramic  DIP):  8JC  =  x°C/W;  9,A  = 
x°C/W. 


T  LEVELS 




 +300°C 

...-65°Cto+150°C 


duction  tested, 
oduction  tested  at  +25°C,  and  sample  tested  at 
emperatures.  AC  testing  done  on  sample  basis. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C;  100% 

production  tested  at  temperature  extremes  for  extended 
temperature  devices;  guaranteed  by  design  and  character- 
ization testing  for  industrial  devices. 


ORDERING  GUIDE 


Device 

Temperature  Range 

Package  Option* 

AD9027AD 

-25°C  to  +85°C 

DH-28 

•For  outline  information  see  Package  Information  section. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD9027 


PIN  DESCRIPTION 


WKM 


Pin  No. 


1-3 


Name 


D3-D1 

DO  (LSB) 

ENCODE 
NC 
GND 
ENCODE 


9 

GND 

10 

+VS 

11 

GND 

12 

AlN 

13 

-vs 

14 

+VS 

15 

-Vs 

16 

GND 

17 

BYPASS 

18 

Dll  (MSB) 

19-25 

D10-D4 

26 

+VS 

27 

-Vs 

28 

GND 

Function 


Digital  output  bits  of  ADC;  ECL 
compatible. 

Least  significant  bit  of  ADC  output; 
ECL  compatible. 

Complement  of  encode  clock  input. 
No  connection  internally. 
Ground. 

Encode  clock  input  to  ADC.  Internal 
T/H  is  placed  in  hold  mode  (ADC 
is  encoding)  on  rising  edge  of  encode 
signal. 
Ground. 

+5  V  power  supply. 
Ground. 

Noninverting  input  to  T/H  amplifier. 

-5.2  V  power  supply. 

+5  V  power  supply. 

-5.2  V  power  supply. 

Ground. 

Should  be  connected  to  -Vs 
0.1  nF  capacitor. 
Most  significant  bit  of  ADC  oui 
ECL  compatible. 
Digital  output  bits  of  ADC;  ECL 
compatible. 
+5  V  power  supply. 
-5.2  V  power  supply. 
Ground. 


DIE  LAYOUT  AND  MECHANICAL  INFORMATION 

Die  Dimensions   205  X  228  X  21  (±1)  mils 

Pad  Dimensions  ...4x4  mils 

Metalization  Aluminum 

Backing   None 

Substrate  Potential   -Vs 

Transistor  Count  4,336 

Passivation  Oxynitride 

Die  Attach  Silver  Filled 

Bond  Wire  Gold 


>-  > 
m  a 

D11(MSB)  f?f 


j  Is 


Iff 


I  GROUND 

I 
i 


I  ENC 


■ 

PIN  DESIGNATIONS 


1IA 


•j  iiiiiii  iii  r  v 


bf  r 


•  1,1.  .  ; ... 


i 

I  GROUND 


r  f'  j      J   I  li'll  I  ni     Li.    — '  ■ 


T  M  I  ■  I  ■  .LI  Lqt 


LI  JT 


S     S  5 


O0(LSB, 

I  8/iustscjO 


AD9027  Chip  Pinouts 


D3 

1 

• 

28 

GND 

D2 

2 

27 

-vs 

D1 

T 

26 

*vs 

DO  (LSB) 

T 

2T 

D4 
D5 

ENCODE 

T 

24 

NC 
GND 
ENCODE 

T 
~T 
T 

AD9027 

TOP  VIEW 
(Not  to  Scale) 

23 
22 
21 

D6 
D7 
D8 

GND 

9 

20 

D9 

+vs 

To 

19 

D10 

GND 

ANALOG 
INPUT 

-vs 

TT 
17 

13 

TT 

17 
IS 

D11  (MSB) 

BYPASS 

GND 

♦vs 

-vs 

NC  ■  NO  CONNECT 
BYPASS  (Pin  17)  SHOULD  BE 

i~  TO-VsTHROUGH0.1  ||F 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD9027 


il  divided  by 


DEFINITIONS  OF  SPECIFICATIONS 
Analog  Bandwidth 

The  analog  input  frequency  at  which  the  spectral  power  of  the 
fundamental  frequency  (as  determined  by  FFT  analysis)  is 
reduced  by  3  dB. 

Aperture  Delay 

The  delay  between  the  50%  point  of  the  rising  edge  of  the 
ENCODE  command  and  the  instant  at  which  the  analog  input 
is  sampled. 

Aperture  Uncertainty  (Jitter) 

The  sample-to-sample  variation  in  aperture  delay. 

Differential  Nonlinearity 

The  deviation  of  any  code  from  an  ideal  1  LSB  step. 
Harmonic  Distortion 

The  rms  value  of  the  fundamental  divided  by  the  rms  value  of 
the  worst  harmonic  component. 

Integral  Nonlinearity 

The  deviation  of  the  transfer  function  from  a  reference  line 
measured  in  fractions  of  1  LSB  using  a  "best  straight  line" 
determined  by  a  least  square  curve  fit. 

Minimum  Conversion  Rate 

The  encode  rate  at  which  the  SNR  of  the  lowest  analog  signal 
frequency  tested  drops  by  no  more  than  3  dB  below  the  guaran- 
teed limit. 

Maximum  Conversion  Rate 

The  encode  rate  at  which  parametric  testing  is 

Output  Propagation  Delay 

The  delay  between  the  50%  point  of  the  rising 
ENCODE  command  and  the  time  when  all  output 
are  within  valid  logic  levels 

Overvoltage  Recovery  Time 

The  amount  of  time  required  for  the  converter  to  recover  to 
1 2-bit  accuracy  after  an  analog  input  signal  150%  of  full  scale  is 
reduced  to  midscale. 

Power  Supply  Rejection  Ratio  (PSRR) 

The  ratio  of  a  change  in  input  offset  voltage  to  a 
power  supply  voltage. 

Signal-to-Noise-and-Distortion  (SINAD) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise; 
nents, 
input  signal 

Signal-to-Noise  Ratio  (Without  Harmonics) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo 
nents,  excluding  the  first  five  harmonics  and  dc,  with  an  analog 
input  signal  1  dB  below  full  scale. 


Transient  Response 

The  time  required  for  the  converter  to  achieve  1 2-bit  accuracy 
when  a  one-half  full-scale  step  function  is  applied  to  the  analog 

iiqJJJt.'        OS'"'3  to  obemdoioj  eijfT  .noaxmoi  sora  'siQrt 

Two-Tone  Intel-modulation  Distortion  (1MD)  Rejection 

The  ratio  of  the  power  of  either  of  two  input  signals  to  the 
power  of  the  strongest  third-order  IMD  signal. 


Bypass 


■ 


Output  Stage 


Equivalent  Circuits 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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noise  ot  tne  t\u^..  ine  rms  noise  may  also  De  approximated  oy 
converting  the  SNR,  as  measured  by  a  low  frequency  FFT,  to 
an  equivalent  input  noise.  This  method  is  accurate  only  if  the 
SNR  performance  is  dominated  by  random  thermal  noise  (the 
low  frequency  SNR  without  harmonics  is  the  best  measure); 
63  dB  equates  to  1  LSB  rms  for  a  2  V  p-p  (0.707  V  rms)  input 
signal. 


ONE  STANDARD 
DEVIATION  =  RMS 
NOISE  LEVEL 


The  AD9027  employs  a  three-pass  subranging  architecture  and 
digital  error  correction.  This  combination  of  design  techniques 
ensures  12-bit  accuracy  at  relatively  low  power. 

Analog  input  signals  are  immediately  attenuated  through  a  resis- 
tor divider  and  applied  directly  to  the  sampling  bridge  of  the 
track-and-hold  (T/H).  The  T/H  holds  whatever  analog  value  is 
present  when  the  unit  is  strobed  with  an  ENCODE  command. 
The  conversion  process  begins  on  the  rising  edge  of  this  pulse, 
which  should  conform  to  the  minimum  and  maximum  pulse 
width  requirements  shown  in  the  specifications.  Operation  be- 
low the  recommended  encode  rate  (4  Msps)  may  result  in  ex- 
cessive droop  in  the  internal  T/H  devices — leading  to  large  dc 
and  ac  errors. 

The  held  analog  value  of  the  first  track-and-hold  is  applied  to  a 
5-bit  flash  converter  and  a  second  T/H.  The  5-bit  flash  con- 
verter resolves  the  most  significant  bits  (MSBs)  of  the  held  ana- 
log voltage.  These  five  bits  are  reconstructed  via  a  5-bit  DAC 
and  subtracted  from  the  original  T/H  output  signal  to  form  a 
residue  signal. 

A  second  T/H  holds  the  amplified  residue  signal  while  it  is  en- 
coded with  a  second  5-bit  flash  ADC.  Again  the  five  bits  are  re- 
constructed and  subtracted  from  the  second  T/H  output  to  form 
a  residue  signal.  This  residue  is  amplified  and  encoded  with  a 
4-bit  flash  ADC  to  provide  the  three  least  significant  bits  (LSBs) 
of  the  digital  output  and  one  bit  of  error  correction. 

Digital  error  correction  logic  aligns  the  data  from  the  three  flash 

converters  and  presents  the  result  as  a  12-bit  parallel  m&ta^f^f^bBPImiit  the  SNR  performance  of  the  device  (quantization  noise 
word.  The  output  stage  of  the  AD9027  is  ECL.  Output  data^  VTu 
may  be  strobed  on  the  rising  edge  of  the  ENCODE  command. 

■ 


X-3        X-2  X-1 


X  X+1  X*2  X*3 
OUTPUT  CODE 


ADC  Equivalent  Input  Noise 

The  AD9027  has  approximately  0.7  LSB  of  rms  noise  or  a  noise 
limited  SNP  indicating  that  thermal  noise  alone  does 


AD9027  NOISE  PERFORMANCE 

High  speed,  wide  bandwidth  ADCs  such  as  the  AD9027  are 
optimized  for  dynamic  performance  over  a  wide  range  of  analog 
input  frequencies.  However,  there  are  many  applications  (imag- 
ing, instrumentation,  etc.)  where  dc  precision  is  also  important. 
Due  to  the  wide  input  bandwidth  of  the  AD9027  for  a  given  in- 
put voltage,  there  will  be  a  range  of  output  codes  that  may  oc- 
cur. This  is  caused  by  unavoidable  circuit  noise  within  the 
wideband  circuits  in  the  ADC.  If  a  dc  signal  is  applied  to  the 
ADC  and  several  thousand  outputs  are  recorded,  a  distribution 
of  codes  such  as  that  shown  in  the  histogram  may  result. 

The  correct  code  appears  most  of  the  time,  but  adjacent  codes 
also  appear  with  reduced  probability.  If  a  normal  probability 
density  curve  is  fitted  to  this  Gaussian  distribution  of  codes,  the 


and  linearity  are  also  major  contributors). 

This  thermal  noise  may  come  from  several  sources.  The  drive 
source  impedance  should  be  kept  low  to  minimize  resistor  ther- 
mal noise.  Some  of  the  internal  ADC  noise  is  generated  in  the 
wideband  T/H.  Sampling  ADCs  generally  have  input  band- 
widths  which  exceed  the  Nyquist  frequency  of  one-half  the  sam- 
pling rate.  (The  AD9027  has  an  input  bandwidth  of  approxi- 
mately 200  MHz,  even  though  the  sampling  rate  is  limited  to 
31  Msps.) 

Wide  bandwidth  is  required  to  minimize  gain  and  phase  distor- 
tion and  to  permit  adequate  settling  times  in  the  internal  ampli- 
fiers and  T/Hs.  But  a  certain  amount  of  unavoidable  noise  is 
generated  in  the  T/H  and  other  wideband  circuits  within  the 
ADC;  this  causes  variation  in  output  codes  for  dc  inputs.  Good 
layout,  grounding,  and  decoupling  techniques  are  essential  to 
prevent  external  noise  from  coupling  into  the  ADC  and  further 
corrupting  performance 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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USING  THE  AD9027 
Layout  Information 

Preserving  the  accuracy  and  dynamic  performance  of  the 
AD9027  requires  that  designers  pay  special  attention  to  the  lay- 
out of  the  printed  circuit  board. 

Analog  paths  should  be  kept  as  short  as  possible  and  be  properly 
terminated  to  avoid  reflections.  The  analog  input  connection 
should  be  kept  away  from  digital  signals  paths;  this  reduces  the 
amount  of  digital  switching  noise  which  is  capacitively  coupled 
into  the  analog  section.  Digital  signal  paths  should  also  be  kept 
short,  and  run  lengths  should  be  matched  to  avoid  propagation 
delay  mismatch.  The  AD9027  digital  outputs  should  be  buf- 
fered or  latched  close  to  the  device  (<  2  cm).  This  prevents  load 
transients  which  may  feed  back  into  the  device. 

In  high  speed  circuits,  layout  of  the  ground  is  critical.  A  single, 
low  impedance  ground  plane  on  the  component  side  of  the 
board  is  recommended.  Power  supplies  should  be  capacitively 
coupled  to  the  ground  plane  with  high  quality  0.1  |tF  chip 
capacitors  to  reduce  noise  in  the  circuit.  All  power  pins  of  the 
AD9027  should  be  bypassed  individually.  The  bypass  pin 
(BYPASS  Pin  1 7)  should  be  bypassed  directly  to  the  -Vs  supply 
(Pin  15)  as  close  to  the  part  as  possible  using  a  0.1  |iF  chip 
capacitor. 

Multilayer  boards  allow  designers  to  lay  out  signal  traces  with- 
out interrupting  the  ground  plane,  and  provide  low  impedance 
ground  planes.  In  systems  with  dedicated  analog  and  digital 
grounds,  all  grounds  for  the  AD9027  should  be  connected  to 
the  analog  ground  plane. 

In  systems  using  multilayer  boards,  dedicated  powei 
recommended  to  provide  low  impedance  connections  tor  device 
power.  Sockets  limit  dynamic  performance  and  are  not  recom- 
mended for  use  with  the  AD9027. 

Timing 

Conversion  by  the  AD9027  is  initiated  by  the  rising  edge  of  the 
ENCODE  clock  (Pin  8).  All  required  timing  is  generated  inter- 
nal to  the  ADC.  Care  should  be  taken  to  ensure  that  the  encode 
clock  to  the  AD9027  is  free  from  jitter  that  can  degrade  dy- 
namic performance.  The  clock  driver  should  be  differential 
ECL.  Drivers  with  excessive  slew  rate  or  overdrive  will  degrade 
the  dynamic  performance  of  the  AD9027. 

Pulse  width  of  the  ADC  encode  clock  must  be  controlled  to  in- 
sure the  best  possible  performance.  The  duty  cycle  of  the  en- 
code clock  for  the  AD9027  is  critical  for  obtaining  rated 
performance  of  the  ADC.  Internal  pulse  widths  within  the  track- 
and-hold  are  established  by  the  encode  command  pulse  width; 
to  ensure  rated  performance,  minimum  and  maximum  pulse 
width  restrictions  should  be  observed.  Operation  at  31  Msps  is 
optimized  when  the  duty  cycle  is  held  at  50%.  Duty  cycle  varia- 
tions of  less  than  ±5%  will  cause  no  degradation  in  performance 
at  31  Msps. 


The  AD9027  provides  latched  data  outputs.  Data  outputs  are 
available  two  pipeline  delays  and  one  propagation  delay  after  the 
rising  edge  of  the  encode  clock  (refer  to  the  AD9027  Timing 
Diagram).  The  length  of  the  output  data  lines  and  the  loads 
placed  on  them  should  be  minimized  to  reduce  transients  within 
the  AD9027;  these  transients  can  detract  from  the  converter's 
dynamic  performance. 

Operation  at  encode  rates  less  than  4  Msps  is  not  recom- 
mended. The  internal  track-and-hold  saturates,  causing  errone- 
ous conversions.  This  T/H  saturation  precludes  clocking  the 
AD9027  in  a  burst  mode. 

Analog  Input 

The  Analog  Input  (Pin  12)  voltage  range  is  nominally  ±  1 .024  V. 
The  range  is  set  with  an  internal  voltage  reference  and  can  not 
be  adjusted  by  the  user.  The  input  resistance  is  300  Q  and  the 
analog  bandwidth  is  200  MHz,  making  the  AD9027  useful  in 
undersampling  applications. 

The  AD9027  should  be  driven  from  a  low  impedance  source. 
The  noise  and  distortion  of  the  amplifier  should  be  considered 
to  preserve  the  dynamic  range  of  the  AD9027. 

Power  Su_ 

lies  of  the  AD9027  should  be  isolated  from  the 
ed  for  noisy  devices  (digital  logic  especially)  to  re- 
turn of  noise  coupled  into  the  ADC.  For  optimum 
performance,  linear  supplies  ensure  that  switching  noise  from 
the  supplies  does  not  introduce  distortion  products  during  the 
encoding  process.  If  switching  supplies  must  be  used,  decoupling 
recommendations  above  are  critically  important.  The  PSRR  of 
re        the  AD9027  as  a  function  of  the  ripple  frequency  present  on  the 
lies  is  shown  in  the  performance  graphs.  Clearly,  power 
lies  with  the  lowest  possible  frequency  should  be  selected. 


DATA 
OUTPUT 


Figure  2.  Timing  Diagram 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AH  =  13.4MHz 
AM  =  -1.MBFS 
ENCODE  m  30.7MHz 
SFDR  «  72.1dBFS 
SNB  ■  63.9dB 

3rd  HARM.  =  -81.4dBc 
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Figure  3. 


F1=  9.6MHz  6 -41.9dB 

F2  =  11.3MHz  ©-41MB 

ENCODE  =  30.72MSPS 

SFDR  =  91.8dBFS 

2F1-F2  =  -52.0dBc 

2F2-F1=-52.6dBc 
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F1  •  9.6MHz  S  -6.9dB 
F2  m  11.3MHz  <S  -6  MB 
ENCODE  =  30.72MSPS 
SFDR  =  81.1dBFS 
2F1-F2  ■  -S4.9dBc 
2F2-F1  •  -77.4dBc  . 
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Figure  4. 
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Figure  6. 
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12-Bit  25  MSPS 
A/D  Converter 


FEATURES 

25.6  MSPS  Conversion  Speeds 
On-Board  T/H,  References,  Timing 
Low  Power:  3.8  W 
Single  40-Pin  Package 
74  dB  Spurious-Free  Dynamic  Range 

to  12  MHz  AIN 
Bipolar  Input:  ±1.024  V 

APPLICATIONS 
Radar 

Signal  Intelligence 
Digital  Spectrum  Analyzers 
Medical  Imaging 
Electro-Optics 


ENCODE ■ 


Oil 


TIMING 

CIRCUITS 


AMP/^ 


RESIDUE 
ENCODER 


AD9032 


DIGITAL 
"  OUTPUT 


DATA 
"  READY 


GENERAL  DESCRIPTION 

The  AD9032  is  the  world's  fastest  12-bit  analog-to-digital  con- 
verter (ADC)  that  includes  on-board  T/H,  voltage  references, 
and  timing  circuits.  The  AD9032  uses  a  subranging  converter 
architecture  to  achieve  sample  rates  from  dc  to  25.6  Msps.  Pack- 
aged in  a  single  40-pin  hybrid,  the  AD9032  is  pin-compatible 
with  the  AD9034,  which  operates  at  word  rates  up  to  20  Msps. 

This  ECL-compatible  ADC  requires  only  +5Vand  -5.2V 
supplies,  an  analog  input,  and  a  stable  ECL  clock  to  obtain  the 
best  dynamic  performance  available  in  a  12-bit  ADC.  This  kind 
of  performance  is  achieved  with  advanced  bipolar  circuits,  cus- 
tom designed  and  manufactured  by  Analog  Devices.  The  latest 
in  monolithic  track-and-hold  technology  ensures  accurate  sam- 
pling of  high  frequency  analog  inputs. 

Dynamic  performance  has  been  optimized  to  achieve  SNR  of 
64  dB  and  a  spurious-free  dynamic  range  (SFDR)  of  74  dB  for 
analog  bandwidths  up  to  12  MHz.  All  units  are  tested  for 
dynamic  performance  at  a  sample  rate  of  25.6  Msps. 

The  AD9032  is  available  in  either  a  40-pin  ceramic  DIP  or 
leaded  flatpack.  The  two  versions  operate  over  an  industrial 
(-25°C  to  +85°C)  or  military  (-55°C  to  +  125°C)  temperature 


range. 

8c 

&i> 

EVALUATION  BOARD 

An  evaluation  board  which  is  available  for  the  AD9032  (part 
number  AD9034/PCB)  provides  an  easy  and  flexible  method  for 
evaluating  the  ADC's  performance  without  (or  prior  to)  develop- 
ing a  user-specified  printed  circuit  board.  The  evaluation  board 
was  originally  designed  and  used  for  evaluating  the  AD9034 
A/D  converter,  but  is  equally  useful  for  the  pin-compatible 
AD9032. 

The  board  includes  a  reconstruction  DAC,  analog  input  ampli- 
fier, and  digital  output  interface.  Physically,  it  is  7.25  inches  x 
6  inches  in  size  and  uses  the  layout  and  applications  information 
contained  in  the  AD9034  data  sheet. 

Generous  space  is  provided  near  the  analog  input  and  digital 
outputs  of  the  evaluation  board  to  support  additional  signal  pro- 
cessing components  the  user  may  wish  to  add.  These  two  proto- 
typing areas  include  through  holes  with  100-mil  centers  to 
support  a  variety  of  component  additions. 

For  additional  operating  details,  a  schematic  of  the  evaluation 
board,  and  complete  layout  information, 
on  the  AD9034  A/D  converter. 
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AD9032— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (+VS  =  +5  V;  -Vs  =  -5.2  V;  Encode  =  25.6  Msps,  unless  otherwise  noted) 


Test 
Level 

AD9032AD/AZ 
Min     Typ  Max 

AD9032BD/BZ 
Min     Typ  Max 

AD9032TD/TZ 
Min     Typ  Max 

Parameter  (Conditions) 

Temp 

Units 

RESOLUTION 

12 

12 

12 

Bits 

DC  ACCURACY 
Differential  Nonlinearity 

+25°C 

I 

0.65 

1.25 

0.5 

1.0 

0.5 

1.0 

LSB 

Full 

VI 

1.75 

1.5 

1.5 

LSB 

Integral  Nonlinearity 

+25°C 

V 

1.0 

1.0 

1.0 

LSB 

Full 

V 

2.0 

2.0 

2.0 

LSB 

No  Missing  Codes 

Full 

VI 

Guaranteed 

Guaranteed 

Guaranteed 

Offset  Error 

+25°C 

I 

5 

15 

5 

15 

5 

15 

mV 

■Cull 

run 

vt 

VI 

25 

25 

30 

mV 

Gain  Error 

+25°C 

I 

±0.5 

±1.0 

±0.5 

±1.0 

±0.5 

±1.0 

%  FS 

Full 

VI 

±2.5 

±2.5 

±2.5 

%  FS 

ANALOG  INPUT 

■■ 

Input  Voltage  Range 

+25°C 

I 

±1.024 

±1.024 

±1.024 

V 

Input  Resistance 

+25°C 

VI 

95 

inn 

ins 

95 

inn 

ins 

95 

100 

105 

n 

Input  Capacitance 

+25°C 

IV 

7 

10 

7 

10 

7  10 

pF 

Analog  Bandwidth 

+25°C 

IV 

150 

220 

150 

220 

150 

220 

MHz 

SWITCHING  PERFORMANCE1 

Conversion  Rate 

Full 

VI 

dc 

25.6 

dc 

25.6 

dc 

25.6 

Msps 

Aperture  Delay  (tA) 

Full 

IV 

1 

3 

5 

1 

3 

5 

1 

3 

5 

ns 

Aperture  Uncertainty  (jitter) 

Full 

IV 

4 

8 

4 

8 

4 

8 

ps,  rms 

Output  Delay  (toD) 

Full 

IV 

9 

13 

17 

9 

13 

17 

9 

13 

17 

ns 

Data  Ready  Delay  (tDR) 

Full 

IV 

3.5 

7.5 

10.5 

3.5 

7.5 

10.5 

3.5 

7.5 

10.5 

ns 

Output  Time  Skew 

Full 

IV 

1 

2 

1 

2 

1 

2 

ns 

ENCODE  INPUT 

Logic  "1"  Voltage 

Full 

IV 

-1.1 

-1.1 

-1.1 

V 

Logic  "0"  Voltage 

Full 

IV 

-1.5 

-1.5 

-1.5 

V 

Logic  "1"  Current 

Full 

VI 

150 

300 

150 

300 

150 

300 

uA 

Logic  "0"  Current 

Full 

VI 

150 

300 

150 

300 

150 

300 

nA 

Input  Capacitance 

+  25°C 

V 

10 

10 

10 

pF 

Pulse  Width  (High) 

+25°C 

IV 

10 

10 

10 

Pulse  Width  (Low) 



+25°C 

IV 

10 

10 

10 

ns 

Transient  Response 

VyVCLVUlldgC  XVClAJVCljr     1  1111C 
I  Id  1 1H.   U lo  l\Jl  llXJll 

+25°C 

TV 
1 V 

IV 

12 

25 

27 
37 

12 

W 

27 
37 

12 

25' 

27 
37 

ns 
ns 

/uiaiug  input  \u  i.l  ivinz 

I 

1 

70 

80 

75 

82 

75 

82 

GDL 

i  u  i .  c  i vi  n  z 

Full 

run 

VT 
VI 

67 

70 

70 

ClDL 

fn)  A  -2  MH? 

V 

76 

77 

77 

CLDC 

(7,    Q  f,  UU7 

Kfj-:  y.o  iVinz 

T 

68 

75 

72 

76 

72 

76 

GDC 

/7/    Q  <  UII, 

(u-  y.o  xvinz 

Pull 

run 

VT 
VI 

64 

68 

64 

QDC 

a  n  I  MM? 

-4-  T\aC 

v 

72 

74 

74 

Q-DC 

Signal-to-Noise  Ratio2 

Analog  Input  @  1.2  MHz 

+25°C 

I 

63 

66 

64 

67 

64 

67 

dB 

@  1.2  MHz 

Full 

VI 

61 

63 

61 

dB 

@  4.3  MHz 

+25°C 

V 

64 

65 

65 

dB 

@  9.6  MHz 

+25°C 

I 

62 

64 

62 

64 

62 

64 

dB 

@  9.6  MHz 

Full 

VI 

60 

61 

58 

dB 

@  12.1  MHz 

+25°C 

V 

64 

64 

64 

dB 

Two-Tone  Intermodulation 

Distortion  Rejection3 

+25°C 

V 

66 

68 

68 

dBc 
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Parameter  (Conditions) 

Temp 

Test 
Level 

AD9032AD/AZ 
Min     Typ  Max 

AD9032BD/BZ 
Min     Typ  Max 

AD9032TD/TZ 
Min     Typ  Max 

Units 

DIGITAI  OUTPUTS  C1QK  FCL1 

T  rtttir1  "1"  \/nIt"icw» 
L-UglL     1      V  UlldgC 

Loiric  "0'*  Voltaee 

j-jUgiv     v      *  ullage 

Full 

VI 

-1.1 

-1.1 

v 

Full 

VI 

-1.5 

-1.5 

-1.5 

uutput  L-oaing 

2s  Complement 

2s  Complement 

2s  Complement 

■ 

POWER  SUPPLY 

- 

+VS  Supply  Voltage 

Full 

VI 

4.75  5.0 

5.25 

4.75  5.0 

5.25 

4.75 

5.0 

5.25 

mA 

+VS  Supply  Current 

Full 

VI 

133 

160 

133 

160 

133 

160 

mA 

-Vs  Supply  Voltage 

Full 

VI 

-5.45  -5.2 

-4.95 

-5.45  -5.2 

-4.95 

-5.45 

-5.2 

-4.95 

mA 

— Vs  Supply  Current 

Full 

VI 

610 

672 

610 

672 

610 

672 

mA 

Power  Dissipation 

FuU 

VI 

3.8 

4.5 

3.8 

4.5 

3.8 

4.5 

W 

Power  Supply 

4.0 

Rejection  Ratio  (PSRR)4 

FuU 

VI 

4.0 

10 

10 

4.0 

10 

mV/V 

NOTES 

'Outputs  terminated  through  510  fl  to  -5.2  V;  CL  <  4  pF.  Typical  values  are  valid  for  +25°C  ambient. 
!RMS  signal  to  rms  noise  with  analog  input  signal  1  dB  below  full  scale  at  specified  frequency. 
3Intermodulation  measured  with  analog  input  frequencies  of  9.3  MHz  and  9.6  MHz  at  7  dB  below  full  scale. 
'PSRR  is  sensitivity  of  offset  error  to  power  supply  variations  within  the  5%  limits  shown. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

+t*»mtt-K  7VM*  K  iiWW^V))  Must  I  vi 
-V^  i'liw.xU  oi.  fcikm  «  Cf»?  J>U*.-Uai  J 

Analog  Input   -Vs 

Digital  Inputs   -V 


.  +7  V 
.  -7  V 
to  +VS 

;tO0V 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 


Digital  Output  Current  ..20  mA 

Operating  Temperature  Range 

AD9032AD/BD/AZ/BZ  -25°C  to  +85°C 

AD9032TD/TZ  -55°C  to  +125°C 

Maximum  Junction  Temperature2  +  175°C 

Lead  Temperature  (Soldering,  10  seconds)   +  300°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

NOTES 

'Absolute  maximum  ratings  arc  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

'Typical  thermal  impedances:  6CA  =  13°C/W;  T,  -  Tc  =  10°C  max  (worst  case 
die  junction  temperature  rise).  See  Thermal  Management  section. 


I 

II 

III 

IV 

V 
VI 


100%  production  tested. 

100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures.  AC  testing  done  on  sample  basis. 


Sample  tested  only. 
Parameter  is  r" 


iesign  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 

All  devices  are  100%  production  tested  at  +25°C.  Devices 
are  100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at  tempera- 
ture extremes  for  commercial/industrial  devices. 


Model 

Temperature  Range 

Package  Description 

Package  Option1 

AD9032AD 

-25°C  to  +85°C 

40-Pin  Ceramic  DIP 

DH-40A 

AD9032AZ2 

-25°C  to  +85°C 

40-Pin  Ceramic  Leaded  Chip  Carrier 

Z-40 

AD9032BD 

-25°C  to  +85°C 

40-Pin  Ceramic  DIP 

DH-40A 

AD9032BZ2 

-25°C  to  +85°C 

40-Pin  Ceramic  Leaded  Chip  Carrier 

Z-40 

AD9032TD 

-55°Cto+125°C 

40-Pin  Ceramic  DIP 

DH-40A 

AD9032TZ2 

-55°C  to  +  125°C 

40-Pin  Ceramic  Leaded  Chip  Carrier 

Z-40 

AD9034/PWB 

Printed  Circuit  Board  (only)  of  Evaluation  Circuit 

AD9034/PCB 

Complete  Evaluation  Board,  Assembled  and  Tested 

(Order  AD9032  DIP  separately) 

NOTES 

'For  outline  information  see 
2Ceramic  leaded  chip  carrier 


Information  section, 
are  tested  and  shipped  with 


unformed  leads.  Consult  the  factory  for  availability. 
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DEFINITIONS  OF  SPECIFICATIONS 
Analog  Bandwidth 

The  analog  input  frequency  at  which  the  spectral  power  of  the 
fundamental  frequency  (as  determined  by  FFT  analysis)  is 
reduced  by  3  dB. 

Aperture  Delay  (tA) 

The  delay  between  the  rising  edge  of  the  ENCODE  command 
and  the  instant  at  which  the  analog  input  is  sampled. 

Aperture  Uncertainty  (Jitter) 

The  sample-to-sample  variation  in  aperture  delay. 

Data  Ready  Delay  (tDR) 

The  delay  between  the  50%  point  of  the  change  in  output  data 
and  the  50%  point  of  the  rising  edge  of  DATA  READY. 

Differential  Nonlinearity  (DNL) 

The  deviation  of  any  code  width  from  an  ideal  1  LSB  step,  as 
determined  by  a  histogram. 

Harmonic  Distortion 

The  rms  value  of  the  fundamental  divided  by  the  rms  value  of 
the  worst  harmonic. 

Integral  Nonlinearity  (INL) 

The  deviation  of  the  transfer  function  from  a  reference  line  mea- 
sured in  fractions  of  1  LSB  using  a  "best  straight  line"  deter- 
mined by  a  least  square  curve  fit,  as  determined  by  a  histogram. 

Output  Delay  (tor)) 

The  delay  between  the  50%  point  of  the  rising  edge  of  the 
ENCODE  command  and  the  50%  point  of  the  next  change  in 
output  data. 

Output  Time  Skew 

Bit-to-bit  time  variations  among  D0  to  Dn  outputs.  Time  skew 
includes  HIGH-to-LOW  and  LOW-to-HIGH  transitions  of  the 
digital  output  bits. 


Overvoltage  Recovery  l  ime 

The  amount  of  time  required  for  the  converter  to  recover  to 
12-bit  accuracy  after  an  analog  input  signal  150%  of  full  scale  is 
reduced  to  the  midscale  of  the  converter. 

Power  Supply  Rejection  Ratio 

The  ratio  of  a  change  in  power  supply  voltage  which  results  in  a 
change  in  input  offset  voltage. 

Pulse  Width  (High  and  Low) 

Rated  performance  of  the  ADC  is  assured  when  stated  restric- 
tions on  ENCODE  pulse  width  shown  in  Specifications  table  are 
observed. 

Signal-to-Noise  Ratio  (SNR) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo- 
nents, including  harmonics  but  excluding  dc,  with  an  analog 
input  signal  1  dB  below  full  scale. 

Spurious  Free  Dynamic  Range  (SFDR) 

The  rms  value  of  the  fundamental  divided  by  the  rms  value  of 
the  highest  spurious  signal.  This  is  generally  specified  as  a  func- 
tion of  input  signal  level. 

Transient  Response 

The  time  required  for  the  converter  to  achieve  12-bit  accuracy 
when  a  full-scale  step  function  is  applied  to  the  analog  input. 

Two-Tone  Intermodulation  Distortion  (IMD)  Rejection 

The  ratio  of  the  power  of  either  of  two  input  signals  to  the 
power  of  the  strongest  third-order  IMD  signal. 
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PIN  DESCRIPTIONS 


Pin 

Name 

Description 

1 

GAIN 
ADJUST 

Can  be  used  to  null  out  initial  gain 
error  of  ADC.  Normally  open. 

OFFSET 
ADJUST 

Can  be  used  to  null  out  initial  off- 
set error  of  ADC.  Normally  open. 

3,  5,  6, 
14,  21, 
22,  35,  40 

GROUND 

All  ground  pins  should  be  connect- 
ed together  and  to  low-impedance 
ground  plane  near  AD9034. 

4 

ANALOG 
INPUT 

Analog  input  to  ADC,  ±1.024  V 
input  range;  100  fl  input  resist- 
ance; 7  pF  input  capacitance. 

7,  8,  9,  15 
16,  36,  37 

DNC 

Do  not  connect.  Internal  test 
points. 

10 

OVERFLOW 

ECL-compatible  output;  normally 
low.  High  when  analog  input 
>  +FS. 

11 

DATA 
READY 

ECL-compatible  output.  Rising 
edge  of  signal  suitable,  for 
externally  latching  D0  -  Du. 

12,  17, 
20,  38 

-vs 

-5  .2  V  supply  voltage. 

13,  39 

+vs 

+5.0  V  supply  voltage. 

18 

ENCODE 

Differential  ECL  convert  command. 

19 

ENCODE 

Sampling  occurs  on  rising  edge; 
no  internal  terminations. 

23-34 

Do-Dn 

ECL-compatible  digital  outputs; 
2s  complement  coding. 

PIN  DESIGNATIONS 


DNC  |T 
DNC  [T 


GROUND  (T 
ANALOG  INPUT  [T 
GROUND  \T 
GROUND  |T 
DNC  [T 
DNC  [T 
DNC  [T 
OVERFLOW  [jo 
DATA  READY  [Tl 

-v;l 

♦vs  d 

GROUND  |l4 
DNC  [jl 
DNC  \w 

-vs  HI 

ENCODE  [l8 
ENCODE  [19 
-Vs  DIGITAL  [20 


THEORY  OF  OPERATION 

The  AD9032  is  a  digitally  corrected  subranging  analog-to-digital 
converter  (ADC)  optimized  for  fast  sampling  rates  and  dynamic 
range.  Refer  to  the  block  diagram  on  the  first  page.  The 
AD9032  is  a  vertically  integrated  structure  consisting  of  a  track- 
and-hold  (T/H)  amplifier,  a  combined  flash  ADC  and  digital-to- 
analog  (DAC),  a  summation  amplifier,  digital  error  correction 
logic,  and  timing  circuits.  Reference  circuits  to  generate  stable 
DC  voltages  and  currents  that  maintain  the  static  accuracy  of 
the  device  are  also  included,  but  are  not  shown  on  the  block 
diagram. 

\  ..>..-■ 

Internally,  the  monolithic  T/H  (AD9101)  provides  fast  settling 
and  acquisition  times  while  minimizing  distortion  introduced  by 
the  sampling  process.  The  unique  design  of  the  sampling  bridge 
allows  accurate  sampling  of  high  slew  rate  signals  with  negligible 
distortion.  The  effects  of  jitter  and  other  aperture  errors  have 
been  reduced  to  provide  dynamic  performance  previously 
unavailable  in  monolithic  and  discrete  designs. 

At  the  output  of  the  T/H  amplifier,  the  analog  input  is  con- 
verted by  the  first  (5-bit)  ADC.  This  5-bit  representation  of  the 
input  value  is  stored  in  the  digital  error  correction  logic.  It  is 
also  converted  back  to  an  analog  signal  by  the  14-bit-accurate 
DAC  on  the  same  chip  with  the  ADC.  The  32  DAC  current 
sources  are  steered  directly  by  the  outputs  of  the  32  input  com- 
parators on  the  5 -bit  ADC.  This  minimizes  propagation  delay 
through  the  DAC,  and  allows  the  summation  of  the  DAC  signal 
and  the  held  output  of  the  T/H  to  settle  quickly.  The  hold  time 
of  the  T/H  is  optimized  to  allow  sufficient  settling  time  without 
sacrificing  the  acquisition  time  necessary  to  acquire  the  next 
sample. 

The  residue  signal,  representing  the  difference  between  the  5-bit 
conversion  (DAC  output)  and  the  input  signal  held  by  the  T/H, 
is  amplified  by  the  summation  amplifier.  During  the  tracking 
period  of  the  T/H,  this  residue  signal  can  be  much  larger  than 
the  input  range  of  the  8-bit  ADC  and  would  saturate  the  output 
stage  of  a  normal  amplifier.  To  protect  the  ADC  and  maintain 
fast  settling  times  under  all  conditions,  the  summation  amplifier 
is  a  custom  design  with  clamping  circuits  that  prevent  satura- 
tion, limit  the  output  voltage,  and  preserve  settling  time. 

The  8-bit  flash  ADC  determines  the  7  least  significant  bits 
(LSBs)  of  the  12-bit  conversion  and  generates  a  correction  bit 
for  any  small  errors  created  tiy  inaccuracies  in  the  first  5-bit 
conversion.  This  8-bit  signal  and  the  5-bit  quantization  are  com- 
bined to  obtain  a  12-bit-accurate  representation  of  the  analog 
input  voltage. 
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USING  THE  AD9032 
Layout  Information 

Preserving  the  accuracy  and  dynamic  performance  of  the 
AD9032  requires  that  designers  pay  special  attention  to  the  lay- 
out of  the  printed  circuit  board.  Signal  paths  should  be  imped- 
ance matched  and  properly  terminated  at  or  near  the  package 
connections.  Analog  signal  paths  should  be  isolated  from  digital 
signal  paths.  Capacitive  and  inductive  coupling  of  digital  signals 
into  analog  signal  sections  can  degrade  the  overall  performance 
of  the  A/D  converter. 

Analog  Input 

The  analog  input  pin  of  the  AD9032  is  terminated  with  a  100  fl 
load.  The  analog  input  range  of  the  AD9032  is  factory  trimmed 
for  a  ±1.024  V  input  for  compatibility  with  the  AD9034.  The 
signal  presented  to  the  monolithic  T/H  is  divided  in  half  to  opti- 
mize dynamic  performance. 

When  the  amplitude,  bandwidth,  or  dc  level  of  the  analog  input 
requires  external  signal  conditioning,  the  selection  of  the  input 
amplifier  is  of  particular  concern.  The  noise  and  distortion  of 
the  amplifier  must  be  taken  into  account  to  preserve  the 
dynamic  range  of  the  AD9032.  The  AD9617  wideband,  current 
feedback  amplifier  is  an  excellent  choice  for  most  applications. 

Timing 

Internal  timing  for  the  AD9032  is  trimmed  at  the  factory  to  sim- 
plify use.  Care  should  be  taken  to  ensure  that  the  encode  com- 
mand to  the  AD9032  is  free  from  jitter  that  can  degrade 
dynamic  performance.  Differential  ECL  inputs  to  the  AD9032 
can  be  derived  from  a  single-ended  source  using  a  fast  compara- 
tor such  as  the  AD96685.  The  encode  source  should  be  located 
and  terminated  as  close  to  the  AD9032  as  possible. 

The  ECL-compatible  digital  outputs  are  latched  to  provide  valid 
data  for  the  entire  conversion  period  (less  the  transition  region 
of  latch).  This  data  should  be  latched  into  external  ECL  regis- 
ters located  near  the  AD9032.  External  termination  resistors  are 
required  (510  fl  recommended).  The  data  are  latched  with 
either  the  encode  command  or  the  data  ready  signal  provided  on 
the  AD9032.  The  rising  edge  of  the  data  ready  signal  occurs 
typically  7.5  ns  after  the  data  changes. 

Gain  and  Offset  Adjustment 

Gain  and  offset  pins  are  normally  not  connected.  Rated  perfor- 
mance is  guaranteed  without  any  external  connection  to  these 
pins.  In  most  applications,  wide  variations  in  input  signal  range 
and  offset  can  be  accommodated  using  external  amplifiers.  How- 
ever, in  those  applications  where  a  vernier  adjustment  is 
required  (such  as  nulling  out  factory  trim  limits),  the  gain  and 
offset  pins  will  provide  sufficient  adjustment  range. 

Both  inputs  offer  a  20  kft  input  resistance  that  can  be  driven 
from  a  voltage  source  (DAC,  amplifier)  or  the  center  tap  of  a 
potentiometer.  The  offset  pin  provides  a  195  mV/V  sensitivity  to 
input  offset,  while  the  gain  pin  offers  120  mV/V  adjustment  of 
the  full-scale  input  range  of  the  ADC.  The  adjustment  range  for 
offset  is  limited  to  10  mV  and  for  gain  is  20  mV  without  intro- 
ducing potential  dynamic  errors  or  restricting  the  operating  tem- 
perature range  of  the  part. 


Power  Supplies 

The  unique  design  of  the  AD9032  provides  excellent  dynamic 
performance  without  a  need  for  high  voltage  power  supplies. 
Two  supplies  (+5  V  and  -5.2  V)  are  all  that  are  required  to 
achieve  rated  performance.  Careful  layout  and  decoupling  of 
power  supplies  used  in  conjunction  with  a  low  impedance  analog 
ground  plane  will  reduce  supply-related  noise  components. 

Separate  analog  and  digital  supplies  are  not  required.  In  applica- 
tions with  only  limited  analog  supply  current,  a  separate  digital 
supply  source  can  be  used  for  the  -5.2  V  supply  on  Pin  20. 
This  supply  typically  requires  310  mA  (330  mA  max)  and  may 
be  shared  with  other  ECL  logic  devices  when  isolated  with 
bypass  capacitors  and/or  ferrite  bead  inductors  (Fair-Rite  Prod- 
ucts Corporation  part  #  2743001111,  WallkiU,  NY).  Each  power 
supply  pin  should  be  capacitively  decoupled  to  the  ground  plane 
through  a  good  high  frequency  ceramic  capacitor  (0. 1  (jlF)  and  a 
single  large  value  capacitor  (tantalum  10  u.F). 

For  optimum  performance,  "clean"  linear  supplies  ensure  that 
switching  noise  on  the  supplies  does  not  introduce  distortion 
products  during  the  encoding  process.  Recognizing,  however, 
that  switching  power  supplies  may  be  required  in  power- 
sensitive  applications,  decoupling  recommendations  outlined 
above  are  critically  important  for  using  switching  supplies  effec- 
tively. Elsewhere  in  this  data  sheet,  a  graph  shows  the  PSRR  of 
the  AD9032  as  a  function  of  the  ripple  frequency  present  on  the 
AD9032  supplies.  Clearly,  if  they  must  be  used,  switching 
power  supplies  with  the  lowest  possible  frequency  should  be 
selected. 

Thermal  Management 

The  AD9032  design  minimizes  power  dissipation;  however,  the 
ADC  does  typically  require  3.8  W  (4.5  W  max)  to  operate.  To 
ensure  long  life  and  reliable  operation,  the  maximum  junction 
temperature  in  the  AD9032  must  be  limited  to  +175°C. 

Within  the  hybrid,  the  hottest  discrete  die  has  a  case  to  junction 
temperature  rise  of  10°C  (max).  Therefore,  the  case  temperature 
of  the  AD9032  should  not  exceed  +  165°C  under  worst  case 
operating  conditions.  Without  airflow,  the  8CA  of  the  hybrid 
package  is  13°C/W.  Assuming  maximum  power  dissipation,  this 
causes  a  57°C  rise  in  case  temperature  over  the  ambient  air  tem- 
perature. The  maximum  still  air  temperature,  therefore,  is  equal 
to  +108°C. 

Rated  performance  of  the  AD9032  is  guaranteed  for  case 
operating  temperatures  of  +85°C  (AD9032A/B)  and  +125°C 
(AD9032T).  This  equates  to  a  maximum  operating  ambient  tem- 
perature of  +28°C  and  +68°C,  respectively,  in  still  air.  In  most 
applications,  airflow  is  recommended.  The  following  improve- 
ments in  the  thermal  characteristics  of  the  system  assume  that 
the  AD9032  is  soldered  to  a  PC  board. 

The  6CA  of  the  hybrid  is  reduced  to  5°C/W  with  500  LFPM  air- 
flow. This  will  extend  the  rated  performance  to  ambient  operat- 
ing ranges  of  +63°C  for  the  AD9032A/B  and  +  103°C  for  the 
AD9032T.  The  addition  of  a  heat  sink  (Thermalloy  #6087B, 
Dallas,  Texas;  phone  214-243-0839)  will  further  improve  the 
thermal  transfer  of  the  hybrid  to  3°C/W  (@  500  LFPM).  Using 
a  heat  sink  with  airflow,  the  total  case  to  ambient  temperature 
rise  is  only  13°C,  which  results  in  a  maximum  ambient  environ- 
ment of  +72°C  (AD9032A/B)  and  +U2°C  (AD9032T). 
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FEATURES 
Low  Power:  940  mW 
53  dB  SNR  @  10  MHz  AIN 
On-Chip  T/H,  Reference 
CMOS-Compatible 
2  V  p-p  Analog  Input 
Fully  Characterized  Dynamic  Performance 

APPLICATIONS 

Ultrasound  Medical  Imaging 

Digital  Oscilloscopes 

Professional  Video 

Digital  Communications 

Advanced  Television  (MUSE  Decoders) 

Instrumentation 


GENERAL  DESCRIPTION 

The  AD9040A  is  a  complete  10-bit  monolithic  sampling  analog- 
to-digital  converter  (ADC)  with  on-board  track-and-hold  and 
reference.  The  unit  is  designed  for  low  cost,  high  performance 
applications  and  requires  only  an  encode  signal  to  achieve  40 
Msps  sample  rates  with  10-bit  resolution. 

Digital  inputs  and  outputs  are  CMOS  compatible;  the  analog 
input  requires  a  signal  of  2  V  p-p  amplitude.  The  two-step 
architecture  used  in  the  AD9040A  is  optimized  to  provide  the 
best  dynamic  performance  available  while  maintaining  low 
power  requirements  of  only  940  mW  typically;  maximum  dissi- 
pation is  1.1  watt  at  40  Msps. 

The  signal-to-noise  ratio  (SNR),  including  harmonics,  is  53  dB, 
or  8.5  ENOB,  when  sampling  an  analog  input  of  10.3  MHz  at 
40  Msps.  Competitive  devices  perform  at  less  than  7.5  ENOB 
and  require  external  references  and  larger  input  signals. 

The  AD9040A  A/D  converter  is  available  as  either  a  28-pin  plas- 
tic DIP  or  a  28-pin  SOIC.  The  two  models  operate  over  a  com- 
mercial temperature  range  of  0°C  to  +70°C.  Contact  the  factory 
regarding  availability  of  ceramic  military  temperature  range 
devices. 


FUNCTIONAL  BLOCK  DIAGRAM 


AMP 
ARRAY 


5-BIT 
ADC 


6-BIT 
ADC 


DECODE 

CORRECTION 

DECODE 

LOGIC 

LOGIC 
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1 

PRODUCT  HIGHLIGHTS 

1.  CMOS  compatible  logic  for  direct  interface  to  ASICs. 

2.  On-board  T/H  provides  excellent  high  frequency  perfor- 
mance on  analog  inputs,  critical  for  communications  and 
medical  imaging  applications. 

3.  High  input  impedance  and  2  volt  p-p  input  range  reduce 
need  for  external  amplifiers. 

4.  Easy  to  use;  no  cumbersome  external  voltage  references 
required,  allowing  denser  packing  of  ADCs  for  multi- 
channel applications. 

5.  Available  in  28-lead  plastic  DIP  and  SOIC  packages. 

6.  Evaluation  board  includes  AD9040AJR,  reconstruction  DAC, 
and  latches.  Space  is  available  near  the  analog  input  and  digi- 
tal outputs  of  the  converter  for  additional  circuits.  Order  as 
part  number  AD9040A/PCB  (schematic  shown  in  data  sheet). 
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Parameter  (Conditions) 


Temp 


Test 
Level 


Min 


AD9040AJN/JR 
Typ 


Max 


RESOLUTION 


10 


DC  ACCURACY 

Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 
Gain  Error 

Gain  Tempco' 


+25°C 

Full 

+  25°C 

Full 

Full 

+25°C 

Full 

Full 


I 

VI 
I 

VI 
VI 

I 

VI 
V 


1.0 
1.0 

Guaranteed 
±0.5 

±70 


2.0 
2.5 
2.0 
2.5 

±1.5 
±2 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Offset  Voltage 

Input  Bias  Current 

Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 


V 
I 

VI 
I 

VI 

I 

V 
V 


200 


2 

±2 


350 
5 

48 


±25 
±30 
15 
25 


BANDGAP  REFERENCE 
Output  Voltage 
Temperature  Coefficient1 

SWITCHING  PERFORMANCE 
Maximum  Conversion  Rate 
Minimum  Conversion  Rate 
Aperture  Delay  (tA) 
Aperture  Uncertainty  (Jitter) 
Output  Propagation  Delay  (tPD)2 


Full 
Full 


VI 
V 


2.4 


2.6 


±40 


+25°C 

I 

+25°C 

IV 

+25°C 

V 

+25°C 

V 

+25°C 

I 

Full 

IV 

+25°C 

V 

+25°C 

V 

40 


7.5 
6 


2 

1.9 

7 

10 


10 


12 
14 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Signal-to-Noise  Ratio3 

fIN  =  2.3  MHz 

fIN  =  10.3  MHz 
Signal-to-Noise  Ratio3 

(Without  Harmonics) 
=  2.3  MHz 
fIN  =  10.3  MHz 
Signal-to-Noise  Ratio3,  4 

fIN  =  2.3  MHz 

fiN  =  10.3  MHz 
Signal-to-Noise  Ratio3'  4 

(Without  Harmonics) 
fIN  =  2.3  MHz 
fIN  =  10.3  MHz 
2nd  Harmonic  Distortion 

fIN  =  2.3  MHz 

fIN  =  10.3  MHz 
3rd  Harmonic  Distortion 

fIN  =  2.3  MHz 

fIN  =  10.3  MHz 
Two-Tone  Intermodulation 

Distortion  Rejection5 
Differential  Phase 
Differential  Gain 


+25°C 
+25°C 


+25°C 
+25°C 

+25°C 
+25°C 


+25°C 
+25°C 

+25°C 
+25°C 

+25°C 
+25°C 
+25°C 

+25°C 
+25°C 


51 
50 


25 
40 

54 
53 


52  55 
51  54 


III 
III 


52 
51 


53 
53 

56 
56 

58 
58 


56 
55 


57 
56 

67 
65 

73 
70 


0.15 
0.25 


0.5 
1.0 
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AD9040 A — SPECIFIC  ATIONS 


Parameter  (Conditions) 

Temp 

Test 
Level 

Min 

AD9040AJN/JR 

Typ 

Max 

Units 

ENCODE  INPUT 

Logic  "1"  Voltage 
Logic  "0"  Voltage 

Full 
Full 

VI 
VI 

4.0 

1.0 

V 
V 

Logic    I  current 
Logic  "0"  Current 

Full 
Full 

VI 
VI 

  ±1 

uA 
(iA 

Input  Capacitance 

Encode  Pulse  Width  (High)  (tE„)6 

Encode  Pulse  Width  (Low)  (tEL)6 

+25°C 
+  25°C 
+25°C 

V 

IV 

IV 

10 
10 

14 

100 
100 

pF 
ns 
ns 

DIGITAL  OUTPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Output  Coding 

Full 
Full 

VI 
VI 

4.95 



Offset  Binary 

0.05 

V 
V 

POWER  SUPPLY 

Full 
Full 
Full 
Full 

+  25°C 

VI 
VI 
VI 
VI 

I 

13 
89 
87 
0.94 

20 
105 
100 
1.1 

±15 

mA 
mA 
mA 
W 

mV/V 

VD  Supply  Current 
+VS  Supply  Current 
— Vs  Supply  Current 
Power  Dissipation 
Power  Supply 
Rejection  Ratio  (PSRR)7 



NOTES 

'"Gain  Tempco"  is  for  converter  using  internal  reference;  "Temperature 
Coefficient"  is  for  bandgap  reference  only. 

2Output  propagation  delay  (tPD)  is  measured  from  the  50%  point  of  the  fall- 
ing edge  of  the  encode  command  to  the  min/max  voltage  levels  of  the  digital 
outputs  with  10  pF  maximum  loads. 

'RMS  signal  to  rms  noise  with  analog  input  signal  1  dB  below  full  scale  at 
specified  frequency. 
•■ENCODE  =  32  Msps. 

-3rd  order  intermodulation  measured  with  analog  input  frequencies  of  2.3 
MHz  and  2.4  MHz  at  7  dB  below  full  scale. 

6For  rated  performance  at  40  Msps,  duty  cycle  of  encode  command  should 
be  50%  ±10%. 

'Measured  as  the  ratio  of  the  change  in  offset  voltage  for  a  5%  change  in 

+VS  or  -Vs. 

Specifications  subject  to  change  without  notice. 
EXPLANATION  OF  TEST  LEVELS 
Test  Level 


ABSOLUTE  MAXIMUM  RATINGS' 

±vs  .±7  v 

v„  ........... — ...  ...-F7V 

ANALOG  IN  -Vs  to  +VS 

DIGITAL  INPUTS   0  V  to  +VS 

VREF  Input  0  V  to  +VS 

.  20  mA 





I 
II 


III 
IV 

V 
VI 


—  100%  Production  Tested. 

—  100%  production  tested  at  +25°C,  and  sample 
tested  at  specified  temperatures.  AC  testing  done  on 
sample  basis. 

—  Sample  Tested  Only. 

—  Parameter  is  guaranteed  by  design  and 
characterization  testing. 

—  Parameter  is  a  typical  value  only. 

—  All  devices  are  100%  production  tested  at  +25°C. 
100%  production  tested  at  temperature  extremes  for 
military  temperature  devices;  guaranteed  by  design 
and  characterization  testing  for  industrial  devices. 


Digital  Output  Current  

Operating  Temperature 

AD9040AJN/JR   0°C  to  +70°C 

Storage  Temperature  — 65°C  to  +  150°C 

Maximum  Junction  Temperature2  (JN/JR  Suffixes)  .  .  .  +  150°C 
Lead  Soldering  Temp  (10  sec)   +300°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operabitity  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

'Typical  thermal  impedances  (parts  soldered  to  board): 
N  Package  (Plastic  DIP):  9)A  =  42X/W;  e,c  =  10°C/W. 
R  Package  (SOIC):  6JA  =  47°C/W;  6,c  =  10°C/W. 


ORDERING  GUIDE 


Model 


AD9040AJN 
AD9040AJR 
AD9040A/PWB 
AD9040A/PCB 


Temperature  Range 


0°C  to  +70°C 
0°C  to  +70°C 


Package  Description 


28-Pin  Plastic  DIP 
28-Pin  SOIC  Package 


Printed  Circuit  Board  (Only)  of  Evaluation  Circuit 
Complete  Evaluation  Board,  Assembled  and  Tested, 
Including  AD9040AJR 


Package  Option* 


N-28 
R-28 


I 




•For  outline  information  see  Package 





i  section. 
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encode  jCb!Lri_rt_r 


DIGJTAL 
OUTPUTS 


N-3  )(  N-2  I  N-1  j 


Timing 


PIN  DESCRIPTIONS 


Pin  No. 


1,  12,21 

2,  4,  11,  14,  22 

3,  10 
5 


13 
15 

16 

17-20 
23 

24-27 
28 


Name 


-Vs 
GND 

+VS 

V0UT 


BPREF 

NC 

ENCODE 


OR 

D9  (MSB) 
D8-D5 

D4-D1 
DO  (LSB) 


Function 



-5  V  Power  Supply 

Ground 

Analog  +5  V  Power  Supply 
Internal  Bandgap  Voltage 
Reference  (Nominally  +2.5  V) 
Noninverting  Input  to  Reference 
Amplifier.  Voltage  reference  for 
ADC  is  connected  here. 
External  Connection  for  (0. 1  u.F) 
Reference  Bypass  Capacitor 
No  Connection  Internally 
Encode  Clock  Input  to  ADC. 
Internal  T/H  placed  in  hold  mode 
(ADC  is  encoding)  on  rising  edge. 
Noninverting  Input  to  T/H 
Amplifier 

Out-of-Range  Condition  Output. 
Active  high  when  analog  input 
exceeds  input  range  of  ADC  by 
1  LSB  (<FS  -  1  LSB  or  >  +  FS 
+  1  LSB). 

Most  Significant  Bit  of  ADC 
Output;  TTL/CMOS  Compatible 
Digital  Output  Bits  of  ADC;  TTU 
CMOS  Compatible 
Digital  +5  V  Power  Supply 
Digital  Output  Bits  of  ADC; 
TTL/CMOSL  Compatible 
Least  Significant  Bit  of  ADC 
Output;  TTL/CMOS  Compatible 


MIN  TYP  MAX 
tA  APERTURE  DELAY  1.9 
tEH  PULSE  WIDTH  HIGH  10  100 
tEL  PULSE  WIDTH  LOW  10  100 
tPD  OUTPUT  PROP  DELAY  7.S  10ns  12 
■ 

Diagram 


NC  =  NO  CONNECT 

PDIP  and  SOIC  Pinouts 


■ 


D7 

D6 

D5 

-vs 

DGND 

vD 

D4 

D3 

02 

DIE  LAYOUT  AND  MECHANICAL  INFORMATION 

Die  Dimensions    204  x  185  x  21  (±1)  mils 

Pad  Dimensions   4x4  mils 

Metalization  Aluminum 

Backing  None 

Substrate  Potential  -Vs 

Transistor  Count  5,070 

Passivation  Oxynitride 

Die  Attach  (JN/JR)   Epoxy 

Bond  Wire  (JN/JR)   Gold 
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reduced  by  3  dB. 
Aperture  Delay 

The  delay  between  the  rising  edge  of  the  ENCODE  command 
and  the  instant  at  which  the  analog  input  is  sampled. 

Aperture  Uncertainty  (Jitter) 

The  sample-to-sample  variation  in  aperture  delay. 

Differential  Gain 

The  percentage  of  amplitude  change  of  a  small  high  frequency 
sine  wave  (3.58  MHz)  superimposed  on  a  low  frequency  signal 
(15.734  kHz). 

Differential  Nonlinearity 

The  deviation  of  any  code  from  an  ideal  1  LSB  step. 
Differential  Phase 

The  phase  change  of  a  small  high  frequency  sine  wave 
(3.58  MHz)  superimposed  on  a  low  frequency  signal 
(15.734  kHz). 

Harmonic  Distortion 

The  rms  value  of  the  fundamental  divided  by  the  rms  value  of 
the  harmonic. 

Integral  Nonlinearity 

The  deviation  of  the  transfer  function  from  a  reference  line  mea- 
sured in  fractions  of  1  LSB  using  a  "best  straight  line"  deter- 
mined by  a  least  square  curve  fit. 

Minimum  Conversion  Rate 

The  encode  rate  at  which  the  SNR  of  the  lowest  analog  signal 
frequency  tested  drops  by  no  more  than  3  dB  below  the  guaran- 
teed limit. 


The  delay  between  the  50%  point  of  the  falling  edge  of  the 
ENCODE  command  and  the  1  V/4  V  points  of  output  data. 

Overvoltage  Recovery  Time 

The  amount  of  time  required  for  the  converter  to  recover  to 
10-bit  accuracy  after  an  analog  input  signal  150%  of  full  scale  is 
reduced  to  the  full-scale  range  of  the  converter. 

Power  Supply  Rejection  Ratio  (PSRR) 

The  ratio  of  a  change  in  input  offset  voltage  to  a  change  in 
power  supply  voltage. 

Signal-to-Noise  Ratio  (SNR) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo- 
nents, including  harmonics  but  excluding  dc,  with  an  analog 
input  signal  1  dB  below  full  scale. 

Signal-to-Noise  Ratio  (Without  Harmonics) 

The  ratio  of  the  rms  signal  amplitude  to  the  rms  value  of 
"noise,"  which  is  defined  as  the  sum  of  all  other  spectral  compo- 
nents, excluding  the  first  eight  harmonics  and  dc,  with  an  ana- 
log input  signal  1  dB  below  full  scale. 

Transient  Response 

The  time  required  for  the  converter  to  achieve  10-bit  accuracy 
when  a  step  function  is  applied  to  the  analog  input. 

Two-Tone  Intermodulation  Distortion  (IMD)  Rejection 

The  ratio  of  the  power  of  either  of  two  input  signals  to  the 
power  of  the  strongest  third-order  IMD  ! 


Analog  Input 


£  Hi 

GND 


« 


T 
1 


Reference  Circuit  Bandgap  Output  CMOS  Output 

Figure  1.  Equivalent  Circuits 
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THEORY  OF  OPERATION 

Refer  to  the  block  diagram. 

The  AD9040A  employs  subranging  architecture  and  digital  error 
correction.  This  combination  of  design  techniques  insures  true 
10-bit  accuracy  at  the  digital  outputs  of  the  converter. 

At  the  input,  the  analog  signal  is  applied  to  a  track-and-hold 
(T/H)  that  holds  the  analog  value  which  is  present  when  the 
unit  is  strobed  with  an  ENCODE  command.  The  conversion 
process  begins  on  the  rising  edge  of  this  pulse,  which  should 
have  a  50%  (±10%)  duty  cycle.  Minimum  encode  rate  of  the 
AD9040A  is  10  Msps  because  of  the  use  of  three  internal  T/H 
devices. 

The  held  analog  value  of  the  first  track-and-hold  is  applied  to  a 
5-bit  flash  converter  and  a  pair  of  internal  T/Hs  (shown  in  the 
block  diagram  as  a  single  unit).  The  T/Hs  pipeline  the  analog 
signal  to  the  amplifier  array  through  a  residue  ladder  and  switch 
ing  circuit  while  the  5-bit  flash  converter  resolves  the  most  sig- 
nificant bits  (MSBs)  of  the  held  analog  voltage. 

When  the  5-bit  flash  converter  has  completed  its  cycle,  its  out- 
put activates  l-of-32  ladder  switches;  these,  in  turn,  cause  the 
correct  residue  signal  to  be  applied  to  the  error  amplifier  array. 

The  output  of  the  error  amplifier  is  applied  to  a  6-bit  flash  con- 
verter whose  output  supplies  the  five  least  significant  bits 
(LSBs)  of  the  digital  output  along  with  one  bit  of  error  correc- 
tion for  the  5-bit  main  range  converter. 

Decode  logic  aligns  the  data  from  the  two  converters  and  pre- 
sents the  result  as  a  10-bit  parallel  digital  word.  The  output 
stage  of  the  AD9040A  is  CMOS.  Output  data  are  strobed  on  the 
trailing  edge  of  the  ENCODE  command. 

Full-scale  range  of  the  AD9040A  is  determined  by  the  reference 
voltage  applied  to  the  VREF  (Pin  6)  input.  This  voltage  sets  the 
internal  flash  and  residue  ladder  voltage  drops;  these  establish 
the  value  of  the  LSB.  Because  of  headroom  restraints,  the  full- 
scale  range  cannot  be  increased  by  applying  a  higher-than- 
specified  reference  voltage.  Conversely,  a  lower  reference  voltage 
will  reduce  the  full-scale  range  of  the  converter,  but  will  also 
decrease  its  performance.  An  internal  bandgap  reference  voltage 
of  +2.5  V  is  provided  to  assure  optimum  performance  over  the 
operating  temperature  range. 

USING  THE  AD9040A 
Timing 

The  duty  cycle  of  the  encode  clock  for  the  AD9040A  is  critical 
for  obtaining  rated  performance  of  the  ADC.  Internal  pulse 
widths  within  the  track-and-hold  are  established  by  the  encode 
command  pulse  width;  to  ensure  rated  performance,  the  duty 
cycle  should  be  held  at  50%.  Duty  cycle  variations  of  less  than 
±  10%  will  cause  no  degradation  in  performance. 

Operation  at  encode  rates  less  than  10  Msps  is  not  recom- 
mended. The  internal  track-and-hold  saturates,  causing  errone- 
ous conversions.  This  T/H  saturation  precludes  clocking  the 
AD9040A  in  burst  mode.  The  50%  duty  cycle  must  be  main- 
tained even  for  sample  rates  down  to  10  Msps. 


The  AD9040A  provides  latched  data  outputs,  with  2  1/2  pipe- 
line delays.  Data  outputs  are  available  one  propagation  delay 
(tPD)  after  the  falling  edge  of  the  encode  command  (refer  to 
AD9040A  Timing  Diagram).  The  length  of  the  output  data  lines 
and  the  loads  placed  on  them  should  be  minimized  to  reduce 
transients  within  the  AD9040A;  these  transients  can  detract 
from  the  converter's  dynamic  performance. 

Voltage  Reference 

A  stable  voltage  reference  is  required  to  establish  the  2-V  p-p 
range  of  the  AD9040A.  There  are  two  options  for  creating  this 
reference.  The  easiest  and  least  expensive  way  to  implement  it  is 
to  use  the  (+2.5  V)  bandgap  voltage  reference  which  is  internal 
to  the  ADC.  Figure  2  illustrates  the  connections  for  using  the 
internal  reference.  The  internal  reference  has  500  u.A  of  extra 
drive  current  which  can  be  used  for  other  circuits. 


AD9040A 


\         *2.5  V 

BANDGAP 

; 

REFERENCE 

REF 

'■0- 


Figure  2.  AD9040A  Using  Internal  Reference 

Some  applications  may  require  greater  accuracy,  improved  tem- 
perature performance,  or  adjustment  of  the  gain  (input  range)  of 
the  AD9040A  which  cannot  be  obtained  by  using  the  internal 
reference.  For  these  applications,  an  external  +2.5  V  reference 
can  be  used,  as  shown  in  Figure  3.  The  VREF  input  requires 
5  m-A  of  drive  current. 

■ 


BANDGAP 
REFERENCE 




AD9040A 

i 


0.1  fiF 


BPBEF 


REF 
AMP 


Figure  3.  AD9040A  Using  External  Reference 
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In  applications  using  multiple  AD9040As,  slaving  the  reference 
inputs  to  a  single  reference  output  will  improve  gain  tracking 
among  the  ADCs,  as  shown  in  Figure  4. 


"5" 

us  ais  sswiT  .ASfWJA  id  to  sfcturi 


Figure  4.  Slaving  Multiple  AD9040AS  to  a  Single  Internal 
Reference 

In  the  specifications  table,  the  Gain  Tempco  parameter  under 
DC  ACCURACY  applies  to  the  ADC  when  the  internal  refer- 
ence is  being  used.  If  an  external  reference  is  used,  its  tempera- 
ture coefficient  must  be  taken  into  account  to  determine  overall 
temperature  performance. 

The  input  range  can  be  varied  by  adjusting  the  reference  voltage 
applied  to  the  AD9040A.  By  decreasing  the  reference  voltage, 
the  gain  can  be  reduced  approximately  10%  with  no  degradation 
in  performance.  Increasing  the  reference  voltage  increases  the 
n;  but  for  proper  operation,  the  reference  voltage  should  not 
1+2.6V. 


f  Devices,  Inc. 


Time-Gain  Control  ADC 

Ultrasound  and  sonar  systems  require  an  increase  in  gain  versus 
time.  This  allows  the  system  to  correct  for  attenuation  of  return 
pulses.  Figure  5  shows  the  AD600/602  amplifier  and  the 
AD9040A  ADC  configured  as  a  time-gain  control  analog-to- 
digital  converter.  The  control  voltage  ramps  from  -625  mV  to 
+625  mV,  permitting  40  dB  of  gain-control  range.  The  voltage 
used  for  gain  control  can  be  either  a  linear  ramp,  or  the  output 
of  a  voltage-output  DAC  such  as  the  AD7242. 


GAIN  CONTROL 

VOLTAGE  6jsmv 


I 

 I! 


Figure  5.  Ultrasound/Sonar  Time-Gain  Control  ADC  Using 
X-AMPs" 

Transient  Response 

Figure  6  illustrates  the  method  for  evaluating  ADC  transient 
performance.  Two  synthesizers  are  locked  in  synchronization, 
but  tuned  to  frequencies  which  are  slightly  offset  from  a  2-to-l 
submultiple. 

One  synthesizer  clocks  a  flat  pulse  network  at  a  frequency  of 
19.9609375  MHz  to  provide  the  analog  input  signal;  the  other 
synthesizer  output  is  shaped  to  provide  a  CMOS  40  MHz  sam- 
pling clock.  At  the  output  of  the  AD9040A,  output  data  reflects 
an  interleaved  alias  of  the  input  pulse.  The  repetitive  sampling 
allows  the  measurement  of  ADC  transient  response  as  shown  in 
performance  graphs  elsewhere  in  this  data  sheet. 


ANALOG 
IN 


AD9040A 


OUTPUT 


.  B: 


■  *"H?  >  ■':    h.-     i>',..  '      ,  ..  .1     (■)  ij. 

Figure  6.  AD9040A  Transient  Response  Test 
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Layout  Information 

Preserving  the  accuracy  and  dynamic  performance  of  the 
AD9040A  requires  that  designers  pay  special  attention  to  the 
layout  of  the  printed  circuit  board. 

Analog  paths  should  be  kept  as  short  as  possible  and  be  prop- 
erly terminated  to  avoid  reflections.  The  analog  input  and  refer- 
ence voltage  connections  should  be  kept  away  from  digital  signal 
paths;  this  reduces  the  amount  of  digital  switching  noise  which 
is  capacitively  coupled  into  the  analog  section.  Digital  signal 
paths  should  also  be  kept  short,  and  run  lengths  should  be 
matched  to  avoid  propagation  delay  mismatch.  The  AD9040A 
digital  outputs  should  be  buffered  or  latched  close  to  the  device 
(<2  cm).  This  prevents  load  transients  which  may  feedback  into 
the  device. 

In  high  speed  circuits,  layout  of  the  ground  is  critical.  A  single, 
low  impedance  ground  plane  on  the  component  side  of  the 
board  is  recommended.  Power  supplies  should  be  capacitively 
coupled  to  the  ground  plane  with  high  quality  chip  capacitors  to 
reduce  noise  in  the  circuit.  Multilayer  boards  allow  designers  to 
lay  out  signal  traces  without  interrupting  the  ground  plane,  and 
provide  low  impedance  ground  planes.  In  systems  with  dedi- 
cated analog  and  digital  grounds,  all  grounds  of  the  AD9040A 
should  be  connected  to  the  analog  ground  plane. 

The  power  supplies  of  the  AD9040A  should  be  isolated  from  the 
supplies  used  for  external  devices;  this  reduces  the  amount  of 
noise  coupled  into  the  ADC.  The  digital  +5  volt  connection  of 
the  device  (VD,  Pin  23)  powers  the  digital  outputs  and  should 
be  connected  to  the  same  supply  as  +VS  (Pins  3  and  10).  Con- 
necting VD  to  a  system  digital  supply  may  couple  noise  into  the 
device.  Sockets  limit  dynamic  performance  and  are  not  recom- 
mended for  use  with  the  AD9040A. 


AD9040A  EVALUATION  BOARD 

The  evaluation  board  for  the  AD9040A  (AD9040A/PCB)  pro- 
vides an  easy  and  flexible  method  for  evaluating  the  ADC's  per- 
formance without  (or  prior  to)  developing  a  user-specific  printed 
circuit  board.  The  two-sided  board  includes  a  reconstruction 
DAC  and  digital  output  interface,  and  uses  the  layout  and  appli- 
cations suggestions  outlined  above.  It  is  available  from  Analog 
Devices  at  nominal  cost. 

Generous  space  is  provided  near  the  analog  input  and  digital 
outputs  to  support  additional  signal  processing  components  the 
user  may  wish  to  add.  This  prototyping  area  includes  through 
holes  with  100-mil  centers  to  support  a  variety  of  component 
additions. 

Input/Output/Supply  Information 

Power  supply,  analog  input,  clock  connections,  and  recon- 
structed output  (RC  OUTPUT)  are  identified  by  labels  on  the 
evaluation  board.  Operation  of  the  evaluation  board  should  con- 
form to  the  following  characteristics: 

Table  I.  Evaluation  Board  Characteristics 


Parameter 


Supply  Current 
+5V 
-5.2  V 

AIN 

Impedance 
Voltage  Range 

CLOCK 
Impedance 
Frequency 

RC  OUTPUT 
Impedance 
Voltage  Range 


Typical 


250 
300 

51 

±1.0 

51 
40 

51 

0  to  -1  V 


Units 


mA 
mA 

n 

i  v 

n 

Msps 


v 


Analog  Input 

Analog  input  signals  can  be  fed  directly  into  the  Device  Under 
Test  input  (A,N).  The  AIN  input  is  terminated  at  the  device 
with  a  51  fl  resistor. 
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figure  7.  AD9040A/PCB  Top  View 


DAC  Reconstruction 

The  AD9040A  evaluation  board  provides  an  on-board  AD9721 
reconstruction  DAC  for  observing  the  digitized  analog  input 
signal.  The  AD9721  is  terminated  into  51  ohms  to  provide  a  1  V 
p-p  signal  at  the  output  (RC  OUTPUT). 

Output  Data 

The  output  data  bits  are  latched  with  a  CMOS  74AC574  which 
drives  a  40-pin  connector  (AMP  p/n  102153-9).  The  data  and 
clock  signals  are  available  on  the  connector  per  the  pin  assign- 
ments shown  on  the  schematic  of  the  evaluation  board.  Output 
data  are  available  on  the  falling  edge  of  the  clock. 
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Figure  8.  AD9040A/PCB  Bottom  View 
Table  II.  AD9040A  Digital  Coding 


Analog 

Voltage 

Out-of- 

Input 

Level 

Range 

Digital  Output 

MSB  ...  LSB 

+  1.002  V 

Positive  Full  Scale  +  1  LSB 

1 

1111111111 

+  1  V 

Positive  Full  Scale 

0 

1111111111 

Full  Scale  -  1  LSB 

0 

1111111110 

+  1/2  V 

Positive  1/2  Scale 

0 

1100000000 

1/2  Scale  -  1  LSB 

0 

1011111111 

0  V 

Bipolar  Zero 

0 
0 

10000000000 
01111111111 

-1/2  V 

1/2  Scale  +  1  LSB 

0 

0100000000 

Negative  1/2  Scale 

0 

0011111111 

-1  V 

Full  Scale  +  1  LSB 

0 

0000000001 

Negative  Full  Scale 

0 

0000000000 

-1.002  V 

Negative  Full  Scale  -  1  LSB 

1 

0000000000 
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Figure  9.  AD9040A/PCB  Schematic 
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Figure  12.  SNF)  vs.  Clock  Rate 
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Figure  15.  Transient  Response 
(Expanded  View) 
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Monolithic  8-Bit 
Video  A/D  Converter 


— 


AD9048 


NLINV  <J2 
NMINV 


FEATURES 
35MSPS  Encode  Rate 
16pF  Input  Capacitance 
550mW  Power  Dissipation 
Industry-Standard  Pinouts 

MIL-STD-883  Compliant  Versions  Available  «r  0^ 

APPLICATIONS 
Professional  Video  Systems 
Special  Effects  Generators 
Electro-Optics 
Digital  Radio 

Electronic  Warfare  (ECM,  ECCM,  ESM) 


GENERAL  DESCRIPTION 

The  AD9048  is  an  8-bit,  35MSPS  flash  converter,  made  on  a 
high  speed  bipolar  process,  which  is  an  alternate  source  for  the 
TDC1048  unit  but  offers  enhancements  over  its  predecessor. 
Lower  power  dissipation  makes  the  AD9048  attractive  for  a 
variety  of  system  designs. 

Because  of  its  wide  bandwidth,  it  is  an  ideal  choice  for  real-time 
conversion  of  video  signals.  Input  bandwidth  is  flat  with  no 
missing  codes. 


FUNCTIONAL  BLOCK  DIAGRAM 


Clocked  latching  comparators,  encoding  logic  and  output  buffer 
registers  operating  at  minimum  rates  of  35MSPS  preclude  a 
need  for  a  sample-and-hold  (S/H)  or  track-and-hold  (T/H)  in 
most  system  designs  using  the  AD9048.  All  digital  control  inputs 
and  outputs  are  TTL  compatible. 

Devices  operating  over  two  ambient  temperature  ranges  and 
with  two  grades  of  linearity  are  available.  Linearities  of  either 
O.SLSB  or  0.75LSB  can  be  ordered  for  a  commercial  range  of  0 


to  +70°C,  or  extended  case  temperatures  of  -55°C  to  +  125°C. 
Commercial  versions  are  packaged  in  28-pin  DIPs;  extended 
temperature  versions  are  available  in  ceramic  DIP  and  ceramic 
LCC  packages.  Both  commercial  units  and  MIL-STD-883  units 
are  standard  products. 

The  AD9048  A/D  converter  is  available  in  versions  compliant 
with  MIL-STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD9048/883B  data  sheet  for  detailed 
specifications. 


DIP 


This  is  an 


PIN  DESIGNATIONS 
LCC 


J-Leaded  Ceramic 


abridged  data  sheet.  To  obtain  the  most  recent  version  or 
Lata  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9048— SPECIFICATIONS 


(typical  with  nominal  supplies  unless  otherwise  no 


ABSOLUTE  MAXIMUM  RATINGS1 

VcctoDGND   -0.5V  dc  to  +7.0Vdc 

AGND  to  DGND  -0.5V  dc  to  +0.5V  dc 

Vee  to  AGND  +  0.5V  dc  to  - 7.0V  dc 

Vin.  VRT  or  Vrb  to  AGND  +0.5VtoVEE 

VrtIoVrb  -2.2V  dc  to  +  2.2V  dc 

CONV,  NMINV  or  NLINV  to  DGND  .  -  0.5V  dc  to  +  5.5V  dc 
Applied  Output  Voltage  to  DGND  .  -0.5V  dc  to  +5.5V  dc2 
Applied  Output  Current,  Externally  Forced 

 -1.0mA  to  +6.0mA5-4 


—  


ELECTRICAL  CHARACTERISTICS 


Output  Short-Circuit  Duration  

Operating  Temperature  Range  (Ambient) 

AD9048JJ/KJ/JQ/KQ  0to+70°C 

AD9048SE/SQ/TE/TQ  -  55°C  to  +  125°C 

Maximum  Junction  Temperature  (Plastic)    ......+  150°C* 

Maximum  Junction  Temperature  (Hermetic)  +  175°C6 

Lead  Temperature  (Soldering,  lOsec)   +  300°C 

Storage  Temperature  Range   .  -65°C  to  +  150°C 


+  5.0V;  Vff=  -57V; 


U-H^-HW  „nW  Mh.ru.co  retail 

Voltage = 2.0V,  unless  otherwise  notBd) 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9048JJ/JQ 


Min      Typ  Maa 


AD9048KJ/KQ 


Min      Typ  Maa 


AD9048SE/SQ 


Min      Typ  Maa 


AD9048TETQ 


Min      Typ  Maa 


RESOLUTION 

DC ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 


+  25"C 
Full 
+  25°C 
Full 
Full 


0.4 


0.75 
1.0 

0.75 
1.0 


GUARANTEED 


0.3  0.5 
0.75 

0.4  0.5 
0.75 

GUARANTEED 


0.75 
1.0 
0.75 
1.0 

GUARANTEED 


0.4 


0.6 


0.3  0.5 
0.75 

0.4  0.5 
0.75 

GUARANTEED 


Bits 

LSB 
LSB 
LSB 
LSB 


INITIAL  OFFSET  ERROR 
Top  of  Reference  Ladder 


Bottom  of  Reference  Ladder 
Offset  Drift  Coefficient 


+  25"C 
Full 
+  25°C 
Full 
Full 


5 
4 
20 


12 
12 


12 
12 


20 


20 


12 
12 
8 
I 


5  12 

4  8 

20  8 



mV 
mV 
mV 

& 


ANALOG  INPUT 
Input  Voltage  Range 

Input  Bias  Current7 

Input  Resistance 


Input  Capacitance 
Full  Power  Bandwidth1 


Full 


+  25°C 
Full 
+  25°C 
Full 
+  25°C 
+  25°C 


VI 

1 1 
VI 

III 
III 


-2.1; 

+  0.1 
36  60 
100 

200  300 

ifnv  mi  ,  xiir- 

16  20 
10  15 


 '  

.  .  0,0  , 
-2.0  ,. 
2.0 

50        90  125 
0.22 

23  40 
10 


-2.1;- 
+  0.1 
36  60 
100 

200  300 
40 

16  20 
10  15 


 : — 1  

o.o 

-2.0 
2.0 

90  125 
0.22 

23  40 
10 


-2.1; 

+  0.1 
36  60 
100 

200  300 

Ufa  lo  «i«  cbim 

16  20 
10  15 
 H  1  

0.0 

-2.0  , 
2.0 

50        90  125 
0.22 

23  40 
10 


-2.1; 
,   v  +0.i  u 

36  60 
100 

200  300 
40 

16  20 
10  15 


uA 
kfl 
kfl 
PF 
MHz 


REFERENCE  INPUT 
Positive  Reference  Voltage9 
Negative  Reference  Voltage9 
Differential  Reference  Voltage 
Reference  Ladder  Resistance 
Ladder  Temperature  Coefficient 
Reference  Ladder  Current 
Reference  Input  Bandwidth 


Full 
Full 
Full 
Full 
FuU 
Full 
+  25°C 


0.0 

-2.0 

2.0 

50        90  125 
0.22 

23  40 
10 


V 

V  . 
V 

n 

ivc 

mA 
MHz 


DYNAMIC  PERFORMANCE10 
Conversion  Rate 
Aperture  Delay 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (tpo) 
Output  Hold  Time  (Ioh)1  1 
Transient  Response12 
Overvoltage  Recovery  Time 1 3 
Rise  Time 
Fall  Time 

Output  Time  Skew 14  


+  25'C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25"C 
+  25"C 


38 

2.4  5 

25  50 

13  15 
8 

6  20 


4.5 


9 
14 

7 


38 

2.4 

25 

9 

8 

6 

8 


4.5 


5 

50 

15 

20 

9 

44 
i7  m 


38 

2.4 

25 

9 

8 

6 


5 

50 
15 

20 


38 

2.4 

25 

9 

8 

6 


,  14 
4.5  i  7 


5 

50 

15 


9 
14 

7 


MHz 

ns 
ps 
ns 


NMINV  and  NLINV  INPUTS 
+  0.4V  Input  Current 
+  2.4V  Input  Current 
+  S.SVInputCurrent 


Full 
Full 
Full 


200 

10 

10 


200 

10 

10 


200 
10 
10 


200 

10 

10 


uA 
uA 
uA 


CONVERT  INPUT 
Logic  "  1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Convert  Pulse  Width  (LOW) 
Convert  Pulse  Width  (HIGH) 


Full 
Full 
Full 
Full 

+  25°C 
+  25°C 
+  25-C 


0.8 
15 
500 


0.8 

:<  is 

500 
4  6 


51 

4  6 


18 
10 


2.0 


18 
10 


0.8 
15 
500 
4  6 


V 

V 

uA 

„A 

pF 
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Parameter  (Conditions) 


In-Band  Harmonics 

dclo2.438MHzls 

dcto9.35MHz'6 
S'gnal-to-NoiseRauo(SNR)'5 

1  248MH2  Input  Frequency" 
2.438MHz  Input  Frequency" 
1 .248MHz  Input  Frequency" 

2  .438MHz  Input  Frequency" 
Signal-to-Noise  Ratio  (SNR)16 

1 .248MHz  Input  Frequency" 
9. 35MHz  Input  Frequency" 

Noise  Power  Ratio  (NPR)" 

Differential  Phase20 

Differential  Gain20 ...  I  


Temp 


+  25°C 
+  25°C 

+  25°C 
+  25°C 
+  25°C 
+  25°C 

+  25°C 
+  2S-C 
+  25°C 
+  25°C 
+  25°C 


Test 
Level 


AD9048JJ/JQ 


Min      Typ  Mai 


47 

50 

49 

55 

48 

48 

43.5 

44 

45 

46 

43 

44 

44 

46 

52.5 

53 

54 

55 

52 

53 

53 

55 

43.5 

44 

45 

46 

40.5 

40.5 

36.5 

39 

36.5 

39 

AD9048KJ/KQ 


Min      Typ  Mai 


AD9048SE/SQ  AD9048TE/TQ 


AD9048 


Min      Typ  Mai 


47 


43.5 
43 
52.5 
52 

43.5 

36.5 


50 
48 


53 
53 


44 

40.5 
39 


Min      Typ  Mai 


55 
48 

46 
46 

55 
55 

46 


36.5  39' 

Qnigcrna  \tu 
 2 


Units 


dBc 
dBc 

dB 
dB 
dJB 
dB 

dB 


Degree 

% 


DIGITAL  OUTPUTS 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Short  Circuit  Current5 


Full 
Full 
Full 


2.4 


0.5 
30 


0.5 
30 


0.5 
30 


0.5 
30 


V 
V 

mA 


POWER  SUPPLY 
Positive  Supply  Current 

Negative  Supply  Current 

Nominal  Power  Dissipation 
iDissipatioi 


+25°C 
Full 
+  25"C 
Full 

+  25"C 


46 
48 
110 
120 


46 
48 
110 
120 


550 
45 


550 
45 


90 


550 
45 


46 
48 
110 
120 


46 
48 
110 
120 


550 
45 


mA 
mA 
mA 
mA 
mW 
mW 


ORDERING  GUIDE 


NOTES 

'Maximum  ratings  are  limiting  values,  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  device  may  be  impaired.  Functional  operation  under  any  of  these 
conditions  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  of  time  may  affect  device  reliability. 

2 Applied  voltage  must  be  current-limited  to  specified  range. 

'Forcing  voltage  must  be  limited  to  specified  range. 

*Current  is  specified  as  negative  when  flowing  into  the  device. 

'Output  High;  one  pin  to  ground;  one  second  duration. 

^Typical  thermal  impedances  (no  air  flow)  are  as  follows: 
Ceramic  DIP:  8,A  =  49"OW;  6,c»  15°C/W  LCC:  6,A  -  69°C/W;  *K  =  21°C/W 

JLCC:  »,A  =  59-C/W;  6,c  -  19"OW 
To  calculate  junction  temperature  (Tj),  use  power  dissipation  (PD)and  thermal  ii 

T,  -  PD  («,»)  +  T AMBIENT  -  PD  (9JC)  -  +  TcASE 

'Measured  with  Vm  =  OVandCONVERTIow(samplingmode). 

'Determined  by  beat  frequency  testing  for  no  missing  codes. 

*VRT  :*  Vrb  under  all  circumstances. 
l0Outputs  terminated  with  40pF  and  8101*1  pull-up  resistors. 
'  'Interval  from  50%  point  of  leading  edge  CONVERT  pulse  to  change  in  output  data 
"For  full  scale  step  input,  8-bit  accuracy  attained  in  specified  time. 
"Recovers  to  8-bit  accuracy  in  specified  time  after  -3V  input  overvoltage. 


Model 


is  as  well  as  bit-to-bit  time  skew  differences. 
"Measured  at  20MHz  encode  rate  with  analog  input  ldB  below  full  scale. 
"Measured  at  3SMHz  encode  rate  with  analog  input  ldB  below  full  scale. 
"RMS  signal  to  mu  noise. 
"Peak  signal  to  rms  noise. 
"DC  to  8MHz  noise  bandwidth  with  1 . 248MHz  slot ;  four  sigma  loading ;  20MHz  encode. 
"Clock frequency  - 4  x  NTSC -  14.32MHz.  Measured « 

f  ii  .    !ITi  .sin  ii  .  1-1  .        J,.™»iA™i  -,..|n, 

a  pet  111  cations  tUDjeci  IO  ctiange  wicnou  t  notice . 


AD9048JJ 

AD9048KJ 

AnofUSTO 
rai_/7v*toj 

AD9048KQ 

AD9048SE2 

AD9048TE2 

AD9048SQ2 

AD9048TQ2 


Temperature 


0to+70°C 
0to+70°C 
0to+70°C 
0to+70°C 
-55°Cto+125°C 

-55°cto  +  i25°c 

-55°Cto  +  125°C 
-55°Cto+125°C 


Package 
Option1 


J-2 


J-28 
Q-28 
Q-28 
E-28A 
E-28A 
Q-28 
Q-28 


NOTES 

'E  =  LeadJess  Ceramic  Chip  Carrier;  J  = J-Leaded  Ceramic; 
Q  =  Cerdip.  For  outline  information  see  Package 

Tti forrn a ri on  section. 

2For  specifications,  refer  to  Analog  Devices  Military  Products 


EXPLANATION  OF  TEST  LEVELS 


Test  Level  I     -  100%  production  tested. 

Test  Level  II    -  100%  production  tested  at  +25°C  and 

sample  tested  at  specified  temperatures . 
Test  Level  III  -  Sample  tested  only. 
Test  Level  IV  -  Parameter  is  guaranteed  by  design  and 

characterization  testing. 


Test  Level  V    -  Parameter  is  a  typical  value  only. 

Test  Level  VI  -  All  devices  are  100%  production  tested  at 

25°C .  100%  production  tested  at  temperature 
extremes  for  military  temperature  devices; 
sample  tested  at  temperature  extremes  for 
commercial/industrial  devices. 


REV.  B 


ANALOG-TO-DIGITAL  CONVERTERS  2-457 


AD9050 


FEATURES 

Low  Power:  300  mW 

On-Chip  T/H,  Reference 

Single  +5  V  Power  Supply  Operation 

Selectable  5  V/3  V  Outputs 

Wide  Dynamic  Performance 

APPLICATIONS 
Medical  Imaging 
Instrumentation 
Digital  Communications 
Professional  Video 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD9050  is  a  complete  10-bit  monolithic  sampling  analog- 
to-digital  converter  (ADC)  with  on-board  track-and-hold  and 
reference.  The  unit  is  designed  for  low  cost,  high  perfo: 
applications  and  requires  only  +5  V  and  an  encode  ( 
achieve  40  Msps  sample  rates  with  10-bit  resolution. 

The  encode  clock  is  TTL  compatible  and  the  digital  outputs 
5  V/3  V,  selected  by  the  user.  The  two-step  architecture  used  i 
the  AD9050  is  optimized  to  provide  the  best  dynamic  perfor- 
mance available  while  maintaining  low  power  requirements. 

The  2.5  V  reference  is  included  on-board,  or  the  user  can  pro- 
vide an  external  reference  voltage  for  gain  control,  or  matching 
of  multiple  devices.  Fabricated  on  an  advanced  BiCMOS  pro- 
cess, the  AD9050  is  packaged  in  space  saving  surface  mount 
packages  and  will  be  specified  over  the  commercial  (0°C  to 
+85°C)  temperature  range. 


- 


!  iswaJ  !o  I 


■ 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-621 2. 
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REV.  0 


SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  <v„  vDD = 


AD9 

+5  V;  internal  reference;  ENCODE  =  40  Msps  unless  otherwise  noted) 


050 


Parameter 


Temp 


Test 
Level 


AD9050JR/J 
Min  Typ  Max 


RESOLUTION 


10 


DC  ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 

No  Missing  Codes 
Gain  Error 

Gain  Tempco 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 


I 

VI 
I 

VI 
VI 

I 

VI 

V 


0.5 

1.0 

0.5 

1.0 

GNT 

±0.5 

+70 


ANALOG  INPUT 
Input  Voltage  Range 
Input  Offset  Voltage 

Input  Bias  Current 

Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 


V 
I 

VI 

I 

VI 

I 

V 
V 





1 

+2 

±100 

5.0 
5 

6.0 

40 

BANDGAP  REFERENCE 
Output  Voltage 
Temperature  Coefficient 


Full 
Fi 


2.4 


2.5  2.6 
±10 


SWITCHING  PERFORMANCE 
Maximum  Conversion  Rate 
Minimum  Conversion  Rate 
Aperture  Delay  (t/0 
Aperture  Uncertainty  (Jitter) 
Output  Propagation  Delay  (tPD) 


+25  = 

+25°C* 

+25°C 

+25°C 

+25°C 

Full 


■ 

V 
V 
V 

I 

VI 


2 


10 


5 
5 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Signal-to-Noise  Ratio  (SINAD) 

fn„  =  2.3  MHz 

fw  =  10.3  MHz 
Signal-to-Noise  Ratio 

(Without  Harmonics) 

fin  =  2.3  MHz 

fbi  =  10.3  MHz 
2nd  Harmonic  Distortion 

fiN=2.3MHz 

fm  =  10.3  MHz 
3rd  Harmonic  Distortion 

fIN  =  2.3  MHz 

fIN  =  10.3  MHz 
Two-Tone  Intermodulation 

Distortion  (IMD) 
Differential  Phase 
Differential  Gain 


+25°C 
+25°C 

+25°C 
+25°C 


+25°C 
+25°C 

+25°C 
+25°C 

+25°C 
+25°C 

+25°C 
+25°C 
+25°C 


V 
V 


15 
25 

57 
56 


58 
57 


67 
65 

75 
70 

65 

0.15 

0.25 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG-TO-DIGITAL  CONVERTERS  2-459 


AD9050— SPECIFICATIONS 


Parameter 


Temp 


Test 
Level 


AD9050JR/J 
Mi"  Typ 


Max 


Units 


ENCODE  INPUT 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Encode  Pulse  Width  High  (tEH) 
Encode  Pulse  Width  Low  (tEIj 


?.0 


Full 

Full 

Full 

Full 

+25°C 

+25°C 

+25°C 


VI 

VI 

VI 

VI 

V 

IV 

IV 


0.4 


-0.4 


10 


10 


(1 


100 
100 


V 

V 

uA 

mA 

pF 

ns 

ns 





DIGITAL  OUTPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Voltage  (3.0  V) 
Logic  "0"  Voltage  (3.0  V) 
Output  Coding 


Full 
Full 
Full 
Full 


VI 
VI 
VI 
VI 





4.95 
2.95 
Offset 


Binary 


0.05 

0.05 
Code 


V 
V 
V 
V 


POWER  SUPPLY 
Vd>  Vdd  Supply  Current 
Power  Dissipation 
Power  Supply  Rejection  Ratio 
(PSRR) 


Specifications  subject  to  change  without  notice. 

EXPLANATION  OF 
Test  Level 
I 

III 

IV 


100%  Production  Tested. 
Sample  Tested  Only. 

Parameter  is  guaranteed  by  design  and  characterizatio 
testing. 

V  -    Parameter  is  a  typical  value  only. 

VI  -    All  devices  are  100%  production  tested  at  +25°C. 

100%  production  tested  at  temperature  extremes  for 
military  temperature  devices;  guaranteed  by  design  and 
characterization  testing  for  industrial  devices. 

ABSOLUTE  MAXIMUM  RATINGS 

VD,VDD  +7V 

ANALOG  IN  -0.5  V  to  VD  +  0.5  V 

Digital  Inputs  -0.5  V  to  VD 

Vref  Input  -0.5  V  to  VD 

Digital  Output  Current   20  mA 

Operating  Temperature 

AD9050JR  0°Cto+85°C 

Storage  Temperature  -65°C  to  +150°C 


Figure  1.  Typical  Connections 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD9050  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING!  ir<\ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifics  Jons  are  subject  to 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


2-460   ANALOG-TO-DIGITAL  CONVERTERS 


REV.O 


ANALOG 
DEVICES 


Dual  8-Bit  50  MSPS 
A/D  Converter 


AD9058 


FEATURES 

Two  Matched  ADCs  on  Single 
50  MSPS  Conversion  Speed 
On-Board  Voltage  Reference 
Low  Power  «1W) 
Low  Input  Capacitance  (10  pF) 
±5  V  Power  Supplies 
Flexible  Input  Range 

APPLICATIONS 
Quadrature  Demodulation 
I  Oscilloscopes 
nic  Warfare 

dar 

■ 


tJi  siimrrsqrrraT  yyaoli 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD9058  combines  two  independent  high  performance  8-bit 
analog-to-digital  converters  (ADCs)  on  a  single  monolithic  IC. 
Combined  with  an  optional  on-board  voltage  reference,  the 
AD9058  provides  a  cost  effective  alternative  for  systems  requir- 
ing two  or  more  ADCs. 

Dynamic  performance  (SNR,  ENOB)  is  optimized  to  provide  up 
to  50  MSPS  conversion  rates.  The  unique  architecture  results  in 
low  input  capacitance  while  maintaining  high  performance  and 
low  power  (<0.5  watt/channel).  Digital  inputs  and  outputs  are 
TTL  compatible. 

Performance  has  been  optimized  for  an  analog  input  of  2  V  p-p 
(±1  V;  0  to  +2  V).  Using  the  on-board  +2  V  voltage  reference, 
the  AD9058  can  be  set  up  for  unipolar  positive  operation  (0  to 
+  2  V).  This  internal  voltage  reference  can  drive  both  ADCs. 

Commercial  (0°C  to  +70°C)  and  military  (-55°C  to  +125°C) 
temperature  range  parts  are  available.  Parts  are  supplied  in  her- 
metic 48-pin  DIP  and  44-pin  "J"  lead  packages. 


■ 


complete  data  sheet,  call  our  fax 
REV.  A 


j 

rsion  or 

: 

ANALOG-TO-DIGITAL  CONVERTERS  2-461 


AD9058 -SPECIFICATIONS 

ABSOLUTE  MAXIMUM  RATINGS' 

Analog  Input   -1.5  V  to  +2.5  V 

+vs   . . : . . .  v . ,~  rtr .  +6  v 

-Vs  +0.8  V  to  -6  v2 

Digital  Inputs  -0.5  V  to  +VS 

Digital  Output  Current  20  mA 

Voltage  Reference  Current  53  mA 

+VREF   +2.5  V 


-VREF  -1.5 

Operating  Temperature  Range 

AD9058JD/JJ/KD/KJ  0°C  to  +70°C 

Maximum  Junction  Temperature3 

AD9058JD/JJ/KD/KJ   +  175°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 


CI  CPTDIP Al  PUADAPTCDICTIPC  [±Vs  =  ±5  V:  V"Ef  =  +2  V  (in,8rn?l):  ENC0DE  =  40  MSPS:  =  0  V  ,0  +2  Vi  _V»EF 
tLtU  I KIUAL  LHAKAUtKIMIUo  =  GROUND,  unless  otherwise  noted.]2  All  specifications  apply  to  either  of  the  two  ADCs. 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9058JD/JJ 
Mia      Typ  Max 


Min 





RESOLUTION 




0.25 




0.25  0.5 
0.7 

0.5  1.0 
1.25 

GUARANTEED 


DC  ACCURACY 
Differential  Ni 


ty 


Integral  No 
No  Missing  Codes 


+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 
I 

VI 
VI 


0.65 
0.8 
1.3 
1.4 

GUARANTEED 


0.5 


ANALOG  INPUT 
Input  Bias  Current 

Input  Resistance 
Input  Capacitance 
Analog  Bandwidth 


+25°C 

FuU 

+25°C 

+25°C 

+25°C 


I 

VI 
I 

IV 

V 


12 


75  170 
340 

28 

10  15 
175 


12 


75 

28 
10 
175 


170 
340 

15 


REFERENCE  INPUT 
Reference  Ladder  Resistance 

Ladder  Tempco 
Reference  Ladder  Offset 
(Top) 

Reference  Ladder  Offset 

(Bottom) 
Offset  Drift  Coefficient 


+25°C 

Full 

Full 

+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 

V 

I 

VI 
I 

VI 
V 


120 
80 


170 

220 

270 

0.45 

8 

16 

24 

8 

23 

33 

50 

120 
80 


170 

220 

270 

0.45 

8 

16 

24 

8 

23 

33 

50 

INTERNAL  VOLTAGE  REFERENCE 
Reference  Voltage 

Temperature  Coefficient 
Power  Supply 
Rejection  Ratio  (PSRR) 


+25°C 

Full 

Full 

+25°C 


I 

VI 
V 


1.95      2.0  2.20 
1.90  2.25 
150 


1.95 
1.90 


10 


25 


2.0 


150 


10 


2.20 
2.25 


25 


SWITCHING  PERFORMANCE 
Maximum  Conversion  Rate4 
Aperture  Delay  (tA) 
Aperture  Delay  Matching 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (Valid)  (tv)4 
Output  Delay  (tv)  Tempco 
Propagation  Delay  (tPD)4 
Propagation  Delay  (tPD)  Tempco 
Output  Time  Skew 


+25°C 

+25°C 

+25°C 

+25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 


I 

IV 
IV 
V 

I 

V 

I 

V 
V 


0.1 


50 
0.8 
0.2 
10 
8 

16 
12 
-16 
1 


1.5 
0.5 


50 
0.1 


60 
0.8 
0.2 
10 
8 

16 
12 
-16 
1 


1.5 
0.5 


19 


ENCODE  INPUT 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Pulse  Width  (High) 
Pulse  Width  (Low) 


Full 

Full 

Full 

Full 

+25°C 

+25°C 

+25°C 


VI 

VI 

VI 

VI 

V 

I 

I 


0.8 
600 
1000 

5 
8 
8 




0.8 
600 
1000 


3 
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AD9058 


Test 

AD9058JD/II 

AD9058KD/KI 

Parameter  (Conditions) 

Temp 

Level 

Min  Typ 

Max 

Min 

Tvd 

Max 

Units 

LPxINAMll*  rtKrURMAINL-C 

i  ransient  Kesponse 

+  ij  u 

v 

V 

2 

2 

ns 

wvcrvuiiagc  ivcLovcry  i  line 

4-9  ST 

v 

V 

2 

2 

ns 

ffas**-l*ia  Mumker          Dire  /UXTflR"^ 

tnective  iNumoer  01  cits  (,e,inudj 

Analnn  Trim  It    (7l     9    5  UH? 

rvndiog  lnpui  ({<  £.3  ivinz 

7.7 

7.2 

7.7 

Bits 

iu.j  ivinz 

7.4 

7.1 

7.4 

Bits 

Signal -to-Noise  Ratio5 

+25°C 

48 

AZ 

45 

AO 

48 

UD 

+25°C 

J 

46 

44 

46 

UU 

Signal-to-Noise  Ratio5  (Without  Harmonics) 

■ 

rVIIdlUg  input  tit  Z.J  jvinz 

+25°C 

48 

46 

48 

ATI 

ivin/. 

+25°C 

- 

47 

45 

47 

HR 

ari 

znu  narmonic  uisioruon 

Analog  Input  @  2.3  MHz 

+25°C 

I 

58 

48 

58 

dBc 

@  10.3  MHz 

+25°C 

I 

58 

48 

58 

dBc 

3rd  Harmonic  Distortion 

Analog  Input  @  2.3  MHz 

+25°C 

I 

58 

50 

58 

dBc 

@  10.3  MHz 

+25°C 

I 

58 

50  58 

dBc 

Crosstalk  Rejection6 

+25°C 

IV 

60 

48 

60 

dBc 

DIGITAL  OUTPUTS 

Logic  "1"  Voltage  (IOH  =  2  mA) 

FuU 

VI 

2.4 

2.4 

V 

Logic  "0"  Voltage  (IOI>  =  2  mA) 

FuU 

VI 

0.4 

0.4 

V 

POWER  SUPPLY7 

+VS  Supply  Current 

Full 

VI 

127 

154 

127 

154 

mA 

-Vs  Supply  Current 

Full 

VI 

27 

38 

27 

38 

mA 

Power  Dissipation 

Full 

VI 

770 

960 

770 

960 

mW 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

*For  applications  in  which  +VS  may  be  applied  before  -Vs,  or  +VS  current  is  not  limited  to  500  mA,  a  reverse  biased  clamping  diode  should  be  inserted 
between  ground  and  -Vs  to  prevent  destructive  latch  up.  See  section  entitled  "Using  the  AD9058." 

Typical  thermal  impedances:  44-pin  hermetic  J-Leaded  ceramic  package:  9JA  =  86.4°C/W;  6JC  =  24.9°C/W;  48-pin  hermetic  DIP  6JA  =  40°C/W; 
6JC  *  12X/W. 

*To  achieve  guaranteed  conversion  rate,  connect  each  data  output  to  ground  through  a  2  kft  pull-down  resistor. 

SSNR  performance  limits  for  the  48-pin  DIP  "D"  package  are  1  dB  less  than  shown.  ENOB  limits  are  degraded  by  0.3  dB.  SNR  and  ENOB  measured  with 
analog  input  signal  1  dB  below  full  scale  at  specified  frequency. 

trosstalk  rejection  measured  with  full-scale  signals  of  different  frequencies  (2.3  MHz  and  3.5  MHz)  applied  to  each  channel.  With  both  signals  synchronously 
encoded  at  40  MSPS,  isolation  of  the  undesired  frequency  is  measured  with  an  FFT. 
'Applies  to  both  A/Ds  and  includes  internal  ladder  dissipation. 
Specifications  subject  to  change  without  notice. 

EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -    100%  production  tested. 

II  -    100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures. 

III  -    Sample  tested  only. 

IV  -    Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -    Parameter  is  a  typical  value  only. 

VI  -    All  devices  are  100%  production  tested  at  +25°C. 

100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at  tem- 
perature extremes  for  commercial/industrial  devices. 


- 

ORDERING  GUIDE 

Model 

Temperature 
Range 

Description 

Package 
Option* 

AD9058JJ 

0°C  to  +70°C 

44-Pin  J-Leaded 

J-44 

AD9058KJ 

0°C  to  +70°C 

Ceramict 
44-Pin  J-Leaded 
Ceramic,  AC  Tested 

J-44 

AD9058TJ/883* 

-55°C  to  +125°C 

44-Pin  J-Leaded 
Ceramic,  AC  Tested 

J-44 

AD9058JD 

0°C  to  +70°C 

48-Pin  Ceramic  DIP 

D-48 

AD9058KD 

0°C  to  +70°C 

48-Pin  Ceramic  DIP, 
AC  Tested 

D-48 

AD9058TD/883* 

-55°Cto  +125°C 

48-Pin  Ceramic  DIP, 
AC  Tested 

D-48 

AD9058/PCB 

ore  to  +70°C 

AD9058  Evaluation 
Board  (J-Lead) 

*D  =  Hermetic  Ceramic  DIP  Package;  J  =  Leaded  Ceramic  Package.  For 
outline  information  see  Package  Information  section. 
tHermetically  sealed  ceramic  package;  footprint  equivalent  to  PLCC. 
#For  specifications,  refer  to  Analog  Devices  Military  Products  Databook. 
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AD9058 


PIN  DES< 


J-Lead 
Pin  Number 
ADC-A  ADC-B 


i 


7 

8 

9 

10 

11 

12-17 

18 

19 

20 

21 

22 


43 
42 
41 
40 
39 
38 
37 
36 
35 

34-29 
28 


27 
26 
25 
24 


COMMON  PINS 
1 


Name 


+  Vref 

GROUND 


*  REF 


+vs 

AIN 

-Vs 

-v, 
+v. 

ENCODE 
D7  (MSB) 
D6-D1 
DO  (LSB) 
GROUND 
-Vs 

GROUND 

+VS 

COMP 


Positive  5  V  analog  sup 


Function 


Top  of  internal  voltage  reference  ladder. 
Analog  ground  return. 


Analog  input  voltage. 
Negative  5  V  supply  voltage. 
Bottom  of  internal  voltage  reference  ladder. 
Positive  5  V  digital  supply  voltage. 
TTL  compatible  convert  command.  23 


Most  significant  bit  of  TTL  digital  output. 
TTL  compatible  digital  output  bits. 


Least  significant  bit  of  TTL  digital  output. 

Digital  ground  return. 

Negative  5  V  supply  voltage. 

Analog  ground  return. 

Positive  5  V  analog  supply  voltage. 

Connection  for  external  (0.1  u.F) 
compensation  capacitor. 
Internal  +2  V  reference;  can  drive 
+VREF  for  both  ADCs. 


Ceramic  DIP 
Pin  Number 
ADC-A  ADC-B 


14 
15 
16 
17 
19 
20 
22 


XiLI 

■sHM 


iqnl ! 


HM 


25 

26-31 
32 

21,  24, 
34 
35 
36 


33 


11 
10 
9 
8 
6 
5 
3 
2 
48 

47-42 
41 

1,  4,  40 
39 
38 
37 


COMMON  PINS 


12 


13 


ZTWUG  .lATIOKI 
'  ■ 


GROUND  [ 
ENCODE  [ 
•*S  t 
GROUND  C 
-»REF  I 
-»s  I 
NC  [ 
*i»  i 
•V, 


GROUND  [ 


NC.  NO  CONNECT 

AD9058JJ/KJ  Pinouts 


*VRCF  L 
COMP  [ 

•*W  t 

•VREF  [ 
GROUND  [ 

AIN  [ 

-«s  I 
-V«EF  I 
GROUND  ( 

•vs  1 
ENCODE  ! 
GROUND  q  24 


O,  (MSB) 


]  o, 

1  D„  (LSB) 
GROUND 

]  GROUND 


]  GROUND 

GROUNO 
00  (LSB) 


NC  =  NO  CONNECT 


Mxa 

: 

I 


AD9058JD/KD  Pinouts 


»s.ov 


0.1mF  : 


AD90S8 

»0-D7- 

i 

*V|NT 

♦vREF 

*in"  > 
ENCODE ' 'J 

COMP 

♦vs 

^ 

GROUND 

f 


+5V 
-5.2V 


Encode  Circuit 


'INDICATES  EACH  PIN  IS  CONNECTED  THRU  2  ktl 
'INDICATES  EACH  PIN  IS  CONNECTED  THROUGH  100  12 

AD9058  Burn-In  Connections 
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10-Bit  75  MSPS 
A/D  Converter 


 ■ 


AD9060 


FEATURES 


FUNCTIONAL  BLOCK  DIAGRAM 


ECL  Outputs 

Bipolar  (±1.75  V)  Analog  Input 
57  dB  SNR  @  2.3  MHz  Input 
Low  (45  pF)  Input  Capacitance 
MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
Digital  Oscilloscopes 
Medical  Imaging 
Professional  Video 
Radar  Warning/Guidance  Systems 
i  Systems 


GENERAL  DESCRIPTION 

The  AD9060  A/D  converter  is  a  10-bit  monolithic  converter  ca- 
pable of  word  rates  of  75  MSPS  and  above.  Innovative  architec- 
ture using  S12  input  comparators  instead  of  the  traditional  1024 
required  by  other  flash  converters  reduces  input  capacitance  and 
improves  linearity. 

Inputs  and  outputs  are  ECL-compatible,  which  makes  the 
AD9060  the  recommended  choice  for  systems  with  conversion 
rates  >30  MSPS,  to  minimize  system  noise.  An  overflow  bit  is 
provided  to  indicate  analog  input  signals  greater  than  +VSENSE. 

Voltage  sense  lines  are  provided  to  insure  accurate  driving  of  the 
±VREF  voltages  applied  to  the  units.  Quarter-point  taps  on  the 
resistor  ladder  help  optimize  the  integral  linearity  of  the  unit. 

Either  68-pin  ceramic  leaded  (gull  wing)  packages  or  ceramic 
LCCs  are  available  and  are  specifically  designed  for  low  thermal 
impedances.  Two  performance  grades  for  temperatures  of  both  0 
to.  +70°C  and  -55°C  to  +  125°C  ranges  are  offered  to  allow  the 
user  to  select  the  linearity  best  suited  for  each  application.  Dy- 
namic performance  is  fully  characterized  and  production  tested 
at  +25"C.  MIL-STD-883  units  are  available. 

The  AD9060  A/D  converter  is  available  in  versions  compliant 
with  MIL-STD-883.  Refer  to  the  Analog  Devices  Military 
Products  Databook  or  current  AD9060/883B  data  sheet  for  de- 
tailed specifications. 


■3$ 

ORDERING  GUIDE 


This  is  an 


Device 


AD9060JZ 
AD9060JE 
AD9060KZ 
AD9060KE 
AD9060SZ2 
AD9060SE2 
AD9060TZ2 
AD9060TE2 
AD9060/PCB  0 


Temperature 
Range 


0  to  +70°C 
0  to  +70°C 
0  to  +70°C 
Oto  +70-C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +  125°C 
to  +70°C 


Package 
Option1 


Z-68 

E-68A 

Z-68 

E-68A 

Z-68 

E-68A 

Z-68 

E-68A 


To 


NOTES 

'E  =  Ceramic  Leadless  Chip  Carrier;  Z  =  Ceramic  Leaded  Chip  Carrier. 
For  outline  information  see  Package  Information  section. 
2For  specifications,  refer  to  Analog  Devices  Military  Products  Databook. 


data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9060— SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS' 

+VS  +6V 

— Vj;    ,  .  ,   .  -  — 6  V 

ANALOG  IN  -2  V  to  +2  V 

+VreF>  -Vref,  3/^,  1/2reF)  l/W   -2  V  to  +2  V 

+Vref  to  -Vref  .  ■  4.0  V 

ENCODE,  ENCODE  0  V  to  -Vs 


3/4ref>  1/2rfF)  1/4ref  Current  .  . 

Digital  Output  Current  

Operating  Temperature 

AD9060JE/KE/JZ/KZ  

Storage  Temperature  

Maximum  Junction  Temperature2 
Lead  Soldering  Temp  (10  sec)   .  . 


.  ±10  mA 
.  .  .  20  mA 


 0  to  +70°C 

-65°Cto  +150°C 

 +  175°C 

 +300°C 


ELECTRICAL  CHARACTERISTICS  1m^L~J««>  ****** 


=  ±1.75  V;  ENCODE  =  60  MSPS 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9O60JE/JZ 
Min        Typ  Max 


AD9060KE/KZ 
Min        Typ  Max 


RESOLUTION 


10 


10 


DC  ACCURACY 
Differential  Nonlineahty 

Integral  Nonlinearity 

No  Missing  Codes 


+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 
I 

VI 
VI 


1.0 


1.25 


1.25 
1.5 
2.0 
2.5 


0.75 


1.0 


1.0 
1.25 
1.5 
2.0 


Guaranteed 


ANALOG  INPUT 
Input  Bias  Current4 

Input  Resistance 
Input  Capacitance4 
Analog  Bandwidth 


+25°C 
Full 

+25°C 
+  25°C 
+25°C 


I 

VI 
I 

V 
V 


2.0 


0.4 

7.0 
45 
175 


1.0 
2.0 


2.0 


0.4 

7.0 

45 

175 


1.0 
2.0 


REFERENCE  INPUT 
Reference  Ladder  Resistance 

Ladder  Tempco 
Reference  Ladder  Offset 
Top  of  Ladder 

Bottom  of  Ladder 

Offset  Drift  Coefficient 


+25°C 

Full 

Full 

+25°C 

Full 

+25°C 

Full 

Full 


I 

VI 
V 

I 

VI 
I 

VI 
V 


22 
14 


37 
0.1 
45 
45 
50 


56 
66 


90 
90 
90 
90 


22  37 
14 

0.1 
45 
45 
50 


56 
66 


90 
90 
90 
90 


SWITCHING  PERFORMANCE 
Conversion  Rate 
Aperture  Delay  (tA) 
Aperture  Uncertainty  (Jitter) 
Output  Delay  (toD)5 
Output  Rise  Time 
Output  Fall  Time 
Output  Time  Skew5 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


I 

V 

V 

I 

I 

I 

I 


75 


75 


1 
5 
4 
1 

1 

1.5 


1 
5 
4 
1 
1 

1.5 


DYNAMIC  PERFORMANCE 
Transient  Response 
Overvoltage  Recovery  Time 
Effective  Number  of  Bits  (ENOB) 

fIN  =  2.3  MHz 

f,N  =  10.3  MHz 

fIN  =  29.3  MHz 
Signal-to-Noise  Ratio6 

fIN  =  2.3  MHz 


fIN  =  10.3  MHz 
fiN  ~  293  MHz 


+25°C 
+25°C 

+25°C 
+25°C 
+25°C 

+25°C 
+25°C 

+25°C 


V 
V 

I 

IV 
IV 

I 

I 
I 


8.7 
8.0 
7.0 

54 
51 
44 


10 

10 

9.1 
8.6 
7.4 

56 
54 
47 


10 
10 


8.7 
8.0 
7.0 

54 
51 
44 


9.1 
8.6 
7.4 

56 
54 
47 
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AD9060 


Test 

i\uyut»urvc,/rvi 

Parameter  (Conditions) 

-r  

I  emp 

Level 

Min 

lyp 

max 

iviiii 

w 

max 

units 

DYNAMIC  PERFORMANCE 

(CONTINUED) 

Signal-to-Noise  Ratio6 

(Without  Harmonics) 

fTO  =  2.3  MHz 

+25°C 

I 

54 

56 

54 

58 

dB 

fm  =  10.3  MHz 

+25°C 

I 

51 

55 

51 

55 

dB 

fIN  =  29.3  MHz 

+25°C 

I 

46 

48 

46 

48 

dB 

Harmonic  Distortion 

fIN  =  2.3  MHz 

+25°C 

I 

61 

65 

61 

65 

dBc 

fIN  =  10.3  MHz 

+25°C 

I 

55 

58 

55 

58 

dBc 

fIN  =  29.3  MHz 

+25°C 

I 

47 

50 

47 

50 

dBc 

Two-Tone  Intermodulation 

Distortion  Rejection' 

y 

7fl 

70 

dBc 

Differential  Phase 

+25°C 

V 

0.5 

A  C 

0.5 

Degree 

Differential  Gain 

+25°C 

V 

1 

1 

% 

ENCODE  INPUT 

Logic  "1"  Voltage 

Full 

VI 

-1.1 

-1.1 

V 

Logic  "0"  Voltage 

Full 

VI 

-1.5 

-1.5 

V 

Logic  "1"  Current 

Full 

VI 

150 

300 

150 

300 

uA 

Logic  "0"  Current 

Full 

VI 

150 

300 

150 

300 

uA 

Input  Capacitance 

+25°C 

5 

pF 

Pulse  Width  (Hiffh) 
Pulse  Width  (Low) 

+25°C 

I 

6 

6 

us 

+  25°C 

I 

6 

6 

ns 

DIGITAL  OUTPUTS 

Logic  "1"  Voltage 

Full 

VI 

-1.1 

-1.1 

V 

Logic  "0"  Voltage 

Full 

VI 

-1.5 

-1.5 

V 

POWER  SUPPLY 

+VS  Supply  Current 

+  25°C 

VI 

420 

500 

420 

500 

mA 

Full 

VI 

500 

500 

mA 

-Vs  Supply  Current 

+25°C 

VI 

150 

180 

150 

180 

mA 

Power  Dissipation 

Full 

VI 

190 

190 

mA 

+  25°C 

VI 

2.8 

3.3 

2.8 

3.3 

W 

Full 

VI 

3.5 

3.5 

W 

Power  Supply  Rejection 

Ratio  (PSRR)8 

Full 

VI 

6 

10 

6 

10 

mV/V 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
!Typical  thermal  impedances  (part  soldered  onto  board):  68-pin  leaded  ceramic  chip  carrier:  e,c  =  TOW;  8,A  =  17°C/W  (no  air  flow);  8JA  =  1S°C/W 
(air  now  =  500  LFM).  68-pin  ceramic  LCC:  8,c  =  2.6°C/W;  6JA  =  15°C/W  (no  air  flow);  8JA  =  13°OW  (air  flow  =  500  LFM). 


!3/4R: 


,  1/2, 


,  and  1/4BEF  reference  ladder  taps  are  driven  from  dc  sources  at  +0.875  V,  0  V,  and  -0.875  V,  respecuvely.  Outputs 


100  n 


to  -2.0  V;  CL  <  4  pF.  Accuracy  of  the  overflow  comparator  is  not  tested  and  not  included  in  linearity  specifications. 
'Measured  with  ANALOG  IN  =  +VSSNSE. 

'Output  delay  measured  as  worst-case  time  from  50%  point  of  the  rising  edge  of  ENCODE  to  50%  point  of  the  slowest  rising  or  falling  edge  of  D0-D,.  Output 
skew  measured  as  worst-case  difference  in  output  delay  among  D0-D9. 

6RMS  signal  to  rms  noise  with  analog  input  signal  1  dB  below  full  scale  at  specified  frequency. 

7Intermodulation  measured  with  analog  input  frequencies  of  2.3  MHz  and  3.0  MHz  at  7  dB  below  full  scale. 

"Measured  as  the  ratio  of  the  worst-case  change  in  transition  voltage  of  a  single  comparator  for  a  5%  change  in  +  Vs  or  -  Vs. 

Specifications  subject  to  change  without  notice. 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I 
II 


III 

IV 


-  100%  production  tested. 

-  100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 

-  Sample  tested  only. 

-  Parameter  is  guaranteed  by  design  and  characterization 


testing. 


V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C. 

100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at  temper- 
ature extremes  for  commercial/industrial  devices. 
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■ 


z  z 

<  < 


<  <  s  5  o  o 


> 


ENCODE 
ENCODE 

♦V. 


GND 
GND 
(LSB)  D, 
D, 
D, 
Oj 
0. 
NC 
GND 
NC 


A09060 
TOP  VIEW 
(Not  to  scale) 


60  1 

NC 

LSBs  INVERT 
NC 

_VS£HSE 

NC 

"Vs 

GND 

GND 

OVERFLOW 

D,(MSB) 

D. 

D, 

0. 

D5 

GND 

44  C= 

NC 

AD9060  Pin  Designations 
AD9060  PIN  DESCRIPTIONS 


r 


Pin  No. 


1 

2,  16,  28,  29,  35, 
41,  42,  54,  64 

3,  6,  15,  30,  33,  34, 
37,  40,  65,  68 

4,  5,  17,  18,  25,  27, 
31,  32,  36,  38,  39,  43, 
45,  52,  53,  66,  67 

7 

8,9 
11 

12 


13 

14        '  '"' 


D0-D, 

OVERFLOW 

_VREF 


19-23,  46-50 
51 

56 
57 

59 

61 

1/4ref 


Name 


1/2ref 

-v, 

+VS 

GROUND 

ANALOG  IN 
+VSENSE 

+VH„ 


ENCODE 

I 

ENCODE 


LSBs  INVERT 
MSB  INVERT 


Function 








Midpoint  of  internal  reference  ladder. 
Negative  supply  voltage;  nominally  -5.2  V  ±5%. 

Positive  supply  voltage;  nominally  +5  V  ±5%. 

All  ground  pins  should  be  connected  together  and  to  low- 
impedance  ground  plane. 




■ 


Three-quarter  point  of  internal  reference  ladder. 

Analog  input;  nominally  between  ±1.75  V. 

Voltage  sense  line  to  most  positive  point  on  internal  resistor 
ladder.  Normally  +1.75  V. 

Voltage  force  connection  for  top  of  internal  reference  ladder. 
Normally  driven  to  provide  +1.75  V  at  +VSENSE. 

Differential  ECL  convert  signal  which  starts  digitizing  process. 

3flO"V13  V'  g'rjs  gn  .n  utij  i  ijioq  <t?  lV  moil  aom  awfo-jncw  *s  baiHrwsj  ^*l 
ECL-compatible  convert  command  used  to  begin  digitizing 
process. 

ECL-compatible  digital  output  data. 
ECL-compatible  output  indicating  ANALOG  IN  > 

+  VsENSE- 

Voltage  force  connection  for  bottom  of  internal  reference 
ladder.  Normally  driven  to  provide  - 1.75  V  at  -VSENSE. 
Voltage  sense  line  to  most  negative  point  on  internal  resistor 
ladder.  Normally  -1.75  V. 

Normally  grounded.  When  connected  to  +VS,  lower  order 
bits  (D0-Dg)  are  inverted.  Not  ECL-compatible. 

Normally  grounded.  When  connected  to  +VS,  most 
significant  bit  (MSB;  D9)  is  inverted.  Not  ECL-compatible. 

One-quarter  point  of  internal  reference  ladder. 
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AD9712B/AD9713B  -  12-Bit,  100  MSPS  D/A  Converters   3-264 

AD9720/AD9721  -  10-Bit,  400  MSPS  D/A  Converters    3-272 

AD9768  -  Ultrahigh  Speed  IC  D/A  Converter   3-279 

AD75004  -  Quad  12-Bit  D/A  Converter   3-281 

AD  DAC80/AD  DAC85/AD  DAC87 -Complete  Low  Cost  12-Bit  D/A  Converters    3-285 
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DAC8221  -  Dual  12-Bit  Buffered  Multiplying  CMOS  D/A  Converter    3-311 

DAC8222  -  Dual  12-Bit  Double-Buffered  Multiplying  CMOS  D/A  Converter   3-315 

DAC8228  -  Dual  8-Bit  CMOS  D/A  Converter  with  Voltage  Output    3-318 

DAC8229  -  Dual  8-Bit  CMOS  D/A  Converter  with  Voltage  Output     3-322 

DAC8248  -  Dual  12-Bit  (8-Bit  Byte)  Double-Buffered  CMOS  D/A  Converter   3-325 

DAC8408  -  Quad  8-Bit  Multiplying  CMOS  D/A  Converter  with  Memory   3-329 

DAC8412/DAC8413  -  Quad  12-Bit  DAC  Voltage  Output  with  Readback   3-333 

DAC8420  -  Quad  1 2-Bit  Serial  Voltage-Output  DAC   3-337 

DAC8426  -  Quad  8-Bit  Voltage  Out  CMOS  DAC  Complete  with  Internal  10  V  Reference   3-352 

DAC8512- +5  V,  Serial  Input  Complete  12-Bit  DAC    3-356 

DAC8562  -  +5  Volt,  Parallel  Input  Complete  12-Bit  DAC   3-375 

DAC8800  -  Octal  8-Bit  CMOS  D/A  Converter   3-390 

DAC8840  -  8-Bit  Octal  4-Quadrant  Multiplying  CMOS  TrimDAC   3-393 


■ 

■ 
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DIGITAL-TO- ANALOG 
CONVERTERS 


•  LOW  POWER 
(CMOS) 


I 


COMPLETE  DACS 


•  No  Output  Amplifier 

•  No  On-Chip  Reference 


TRUE 
SIGNAL  SUPPLY 


•  With  On-Chip  Amplifier 

•  With  On-Chip  Reference 

•  Require  Multiple  Supplies 

■ 


Without  On-Chip  VREF 



SPECIAL  PURPOSE 


•  FastD/A 

•  DDS  Functions 

•  Video  Graphics  DACs 

•  Audio  DACs 


LOGDACs  (LOGDAC®) 


LOGDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 


DIGITAL-TO-DIGITAL 
CONVERTERS 

STERE 

O  ASYNCHRONOUS 
SAMPLE  RATE 
CONVERTERS 

o 
o 

2 

r- 

a 


i 

1 

I 


Selection  Trees  —  Digital-to-Analog  Converters 


D/A  CONVERTERS 
LOW  POWER1 

I 


SINGLE 


I 


DUAL 


8-Bit 


AD7524  (8-Bit  I/O) 


12-Bit 


8-Bit 


AD7528  (Not  TTL  @ +15  V) 
AD7628  (TTL@+15V) 


12-Bit 


AD7943    (Serial,  Fast  I/O) 

AD7945    (Latched,  Fast  I/O)  AD7537  (8-Bit  I/O) 

AD7948    (8-Bit  I/O,  Fast  I/O)  AD7547  (12-Bit  I/O) 

DAC8043  (Serial)  DAC8221  (12-Bit  I/O) 

DAC8222  (12-Bit  I/O,  R/B)2 


14-Bit 


DAC8248  (8-Bit  I/O) 


AD7538  (14-Bit  I/O) 


- 


NOTES 

'All  are  inverted  R/2R  ladders,  except  as  noted. 
2R/B  =  Readback  feature. 
'Voltage  switching  ladder. 


QUAD 


8-Bit 


DAC8408 


12-Bit 


AD7564  (Serial) 


OCTAL 


8-Bit 


DAC8800  (Serial)3 


12-Bit 


AD7568  (Serial) 


1 


WITH 
ON-CHIP  REFERENCE 


SINGLE 


8-Bit 


AD7248A  (8-Bit  I/O) 


12-Bit 


AD667 

AD767 

AD7233 

AD7243 

AD7245A 


(12-Bit  I/O) 
(12-Bit  I/O) 
(Serial) 
(Serial) 
(12-Bit  I/O) 


AD  DAC80/85/87 


14-Bit 


AD7840  (14-Bit  I/O) 


16-Bit 


AD420  (4-20  mA  Output) 

AD766  (Serial) 

AD660  (Serial) 

AD669  (16-Bit  I/O) 

AD760  (Self-Calibrating) 


COMPLETE  VOLTAGE  OUTPUT 
D/A  CONVERTERS 


DUAL 


12-Bit 


AD7237A  (8-Bit  I/O) 
AD7247A  (12-Bit  I/O) 
AD7242  (Serial) 
AD7249  (Serial) 


14-Bit 


AD7244  (Serial) 


QUAD 


8-Bit 


DAC8426  (8-Bit  I/O) 
 . 


10-Bit 


AD7804 


12-Bit 


AD664  (4/8/12-Bit  I/O) 
AD75004  (12-Bit  I/O) 


1 —  OCTAL 


10-Bit 


DUAL 


WITHOUT 
ON-CHIP  REFERENCE 

-  ■ 

I 


SINGLE 


8-Bit 


16-Bit 


AD7224  (8-Bit  I/O)  AD7846  (16-Bit  I/O) 


12-Bit 


AD7845  (12-Bit  I/O) 


8-Bit 


12-Bit 


DAC8229  (8-Bit  I/O) 


QUAD 


AD7837  (8-Bit  I/O) 
AD7847  (12-Bit  I/O) 


8-Bit 


AD7226  (8-Bit  I/O,  1  Input) 
DAC8840  (Serial  I/O) 


12-Bit 


DAC8412  (12-Bit  I/O,  Readback,  Reset  Midscale) 
DAC8413  (12-Bit  I/O,  Readback,  Reset  Zero  Scale) 
DAC8420  (Serial) 


OCTAL 


AD7808 


DAC8840  (4  QM /Serial) 
DAC8842  (2QM/Serial) 


Selection  Trees  —  Digital-to-Analog  Converters 




TRUE  SINGLE 
SUPPLY 


I  


SINGLE 


1 


DUAL 


7-Bit 


AD557  (+5  V,  8-Bit  I/O) 


8-Bit 


8-Bit 


DAC8228  (+12/15  V,  8-Bit  I/O) 


12-Bit 


AD558  (+5/15  V,  8-Bit  I/O) 
AD7224  (+15  V,  8-Bit  I/O) 


12-Bit 


AD7243    (+12/15  V,  Serial) 
AD7248A  (+12  V,  8-Bit  I/O) 
DAC8512  (+5  V,  Serial) 
DAC8562  (+5  V,  Parallel) 


AD7237A  (+15  V,  8-Bit  I/O) 
AD7247A  (+15  V,  12-Bit  I/O) 
AD8522    (+5  V,  Serial) 
AD8582    (+5  V,  Parallel) 


16-Bit 


;  - 


AD420  (+12/36  V,  Serial,  4-20  mA) 


AD7849  (+5  V,  Serial) 


QUAD 


8-Bit 


AD7225  (+15  V,  8-Bit  I/O,  4  VREF) 
rD    AD7226  (+15  V,  8-Bit  I/O,  1  VREF) 


12-Bit 


DAC8412  (12-Bit  I/O)1 
DAC8413  (12-Bit  I/O)2 
DAC8420  (+5  V,  Serial) 


OCTAL 


8-Bit 


AD7228/AD7228A  (+15  V,  8-Bit  I/O) 


16  CHANNEL 


AD8600  (+5  V,  8-Bit  I/O) 


NOTES 

'Readback,  reset  to  midscale 
'Readback,  reset  to  zero  scale 


SPECIAL  PURPOSE 
DACS 


1 


FAST  D/A 

— r 


SINGLE 
(BIPOLAR) 


8-Bit 


AD9701  (250MSPS) 
AD9768  (20  ns) 
DAC08  (885  ns) 


10-Bit 


AD9720  (ECL) 
AD9721  (TTL,10ns) 


12-Bit 


AD9712B  (ECL) 
AD9713B  (TTL,  30  ns) 
AD568     (35  ns) 
AD668     (120  ns) 
AD565A  (350nsw/ref) 
AD566A  (350  ns) 
DAC312  (250  ns)" 


CMOS 


Single 


12-Bit 


AD7943  (Serial  I/O,  300  ns) 
AD7945  (12-Bit  I/O,  300  ns) 
AD7948  (8-Bit  I/O,  300  ns) 


Direct  Digital 
Synthesizers  32-Bit 


10-Bit 


AD7008  (50  MHz, 

On-Board  10-Bit  D/A) 


16-Bit 


Bipolar 


2W  ( 


12-Bit 


AD9955  (85  MHz) 


2G|6Cfl0U  1166?! 


AD569   (4  Quadrant  Multiplying) 
AD768   (35  MSPS,  Low  Glitch) 
DAC16  (300  ns) 


M.8 


CO 
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rfi 
3) 


■ 


SPECIAL  PURPOSE 
DACS 
I 


AUDIO 
FUNCTION 

I 


LOGDACS 


Single 


AD7111  (0.375  dB  Res) 
AD7111A  (0.375  dB  Res) 


Dual 


AD7112  (Dual  AD7111A) 
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1 


8 
3 


I 


Single  DACs,  Voltage  Output 


Time 

Bus 

Reference 

Res 

(IS 

Interface 

Volt 

Package 

Temp 

Model 

Bits 

8 
8 

typ 

Bits1 

Int/Ext  (M)2 

Options3 

Ranges4 

Comments 

Page5 

U.o 

8,  p,P 

Int 

N,  P 

<-  - 
C 

Lowest  Cost  8-Btt  DACrUKl®;  dingle  +5  V  supply 

S — 2A 

AD7569 

8 
o 

l  fi 
l.U 

0,  )JLl 

int 

C    TvT    P   r*  P 

h,  JN,  r,  Kl,  K 

C,  1,  AVD 

CMOS,  complete  s-Bit  UAC/AiJC/Sfi/vKeierence 

pit  a  7 

Cll  8—  / 

AD558 

s 

8 

a  n 

8,  U.P 

Int 

D,  fc,  N,  P 

C,  M/D 

10  V  Out  DACrUK  1 ,  single  or  Uual  supply 

5 — ZD 

AD7224 

8 

3.U  (max) 

8,  |j.P 

2-12.5  V,  Ext 

E,  N,  P,  Q,  R 

C,  I,  M/s 

CMOS,  Low  Cost  8-Blt  DAC 

3—  IU/ 

AD7848 

1"? 

L.J 

1 9  nP 

int       vj,  nxt 

C,  1 

cmuo,  complete  iz-riit  uac  witn  o-wora  riru 

Vjl  L—IDJ 

AD7845 

17 

7  c 

12,  fj.P 

Ext  (M) 

E    V    D    A  D 

b,  N,  P,  L|,  K 

C,  I,  M/D 

LMUI>,  lz-bit  Multiplying  UAL-  witn  Output  Amplifier 

1  71 3 

3-213 

AD667 

12 

3.0 

4/8/12,  jtP 

10  V,  Int 

D,  E,  N,  P 

C,  I,  M/DS 

Highest  Accuracy  Complete  12-Bit  DAC 

3-59 

AD767 

17 

3  ft 

17    ii  P 

1ft  V  Int 

iu  v,  int 

[  ,  XT 

U,  IN 

rastest  intenace  complete  iz-un  ut\\~, 

*-85 

AD  DAC80/85/87 

1  7 

J 

1  7 
1 ~ 

int  (O.j  V;,  fcxt 

D,  IS 

r*  i  u 
L,,  1,  M 

Oeneral  rurpose  iz-t$it  UAL 

AD7233 

13 
IZ 

iu  i^maxj 

oenai,  jxr 

int 

rN 

1 

smallest  iz-r>it  oenai  u/itruKi  (,0-1  inj 
Bipolar  ±5  V  Output  Range 

j—  iLd 

AD7243 

12 

Serial 

Int  f'  +  S  V.  Fvt 

N,  Q,  R 

r  mi 

T  nw  Pn«t  l?.Rit  Sprial  DAfPORT  in  lfi-Pin  SOP 

3-137 

AD7245A 

12 

10  (max) 

12,  uP 

5  V,  Int 

E,  N,  P,  q,  r 

C,  I,  M/D 

Faster  Interface,  12  V  and  15  V  AD7245 

3-141 

AD7248A 

12 

10  (max) 

8,  uP 

5  V,  Int 

N,  P,  Q,  R 

C,  I,  M/D 

Faster  Interface,  12  V  and  15  V  AD7248 

3-141 

DAC8512 

12 

16 

Serial,  (iP 

Int 

N,  R 

I 

5  Volt  Supply,  Complete  12-Bit  DAC,  Serial  Input 

3-356 

DAC8562 

12 

16 

12,  (iP 

Int  (2.5  V) 

N,  R 

I,  M 

5  Volt  Supply,  Complete  12-Bit  DAC,  Parallel  Input 

3-375 

AD7840 

14 

2.0 

14/Serial,  uP 

Int  (+3  V),  Ext 

N,  P,  Q 

C,  I,  M/D 

CMOS,  14-Bit  Complete  DAC,  Parallel  or  Serial  Load 

3-209 

AD7849 

14/16 

7  (max) 

Serial,  |iP 

Ext  (M) 

N,  Q,R 

I,  M 

High  Accuracy  Multiplying  DAC,  Serial  Input 

3-221 

AD766 

16 

1.5 

Serial,  ixP 

Int 

D,N 

C,  I,  M 

Zero-Chip  Interface  16-Bit  DSP  DACPORT 

3-83 

AD1851 

16 

1.5 

Serial,  (jlP 

Int 

N,  R 

C 

16-Bit,  16  x  Fs  PCM  Audio  DAC 

CI  2-173 

AD760 

16 

8 

8/Serial,  uP 

Int  (+10  V),  Ext 

N,  P,Q 

I,  M 

16-Bit  Self-Calibrating  High  Accuracy  DACPORT 

3-71 

AD569 

16 

3.0 

8/16,  |xP 

±5  V,  Ext  (M) 

D,  N 

I,  M 

Monolithic,  16-Bit  Monotonic  DAC 

3-38 

AD7846 

16 

6 

16,  uP 

Ext  (M) 

D,  E,  N,  P 

C,  I,  M/D 

CMOS,  16-Bit  Multiplying  DAC  with  Readback 
Capability 

3-217 

AD660 

16 

8 

Serial,  8 

10  V,  Int 

N,  Q,R 

I,  M 

Monolithic,  Complete  Serial/Byte  I/P  16-Bit  DAC 

3-^.2 

AD669 

16 

8 

16,  uP 

10  V,  Int 

N,  Q,R 

I,  M 

Monolithic,  Complete  16-Bit  DAC 

3-67 

AD1861 

18 

1.5 

Serial 

Int 

N,  R 

C 

18-Bit,  16  x  Fs  PCM  Audio  DAC 

CI  2-173 

AD1139 

18 

40 

18,  p.P 

-10  V,  Int 

D 

c 

True  18-Bit  Accuracy 

CI  2-167 

'This  column  lists  the  data  format  for  the  bus  with  'VP"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  |iP  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel  (12 
bits)  and  is  microprocessor  compatible. 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

'Package  Options;  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  -  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  ==  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Piasuc  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

"Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  -H250C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

5CI  =  Data  Convener  Reference  Manual,  Volume  /;  CII  =  Data  Converter  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 
Boldface  type:  data  sheet  information  in  this  volume. 
DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 

'•  '  ^        ■  ' 
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Settling 

Time       Bus  Reference 


Model 

Bps 

|U 

interlace 
Bits" 

Volt 
VOK 

Package 
Options3 

Temp 

■ 

Bits 

ryp 

1111/12.  XI  ^iYl^ 

Ranges4 

f^nmmantc 
VjUIHIIlClllS 

Paee5 
rage 

AD9768 

8 

0.005 

8,  |tP 

-1.26  V,  Int 

D,  E 

C,M 

Ultrahigh  Speed,  ECL  Compatible,  20  mA  Output  Current 

3-279 

AD9701 

8 

0.008 

8,  uP 

Int 

E,Q 

I,  M 

250  MSPS  Video  DAC 

3-261 

DAC08 

8 

0.085 

8 

Ext  (M) 

E,  N,  Q,  R 

C,  I,  M/jds 

8-Bit  High  Speed  Multiplying  DAC 

3-290 

AD7524 

8 

0.10 

8,  uP 

Ext  (M) 

E,  N,  P,  Q,  R 

C,  I,  M/D 

CMOS,  Low  Cost,  8-Bit  Multiplying  DAC  with  Latch 

3-159 

AD9720 

10 

0.01 

10 

Int 

E,  N,  Q,  R 

C,  M 

Ultrahigh  Speed,  ECL  Compatible,  Low  Power,  10  pV-s  Glitch 

3-272 

AD9721 

10 

0.01 

10 

Int 

E,  N,  Q,  R 

CM 

Ultrahigh  Speed,  TTL  Compatible,  Low  Power,  10  pV-s  Glitch 

3-272 

AD561 

10 

0.25 

10 

Int 

D,  N 

CM/, 

Industry  Standard  10-Bit  DAC,  JAN  Part  Available 

CI  2-55 

DAC100 

10 

0.300 

10 

6.6  V,  Int 

Q 

C,  I,  M/s 

10-Bit  Current  Output  DAC 

CI  2-945 

DAC86 

10 

0.500 

10 

Ext  (M) 

Q 

I 

COMDAC  Companding  DAC  (U-255  Law) 

D 

AD7533 

10 

0.60 

10 

Ext  (M) 

E,  N,  P,  Q,  R        C,  I,  M/ 

CMOS,  Low  Cost,  10-Bit  Multiplying  DAC 

CI  2^139 

AD9712B 

12 

0.022 

12 

Int 

E,  N,  P,  Q 

C,  M 

ECL  Compatible,  25  pV-s  Glitch,  0.5  LSB  DNL  Typ 

3-264 

AD9713B 

12 

0.027 

12 

Int 

E,  N,  P,  Q 

C,  M 

TTL  Compatible,  25  pV-s  Glitch,  0.5  LSB  DNL  Typ 

3-264 

AD  568 

12 

0.035 

12 

Int 

E,Q 

C,M/D 

Highest  Accuracy  12-Bit  Ultrahigh  Speed  DAC 

3-35 

AD668 

12 

0.05 

12 

Ext  (M) 

Q 

C,  M/ 

Multiplying  12-Bit  Ultrahigh  Speed  DAC 

3-63 

AD565A 

12 

0.25 

12 

10  V,  Int 

D,  R 

C,M/JS 

Industry  Workhorse  High  Speed,  JAN  Part  Available 

3-29 

DAC8043 

12 

0.25 

Serial,  p.P 

Ext  (M) 

N,  Q 

C,  I,  Ml 

8-Pin  DO*  Serial  Input  12-Bit  CMOS  Multiplying  DAC 

3-308 

AD7542 

12 

0.25 

4,  uP 

Ext  (M) 

E,  N,  P,  Q 

C,  I,  M/ 

CMOS,  Nibble  Load  12-Bit  Multiplying  DAC 

CI  2-525 

DAC312 

12 

0.25 

12 

Ext  (M) 

N,  Q,  R 

C,  M/s 

Low  Cost,  High  Speed  12-Bit  Multiplying  DAC 

3-305 

AD566A 

12 

0.35 

12 

10  V,  Ext 

D 

C,  M/ 

High  Speed  DAC 

3-29 

AD7543 

12 

0.35 

Serial,  \lP 

Ext  (M) 

D,  E,  N,  P,  Q,  R 

C,  I,  M/ 

CMOS,  Serial  Load  12-Bit  Multiplying  DAC 

CI  2-545 

DAC8143 

12 

0.38 

Serial,  |a.P 

Ext  (M) 

N,  Q,  R 

I,M/S 

CMOS,  Serial  Load  12-Bit  Multiplying  DAC,  Daisy  Chain 

CI  2-987 

AD7943 

12 

0.6 

Serial 

Ext  (M) 

N,  R,  RS 

I 

3  to  5  Volt  Supply  Multiplying  DAC,  Serial 

3-227 

AD7945 

12 

0.6 

12,  uP 

Ext  (M) 

N,  Q,  R,  RS 

I,  M 

3  to  5  Volt  Supply  Multiplying  DAC,  12-Bit  Bus 

3-227 

AD7948 

12 

0.6 

8,pP 

Ext  (M) 

N,  R,  RS 

I 

3  to  5  Volt  Supply  Multiplying  DAC,  8-Bit  Bus 

3-227 

AD7541A 

12 

0.60 

12 

Ext  (M) 

E,  N,  P,  Q 

C,  I,  M/D 

CMOS,  12-Bit  Multiplying  DAC 

CI  2-507 

DAC8012 

12 

1.0 

12,  uP 

Ext  (M) 

N,P,Q 

C,  I,  Ml 

12-Bit  CMOS  DAC  with  Memory  and  Readback 

CI  2-967 

AD7548 

12 

1.0 

8,  uP 

Ext  (M) 

E,  N,  P,  Q,  R 

C,  I,  M/ 

CMOS,  Byte  Load  12-Bit  DAC,  Single  or  Dual  Supply 

CI  2-601 

AD562 

12 

1.5 

12 

Ext 

D 

C,  I,  M/,s 

Industry  Standard,  JAN  Pan  Available 

CI  2-59 

AD563 

12 

1.5 

12 

2.5  V,  Int 

D 

CM/S 

Industry  Standard 

CI  2-59 

AD7545A 

12 

1.0 

12,  |iP 

Ext  (M) 

E,  N,  P,  Q 

C,  I,  Ml 

CMOS,  Improved  AD7545 

CI  2-585 

AD7534 

14 

1.5 

8,  uP 

Ext  (M) 

N,  P,Q 

C,  I,  Ml 

CMOS,  Byte  Load 

CI  2-455 

AD7535 

14 

1.5 

8/14,  uP 

Ext  (M) 

E,  N,  P,  Q 

C,  I,  M/D 

CMOS,  Parallel  or  Byte  Load 

CI  2-467 

AD7536 

14 

1.5 

8/14,  uP 

Ext  (M) 

E,  N,  P,  Q 

C,  I,  M/ 

CMOS,  Parallel  or  Byte  Load,  Bipolar  Output 

CI  2-479 

AD7538 

14 

1.5 

14,  pP 

Ext  (M) 

N,  Q,R 

C,  I,  M 

CMOS,  Parallel  Load 

3-173 

a 

Settling 

Time 

Bus 

Reference 

Res 

(IS 

Interface 

Volt 

Package 

Model 

Bits 

typ 

Bits1 

Int/Ext  (M)2 

Options3 

AD768 

16 

0.025 

16,  ,jtP 

Int  (+2.5  V) 

R 

AD1851 

16 

1.5 

Serial 

Int 

N,  R 

DAC16 

16 

0.5 

16 

Ext  (M) 

D,  E,  N,  R 

AD420 

16 

2500 

Serial 

Int  (+5  V),  Ext 

N,  R 

AD1861 

18 

1.5 

Serial 

Int 

N,  R 

AD1862 

20 

0.35 

Serial 

Int 

N 




Temp 


6 
U 


Comments 

32  MSPS,  16-Bit,  Low  Glitch  for  Waveform 
16-Bit  16  x  Fs  PCM  Audio  DAC 
16-Bit  High  Speed  Multiplying  DAC 
Complete  Digital  to  4-20  mA  Loop  C 

18-Bit  16  x  Fs  PCM  Audio  DAC 
20-Bit  Audio  DAC 


Page5 

3-89 

CI  2-173 

3-293 

3-15 

CI  2-173 
CI  2-203 


'This  column  lists  the  data  format  for  the  bus  with  "u.P"  indicating  microprocessor  capability-i.e.,  for  a  12-bit  converter  8/12,  |iP  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel 


nal.  A  voltage  value  is  given  if  the 


(12  bits)  and  is  microprocessor  compatible. 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  in 

3Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  ■  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

"Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125"C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

SCI  =  Data  Convener  Reference  Manual,  Volume  /;  D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Selection  Guides— Digital-to-Analog  Converters 


Multiple 

!  DACs,  Voltag 

e  Output 

Settling 

Bus 

Reference 

Res 

Time 

Interface 

Voltage 

#of 

Package 
Options3 

Temp 

Model 

Bits 

ULS  tVD 

Bits1 

Int/Ext2 

DACs 

Ranges4 

Comments 

Pa 

AJJ/OOV 

8 

1.0 

S     ■■  P 

o,  fir 

int 

7 

IN ,  r  ,  r\ 

L,,  I,  IM 

^IVHJj,  ^Ompiclc  o-Dll  Dual 

PT 
*_1 

AD8600 

8 

2 

8,u.P 

Ext,  2.5  V 

16 

P 

I 

16-Channel,  8-Bit  Multiplying  DAC 

3- 

r\APfl77G 

8 

2.0 

Cvf  /V|\ 

nxt  (,iVi; 

7 

m 

vr  p  ¥> 
IN,  f,  K 

¥  AMI 

1,  M/ 

runt     C;nl,1„           rV.nl  Cimnlv 

i^ivivjo,  oingie  or  uuai  supply 
Operation 

x. 

A  TY77fiQ 

8 

2.5 

o  .,  p 
8,  (if 

EXT 

7 

C  T 

l_.UinpiClC  o-DIl  LfUdl  Lf£\\J 

z-v_.nannei  r\.Lj\j 

n 

8 

3.0 

c  ,.p 

10  V  fnt 

iu  v ,  ini 

A 
4 

IN,  U.,  K 

T  M 

PMnC    r<imr»lpt»  with  in  V  P ofi>rpnr'P 

ij/uua,  ^>ompicic  wiin  iv  v  i\  tie  re  nee, 
Improved  Timing 

PIW7?7/\A 

8 

3.0 

S  nP 
8,  ^.1 

EXT 

J. 

MOP 

IN,  K 

T  M 

1,  1V1 

l^iVIWOj  improved  i  lining,  opecmcu 
iur  tj  v  lo  tij  v  wpcrdLion 

c 

AD7226 

8 

3.0 

S    ii  P 

7  17  c  v  Pvt 

A—L&.J  V,  EXl 

o 
o 

F    M    P   O  P 

t,     r,  y,  k 

v_<iviuo,  xno  user  innis,  opecmeu 
with  Single  or  Dual  Supplies 

■a. 

AF4777^ 

8 

5.0  (max) 

8,  fll 

7—17  ^  V  Fvt 
V,  CXI 

A 

c    Y   p  A  p 
fi>       r,  vi,  K 

Vjj    1,  iVl/D 

Vjivnja,  separate  iveierences  ior 

x 

J- 

8 

0.8 

8,  aerial 

TV  Fvt 
LH_>,  E.XI 

O 

o 

WAP 

IN,  Kl,  K 

p  i  m/ 

v  ,  1,  iW 

a 

j" 

8 

3.5 

oeriai 

Pvt  /Ml 
EXl  t,iYl; 

o 
o 

MOD 

1  M 

1,  iVl 

CAAOS,  Four-Quadrant  A4ultiplying 
TrimDACs  with  Op  Amps,  8  Channel 

% 
y 

8 

3.5 

Serial 

Ext  (M) 

g 

NOR 

I,  M 

Ortal  R-Rit   T"«7n  OnQrlront    Multinl vinrj 
WLldl  O  Dll,    1  WU  v^UdUldllL;  JV1U111|'1\ lllg 

TrimDAC,  +5  V  Operation 

Q 

ArY777(lA 

8 

5.0  (max) 

s  i.p 

8,  u.r 

7  in  v  Pvt 
z— iu  v,  nxt 

© 
o 

m  p  n  r 

P   I  M 

v>,  1,  VI 

v^ivivjo,  specuieu  ior  single  or  uuai 

Supply,  5  V  to  15  V  Skinny  24-Pin  SOP/DIP 

8 

2 

S  nP 

CXI 

7 
* 

NOR 

ills  Vis 

J 

rinal  S-Rh  Mnltinlvinp  rjAC 
VJMal  O  Dll  (VlUlLIJtly IHg  l_'i\v> 

3 

AD8842 

8 

4 

Serial,  u.P 

Ext  (M) 

8 

N,R 

I 

Octal  8-Bit  Multiplying  TrimDAC 

3 

12 

2 

Q  ,,p 

5  V  Int 

j  v  j  ini 

*t 

in,  r 

r 

Factfct  Oii'irl  1  7-Rit  V7oltat>f  Ontnut 

rdsiesi  v^iiau  ix  du  vuiidge  vjuipui 

3 

AD7242 

DACPORT 

12 

2 

Serial,  |xP 

3  V,  Int 

2 

N,  Q,R 

c,i 

Complete  ±5  V  12-Bit  Dual  DAC 

3 

AD390 

12 

4 

12,  uP 

10  V, Int 

4 

D 

C,  M/D 

Double  Buffered,  Simultaneous  Update 

( 

AD7249 

12 

10  (max) 

Serial,  |iP 

Int  (+5  V),  Ext 

2 

N,  Q,R 

I,  M 

Complete  12-Bit  Dual  DAC,  Serial  Input 

AD7837 

12 

5 

8,  |xP 

Ext  (M) 

2 

N,  Q,R 

C,  I,  M 

CMOS,  MDAC,  Byte  Load,  Double  Buffered 

AD7847 

12 

5 

12,  uP 

Ext  (M) 

2 

N,  Q,R 

C,  I,M 

CMOS,  MDAC,  Parallel  Load 

DAC8412 

12 

6 

12,  p.P 

Ext 

4 

D,  E,  N,  P,  Q 

I,  M/ 

Readback,  Reset  to  Midscale,  Low  Power 
Quad  DAC,  +5  V  to  ±15  V  Operation 

DAC8413 

12 

6 

12,  uP 

Ext 

4 

D,  E,  N,  P,  Q 

I,  MJ 

Equivalent  to  DAC8412  with  Reset  to 
Zero  Scale 

DAC8420 

12 

6 

Serial 

Ext 

4 

N,  Q,R 

I,  M 

BiCMOS,  Equivalent  to  8412/8413  with  Serial 
Interface  in  16-Pin  Package 

AD75089 

12 

8 

12 

5  V,  Int 

8 

P 

C 

Monolithic  Octal  12-Bit  Voltage  Output 
DACPORT 

Settling 


Reference 


Model 

Res 
Bits 

Time 

i. 

M-styp 

Interface 
Bits' 

Voltage 
Int/Ext2 

#of 
DACs 

Package 
Options3 

Temp 
Ranges4 

AD7237A 

12 

10  (max) 

8,  jiP 

Int  (+5  V),  Ext 

2 

N,  Q,R 

C,I 

AD7247A 
AD8522 

12 
12 

10  (max) 
16 

12,  HP 
Serial,  |xP 

C,  I 
j 

AD8582 

12 

16 

12,  p-P 

■ 

Int  (+2.5  V) 

2 

N,R 

I 

AD664 

AD394 

12 

12 

10 

10 

12,  p.P 

12, 

Ext  (M) 

Ext  (M) 

4 

4 

D,  E,  N,  P 
D 

C,  I,  M/D 

C,  M/D 

AD7244 

AD1866 
AD1865 
AD1868 

14 

16 
18 
18 

2 

1.5 
1.5 
1.5 

Serial,  p.P 

Serial 
Serial 
Serial 

+3  V,  Int 

Int 
Int 
Int 

2 

2 

2 

N,  Q,R 

N,  R 
N,  R 
N,  R 

C,  I,  M 
I 

C 

c 

Comments 

CMOS,  Complete  12-Bit  Dual  DAC, 

12  V-15  V  Snnnlies 


Same  as  AD7237A,  Except  8+4  Interface 
Complete  12-Bit  Dual  DAC,  5  V  Supply, 


Complete  12-Bit  Dual  DAC,  5  V  Supply, 
Parallel 

Readback,  Reset,  Low  Power  Quad  DAC 

Four  Independent  Reference  Inputs, 
Bipolar  Outputs 

Complete  ±5  V  14-Bit  Dual  DAC 

Dual  16-Bit  Audio  DAC,  +5  V  Single  Supply 
Dual  18-Bit,  16  x  Fs  PCM  Audio  DAC 
Dual  18-Bit  Audio  DAC,  +5  V  Single  Supply 


Page5 
3-127 

3-127 
3-241 

3-245 

3-54 

CI  2-31 

3-107 

CI  2-235 
CI  2-225 
CI  2-237 


i 


i 


o 

§ 

I 


'This  column  lists  the  data  format  for  the  bus  with  'VP"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  u.P  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel  (12 
bits)  and  is  microprocessor  compatible. 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

"Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -5S°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  1  for  JAN,  D  for  SMD,  and  s  for  space  level. 

5CI  =  Data  Converter  Reference  Manual,  Volume  /;  CII  =  Data  Converter  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 
Boldface  type:  Data  sheet  information  in  this  volume. 
TrimDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 
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Multiple  DACs,  Current  Output 


Model 
AD7528 

DAC8408 

PM7628 

AD7628 

DAC8221 
AD7568 

AD7564 

DAC8222 

DAC8248 

AD7537 

AD7547 

AD7549 

AD1865 


Res 
Bits 

8 
8 


12 
12 

12 
12 
12 
12 
12 
12 
18 


Settling 
Time 
lAStyp 

0.18 
0.19 

0.20 

0.35 

0.45 
0.2 

0.5 

1.0  (max) 
1.0  (max) 
1.5  (max) 
1.5  (max) 
1.5  (max) 

■ 


Interface 
Bits' 

8,  jaP 
8,  liP 

8,  M.P 

8,  iiP 

12,  uP 
Serial,  u.P 

Serial,  tiP 
12,  iiP 
8,  uP 
8,  uP 
12,  nP 
4,  uP 
Serial,  p.P 


Reference 

Voltage 

Int/Ext2 

Ext  (M) 
Ext  (M) 

Ext  (M) 

Ext  (M) 

Ext  (M) 
Ext  (M) 

Ext  (M) 
Ext  (M) 
Ext  (M) 
Ext  (M) 
Ext  (M) 
Ext  (M) 
Int 


#  of  Package 

DACs  Options3 

2  E,  N,  P,  Q,  R 

4  N,  P,  Q,  R 

2  E,  N,  P,  Q,  R 

2  E,  N,  P,  Q,  R 


Temp 

Ranges4  Comments 


2 

8 

4 

2 
2 
2 
2 
2 
2 


C,  I,  M/D 

C,  I,  M/D 

1,MJ 

C,  I,  MJ 

C,  I,  M/DS 
I 

N,  R  I 

E,  N,  Q,  R  C,  I,  M/DS 
N,  Q,  R  C,  I,  M/ 

E,  N,  P,  Q,  R  C,  I,  M/D 
E,  N,  P,  Q,  R      C,  I,  M/D 

E,  N,  P,  Q  C,  I,  M/D 

N  C 


E,  N,  Q,  R 
P,S 


CMOS,  +5  V  to  +15  V  Operation,  TTL 
Compatible  at  VDD  =  +5  V 
CMOS,  Data  Readback  Memory  Function, 
Separate  VREF 

CMOS,  +5  V  or  +15  V  Operation, 
Improved  Timing 

CMOS,  +12  V  to  +15  V  Operation,  TTL 

Compatible  at  VDD  =  12  V  to  15  V 

CMOS,  Buffered  Inputs,  +5  V  Operation 

Single  +5  V  Supply,  Separate  References, 

44-Pin  PQFP  and  PLCC 

Quad  12-Bit  Multiplying  DAC,  5  V  Supply 

CMOS,  Double  Buffered  Inputs,  Parallel  Load 

CMOS,  Double  Buffered  Inputs,  Byte  Load 

CMOS,  Byte  Load,  Double  Buffered 

CMOS,  Parallel  Load 

CMOS,  Nibble  Load,  Double  Buffered 

Dual  18-Bit,  16  x  Fs  PCM  Audio  DAC 

-  . 


LOGDACs® 


Model 

AD7111 

AD7111A 

AD7112 

AD7118 


Res 
dB 

0.375 
0.375 


Full-Scale 
Range  dB 

88.5 
88.5 
88.5 

.5 


;«  N, 


Accuracy 
dB 

0.17 
0.17 


.17 


Package 
Options3 

E,  N,  Q,  R 
N,  R 
N,  R 


Temp 
Ranges4 

C,  I,  MJ 
I 
I 


035  E,'N,P,Q,R  C,I,M/ 


■ 

Comments  Page5 

Low  Distortion  3-93 

Low  Glitch,  Pin  Compatible  with  AD7524  3-93 

Low  Glitch,  Pin  Compatible  with  AD7528  3-99  ^ 


Page5 
3-163 

3-329 

CI  2-665 

3-191 

3-311 
3-185 

3-177 

3-315 

3-325 

3-167 

3-167 

CI  2-629 

CI  2-225 


'This  column  lists  the  data  format  for  the  bus  with  "pi*"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  u.P  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel  (12 
bits)  and  is  microprocessor  compatible. 

2Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pinned  out. 

'Package  Options:  D  -  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
1  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  -  Ceramic  Leaded  Chip  Carrier. 
:  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125X.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 
SCI  =  Data  Convener  Reference  Manual,  Volume  I.  All  other  entries  refer  to  this  volume. 
Boldface  Type:  Data  sheet  information  in  this  volume. 
LOGDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 


ANALOG 
DEVICES 


Serial  Input  16-Bit 
4-20  mA,  0-20  mA  DAC 


FEATURES 

4-20  mA,  0-20  mA  or  0-24  mA  Current  Output 

16-Bit  Resolution  and  Monotonicity 

±0.012%  max  Integral  Nonlinearity 

±0.05%  max  Offset  (Trimmable) 

±0.15%  max  Total  Output  Error  (Trimmable) 

Flexible  Serial  Digital  Interface  (3.3  Mbps) 

On-Chip  Loop  Fault  Detection 

On-Chip  5  V  Reference  (25  ppm/°C  max) 

Asynchronous  CLEAR  Function 

Power  Supply  Range  of  12  V-36  V 

Output  Loop  Compliance  of  0  V-33.5  V 

24-Pin  SOIC  and  PDIP  Packages 


FUNCTIONAL  BLOCK  DIAGRAM 


VLL  M  1  REFERENCE  | 


PRODUCT  DESCRIPTION 

The  AD420  is  a  complete  digital  to  current  loop  output  con- 
verter, designed  to  meet  the  needs  of  the  industrial  control  mar- 
ket. It  provides  a  high  precision,  fully  integrated,  low  cost 
single-chip  solution  for  generating  current  loop  signals,  in  a 
compact  24-pin  SOIC  or  PDIP  package. 

The  output  current  range  can  be  programmed  to  4-20  mA, 
0-20  mA  or  an  overrange  function  of  0-24  mA.  The  AD420  can 
alternatively  provide  a  voltage  output  from  a  separate  pin  that 
can  be  configured  to  provide  0  V-5  V,  0  V-10  V,  ±5  V  or 
±10  V  with  the  addition  of  a  single  external  buffer  amplifier. 

The  3.3M  Baud  serial  input  logic  design  minimizes  the  cost  of 
galvanic  isolation  and  allows  for  simple  connection  to  commonly 
used  microprocessors.  It  can  be  used  in  three-wire  or  asynchro- 
nous mode  and  a  serial-out  pin  is  provided  to  allow  daisy  chain- 
ing of  multiple  DACs  on  the  current  loop  side  of  the  isolation 
barrier. 

The  AD420  uses  sigma-delta  (SA)  DAC  technology  to  achieve 
16-bit  monotonicity  at  very  low  cost.  Full-scale  settling  to  0.1% 
occurs  within  3  ms.  The  only  external  components  that  are 
required  (in  addition  to  normal  transient  protection  circuitry) 
are  three  low  cost  capacitors  which  are  used  in  the  DAC  output 
filter. 

If  the  AD420  is  going  to  be  used  at  extreme  temperatures  and 
supply  voltages,  an  external  output  transistor  can  be  used  to 
minimize  power  dissipation  on  the  chip  via  the  "BOOST"  pin. 

The  FAULT  DETECT  pin  signals  when  an  open  circuit  occurs 
in  the  loop.  The  on-chip  voltage  reference  can  be  used  to  supply 
a  precision  +5  V  to  external  components  in  addition  to  the 
AD420  or,  if  the  user  desires  temperature  stability  exceeding 
25  ppm/°C,  an  external  precision  reference  such  as  the  AD586 
can  be  used  as  the  reference. 

The  AD420  is  available  in  a  24-pin  SOIC  and  PDIP  over  the 
industrial  temperature  range  of  -40°C  to  +85°C. 


RANGE 
SELECT  1 
RANGE 
SELECT  2 


CLOCK 


16-BIT 
DAC 


Q BOOST 


SWITCHED 
CURRENT 
SOURCES 

AND 
FILTERING 


<) 


6— <5<5o-o 


FAULT 
DETECT 


OFFSET  TRIM    CAP  1,2,3  GND 


PRODUCT  HIGHLIGHTS 

1.  The  AD420  is  a  single  chip  solution  for  generating  4-20  mA 
or  0-20  mA  signals  at  the  "controller  end"  of  the  current 
loop. 

2.  The  AD420  operates  on  +12  V  to  +36  V  supplies,  with  an 
output  loop  compliance  of  0  V  to  Vcc  -  2.5  V. 

3.  The  flexible  serial  input  can  be  used  in  Three- Wire  Mode 
with  SPI*  or  MICROWIREf  microcontrollers,  or  in  Asyn- 
chronous Mode  which  minimizes  the  number  of  control  sig- 
nals required. 


4.  The  Serial  Data  Out  l__ 
ber  of  AD420s  together  i 


i  t0^y chain  any num- 


5.  At  Power- Up  the  AD420  initializes  its  output  to  the  low  end 
of  the  selected  range. 

6.  The  AD420  has  an  asynchronous  CLEAR  pin  which  sends 
the  output  to  the  low  end  of  the  selected  range  (0  mA,  4  mA, 
or  0  V). 

7.  The  AD420  BOOST  pin  accommodates  an  external  transistor 
to  off-load  power  dissipation  from  the  chip. 

8.  The  offset  of  ±0.05%  and  total  output  error  of  ±0.15%  can 
be  trimmed  if  desired,  using  two  external  potentiometers. 

*SPI  is  a  registered  trademark  of  Motorola. 

fMICROWIRE  is  a  registered  trademark  of  National  Semiconductor. 
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AD420— SPECIFICATIONS  it, = t„. 


tmax>  vcc  =  +24  V,  RL  =  500  11  unless  otherwise  noted) 


Parameter 


Min 


AD420AN/AR 
Typ 


RESOLUTION 


16 


ACCURACY1 
Monotonicity 
Integral  Nonlinearity 
Offset  (0  mA  or  4  mA)  (TA 
Offset  Drift 

Total  Output  Error  (20  mA  or  24  mA)  (TA  =  +25°C) 

Total  Output  Error  Drift 

PSRR2 


16 


=  +25°C) 


t0.002 


20 


20 
5 


±0.012 

±0.05 

50 

±0.15 

50 

10 


OUTPUT  CHARACTERISTICS 
Operating  Current  Ranges 


Current  Loop  Voltage  Compliance3 
Output  Voltage  Range  (Pin  17) 
Settling  Time  (to  0.1%  of  FS)4 
Output  Impedance  (Current  Mode) 


20 


20 

mA 

24 

mA 

Vcc  "  2.5  V 

.  v.. 

5 

V 

2.5 
25 


3 


VOLTAGE  REFERENCE 
REF  OUT 
Output  Voltage  (TA  =  +25°C) 
Drift 

Externally  Available  Current 

Short  Circuit  Current 
REFIN 

Resistance 
VLL 

Output  Voltage 

Externally  Available  Current 

Short  Circuit  Current 


4.995 


5.0  5.005 
±25 

5 
7 


30 


4.5 

5 

20 


DIGITAL  INPUTS 
VIH  (Logic  1) 
Vm  (Logic  0) 
I.H  (VIN  =  5.0  V) 
In.  (V,n  =  0  V) 


Data  Input  Rate  ("3-Wire"  Mode) 

Data  Input  Rate  ("Asynchronous"  Mode) 


2.4 

0.8 

±10 

±10 

No  Minimum  3.3 


No  Minimum 


150 


DIGITAL  OUTPUTS 
FAULT  DEFECT 

VOH  (10  kfl  Pull-Up  Resistor  to  VLL) 

VOL  (10  kfl  Pull-Up  Resistor  to  VLL) 

VOL  @  2.5  mA 
DATA  OUT 

VOH  (Ioh  =  "0.8  mA) 

VOL  (Iol  =  1-6  mA) 


3.6 


3.6 


■ 

4.5 

0.2  0.4 
0.6 


4.3 
0.3 


0.4 


POWER  SUPPLY 
Operating  Range  Vcc 
Quiescent  Current 
Quiescent  Current  (External  VLL) 


12 


36 

4.2  5.0 
3 


TEMPERATURE  RANGE 
Specified  Performance 


-40 


+  85 


NOTES 

'Total  Output  Error  includes  Offset  and  Gain  Error.  Total  Output  Error  and  Offset  Error  are  with  respect  to  the  Full-Scale  Output  and  are  measured  with  an 
ideal  +5  V  reference.  If  the  internal  reference  is  used,  the  reference  errors  must  be  added  to  the  Offset  and  Total  Output  Errors. 
2PSRR  is  measured  by  varying  Vcc  from  12  V  to  36  V. 
'When  Vcc  is  greater  than  32  V  the  Minimum  RL  is  200  fi. 
4External  capacitor  selection  must  be  as  described  in  Figure  5. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  GND   36  V 

IOUT  to  GND  Vcc 

Digital  Inputs  to  GND   -0.5  V  to  +7  V 

Digital  Outputs  to  GND   -0.5  V  to  VLL  +  0.3  V 

VLL  and  REFOUT:  Outputs  safe  for  indefinite  short  to  ground. 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +  300°C 

Thermal  Impedance: 
SOIC  (R)  Package   8JA  =  75°C/W 


PDIP  (N)  Package 


9JA  =  50°C/W 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  conditions  above  those  indicated  in  the 
operational  specification  is  not  implied.  Exposure  to  absolute 
specifications  for  extended  periods  may  affect  device  reliability. 

ORDERING  GUIDE 


Package 

Model 

Temperature 

Range 

Description 

Option* 

AD420AN 

-40°C  to  +85°C 

24-Pin  Plastic  DIP 

N-24 

AD420AR 

-40°C  to  +85°C 

24-Pin  SOIC 

R-24 

*For 


Information  section. 


PIN  DESIGNATIONS 


nc  LT 

*u!  [I 

24]  NC 
23]  Vcc 

FAULT  DETECT  \T 
RANGE  SELECT  2  |~4~ 
RANGE  SELECT  1  [T 
CLEAR  [~6~ 
LATCH  [T 
CLOCK  [J 
DATA  IN  [T 
DATA  OUT  [To 

22]  CAP3 

— 1 

2l]  CAP2 

20]  CAP1 

1j]  BOOST 

™]  'OUT 

H]  V0UT 

3H  OFFSET  TRIM 

]i]  REF  IN 

33  REF  OUT 

n\  NC 

AD420 

TOP  VIEW 
(Not  to  Scale) 

GND  QT 
NC  |j 

.  wiimiT 

 @  


©  BOOST 


OFFSET  TRIM  CAP  1,2,3  GND 


Table  I.  Truth  Table 


Inputs 


CLEAR 


X 
X 
X 
X 


Range 
Select  2 


Range 
Select  1 


Operation 


Normal  Operation 
Output  at  Bottom  of  Span 


0  V-5  V  Range 
4-20  mA  Range 
0-20  mA  Range 
0-24  mA  Range  


NC  =  NO  CONNECT 


r" 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD420  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AD420 


Timing  Requirements  at  =  -4o°c  to  +zs°t,  vcc  =  +12  v  to  +36  v> 

- 

THREE-WIRE  INTERFACE 
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■  


Figure  2.  Timing  Diagram  for  Three-Wire  Interface 
Table  II.  Timing  Specification  for  Three-Wire  Interface 


Parameter 

Label 

Limit 

Units 

Data  Clock  Period 

^CK 

300 

ns  min 

Data  Clock  Low  Time 

tcL 

80 

ns  min 

Data  Clock  High  Time 

tcH 

80 

ns  min 

Data  Stable  Width 

*DW 

125 

ns  min 

Data  Setup  Time 

£DS 

40 

ns  min 

Data  Hold  Time 

[DH 

5 

ns  min 

Latch  Delay  Time 

tLD 

80 

ns  min 

Latch  Low  Time 

tLL 

80 

ns  min 

Latch  High  Time 

tLH 

80 

ns  min 

Serial  Output  Delay  Time 

lSD 

225 

ns  max 

Clear  Pulse  Width 

tCLR 

50 

ns  min 

- 


DATA  IN    j-  t 


(INTERNALLY  GENERATED  LATCH) 


EXPANDED  TIME  VIEW  BELOW 

CLOCK  COUNTER  STARTS  HERE 

CONFIRM  START  BIT  SAMPLE  BIT  1 5 

0    1    2         6  16  24 

START  BIT         /~\     DATA  BIT  15    {      X   BIT 14 


Figure  3.  Timing  Diagram  for  Asynchronous  Interface 
Table  III.  Timing  Specifications  for  Asynchronous  Interface 


Parameter 

Label 

Limit 

Units 

Asynchronous  Clock  Period 

^ACK 

400 

ns 

min 

Asynchronous  Clock  Low  Time 

Wx 

50 

ns 

min 

Asynchronous  Clock  High  Time 

lACH 

150 

ns 

min 

Data  Stable  Width  (Critical  Clock  Edge) 

lADW 

300 

ns 

min 

Data  Setup  Time  (Critical  Clock  Edge) 

^ADS 

50 

ns 

min 

Data  Hold  Time  (Critical  Clock  Edge) 

lADH 

20 

ns 

min 

Clear  Pulse  Width 

tcLR 

50 

ns 

min 

ASYNCHRONOUS  INTERFACE 


Note  in  the  timing  diagram  for  Asynchronous  Mode  operation 
each  data  word  is  "framed"  by  a  START  (0)  bit  and  a  STOP  (1) 
bit.  The  data  timing  is  with  respect  to  the  rising  edge  of  the 
CLOCK  at  the  center  of  each  bit  cell.  Bit  cells  are  16  clocks 
long,  and  the  first  cell  (the  START  bit)  begins  at  the  first  clock 
following  the  leading  (falling)  edge  of  the  START  bit.  Thus  the 
MSB  (D15)  is  sampled  24  clock  cycles  after  the  beginning  of  the 
START  bit,  D14  is  sampled  at  clock  number  40,  and  so  on. 
During  any  "dead  time"  before  writing  the  next  word  the 
DATA  IN  pin  must  remain  at  logic  1 . 

The  DAC  output  updates  when  the  STOP  bit  is  received.  In  the 
case  of  a  "framing  error"  (the  STOP  bit  sampled  as  a  0)  the 
AD420  will  output  a  pulse  at  the  DATA  OUT  pin  one  clock 
period  wide  during  the  clock  period  subsequent  to  sampling  the 
STOP  bit.  The  DAC  output  will  not  update  if  a  "framing  error" 
is  detected. 
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AD420 


PIN  DESCRIPTION 




Auxiliary  buffered  +4.5  V  digital  logic  voltage.  This  pin  is  the  internal  supply 
voltage  for  the  digital  circuitry  and  can  be  used  as  a  termination  for  pull-up 
resistors  .  An  external  +5  V  power  supply  can  be  connected  to  VLL.  It  will  override 
this  buffered  voltage,  thus  reducing  the  internal  power  dissipation. 
FAULT  DETECT,  connected  to  a  pull-up  resistor,  is  asserted  low  when  the  output 
current  does  not  match  the  DAC's  programmed  value.  For  example,  in  case  the 
current  loop  is  broken. 

Selects  the  converters  output  operating  range.  One  output  voltage  range  and  three 
output  current  ranges  are  available. 

Valid  VIH  will  unconditionally  force  the  output  to  go  to  the  minimum  of  its 
programmed  range.  After  CLEAR  is  removed  the  DAC  output  will  remain  at  this 
value.  The  data  in  the  input  register  is  unaffected. 
In  the  three-wire  interface  mode  a  rising  edge  para 

data  into  the  DAC.  To  use  the  asynchronous  mode  connect  LATCH  through 
current  limiting  resistor  to  V^. 

Data  Clock  Input.  The  clock  period  is  equal  to  the  input  data  bit  rate  in  the 
three-wire  interface  mode  and  is  16  times  the  bit  rate  in  asynchronous  mode. 
Serial  Data  Input. 

Serial  Data  Output.  In  the  three-wire  interface  mode,  this  output  can  be  used  for 
daisy  chaining  multiple  AD420s.  In  the  asynchronous  mode  a  positive  pulse  will 
indicate  a  framing  error  after  the  stop-bit  is  received. 


+5  V  Reference  Output. 
Reference  Input. 
Offset  Adjust. 
Voltage  Output. 
Current  Output. 

Connect  to  an  external  transistor  to  reduce  the  power  dissipated  in  the  AD420 
output  transistor,  if  desired. 

These  pins  are  used  for  internal  filtering.  Connect  capacitors  between  each  of  these 
pins  and  Vcc.  Refer  to  the  description  of  current  output  operation. 

+  12  Vto  +36  V  Power. 

No  Connection.  No  internal  connections  inside  device. 


Pin  # 


Symbol 


Type 


Function 


7 


9 
10 

11 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 

I,  12,  13,  24 


FAULT  DETECT 


RANGE  SELECT  2 
RANGE  SELECT  1 


CLEAR 


LATCH 

CLOCK 

DATA  IN 
DATA  OUT 


GND 
REFOUT 
REF  IN 
OFFSET  TRIM 

VoUT 
AOUT 

BOOST 

CAP  1 
CAP  2 
CAP  3 


DO 

DI 
DI 

DI 

DI 

DI 
DO 


P 

AO 

AI 

AI 

AO 

AO 

AO 

AI 


I  loads  the  serial  input  register 
Dnnect  LATCH  through  a 


Ground  (Common) 


»cc 
NC 


Type:  AI  =  Analog  Input,  AO  =  Analog  Output,  DI  =  Digital  Input,  DO  =  Digital  Output,  P  =  Power 


DEFINITIONS  OF  SPECIFICATIONS 

RESOLUTION:  For  16-bit  resolution,  1  LSB  =  0.0015%  of  the 
FSR.  In  the  4-20  mA  range  1  LSB  =  244  nA. 

INTEGRAL  NONLINEARITY:  Analog  Devices  defines  inte- 
gral nonlinearity  as  the  maximum  deviation  of  the  actual, 
adjusted  DAC  output  from  the  ideal  analog  output  (a  straight 
line  drawn  from  0  to  FS-1  LSB)  for  any  bit  combination.  This 
is  also  referred  to  as  relative  accuracy. 

DIFFERENTIAL  NONLINEARITY:  Differential  nonlinearity 
is  the  measure  of  the  change  in  the  analog  output,  normalized  to 
full  scale,  associated  with  an  LSB  change  in  the  digital  input 
code.  Monotonic  behavior  requires  that  the  differential  linearity 
error  be  greater  than  - 1  LSB  over  the  temperature  range  of 
interest. 

MONOTONICITY:  A  DAC  is  monotonic  if  the  output  either 
increases  or  remains  constant  for  increasing  digital  inputs  with 
the  result  that  the  output  will  always  be  a  single-valued  function 
of  the  input. 


GAIN  ERROR:  Gain  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output  with  all  Is 
loaded  after  offset  error  has  been  adjusted  out. 

OFFSET  ERROR:  Offset  error  is  the  deviation  of  the  output 
current  from  its  ideal  value  expressed  as  a  percentage  of  the  full- 
scale  output  with  all  0s  loaded  in  the  DAC. 

DRIFT:  Drift  is  the  change  in  a  parameter  (such  as  gain  and 
offset)  over  a  specified  temperature  range.  The  drift  temperature 
coefficient,  specified  in  ppm/°C,  is  calculated  by  measuring  the 
parameter  at  TMIN,  25°C,  and  T^x  and  dividing  the  change  in 
the  parameter  by  the  corresponding  temperature  change. 

CURRENT  LOOP  VOLTAGE  COMPLIANCE:  The  voltage 
compliance  is  the  maximum  voltage  at  the  IOUT  pin  for  which 
the  output  current  will  be  equal  to  the  programmed  value. 
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THEORY  OF  OPERATION 

The  AD420  uses  a  sigma-delta  (2A)  architecture  to  carry  out  the 
digital-to-analog  conversion.  This  architecture  is  particularly  vLL 
well  suited  for  the  relatively  low  bandwidth  requirements  of  the 
industrial  control  environment  because  of  its  inherent  monoto- 
nicity  at  high  resolution.  Refout 

In  the  AD420  a  second  order  modulator  is  used  to  keep  com- 
plexity and  die  size  to  a  minimum.  The  single  bit  stream  from 
the  modulator  controls  a  switched  current  source  that  is  then 
filtered  by  three,  continuous  time  resistor-capacitor  sections. 
The  capacitors  are  the  only  external  components  that  have  to  be 
added  for  standard  current-out  operation.  The  filtered  current  is 
amplified  and  mirrored  to  the  supply  rail  so  that  the  application 
simply  sees  a  4-20  mA,  0-20  mA,  or  0-24  mA  current  source 
output  with  respect  to  ground.  The  AD420  is  manufactured  on 
a  BiCMOS  process  that  is  well  suited  to  implementing  low  volt- 
age  digital  logic  with  high  performance  and  high  voltage  analog 
circuitry. 

The  AD420  can  also  provide  a  voltage  output  instead  of  a  cur- 
rent loop  output  if  desired.  The  addition  of  a  single  external 
amplifier  allows  the  user  to  obtain  0  V-5  V,  0  V-10  V,  ±5  V, 
or  ±10  V. 

va  toe  i  yi  fies  laqjut  ■id]  ^boia  3jjsi"t)ai  '/irw-wiiii pdi  nl 
The  AD420  has  a  loop  fault  detection  circuit  that  warns  if  the 

voltage  at  IOUT  attempts  to  rise  above  the  compliance  range, 

due  to  an  open  loop  circuit  or  insufficient  power  supply  voltage. 

The  FAULT  DETECT  is  an  active  low  open  drain  signal  so 

that  one  can  connect  several  AD420s  together  to  one  pull-up 

resistor  for  global  error  detection.  The  pull-up  resistor  can  be 

tied  to  the  VLL  pin,  or  an  external  +5  V  logic  supply. 

The  IOUT  current  is  controlled  by  a  PMOS  transistor  and 
internal  amplifier  as  shown  in  the  functional  block  diagram.  The 
internal  circuitry  that  develops  the  fault  output  avoids  using  a 
comparator  with  "window  limits"  since  this  would  require  an 
actual  output  error  before  the  FAULT  DETECT  output 
becomes  active.  Instead,  the  signal  is  generated  when  the  inter- 
nal amplifier  in  the  output  stage  of  the  AD420  has  less  than 
approximately  one  volt  remaining  of  drive  capability  (when  the 
gate  of  the  output  PMOS  transistor  nearly  reaches  ground). 
Thus  the  FAULT  DETECT  output  activates  slightly  before  the 
compliance  limit  is  reached.  Since  the  comparison  is  made 
within  the  feedback  loop  of  the  output  amplifier,  the  output 
accuracy  is  maintained  by  its  open  loop  gain,  and  no  output 
error  occurs  before  the  fault  detect  output  becomes  active. 

The  three-wire  digital  interface,  comprising  DATA  IN, 
CLOCK,  and  LATCH,  interfaces  to  all  commonly  used  serial 
microprocessors  without  the  addition  of  any  external  glue  logic. 
Data  is  loaded  into  an  input  register  under  control  of  CLOCK 
and  is  loaded  to  the  DAC  when  LATCH  is  strobed.  If  a  user 
wants  to  minimize  the  number  of  galvanic  isolators  in  an  intrin- 
sically safe  application,  the  AD420  can  be  configured  to  run  in 
"asynchronous"  mode.  This  mode  is  selected  by  connecting  the 
LATCH  pin  to  Vcc  through  a  current  limiting  resistor.  The 
data  must  then  be  combined  with  a  start  and  stop  bit  to  "frame' 
the  information  and  trigger  the  internal  LATCH  signal. 


Figure  4.  Functional  Block  Diagram 

APPLICATIONS 
CURRENT  OUTPUT 

The  AD420  can  provide  4-20  mA,  0-20  mA,  or  0-24  mA  out- 
put without  any  active  external  components.  The  three  capaci- 
tors shown  in  Figure  5  are  all  that  is  required.  These  can  be  any 
type  of  low  cost  ceramic  capacitors.  To  meet  the  specified  full- 
scale  settling  time  of  3  ms,  low  dielectric  absorption  capacitors 
(NPO)  are  required.  Suitable  values  are  CI  =  0.01  (jlF,  C2 
=  0.01  (xF,  and  C3  =  0.0033  pE. 

Vcc 
cilczLcsl 


^MOmA) 


Figure  5.  Standard  Configuration 

DRIVING  INDUCTIVE  LOADS 

When  driving  inductive  or  poorly  defined  loads  connect  a 
0.01  |xF  capacitor  between  IOUT  (Pin  18)  and  GND  (Pin  11). 
This  will  ensure  stability  of  the  AD420  with  loads  beyond 
50  mH.  There  is  no  maximum  capacitance  limit.  The  Capacitive 
component  of  the  load  may  cause  slower  settling,  though  this 
may  be  masked  by  the  settling  time  of  the  AD420.  A  pro- 
grammed change  in  the  current  may  cause  a  back  EMF  voltage 
on  the  output  that  may  exceed  the  compliance  of  the  AD420. 
To  prevent  this  voltage  from  exceeding  the  supply  rails  connect 
protective  diodes  between  IOUT  and  each  of  Vcc  and  GND. 
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VOLTAGE-MODE  OUTPUT 

Since  the  AD420  is  a  single  supply  device,  it  is  necessary  to  add 
an  external  buffer  amplifier  to  the  VOUT  pin  to  obtain  a  selec- 
tion of  high  quality  bipolar  output  voltage  ranges  as  shown  in 
Figure  6. 
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RANGE 
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Figure  6. 
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IV.  Buffer  Amplifier  Configuration 
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2R 
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Suitable  R  =  5  kfl. 


OPTIONAL  SPAN  AND  ZERO  TRIM 

For  those  users  who  would  like  lower  than  specified  values  of 
offset  and  gain  error,  Figure  7  shows  a  simple  way  to  trim  these 
parameters.  Care  should  be  taken  to  select  low  drift  resistors 
because  they  will  affect  the  temperature  drift  performance  of  the 
DAC. 

The  adjustment  algorithm  is  iterative.  The  procedure  for  trim- 
ming the  AD420  in  the  4-20  mA  mode  can  be  accomplished  as 
follows: 

STEP  I  .  .  .OFFSET  ADJUST 

Load  all  zeros.  Adjust  RZERO  for  4.00000  mA  of  output 
current. 

STEP  II  .  .  .GAIN  ADJUST 

Load  all  ones.  Adjust  RSPAN  for  19.99976  mA  (FS  -  1  LSB) 
of  output  current. 

Return  to  STEP  I  and  iterate  until  convergence  is  obtained. 


AD420 

?RSPAN2 
BOOST 


 ©  ®"®  G> 

VR6F<  — yff— ' 
RSPAN 


lour(4-20mA) 
RLOAD 

■ 


RZERO 

Figure  7.  Offset  and  Gain  Adjust 
THREE-WIRE  INTERFACE 

Figure  8  shows  the  AD420  connected  in  the  three-wire  interface 
mode.  The  AD420  data  input  block  contains  a  serial  input  shift 
register  and  a  parallel  latch.  The  contents  of  the  shift  register 
are  controlled  by  the  DATA  IN  signal  and  the  rising  edges  of 
the  CLOCK.  Upon  request  of  the  LATCH  pin  the  DAC  and 
internal  latch  are  updated  from  the  shift  register  parallel  outputs. 
The  CLOCK  should  remain  inactive  while  the  DAC  is  updated. 
Refer  to  the  timing  requirements  for  ' 


FAULT  DETECT 
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Figure  8.  Three-Wire  Interface  Using  Multiple  DACs  with 
Joint  Fault  Detect 

USING  MULTIPLE  DACS  WITH  FAULT  DETECT 

The  three-wire  interface  mode  can  utilize  the  serial  DATA  OUT 
for  easy  interface  to  multiple  DACs.  To  program  the  two 
AD420s  in  Figure  8,  32  data  bits  are  required.  The  first  16  bits 
are  clocked  into  the  input  shift  register  of  DAC1.  The  next  16 
bits  transmitted  pass  the  first  16  bits  from  the  DATA  OUT  pin 
of  DAC1  to  the  input  register  of  DAC2.  The  input  shift  regis- 
ters of  the  two  DACs  operate  as  a  single  32-bit  shift  register, 
with  the  leading  16  bits  representing  information  for  DAC2  and 
the  trailing  16  bits  serving  for  DAC1.  Each  DAC  is  then 
updated  upon  request  of  the  LATCH  pin.  The  daisy-chain  can 
be  extended  to  as  many  DACs  as  required. 
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The  AD42U  connected  in  ASYfJUriKUisuua  iwiEKrALE 
mode  with  opto-couplers  is  shown  in  Figure  9.  Asynchronous 
operation  minimizes  the  number  of  control  signals  required  for 
isolation  of  the  digital  system  from  the  control  loop.  The  resistor 
connected  between  the  LATCH  pin  and  Vcc  is  required  to  acti- 
vate this  mode.  For  operation  with  Vcc  below  18  V  use  a  50  kfl 
pull-up  resistor,  from  18  V-36  V  use  100  kfl.  Asynchronous 
mode  requires  that  the  clock  run  at  16  times  the  data  bit  rate, 
therefore  to  operate  at  the  maximum  input  data  rate  of  150  kbps 
an  input  clock  of  2.4  MHz  is  required.  The  actual  data  rate 
achieved  may  be  limited  by  the  type  of  opto-couplers  chosen. 
The  number  of  control  signals  can  further  be  reduced  by  creat- 
ing the  appropriate  clock  signal  on  the  current  loop  side  of  the 
isolation  barrier. 


B&l  I  J3MVT 

LATCH 


9;  DATA  IN 


GALVANIC  .  ISOLATION 


Figure  9.  Asynchronous  Interface  Using  Opto-Couplers 

MICROPROCESSOR  INTERFACE  SECTION 
AD420  TO  MC68HC11  (SPI  BUS)  INTERFACE 

The  AD420  interface  to  the  Motorola  SPI  (Serial  Peripheral 
Interface)  is  shown  in  Figure  10.  The  MOSI,  SCK,  and  SS  pins 
of  the  HC11  are  respectively  connected  to  the  DATA  IN, 
CLOCK,  and  LATCH  pins  of  the  AD420.  The  majority  of  the 
interfacing  issues  are  done  in  the  software  initialization.  A  typi- 
cal routine  such  as  the  one  shown  below  begins  by  initializing 
the  state  of  the  various  SPI  data  and  control  registers. 

;SS  =  1;  SCK  =  0;  MOSI  =  1 
;SEND  TO  SPI  OUTPUTS 
;SS,  SCK,MOSI  =  OUTPUTS 
;SEND  DATA  DIRECTION  INFO 
;DABL  INTRPTS.SPI  IS  MASTER  &  ON 
;CPOL  =  0,  CPHA  =  0,  1MHZ  BAUDRATE 
;LOAD  ACCUM  W7UPPER  8  BITS 
JUMP  TO  DAC  OUTPUT  ROUTINE 
INFINITE  LOOP 
vPOINT  AT  ON-CHIP  REGISTERS 
;DRIVE  SS  (LATCH)  LOW 
;SEND  MS-BYTE  TO  SPI  DATA  REG 
;CHECK  STATUS  OF  SPIE 
;POLL  FOR  END  OF  X-MISSION 
;GET  LOW  8  BITS  FROM  MEMORY 
;SEND  LS-BYTE  TO  SPI  DATA  REG 
;CHECK  STATUS  OF  SPIE 
;POLL  FOR  END  OF  X-MISSION 
;DRIVE  SS  HIGH  TO  LATCH  DATA 
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ory  ana  processed  Dy  ine  aciN  ut\  1  routine.  1  ne      pin  15 
driven  low  by  indexing  into  the  PORTD  data  register  and  clear 
Bit  5.  The  MSBY  is  then  sent  to  the  SPI  data  register  where  it 
is  automatically  transferred  to  the  AD420  internal  shift  resister. 
The  HC11  generates  the  requisite  eight  clock  pulses  with  data 
valid  on  the  rising  edges.  After  the  MSBY  is  transmitted,  the 
least  significant  byte  (LSBY)  is  loaded  from  memory  and  trans- 
mitted in  a  similar  fashion.  To  complete  the  transfer,  the 
LATCH  pin  is  driven  high  when  loading  the  complete  16-bit 
word  into  the  AD420. 


Figure  10.  AD420  to  68HC11  (SPI)  Interface 


AD420  TO  MICROWIRE  INTERFACE 

The  flexible  serial  interface  of  the  AD420  is  also  compatible 
with  the  National  Semiconductor  MICROWIRE  interface.  The 
MICROWIRE  interface  is  used  in  micro  controllers  such  as  the 
COP400  and  COP800  series  of  processors.  A  generic  interface  to 
use  the  MICROWIRE  interface  is  shown  in  Figure  11.  The  Gl, 
SK,  and  SO  pins  of  the  MICROWIRE  interface  are  respectively 
connected  to  the  LATCH,  CLOCK,  and  DATA  IN  pins  of  the 
AD420. 


Figure  11.  AD420  to  MICROWIRE  Interface 
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EXTERNAL  BOOST  FUNCTION 

The  external  boost  transistor  reduces  the  power  dissipated  in  the 
AD420  by  reducing  the  current  flowing  in  the  on-chip  output 
transistor  (dividing  it  by  the  current  gain  of  the  external  circuit). 
A  discrete  NPN  transistor  with  a  breakdown  voltage  BVCEO, 
greater  than  36  V  can  be  used  as  shown  in  Figure  12. 



Figure  12.  External  Boost  Configuration 

The  external  boost  capability  has  been  developed  for  those  users 
who  may  wish  to  use  the  AD420,  in  the  SOIC  package,  at  the 
extremes  of  the  supply  voltage,  load  current,  and  temperature 
range.  The  PDIP  package  (because  of  its  lower  thermal  resis- 
tance) will  operate  safely  over  the  entire  specified  voltage,  tem- 
perature, and  load  current  ranges  without  the  boost  transistor. 
The  plot  in  Figure  13  shows  the  safe  operating  region  for  both 
package  types.  The  boost  transistor  can  also  be  used  to  reduce 
the  amount  of  temperature  induced  drift  in  the  part.  This  will 
minimize  the  temperature  induced  drift  of  the  on-chip  voltage 
reference,  which  improves  drift  and  linearity. 


AD420N,  OR  AD420R  WITH  BOOST  TRANSISTOR 
65X 


28V 


20V 


AD420N  OR  AD420R 


I  I  I  
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Figure  13.  Safe  Operating  Region 


AD420 


AD420  PROTECTION 

TRANSIENT  VOLTAGE  PROTECTION 

The  AD420  contains  ESD  protection  diodes  which  prevent  dam- 
age from  normal  handling.  The  industrial  control  environment 
can,  however,  subject  I/O  circuits  to  much  higher  transients.  In 
order  to  protect  the  AD420  from  excessively  high  voltage  tran- 
sients such  as  those  specified  in  IEC  801,  external  power  diodes 
and  a  surge  current  limiting  resistor  may  be  required,  as  shown 
in  Figure  14.  The  constraint  on  the  resistor  is  that  during  nor- 
mal operation  the  output  voltage  level  at  IOUT  must  remain 


within  its  voltage  compliance  limit  (IOUT  x  (Rp  +  RL 


Vcc  -  2.5  V)  and  the  two  protection  diodes  and  resistor  must 
have  appropriate  power  ratings. 


AD420  i0ui 

GND 

V 


Rp 


:"load 


Figure  14.  Output  Transient  Voltage  Protection 

BOARD  LAYOUT  AND  GROUNDING 

The  AD420  ground  pin,  designated  GND,  is  the  "high  quality" 
ground  reference  point  for  the  device.  Any  external  loads  on  the 
REF  OUT  and  VOUT  pins  of  the  AD420  should  be  returned  to 
this  reference  point.  Analog  and  digital  ground  currents  should 
not  share  a  common  path.  Each  signal  should  have  an  appropri- 
ate analog  or  digital  signal  return  routed  close  to  it.  Using  this 
approach,  signal  loops  enclose  a  small  area,  minimizing  the 
inductive  coupling  of  noise.  Wide  PC  tracks,  large  gauge  wire, 
and  ground  planes  are  highly  recommended  to  provide  low 
impedance  signal  paths. 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD420  supply  pins,  Vcc  (Pin  23)  and  VLL  (Pin  2),  should 
be  decoupled  to  GND  with  0.1  u.F  capacitors  to  eliminate  high 
frequency  noise  that  may  otherwise  get  coupled  into  the  analog 
system.  High  frequency  ceramic  capacitors  are  recommended. 
The  decoupling  capacitors  should  be  located  in  close  proximity 
to  the  pins  and  the  ground  line  to  have  maximum  effect. 
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DACPORT  Low  Cost,  Complete 
ixP-Compatible  8-Bit  DAC 


AD557 


FEATURES 
Complete  8-Bit  DAC 
Voltage  Output  -  0  to  2.S6V 
Internal  Precision  Band-Gap  Reference 
Single-Supply  Operation:  +5V  (±10%) 
Full  Microprocessor  Interface 
Fast:  1|is  Voltage  Settling  to  ±1/2LSB 
Low  Power:  75mW 
No  User  Trims  Required 
Guaranteed  Monotonic  Over  Temperature 
All  Errors  Specified  Tmin  to  Tmax 
Small  16-Pin  DIP  or  20-Pin  PLCC  Package 
Low  Cost 


PRODUCT  DESCRIPTION 

The  AD557  DACPORT™  is  a  complete  voltage-output  8-bit 
digital-to-analog  converter,  including  output  amplifier,  full 
microprocessor  interface  and  precision  voltage  reference  on  a 
single  monolithic  chip.  No  external  components  or  trims  are 
required  to  interface,  with  full  accuracy,  an  8-bit  data  bus  to  an 


The  low  cost  and  versatility  of  the  AD557  DACPORT  are 
the  result  of  continued  development  in  monolithic  bipolar 
technologies. 

The  complete  microprocessor  interface  and  control  logic  is  im- 
plemented with  integrated  injection  logic  (I2L),  an  extremely 
dense  and  low-power  logic  structure  that  is  process-compatible 
with  linear  bipolar  fabrication.  The  internal  precision  voltage 
reference  is  the  patented  low-voltage  band-gap  circuit  which 
permits  full-accuracy  performance  on  a  single  +  5V  power  supply. 
Thin-film  silicon-chromium  resistors  provide  the  stability  required 
for  guaranteed  monotonic  operation  over  the  entire  operating 
temperature  range,  while  laser-wafer  trimming  of  these  thin-film 
resistors  permits  absolute  calibration  at  the  factory  to  within 
±2.5LSB;  thus,  no  user-trims  for  gain  or  offset  are  required.  A 
new  circuit  design  provides  voltage  settling  to  ±  1/2LSB  for  a 
full-scale  step  in  800ns. 

The  AD557  is  available  in  two  package  configurations.  The 
AD557JN  is  packaged  in  a  16-pin  plastic,  0.3"-wide  DIP.  For 
surface  mount  applications,  the  AD557JP  is  packaged  in  a  20-pin 
JEDEC  standard  PLCC.  Both  versions  are  specified  over  the 
operating  temperature  range  of  0  to  +  70°C. 


FUNCTIONAL  BLOCK  DIAGRAM 

CONTROL        DIGITAL  INPUT  DATA  (BUS) 


"     .Jr^.  IJL  LATCHES 

CONTROL        \  "  \  I 


BAND- 
GAP 
REFERENCE 


PRODUCT  HIGHLIGHTS 

1 .  The  8-bit  I2L  input  register  and  fully  microprocessor- 
compatible  control  logic  allow  the  AD557  to  be  directly 
connected  to  8-  or  16-bit  data  buses  and  operated  with  standard 
control  signals.  The  latch  may  be  disabled  for  direct  DAC 
interfacing. 


2.  The  laser-trimmed  on-chip  SiCr  thin-film  resistors  are  cali- 
brated for  absolute  accuracy  and  linearity  at  the  factory. 
Therefore,  no  user  trims  are  necessary  for  full  rated  accuracy 
over  the  operating  temperature  range. 

3.  The  inclusion  of  a  precision  low-voltage  band-gap  reference 
eliminates  the  need  to  specify  and  apply  a  separate  reference 
source. 

1  ' 

4.  The  AD557  is  designed  and  specified  to  operate  from  a  single 
+  4.5V  to  +5.5V  power  supply. 

5.  Low  digital  input  currents,  IOOllA  max,  minimize  bus  loading. 
Input  thresholds  are  TTL/low  voltage  CMOS  compatible. 

6.  The  single-chip,  low  power  I2L  design  of  the  AD557  is  in- 
herently more  reliable  than  hybrid  multichip  or  conventional 


DACPORT  is  a  trademark  of  Analog  Devices,  Inc. 

I  by  U.S.  Patent  No..  3,887,863;  3,685,045;  4,323,795;  other 


This  is  an  abridged  data  sheet.  To  obtain  the  mi 

i  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(@  T,  =  +25C,  Vcc  =  +5V 


Model 


RESOLUTION 


KHLATWHACCURACV. 


OUTPUT 
Ranges 

Current  Source 
Sink 


OUTPUT  SETTLING  TIME3 


FULL  SCALE  ACCURACY4 

@25°C 


ZERO  ERROR 

@25°C 

Tmin  tO  Tfnax 


MONOTONICITY5 


DIGITAL  INPUTS 

Input  Current 

Data  Inputs,  Voltage 
Bit  On -Logic  "1" 
Bit  On- Logic  "0" 

Control  Inputs,  Voltage 
On-Logk"l" 
On- Logic  "0" 

Input  Capacitance 


TIMING 
tw  Strobe  Pulse  Width 

T^toT^ 
tDH  Data  Hold  Time 

Tmin  tO  Tmax 

tos  Data  Setup  Time 

Tmin  tO  Tmax 


POWER  SUPPLY 

Operating  Voltage  Range  (VCc) 
2. 56  Volt  Range 
Current  (Ice) 
Rejection  Ratio 


POWER  DISSIPATION,  Vcc  =  5V 


OPERATING  TEMPERATURE  RANGE 


Min 


AD557J 
Typ 


Max 


±1/2 


+  5 


Oto  +2.56 


Pull-Down  to  Ground2 


0.8 


1.5 


±1.5 
±2.5 


±2.5 
±4.0 


±3 


Guaranteed 


2.0 
0 

2.0 
° 




±100 


0.8 


0.8 


225 
300 
10 
10 




+  4.5 


15 


+  5.5 

25 

0.03 


75 


125 


+  70 


Units 


Bits 


LSB 


V 

mA 


p.s 


LSB 
LSB 


LSB 
LSB 


V 

mA 

%/% 


mW 


AD557 


BITSILSBI  LZ 

BIT7  LI 

BIT  S  (J 

BIT  5  E 

BIT  4  1^ 
. — 

BITS  |_L 

BIT  2  E 

IMS8IBIT1  E 


PIN  CONFIGURATIONS 
DIP 


AD557 
TOP  VIEW 
[Not  to  Scale) 


»]  VOUT 

3D  v„,,s 

3D  v^s 

3D  GND 

3D  GND 
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I  V™,  SENSE  B 
J  GND 

1 

Jew 
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g  I  ¥  IS  18 

NC  =  NO  CONNECT  S 


ORDERING  GUIDE 


Package 

Model 

Option* 

Temperature 

AD557JN 

Plastic  (N-16) 

Oto  +  70°C 

AD557JP 

PLCC(P-20A) 

0to+70°C 

*N  =  Plastic  MP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline 
information  see  Package  Information  section . 


NOTES 

1  Relative  Accuracy  is  defined  as  the  deviation  of  the  code  transition  points  from  the  ideal  transfer  point  on  a 
straight  line  from  the  offset  to  the  full  scale  of  the  device.  See  "Measuring  Offset  Error"  on  AD558  data  sheet. 
2Passive  pull -down  resistance  is  2kfl. 

'Settling  time  is  specified  for  a  positive-going  full-scale  step  to  ±  1/2LSB.  Negative-going  steps  to  zero 
are  slower,  but  can  be  improved  with  an  external  pull-down. 
*The  full-scale  output  voltage  is  2.55V  and  is  guaranteed  with  a  +  5V  supply. 
5  A  mono  tonic  converter  has  a  maximum  differential  linearity  error  of  ±  1  LSB . 
Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test . 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  Ground   0V  to  +  18V 

Digital  Inputs  (Pins  1-10)  0  to  +7.0V 

Vout   Indefinite  Short  to  Ground 

Momentary  Short  to  Vcc 

Power  Dissipation   450mW 

Storage  Temperature  Range 

N/P  (Plastic)  Packages   -25°C  to  +  100°C 

Lead  Temperature  (soldering,  10  sec)   300°C 


Thermal  Resistance 
Junction  to  Ambient/Junction  to  Case 

N/P  (Plastic)  Packages   140/55°C7W 

,  eCT.CS*,*  iCf/'.ci.A,?  il63,r:atV,£        ww^'i  J£-'J  <d  bianaTi  •'  J* 

"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 
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DACPORT  Low  Cost,  Complete 
mP-Compatible  8-Bit  DAC 


AD558 


FEATURES 

Complete  8-Bit  DAC 

Voltage  Output  -  2  Calibrated  Ranges 

Internal  Precision  Band-Gap  Reference 

Single-Supply  Operation:  +5V  to  +15V 

Full  Microprocessor  Interface 

Fast:  1ms  Voltage  Settling  to  ±1/2 LSB 

Low  Power:  75mW 

No  User  Trims 

Guaranteed  Monotonic  Over  Temperature 
All  Errors  Specified  Tmin  to  Tmax 
Small  16-Pin  DIP  and  20-Pin  PLCC  Packages 
Single  Laser-Wafer-Trimmed  Chip  for  Hybrids 
Low  Cost 

MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


Inputs'"      digital  input  data  (bus) 
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PRODUCT  DESCRIPTION 

The  AD558  DACPORT™  is  a  complete  voltage-output  8-bit 
digital-to-analog  converter,  including  output  amplifier,  full 
microprocessor  interface  and  precision  voltage  reference  on  a 
single  monolithic  chip.  No  external  components  or  trims  are 
required  to  interface,  with  full  accuracy,  an  8-bit  data  bus  to 
an  analog  system. 

The  performance  and  versatility  of  the  DACPORT  is  a  result  of 
several  recently-developed  monolithic  bipolar  technologies. 
The  complete  microprocessor  interface  and  control  logic  is 
implemented  with  integrated  injection  logic  (I2L),  an  extreme- 
ly dense  and  low-power  logic  structure  that  is  process-compat- 
ible with  linear  bipolar  fabrication.  The  internal  precision 
voltage  reference  is  the  patented  low-voltage  band-gap  circuit 
which  permits  full-accuracy  performance  on  a  single  +5V  to 
+  15V  power  supply.  Thin-film  silicon-chromium  resistors 
provide  the  stability  required  for  guaranteed  monotonic  op- 
eration over  the  entire  operating  temperature  range  (all grades), 
while  recent  advances  in  laser-wafer-trimming  of  these  thin- 
film  resistors  permit  absolute  calibration  at  the  factory  to 
within  ±1LSB;  thus  no  user-trims  for  gain  or  offset  are  re- 
quired. A  new  circuit  design  provides  voltage  settling  to 
±1/2LSB  for  a  full-scale  step  in  800ns. 

The  AD558  is  available  in  four  performance  grades.  The 
AD558J  and  K  are  specified  for  use  over  the  0  to  +70°C  tem- 
perature range,  while  the  AD558S  and  T  grades  are  speci- 
fied for  -55  C  to  +125°C  operation.  The  "J"  and  "K"  grades 
are  available  either  in  16-pin  plastic  (N)  or  hermetic  ceramic 
(D)  DIPS.  They  are  also  available  in  20-pin  JEDEC  standard 
PLCC  packages.  The  "S"  and  "T"  grades  are  available  in  the 
16-pin  hermetic  ceramic  DIP  package. 

•Protected  by  U.S.  Patent  Noi.  3,887,863,  3,685,045)  4,323,795i 
Patents  Pending. 
DACPORT  is  a  trademark  of  Analog  Devices,  Inc. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


PRODUCT  HIGHLIGHTS 


Li  The  8-bit  I2  L  input  register  and  fully  microprocessor- 
compatible  control  logic  allow  the  AD558  to  be  directly 
connected  to  8-  or  16-bit  data  buses  and  operated  with 
standard  control  signals.  The  latch  may  be  disabled  for 
direct  DAC  interfacing. 

2.  The  laser-trimmed  on-chip  SiCr  thin-film  resistors  are  cali- 
brated for  absolute  accuracy  and  linearity  at  the  factory. 
Therefore,  no  user  trims  are  necessary  for  full  rated  ac- 
curacy over  the  operating  temperature  range. 

3.  The  inclusion  of  a  precision  low-voltage  band-gap  reference 
eliminates  the  need  to  specify  and  apply  a  separate  refer- 
ence source. 

4.  The  voltage-switching  structure  of  the  AD558  DAC  section 
along  with  a  high-speed  output  amplifier  and  laser-trimmed 
resistors  give  the  user  a  choice  of  0V  to  +2. 56V  or  0V  to 
+10V  output  ranges,  selectable  by  pin-strapping.  Circuitry 
is  internally  compensated  for  minimum  settling  time  on 
both  ranges;  typically  settling  to  ±1/2LSB  for  a  full-scale 
2.55  volt  step  in  800ns. 

The  AD558  is  designed  and  specified  to  operate  from  a 
single  +4.5V  to  +16. 5V  power  supply. 

6.  Low  digital  input  currents,  lOOfiA  max,  minimize  bus 
loading.  Input  thresholds  are  TTL/low  voltage  CMOS 
compatible  over  the  entire  operating  Vcc  range. 

7.  All  AD558  grades  are  available  in  chip  form  with  guar- 
anteed specifications  from  +25°C  to  Tmsx.  MIL-STD-883, 
Class  B  visual  inspection  is  standard  on  Analog  Devices 
bipolar  chips.  Contact  the  factory  for  additional  chip 
information. 

8.  The  AD558  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  Analog  Devices  Military  Products 
Databook  or  current  AD588/883B  data  sheet  for  detailed 
specifications. 


5. 
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SPECIFICATIONS 


(@  T,  =  +25°C,  Vcc  =  +5V  to  +15V  unless  .otherwise  specified) 


-,  


AD558J 
Min  Typ 


AD558K 
Typ  Max 


AD558S 
Mia  Typ 


AD558T1 
Typ  Mai 


RESOLUTION 


RELATIVE  ACCURACY2 
0to+70»C 
-55-Cto+125-C 


±1/2 
±3/4 


±1/4 

±3/8 


OUTPUT 


Current  Source 
Sink 


Oto  +2.56 
Oto  +10 

Interna]  Passive 
Pull-Down  to  Ground4 


Oto  +2.56 
Olo  +  10 


Internal  Passive 
Pull-Down  to  Ground 


Oto  +2.56 
Oto  +10 

Internal  Passive 
Pull-Down  to  Ground 


Oto +2.56 
Oto  +  10 


Internal  Passive 
Pull-Down  to  Ground 


OUTPUT  SETTLING  TIME5 
Oto 2. 56  Volt  Range 
Oto  10  Volt  Range4 


0.8 
2.0 


1.5 

3.0 


0.8 
2.0 


1.5 
3.0 


0.8 
2.0 


1.5 
3.0 


0.8 
2.0 


1.5 
3.0 


±1.5 
±2.5 


±0.5 
±1 


I 




±1.5 
±2.5 


±0.5 
±1 


ZERO  ERROR 

@25X 
T_a.toT.ro 


±1 

±2 


±1/2 
±1 


±1 

±2 


±1/2 
±1 


MONOTONICITY' 
T„i„toT_„ 





Guaranteed 


DIGITAL  INPUTS 

Tmin  tO  ttoax 

Input  Current 

Data  Inputs,  Voltage 
Bit  On- Logic  "1" 
Bit  On- Logic  "0" 

Control  Inputs,  Voltage 
On-Logic"l" 
On- Logic  "0" 

Input  Capacitance 





2.0 
0 

2.0 
0 


0.8 


2.0 
0 


2.0 
0 





0 

2.0 

0  J 


2.0 
0 

2.0 
0 





TIMING 

tw  Strobe  Pulse  Width 

T„i„  toT„„ 
tDH  Data  Hold  Time 

T^loT_ 
Ids  Data  Set-UpTime 

T„i„  toT„„ 


200 
270 
10 
10 
200 
270 


200 
270 
10 
10 
200 
270 


200 

270 

10 

10 

200 

270 


200 

270 

10 

10 

200 

270 


POWER  SUPPLY 
Operating  Voltage  Range  (Vcc) 
2.56  Volt  Range 
10  Volt  Range 
Current  (Ice) 
Rejection  Ratio 


+  4.5 
+  11.4 


+  16.5 
+  16.5 
25 
0.03 


+  4.5 
+  11.4 


+  16.5 
+  16.5 
25 
0.03 


+  4.5 
+  11.4 


+  16.5 
+  16.5 
25 
0.03 


+4.5 
+  11.4 


+  16.5 
+  16.5 
25 
0.03 


POWER  DISSIPATION,  Vcc  -  5V 
Vcc=15V 


75 
225 


125 
375 


75 
225 


125 
375 


75 


125 
375 


75 
225 


125 
375 


OPERATING  TEMPERATURE  RANGE  [  0  +70 


+  70 


-55 


+  125 





and  screened  to  MIL-STD-883  Class  B.  Consult  Analog  Devices'  Military  Databook  for  details, 
of  the  code  transition  points  from  the  ideal  transfer  point  on  a  straight  line  from  the  offset  to  the  full  scale  of  the  device.  See  "Measuring 


NOTES 

'The  AD558  S  &  T  grades  are  ai 
'Relative  Accuracy  is  defined  as  the  d« 
Offset  Error". 

'Operation  of  the  Oto  10  volt  output  range  requires  a  minimum  supply  voltage  of  +  1 1.4  volts. 
'Passive  pull-down  resistance  is  2kfl  for  2.56  volt  range,  lOkfi  for  10  volt  range. 

5SettUng  time  is  specified  for  a  positive-going  full-scale  step  to  ±  1/2 LSB.  Negative-going  steps  to  zero  arc  slower,  but  can  be  improved  with  an  external  pull-down. 
*Thefulli«geoutputvolt^forthe2.56rangeis2.55Vandisguarmteedwitha  +  5V supply,  for  the  10Vrange.it  is 9.960V  guaranteed  witha  +  ISV supply, 
iximum  differential  linearity  error  of  ±  1  LSB . 


Specifications  shown  in  boldface  arc  tested  on  all  production  units  at  final  electrical  test. 
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AD558 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  Ground   OV  to  +  18V 

Digital  Inputs  (Pins  1-10)   0V  to  +7.0V 

Voirr   Indefinite  Short  to  Ground 


AD558  METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 


Power  Dissipation   450mW 

!  Temperature  Range 

-25°Cto  +100°C 
-55°Cto  +150°C 
  300°C 


Plastic)  1 

I  (Ceramic)  Package  

Lead  Temperature  (soldering,  10  sec)  . 
Thermal  Resistance 


100/30°C/W 

N/P  (Plastic)  Packages   140/55°C/W 

"Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification 
Exposure  to  absolute  maximum  ra 
affect  device  reliability. 


Relative  Accuracy 

Full  Scale 

Error  Max 

Error,  Max 

Package 

Model1 

Temperature 

TmfctoTn,, 

TmtatoT^ 

Option2 

AD558JN 

Oto  +70°C 

±  1/2LSB 

±2.5LSB 

Plastic  (N-16) 

AD558JP 

Oto  +70°C 

±  1/2LSB 

±2.5LSB 

PLCC(P-20A) 

AD558JD 
AD558KN 

Oto  +  70°C 
Oto  +70°C 

±  1/2LSB 
±  1/4LSB 

±2.5LSB 

TO-116(D-16) 
Plastic  (N-16) 

±1LSB 

AD558KP 

Oto  +  70°C 

±  1/4LSB 

±1LSB 

PLCC(P-20A) 

AD558KD 

Oto  +70°C 

±  1/4LSB 

±1LSB 

TO-116(D-16) 

AD558SD 

-55°Cto  +125°C 

±3/4LSB 

+  2.5LSB 

TO-116(D-16) 

AD558TD 

-55°Cto  +  125°C 

±3/8LSB 

+  1LSB 

TO-116(D-16) 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to 
Analog  Devices'  Military  Products  Databook  or  current  ADSS8/883B  data  sheet. 

2D  =  Ceramic  DIP;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see 
Package  Information  section. 


LULiJUULilLil 
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Figure  la.  ADS58  Pin  Configuration  (DIP)  Figure  lb.  AD558  Pin  Configuration  (PLCC) 
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ANALOG 
DEVICES 


High  Speed  12-Bit 
Monolithic  D/A  Converters 








AD565A*/AD566A4 


FEATURES 

Single  Chip  Construction 

Very  High-Speed  Settling  to  1/2LSB 

AD565A:  250ns  max 

AD566A:  350ns  max 
Full-Scale  Switching  Time:  30ns 

Guaranteed  for  Operation  with  ±12V  Supplies:  AD565A 

with  -12V  Supply:  AD566A 
Linearity  Guaranteed  Over  Temperature: 

1/2LSB  max  (K,  T  Grades) 
Monotonicity  Guaranteed  Over  Temperature 
Low  Power:  AD566A  =  ISOmW  max; 

AD565A  -  225mW  max 
Use  with  On-Board  High-Stability  Reference  (AD565A) 

or  with  External  Reference  (AD566A) 
Low  Cost 

MIL-STD-883-CompHant  Versions  Available 


AD565A  FUNCTIONAL  BLOCK  DIAGRAM 


JO)  10V  SPAN 


f  I   CODE  INPUT  J 

<a — ©—<&""©■ 


AD566A  FUNCTIONAL  BLOCK  DIAGRAM 

BIPOLAR  OFF 

■<z> 

^  20V  SPAN 


PRODUCT  DESCRIPTION 

The  AD565A  and  AD566A  are  fast  12-bit  digital-to-analog 
converters  which  incorporate  the  latest  advances  in  analog 
circuit  design  to  achieve  high  speeds  at  low  cost. 

The  AD565A  and  AD566A  use  12  precision,  high-speed 
bipolar  current-steering  switches,  control  amplifier  and  a 
laser-trimmed  thin-film  resistor  network  to  produce  a  very 
fast,  high  accuracy  analog  output  current.  The  AD565A  also 
incluess  a  buried  zener  reference  that  features  low-noise, 
long-term  stability  and  temperature  drift  characteristics 
comparable  to  the  best  discrete  reference  diodes. 

The  combination  of  performance  and  flexibility  in  the 
AD565A  and  AD566A  has  resulted  from  major  innovations 
in  circuit  design,  an  important  new  high-speed  bipolar  pro- 
cess, and  continuing  advances  in  laser-wafer-trimming  tech- 
niques (LWT).  The  AD565A  and  AD566A  have  a  10-90% 
full-scale  transition  time  less  than  35ns  and  settle  to  within 
+1/2LSB  in  250ns  max  (350ns  for  AD566A).  Both  are 
laser-trimmed  at  the  wafer  level  to  ±1/8LSB  typical  linearity 
and  are  specified  to  ±1/4LSB  max  error  (K  and  T  grades)  at 
+25  C.  High  speed  and  accuracy  make  the  AD565A  and 
AD566A  the  ideal  choice  for  high-speed  display  drivers  as 
well  as  fast  analog-to-digital  converters. 

The  laser  trimming  process  which  provides  the  excellent 
linearity  is  also  used  to  trim  both  the  absolute  value  and  the 
tempertture  coefficient  of  the  reference  of  the  AD565A  re- 
sulting in  a  typical  full-scale  gain  TC  of  10  ppm/°C.  When 
tighter  TC  performance  is  required  or  when  a  system  refer- 
ence is  available,  the  AD566A  r 
reference. 


•Covered  by  Patent  No*..  3,803,590,  RE  28,633 1  4.213,806, 
4,136,349,  4,020,486,  3,747,088. 


AD565A  and  AD566A  are  available  in  four  performance  grades. 
The  J  and  K  are  specified  for  use  over  the  0  to  +  70°C  temperature 
range  while  the  S  and  T  grades  are  specified  for  the  -  55°C  to 
+  125°C  range.  The  D  grades  are  all  packaged  in  a  24-pin, 
hermetically  sealed,  ceramic,  dual-in-line  package.  The  JR  grade 
is  packaged  in  a  28-pin  plastic  SOIC. 

PRODUCT  HIGHLIGHTS 

1.  The  wide  output  compliance  range  of  the  AD565A  and 
AD566A  are  ideally  suited  for  fast,  low  noise,  accurate 
voltage  output  configurations  without  an  output  amplifier. 

2.  The  devices  incorporate  a  newly  developed,  fully  differen- 
tial, nonsaturating  precision  current  switching  cell  structure 
which  combines  the  dc  accuracy  and  stability  first  developed 
in  the  AD562/3  with  very  fast  switching  times  and  an  opti- 
mally-damped settling  characteristic. 

3.  The  devices  also  contain  SiCr  thin  film  application  resistors 
which  can  be  used  with  an  external  op  amp  to  provide  a 
precision  voltage  output  or  as  input  resistors  for  a  succes- 
sive approximation  A/D  converter.  The  resistors  are 
matched  to  the  internal  ladder  network  to  guarantee  a  low 
gain  temperature  coefficient  and  are  laser-trimmed  for 
minimum  fulUcale  and  bipolar  offset  errors. 

4.  The  AD565A  and  AD566A  are  available  in  versions  com- 
pliant with  MIL-STD-883.  Refer  to  the  Analog  Devices 
Military  Products  Databook  or  current  /883B  data  sheet 
for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


- . 
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DATA  INPUTS'  (Pins  13  to  24) 
TTL  or  5  Volt  CMOS 
Input  Voltage 

Bit  ON  Logic  "1"  +2.0 
Bit  OFF  Logic  "0" 
Logic  Current  (each  bit) 
Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0" 


+120 
+35 


+5.5 
+0.8 


+300 
+100 


♦  120 
+35 


+5.5 
+0.8 


+300 
+100 


"A 
MA 


RESOLUTION 


12 


Bits 


OUTPUT 
Current 

Unipolar  (all  bits  on) 

Bipolat  (all  bits  on  or  off) 
Resistance  (exclusive  of  span 

resistors) 
Offset 

Unipolar 

Bipolar  (Figure  3,  R2  =  50S2  fixed) 
Capacitance 
Compliance  Voltage 


-1.6 
±0.8 


6k 


-2.0 
±1.0 

8k 

0.01 
0.05 
25 


,  to  T, 


 —  EM  

ACCURACY  (error  relative  to 
full  scale)  +25°C 


-1.5 


-2.4 
±1.2 


0.05 
0.15 


+  10 


-1.6 
±0.8 


-2.0 
+1.0 


0.01 
0.05 
25 


-1.5 


-2.4 
±1.2 


0.05 

0.1 


+10 


mA 
mA 


n 


%  of  F.S.  Range 
%  of  F.S.  Range 
PF 


i  toTm 




±1/4  ±1/2 

(0.006)  (0.012) 

±1/2  ±3/4 

(0.012)  (0.018) 


±1/8  ±1/4 
(0.003)  (0.006) 
±1/4  ±1/2 
<0006>  <Mi2i 


LSB 

%  of  F.S.  Range 


%  of  F.S.  Range  


DIFFERENTIAL  NONLINEARITY 
+25°C 

Tmin  to  Tmax 


±1/2  ±3/4 
MONOTON1CITY  GUARANTEED 


±1/4  ±1/2 
MONOTONIC1TY  GUARANTEED 


TEMPERATURE  COEFFICIENTS 
With  Internal  Reference 
Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 
Differential  Nonlinearity 


1 

5 

15 
2 


2 

10 

50 


1 

5 

10 

2 


2 

10 
20 


ppm/°C 
ppm/  C 
ppm/°C 
ppm/°C 


SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-to-OFF  or  OFF-to-ON 


FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time 
90%  to  10%  Delay  plus  Fall  Time 


15 

30 


30 
50 


15 
30 


30 
50 




°C 
°C 





TEMPERATURE  RANGE 

Operating  0 
Storage  -65 


+70 
♦  150 


0 

-65 


♦70 
+  150 


POWER  REQUIREMENTS 
Vcc+11.4  to  +16.5Vdc 
VEE,  -11.4  to  -16.5V  dc 


5 

-18 


mA 
mA 


POWER  SUPPLY  GAIN  SENSITIVITY2 
VCC  •  +11.*  to  +16.5  Vdc 
VeE  »  -11*  to -16.5V  dc 





15 


10 
25 





3  10 
15  25 



ppm  of  F.S./% 
ppm  of  F.S./% 








PROGRAMMABLE  OUTPUT 
RANGE  (see  Figures  2,  3,  +) 


EXTERNAL  ADJUSTMENTS 
Gain  Error  with  Fixed  50fi 

Resistor  for  R2  (Figure  2) 
Bipolar  Zero  Error  with  Fixed 

SOU  Resistor  for  Rl  (Figure  3) 
Gain  Adjustment  Range  (Figure  2)  ±0.25 
Bipolar  Zero  Adjustment  Range  ±0.15 


0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-5  to  +5 
-10  to +10 


Oto  +5 
-2.5  to  +2.5 
0  to +10 
-5  to  +5 
-10  to  +10 


V 
V 
V 
V 
V 


±0.1 
±0.05 


±0.25 
±0.15 


±0.1 
±0.05 


±0.25 
±0.1 


±0.25 
±0  15 


%  of  F.S.  Range 

%  of  F.S.  Range 
%  of  F.S.  Range 
%  of  F.S.  Range 


REFERENCE  INPUT 
Input  Impedance 


20k 


25k 


15k 


20k 


25k 


SI 


REFERENCE  OUTPUT 
Voltage 

Current  (available  for  external 
loads)3 


9.90 


10.00 

2.5 


9.90 
1.5 


10.00 
2.5 


V 

mA 


POWER  DISSIPATION 


225 


225 


mW 


NOTES 

1  The  digital  inputs  are  guaranteed  but  not  tested  ever  the  operating  temperature  range. 
'The  power  supply  gain  sensitivity  is  tested  in  reference  to  a  V'cc,  VEE  of  ±15V  dc. 


1  For  operation  s 
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AD565A/AD566A 


MODEL 

AD565AS 
MIN                TYP  MAX 

AD565AT 
MIN              TYP  MAX 

UNITS 

DATA  INPUTS'  (Pins  13  to  24) 

I'll   _  e  17.1.  ^ime 

1  1  L  or  )  volt  UV1US 

Input  Voltage 

Bit  ON  Logic  "1" 
Bit  OH-  Logic  "0" 

Logic  Current  (each  bit) 
Bit  ON  Logic  "1" 
Bit  OI  F  Logic  "0" 

♦2.0  +5.5 
+0.8 

♦  120  +300 

+2.0  +5.5 
+0.8 

+ 1 70  +300 

V 
V 

(iA 

+35  +100 

+  35  +100 

UA 

RESOLUTION 

12 

Bits 

OUTPUT 
Current 

Unipolar  (all  bits  on)                -1.6               -2.0  -2.4 
Bipolar  (all  bits  on  or  off)          ±0.8               ±1.0  ±1.2 

Resistance  (exclusive  of  span 

resistors)                                6k                 8k  10k 

Offset 

Unipolar                                               0.01  0.05 
Bipolar  (Figure  3,  R2  =  50f!  fixed)                 0.05  0.15 

Capacitance  25 

Compliance  Voltage 

TmintoTm„                            -1.5                                     +  10 

-1.6              -2.0  -2.4 
±0.8             ±1(1  ±1.2 

6k                 8k  10k 

0  01  0.05 
0.05  0.1 

-1.5  +10 

mA 
mA 

n 

%  of  F.S.  Range 
%  of  F.S.  Range 
P* 

V 

ACCURACY  (error  relative  to 
full  scale)  +25°C 

Tmin  to  Tmax 

±1/4  ±1/2 
(0.006)  (0.012) 
±1/2  ±3/4 
(0.012)  (0.018) 

±1/8  ±1/4 
(0003)  (0.006) 
±1/4  ±1/2 
(0006)  (0.012) 

LSB 

%  of  F.S.  Range 
LSB 

%  of  F.S.  Range 

DIFFERENTIAL  NONLINEARITY 
+25°C 

Tmin  to  Tm„ 

±1/2  ±3/4 
MONOTONICITY  GUARANTEED 

±1/4  ±1/2 
MONOTONICITY  GUARANTEED 

LSB 

TEMPERATURE  COEFFICIENTS 
With  Internal  Reference 
Unipolar  Zero 
Bipolar  Zero 

1  2 
5  10 
15  30 

2 

1  2 
5  10 

ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 

Gain  (Full  Scale) 
Differential  Nonlinearity 

10  15 

2 



SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-to-OFF  or  OFF-to-ON                      250  400 

250  400 

ns 

FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time                       15  30 
90%  to  10%  Delay  plus  Fall  Time                        30  50 

15  30 
30  50 

ns 
ns 

TEMPERATURE  RANGE 
Operating 

-55  +125 
-65  +150 

-55  +125 

'  °C 

Storage 

-65  +150 

°c 

POWER  REQUIREMENTS 
Vcc,  +11.4  to  +16.5Vdc 
VEE, -11.4  to -16.5V  dc 

3  5 
-12  -18 

3  5 
-12  -18 

mA 
mA 

POWER  SUPPLY  GAIN  SENSITIVITY3 

Vcc  =  +11.4to+16.5Vdc 
VeE  -  -11.4  to -16.5V  dc 

3  10 
15  25 

3  10 
15  25 

ppm  of  F.S./% 
nnm  of  F  S  /% 

PROGRAMMABLE  OUTPUT 
RANGES  (see  Figures  2,  3,  4) 

0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-5  to  +5 
-10  to +10 

0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-5  to +5 
-10  to  +10 

V 
V 

v 

V 

v           1  ■; 

EXTERNAL  ADJUSTMENTS 
Gain  Error  with  Fixed  5017 

Resistor  for  R2  (Figure  2)                             ±0.1  ±0.25 
Bipolar  Zero  Error  with  Fixed 

5017  Resistor  for  Rl  (Figure  3)                      ±0.05  ±0.15 
Gain  Adjustment  Range  (Figure  2)  ±0.25 
Bipolar  Zero  Adjustment  Range  ±0.15 

±0.1  ±0.25 
±0.05  ±0.1 

±0.25 
±0.15 

%  of  F.S.  Range 

%  of  F.S.  Range 
%  of  F.S.  Range 
%  of  FS.  Range 

REFERENCE  INPUT 
Input  Impedance 

15k               20k  25k 

- 

15k               20k  25k 

- 

a 

REFERENCE  OUTPUT 
Voltage 

Current  (available  for  external 

9.90              10.00  10.10 

9.90              10.00  10.10 

»  a  MV  *»  Ofctf  Ut>a.niT  |«rtB*a  n*w0 

loads)3 

l.J  2.5 

1.5  2.5 

mA 

POWER  DISSIPATION 

225  345 

225  345 

mW 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at 
final  electrical  test.  Results  from  those  tests  are  used  to  calculate  out- 
going quality  levels.  All  min  and  max  specifications  are  guaranteed, 
tested  on  all  p 


■ 


REV.  C 


AD566A -SPECIFICATIONS 


(T»  =  +25°C,  VEE  =  -15V,  unless  otherwise  specified.) 


MODEL 


 MS_ 


AD566AJ 


MAX 


AD566AK 


MIN 


DATA  INPUTS'  (Pins  13  to  24) 
TTL  or  5  Volt  CMOS 
Input  Voltage 
Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0" 
Logic  Current  (each  bit) 
Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0" 


♦2.0 
0 


♦  120 
+35 

— 


♦5.5 
+0.8 


♦300 
♦100 


♦2.0 



♦  120 
♦35 


+5.5 
♦0.8 


♦  300 

♦  100 


UA 
(lA 


RESOLUTION 


12 


OUTPUT 


Current 

Unipolar  (all  bits  on) 

Bipolar  (all  bits  on  or  off) 
Resistance  (exclusive  of  span 

resistors) 
Offset 

Unipolar  (adjustable  to 
zero  per  Figure  3) 

Bipolar  (Figure  4  Rj  and 
R,  =  50S2  fixed) 
Capacitance 
Compliance  Voltage 

Tmk,  to  Tm„ 


-1.6 
±0.8 


6k 


-2.0 
±1.0 

8k 

0.01 


-2.4 
±1.2 

10k 

0.05 
0.15 


-1.6 

-2.0 

-2.4 

mA 

±0.8 

±1.0 

±1.2 

mA 

6k 

8k 

10k 

ft 

0.01 

0.05 

%of  F.S.R. 

0.05 
25 

0.1 

%  of  F.S.R. 
F 

-1.5 

+  10 

V 

ACCURACY  (error  relative  to 
full  scale)  +25*C 

Tmin  to  Tm„ 



±1/4 
(0.006) 
±1/2 
(0.012) 


±1/2 
(0.012) 
±3/4 
(0.018) 


±1/8 

±1/4 

LSB 

(0.003) 

(0.006) 

%  of  F.S.R. 

±1/4 

±1/2 

LSB 

(0.006) 

(0.012) 

%  of  F.S.R. 

±1/4 

±1/2 

LSB 

DIFFERENTIAL  NONLINEARITY 
♦  25°C 

Tmin  to  Tmax 


±1/2 


MONOTON1CITY  GUARANTEED 


MONOTONIC1TY  GUARANTEED 


TEMPERATURE  COEFFICIENTS 
Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 
Differential  Nonlineariry 


1 
S 
7 
2 


2 

10 
10 


2 

10 
5 


ppm/°C 
ppmrc 
ppm/°C 
ppm/°C 


SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-to-OFF  or  OFF-to-ON  (Figure  8) 





FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time 
90%  to  10%  Delay  plus  Fall  Time 


15 
30 



30 
50 


15  30 
30  50 


POWER  REQUIREMENTS 
VEE, -11.4  to -16.5V  dc 


J2L 




ppm  of  F.S./% 


POWER  SUPPLY  GAIN  SENSITIVITY2 
Vee  = -11.4  to -16.5V  dc 


PROGRAMMABLE  OUTPUT 
RANGE  (see  Figures  3,  4,  5) 


0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-5  to  +5 
-10  to +10 





±0.25 
±0.15 





0to+5 
-2.5  to  +2.5 
0  to  +10 
-5  to  +5 
-10  to +10 



V 
V 

V  *V£»[ 
V 




EXTERNAL  ADJ  USTMENTS 
Gain  Error  with  Fixed  5011 

Resistor  for  R2  (Figure  3) 
Bipolar  Zero  Error  with  Fixed 

S0SI  Resistor  for  R 1  (Figure  4) 
Gain  Adjustment  Range  (Figure  3) 
Bipolar  Zero  Adjustment  Range 


±0.05 


±0.25 
±0.15 


±0.1 
±0.05 


±0.25 
±0.1 


±0.25 
±0.15 


%  of  F.S.R. 

%  of  F.S.R. 
%  of  F.S.R. 
%  of  F.S.R. 


REFERENCE  INPUT 
Input  Impedance 


POWER  DISSIPATION 


180 


300 


180 


MULTIPLYING  MODE  PERFORMANCE  (All  Models) 


Reference  Voltage 
Accuracy 

Reference  Feedthrough  (unipolar  mode, 
all  bits  OFF,  and  1  to  +10V  [p-p),  s 
frequency  for  1/2LSB  lp.pl  feedthrough) 

Output  Slew  Rate  10%-90% 
90%-10% 

Output  Settling  Time  (all  bits  on  and  a  0-10V 
step  change  in  reference  voltage)  


Two  (2):  Bipolar  Operation  at  Digital  Input  Only 
♦  IV  to  +10V,  Unipolar 

10  Bits  (±0.05%  of  Reduced  F.S.)  for  IV  dc  Reference  Voltage 

40kHz  typ 
SmA/fJs 
ImA/jis 


1.5*11  to  0.01%  F.S. 


CONTROL  AMPLIFIER 
Full  Power  Bandwidth 
Small-Signal  Closed-Loop  Bandwidth 


300kHz 
1.8, 





NOTES 

1  The  digital  input  level*  arc  guaranteed  but  not  tested  over  tne  temperature  range. 
'The  power  supply  gain  sensitivity  is  tested  in  reference  to  a  VgE  of  -13  V  dc 
Specification!  subject  to  change  without  notice. 
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REV.  C 


AD565A/AD566A 


MODEL  

DATA  INPUTS'  (Pins  13  to  24) 
TTL  or  5  Volt  CMOS 
Input  Voltage 

Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0" 
Logic  Current  (each  bit) 
Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0"  


AD566AS 
TYP 


+2.0 
0 


+5.5 
♦0.8 


+  120 
♦  35 


♦300 
♦  100 


AD566AT 
TYP 


♦  120 
♦35 


+5.5 
+0.8 


+300 
+  100 


MA 

MA 


RESOLUTION 


OUTPUT 
Current 

Unipolar  (all  bits  on) 
Bipolar  (all  bits  on  or  off) 
Resistance  (exclusive  of  span 

resistors) 
Offset 

Unipolar  (adjustable  to 

zero  per  Figure  3) 
Bipolar  (Figure  4  Rj  and 
R2  =  50n  fixed) 
Capacitance 
Compliance  Voltage 
Tm,n  to  Tm„ 
ACCURACY 


-1.6 
±0.8 


-2.0 
±1.0 


f 


■ 


0.05 
25 


-2.4 
±1.2 


0.05 
0.15 


-MS 
±0.8 

6k 


-2.0 
±1.0 


-2.4 
±1.2 


mA 
mA 


0.05 
25 


0.05 
0.1 


%  of  F.S.R 


i"  (error  relative  to 
full  scale)  +25°C 

Tmi„  to  T_„ 


±1/4  ±1/2 

(0.006)  (0.012) 

±1/2  ±3/4 

(0.012)  (0.018) 


±1/8  ±1/4 

(0.003)  (0.006) 

±1/4  ±1/2 

(0.006)  (0.012) 


LSB 

%  of  F.S.R. 
LSB 

%  of  F.S.R. 


DIFFERENTIAL  NONLINEARITY 
♦  25°C 

Tmin  to  Tmax 


±1/2  ±3/4 
MONOTON1CITY  GUARANTEED 


+1/4  ±1/2 
MONOTONICITY  GUARANTEED 


TEMPERATURE  COEFFICIENTS 
Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 
Differential  Nonlincarity 


2 

10 
10 


2 

10 
5 


ppm/°C 
ppm/°C 
ppm/°C 
pprn/  C 


SETTLING  TIME  TO  1/2LSB 

All  Bits  On-to-OFF  or  OFF-to-ON  (Figure  8) 


,  250 


FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time 
90%  to  10%  Delay  plus  Fall  Time 

15 
30 

30 
50 

IS  30 
30  50 

ns 
ns 

POWER  REQUIREMENTS 
VEE.-11.4  to  -16.5V  dc 

-12 

-18 

-12  -18 

mA 

POWER  SUPPLY  GAIN  SENSITIVITY' 
Vee  -  -11.4  to -16.5V  dc 

— |  

15 

25 

15  25 

pprn  of  F.S./% 

PROGRAMMABLE  OUTPUT 
RANGE  (see  Figures  3,  4,  5) 

0  to  +5 
-2.5  to +2  5 
0to*10 
-5  to  +5 
-10  to +10 

0  to  +5 
-2.5  to +2.5 
0  to  +10 
-5  to  +5 

V 
V 

v 
v 

V 

-10  to  +10 

EXTERNAL  ADJUSTMENTS 
Gain  Error  with  Fixed  50n 

Resistor  R2  (Figure  3) 
Bipolar  Zero  Error  with  Fixed 

50fi  Resistor  for  Rl  (Figure  4) 
Gain  Adjustment  Range  (Figure  3) 
Bipolar  Zero  Adjustment  Range 

±0.1 

±0.25 

±0.1  ±0.25 

%  of  F.S.R. 

±0.25 
±0.15 

±0.05 

±0.15 

±0.25 
±0.15 

±0.05  ±0.1 

%  of  F.S.R. 
%  of  F.S.R. 
%of  F.S.R. 

REFERENCE  INPUT 
Input  Impedance 

15k 

20k 

25k 

15k 

20k  25k 

n 

POWER  DISSIPATION 

180 

300 

180  300 

mW 

MULTIPLYING  MODE  PERFORMANCE  (All  Models) 
Quadrants 
Reference  Voltage 
Accuracy 

Reference  Feedthrough  (unipolar  mode, 

all  bits  OFF,  and  1  to  +10V  [p-p| ,  sinewave 
frequency  for  1/2LSB  [p-pj  feedthrough) 

Output  Slew  Rate  10%-90% 
90% -10% 

Output  Settling  Time  (all  bits  on  and  a  0-10V 
step  change  in  reference  voltage) 


Two  (2):  Bipolar  Operation  at  Digital  Input  Only 
+  1V  to  +10V,  Unipolar 

10  Bits  (±0.05%  of  Reduced  F.S.)  for  IV  dc  Reference  Voltage 


40kHz  typ 

5mA/MS 

ImAVfJs 


l.Sfis  to  0.01%  F.S. 


CONTROL  AMPLIFIER 
Full  Power  Bandwidth 
Small-Signal  Closed-Loop  Bandwidth 


300kHz 
1.8MHz 


Specifications  subject  to  change  without  n 


h  only  those  shown  in  boldface  are  tested  on  all  production 


REV.  C 


AD565A/AD566A 


ABSOLUTE  MAXIMUM  RATINGS 

Vqc  to  Power  Ground  OV  to  +  18V 

Vee  to  Power  Ground  (AD565A)  OV  to  -  18V 

Voltage  on  DAC  Output  (Pin  9)   -3V  to  +  12V 

Digital  Inputs  (Pins  13  to  24)  to 

Power  Ground   -1.0Vto+7.0V 

Ref  in  to  Reference  Ground  ±  12V 

Bipolar  Offset  to  Reference  Ground  ±  12V 

10V  Span  R  to  Reference  Ground  ±  12V 

20V  Span  R  to  Reference  Ground  ±24V 

Ref  out  (AD565A)   Indefinite  Short  to  Power  Ground 

Momentary  Short  to  Vcc 
Power  Dissipation  lOOOmW 


AD565A  ORDERING  GUIDE 


Linearity 

Mai  Gain  T.C. 

Temperature 

Error  Max 

Package 

Model1 

(ppmofF.S./X) 

Range 

@  +25X 

Option2 

AD565AJD 

50 

Oto  +70°C 

±  1/2LSB 

Ceramic  (D-24) 

AD565AJR 

50 

Oto  +70X 

±  1/2LSB 

SOIC(R-28) 

AD565AKD 

20 

Oto  +70"C 

±  1/4LSB 

Ceramic  (D-24) 

AD565ASD 

30 

-55°Cto  +  125°C 

±  1/2LSB 

Ceramic  (D-24) 

AD565ATD 

15 

-55°Cto+125°C 

±1/4LSB 

Ceramic(D-24) 

NOTES 

1  For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog 
Devices  Military  Products  Databook  or  current  /883B  data  sheet. 
'D  -  Ceramic  DIP.R  -  SOIC Ft)routli»ei« 


ADS66A  ORDERING  GUIDE 


Linearity 

Max  Gain  T.C. 

Temperature 

Error  Max 

Package 

Model1 

(ppm  or  F.S./°C) 

Range 

@+25*C 

Option2 

AD566AJD 

10 

Oto  +70°C 

±  1/2LSB 

Ceramic  (D-24) 

AD566AKD 

3 

0to+70X 

±  1/4LSB 

Ceramic  (D-24) 

AD566ASD 

10 

-55°Cto  +  125"C 

±  1/2LSB 

Ceramic  (D-24) 

AD566ATD 

3 

-55"Cto  +  125°C 

±  1/4LSB 

Ceramic  (D-24) 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog 
Devices  Military  Products  Databook  or  current  /883B  data  sheet . 
*D  =  Ceramic  DIP.  For  outline  information  see  Package  Information  section. 


REF  OUT  (♦10V±1%) 
REF  GND 
REF  IN 

BIPOLAR  OFFSET  IN 
DAC  OUT(-2mAF.S.) 

10V  SPAN  R 
20V  SPAN  R 
PWH  GND 


PIN  DESIGNATIONS 
24-PIN  DIP 

«]  BIT  1  IN  (MSB) 


AD565A 

TOP  VIEW 
5E  LZ_J  (No!  to  Scale) 

9 
10 


23]  BIT  2  IN 
22]  BIT  3  IN 
F]  BIT  4  IN 
20|  BIT  5  IN 
if]  BIT  6  IN 
lif]  BIT  7  IN 
17]  BIT  8  IN 
16]  BIT  9  IN 
l|]  BIT  10  IN 
14]  BIT  11  IN 
13]  BIT12IN(LSB) 


AMP  SUMMING  [T 
JUNCTION  =T 
REF  V  HI  IN 


NC  [T  •  24]  BIT  1  IN  (MSB) 

NC  [T  23]  BIT  2  IN 

REF  GND  [T  22]  BIT  3  IN 

2l]  BIT  4  IN 

20]  BIT  5  IN 

VEE -15V  IN  (20mA)  \j\    AD566A  19]  BIT  6  IN 
TOP  VIEW 

BIPOLAR  OFFSET  IN  [T  {No,  t0  18]  BIT 7  IN 

NC  J  17]  BIT8IN 

DAC  OUT  (-2mA  F.S.)  [T  16]  BIT  9  IN 

10V  SPAN  R  [lO  l|]  BIT  10  IN 

20V  SPAN  R  [T7  14]  BIT  11  IN 

PWR  GND  Q2  13]  BIT12IN(LSB) 


28-PIN  SOIC 


NC  \T 
NC  [T 
NC  \T 

"cc  LI 

REF  OUT  (10V)  \T 
REF  GND  |T 
REF  IN  [T 


AD565A 

 I     TOP  VIEW 

NC  IL  (Not  to  Scale) 

U 
IN  [lO 

DAC  OUT  \u_ 
NC  [l2 
10V  SPAN  R  (l3 
20V  SPAN  R  [l4 


NC 

BIT  1  (MSB) 
BIT  2 
BIT  3 
BIT  4 
BITS 
BIT  6 
BIT  7 
BIT  8 
BIT  9 
BIT  10 
BIT  11 

BIT  12  (LSB) 
PWR  GND 


NC  =  NO  CONNECT 


3-34   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  C 


ANALOG 
DEVICES 


12-Bit  Ultrahigh  Speed 
Monolithic  D/A  Converter 


AD568 


FEATURES 

Ultrahigh  Speed:  Current  Settling  to  1LSB  in  35ns 
High  Stability  Buried  Zener  Reference  on  Chip 
Monotonicity  Guaranteed  Over  Temperature 
10.24mA  Full-Scale  Output  Suitable  for  Video 
Applications 

Integral  and  Differential  Linearity  Guaranteed  Over 

Temperature 
0.3"  "Skinny  DIP"  Packaging 
Variable  Threshold  Allows  TTL  and  CMOS 

Interface 

MIL  STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


8181818181 81  81 9'i 

1 1  iTTTi  1 1 


LOADRES1STOH 


PRODUCT  DESCRIPTION 

The  AD568  is  an  ultrahigh-speed,  12-bit  digital-to-analog  con- 
verter (DAC)  settling  to  0.025%  in  35ns.  The  monolithic  device 
is  fabricated  using  Analog  Devices'  Complementary  Bipolar 
(CB)  Process.  This  is  a  proprietary  process  featuring  high-speed 
NPN  and  PNP  devices  on  the  same  chip  without  the  use  of 
dielectric  isolation  or  multichip  hybrid  techniques.  The  high 
speed  of  the  AD568  is  maintained  by  keeping  impedance  levels 
low  enough  to  minimize  the  effects  of  parasitic  circuit 
capacitances. 

The  DAC  consists  of  16  current  sources  configured  to  deliver  a 
10.24mA  full-scale  current.  Multiple  matched  current  sources 
and  thin-film  ladder  techniques  are  combined  to  produce  bit 
weighting*  The  DAC's  output  is  a  10.24mA  full  scale  (FS)  for 
current  output  applications  or  a  1.024V  FS  unbuffered  voltage 
output.  Additionally,  a  10.24V  FS  buffered  output  may  be 
generated  using  an  onboard  lkfl  span  resistor  with  an  external 
op  amp.  Bipolar  ranges  are  accomplished  by  pin  strapping. 

Laser  wafer  trimming  insures  full  12-bit  linearity.  All  grades  of 
the  AD568  are  guaranteed  monotonic  over  their  full  operating 
temperature  range.  Furthermore,  the  output  resistance  of  the 
DAC  is  trimmed  to  10011  ±  1.0%.  The  gain  temperature  coefficient 
of  the  voltage  output  is  30ppm/°C  max  (K). 

The  AD568  is  available  in  three  performance  grades.  The 
AD568JQ  and  KQ  are  available  in  24-pin  cerdip  (0.3")  packages 
and  are  specified  for  operation  from  0  to  +  70°C.  The  AD568SQ 
features  operation  from  -  55°C  to  +  125°C  and  is  also  packaged 
in  the  hermetic  0.3"  cerdip. 


PRODUCT  HIGHLIGHTS 

1.  The  ultrafast  settling  time  of  the  AD568  allows  leading  edge 
performance  in  waveform  generation,  graphics  display  and 
high-speed  A/D  conversion  applications. 

2.  Pin  strapping  provides  a  variety  of  voltage  and  current  output 
ranges  for  application  versatility.  Tight  control  of  the  absolute 
output  current  reduces  trim  requirements  in  externally-scaled 
applications. 

3.  Matched  on-chip  resistors  can  be  used  for  precision  scaling 
in  high-speed  A/D  conversion  circuits. 

4.  The  digital  inputs  are  compatible  with  TTL  and  +  5V  CMOS 
logic  families. 

5.  Skinny  DIP  (0.3")  packaging  minimizes  board  space  require- 
ments and  eases  layout  considerations. 

6.  The  AD568  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Data  book 
or  current  AD568/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD568 —SPECIFICATIONS 


(@  =  +25°C,  Vcc,  VEE  =  ±15V  unless  otherwise  noted.) 


Model 

AD568J 
Min           Typ  Max 

AD568K 
Min         Typ  Max 

AD568S 
Min        Typ  Max 

Units 

RESOLUTION 

12 

12 

12 

Bits 

ACCURACY1 
Linearity 
T«,  toTm„ 

-1/2  +1/2 
-3/4  +3/4 

- 1/4                    + 1/4 
-1/2  +1/2 

- 1/2                    + 1/2 
-3/4  +3/4 

LSB 
LSB 

Differential  Nonlinearity 
TittintoTima 

Monotonia  r.y 
Unipolar  Offset 
Bipolar  Offset 
Bipolar  Zero 
Gain  Error 

-1  +1 

GUARANTEED  0 
-0.2  +0.2 
-1.0  +1.0 
-0.2  +0.2 
-1.0  +1.0 

-1/2  +1/2 
-1  +1 
VER  RATED  SPECIFICATION 

*  * 

*  * 

*  * 

-1  +1 
-1  -1 
rEMPERATURE  RANGE 

.  nt  _  _               |   ( .*      .  , 
*  • 

,  i 

LSB 
LSB 

%ofFSR 
%ofFSR 
%ofFSR 
%ofFSR 


TEMPERATURE  COEFFICIENTS2 
Unipolar  Offset 
Bipolar  Offset 
Bipolar  Zero 
Gain  Drift 
Gain  Drift  (Iout) 

-5  +5 
-30  +30 
-15  +15 
-50  +50 
-150  +150 

-3  +3 
-20  +20 

*  * 

-30  +30 

*  * 

-5  +5 
-30  +30 

*  * 

-50  +50 

*  * 

ppmofFSR/"C 
ppmofFSR/°C 
ppmofFSR/°C 
ppmofFSR/X 
ppmofFSR/°C 

DATA  INPUTS 

Logic  Levels  (Tmin  to  Tmax) 
Vih 

v.. 

vii. 

Logic  Currents  (Tmm  toTmax) 
Im 
In. 

VyH  Pin  Voltage 

2.0  7.0 
0.0  0.8 

-10         0  +10 
-0.5         -60  -100 

1.4 

*                         *  ■ 

■ 

*  * 

*  *  * 

*  -  100       -  200 

V 
V 

uA 
V 

CODING 

BINARY,  OFFSET  BINARY 

CURRENT  OUTPUT  RANGES 

Oto  10.24,  ±5.12 

mA 

VOLTAGE  OUTPUT  RANGES 

0 to  1.024,  ±0.512 

V 

COMPLIANCE  VOLTAGE 

-2  +1.2 

*  * 

*  * 

V 

OUTPUT  RESISTANCE 
Exclusive  of  Ri 
Inclusive  of  Rj 

160            200  240 
99             100  101 

* 
* 

* 
* 

n 
n 

SETTLING  TIME 
Current  to 
±0.025% 
±0.1% 
Voltage 

50flLoadJ,0.512V  p-p, 
to0.025% 
lo0.1% 
to  1% 

7511  Load',  0.768V  p-p, 
toO.025% 
t60.1% 
tol% 

100!!  (Internal  Ri.)3,  1.024V  p-p, 
toO.025% 
to  0.1% 
to  1% 
Glitch  Impulse4 
Peak  Amplitude 

35 
23 

37 
25 
18 

40 

25 
20 

50 

38 

24 

350 

15 

* 
* 

* 
* 
* 

* 

* 

m 
* 

* 
* 
* 

* 

* 
* 
* 

* 

* 
* 
* 

nsto0.025%ofFSR 
nsto0.1%ofFSR 

nsto0.025%ofFSR 
nsto0.1%ofFSR 
nsto  l%ofFSR 

nsto0.025%ofFSR 

nsto0.1%ofFSR 

nstol%ofFSR 

nsto0.025%ofFSR 
nsto  0.1%  of  FSR 
ns  to  i  yo  oi  rait 
pV-sec 
%ofFSR 

FULL-SCALE  TRANSITION5 
10%  to  90%  Rise  Time 

QtW,  In  tn%  Fall  Tim* 

tu  /o  to  iu  /a  ran  i  lme 

11 
11 

* 

* 
• 

ns 
ns 

POWER  REQUIREMENTS 

+  13.5V  to  +  16.5V 

-  13.5V  to  -  16.5V 
Power  Dissipation 
PSRR 

27  32 
-7  -8 
525  625 
0.05 

»  * 

*  * 

*  * 
* 

*  * 

*  * 
* 



mA 
mA 
ml 

%ofFSR/V 

TEMPERATURE  RANGE 
Rated  Specification2 
Storage 

0  70 

-65  +150 

0  70 
*  * 

-55  +125 

*  * 

°C 

°C 

NOTES 

*SameasAD568J. 
'Measured  in  I0i_t  mode. 

Measured  in  V,>lt  mode ,  unless  otherwise  specified .  See  text  for  further  information. 
JTotal  Resistance.  Refer  to  Figure  3. 


4At  the  major  carry,  driven  by  HCMOS  logic.  See  text  for  further  explanation. 
'Measured  in  Voux  mode. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 
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Figure  1.  Functional  Block  Diagram 
ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  REFCOM   OV  to  +  18V 

VEE  to  REFCOM  OV  to  -  18V 

REFCOM  to  LCOM   +  lOOmV  to  -  10V 

ACOM  to  LCOM   ±  lOOmV 

THCOM  to  LCOM   ±500mV 

SPANs  to  LCOM  ±  12V 

IBPoto  LCOM   ±5V 

lour  to  LCOM  -5VtoVTH 

Digital  Inputs  to  THCOM   -  500mV  to  +  7.0V 

Voltage  Across  Span  Resistor   12V 

VTH  to  THCOM    -0.7V  to  +  1.4V 


PIN  CONFIGURATION 


17]  BIPOLAR  OFFSET  |IBPQJ 

77]  LOAD  RESISTOR  IRU 

77J  LADDER  COMMON  ILCOMI 

77]  ,0V  SPAN  RESISTOR 

3EI  '»»  SPAN  RESISTOR 

7JJ  THRESHOLD  COMMON  ITHCOMI 

7JJ  THRESHOLD  CONTROL 


Logic  Threshold  Control  Input  Current 





5mA 


Power  Dissipation  lOOOmW 

Storage  Temperature  Range 
Q  (Cerdip)  Package  -65°C  to  +  150°C 

Junction  Temperature   175°C 

Thermal  Resistance 

eia  ,   75°C/W 

6jc   25°C/W 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability . 


ORDERING  GUIDE 


Model1 

Package 
Option2 

Temperature 
Range  °C 

Linearity 
Error  Max. 

@25°C 

Voltage 
GainT.C. 
Max  ppm/°C 

AD568JQ 
AD568KQ 
AD568SQ 

24-Lead  Cerdip  (Q-24) 
24-Lead  Cerdip  (Q-24) 
24-Lead  Cerdip  (Q-24) 

Oto  +70 
Oto  +70 
-55  to  +  125 

±1/2 
±1/4 
±1/2 

±50 
±30 
±50 

NOTES 

1  For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer 
to  the  Analog  Devices  Military  Products  Databook  or  current  AD568/883B  data  sheet. 
2Q  =  Cerdip.  Foroutline  information  see  Package  Information  section. 


LINEARITY  ERROR  (also  called  INTEGRAL  NON- 
LINEARITY  OR  INL):  Analog  Devices  defines  linearity 
error  as  the  maximum  deviation  of  the  actual  analog  output 
from  the  ideal  output  (a  straight  line  drawn  from  0  to  FS) 
for  any  bit  combination  expressed  in  multiples  of  1LSB.  The 
AD568  is  laser  trimmed  to  1/4LSB  (0.006%  of  FS)  maximum 
linearity  error  at  +25°C  for  the  K  version  and  1/2LSB  for 
the  J  and  S  versions. 

DIFFERENTIAL  LINEARITY  ERROR  (also  called 
DIFFERENTIAL  NONLINEARITY  or  DNL):  DNL  is 
the  measure  of  the  variation  in  analog  value,  normalized  to 
full  scale,  associated  with  a  1LSB  change  in  digital  input 
code.  Monotonic  behavior  requires  that  the  differential  linearity 
error  not  exceed  1LSB  in  the  negative  direction. 

MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the 
output  either  increases  or  remains  constant  as  the  digital 
input  increases. 


UNIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  (0V  or  0mA)  when  the  inputs  are  set 
to  all  0s  is  called  unipolar  offset  error. 

BIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  (negative  half-scale)  when  the  inputs 
are  set  to  all  0s  is  called  bipolar  offset  error. 

BIPOLAR  ZERO  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  half-scale  output  of  0V  (or  0mA)  for 

bipolar  mode  when  only  the  MSB  is  on  (100  00)  is  called 

bipolar  zero  error. 

GAIN  ERROR:  The  difference  between  the  ideal  and  actual 
output  span  of  FS  -  1LSB,  expressed  in  %  of  FS,  or  LSB, 
when  all  bits  are  on. 

GLITCH  IMPULSE:  Asymmetrical  switching  times  in  a 
DAC  give  rise  to  undesired  output  transients  which  are  quan- 
tified by  their  glitch  impulse.  It  is  specified  as  the  net  area  of 
the  glitch  in  nV-sec  or  pA-sec. 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-37 


ANALOG 


— 


16-Bit  Monotonic 
Voltage  Output  D/A  Converter 


AD569 


FEATURES 

Guaranteed  16-Bit  Monotonicity 
Monolithic  BiMOS  il  Construction 
±0.01%  Typical  Nonlinearity 
8-  and  16-Bit  Bus  Compatibility 
3|xs  Settling  to  16-Bits 
Low  Drift 
Low  Power 
Low  Noise 

APPLICATIONS 
Robotics 

Closed-Loop  Positioning 
High-Resolution  ADCs 
Microprocessor-Based  Process  Control 
MIL-STD-883  Compliant  Versions  Available 

PRODUCT  DESCRIPTION 

The  AD569  is  a  monolithic  16-bit  digital-to-analog  converter 
(DAC)  manufactured  in  Analog  Devices'  BiMOS  II  process. 
BiMOS  II  allows  the  fabrication  of  low  power  CMOS  logic 
functions  on  the  same  chip  as  high  precision  bipolar  linear  circuitry. 
The  AD569  chip  includes  two  resistor  strings,  selector  switches, 
decoding  logic,  buffer  amplifiers,  and  double-buffered  input 
latches. 

The  AD569's  voltage-segmented  architecture  insures  16- bit 
monotonicity  over  time  and  temperature.  Integral  nonlinearity  is 
maintained  at  ±0.01%,  while  differential  nonlinearity  is 
±0.0004%.  The  on-chip,  high-speed  buffer  amplifiers  provide  a 
voltage  output  settling  time  of  3u.s  to  within  ±0.001%  for  a 
full-scale  step. 

The  reference  input  voltage  which  determines  the  output  range 
can  be  either  unipolar  or  bipolar.  Nominal  reference  range  is 
±  5V  and  separate  reference  force  and  sense  connections  are 
provided  for  high  accuracy  applications.  The  AD569  can  operate 
with  an  ac  reference  in  multiplying  applications. 

Data  may  be  loaded  into  the  AD569's  input  latches  from  8-  and 
16-bit  buses.  The  double-buffered  structure  simplifies  8-bit  bus 
interfacing  and  allows  multiple  DACs  to  be  loaded  asynchronously 
and  updated  simultaneously.  Four  TTL/LSTTL/5V  CMOS- 
compatible  signals  control  the  latches:  CS,  LBE,  HBE,  and 
LDAC. 

The  AD569  is  available  in  five  grades:  J  and  K  versions  are 
specified  from  0  to  +  70°C  and  are  packaged  in  a  28-pin  plastic 
DIP  and  28-pin  PLCC  package;  AD  and  BD  versions  are  specified 
from  -  25°C  to  +  85°C  and  are  packaged  in  a  28-pin  ceramic 
DIP.  The  SD  version,  also  in  a  28-pin  ceramic  DIP,  is  specified 
from  -55°Cto  +  125°C. 


FUNCTIONAL  BLOCK  DIAGRAM 


+  V„Ef  FORCE 


•  «  •    DBS  DB7    •  •  •  DB0 


PRODUCT  HIGHLIGHTS 

1.  Monotonicity  to  16  bits  is  insured  by  the  AD569's  voltage- 
segmented  architecture. 

2.  The  output  range  is  ratiometric  to  an  external  reference  or  ac 
signal.  Gain  error  and  gain  drift  of  the  AD569  are  negligible. 

3.  The  AD569's  versatile  data  input  structure  allows  loading 
from  8-  and  16-bit  buses. 

4.  The  on-chip  output  buffer  amplifier  can  supply  ±  5V  into  a 
lkfl  load,  and  can  drive  capacitive  loads  of  up  to  lOOOpF. 

5.  Kelvin  connections  to  the  reference  inputs  preserve  the  gain 
and  offset  accuracy  of  the  transfer  function  in  the  presence  of 
wiring  resistances  and  ground  currents. 

6.  The  AD569  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD569/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  otherwise  noted.) 


(T,  =  +251:,  +VS  =  +12V,  -Vs  =  -12V,  +VREF  =  +5V,  -VREf  =  -5V, 


AD569JN/JP/AD 


Min 


Typ 


Ma 


ADS69KN  KP/BD 
Mill        Typ  Max 


AD569SD 
Min  Typ 


Max 


RESOLUTION 
LOGIC  INPUTS 
Vm  (Logic  "1") 
Vn.  (Logic  "0") 
Im(Vm  =  5.5V) 
In.(Vn.  =  0V) 


2.0 
0 


16 

5.5 
0.8 
10 
10 


2.0 
0 


16 

5.5 
0.8 
10 
10 


2.0 
0 


16 

5.5 
0.8 
10 
10 


±0.01  ±0.024 
±0.020  ±0.024 
±1/4  ±1/2 
±1/2  ±1 

±350 

±450 

±350 

±450 

±350 

±750 

±0.024 

±0.024 





TRANSFER  FUNCTION 
CHARACTERISTICS 
Integral  Nonlinearity 

T„j»toT„„ 
Differential  Nonlincsritv 

TniatoT,^ 

Unipolar  Offset2 

T„»toT„„ 
Bipolar  Offset2 

Full  Scale  Error2 

Tnojn  to  Tgux 

Bipolar  Zero2 

Triun  tO  Tbmx 


0.02 
0.02 
1/2 
±1/2 


±0.04 

±0.04 

±1 

±1 

±500 

±750 

±500 

±750 

±350 

±750 

±0.04 

±0.04 


±0.04 

%FSR 

±0.04 

%FSR 

±1 

LSB 

±1 

LSB 

±500 

uV 

±750 

uV 

±500 

uV 

±750 

u-V 

±350 

u.V 

±750 

u-V 

±0.04 

%FSR 

±0.04 

%FSR 




REFERENCE  INPUT 
+  VREF  Range3 
—  Vref  Range3 
Resistance 


-5 
-5 
15 


+  5 
+  5 
25 


-5 
-5 
15 


20 


+  5 
+  5 
25 


-5 
-5 

15  20 


+  5 
+  5 
25 


OUTPUT  CHARACTERISTICS 
Voltage 

Capacitive  Load 
Resistive  Load 
Short  Circuit  Current 


-5 


+  5 
1000 


+  5 
1000 


+  5 
1000 


10 


10 


10 


POWER  SUPPLIES 
Voltage 

 +V,; 

-Vs 
Current 
+  Is 
-Is 

Power  Supply  Sensitivity5 
+  10.8Vs  +  Vss  + 13.2V 
-10.8V2-VS2-  13.2V 


+  10.8 
-10.8 


+  12 
-12 

+  9 


+  13.2 
-13.2 


+  13 
-13 


+  10.8 
-10.8 


±0.5 


±2 
±3 



+  12 
-12 

+  9 
-9 

±0.5 
±1 


+  13.2 
-13.2 


+  13 
-13 


±2 
±3 


+  10.8 

+  12 

+  13.2 

-10.8 

-12 

-13.2 

+  9 

+  13 

-9 

-13 

±0.5 

±2 

±1 

±3 

-55 

+  125 

JN,KN,JP,KP 

AD,  BD 

SD 


JN,KN,JP,KP 
AD,BD,  SD 


0 

-25 


-65 
-65 


+  70 
+  85 


+  150 
+  150 



-25 


-65 
-65 


+  70 
+  85 


+  150 


+  150 


-65 


+  150 


NOTES 

'FSR  stands  for  Full-Scale  Range,  and  is  10V  for  a  -  5  to  +  5  V  span. 
2Refer  to  Definitions  section. 

3For  operation  with  supplies  other  than  ±  12V,  refer  to  the  Power  Supply 

and  Reference  Voltage  Range  Section . 
4 Measured  between  +  VREF  Force  and  -  Vref  Force . 
Sensitivity  of  Full-Scale  Error  due  to  changes  in  +  Vs  and  sensitivity 

of  Offset  to  changes  in  -Vs. 
Specifications  subject  to  change  without  notice . 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those 
shown  in  boldface  are  tested  on  all  production  units. 
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AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  included  for  Design  Guidance  Only  and  are  not  subject  to  test 
+VS=  +12V;-VS=  -1W;+V»=  +5V;-VKF=  -  5V  except  where  stated. 


Parameter 


Limit 


Units 


Test  Conditions/Comments 


Output  Voltage  Settling 
(Time  to  ±  0.001%  FS 
For  FS  Step) 

Digital-to- Analog  Glitch 
Impulse 

Multiplying  Feed  through 

Output  Noise  Voltage 
Density(lkHz-lMHz) 


5 
3 
6 
4 

500 


100 


40 


(is  max 
M-styp 
|xs  max 
M-styp 
nV-sectyp 


dB  max 

nV/Vffityp 


No  Load  Applied   

(DAC  output  measured  from  falling  edge  of  LDAC .) 

VoirrLoad  =  lkfl.CLOAD  =  lOOOpF.   

(DAC  output  measured  from  falling  edge  of  LDAC .) 
Measured  with  Vref  =  0V.  DAC  registers  alternatively  loaded 
with  input  codes  of 8000H  and  0FFFH  (worst-case 
transition).  Load  —  lkfl. 
+  Vref  =  1 V  rms  10kHz  sine  wave, 
-VREF  =  0V 

Measured  between  Vout  and  -  Vref 




TIMING  CHARACTERISTICS 


(+VS  =  +12V,  -Vs  =  -12V,  V„  =  2.4V,  Vt  =  0.4V,  U  to  TJ 


Parameter 


Case  A 

twc 
tsc 

tHC 

CaseB 

twB 
tsB 
tHB 

tscs 

tHCS 
<WD 

CaseC 

tws 

tSB 

tHB 

tscs 

tHCS 


Limit 


120 

60 

20 

70 

80 

20 

120 

10 

120 

120 

80 

20 

120 

10 


Units 


nsmin 
nsmin 
nsmin 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 

nsmin 
ns  min 
nsmin 
nsmin 
nsmin 


Test  Conditions/Comments 


150ns  Pulse  on  HBE,  LBE,  and  LDAC 
Jhs  =  140ns  min,  Thh  =  10ns  min 
CS  Pulse  Width 
CS  Data  Setup  Time 
CS  Data  Hold  Time 

None 

HBE,  LBE  Pulse  Width 
HBE,  LBE  Data  Setup  Time 
HBE,  LBE  Data  Hold  Time 
CS  Setup  Time 
CS  Hold  Time 
LDAC  Pulse  Width 

None  

HBE,  LBE  Pulse  Width 
HBE,  LBE  Data  Setup  Time 
HBE,  LBE  Data  Hold  Time 
CS  Setup  Time 
CS  Hold  Time 


cs 

HBE 


~^=^  


Figure  2a.  AD569  Timing  Diagram  -  Case  B 


LDAC 


; — ; — ^ 

V   VALID  \l/  V/  VAUD  \/ 


W  VAUD  V/ 
 A  HI  BYTE  A 


XVAUO  \f 


Figure  1.  AD569  Timing  Diagram  -  Case  A 


DATA  XT*"°A 


"">m  A 


Figure  2b.  AD569  Timing  Diagram  -  Case  C 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +  25Xunlessotherwisenoted) 

+  VS  (Pin  1)  to  GND  (Pin  18)   +  18V,  -0.3V 

-Vs  (Pin  28)  to  GND  (Pin  18)  -  18V,  +0.3V 

+  VS  (Pin  1)  to  -Vs  (Pin  28)  +  26.4V,  -0.3V 

Digital  Inputs 

(Pins  4-14,  19-27)  to  GND  (Pin  18)   +VS,  -0.3V 

+  Vref  Force  (Pin  3)  to  +Vref  Sense  (Pin  2)  ....  ±  16.5V 
-  Vref  Force  (Pin  15)  to  -Vref  Sense  (Pin  16)  .  .  .   ±  16.5V 

Vref  Force  (Pins  3,  15)  to  GND  (Pin  18)   ±VS 

Vref  Sense  (Pins  2,  16)  to  GND  (Pin  18)  ±VS 

Vout  (Pin  17)   Indefinite  Short  to  GND 

Momentary  Short  to  +  Vs,  -  Vs 


ESD  SENSITIVITY  

The  AD569  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and  polysilicon 
series  resistors  to  dissipate  both  high-energy  discharges  (Human  Body  Model)  and  fast,  low-energy 
pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD569  has  been  classified 
as  a  Category  A  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance  degra- 
dation. Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equipment  and 
discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts,  and  the 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed.  For  further  informa- 
tion on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 




Power  Dissipation  (Any  Package) 

Operating  Temperature  Range 
Commercial  Plastic  (JN,  KN,  JP,  KP  Versions)  .  0  to  +  70°C 
Industrial  Ceramic  (AD,  BD  Versions)  .  .  -  25°C  to  +  85°C 
Extended  Ceramic  (SD  Versions)  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  Range  (Soldering,  lOsecs)  +300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 

«4~1.  m.„  .ff_r  A~m~  —li.htKtu 
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ORDERING  GUIDE 


Integral  Nonlinearity 

Differential  Nonlinearity 

Temperature 

Package 

Model1 

+  25°C 

Tmin-TmI„ 

+  25°C 

Tmi„-Tmal 

Range 

Option2 

AD569JN 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

0to+70°C 

N-28 

AD569JP 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

0to+70°C 

P-28A 

AD569KN 

±0.024% 

±0.024% 

±  1/2LSB 

±1LSB 

Oto  +70°C 

N-28 

AD569KP 

±0.024% 

±0.024% 

±  1/2LSB 

±1LSB 

0to+70°C 

P-28A 

AD569AD 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

-25°Cto  +85°C 

D-28 

AD569BD 

±0.024% 

±0.024% 

±  1/2LSB 

+  1LSB 

-25°Cto  +85°C 

D-28 

AD569SD 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

-55°Cto  +  125°C 

D-28 

NOTES 

1  For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog  Devices  Military 
Products  Databook  or  current  AD569/883B  data  sheet. 

2D  =  Ceramic  DIP;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  Package 
Information  section. 
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ANALOG 
DEVICES 


Monolithic  16-Bit 
Serial/Byte  DACPORT 


AD660 


FEATURES 

Complete  16-Bit  D/A  Fur 


tion 


FUNCTIONAL  BLOCK  DIAGRAM 


■ 


On-Chip  Output  Amplifier 

On-Chip  Buried  Zener  Voltage  Reference 
±1  LSB  Integral  Linearity 
15-Bit  Monotonia  over  Temperature 
Microprocessor  Compatible 

Serial  or  Byte  Input 

Double  Buffered  Latches 

Fast  (40  ns)  Write  Pulse 
Asynchronous  Clear  (to  0  V)  Function 
Serial  Output  Pin  Facilitates  Daisy  Chaining 
Unipolar  or  Bipolar  Output 
Low  Glitch:  15  nV-s 
Low  THD+N:  0.009% 


UNI/BIP  CLR.  _ 
LBE  CS 


SIN/  MSB/LSB/ 
DBO  DB1  DB7 


PRODUCT  DESCRIPTION 


■ 


AGND 


REF  OUT    -VEE  +VCC 


The  AD660  DACPORT®  is  a  complete  16-bit  monolithic  D/A  i 
converter  with  an  on-board  voltage  reference,  double  buffered 
latches  and  output  amplifier.  It  is  manufactured  on  Analog 
Devices'  BiMOS  II  process.  This  process  allows  the  fabrication 
of  low  power  CMOS  logic  functions  on  the  same  chip  as  high 
precision  bipolar  linear  circuitry. 

The  AD660's  architecture  ensures  15-bit  monotonicity  over  time 
and  temperature.  Integral  and  differential  nonlinearity  is  main- 
tained at  ±0.003%  max.  The  on-chip  output  amplifier  provides 
a  voltage  output  settling  time  of  10  |xs  to  within  1/2  LSB  for  a 
full-scale  step. 

The  AD660  has  an  extremely  flexible  digital  interface.  Data  can 
be  loaded  into  the  AD660  in  serial  mode  or  as  two  8-bit  bytes. 
This  is  made  possible  by  two  digital  input  pins  which  have  dual 
functions.  The  serial  mode  input  format  is  pin  selectable  to  be 
MSB  or  LSB  first.  The  serial  output  pin  allows  the  user  to  daisy 
chain  several  AD660s  by  shifting  the  data  through  the  input 
latch  into  the  next  DAC  thus  minimizing  the  number  of  control 
lines  required  to  SIN,  CS  and  LDAC.  The  byte  mode  input 
format  is  also  flexible  in  that  the  high  byte  or  low  byte  data  can 
be  loaded  first.  The  double  buffered  latch  structure  eliminates 
data  skew  errors  and  provides  for  simultaneous  updating  of 
DACs  in  a  multi-DAC  system. 

The  AD660  is  available  in  five  grades.  AN  and  BN  versions  are 
specified  from  -40°C  to  +85°C  and  are  packaged  in  a  24-pin 
300  mil  plastic  DIP.  AR  and  BR  versions  are  also  specified  from 
-40°C  to  +85°C  and  are  packaged  in  a  24-pin  SOIC.  The  SQ 
version  is  packaged  in  a  24-pin  300  mil  cerdip  package  and  is 
also  available  compliant  to  MIL-STD-883.  Refer  to  the  AD660/ 
883B  data  sheet  for  specifications  and  test  conditions. 


PRODUCT  HIGHLIGHTS 

The  AD660  is  a  complete  16-bit  DAC,  with  a  voltage  refer- 
ence, double  buffered  latches  and  output  amplifier  on  a  sin- 
gle chip. 


2.  The  internal  buried  Zener  reference  is  laser  trimmed  to 
10.000  volts  with  a  ±0.1%  maximum  error  and  a  tempera- 
ture drift  performance  of  ±  15  ppm/°C.  The  reference  is 
available  for  external  applications. 

3.  The  output  range  of  the  AD660  is  pin  programmable  and  can 
be  set  to  provide  a  unipolar  output  range  of  0  V  to  + 10  V  or 
a  bipolar  output  range  of  - 10  V  to  + 10  V.  No  external  com- 
ponents are  required. 

4.  The  AD660  is  both  dc  and  ac  specified.  DC  specifications 
include  ±  1  LSB  INL  and  ±  1  LSB  DNL  errors.  AC  specifi- 
cations include  0.009%  THD+N  and  83  dB  SNR. 

5 .  The  double  buffered  latches  on  the  AD660  eliminate  data 
skew  errors  and  allow  simultaneous  up 
multi-DAC  applications. 

6.  The  CLEAR  function  can  asynchronously  set  the  output  to 
0  V  regardless  of  whether  the  DAC  is  in  unipolar  or  bipolar 
mode. 

7.  The  output  amplifier  settles  within  10  |xs  to  ±  1/2  LSB  for  a 
full-scale  step  and  within  2.5  u.s  for  a  1  LSB  step  over  tem- 
perature. The  output  glitch  is  typically  15  nV-s  when  a  full- 
scale  step  is  loaded. 


DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 


- 
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=  +25°C,  Vcc  =  +15  V,  VEE  =  -15  V,  VLL  =  +5  V  unless  otherwise  noted) 


AD660 


Parameter 


Min 


AD660AN/AR/SQ 
Typ 


Max 


Min 


AD660BN/BR 
Typ 


Max 


RESOLUTION 


16 





16 


DIGITAL  INPUTS  (TMIN  to  Tmax) 
V,„  (Logic  "1") 
Vu.  (Logic  "0") 
I.h  (Vffl  =  5.5  V) 
I,i.(VIL  =  0\r) 


2.0 
0 


5.5 
0.8 
±10 
±10 


TRANSFER  FUNCTION  CHARACTERISTICS' 
Integral  Nonlinearity 

Tmin  t0  Tmax 
Differential  Nonlinearity 

Tmin  co  Tmax 
Monotonicity  Over  Temperature 
Gain  Error2' 3 

Gain  Drift2  (TM[N  to  TMAX) 
DAC  Gain  Error" 
DAC  Gain  Drift4 
Unipolar  Offset 

Unipolar  Offset  Drift  (TMin  to  Tmax) 
Bipolar  Zero  Error 

Bipolar  Zero  Error  Drift  (TMIN  to  Tmax) 


14 


±2 
±4 

±4 


±1 

±2 
±1 
±2 


±0.10 
25 

±0.05 
10 

±2.5 

3 

±7.5 
5 


REFERENCE  INPUT 
Input  Resistance 
Bipolar  Offset  Input  Resistance 





7                 10  13 
 I  12  1!  





kfl 




REFERENCE  OUTPUT 
Voltage 
Drift 

External  Current5 
Capacitive  Load 
Short  Circuit  Current 


9.99 
2 


10.00 
4 


10.01 

25 


15 


1000 

 25   








OUTPUT  CHARACTERISTICS 

Output  Voltage  Range 
Unipolar  Configuration 
Bipolar  Configuration 

Output  Current 

Capacitive  Load 

Short  Circuit  Current 


0  .  +10 
-10  +10 

1000 

25 


POWER  SUPPLIES 
Voltage 

Vcc6 
VEE6 
VLL 

Current  (No  Load) 
Ice 
Iee 
III 

@  V,„,  VIL  =  5,  0  V 
@  Vm,  VIL  =  2.4,  0.4  V 

Power  Supply  Sensitivity 

Power  Dissipation  (Static,  No  Load) 


+  13.5 
-13.5 
+4.5 


+  16.5 

-16.5 

+5.5 

+  12 

+  18 

-12 

-18 

0.3 

2 

3 

7.5 

1 

2 

365 

625 

+85 

+  125 

TEMPERATURE  RANGE 
Specified  Performance  (A,  B) 
Specified  Performance  (S) 


-40 
-55 


NOTES 

'For  16-bit  resolution,  1  LSB  =  0.0015%  of  FSR.  For  15-bit  resolution,  1  LSB  =  0.003%  of  FSR.  For  14-bit  resolution, 
1  LSB  =  0.006%  of  FSR.  FSR  stands  for  Full-Scale  Range  and  is  10  V  in  a  Unipolar  Mode  and  20  V  in  Bipolar  Mode. 

2Gain  error  and  gain  drift  are  measured  using  the  internal  reference.  The  internal  reference  is  the  main  contributor  to  gain  drift.  If  lower  gain  drift  is  required, 
the  AD660  can  be  used  with  a  precision  external  reference  such  as  the  AD587,  AD586  or  AD688. , 

'Gain  Error  is  measured  with  fixed  50  fi  resistors  as  shown  in  the  Application  section.  Eliminating  these  resistors  increases  the  gain  error  by  0.25%  of  FSR 
(Unipolar  mode)  or  0.50%  of  FSR  (Bipolar  mode). 

4DAC  Gain  Error  and  Drift  are  measured  with  an  external  voltage  reference.  They  represent  the  error  contributed  by  the  DAC  alone,  for  use  with  an  external 
reference. 

'External  current  is  defined  as  the  current  available  in  addition  to  that  supplied  to  REF  IN  and  SPAN/BIPOLAR  OFFSET  on  the  AD660. 

Operation  on  ±  12  V  supplies  is  possible  using  an  external  reference  such  as  the  AD586  and  reducing  the  output  range.  Refer  to  the  Internal/External  Reference 


♦Indicates  that  the  specification  is  the  same  as  AD660AN/AR/SQ. 
Specifications  subject  to  change  without  notice. 
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^MAX'  ^CC  —  +13  V,  Vfg  —  — U  1)  f(j_  —  t  u  i  Mbbpi  Mnni 


Parameter 

Limit 

Units 

Test  Conditions/Comments 

Output  Settling  Time 
(Time  to  ±0.0008%  rs 

13 
8 

u£  max 
M-s  typ 

20  V  Step,  TA  =  +25°C 

ZU  V  itep,  1A  —  T£J  l. 

with  2  kfl,  1000  pF  Load) 

10 

6 
8 

2.5 

M-s  typ 
u.s  typ 
p.s  typ 
u.s  typ 

20  V  Step,  TMIN  <  TA  <  T^ 
10  V  Step,  TA  =  +25°C 
10  V  Step,  TMIN  —  TA  ^  Tmax 
1  LSB  Step,  TMIN     TA  £  T^ax 

Total  Harmonic  Distortion  +  Noise 
A,  B,  S  Grade 
A,  B,  S  Grade 

A    R    S  flraH* 

a,  d,  o  urdue 

0.009 
0.056 
5  6 

%  max 
%  max 
%  max 

0  dB,  990.5  Hz;  Sample  Rate  =  96  kHz;  TA  =  +25°C 
-20  dB,  990.5  Hz;  Sample  Rate  =  96  kHz;  TA  =  +25°C 

—  fift  HR   QQO  S  H?"  Snmnle  Rarr  —  Qfi  UT-T-7*  T    —  4-?S°C 
Dv  UX>,  7y\J.J  xx£)  OollipiC  IXdlC  —         KlX£,   1A  —  TiJ 

Signal-to-Noise  Ratio 

83 

dB  min 

TA  =  +25°C 

Digital-to-Analog  Glitch  Impulse 

15 

nV-s  typ 

DAC  Alternately  Loaded  with  8000H  and  7FFFH 

Digital  Feedthrough 

2 

nV-s  typ 

DAC  Alternately  Loaded  with  0000H  and  FFFFH;  CS  High 

Output  Noise  Voltage 
Density  (1  kHz-1  MHz) 

120 

nV/Rt  Hz  typ 

Measured  at  Voux,  20  V  Span;  Excludes  Reference 

Reference  Noise 

125 

nV/Rt  Hz  typ 

Measured  at  REF  OUT 




Specifications  subject  to  change  without  notice. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD660  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  AGND  -0.3  V  to  + 17.0  V 

VEE  to  AGND  +0.3  V  to  - 17.0  V 

VLL  to  DGND   -0.3  V  to  +7  V 

AGND  to  DGND  ±  1  V 

Digital  Inputs  (Pins  5  through  23)  to  DGND   -1.0  V  to 

+7.0  V 

REF  IN  to  AGND   ±10.5  V 

Span/Bipolar  Offset  to  AGND  ±10.5  V 

Ref  Out,  VOUT  Indefinite  Short  To  AGND,  DGND, 

Voc>  VEE,  and  VLL 

Power  Dissipation  (Any  Package) 

To  +60°C   1000  mW 

Derates  above  +60°C  8.7  mW/°C 

Storage  Temperature  — 65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  section  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


-veeE 
♦vllE 

DGND  [7 
DB7, 15  |T 
DB6, 14  [T 
DB5. 13  [T 
DB4, 12  [T 
DB3.11  [T 
DB2, 10  [l0 
DB1,9,MSB7LSB  [l7 
I  [ll 


PIN  CONFIGURATION 
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TOP  VIEW 
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23]  REF  IN 
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I]VOUT 
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19~|  LDAC 
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l7|  SER 
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14]  cs 
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ORDERING  GUIDE 


Lincsrity  Error  JVlsx 

+25°C 

Linearity  Error  Max 

Gain  XC  max 
ppm/°C 

Package 

Package 
Option* 

Model 

Temperature  Range 

Description 

AD660AN 
AD660AR 
AD660BN 

-40°Cto  +85°C 
-40°Cto  +85°C 
-40°C  to  +85°C 

±2  LSB 
±2  LSB 
±1  LSB 

±4  LSB 
+4  LSB 
±2  LSB 

25 
25 
15 

Plastic  DIP 
SOIC 

Plastic  DIP 

N-28 
R-28 
N-28 

AD660BR 
AD660SQ 
AD660SQ/883B** 

-40°C  to  +85°C 
-55°C  to  +  125°C 
-55°Cto  +  125°C 

±1  LSB 
±2  LSB 
±2  LSB 

±2  LSB 
±4  LSB 
** 

15 
25 
** 

SOIC 

Cerdip 

** 

R-28 
Q-28 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
"Refer  to  AD660/883B  military  data  sheet. 

TIMING  CHARACTERISTICS  vcc  =  +15  v,  vEE  =  -15  v,  vLL  =  +5  v,  vHI  =  2.4  v,  vl0  =  0.4  v 


Parameter 


Limit  +25°C 


Limit  -55°Cto  +  125°C 


Units 


(Figure  la) 
lcs 

*DS 
lDH 

^ES 

Ibeh 
•lh 


40 
40 

0 

40 
0 
80 
40 


■ 


50 

50 

10 

50 

10 

100 

50 


ns  nun 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


(Figure  lb) 

tcLK 
tLO 

'hi 

lss 

lDS 

Hm 


80 
30 
30 
0 

40 

0 

0 

80 

40 


100 

50 

50 

10 

50 

10 

10 

100 

50 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


(Figure  lc) 
'clr 

tsET 
*HOLD 


80 
80 
0 


110 
110 
10 


ns  mm 
ns  min 
ns  min 


(Figure  Id) 

tpROP 


50 
50 


100 

80 


ns  min 
ns  min 
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Figure  la.  AD660  Byte  Load  Timing 
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LBE 


Figure  1b.  AD660  Serial  Load  Timing 


!X^ 


'1-  =BIPO,  "0-  =  UNI0 


|  ^  *HOLO  


Figure  7c.  Asynchronous  Clear  to  Bipolar  or  Unipolar  Zero 


VALID  16 


X  valid17  x~ 
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X 
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Figure  Id.  Serial  Out  Timing 


DEFINITIONS  OF  SPECIFICATIONS 

INTEGRAL  NONLINEARITY:  Analog  Devices  defines 
integral  nonlinearity  as  the  maximum  deviation  of  the  actual, 
adjusted  DAC  output  from  the  ideal  analog  output  (a  straight 
line  drawn  from  0  to  FS-1  LSB)  for  any  bit  combination.  This 
is  also  referred  to  as  relative  accuracy. 

DIFFERENTIAL  NONLINEARITY:  Differential  nonlinearity 
is  the  measure  of  the  change  in  the  analog  output,  normalized  to 
full  scale,  associated  with  a  1  LSB  change  in  the  digital  input 
code.  Monotonic  behavior  requires  that  the  differential  linearity 
error  be  greater  than  or  equal  to  —  1  LSB  over  the  temperature 
range  of  interest. 

MONOTONICITY:  A  DAC  is  monotonic  if  the  output  either 
increases  or  remains  constant  for  increasing  digital  inputs  with 
the  result  that  the  output  will  always  be  a  single-valued  function 
of  the  input. 

GAIN  ERROR:  Gain  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output  with  all  Is 
loaded  after  offset  error  has  been  adjusted  out. 

OFFSET  ERROR:  Offset  error  is  a  combination  of  the  offset 
errors  of  the  voltage-mode  DAC  and  the  output  amplifier  and  is 
measured  with  all  Os  loaded  in  the  DAC. 


BIPOLAR  ZERO  ERROR:  When  the  AD660  is  connected  for 
bipolar  output  and  10  .  .  .  000  is  loaded  in  the  DAC,  the  devia- 
tion of  the  analog  output  from  the  ideal  midscale  value  of  0  V  is 
called  the  bipolar  zero  error. 

DRIFT:  Drift  is  the  change  in  a  parameter  (such  as  gain,  offset 
and  bipolar  zero)  over  a  specified  temperature  range.  The  drift 
temperature  coefficient,  specified  in  ppm/°C,  is  calculated  by 
measuring  the  parameter  at  TMIN,  25°C  and  TMAX  and  dividing 
the  change  in  the  parameter  by  the  corresponding  temperature 
change. 

TOTAL  HARMONIC  DISTORTION  +  NOISE:  Total  har- 
monic distortion  +  noise  (THD+N)  is  defined  as  the  ratio  of 
the  square  root  of  the  sum  of  the  squares  of  the  values  of  the 
harmonics  and  noise  to  the  value  of  the  fundamental  input  fre- 
quency. It  is  usually  expressed  in  percent  (%). 

THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
earity error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  may  be  different,  depend- 
ing upon  the  amplitude  of  the  output  signal.  Therefore,  to  be 
the  most  useful,  THD+N  should  be  specified  for  both  large  and 


1  signal  amplitudes. 
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SIGNAL-TO-NOISE  RATIO:  The  signal-to-noise  ratio  is 
defined  as  the  ratio  of  the  amplitude  of  the  output  when  a  full- 
scale  signal  is  present  to  the  output  with  no  signal  present.  This 
is  measured  in  dB. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  This  is  the 
amount  of  charge  injected  from  the  digital  inputs  to  the  analog 
output  when  the  inputs  change  state.  This  is  measured  at  half 
scale  when  the  DAC  switches  around  the  MSB  and  as  many 
as  possible  switches  change  state,  i.e.,  from  Oil  ...  Ill  to 
100  ...  000. 

DIGITAL  FEEDTHROUGH:  When  the  DAC  is  not  selected 
(i.e.,  CS  is  held  high),  high  frequency  logic  activity  on  the  digi- 
tal inputs  is  capacitively  coupled  through  the  device  to  show  up 
as  noise  on  the  Voux  pin.  This  noise  is  digital  fe< 

THEORY  OF  OPERATION 

The  AD660  uses  an  array  of  bipolar  current  sources  with  MOS 
current  steering  switches  to  develop  a  current  proportional  to 
the  applied  digital  word,  ranging  from  0  to  2  mA.  A  segmented 
architecture  is  used,  where  the  most  significant  four  data  bits 
are  thermometer  decoded  to  drive  15  equal  current  sources.  The 
lesser  bits  are  scaled  using  a  R-2R  ladder,  then  applied  together 
with  the  segmented  sources  to  the  summing  node  of  the  output 
amplifier.  The  internal  span/bipolar  offset  resistor  can  be  con- 
nected to  the  DAC  output  to  provide  a  0  V  to  +10  V  span,  or  it 
can  be  connected  to  the  reference  input  to  provide  a  -10  V  to 
+  10  V  span. 


UNI  BIP  CLRI  _ 
LBE  CS 


SIN/  MSB  LSB/ 
DBO  DB1  DB7 


REF  OUT     -V„    *V^     tV,,  DGND 


Figure  2.  AD660  Functional  Block  Diagram 

ANALOG  CIRCUIT  CONNECTIONS 

Internal  scaling  resistors  provided  in  the  AD660  may  be  con- 
nected to  produce  a  unipolar  output  range  of  0  V  to  + 10  V  or  a 
bipolar  output  range  of-lOVto  +10V.  Gain  and  offset  drift 
are  minimized  in  the  AD660  because  of  the  thermal  tracking  of 
the  scaling  resistors  with  other  device  components. 

UNIPOLAR  CONFIGURATION 

The  configuration  shown  in  Figure  3a  will  provide  a  unipolar 
0  V  to  +10  V  output  range.  In  this  mode,  50  fi  resistors  are 
tied  between  the  span/bipolar  offset  terminal  (Pin  22)  and  Vqut 


(Pin  21),  and  between  REF  OUT  (Pin  24)  and  REF  IN  (Pin 
23).  It  is  possible  to  use  the  AD660  without  any  external  com- 
ponents by  tying  Pin  24  directly  to  Pin  23  and  Pin  22  directly  to 
Pin  21.  Eliminating  these  resistors  will  increase  the  gain  error  by 
0.25%  of  FSR. 


R1  SOSi 

wv- 


DGND 


Figure  3a.  0  V  to  +10  V  Unipolar  Voltage  Output 


If  it  is  desired  to  adjust  the  gain  and  offset  errors  to  zero,  this 
can  be  accomplished  using  the  circuit  shown  in  Figure  3b.  The 
adjustment  procedure  is  as  follows: 
STEP1  .  .  .  ZERO  ADJUST 

Turn  all  bits  OFF  and  adjust  zero  trimmer,  R4,  until  the  output 
reads  0.000000  volts  (1  LSB  =  153  (lV). 
STEP  2  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  gain  trimmer,  Rl,  until  the  output 
is  9.999847  volts.  (Full  scale  is  adjusted  to  1  LSB  less  than  the 
nominal  full  scale  of  10.000000  volts). 

Ut«/BIPCLR/_   SIN/  MSB/LSB/ 
LBE     CS   DBO  DB1  DB7 


Rl  100!!  DGND 

Figure  3b.  0  V  to  +  10  V  Unipolar  Vo, 
Gain  and  Offset  Adjustment 
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BIPOLAR  CONFIGURATION 

The  circuit  shown  in  Figure  4a  will  provide  a  bipolar  output 
voltage  from  -10.000000  V  to  +9.999694  V  with  positive  full 
scale  occurring  with  all  bits  ON.  As  in  the  unipolar  mode,  resis- 
tors Rl  and  R2  may  be  eliminated  altogether  to  provide  AD660 
bipolar  operation  without  any  external  components.  Eliminating 
these  resistors  will  increase  the  gain  error  by  0.50%  of  FSR  in 
the  bipolar  mode. 

R2  50£2 


Gain  offset  and  bipolar  zero  errors  can  be  adjusted  to  zero  using 
the  circuit  shown  in  Figure  4b  as  follows: 
STEP  I  .  .  .  OFFSET  ADJUST 

Turn  OFF  all  bits.  Adjust  trimmer  R2  to  give  -10.000000  volts 
output. 

STEP  II  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  Rl  to  give  a  reading  of  +9.999694 
volts. 

STEP  III  .  .  .  BIPOLAR  ZERO  ADJUST  (Optional) 

In  applications  where  an  accurate  zero  output  is  required,  set 

the  MSB  ON,  all  other  bits  OFF,  and  readjust  R2  for  zero  volts 

output. 


R2 


Figure  4b.  ±10  V  Bipolar  Voltage  Output  with  Gain  and 
Offset  Adjustment 


It  should  be  noted  that  using  external  resistors  will  introduce  a 
small  temperature  drift  component  beyond  that  inherent  in  the 
AD660.  The  internal  resistors  are  trimmed  to  ratio-match  and 
temperature-track  other  resistors  on  chip,  even  though  their 
absolute  tolerances  are  ±20%  and  absolute  temperature  coeffi- 
cients are  approximately  -50  ppm/°C.  In  the  case  that  external 
resistors  are  used,  the  temperature  coefficient  mismatch  between 
internal  and  external  resistors,  multiplied  by  the  sensitivity  of 
the  circuit  to  variations  in  the  external  resistor  value,  will  be  the 
resultant  additional  temperature  drift. 

INTERNAL/EXTERNAL  REFERENCE  USE 

The  AD660  has  an  internal  low  noise  buried  Zener  diode  refer- 
ence which  is  trimmed  for  absolute  accuracy  and  temperature 
coefficient.  This  reference  is  buffered  and  optimized  for  use  in  a 
high  speed  DAC  and  will  give  long-term  stability  equal  or  supe- 
rior to  the  best  discrete  Zener  diode  references.  The  perfor- 
mance of  the  AD660  is  specified  with  the  internal  reference 
driving  the  DAC  and  with  the  DAC  alone  (for  use  with  a  preci- 
sion external  reference  ). 

The  internal  reference  has  sufficient  buffering  to  drive  external 
circuitry  in  addition  to  the  reference  currents  required  for  the 
DAC  (typically  1  mA  to  REF  IN  and  1  mA  to  BIPOLAR 
OFFSET).  A  minimum  of  2  mA  is  available  for  driving  external 
loads.  The  AD660  reference  output  should  be  buffered  with  an 
external  op  amp  if  it  is  required  to  supply  more  than  4  mA  total 
current.  The  reference  is  tested  and  guaranteed  to  ±0.2%  max 
error. 

It  is  also  possible  to  use  external  references  other  than  10  volts 
with  slightly  degraded  linearity  specifications.  The  recom- 
mended range  of  reference  voltages  is  +5  V  to  +10.24  V,  which 
allows  5  V,  8.192  V  and  10.24  V  ranges  to  be  used.  For  exam- 
ple, by  using  the  AD586  5  V  reference,  outputs  of  0  V  to  +5  V 
unipolar  or  ±5  V  bipolar  can  be  realized.  Using  the  AD586 
voltage  reference  makes  it  possible  to  operate  the  AD660  with 
±12  V  supplies  with  10%  tolerances. 
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Figure  5  shows  the  AD660  using  the  AD586  precision  5  V  refer- 
ence in  the  bipolar  configuration.  The  highest  grade  AD586MN 
is  specified  with  a  drift  of  2  ppm/°C  which  is  a  7.5  x  improve- 
ment over  the  AD660's  internal  reference.  This  circuit  includes 
two  optional  potentiometers  and  one  optional  resistor  that  can 
be  used  to  adjust  the  gain,  offset  and  bipolar  zero  errors  in  a 
manner  similar  to  that  described  in  the  BIPOLAR  CONFIGU- 
RATION section.  Use  -5.000000  V  and  +4.999847  as  the  out- 


put values. 


■ 


«<•> 


The  AD660  can  also  be  used  with  the  AD587  10  V  reference, 
using  the  same  configuration  shown  in  Figure  5  to  produce  a 
±10  V  output.  The  highest  grade  AD587LR,  N  is  specified  at  5 
ppm/°C,  which  is  a  3  x  improvement  over  the  AD660's  internal 
reference. 

Figure  6  shows  the  AD660  using  the  AD680  precision  ±  10  V 
reference,  in  the  unipolar  configuration.  The  highest  grade 
AD688BQ  is  specified  with  a  temperature  coefficient  of 
1.5  ppm/°C.  The  ±10  V  output  is  also  ideal  for  ] 
cise  biasing  for  the  offset  trim  resistor  R4. 


R2 

50Q 
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Figure  5.  Using  the  AD660  with  the  AD586  5  V  Reference 
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Figure  6.  Using  the  AD660  with  the  AD688  High 
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step,  figures  /a  ana  /b  snow  settling  lor  a  iuii-scaie  ana  an 
LSB  step,  respectively,  with  a  2  kfl,  1000  pF  load  applied.  The 
guaranteed  maximum  settling  time  at  +25°C  for  a  full-scale  step 
is  13  u.s  with  this  load.  The  typical  settling  time  for  a  1  LSB 
step  is  2.5  |xs. 

The  digital-to-analog  glitch  impulse  is  specified  as  15  nV-s  typi- 
cal. Figure  7c  shows  the  typical  glitch  impulse  characteristic  at 
the  code  Oil  ...  Ill  to  100  ...  000  transition  when  1 
the  second  rank  register  from  the  first  rank  register. 
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a.  -10  V  to  +10  V  Full-Scale  Step  Settling 


b.  LSB  Step  Settling 
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consequently  uie  smallest.  pacKage  si^c.  i  nc  usci  snuuiu,  uicic- 
fore,  pay  careful  attention  to  the  following  information  when 
applying  the  AD660. 

Data  can  be  loaded  into  the  AD660  in  serial  or  byte  mode  as 
described  below. 

Serial  Mode  Operation  is  enabled  by  bringing  SER  (Pin  17) 
low.  This  changes  the  function  of  DB0  (Pin  12)  to  that  of  the 
serial  input  pin,  SIN.  It  also  changes  the  function  of  DB1  (Pin 
11)  to  a  control  input  that  tells  the  AD660  whether  the  serial 
data  is  going  to  be  loaded  MSB  or  LSB  first. 

In  serial  mode  HBE  and  LBE  are  effectively  disabled  except  for 
LBE's  dual  function  which  is  to  control  whether  the  user  wishes 
to  have  the  asynchronous  clear  function  go  to  unipolar  or  bipo- 
lar zero.  (A  low  on  LBE,  when  CLR  is  strobed,  sends  the  DAC 
output  to  unipolar  zero,  a  high  to  bipolar  zero.)  The  AD660 
does  not  care  about  the  status  of  HBE  when  in  serial  mode. 

Data  is  clocked  into  the  input  register  on  the  rising  edge  of  CS 
as  shown  in  Figure  lb.  The  data  is  then  resident  in  the  first 
rank  latch  and  can  be  loaded  into  the  DAC  latch  by  taking 
LDAC  high.  This  will  cause  the  DAC  to  change  to  the  appro- 
priate output  value. 

It  should  be  noted  that  the  clear  function  clears  the  DAC  latch 
but  does  not  clear  the  first  rank  latch.  Therefore,  the  data  that 
was  previously  resident  in  the  first  rank  latch  can  be  reloaded 
simply  by  bringing  LDAC  high  after  the  event  that  necessitated 
CLR  to  be  strobed  has  ended.  Alternatively,  new  data  can  be 
loaded  into  the  first  rank  latch  if  desired. 

The  serial  out  pin  (SOUT)  can  be  used  to  daisy  chain  several 
DACs  together  in  multi-DAC  applications  to  minimize  the  num- 
ber of  isolators  being  used  to  cross  an  intrinsic  safety  barrier. 
The  first  rank  latch  simply  acts  like  a  16-bit  shift  register,  and 
repeated  strobing  of  CS  will  shift  the  data  out  through  SOUT 
and  into  the  next  DAC.  Each  DAC  in  the  chain  will  require  its 
own  LDAC  signal  unless  all  of  the  DACs  are  to  be  updated 
simultaneously. 

Byte  Mode  Operation  is  enabled  simply  by  keeping  SER  high, 
which  configures  DB0-DB7  as  data  inputs.  In  this  mode  HBE 
and  LBE  are  used  to  identify  the  data  as  either  the  high  byte  or 
low  byte  of  the  16-bit  input  word.  (The  user  can  load  the  data, 
in  any  order,  into  the  first  rank  latch.)  As  in  the  serial  mode 
case,  the  status  of  LBE,  when  CLR  is  strobed  determines 
whether  the  AD660  clears  to  unipolar  or  bipolar  zero.  There- 
fore, when  in  byte  mode,  the  user  must  take  care  to  set  LBE  to 
the  desired  status  before  strobing  CLR.  (In  serial  mode  the  user 
can  simply  hardware  LBE  to  the  desired  state.) 


c.  D-to-A  Glitch  Impulse 
Figure  7.  Output  Characteristics 


NOTE:  CS  is 
triggered. 
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AD660  TO  MC68HC11  (SPI  BUS)  INTERFACE 

The  AD660  interface  to  the  Motorola  SPI  (serial  peripheral 
interface)  is  shown  in  Figure  8.  The  MOSI,  SCK,  and  SS  pins 
of  the  HC11  are  respectively  connected  to  the  BITO,  CS  and 
LDAC  pins  of  the  AD660.  The  SER  pin  of  the  AD660  is  tied 
low  causing  the  first  rank  latch  to  be  transparent.  The  majority 
of  the  interfacing  issues  are  taken  care  of  in  the  software  initial- 
ization. A  typical  routine  such  as  the  one  shown  below  begins 
by  initializing  the  state  of  the  various  SPI  data  and  control 
registers. 

The  most  significant  data  byte  (MSBY)  is  then  retrieved  from 
memory  and  processed  by  the  SENDAT  subroutine.  The  SS  pin 
is  driven  low  by  indexing  into  the  PORTD  data  register  and 
clear  Bit  5.  This  causes  the  2nd  rank  latch  of  the  AD660  to 
become  transparent.  The  MSBY  is  then  set  to  the  SPI  data  reg- 
ister where  it  is  automatically  transferred  to  the  AD660. 

The  HC11  generates  the  requisite  8  clock  pulses  with  data  valid 
on  the  rising  edges.  After  the  most  significant  byte  is  transmit- 
ted, the  least  significant  byte  (LSBY)  is  loaded  from  memory 
and  transmitted  in  a  similar  fashion.  To  complete  the  transfer, 
the  LDAC  pin  is  driven  high  latching  the  complete  16-bit  word 


SS  =  1;  SCK  =  0;  MOSI  =  1 
SEND  TO  SPI  OUTPUTS 
SS,  SCK.MOSI  =  OUTPUTS 
SEND  DATA  DIRECTION  INFO 
DABL  INTRPTS.SPI  IS  MASTER  &  ON 
CPOL=0,  CPHA  =  0.1MHZ  BAUD  RATE 

LOAD  ACCUM  W/UPPER  8  BITS 
JUMP  TO  DAC  OUTPUT  ROUTINE 
INFINITE  LOOP 

POINT  AT  ON-CHIP  REGISTERS 
DRIVE  SS  (LDAC)  LOW 
SEND  MS-BYTE  TO  SPI  DATA  REG 
CHECK  STATUS  OF  SPIE 
POLL  FOR  END  OF  X-MISSION 
GET  LOW  8  BITS  FROM  MEMORY 
SEND  LS-BYTE  TO  SPI  DATA  REG 
CHECK  STATUS  OF  SPIE 
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Figure  8.  AD660  to  68HC11  (SPI)  Interface 

AD660  TO  MICROWIRE  INTERFACE 

The  flexible  serial  interface  of  the  AD660  is  also  compatible 
with  the  National  Semiconductor  MICROWIRE™  interface. 
The  MICROWIRE  interface  is  used  on  microcontrollers  such  as 
the  COP400  and  COP800  series  of  processors.  A  generic  inter- 
face to  the  MICROWIRE  interface  is  shown  in  Figure  9.  The 
Gl,  SK,  And  SO  pins  of  the  MICROWIRE  interface  are  respec- 
tively connected  to  the  LDAC,  CS  and  BITO  pins  of  the 
AD660. 

MICROWIRE  is  a  registered  trademark  of  National  Semiconductor. 
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Figure  9.  AD660  to  MICROWIRE  Interface 

AD660  TO  ADSP-210x  FAMILY  INTERFACE 

The  serial  mode  of  the  AD660  minimizes  the  number  of  control 
and  data  lines  required  to  interface  to  digital  signal  processors 
(DSPs)  such  as  the  ADSP-210x  family.  The  application  in  Fig- 
ure 10  shows  the  interface  between  an  ADSP-2101  and  the 
AD660.  Both  the  TFS  pin  and  the  DT  pins  of  the  ADSP-2101 
should  be  connected  to  the  SER  and  BITO  pins  of  the  AD660, 
respectively.  An  inverter  is  required  between  the  SCLK  output 
and  the  CS  input  of  the  AD660  in  order  to  assure  that  data 
transmitted  to  the  BITO  pin  is  valid  on  the  rising  edge  of  CS. 

The  serial  port  (SPORT)  of  the  DSP  should  be  configured  for 
alternate  framing  mode  so  that  TFS  complies  with  the  word- 
length  framing  requirement  of  SER.  Note  that  the  INVTFS  bit 
in  the  SPORT  control  register  should  be  set  to  invert  the  TFS 
signal  so  that  SER  is  the  correct  polarity.  The  LDAC  signal, 
which  must  meet  the  minimum  hold  specification  of  t,H,  is  eas- 
ily generated  by  delaying  the  rising  edge  of  SER  with  a  74HC74 
flip-flop.  The  CS  signal  clocks  the  flip-flop  resulting  in  a  delay 
of  approximately  one  CS  clock  cycle. 

In  applications  such  as  waveform  generation,  accurate  timing  of 
the  output  samples  is  important  to  avoid  noise  that  would  be 
induced  by  jitter  on  the  LDAC  signal.  In  this  example,  the 
ADSP-2101  is  set  up  to  use  the  internal  timer  to  interrupt  the 
processor  at  the  precise  and  desired  sample  rate.  When  the 
timer  interrupt  occurs,  the  processors^  16-bit  data  word  is  writ- 
ten to  the  transmit  register  (TXn).  This  causes  the  DSP  to  auto- 
matically generate  the  TFS  signal  and  begin  transmission  of  the 
data. 


ADSP-210X    I  74HC04 
SCLK 


Figure  10.  AD660  to  ADSP-210x  Interface 
AD660  TO  Z80  INTERFACE 

Figure  1 1  shows  a  Zilog  Z-80  8-bit  microprocessor  connected  to 
the  AD660  using  the  byte  mode  interface.  The  double-buffered 
capability  of  the  AD660  allows  the  microprocessor  to  indepen- 
dently write  to  the  low  and  high  byte  registers,  and  update  the 
DAC  output.  Processor  speeds  up  to  6  MHz  on  Z-80B  require 
no  extra  wait  states  to  interface  with  the  AD660  using  a 
74ALS138  as  the  address  decoder. 
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The  address  decoder  analyzes  the  input-output  address  produced 
by  the  processor  to  select  the  function  to  be  performed  by  the 
AD660,  qualified  by  the  coincidence  of  the  Input-Output 
Request  (IORQ*)  and  Write  (WR*)  pins.  The  least  significant 
address  bit  (AO)  determines  if  the  low  or  high  byte  register  of 
the  AD660  is  active.  More  significant  address  bits  select 
between  input  register  loading,  DAC  output  update,  and  unipo- 
lar or  bipolar  clear. 

A  typical  Z-80  software  routine  begins  by  writing  the  low  byte 
of  the  desired  16-bit  DAC  data  to  address  0,  followed  by  the 
high  byte  to  address  1 .  The  DAC  output  is  then  updated  by 
activating  LDAC  with  a  write  to  address  2  (or  3).  A  clear  to 
unipolar  zero  occurs  on  a  write  to  address  4,  and  a  clear  to  bipo- 
lar zero  is  performed  by  a  write  to  address  5.  The  actual  data 
written  to  addresses  2  through  5  is  irrelevant.  The  decoder  can 
easily  be  expanded  to  control  as  many  AD660s  as  required. 


IORQ 

Z80 


Figure  It  Connections  for  8-Bit  Bus  Interface 
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NOISE 

In  high  resolution  systems,  noise  is  often  the  limiting  factor.  A 
16-bit  DAC  with  a  10  volt  span  has  an  LSB  size  of  153  liV 
(-96  dB).  Therefore,  the  noise  floor  must  remain  below  this 
level  in  the  frequency  range  of  interest.  The  AD660's  noise 
spectral  density  is  shown  in  Figures  12  and  13.  Figure  12  shows 
the  DAC  output  noise  voltage  spectral  density  for  a  20  V  span 
excluding  the  reference.  This  figure  shows  the  1/f  corner 
frequency  at  100  Hz  and  the  wideband  noise  to  be  below 
120  nV/VHz.  Figure  13  shows  the  reference  noise  voltage  spec- 
tral density.  This  figure  shows  the  reference  wideband  noise  to 
be  below  125  nV/VHz. 
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FREQUENCY  -  Hz 

Figure  12.  DAC  Output  Noise  Voltage  Spectral  Density 
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Figure  13.  Reference  Noise  Voltage  Spectral  Density 
BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  the  first  issue.  A 
306  (jlA  current  through  a  0.5  fi  trace  will  develop  a  voltage 
drop  of  153  jjlV,  which  is  1  LSB  at  the  16-bit  level  for  a  10  V 
full-scale  span.  In  addition  to  ground  drops,  inductive  and 
capacitive  coupling  need  to  be  considered,  especially  when  high 
accuracy  analog  signals  share  the  same  board  with  digital  sig- 
nals. Finally,  power  supplies  need  to  be  decoupled  in  order  to 
filter  out  ac  noise. 

Analog  and  digital  signals  should  not  share  a  common  path. 
Each  signal  should  have  an  appropriate  analog  or  digital  return 
routed  close  to  it.  Using  this  approach,  signal  loops  enclose  a 
small  area,  minimizing  the  inductive  coupling  of  noise.  Wide  PC 
tracks,  large  gauge  wire,  and  ground  planes  are  highly  recom- 
mended to  provide  low  impedance  signal  paths.  Separate  analog 
and  digital  ground  planes  should  also  be  used,  with  a  single 
interconnection  point  to  minimize  ground  loops.  Analog  signals 
should  be  routed  as  far  as  possible  from  digital  signals  and 
should  cross  them  at  right  angles. 

One  feature  that  the  AD660  incorporates  to  help  the  user  layout 
is  that  the  analog  pins  (Vcc,  VEE,  REF  OUT,  REF  IN,  SPAN/ 
BIP  OFFSET,  Vqut  and  AGND)  are  adjacent  to  help  isolate 
analog  signals  from  digital  signals. 

SUPPLY  DECOUPLING 

The  AD660  power  supplies  should  be  well  filtered,  well  regu- 
lated, and  free  from  high  frequency  noise.  Switching  power  sup- 
plies are  not  recommended  due  to  their  tendency  to  generate 
spikes  which  can  induce  noise  in  the  analog  system. 

Decoupling  capacitors  should  be  used  in  very  close  layout  prox- 
imity between  all  power  supply  pins  and  ground.  A  10  liF  tan- 
talum capacitor  in  parallel  with  a  0.1  (jiF  ceramic  capacitor 
provides  adequate  decoupling.  Vcc  and  VEE  should  be  bypassed 
to  analog  ground,  while  VLL  should  be  decoupled  to  digital 
ground. 

An  effort  should  be  made  to  minimize  the  trace  length  between 
the  capacitor  leads  and  the  respective  converter  power  supply 
and  common  pins.  The  circuit  layout  should  attempt  to  locate 
the  AD660,  associated  analog  circuitry  and  interconnections 
as  far  as  possible  from  logic  circuitry.  A  solid  analog  ground 
plane  around  the  AD660  will  isolate  large  switching  ground  cur- 
rents. For  these  reasons,  the  use  of  wire  wrap  circuit  construc- 
tion is  not  recommended;  careful  printed  circuit  construction  is 
preferred. 
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GROUNDING 

The  AD660  has  two  pins,  designated  analog  ground  (AGND) 
and  digital  ground  (DGND.)  The  analog  ground  pin  is  the 
"high  quality"  ground  reference  point  for  the  device.  Any  exter- 
nal loads  on  the  output  of  the  AD660  should  be  returned  to  ana- 
log ground.  If  an  external  reference  is  used,  this  should  also  be 
returned  to  the  analog  ground. 

If  a  single  AD660  is  used  with  separate  analog  and  digital 
ground  planes,  connect  the  analog  ground  plane  to  AGND  and 


the  digital  ground  plane  to  DGND  keeping  lead  lengths  as  short 
as  possible.  Then  connect  AGND  and  DGND  together  at  the 
AD660.  If  multiple  AD660s  are  used  or  the  AD660  shares  ana- 
log supplies  with  other  components,  connect  the  analog  and  dig- 
ital returns  together  once  at  the  power  supplies  rather  than  at 
each  chip.  This  single  interconnection  of  grounds  prevents  large 
ground  loops  and  consequently  prevents  digital  currents  from 
flowing  through  the  analog  ground. 


■ 
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FEATURES 

Four  Complete  Voltage  Output  DACs 
Data  Register  Readback  Feature 
"Reset  to  Zero"  Override 
Multiplying  Operation 
Double-Buffered  Latches 
Surface  Mount  and  DIP  Packages 
MIL-STD-883  Compliant  Versions  Available 

APPLICATIONS 
Automatic  Test  Equipment 


Process  Control 
Disk  Drives 


Avionics 


PRODUCT  DESCRIPTION 

The  AD664  is  four  complete  12-bit,  voltage-output  DACs  on 
one  monolithic  IC  chip.  Each  DAC  has  a  double-buffered  input 
latch  structure  and  a  data  readback  function.  All  DAC  read  and 
write  operations  occur  through  a  single  microprocessor-compatible 
I/O  port. 

The  I/O  port  accommodates  4-,  8-  or  12-bit  parallel  words  allowing 
simple  interfacing  with  a  wide  variety  of  microprocessors.  A 
reset  to  zero  control  pin  is  provided  to  allow  a  user  to  simultaneously 
reset  all  DAC  outputs  to  zero,  regardless  of  the  contents  of  the 
input  latch.  Any  one  or  all  of  the  DACs  may  be  placed  in  a 
transparent'  mode  allowing  immediate  response  by  the  outputs 
to  the  input  data. 

The  analog  portion  of  the  AD664  consists  of  four  DAC  cells, 
four  output  amplifiers,  a  control  amplifier  and  switches.  Each 
DAC  cell  is  an  inverting  R-2R  type.  The  output  current  from 
each  DAC  is  switched  to  the  on-board  application  resistors  and 
output  amplifier.  The  output  range  of  each  DAC  cell  is  pro- 
grammed through  the  digital  I/O  port  and  may  be  set  to  unipolar 
or  bipolar  range,  with  a  gain  of  one  or  two  times  the  reference 
voltage.  All  DACs  are  operated  from  a  single  external  reference. 

The  functional  completeness  of  the  AD664  results  from  the 
combination  of  Analog  Devices'  BiMOS  II  process,  laser-trimmed 
thin-film  resistors  and  double-level  metal  interconnects. 

PRODUCT  HIGHLIGHTS 

1.  The  AD664  provides  four  voltage-output  DACs  on  one  chip 
offering  the  highest  density  12-bit  D/A  function  available. 

2.  The  output  range  of  each  DAC  is  fully  and  independently 
programmable. 

3.  Readback  capability  allows  verification  of  contents  of  the 
internal  data  registers. 


44-Pin  Package 


■ 

PIN  CONFIGURATIONS 
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28-Pin  DIP  Package 


4.  The  asynchronous  RESET  control  returns  all  D/A  outputs 
to  zero  volts. 

5.  DAC-to-DAC  matching  performance  is  specified  and  tested. 

6.  Linearity  error  is  specified  to  be  1/2LSB  at  room  temperature 
and  3/4LSB  maximum  for  the  K,  B  and  T  grades. 

7.  DAC  performance  is  guaranteed  to  be  monotonic  over  the 
full  operating  temperature  range. 

8.  Readback  buffers  have  tristate  outputs. 

9.  Multiplying-mode  operation  allows  use  with  fixed  or  variable, 
positive  or  negative  external  references. 

10.  The  AD664  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD664/883B  data  sheet  for  < 
specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


3-54   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  C 


SPECIFICATIONS 0,11 = +5V' Vcc  =  +15V'  Vee  =  ~15V'  V"EF = +10V' T* = +m 


unless  otherwise  noted) 


AD664 


Min 


JN/JP/AD/AJ/SD 
Typ  Mai 


KN/KP/BD/BJ/BE/TD/TE 
[in  Typ  Max 


Units 


RESOLUTION 


12 





ANALOG  OUTPUT 
Voltage  Range1 

UNI  Versions 

BIP  Versions 
Output  Current 
Load  Resistance 
Load  Capacitance 
Short-Circuit  Current 


0 

Vra  +  2.02 


25 


500 
40 


2.02 
-2.0* 


Volts 

Volts 

mA 

kfl 

pF 

mA 


ACCURACY 

Gain  Error 

Unipolar  Offset 

Bipolar  Zero5 

Linearity  Error4 

Linearity  T,^  to  T„„ 

Differential  Linearity 

Differential  Linearity  T^  to  T,^ 

Gain  Error  Drift 
Unipolar  0  to  +10VMode 
Bipolar  -5V  to  +5V  Mode 
Bipolar  -  10V  to  +  10V  Mode 

Unipolar  Offset  Drift 
Unipolar  0  to  +  10V  Mode 

Bipolar  Zero  Drift 
Bipolar  -5V  to  +5V  Mode 
Bipolar  -lOVto  +10VM< 


-7 

±3 

7 

-2 

±1/2 

2 

-3 

±3/4 

3 

-3/4 

±1/2 

3/4 

-I 

±3/4 

1 

-3/4 

3/4 

-5 

±2 

5 

LSB 

-1 

±1/4 

1 

LSB 

-2 

±1/2 

2 

LSB 

-1/2 

±1/4 

172 

LSB 

-3/4 

±1/2 

3/4 

LSB 

-172 

1/2 

LSB 

Monotonic  @  All  Tei 





-12 
-12 
-12 

±7 
±7 
±7 

12 

12 
12 

" 

±1.5 

3 

-12 
-12 

±7 
±7 

12 
12 

Monotonic  <§>  All  Tem 


-10 

-10 
-10 


-10 
-10 


±5 

10 

±5 

10 

±5 

10 

±  1 

2 

±5 

10 

±5 


ppm  of  FSR'/°C 
ppm  of  FSRTC 
ppm  of  FSR/X 

ppm  of  FSRTC 

ppm  of  FSR/°C 
ppm  of  FSRTC 


REFERENCE  INPUT 
Input  Resistance 
Voltage  Range' 


1.3 

VE.  +  2.0* 


2.6 

Vcc  "  2.0* 


kfl 
Volts 


POWER  REQUIREMENTS 

Vu. 

@VIH,VIL  =  5,0V 
@V1H,V1I.  =  2.4,  0.4V 

Vcc/Veh 

Ice 

Total  Power 


4.5 


±11.4 


5.0 

5.5 

0.1 

1 

3 

6 

±16.5 

12 

15 

15 

19 

400 

525 

±400  +600 

Volts 

mA 

mA 

Volts 

mA 

mA 

mW 


ANALOG  GROUND  CURRENT7 


-600 


*A 


MATCHING  PERFORMANCE 
Gain* 
Offset' 

Bipolar  Zero10 


-6 

±3 

6 

-2 

±1/2 

2 

-3 

±1 

3 

-1.5 

±1/2 

1.5 

-4 

±2 

4 

-1 

±1/4 

1 

-2 

±1 

2 

-1 

±1/2 

1 

LSB 
LSB 
LSB 
LSB 


CROSSTALK 
Analog 
Digital 


-90 
-60 


dB 
dB 


DYNAMIC  PERFORMANCE  (RL  =  2M1,  CL  = 
Settling  Time  to  ±  1/2  LSB 

Off—Bits— On,  GAIN  =  1,  VREF  =  10 
Settling  Time  to  ±  1/2LSB 

-10— VMP-10V,  GAIN  =  I,  Bits  On 
Glitch  Impulse 


500pF) 


8  10 
10 

500 


lis 

nV-sec 


MULTIPLYING  MODE  PERFORMANCE 
Reference  Feedthrough  @  1kHz 
Reference  -3dB  Bandwidth 


-75 


70 


dB 

kHz 


POWER  SUPPLY  GAIN  SENSITIVITY 
ll.4V-Vcc-16.5V 
-16.5V.-Vhh—  11.4V 
4.5V-V..-5.5V 


±2  ±5 
±2  ±5 
 -2  ±5  





ppm/% 
ppm/% 

PPm/%  
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DIGITAL  INPUTS 


Min 


JN/JP/AD/AJ/SD 

Typ  Max 


KN/KP/BD/BJ/BE/TD/TE 
Min  Typ  Max 


Units 


Data  Inputs 

i.«  @  v, 


Iil  <<?  V,N  =  DGND 

CS/DSO/DS 1/RST/RD/LS 
lm  I?  VIN  -  VLL 

_l,B_f  V,N  =  VLL 

MS/TR12 
lm  ®  vIN  =  VLL 
Iil  @  vin  =  DGND 

QS0/QS1/QS212 
I.h  @  V,N  =  VLL 
Iil  @  VIN  =  DGND 


2.0 
0 

-10 
-10 

-10 
-10 

-10 
-10 

-10 
-10 


±1 
±1 


±1 
±1 


5 

±1 


0.8 


10 
10 


10 
10 


10 
0 


10 
10 


Volts 
Volts 

uA 
uA 


uA 

uA  • 

uA 
M-A 

uA 


0.4 

2.4 




DIGITAL  OUTPUTS 
VOL  (ff  1.6mA  Sink 
VOH  <d  0.5mA  Source 


Volts 
Volts 


TEMPERATURE  RANGE 
JN/JP/KN/KP 
AD/AJ/BD/BJ/BE 
SD/TD/TE 


-40 

-55 


+70 
+85 
+125 


°C 
°C 





I  ±10V  operation.  A  minimum  power  supply  of  ±  11.4V  is 


I  for  -5V  to 


- 


NOTES 

'A  minimum  power  supply  of  ±  12.0V  is  required  for  0  to  +10V 
+  5V  operation. 

2For  VCC<12V  and  VEE>-12V.  Voltage  not  to  exceed  10V  maximum. 

'Bipolar  zero  error  is  the  difference  from  the  ideal  output  (0  volts)  and  the  actual  output  voltage  with  code  100  000  000  000  applied  to  the  inputs. 
'Linearity  error  is  defined  as  the  maximum  deviation  of  the  actual  DAC  output  from  the  ideal  output  (a  straight  line  drawn  from  0  to  F.S.  -  1LSB). 
!FSR  means  Full-Scale  Range  and  is  20V  for  ±  10V  range  and  10V  for  ±5V  range. 
6A  minimum  power  supply  of  ±  12.0V  is  required  for  a  10V  reference  voltage. 
7 Analog  Ground  Current  is  input  code  dependent. 

8Gain  error  matching  is  the  largest  difference  in  gain  error  between  any  two  DACs  in  one  package. 

'Offset  error  matching  is  the  largest  difference  in  offset  error  between  any  two  DACs  in  one  package. 
'"Bipolar  zero  error  matching  is  the  largest  difference  in  bipolar  zero  error  between  any  two  DACs  in  one  package. 
"Linearity  error  matching  is  the  difference  in  the  worst  case  linearity  error  between  any  two  DACs  in  one  package. 
1244-pin  versions  only. 
•Specifications  same  as  JN/JP/AD/AJ/SD. 
Specifications  subject  to  change  without  notice. 
Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  test  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


ABSOLUTE  MAXIMUM  RATINGS* 

(Specifications  apply  to  all  grades  except  where  noted.) 

VLL  to  DGND  0  to  +7V 

VcctoDGND   Oto+loV 

VEE  to  DGND   -  18V  to  0V 

Soldering  +300°C,  10  sec 

Power  Dissipation  lOOOmW 

AGND  to  DGND  -IV  to  +  IV 

Reference  Input   VREF  £  ±10V  and  VREF 

==  (Vcc  -  2V,  VEE  +  2V) 
Vcc  to  VEE  0  to  +36V 


Digital  Inputs   -0.3V  to  +7V 

Analog  Outputs   Indefinite  Shorts  to 

Vcc>  VLL,  VEE  and  GND 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  section  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Unused  devices  must  be  stored  in  conductive  foam  or 
1  be  discharged  to  the  destination  socket  before  devices  are  removed . 
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FUNCTIONAL  DESCRIPTION 

The  AD664  combines  four  complete  12-bit 
conveners  with  a  fast,  flexible  digital  input/output  port  on  one 
monolithic  chip.  It  is  available  in  two  forms,  a  44-pin  version 
shown  in  Figure  la  and  a  28-pin  version  shown  in  Figure  lb. 

44-Pin  Versions 

Each  DAC  offers  flexibility,  accuracy  and  good  dynamic  per- 
formance. The  R-2R  structure  is  fabricated  from  thin-film  resistors 
which  are  laser-trimmed  to  achieve  1/2LSB  linearity  and  guaran- 
teed monotonicity.  The  output  amplifier  combines  the  best 
features  of  the  bipolar  and  MOS  devices  to  achieve  good  dynamic 
performance  and  low  offset.  Settling  time  is  under  10u.s  and 
each  output  can  drive  a  5mA,  SOOpF  load.  Short-circuit  protection 
allows  indefinite  shorts  to  VLi_,  VCc,  VEe  and  GND.  The  output 
and  span  resistor  pins  are  available  separately.  This  feature 
allows  a  user  to  insert  current-boosting  elements  to  increase  the 
drive  capability  of  the  system,  as  well  as  to  overcome  parasitics. 

Digital  circuitry  is  implemented  in  CMOS  logic.  The  fast,  low 
power,  digital  interface  allows  the  AD664  to  be  interfaced  with 
most  microprocessors.  Through  this  interface,  the  wide  variety 
of  features  on  each  chip  may  be  accessed.  For  example,  the 
input  data  for  each  DAC  is  programmed  by  way  of  4-,  8-,  12- 
or  16-bit  words.  The  double-buffered  input  structure  of  this 
latch  allows  all  four  DACs  to  be  updated  simultaneously.  A 
readback  feature  allows  the  internal  registers  to  be  read  back 
through  the  same  digital  port,  as  either  4-,  8-  or  12-bit  words. 
When  disabled,  the  readback  drivers  are  placed  in  a  high  impedance 
(tristate)  mode.  A  TRANSPARENT  mode  allows  the  input  data 
to  pass  straight  through  both  ranks  of  input  registers  and  appear 
at  the  DAC  with  a  minimum  of  delay.  One  D/A  may  be  placed 
in  the  transparent  mode  at  a  time,  or  all  four  may  be  made 
transparent  at  once.  The  MODE  SELECT  feature  allows  the 
output  range  and  mode  of  the  DACs  to  be  selected  via  the  data 
bus  inputs.  An  internal  mode  select  register  stores  the  selections. 
This  register  may  also  be  read  back  to  check  its  contents.  A 
RESET-TO-ZERO  feature  allows  all  DACs  to  be  reset  to  0 
volts  out  by  strobing  a  single  pin. 
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Figure  lb.  28-Pin  Block  Diagram 


i  versions  of  the  44-pin  AD664 


28-Pin  Versions 

The  28-pin  versions  are  i 

Each  offers  a  reduced  set  of  features  from  those  offered  in  the 
44-pin  version.  This  accommodates  the  reduced  number  of  package 
pins  available.  Data  is  written  and  read  with  12-bit  words  only. 
Output  range  and  mode  select  functions  are  also  not  available  in 
28-pin  versions.  As  an  alternative,  users  specify  either  the  UNI 
(unipolar,  0  to  Vref)  models  or  the  BIP  (bipolar,  -Vref  to 
Vref)  models  depending  on  the  application  requirements.  Finally, 
the  transparent  mode  is  not  available  on  the  28-pin  versions. 
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Table  I.  Transfer  Functions 


Mode  =  UNI 

Mode  =  BIP 

Gain  =  1 

UvWUOVUOtHiU  =  uv 
100000000000  =  VREF/2 
111111111111  =  VREF-1LSB 

/vwwwwwi  —     v  n 
UOUUUUUUUWU  —  —  VREp/Z 

100000000000  =  OV 
111111111111  =  Vref/2  -1LSB 

Gain  =  2 

000000000000  =  OV 
100000000000  =  Vref 
111111111111  =2xVREF-lLSB 

000000000000  =  -VREF 
100000000000  =  OV 
111111111111  =  +VreF-1LSB 

ORDERING  GUIDE 

Temperature 

Gain 

Linearity 

Package 

Model 

Range 

Output  Range 

Error 

Error 

Options2 

AD664JN-UNI 

0°C  to  +70°C 

0  to  +VREF 

±7LSB 

±0.75LSB 

N-28 

AD664JN-BIP 

0°C  to  +70°C 

-VREF  to  +VREF 

±7LSB 

±0.75LSB 

N-28 

AD664JP 

0°C  to  +70°C 

Programmable 

±7LSB 

±0.75LSB 

P-44A 

AD664KN-UNI 

0°C  to  +70°C 

0  to  +VREF 
-VreF  10  +vref 

±5LSB 

±0.5LSB 

N-28 

AD664KN-BIP 
AD664KP 

0°C  to  +70°C 

±5LSB 
±5LSB 

±0.5LSB 
±0.5LSB 

N-28 
P-44A 

0°C  to  +70°C 

Programmable 

AD664AD-UNI 

-40°C  to  +85°C 

0  to  +VREF 

±7LSB 

+0.75LSB 

D-28 

AD664AD-BIP 

-40°C  to  +  85°C 

-VREF  »  +VREF 

±7LSB 

±0.75LSB 

D-28 

AD664AJ 

-40°C  to  +85°C 

Programmable 

+7LSB 

±0.75LSB 

J-44 

AD664BD-UNI 

-40°C  to  +85°C 

0  to  +VREF 

±5LSB 

±0.5LSB 

D-28 

AD664BD-BIP 

-40°C  to  +85°C 

-Vref  to  +VREF 

±5LSB 

±0.5LSB 

D-28 

AD664BJ 

-40°Cto  +85°C 

Programmable 

±5LSB 

+0.5LSB 

J-44 

AD664BE 

-40°C  to  +85°C 

Programmable 

±5LSB 

±0.5LSB 

E-44A 

AD664SD-UNI 

-55°Cto  +  125°C 

0  to  +VREF 

±7LSB 

±0.75LSB 

D-28 

AD664SD-BIP 

-55°Cto  +  125°C 

-Vref  to  +VREF 

±7LSB 

±0.75LSB 

D-28 

AD664TD-UNI 

-55°Cto  +  125°C 

0  to  +VREF 

±5LSB 

±0.5LSB 

D-28 

AD664TD-BIP 

-55°Cto  +125-C 

"Vref  to  +VREF 

±5LSB 

±0.5LSB 

D-28 

NOTES 

lFor  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the  Analog 
Devices  Military  Products  Databook  or  current  AD664/883B  data  sheet. 

2D  =  Ceramic  DIP;  E  =  Leadless  Ceramic  Chip  Carrier;  J  =  Leaded  Chip  Carrier;  N  =  Plastic  DIP; 
P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  Package  Information  section. 


44-Pin  Package 


8-Pin  DIP  Package 


PIN  CONFIGURATIONS 
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Microprocessor-Compatible 
12-Bit  D/A  Converter 


AD667' 


FEATURES 

Complete  12-Bit  D/A  Function 

Double-Buffered  Latch 

On  Chip  Output  Amplifier 

High  Stability  Buried  Zener  Reference 
Single  Chip  Construction 
Monotonicity  Guaranteed  Over  Temperature 
Linearity  Guaranteed  Over  Temperature:  1/2LSB  max 
Settling  Time:  3|is  max  to  0.01% 
Guaranteed  for  Operation  with  ±12V  or  ±15V 

Supplies 

Low  Power:  300mW  Including  Reference 
TTL/5V  CMOS  Compatible  Logic  Inputs 
Low  Logic  Input  Currents 
MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


-0  ©— <3> 


POWER  V„ 


PRODUCT  DESCRIPTION 

The  AD667  is  a  complete  voltage  output  12-bit  digital-to-analog 
converter  including  a  high  stability  buried  Zener  voltage  reference 
and  double-buffered  input  latch  on  a  single  chip.  The  converter 
uses  12  precision  high  speed  bipolar  current  steering  switches 
and  a  laser  trimmed  thin  film  resistor  network  to  provide  fast 
settling  time  and  high  accuracy. 

Microprocessor  compatibility  is  achieved  by  the  on-chip  double- 
buffered  latch.  The  design  of  the  input  latch  allows  direct  interface 
to  4-,  8-,  12-,  or  16-bit  buses.  The  12  bits  of  data  from  the  first 
rank  of  latches  can  then  be  transferred  to  the  second  rank, 
avoiding  generation  of  spurious  analog  output  values.  The  latch 
responds  to  strobe  pulses  as  short  as  100ns,  allowing  use  with 
the  fastest  available  microprocessors. 

The  functional  completeness  and  high  performance  in  the  AD667 
results  from  a  combination  of  advanced  switch  design,  high 
speed  bipolar  manufacturing  process,  and  the  proven  laser  wafer- 
trimming  (LWT)  technology.  The  AD667  is  trimmed  at  the 
wafer  level  and  is  specified  to  ±  1/4LSB  maximum  linearity 
error  (K,  B  grades)  at  25°C  and  ±  1/2LSB  over  the  full  operating 
temperature  range. 

The  subsurface  (buried)  Zener  diode  on  the  chip  provides  a 
low-noise  voltage  reference  which  has  long-term  stability  and 
temperature  drift  characteristics  comparable  to  the  best  discrete 
reference  diodes.  The  laser  trimming  process  which  provides  the 
excellent  linearity,  is  also  used  to  trim  the  absolute  value  of  the 
reference  as  well  as  its  temperature  coefficient.  The  AD667  is 
thus  well  suited  for  wide  temperature  range  performance  with 
a:  1/2LSB  maximum  linearity  error  and  guaranteed  monotonicity 
over  the  full  temperature  range.  Typical  full  scale  gain  T.C.  is 
5ppm/°C. 


The  AD667  is  available  in  five  performance  grades.  The  AD667J 
and  K  are  specified  for  use  over  the  0  to  +  70°C  temperature 
range  and  are  available  in  a  28-pin  molded  plastic  DIP  (N)  or 
PLCC  (P)  package.  The  AD667S  grade  is  specified  for  the 
-  55°C  to  +  125°C  range  and  is  available  in  the  ceramic  DIP 
(D)  or  LCC  (E)  package.  The  AD667A  and  B  are  specified  for 
use  over  the  -  25°C  to  +  85°C  temperature  range  and  are  available 
in  a  28-pin  hermetically  sealed  ceramic  DIP  (D)  package. 

PRODUCT  HIGHLIGHTS 

1.  The  AD667  is  a  complete  voltage  output  DAC  with  voltage 
reference  and  digital  latches  on  a  single  IC  chip. 

2.  The  double-buffered  latch  structure  permits  direct  interface 
to  4-,  8-,  12-,  or  16-bit  data  buses.  All  logic  inputs  are  TTL 
or  5  volt  CMOS  compatible. 

3.  The  internal  buried  Zener  reference  is  laser-trimmed  to  10.00 
volts  with  a  ±  1%  maximum  error.  The  reference  voltage  is 
also  available  for  external  application. 

4.  The  gain  setting  and  bipolar  offset  resistors  are  matched  to 
the  internal  ladder  network  to  guarantee  a  low  gain  temperature 
coefficient  and  are  laser-trimmed  for  minimum  full  scale  and 
bipolar  offset  errors. 

5.  The  precision  high  speed  current  steering  switch  and  on-board 
high  speed  output  amplifier  settle  within  1/2LSB  for  a  10V 
full  scale  transition  in  2.0u,s  when  properly  compensated. 

6.  The  AD667  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD667/883B  data  sheet  for  detailed  specifications. 


by  Patent  Numbers  3,803,590;  3,890,611;  3,932,863;  3,978,473; 


is  an  abridged  data  sheet.  To  obtain  the  most  recent 
data  sheet,  call  our  fax  retrieval  system  at  1- 
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DIGITAL  INPUTS 
Resolution 

Logic  Levels  (TTL  Compatible,  Tnta-T^)' 
V,„  (Logic  "1") 
V,L  (Logic  "0") 
Iih(V,h  =  5.5V) 
Iil(Vil  =  0.8V) 


TRANSFER  CHARACTERISTICS 
ACCURACY 
Linearity  Error  @  +  25°C 

Ta  =  Tnun  t0  Touz 

Differential  Linearity  Error®  +  25°C 

Ta  =  Tn^n  tO  Tom, 

Gain  Error2 
Unipolar  Offset  Error2 
Bipolar  Zero2 


DRIFT 
Differential  Linearity 
Gain  (Full  Scale)  TA  =  25°C  to  T^  or  T„ 
Unipolar  Offset  TA  =  25°C  to  T„i„  or  T„» 
Bipolar  Zero  TA  =  25°C  to  T„i„  or  T_ 


CONVERSION  SPEED 

Settling  Time  to  ±0.01%of  FSRfor 
FSR  Change  (2kn||500pF  load) 
with  1 0k!l  Feedback 
with  5k£i  Feedback 
For  LSB  Change 
Slew  Rate 


ANALOG  OUTPUT 
Ranges4 

Output  Current 
Output  Impedance  (dc) 
Short  Circuit  Current 


REFERENCE  OUTPUT 
External  Current 


POWER  SUPPLY  SENSITIVITY 
Vcc=  +11.410  + 16.5V  dc 
Vee=  -  11.4to -16.5Vdc 


POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 
Range4 

Supply  Current 

+  11.4to  + 16.5V  dc 
-l"l.4to- 16.5V  dc 


TEMPERATURE  RANGE 
Specification 
Storage 


12 

+  5.5 
+  0.8 
10 
5 


±1/4  ±1/2 

+  1/2  ±3/4 

±1/2  ±3/4 
Monotonicity  Guaranteed 

±0.1  ±0.2 

±1  ±2 

±0.05  ±0.1 


±2 
±5 
±1 
±5 


±30 

±3 

±10 


2 

lajq.;  ana 


±2.5,  ±5,  ±10, 
+  5,  +  10 


9.90 

0.1 


10.00  10.10 
1.0 


10 
10 


±12,  ±15 
±11.4  ±16.5 


12 
25 


-65 


1-70 
1-125 


+  2.0 
0 


12 

+  5.5 
+  0.8 
10 
5 


±1/8  ±1/4 

±  1/4  ±  1/2 

+  1/4  ±1/2 
Monotonicity  Guaranteed 

±0.1  ±0.2 

±1  ±2 

±0.05  ±0.1 


±2 
±5 


±15 

±3 

±10 


3 
2 
1 





±2.5,  ±5,  ±10, 
+  5,  +  10 

0.05 

40 


9.90 

0.1 


10.00  10.10 
1.0 


10 
10 


±12,  ±15 

±11.4 

-vAb-k  tU,-J  as 
20 


±  16.5 

■ 

12 


+  70 
+  125 


V 
V 

uA 
uA 


LSB 

LSB 

LSB 

LSB 

%FSRJ 

LSB 

%  of  FSR 


ppmofFSR/°C 
ppmofFSR/°C 
ppmofFSR/°C 
ppmofFSR/°C 



P-S 
1" 

U.S 

V/u.s 


mA 

n 

mA 


V 

mA 


 «id  lid-41  no  ,-SI  ,-8  OJ 

■msiaafr.'  ?d  mil  ntj  .on>jBi )o  Asm 

ppmofFS/% 

■ 


ppmofFS/% 


V 

V  ' 

mA 
mA 


to  u 





range. 

1.4V  is  required  for  all  other  voltage  ranges. 


NOTES 

'The  digital  input  specifications  are  100%  tested  at  +  25"C,  and  guaranteed  but  not  tested  over  the  full  temperature  range. 
2 Adjustable  to  zero. 

'FSR  means  "Full  Scale  Range"  and  is  20V  for  ±  10V  range  and  10V  for  the  ±  5V 
4A  minimum  power  supply  of  ±  12.5V  is  required  for  a  ±  10V  full  scale  output  and 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those 
shown  in  boldface  are  tested  on  all  production  units. 
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TIMING  SPECIFICATIONS 

(All  Models,  TA  =  25°C,  Vcc=  +  12V  or  +  15V, 
VEE=-12Vor-15V) 
Symbol  Parameter 


«DC 
lDH 

'sett 


Data  Valid  to  End  of  CS  _ 

Address  Valid  to  End  of  CS 

CS  Pulse  Width 

Data  Hold  Time 

Output  Voltage  Settling  Time 


ABSOLUTE  MAXIMUM  RATINGS 

Vcc  to  Power  Ground  0V  to  +  18V 

Vee  to  Power  Ground  0V  to  -  18V 

Digital  Inputs  (Pins  11-15, 17-28) 

to  Power  Ground   -1.0Vto+7.0V 

Ref  In  to  Reference  Ground  +  12V 

Min    Typ  Max  Bipolar  Offset  to  Reference  Ground  ±  12V 

50       -      _      ns       10V  Span  R  to  Reference  Ground  ±  12V 

100     -       -       ns        20V  Span  R  to  Reference  Ground  ±  24V 

100     -      -      ns       Rcf  Out,  Vout  (Pins  6,  9)  .  .  Indefinite  short  to  power  ground 
0        -      -      ns                                                        Momentary  Shon  to  Vcc 
2       4       m-s       Power  Dissipation  lOOOmW 


3-60   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


1 )     >  ■  1 

Model 

AD667A 
Min        Typ  Max 

AD667B 
Min        Typ  Max 

AD667S 
Min        Typ  Mai 

Uniti 

DIGITAL  INPUTS 
Resolution 

Logic  Levels (TTL  Compatible,  T,^  - T„J ' 

Vm(Logic"l") 
Vn.  (Logic  "0") 
Im(Vra  =  5.5V) 
In.(V,i.  =  0.8V) 

12 

+  2.0  +S.5 
0  +0.8 
3  10 
1  5 

12 

+2.0  +5.5 
0  +0.8 
3  10 
1  5 

+  2.. 
0 

\ 

12 

+  5.5 
+0.7 
10 
5 

Bits 

V 
V 
uA 
"A 

TRANSFER  CHARACTERISTICS 
ACCURACY 

Linearity  Error  @  +  25°C 

TA  =  T™,toT„, 
Differential  Linearity  Error  @  +  25°C 

Ta'T^ioT^ 
Gain  Error2 
Unipolar  Offset  Error2 
Bipolar  Zero2 

±1/4  ±1/2 
±1/2  ±3/4 
±1/2  ±3/4 
Monotonicity  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/8  ±1/4 
±1/4  ±1/2 
±1/4  ±1/2 
Monotonicity  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/8  ±1/2 
±1/2  ±3/4 
±1/4  ±3/4 
Monotonicity  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

LSB 
LSB 
LSB 
LSB 

%  of  FSR3 
LSB 

%  of  FSR 

DRIFT 
Differential  Linearity 
Gain  (Full  Scale)  TA  =  25°C  to  T,™,  or  T„„ 
Unipolar  Offset  TA  =  25°C  to  T„j,  or  Tm 
Bipolar  Zero  TA  =  2  5°C  to  T.^,,  or  T„„ 

±2 

±5  ±30 
±1  ±3 
±5  ±10 

±2 

±5  ±15 
±3 
±10 

±2 
±15 

±30 

±3 

±10 

ppmof  FSR/X 
ppmofFSR/°C 
ppmofFSRTC 
ppmofFSR/°C 

CONVERSION  SPEED 

Settling  Time  to  ±0.01%of  FSRfor 
FSR  change  (2kfl||500pF  load) 

with  10kn  Feedback 

with  5kXl  Feedback 
For  LSB  Change 

Slew  Rate 

IHOM  JAJl'VGUl^TClC 
o.tj i  ittibMi  s/ti  »biaii..J 
l 

10 

2  3 
1 

10 

•I         '  ".  -3  :  T 
10 

4 

3 

>;  *; 

(IS 

V/^s 

ANALOG  OUTPUT 
Ranges* 

Output  Current 
Output  Impedance  (dc) 
Short  Circuit  Current 

±2.5,  ±5,  ±10, 
+  5, +10 

kSSo  aobujs      -ti  ssasri 

0.05 

40 

±2.5,  ±5,  ±10, 
+  5,  +10 

±  5 

0.05 

40 

+  5,  +10 
^  0.05 

40 

mA 

n 

mA 

Kfcr-fcKfcNCh  OUT  PUT 
External  Current 

9.90          10.00  10.10 
0.1  1.0 

9.90         10.00  10.10 
0.1  1.0 

9.90  10.00 
0.1  1.0 

10.10 

V 

mA 

POWER  SUPPLY  SENSITIVITY 
Vcc=  + 11.410  +  16.5V  dc 
Vee=  -  11. 4  to -16.5V  dc 

5  10 
5  10 

5  10 
5  10 

5 
5 

10 
10 

ppmofFS/% 
ppmofFS/% 

POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 
Range4 

Supply  Current 

±12,  ±15 
±11.4  ±16.5 

±12,  ±15 
±11.4  ±16.5 

±  12,  ±  15 

±11.4 

±16.5 

V 
V 

+  11.4to  +  16.5V  dc 
-11. 4  to-  16.5V  dc 

8  12 

20  25 

8  12 
20  25 

8 

20 

12 

25 

mA 
mA 

TEMPERATURE  RANGE 
Specification 
Storage 

-25  +85 
-65  +150 

+  125 
+  150 

-25  +85 
-65  +150 

-55 
-65 

t 
°C 

TIMING  DIAGRAMS  WRITE  CYCLE  #2 

WRITE  CYCLE  #1  (Load  Second  Rank  from  First  Rank;  A2,  Al,  A0  =  1) 

(Load  First  Rank  from  Data  Bus;  A3  =  1) 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-61 


AD667 


20V  SPAN  [T 
10V  SPAN  [T 
SUM  JCT  \~3 

BIP  OFF  [~4~ 
AGND  [7 
VflEF  OUT  [7 

V«tIN  (T 

HIM 
(Not 

Vou,  [T 

-v»Q£ 
cs  [77 

A3  [77 
A2  [77 
A1  Q7 


DIP 

— 


AD667 
TOP  VIEW 


PIN  ( 


OB  11  (MSB) 
7j7|  OB10 
"isl  DBS 
2S]  DBS 
IT]  DB7 
23]  DBS 
77]  DBS 
TT]  DB4 
2o|  DBS 
77]  DB2 
"iFI  DB1 
77]  DBO  |LSB) 

TTJao 


POWER  GROUND 


•NOTE  DIP  PACKAGE  PIN  NUMBERS 
AND  LCC  CONTACT  NUMBERS  SERVE 
THE  SAME  FUNCTION. 


PLCC,  LCC 

I  I  s  I  §  S  I 


>E 

V„,OUT  [7 
V»„IN  [7 

+v„  [T 

Voo,  [J 
-Va  [jo 
CS  ^1 


LiJblbilHLiJLiJH 

s  3 


5°  s 

II  2 

£1  i 


25)  DBS 

24j  DB7 

2IJ  DB6 

22|  DBS 

7H  DB4 
— ' 

20]  D83 
3 


THE  AD667  OFFERS  TRUE  12-BIT  PERFORMANCE 
OVER  THE  FULL  TEMPERATURE  RANGE 

LINEARITY  ERROR:  Analog  Devices  defines  linearity  error 
as  the  maximum  deviation  of  the  actual,  adjusted  DAC  output 
from  the  ideal  analog  output  (a  straight  line  drawn  from  0  to 
F.S.  -  1LSB)  for  any  bit  combination.  The  AD667  is  laser 
trimmed  to  1/4LSB  (0.006%  of  F.S.)  maximum  error  at  +25°C 
for  the  K  and  B  versions  and  1/2LSB  for  the  J,  A  and  S 
versions. 

MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the 
output  either  increases  or  remains  constant  for  increasing  digital 
inputs  such  that  the  output  will  always  be  a  nondecreasing 
function  of  input.  All  versions  of  the  AD667  are  monotonic  over 
their  full  operating  temperature  range. 


DIFFERENTIAL  NONLINEARITY:  Monotonic  behavior 
requires  that  the  differential  linearity  error  be  less  than  1LSB 
both  at  +  25°C  and  over  the  temperature  range  of  interest. 
Differential  nonlinearity  is  the  measure  of  the  variation  in  analog 
value,  normalized  to  full  scale,  associated  with  a  1LSB  change 
in  digital  input  code.  For  example,  for  a  10  volt  full  scale  output, 
a  change  of  1LSB  in  digital  input  code  should  result  in  a  2.44mV 
change  in  the  analog  output  (1LSB=  lOVx  1/4096  =  2.44mV).  If 
in  actual  use,  however,  a  1LSB  change  in  the  input  code  results 
in  a  change  of  only  0.61mV  (1/4LSB)  in  analog  output,  the 
differential  linearity  error  would  be  -  1.83mV,  or  -  3/4LSB. 
The  AD667K  and  B  grades  have  a  max  differential  linearity 
error  of  1/2LSB,  which  specifies  that  every  step  will  be  at  least 
1/2LSB  and  at  most  1  1/2  LSB. 


ORDERING  GUIDE 


Temperature 
Range -°C 

Linearity 
Error  Max 

@25°C 

GainT.C. 

Model1 

Maxppm/°C 

Package  Option2 

AD667JN 

Oto  +70 

±  1/2LSB 

30 

Plastic  DIP  (N-28) 

AD667JP 

0to+70 

±  1/2LSB 

30 

PLCC(P-28A) 

AD667KN 

Oto  +70 

±  1/4LSB 

15 

Plastic  DIP  (N-28) 

AD667KP 

Oto  +70 

±  1/4LSB 

15 

PLCC(P-28A) 

AD667AD 

-  25  to  +  85 

±  1/2LSB 

30 

Ceramic  DIP  (D-28) 

AD667BD 

-25  to +85 

±  1/4LSB 

15 

Ceramic  DIP  (D-28) 

AD667SD 

-55W  +  125 

±  1/2LSB 

30 

Ceramic  DIP  (D-28) 

AD667SE 

-55  to +  125 

±  1/2LSB 

30 

LCC(E-28A) 

AD667/883B 

-55  to +  125 

* 

* 

* 

NOTES 

•Refer  to  AD667/883B  military  data  sheet. 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the 
Analog  Devices  Military  Products  Databook  or  current  AD667/883B  data  sheet. 
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ANALOG 
DEVICES 


12-Bit  Ultrahigh  Speed 
Multiplying  D/A  Converter 


FEATURES 

Ultrahigh  Speed:  Current  Settling  to  1  LSB  in  90  ns  for 
a  Full-Scale  Change  in  Digital  Input.  Voltage  Settling 
to  1  LSB  in  120  ns  for  a  Full-Scale  Change  in  Analog 
Input 

15  MHz  Reference  Bandwidth 
Monotonicity  Guaranteed  over  Temperature 
10.24  mA  Current  Output  or  1.024  V  Voltage  Output 
Integral  and  Differential  Linearity  Guaranteed  over 

Temperature 
0.3"  "Skinny  DIP"  Packaging 
MIL-STD-883  Compliant  Versions  Available 

■ 


FUNCTIONAL  BLOCK  DIAGRAM 


■ 


PRODUCT  DESCRIPTION 

The  AD668  is  an  ultrahigh  speed,  12-bit,  multiplying  digital-to- 
analog  converter,  providing  outstanding  accuracy  and  speed  per- 
formance in  responding  to  both  analog  and  digital  inputs.  The 
AD668  provides  a  level  of  performance  and  functionality  in  a 
monolithic  device  that  exceeds  that  of  many  contemporary  hy- 
brid devices.  The  part  is  fabricated  using  Analog  Devices'  Com- 
plementary Bipolar  (CB)  Process,  which  features  vertical  NPN 
and  PNP  devices  on  the  same  chip  without  the  use  of  dielectric 
isolation.  The  AD668's  design  capitalizes  on  this  proprietary 
process  in  combination  with  standard  low  impedance  circuit 
techniques  to  provide  its  unique  combination  of  speed  and  accu- 
racy in  a  monolithic  part. 

The  wideband  reference  input  is  buffered  by  a  high  gain,  closed 
loop  reference  amplifier.  The  reference  input  is  essentially  a 
1  V,  high  impedance  input,  but  trimmed  resistive  dividers  are 
provided  to  readily  accommodate  5  V  and  1.25V  references. 
The  reference  amplifier  features  an  effective  small  signal  band- 
width of  15  MHz  and  an  effective  slew  rate  of  3%  of  full 
scale/ns. 

Multiple  matched  current  sources  and  thin  film  ladder  tech- 
niques are  combined  to  produce  bit  weighting.  The  output 
range  can  nominally  be  taken  as  a  10.24  mA  current  output  or  a 
1.024  V  voltage  output.  Varying  the  analog  input  can  provide 
modulation  of  the  DAC  full  scale  from  10%  to  120%  of  its  nom- 
inal value.  Bipolar  outputs  can  be  realized  through  pin-strapping 
to  provide  two-quadrant  operation  without  additional  external 
circuitry. 

Laser  wafer  trimming  insures  full  12-bit  linearity  and  excellent 
gain  accuracy.  All  grades  of  the  AD668  are  guaranteed  mono- 
tonic  over  their  full  operating  temperature  range.  Furthermore, 
the  output  resistance  of  the  DAC  is  trimmed  to  100  (I  ±  1.0%. 


The  AD668  is  available  in  four  performance  grades.  The 
AD668JQ  and  KQ  are  specified  for  operation  from  0°C  to 
+70°C,  the  AD668AQ  is  specified  for  operation  from  -40°C  to 
+85°C,  and  the  AD668SQ  specified  for  operation  from  -55°C 
to  +125°C.  All  grades  are  available  in  a  24-pin  cerdip  (0.3" 
package. 

PRODUCT  HIGHLIGHTS 

1.  The  fast  settling  time  of  the  AD668  provides  suitable  perfor- 
mance for  waveform  generation,  graphics  display,  and  high- 
speed A/D  conversion  applications. 

2.  The  high  bandwidth  reference  channel  allows  high  frequency 
modulation  between  analog  and  digital  inputs. 

3.  The  AD668's  design  is  configured  to  allow  wide  variation  of 
the  analog  input,  from  10%  to  120%  of  its  nominal  value. 

4.  The  AD668's  combination  of  high  performance  and  tremen- 
dous flexibility  makes  it  an  ideal  building  block  for  a  variety 
of  high  speed,  high  accuracy  instrumentation  applications. 

5.  The  digital  inputs  are  readily  compatible  with  both  TTL  and 
5V  CMOS  logic  families. 

6.  Skinny  DIP  (0.3")  packaging  minimizes  board  space  require- 
ments and  eases  layout  considerations. 

7.  The  AD668  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD668/883B  data  sheet  for  detailed 
specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  mi 

!  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(@  T,  =  +25°C,  Vcc  =  +15  V,  VEE  =  -15  V,  unless  otherwise  noted) 

^  


Parameter 


AD668J/A 
Min      Typ  Max 


RESOLUTION 


12 


AD668K 
Min      Typ  Max 


12 


Min     Typ  Max 


12 


Units 


Bits 


- 


LSB  WEIGHT  (At  Nominal  FSR) 
Current 

Voltage  (Current  into  RL)  


2.5 
250 


uA 

u-V 


ACCURACY^ 
Linearity 

to  Tmax 
Differential  Nonlinearity 

Tmin  tO  Tm„ 

Monotonicity 
Unipolar  Offset  (Digil 
Bipolar  Offset 
Bipolar  Zero 
Analog  Offset 
Gain  Error 


-1/2 
-3/4 
-1 
-1 


+  1/2 
+3/4 
+  1 
+  1 


-1/4  +1/4 

-1/2  +1/2     *  * 


-1/2 
-1/2 


+  1/2 
+  1/2 


*         .  ■  B  * 


LSB 
LSB 
LSB 
LSB 


GUARANTEED  OVER  RATED  SPECIFICATION  TEMPERATURE  RANGE 


-0.2 
-1.0 
-0.5 
-1.0 
-1.0 


+0.2 
+  1.0 
+0.5 
+1.0 
+1.0 


-0.6 
-0.2 
-0.7 


imp. 


* 

+0.6 
+0.2 
+0.7 


* 
* 


* 


 * 


%  of 
%of 
%of 
%of 
%of 


FSR 
FSR 
FSR 

Vnom 
FSR 


TEMPERATURE  COEFFICIENTS2 
Unipolar  Offset 
Bipolar  Offset 
Bipolar  Zero 
Analog  Offset 
Gain  Drift 

Gain  Drift  (IOUT)  


-8 

-25 

-20 

-20 

-30 


+8 

+25 

+20 

+20 

+30 


-5 

-15 

-15 

-10 

-15 


±150 


±150 


I  . 

+5       *  *  ppm  of  FSR/°C 

+15      *  *  ppmofFSRTC 

+15      *  *  ppmofFSRTC 

+10      -20  +20  ppmofVNOM/°C 

+15      -40  +40  ppmofFSR/°C 

±150  ppm  of  FSR/°C 


REFERENCE  INPUT 
Input  Resistance 

5.0  V  Range 

1.25  V  Range 

1.0  V  Range 
Reference  Range  (Tm,„  to  T„ 


10 


5 
5 
1 

100 


120 


kn 
kn 

Mfi 

%ofVNQM 


DATA  INPUTS 

Logic  Levels  (Jmin  to  TJ 
V,H 

V„ 


Logic  Currents  (T^ 
VTH  Pin  Voltage 


2.0 

0.0 


-10 


60 

1.4 


7.0 
0.8 


+  10 
100 


vim*  i*  -1': 
■* 


*  * 

»  .  * 


100 


200 


V 
V 

m 

-ma 

V 


- 


CODING 


BINARY,  OFFSET  BINARY 


CURRENT  OUTPUT  RANGES 


Oto  10.24,  ±  5.12 


mA 


VOLTAGE  OUTPUT  RANGES 


0  to  1.024,  ±  0.512 


OUTPUT  COMPLIANCE 


-2 


+  1.2 


OUTPUT  RESISTANCE 
Exclusive  of  RL 
Inclusive  of  RL  


160 
99 


200 
100 


240 
101 


REFERENCE  AMPLIFIER 
Input  Bias  Current 
Slew  Rate 

Large  Signal  Bandwidth 
Small  Signal  Bandwidth 
Undervoltage  Recovery  Time 
Vref^nom  to  0% 


1.5 
3 
10 
15 

35 


* 


* 


u.A 

%  of  FS/ns 

MHz 

MHz 

ns 
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AD668 


AD668J/A 

AD668K 

AD668S 

Parameter 

Min 

Typ 

Max 

Min 

Typ  Max 

Min 

Typ 

Max 

Units 

AC  CHARACTERISTICS 

Analog  Settling  Time 
C10%  to  120%  Stent 

to  ±1% 

60 

it 

* 

ns  to  1%  oi  roK 

to  ±0.1% 

90 

* 

* 

 r\  in/    _f  CCD 

ns  to  0.1%  oi  rsK 

to  ±0.025% 

120 

ns  to  0.025%  of  FSR 

Digital  Settling  Time 

Current 

to  ±1% 

30 

ns  to  1%  oi  FSR 

to  ±0.025% 
Voltage  (1UU  II,  internal  KLj 

* 

■ 

* 

ns  to  0.025%  of  FSR 

to  1% 

50 

ns  to  1%  oi  FSR 

to  0.1% 

75 

ns  to  0.1%  of  FSR 

to  U.UZjyo 
Glitch  Impulse4 

110 

350 

* 

* 

* 

ns  to  U.Uzj  %  ot  roK 
pV-sec 

Peak  Amplitude 

20 

★ 

* 

%  of  FSR 

Total  Harmonic  Distortion5 

-75 

* 

dB 

Multiplying  Feedthrough  Error6 

-62 

* 

* 

dB 

FULL-SCALE  TRANSITION2 

10%  to  90%  Rise  Time 

11 

* 

* 

ns 

90%  to  10%  Fall  Time 

11 

* 

★ 

ns 

0/~\\V7T7D  13           TTD  XI \K  CXITC 

rUwbK  KfctJUIKbMlliN  1  c> 

+  10.8  V  to  +16.5  V 

>  27 

32 

* 

m  A 

-10.8  V  to  -16.5  V 

7 

9 

* 

* 

— mA 

Power  Dissipation 

510 

615 

* 

* 

mW 

PSRR7 

0.05 

 1  

* 

%  of  FSR/V 

TEMPERATURE  RANGE 



Rated  Specification2  (J,  K,  S) 

0 

+  70 

* 

-55 

+  125 

°C 

Rated  Specification  (A) 

-40 

+  85 

°C 

Storage 

65 

+  150 

* 

* 

°C 

NOTES 

,.      1V  ' 

*Same  as  AD668J/A. 

'Measured  in  IOUT  mode.  Specified  at  nominal  5  V  full-scale 
2Measured  in  VOUT  mode,  unless  otherwise  specified.  Specified  at  nominal  5  V  full-scale  reference. 
'Total  resistance. 

4At  the  major  carry,  driven  by  HCMOS  logic. 

5V0ux  =  1  V  p-p,V1N  =  10%  to  110%,  100  kHz.  Digital  Input  All  Is. 
6VIN  =  200  mV  p-p,  1  MHz  Sine  Wave.  Digital  Input  all  0s. 
'Measured  at  15  V  ±  10%  and  12  V  ±  10%. 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test 


Specifications  subject  to  change  without  notice. 


1*  I 


t 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  REFCOM  0  V  to  + 18  V 

VEE  to  REFCOM  0Vto-18V 

REFCOM  to  LCOM  +100  mV  to  -10  V 

ACOM  to  LCOM  ±100  mV 

THCOM  to  LCOM   ±500  mV 

REFCOM  to  REFIN  (1,  2)    18  V 

Ibpq  to  LCOAi   .  .  —  5  V 

IOUT  to  LCOM   -5  V  to  VTH 

Digital  Inputs  to  THCOM   -500  mV  to  +7.0  V 

REFIN  1  to  REFIN2   36  V 

VTH  to  THCOM  -0.7  V  to  + 1.4  V 


Logic  Threshold  Control  Input  Current 

■ 


.  5  mA 


le 

Power  Dissipation   670  mW 

Storage  Temperature  Range 

Q  (Cerdip)  Package   .  -65°C  to  +150°C 

Junction  Temperature  +175°C 

Thermal  Resistance 

e,A  +75°c/w 

8JC  +25°C/W 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 

reliabih  maXimUm  lating  condWons  for  extended  V*tiais  m*V  ^  device 

3?S3H«SiiE  ii  w.rt  tsfTto  DA.fl  tfiloqlnc  xl'i  juqw  Iciintb  sri: 
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,  

Linearity 

Voltage 

Temperature 

Error  Max 

Gain  T.C. 

Package 

Model1 

Range 

@  25°C 

Max  ppm/°C 

Option2 

AD668JQ 

0°C  to  +70°C 

±1/2 

±30 

Q-24 

AD668KQ 

0°C  to  +70°C 

±1/4 

±15 

Q-24 

AD668AQ 

-40°C  to  +85°C 

±1/2 

±30 

Q-24 

AD668SQ 

-55°C  to  +  125°C 

±1/2 

±40 

Q-24 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer 
to  the  Analog  Devices  Military  Products  Databook  or  current  AD668/883B  data  sheet. 
2Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 


PIN  CONFIGURATION 


DIGITAL 
INPUTS 


/  MSB  \  T 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

sb  Q7 


AD668 
TOP  VIEW 
(Not  to  Scale) 


23~]  REFERENCE  COMMON  IREFCOM) 

22]  REFERENCE  INPUT  1  (REFIN1) 
2l"],  REFERENCE  INPUT  2  (REFIN2) 

2o]  Iout 

~is]  LOAD  RESISTOR  IRLI 

7a]  ANALOG  COMMON  IACOMI 

T7|  LADDER  COMMON  ILCOMI 

TT|  BIPOLAR  OFFSET  (l.„| 

"tT|  Vef 

TT|  THRESHOLD  COMMON  (THCOMI 

TT]  THRESHOLD  CONTROL  (Vth) 





DEFINITIONS 

LINEARITY  ERROR  (also  called  INTEGRAL  NON- 
LINEARITY  OR  INL):  Analog  Devices  defines  linearity  error 
as  the  maximum  deviation  of  the  actual  analog  output  from  the 
ideal  output  (a  straight  line  drawn  from  0  to  FS)  for  any  bit 
combination  expressed  in  multiples  of  1  LSB.  The  AD668  is 
laser  trimmed  to  1/4  LSB  (0.006%  of  FS)  maximum  linearity 
error  at  +25°C  for  the  K  version  and  1/2  LSB  for  the  J  and  S 
versions. 

DIFFERENTIAL  LINEARITY  ERROR  (also  called  DIFFER- 
ENTIAL NONLINEARITY  or  DNL):  DNL  is  the  measure  of 
the  variation  in  the  analog  output,  normalized  to  full  scale,  asso- 
ciated with  a  1  LSB  change  in  digital  input  code. 

MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the  out- 
put either  increases  or  remains  constant  as  the  digital  input  in- 
creases. Monotonic  behavior  requires  that  the  differential 
linearity  error  not  exceed  1  LSB  in  the  negative  direction. 

UNIPOLAR  OFFSET  ERROR  (DAC  OFFSET):  The  DAC 
offset  is  the  portion  of  the  DAC  output  that  is  independent  of 
the  digital  input.  The  unipolar  DAC  offset  error  is  measured  as 
the  deviation  of  the  analog  output  from  the  ideal  (0  V  or  0  mA) 
when  the  analog  input  is  set  to  100%  and  the  digital  inputs  are 
set  to  all  0s. 


BIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog  out- 
put from  the  ideal  (negative  half-scale)  when  the  DAC  is  con- 
nected in  the  bipolar  mode  (Pin  16  connected  to  Pin  20),  the 
analog  input  is  set  to  100%,  and  the  digital  inputs  are  set  to  all 
0s  is  called  the  bipolar  offset  error. 

BIPOLAR  ZERO  ERROR:  The  deviation  of  the  analog  output 
from  the  ideal  (0  V  or  0  mA)  for  bipolar  mode  when  only  the 
MSB  is  on  (100  ...  00)  is  called  bipolar  zero  error. 

COMPLIANCE  VOLTAGE:  The  allowable  voltage  excursion 
at  the  output  node  of  a  DAC  which  will  not  degrade  the  accu- 
racy of  the  DAC  output. 

SETTLING  TIME  (DIGITAL  CHANNEL):  The  time  re- 
quired for  the  output  to  reach  and  remain  within  a  specified  er- 
ror band  about  its  final  value,  measured  from  the  digital  input 
transition. 

SETTLING  TIME  (ANALOG  CHANNEL):  The  time  re- 
quired for  the  output  to  reach  and  remain  within  a  specified  er- 
ror band  about  its  final  value,  measured  from  the  analog  input's 
crossing  of  it's  50%  value. 

GAIN  ERROR:  The  difference  between  the  ideal  and  actual 
output  span  of  FS-1  LSB,  expressed  either  in  %  of  FS  or  LSB, 
when  all  bits  are  on  is  called  the  gain  error. 
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ANALOG 


Monolithic  16-Bit 


DACPORT 

AD669 

FEATURES 

Complete  16-Bit  D/A  Function 

On-Chip  Output  Amplifier 

High  Stability  Buried  Zener 
Monolithic  BiMOS  II  Construction 
±1  LSB  Integral  Linearity  Error 
15-Bit  Monotonic  over  Temperature 
Microprocessor  Compatible 

16-Bit  Parallel  Input 

Double-Buffered  Latches 

Fast  40  ns  Write  Pulse 
Unipolar  or  Bipolar  Output 
Low  Glitch:  15  nV-s 
Low  THD+N:  0.009% 

MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


SPAN/ 
BIP  OFF 


AGND 


PRODUCT  DESCRIPTION 

The  AD669  DACPORT*  is  a  complete  16-bit  monolithic  D/A 
converter  with  an  on-board  reference  and  output  amplifier.  It  is 
manufactured  on  Analog  Devices'  BiMOS  II  process.  This  pro- 
cess allows  the  fabrication  of  low  power  CMOS  logic  functions 
on  the  same  chip  as  high  precision  bipolar  linear  circuitry.  The 
AD669  chip  includes  current  switches,  decoding  logic,  an  output 
amplifier,  a  buried  Zener  reference  and  double-buffered  latches. 

The  AD669's  architecture  insures  15-bit  monotonicity  over  tem- 
perature. Integral  nonlinearity  is  maintained  at  ±0.003%,  while 
differential  nonlinearity  is  ±0.003%  max.  The  on-chip  output 
amplifier  provides  a  voltage  output  settling  time  of  10  u.s  to 
within  1/2  LSB  for  a  full-scale  step. 

Data  is  loaded  into  the  AD669  in  a  parallel  16-bit  format.  The 
double-buffered  latch  structure  eliminates  data  skew  errors  and 
provides  for  simultaneous  updating  of  DACs  in  a  multi-DAC 
system.  Three  TTL/LSTTL/5  V  CMOS  compatible  signals  con- 
trol the  latches:  CS,  LI  and  LDAC. 

The  output  range  of  the  AD669  is  pin  programmable  and  can  be 
set  to  provide  a  unipolar  output  range  of  0  V  to  + 10  V  or  a 
bipolar  output  range  of  - 10  V  to  + 10  V. 

The  AD669  is  available  in  seven  grades:  AN  and  BN  versions 
are  specified  from  -40°C  to  +85°C  and  are  packaged  in  a  28-pin 
plastic  DIP.  The  AR  and  BR  versions  are  specified  for  -40°C  to 
+85°C  operation  and  are  packaged  in  a  28-pin  SOIC.  The  SQ 
version  is  specified  from  -55°C  to  +125°C  and  is  packaged  in  a 
hermetic  28-pin  cerdip  package.  The  AD669  is  also  available 
compliant  to  MIL-STD-883.  Refer  to  the  AD669/883B  data 
sheet  for  specifications  and  test  conditions. 
DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 

■ 


PRODUCT  HIGHLIGHTS 

1.  The  AD669  is  a  complete  voltage  output  16-bit  DAC  with 
voltage  reference  and  digital  latches  on  a  single  IC  chip. 

2.  The  internal  buried  Zener  reference  is  laser  trimmed  to 
10.000  volts  with  a  ±0.2%  maximum  error.  The  reference 
voltage  is  also  available  for  external  applications. 

3.  The  AD669  is  both  dc  and  ac  specified.  DC  specs  include 
±1  LSB  INL  error  and  ±1  LSB  DNL  error.  AC  specs 
include  0.009%  THD+N  and  83  dB  SNR.  The  ac  speci- 
fications make  the  AD669  suitable  for  signal  generation 
applications. 

4.  The  double-buffered  latches  on  the  AD669  eliminate  data 
skew  errors  while  allowing  simultaneous  updating  of  DACs 
in  multi-DAC  systems. 

5.  The  output  range  is  a  pin-programmable  unipolar  0  V  to 
+ 10  V  or  bipolar  - 10  V  to  + 10  V  output.  No  external  com- 
ponents are  necessary  to  set  the  desired  output  range. 

6.  The  AD669  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD669/883B  data  sheet  for  detailed 
specifications. 
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AD669-SPECIFICATI0NS„.= 


=  +25°C,  Vcc  =  +15  V,  VK  =  -15  V,  Vu  =  +5  V  unless  otherwise  stated) 


Model 


AD669AN/AR 
Min      Typ  Max 


AD669AQ/SQ 
Min    Typ  Max 


RESOLUTION 


16 


16 


16 


DIGITAL  INPUTS  (Tmtn  to  Tmax) 
Vra  (Logic  "1") 
VIL  (Logic  "0") 
Iih  (Vm  =  5.5  V) 
Iil  (V,L  =  0  V) 


2.0 
0 


5.5 
0.8 
±10 
±10 


Volts 
Volts 
uA 


TRANSFER  FUNCTION  CHARACTERISTICS1 
Integral  Nonlinearity 

tmin  to  Tmax 
Differential  Nonlinearity 

Tmin  10  Tmax 
Monotonicity  Over  Temperature 
Gain  Error2' 5 

Gain  Drift2  (J mm  tO  Tmax) 
Unipolar  Offset 

Unipolar  Offset  Drift  (Turn  to  Tmax) 
Bipolar  Zero  Error 

Bipolar  Zero  Error  Drift  (Tara  to  Tmax) 


14 


±2 
±4 
±2 
±4 

±0.15 
25 
±5 
5 

±15 
12 


14 


15 


±0.10 
15 
±5 
3 

±15 
10 


±1 
±2 
±1 
±2 

±0.10 
15 

±2.5 
3 

±10 

5 


LSB 
LSB 
LSB 
LSB 
Bits 

%  of  FSR 

ppm/°C 

mV 

ppmTC 
mV 

ppm/°C 


REFERENCE  INPUT 
Input  Resistance 
Bipolar  Offset  Input  Resistance 


10 
10 


13 
13 


*  * 

•  * 


Ml 
kfl 


REFERENCE  OUTPUT 
Voltage 
Drift 

External  Current3 
Capacitive  Load 
Short  Circuit  Current 


9.98 

2 


10.00  10.02 
25 

4 

1000 

25 


15 


15 


Volts 

pprnfC 

mA 

pF 

mA 


OUTPUT  CHARACTERISTICS 

Output  Voltage  Range 
Unipolar  Configuration 
Bipolar  Configuration 

Output  Current 

Capacitive  Load 

Short  Circuit  Current 


0 

-10 
5 


+  10 
+  10 

1000 


25 


POWER  SUPPLIES 
Voltage 

Current  (No  Load) 
Ice 
Iee 
III 

©Vm,  VIL  =  5,0V 
@  Vffl,  VIL  =  2.4,  0.4  V 

Power  Supply  Sensitivity 

Power  Dissipation  (Static,  No  Load) 








Volts 
Volts 
mA 

mA 





+13.5 
-13.5 
+4.5 


+16.5 
-16.5 
+5.5 

+  12  +18 
-12  -18 


0.3 

3 

1 

365 


2 

7.5 
3 

625 


Volts 
Volts 
Volts 

mA 
mA 

mA 
mA 
ppm/% 
mW 


TEMPERATURE  RANGE 
Specified  Performance  (A,  B) 

:(S) 


-40 


+85 


-40 

-55 


+85 
+  125 


-40 


°C 
°C 


NOTES 

'For  16-bit  resolution,  1  LSB  =  0.0015%  of  FSR  =  15  ppm  of  FSR.  For  15-bit  resolution,  1  LSB  =  0.003%  of  FSR  =  30  ppm  of  FSR.  For  14-bit  resolution 
1  LSB  =  0.006%  of  FSR  =  60  ppm  of  FSR.  FSR  stands  for  Full-Scale  Range  and  is  10  V  for  a  0  to  + 10  V  span  and  20  V  for  a  - 10  V  to  + 10  V  span. 

2Gain  error  and  gain  drift  measured  using  the  internal  reference.  Gain  drift  is  primarily  reference  related.  See  the  Using  the  AD669  with  the  AD688  Reference 
section  for  further  information. 

'External  current  is  defined  as  the  current  available  in  addition  to  that  supplied  to  REF  IN  and  SPAN/BIPOLAR  OFFSET  on  the  AD669. 
"Operation  on  ±  12  V  supplies  is  possible  using  an  external  reference  like  the  AD586  and  reducing  the  output  range.  Refer  to  the  Internal/External  Reference 
Use  section. 

'Measured  with  fixed  50  ft  resistors.  Eliminating  these  resistors  increases  the  gain  error  by  0.25%  of  FSR  (Unipolar  mode)  or  0.50%  of  FSR  (Bipolar  mode). 
Refer  to  the  Analog  Circuit  Connections  section. 
•Same  as  AD669AN/AR  specification. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outg 
and  max  specifications  are  guaranteed.  Those  shown  in  boldface  are  tested  on  all  production  units. 


3-68   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


AD669 


AC  PERFORMANCE  CHARACTERISTICS  (With  the  exception  of  Total  Harmonic  Distortion  +  Noise  and  Signal-to-l 
Ratio,  these  characteristics  are  included  for  design  guidance  only  and  are  not  subject  to  test.  THD+N  and  SNR  are  100%  tested. 
TM|N  <  T,  ==  TMW,  Vcc  =  +15  V,  VEE  =  -15  V,  VLL  =  +5  V  except  where  stated.) 


Parameter 

Limit 

Units 

Test  Conditions/Comments 

Output  Settling  Time 
(Time  to  ±0.0008%  FS 
with  2  kn,  1000  pF  Load) 

13 

8 

10 
6 

)jls  max 
lis  typ 
(as  typ 
lis  typ 

ZU  V  olcp,  I  A  —  TiJ  V> 

20  V  Step,  TA  =  +25°C 

20  V  Step,  TMIN  ==  TA  s  T^ 

10  V  Step,  TA  =  +25°C 

g 

2.5 

p.s  typ 
as  typ 

10  V  Sten  T  .  <  T.  <  T  , 

1U  V  OLCp  1  MIN  —  AA  —   1  MAX 

1  LSB  Step,  TMIN  <  TA  s  T^ 

Total  Harmnnir  Distortion  +  "Woi^i** 

A,  B,  S  Grade 
A,  B,  S  Grade 
A,  B,  S  Grade 

0.009 

0.07 

7.0 

%  max 
%  max 
%  max 

0  dB,  1001  Hz;  Sample  Rate  =  100  kHz;  TA  =  +25°C 
-20  dB,  1001  Hz;  Sample  Rate  =  100  kHz;  TA  =  +25°C 
-60  dB,  1001  Hz;  Sample  Rate  =  100  kHz;  TA  =  +25°C 

Signal-to-Noise  Ratio 

83 

dB  min 

TA  =  +25°C 

Digital-to-Analog  Glitch  Impulse 

15 

nV-s  typ 

DAC  Alternately  Loaded  with  8000H  and  7FFFH 

Digital  Feedthrough 

2 

nV-s  typ 

DAC  Alternately  Loaded  with  0OO0H  and  FFFFH;  CS  High 

Output  Noise  Voltage 
Density  (1  kHz  -  1  MHz) 

120 

nV/V  Hz  typ 

Measured  at  VOUT,  20  V  Span;  Excludes  Reference 

Reference  Noise 

125 

nV/V  Hz  typ 

Measured  at  REF  OUT 

Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
and  max  specifications  are  guaranteed.  Those  shown  in  boldface  are  tested  on  all  production  units. 


TIMING  CHARACTERISTICS 

Vcc  =  +15  V,  VEE  =  -15  V,  Vu  =  +5  V,  V„,  =  2.4  V,  VL0  =  0.4  V 


Limit 

Limit 

Limit 

-40°C  to 

-55°C  to 

Parameter 

+25°C 

+85°C 

+125°C 

Units 

(Figure  la) 

*cs 

40 

50 

55 

ns  min 

to 

40 

50 

55 

ns  min 

lDS 

30 

35 

40 

ns  min 

lDH 

10 

10 

15 

ns  min 

lLH 

90 

110 

120 

ns  min 

Ilw 

40 

45 

45 

ns  min 

(Figure  lb) 

'low 

130 

150 

165 

ns  min 

'high 

40 

45 

45 

ns  min 

lDS 

120 

140 

150 

ns  min 

tDH 

10 

10 

15 

ns  min 

tcs  ■ 


'lw 


Figure  1a.  AD669  Level  Triggered  Timing  Diagram 


Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical 
test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed.  Those  shown  in  boldface  are 
tested  on  all  production  units. 


CS AND/OR 
L1.LOAC 

DATA 


•  low  'high 


to 

TIE  CS  AND/OR  LI  TO  GROUND  OR  TOGETHER  WITH  LDAC 

Figure  lb.  AD669  Edge  Triggered  Timing  Diagram 
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ESD  SENSITIVITY 

The  AD669  features  input  protection  circuitry  consisting  of  large  transistors  and  polysilicon  series 
resistors  to  dissipate  both  high-energy  discharges  (Human  Body  Model)  and  fast,  low-energy  pulses 
(Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD669  has  been  classified  as 
a  Class  2  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts,  and  the  foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
For  further  information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


- 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  AGND  -0.3  V  to  +17.0  V 

VEE  to  AGND  +0.3  V  to  -17.0  V 

VLL  to  DGND   -0.3  V  to  +7  V 

AGND  to  DGND  ±1  V 

Digital  Inputs  (Pins  5  through  23)  to  DGND   - 1 .0  V  to 

+7.0  V 

REF  IN  to  AGND  ±10.5  V 

Span/Bipolar  Offset  to  AGND  ±10.5  V 

Ref  Out,  Voux  Indefinite  Short  To  AGND,  DGND, 

Vcc,  VEE>  and  VLL 

Power  Dissipation  (Any  Package) 

To  +60°C   1000  mW 

Derates  above  +60°C  8.7  mW/°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  section  of  this  specification  is  not  imp] 
to  absolute  maximum  rating  conditions  for  extended 
device  reliability. 


PIN  CONFIGURATION 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Linearity 
Error  Max 
Twin  ~  Tmax 

Gain 
TC  max 
ppmTC 

Package 
Description 

Package 
Option* 

AD669AN 

~40°C  to  +85°C 

±4  LSB 

25 

Plastic  DIP 
SOIC 

N-28 
R-28 

AD669AR 

-40°C  to  +85°C 

±4  LSB 

25 

AD669BN 

-40°C  to  +85°C 

±2  LSB 

15 

Plastic  DIP 

N-28 

AD669BR 

-40°C  to  +85°C 

±2  LSB 

15 

SOIC 

R-28 

AD669SQ 
AD669/883B" 

-55°Cto  +  125°C 
-55°C  to  +125X 

±4  LSB 
** 

15 
** 

Cerdip 
** 

Q-28 
** 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
"Refer  to  AD669/883B  military  data  sheet. 


THD+N  vs.  Temperature  THD+N  vs.  Frequency 
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16-Bit  Self-Calibrating 
te  DACPORT 


FEATURES 

±0.00076%  Integral  and  Differential  Linearity 
±0.00038%  Unipolar  Offset,  Bipolar  Zero 
17-Bit  Monotonic 
Complete  16-Bit  D/A  Function 

On-Chip  Output  Amplifier 

On-Chip  Buried  Zener  Voltage  Reference 
Microprocessor  Compatible 

Serial  or  Byte  Input 

Double  Buffered  Latches 

Fast  (40  ns)  Write  Pulse 

Asynchronous  Clear  (to  0  V)  Function 
Serial  Output  Pin  Facilitates  Daisy  Chaining 
Pin  Strappable  Unipolar  or  Bipolar  Output 
Low  Glitch:  15  nV-sec 
LowTHD+N:  0.009% 

Output  Control  on  Power-Up  8t  Power-Down 
PRODUCT  DESCRIPTION 

The  AD760  is  a  complete  16-bit  self-calibrating  monolithic  DAC 
(DACPORT®)  with  onboard  voltage  reference,  double  buffered 
latches  and  output  amplifier.  It  is  manufactured  on  Analog 
Devices'  BiMOS  II  process.  This  process  allows  the  fabrication 
of  low  power  CMOS  logic  functions  on  the  same  chip  as  high 
precision  bipolar  linear  circuitry. 

Self-calibration  is  initiated  by  simply  bringing  the  CAL  pin  low. 
The  CALOK  pin  indicates  when  calibration  has  been  success- 
fully completed.  The  output  multiplexer  (MUXoux)  can  be 
used  to  isolate  the  load  from  the  movement  of  the  DAC  output 
during  calibration.  The  INL  and  DNL  errors  are  less  than 
±0.5  LSB  or  ±0.00076%  after  calibration.  Unipolar  offset  or 
bipolar  zero  is  less  than  ±0.25  LSB  or  ±0.00038%.  This  level 
of  performance  is  unmatched  by  any  other  monolithic  DAC. 
Data  can  be  loaded  into  the  AD760  in  serial  mode  or  as  two 
8-bit  bytes.  This  is  made  possible  by  two  digital  input  pins  which 
have  dual  functions  (Pins  13  and  14).  The  serial  mode  input  for- 
mat is  pin  selectable,  to  be  MSB  or  LSB  first.  In  byte  mode  the 
user  can  similarly  define  whether  the  high  byte  or  low  byte  is 
loaded  first.  The  serial  output  (SOUT)  pin  allows  the  user  to 
daisy  chain  several  AD760s  by  shifting  the  data  through  the 
input  latch  into  the  next  DAC  thus  minimizing  the  number  of 
control  lines  required  in  a  multiple  DAC  application.  The  dou- 
ble buffered  latch  structure  eliminates  data  skew  errors  and  pro- 
vides for  simultaneous  updating  of  DACs  in  a  multi-DAC  system. 
The  asynchronous  CLR  function  can  be  configured  to  clear  the 
output  to  unipolar  or  bipolar  zero  depending  on  the  state  of 
LBE  (another  dual-use  pin)  when  CLR  is  strobed.  The  AD760 

DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 


FUNCTIONAL  BLOCK  DIAGRAM 


also  powers  up  or  down  with  the  output  in  a  predetermined 
state  by  means  of  a  digital  and  analog  power  supply  detection 
circuit  which  is  built  in  to  the  output  multiplexer.  This  is  par- 
ticularly useful  for  robotic  and  industrial  control  applications. 

The  AD760  is  available  in  three  grades.  AN  and  AP  versions  are 
specified  from  -40°C  to  +85°C  and  are  packaged  in  a  28-pin 
600  mil  plastic  DIP  and  a  28-pin  PLCC.  The  SD  version  is 
packaged  in  a  28-pin  600  mil  cerdip  package  and  is  also  avail- 
able compliant  to  MIL-STD-883.  Refer  to  the  AD760/883B  data 
sheet  for  specifications  and  test  conditions. 

PRODUCT  HIGHLIGHTS 

1.  Complete,  true  16-bit,  self-calibrating  DAC,  with  a  voltage 
reference,  double-buffered  latches  and  output  amplifier  on  a 
single  chip. 

2.  Pin  programmable  output  can  provide  a  unipolar  output 
range  of  0  V  to  + 10  V  or  a  bipolar  output  range  of  - 10  V  to 
+  10  V.  No  external  components  required. 

3.  Asynchronous  CLR  function  can  send  the  output  to  unipolar 
or  bipolar  zero. 

4.  MUXOUT  is  switched  to  a  user  defined  input  when  powering 
up  or  down. 

5.  The  AD760  is  both  dc  and  ac  specified.  DC  specifications 
include  ±0.5  LSB  INL  and  DNL  errors.  AC  specifications 
include  0.009%  THD+N  and  83  dB  SNR. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  prod 
Analog  Devices  assumes  no  obligi 


t  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
-*acture  unless  otherwise  agreed  to  in  writing. 
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RTERS  3-77 


20°C3 


WITH  CALIBRATION  @  TCAI_ 

Integral  Nonlinearity 

Differential  Nonlinearity 

Monotonicity 

Unipolar  Offset 

Bipolar  Zero  Error 
WITHOUT  CALIBRATION 

Integral  Nonlinearity 

Tjwin  to  Tmax 

Differential  Nonlinearity 

T.min  to  TMAX 

Monotonicity  Over  Temperature 
Unipolar  Offset 

Unipolar  Offset  Drift  (TMIN  to  T^x) 
Bipolar  Zero  Error 

Bipolar  Zero  Error  Drift  (T^  to  TMAX) 
Gain  Error4' 5 

Gain  Drift5  (TMI*,  to  Tmax) 
DAC  Gain  Error 

DAC  Gain  Drift6  (TMIN  to  TMAX) 


INPUT  RESISTANCE 
REFIN 

SPAN/BIP  OFF 


17 


±0.5 
±0.5 

±0.25 
±0.25 

±2 
±4 
±2 
±4 

±5 
5 

±15 
12 

±0.10 
15 

TBD 
TBD 


10 
10 


■ 


t0.15 


25 


REFERENCE  OUTPUT 
Voltage 
Drift 

External  Current7 
Capacitive  Load 
Short  Circuit  Current 
Long  Term  Stability 


9.98 
2 


OUTPUT  CHARACTERISTICS2 

Output  Voltage  Range 
Unipolar  Configuration 
Bipolar  Configuration 

Output  Current 

Capacitive  Load 

Short  Circuit  Current 

MUXqut  Resistance 


25 


0 

-10 
5 

TBD 


P 


-10 

+  10 

1000 
TBD 


DIGITAL  INPUTS  (TMIN  to  T^) 
V,„  (Logic  "1") 
VIL  (Logic  "0") 
IIH  (V,„  =  5.5  V) 
In.  (VIL  =  0  V) 


5.5 
0.8 
±10 
±10 


DIGITAL  OUTPUTS  (TMIN  to  T^) 
VOH  doH  =  -0.6  mA) 
VolCIol  =  1.6  mA) 


2.4 


0.4 


POWER  SUPPLIES 
Voltage 

VEE 
VLL 

Current  (No  Load) 
Ice 
Iee 
III 

@  Vnt,  VIL  =  5  V,  0  V 
@  V,„,  VIL  =  2.4  V,  0.4  V 
Power  Supply  Sensitivity  with  VOUT  : 
Power  Dissipation  (Static,  No  Load) 


10  V 


+  13.5 

+  16.5 

* 

* 

-16.5 

-13.5 

* 

* 

+4.5 

+  5.5 

*■" 

* 

+  16 

+21 

* 

* 

-21 

-16 

* 

* 

0.3 

2 

* 

* 

3 

7.5 

* 

* 

1 

3 

* 

* 

495 

725 

* 

* 

TEMPERATURE  RANGE 
Specified  Performance  (A) 
Specified  Performance  (S) 


-40 


1-85 


-55 


+  125 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  n 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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I  LSB  =  0.003%  of  FSR.  For  14-bit  resolution,  1  LSB  =  0.01 


AD760 

.  FSR  stands 


NOTES 

'For  16-bit  resolution,  1  LSB  =  0.0015%  of  FSR.  For  1 
for  full-scale  range  and  is  10  V  in  unipolar  mode  and  20  V  in  bipolar  mode. 
Characteristics  are  guaranteed  at  VOUT  Pin  (23). 
3TCAL  is  the  calibration  temperature. 

"Gain  Error  is  measured  with  a  fixed  50  fl  resistor  as  shown  in  Figure  4a  and  Figure  5a. 

5Gain  Error  and  gain  drift  are  measured  with  the  internal  reference.  The  internal  reference  is  the  main  contributor  to  the  gain  drift.  If  lower  drift  is  required  the 
AD760  can  be  used  with  a  precision  external  reference  such  as  the  AD587,  AD586  or  AD688. 

6DAC  Gain  Error  is  measured  without  the  on-chip  voltage  reference.  It  represents  the  performance  that  can  be  obtained  with  an  external  precision  reference. 
'External  current  is  defined  as  the  current  available  in  addition  to  that  supplied  to  REF  IN  and  SPAN/BIPOLAR  OFFSET  on  the  AD760. 
'Operation  on  ±12  V  supplies  is  possible  using  an  external  reference  such  as  the  AD586  and  reducing  the  output  range.  Refer  to  the  Internal/External  Reference 
section. 

•Indicates  that  the  specification  is  the  same  as  the  AD760AN. 
Specifications  subject  to  change  without  notice. 

AC  PERFORMANCE  CHARACTERISTICS  With  the  exception  of  Total  Harmonic  Distortion  +  Noise  and  Signal-to-Noise 
Ratio,  these  characteristics  are  included  for  design  guidance  only  and  are  not  subject  to  test.  THD+N  and  SNR  are  100%  tested.  (TMIN  <  Ts 
<  W  vcc  =  +15  V,  VEE  =  —15  V,  VLL  =  +5  V,  tested  at  V0uT  except  where  stated.) 


Parameter 

Limit 

Units 

Test  Conditions/Comments 

Output  Settling  Time 

(Time  to  +0.0008%  FS,  with 

13 
8 

u.s  max 
M-s  typ 

20  V  Step,  TA  =  +25°C 
20  V  Step,  TA  =  +25°C 

2  kn,  1000  pF  Load) 

10 

6 

8 

2.5 

u.s  typ 
ustyp 
ixs  typ 

LLS  tVD 

20  V  Step 

10  V  Step,  TA  =  +25°C 

i0LSBSStPep 
P 

MUXoux  Settling  Time 

(Time  to  +0.0008%  FS,  with 
100  pF  Load) 

u.s  max 

Settling  Time  is  referenced  to  the  rising  edge  of  CALOK, 
when  the  multiplexer  switches  from  MUXIN  to  VOUT. 
20  V  Step,  TA  =  +25°C 
20  VStep,  TA  =  +25°C 
20  V  Step 

10  V  Step,  TA  =  +25°C 
10  V  Step 

TBD 
TBD 
TBD 

;  u.s  typ 

Total  Harmonic  Distortion  +  Noise 
A,  S  Grade 
A,  S  Grade 
A,  S  Grade 

0.009 

0.07 

7.0 

%  max 
%  max 
%  max 

0  dB,  1001  Hz.  Sample  Rate  =  100  kHz.  TA  =  +25°C 
-20  dB,  1001  Hz.  Sample  Rate  =  100  kHz.  TA  =  +25°C 
-60  dB,  1001  Hz.  Sample  Rate  =  100  kHz.  TA  =  +25°C 

Signal-to-Noise  Ratio 

83 

dB  min 

TA  =  +  25°C 

Digital-to-Analog  Glitch  Impulse 

15 

nV  sec  typ 

DAC  Alternatively  Loaded  with  8000H  and  7FFFH 

MUXqux  Glitch  Impulse 

TBD 

nV  sec  typ 

100  pF  Load 

Digital  Feedthrough 

2 

nV  sec  typ 

DAC  Alternatively  Loaded  with  0000H  and  FFFFH.  CS  High 

Output  Noise  Voltage  Density  (1  kHz-1  MHz) 

60 

nV/VHz  typ 

Measured  at  VOUT,  20  V  Span,  Excludes  Reference 

Reference  Noise  (1  kHz-1  MHz) 

125 

nV/\  Hi  typ 

Measured  at  REF  OUT 

Specifications  are  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS  « 


=  +15  V,  VEE  =  -15  V,  Vu  =  +5  V,  VHI  =  2.4  V,  V„  =  0.4  V) 


Parameter 

Limit  +25°C 

Limit  -40°C  to  +85°C 

Limit  -55°C  to  +125°C 

Units 

(Figure  la) 
tcs 

lDS 

lDH 

^BES 

lBEH 

tLH 

50 
50 
10 
40 
0 

140 

50 

50 

60 

10 

50 

10 

200 

60 

■  

50 

70 

10 

50 

10 

200 

60 



ns  min 
ns  min 
ns  min 
ns  min 
nsmin 
ns  min 
ns  min 

(Figure  lb) 

tcLK 

tLo 
t«i 

80 
30 
30 
50 
10 

100 

50                        V  S  ' '"' 

60 

10 

100 

50 
70 
10 

ns  min 
ns  min 
ns  min 

tr>H 

ns  i  ^  hti 
ns  min 

tLH 
'lw 

140 
40 

200 
50 

200 
50 

ns  min 
ns  min 

(Figure  lc) 

tcLR 
*SET 

'hold 

90 
80 
0 

100  . 

100 
.00 
0 

ns  min 
ns  min 
ns  min 

(Figure  Id) 
'prop 

60 

—  — 

100 

1  

nsmax 

(Figure  le) 

tcAL 

lBUSV 

tcD 

30 

200 

150 

30   ■      .  - 

*r  

..,  200 
180 

ns  min 
ms  max 
ns  max 

*CS 

tcv 

140 
120 

180 
150 

180 
150 

ns  max 
ns  max 

Specifications  subject  to  change  without  notice. 
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Figure  1a.  AD760  Byte  Load  Timing 
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Figure  1c.  Asynchronous  Clear  to  Bipolar  or  Unipolar  Zero 
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Figure  Id.  Serial  Out  Timing 
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figure  1e.  Calibration  Timing 
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Although  the  AD760  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  AGND  -0.3  V  to  + 17.0  V 

VEE  to  AGND  +0.3  V  to  -17.0  V 

VLL  to  DGND   -0.3  V  to  +7  V 

AGND  to  DGND  ±1  V 

Digital  Inputs  (Pins  2,  7-14,  and  16-21) 

to  DGND  -1.0  V  to  +7.0  V 

REF  IN  to  AGND   ±10.5  V 

Span/Bipolar  Offset  to  AGND  ±10.5  V 

REF  OUT,  Voux,  MUXOUT,  MUXIN  ....  Indefinite  Short  to 
AGND,  DGND,  Vcc,  VEE,  and  VLL 


Power  Dissipation  (Any  Package) 

To  +60°C   1000  mW 

Derates  above  +60°C  8.7  mW/°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  section  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


ORDERING  GUIDE  fk 

Model 

Temperature  Range 

Linearity  Error  Max 
TCAL  ±  20°C 

Gain  TC  max 

Package 
Description 

Package 
Option* 

AD760AN 
AD760AP 
AD760SQ 
AD760SQ/883B** 

-40°Cto  +85°C 
-40°C  to  +85°C 
-55°Cto  +125°C 
-55°Cto  +125°C 

±0.5  LSB 
±0.5  LSB  s 
±0.5  LSB 

±0.5  Lj»  %  ^ 

SIS 

 — _  

1,5 
15 
25 
** 

Plastic  DIP 
PLCC 
Cerdip 
★* 

N-28 
P-28A 
Q-28 
** 

NOTES 

*For  outline  information  see  Package  Information  section. 

**Refer  to  the  AD760/883B  military  data  sheet. 


PIN 


DIP 


CALOK  \T  .                     M]  MUX„ 

CAL  [T  2?]  MUXOUT 

-VEE  [T  *]  REF  OUT 

*VCC  H  Mi  BEFIN 

(T  Mi  SPAN/BIP  OFF 

DGND  |T  AD760       Mi  VOUT 

DB7,  15  IT  22]  AGND 

=Z  TOP  VIEW  ~ 

DB6,  14  [T  (Nol  to  scale)   Mi  LDAC 

DB5, 13  [T  Mi  CLR 

DB4, 12  [jo  Mi  SER 

DB3,  11  PfT  Mi  H# 

DB2, 10  \k.  Mi  LBE,  UNI/BIP  CLR 

DB1,  9,  MSB/LSB  \M  j|]  CS 

DB0.8.S,N  \u  Mi  Soot 


PLCC 

<  :  s 


*VLL 
DGND 

DB7, 15 

DB6, 14 

DB5, 13 

DB4,  12 

DBS,  11 


AD760 

TOP  VIEW 
(Not  to  Scale) 
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 !  


[I2jll3j[«j|l5jlis|ll7j[iaj 

*A  1  J18  511 

m    CD    00  CL 

«   o  m 

II 
1 


ii]  REFIN 

M]  SPAN/BIP  OFF 

EKur 
AGND 
ii]  LDAC 
20]  CLR 
19]  SER 
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DEFINITIONS  OF  SPECIFICATIONS 

INTEGRAL  NONLINEARITY :  Analog  Devices  defines  inte- 
gral nonlinearity  as  the  maximum  deviation  of  the  actual, 
adjusted  DAC  output  from  the  ideal  analog  output  (a  straight 
line  drawn  from  0  to  FS-1  LSB)  for  any  bit  combination.  This 
is  also  referred  to  as  relative  accuracy. 

DIFFERENTIAL  NONLINEARITY:  Differential  nonlinearity 
is  the  measure  of  the  change  in  the  analog  output,  normalized  to 
full  scale,  associated  with  a  1  LSB  change  in  the  digital  input 
code.  Monotonic  behavior  requires  that  the  differential  linearity 
error  be  greater  than  or  equal  to  - 1  LSB  over  the  temperature 
range  of  interest. 

MONOTONICITY:  A  DAC  is  monotonic  if  the  output  either 
increases  or  remains  constant  for  increasing  digital  inputs  with 
the  result  that  the  output  will  always  be  a  single-valued  function 
of  the  input. 

GAIN  ERROR:  Gain  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output  with  all  Is 
loaded  after  offset  error  has  been  adjusted  out. 

OFFSET  ERROR:  Offset  error  is  a  combination  of  the  offset 
errors  of  the  voltage-mode  DAC  and  the  output  amplifier  and  is 
measured  with  all  Os  loaded  in  the  DAC. 
BIPOLAR  ZERO  ERROR:  When  the  AD760  is  connected  for 
bipolar  output  and  10  .  .  .  000  is  loaded  in  the  DAC,  the  devia- 
tion of  the  analog  output  from  the  ideal  midscale  value  of  0  V  i 
called  the  bipolar  zero  error. 
DRIFT:  Drift  is  the  change  in  a  parameter  (such  : 


and  bipolar  zero)  over  a  specified  temperature  range.  The  drift 
temperature  coefficient,  specified  in  ppm/°C,  is  calculated  by 
measuring  the  parameter  at  TMIN,  25°C  and  TMAX  and  dividing 
the  change  in  the  parameter  by  the  corresponding  temperature 
change. 

TOTAL  HARMONIC  DISTORTION  +  NOISE:  Total  har- 
monic distortion  +  noise  (THD+N)  is  defined  as  the  ratio  of 
the  square  root  of  the  sum  of  the  squares  of  the  values  of  the 
harmonics  and  noise  to  the  value  of  the  fundamental  input  fre- 
quency. It  is  usually  expressed  in  percent  (%). 
THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
earity error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  may  be  different,  depend- 
ing upon  the  amplitude  of  the  output  signal.  Therefore,  to  be 
the  most  useful,  THD+N  should  be  specified  for  both  large  and 
small  signal  amplitudes. 

SIGNAL-TO-NOISE  RATIO:  The  signal-to-noise  ratio  is 
defined  as  the  ratio  of  the  amplitude  of  the  output  when  a  full- 
scale  signal  is  present  to  the  output  with  no  signal  present.  This 
is  measured  in  dB. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  This  is  the 
amount  of  charge  injected  from  the  digital  inputs  to  the  analog 
output  when  the  inputs  change  state.  This  is  measured  at  half 
scale  when  the  DAC  switches  around  the  MSB  and  as  many 
as  possible  switches  change  state,  i.e.,  from  Oil  ...  Ill  to 
100  ..  .  000. 

DIGITAL  FEEDTHROUGH:  When  the  DAC  is  not  selected 
(i.e.,  CS  is  held  high),  high  frequency  logic  activity  on  the  digi- 
tal inputs  is  capacitively  coupled  through  the  device  to  show  up 
as  noise  on  the  VOUT  pin.  This  noise  is  digital  feedthrough. 


THEORY  OF  OPERATION 

The  AD760  uses  autocalibration  circuitry  to  produce  a  true 
16-bit  DAC  with  less  than  0.5  LSB  Integral  and  Differential 
Linearity  Error  and  0.25  LSB  Offset  Error.  The  block  diagram 
in  Figure  2  shows  the  circuit  components  needed  for  calibration. 

The  MAIN  DAC  uses  an  array  of  bipolar  current  sources  with 
MOS  current  steering  switches  to  develop  a  current  proportional 
to  the  applied  digital  word,  ranging  from  0  to  2  mA.  A  seg- 
mented architecture  is  used,  where  the  most  significant  four 
data  bits  are  thermometer  decoded  to  drive  15  equal  current 
sources.  The  lesser  bits  are  scaled  using  a  R-2R  ladder,  then 
applied  together  with  the  segmented  sources  at  the  summing 
node  of  the  output  amplifier.  An  extra  LSB  is  added  to  the 
MAIN  DAC,  for  use  during  calibration. 

The  self  calibration  architecture  of  the  AD760  attempts  to 
reduce  the  linearity  errors  of  its  transfer  function.  The  algorithm 
measures  and  removes  the  carry  errors  (DNL  errors)  associated 
with  the  upper  64  codes,  including  the  zero  offset. 

In  normal  operation  the  top  six  bits  of  a  code  entering  the 
MAIN  DAC  simultaneously  address  the  RAM,  calling  up  a 
correction  code  which  is  then  applied  to  the  CALDAC.  The 
output  currents  of  both  the  MAIN  DAC  and  CALDAC  are 
■  summing  amplifier  to  produce  the  corrected 

tibration  the  output  of  the  MAIN  DAC  is 
i  just  below  the  code  to  be  calibrated.  The  extra 
:  MAIN  DAC  is  turned  on  to  find  the  extrapolated 
:  for  the  next  code.  The  comparator  is  then  nulled  using  the 
'  DAC.  The  voltage  at  Voux  has  in  effect 
:  the  code  to  be  calibrated. 


SIN  LSB 
OR  OR 
CS        DBO  DB1DB2  DB7 


CALOK      CAL      -VEE       Wcc  DGND 


Figure  2.  Functional  Block  Diagram 

Next,  the  extra  LSB  is  turned  off  and  the  MAIN  DAC  code  is 
incremented  by  one  LSB.  The  comparator  is  once  again  nulled, 
this  time  with  the  CALDAC,  until  the  VOUT  is  adjusted  to 
equal  the  previously  sampled  output.  The  CALDAC  code  is 
is  repeated  for  the  next  code. 


stored  in  RAM  and 
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90%  


i 


j  


STEPl  .  .  .  ZERO  ADJUST 

Initiate  calibration  sequence.  CALOK  (Pin  1)  must  remain  high 
throughout  Gain  Adjust. 

STEP  2  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  gain  trimmer,  Rl,  until  the  output 
is  9.999847  volts.  (Full  scale  is  adjusted  to  1  LSB  less  than  the 
nominal  full  scale  of  10.000000  volts) 


■ 

■ 

|  Did  idl  23T7Y06 

I 

_]  I 


MSB; 

sin  LSB 
OR  OR 
CS      DBO  OB1DB2 


0.1  0.2 

Figure  3.  INL  Statistics 

Calibration  repeatability  is  limited  by  thermal  noise  and  the 
finite  resolution  of  the  two  adjusting  DACs.  Over  many  recalibra- 
tions  the  AD760  will  produce  less  than  0.2  LSB  of  peak  INL  for 
90%  of  calibrations  (0.5  LSB  at  a  30  ppm  reject  rate).  A  cumu- 
lative probability  plot  of  the  peak  INL  is  shown  in  Figure  3. 

ANALOG  CIRCUIT  CONNECTIONS 

Internal  scaling  resistors  provided  in  the  AD760  may  be  con- 
nected to  produce  a  unipolar  output  range  of  0  V  to  + 10  V  or  a 
bipolar  output  range  of  -10  V  to  +10  V.  Gain  and  offset  drift 
are  minimized  in  the  AD760  because  of  the  thermal  tracking  of 
tfie  scaling  resistors  with  other  device  components. 

UNIPOLAR  CONFIGURATION 

The  configuration  shown  in  Figure  4a  will  provide  al 
0  V  to  + 10  V  output  range.  In  this  mode  a  50  ft  resistor  is 
between  REF  OUT  (Pin  26)  and  REF  IN  (Pin  25).  It  is  f 
to  use  the  AD760  without  any  external  components  by  tying  ] 
26  directly  to  Pin  25.  Eliminating  this  resistor  will  increase  the 
gain  error  by  0.50%  of  FSR. 


AD760 


.1.°.k         A  SPAN/ 
 "^BiPOFF 


Figure  4b.  0  V  to  +  10  V  Unipolar  Voltage  Output  with 
Gain  Adjust  •■■  + 

[FIGURATION 

The  circuit  shown  in  Figure  5a  will  provide  a  bipolar  output 
voltage  from  -10.000000  V  to  +9.999694  V  with  positive  full 
scale  occurring  with  all  bits  ON.  As  in  the  unipolar  mode,  resis- 
tor Rl  may  be  eliminated  altogether  to  provide  AD760  bipolar 
operation  without  any  external  components.  Eliminating  this 
resistor  will  increase  the  gain  error  by  0.50%  of  FSR  in  the 
bipolar  mode. 


MSB/ 
SIN  LS~5 
OR  OR 
DBO  DB1  DB2 


Figure  4a.  OV  to  +  10  V  Unipolar  Voltage  Output 


If  it  is  desired  to  adjust  the  gain  error  to  zero,  t 
accomplished  using  the  circuit  shown  in  Figure 
ment  procedure  is  as  follows: 


adjust- 


er.   -vK     wcc     *Vu_  dgnd 
Figure  5a.  ±10  V  Bipolar  Voltage  Output 
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Gain  Error  can  be  adjusted  to  zero  using  the  circuit  shown  in 
Figure  5b. 


CALOK  CAI 

Figure  5b.  ±10  V  Bipolar  Voltage  Output  Gain  Adjustment 

It  should  be  noted  that  using  external  resistors  will  introduce  a 
small  temperature  drift  component  beyond  that  inherent  in  the 
AD760.  The  internal  resistors  are  trimmed  to  ratio-match  and 
temperature-track  other  resistors  on  chip,  even  though  their 
absolute  tolerances  are  ±20%  and  absolute  temperature  coeffi- 
cients are  approximately  -50  ppm/°C.  In  the  case  that  external 
resistors  are  used,  the  temperature  coefficient  mismatch  between 
internal  and  external  resistors,  multiplied  by  the  sensitivity  of 
the  circuit  to  variations  in  the  external  resistor  value,  will  be  the 
resultant  additional  temperature  drift. 

INTERNAL/EXTERNAL  REFERENCE  USE 

The  AD760  has  an  internal  low  noise  buried  Zener  diode  refer- 
ence which  is  trimmed  for  absolute  accuracy  and  temperature 
coefficient.  This  reference  is  buffered  and  optimized  for  use  in  a 
high  speed  DAC  and  will  give  long-term  stability  equal  or  supe- 
rior to  the  best  discrete  Zener  diode  references.  The  perfor- 
mance of  the  AD760  is  specified  with  the  internal  reference 
driving  the  DAC  and  with  the  DAC  alone  (for  use  with  a  preci- 
sion external  reference). 

The  internal  reference  has  sufficient  buffering  to  drive  external 
circuitry  in  addition  to  the  reference  currents  required  for  the 
DAC  (typically  1  mA  to  REF  IN  and  1  mA  to  BIPOLAR 
OFFSET).  A  minimum  of  2  mA  is  available  for  driving  external 
loads.  The  AD760  reference  output  should  be  buffered  with  an 
external  op  amp  if  it  is  required  to  supply  more  than  4  mA  total 
current.  The  reference  is  tested  and  guaranteed  to  ±0.2%  max 
error. 

It  is  also  possible  to  use  external  references  other  than  10  volts 
with  slightly  degraded  linearity  specifications.  The  recom- 
mended range  of  reference  voltages  is  +5  V  to  +10.24  V,  which 


allows  5  V,  8.192  V  and  10.24  V  ranges  to  be  used.  For  exam- 
ple, by  using  the  AD586  5  V  reference,  outputs  of  0  V  to  +5  V 
unipolar  or  ±5  V  bipolar  can  be  realized.  Using  the  AD586 
voltage  reference  makes  it  possible  to  operate  the  AD760  with 
±12  V  supplies  with  10%  tolerances. 

Figure  6  shows  the  AD760  using  the  AD586  precision  5  V  refer- 
ence in  the  bipolar  configuration.  The  highest  grade  AD586MN 
is  specified  with  a  drift  of  2  ppm/°C  which  is  a  7.5  x  improve- 
ment over  the  AD760's  internal  reference.  This  circuit  includes 
an  optional  potentiometer  that  can  be  used  to  adjust  the  gain 
error  in  a  manner  similar  to  that  described  in  the  BIPOLAR 
CONFIGURATION  section.  Use  -5.000000  V  and  +4.999847 
as  the  output  values. 

The  AD760  can  also  be  used  with  the  AD587  10  V  reference, 
using  the  same  configuration  shown  in  Figure  6  to  produce  a 
±  10  V  output.  The  highest  grade  AD587LR,  N  is  specified  at 
5  ppm/°C,  which  is  a  3x  improvement  over  the  AD760's  inter- 
nal reference. 


Figure  6.  Using  the  AD760  with  the  AD586  5  V  Reference 

OUTPUT  SETTLING  AND  GLITCH 

The  AD760's  output  buffer  amplifier  typically  settles  to  within 
0.0008%  FS  (1/2  LSB)  of  its  final  value  in  8  u.s  for  a  full-scale 
step.  Figures  7a  and  7b  show  settling  for  a  full-scale  and  an 
LSB  step,  respectively,  with  a  2  kfl,  1000  pF  load  applied.  The 
guaranteed  maximum  settling  time  at  +25°C  for  a  full-scale  step 

!  time  for  a  1  LSB 


is  13  (jls  with  this  load.  The  typical  si 
step  is  2.5  (is. 

The  digital-to-analog  glitch  impulse  is  specified  as  15  nV-s  typi- 
cal. Figure  7c  shows  the  typical  glitch  impulse  characteristic  at 
the  code  011  ...  Ill  to  100  ..  .  000  transition  when  loading 
the  second  rank  register  from  the  first  rank  register. 
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c.  D-to-A  Glitch  Impulse 
Figure  7.  Output  Characteristics 

DIGITAL  CIRCUIT  DETAILS 

The  AD760  has  several  "dual-use"  pins  which  allow  flexible 
operation  while  maintaining  the  lowest  possible  pin  count  and 
consequently  the  smallest  package  size.  The  following  informa- 
tion is  useful  when  applying  the  AD760. 

The  AD760  uses  an  internal  Output  Multiplexer  to  disconnect 
the  DAC  output  from  MUXOUT  (Pin  27)  when  the  device  is 
uncalibrated  or  when  a  calibration  sequence  is  in  progress.  At 
those  times  MUXOUt  is  switched  to  MUXIN  (Pin  28)  so  the 
user  can  force  a  predetermined  output  voltage. 

A  Power  On-Reset  feature  senses  whenever  any  power  supply  is 
low  enough  to  jeopardize  the  integrity  of  the  calibration  data  in 
the  RAM.  At  power-up  or  in  the  event  of  a  power  supply  tran- 
sient, CALOK  (Pin  1)  is  low  and  the  MUXOUT  pin  is  switched 
to  MUX,N. 


mu%.  Alter  successiui  completion  oi  caiiDration  uaiajis.  will 
go  high  and  MUXoux  is  switched  to  VOUT.  The  status  of  the 
calibration  may  be  determined  by  taking  the  HBE  pin  low. 
CALOK  either  switches  high  if  the  calibration  is  in  progress  or 
CALOK  remains  low  if  a  power  supply  voltage  transient  caused 
the  AD760  to  be  set  to  the  uncalibrated  state. 
Serial  Mode  Operation  is  enabled  by  bringing  the  SER  (Pin  19) 
low.  All  unused  data  bits,  DB2-DB7  must  be  tied  low.  This 
changes  the  function  of  DBO  (Pin  14)  to  that  of  the  serial  input 
pin,  SIN.  It  also  changes  the  function  of  DB1  (Pin  13)  to  a  con- 
trol input,  MSB/LSB  that  tells  the  AD760  which  bit  is  going  to 
be  loaded  first. 

In  serial  mode  the  byte  controls  HBE  (Pin  18)  and  LBE  (Pin 
17)  are  disabled,  and  Pin  17's  function  changes  to  control  how 
the  asynchronous  clear  function  works:  a  low  when  CLR  is 
strobed  sends  the  DAC  to  unipolar  zero,  a  high  sends  it  to  bipo- 
lar zero. 

Data  is  clocked  into  the  input  shift  register  on  the  rising  edge  of 
CS  as  shown  in  Figure  lb.  The  data  is  then  resident  in  the  first 
rank  latch  and  can  be  loaded  into  the  DAC  by  taking  the  LDAC 
pin  high.  This  will  cause  the  DAC  to  change  to  the  appropriate 
output  value.  The  second  rank  latch  controlled  by  LDAC  is  a 
Transparent  latch.  Changes  in  the  first  rank  latch  will  be 
reflected  in  the  DAC  output  immediately,  as  long  as  LDAC 
remains  high:^,* 

It  should  be  noted  that  the  clear  function  clears  the  DAC  latch 
but  does  not  clear  the  first  rank  latch.  Therefore,  the  data  that 
was  previously  resident  in  the  first  rank  latch  can  be  reloaded  by 
simply  bringing  LDAC  high  again.  Alternatively,  new  data  can 
be  loaded  into  the  first  rank  latch  if  desired. 
The  serial  out  pin  (SOUT)  can  be  used  to  daisy  chain  several 
DACs  together  in  multi-DAC  applications  to  minimize  the  num- 
ber of  data  lines  required.  The  first  rank  latch  simply  acts  like  a 
16-bit  shift  register,  and  repeated  strobing  of  CS  will  shift  the 
data  out  through  SOUt       into  the  next  DAC.  Each  DAC  in 
the  chain  will  require  its  own  LDAC  signal  unless  all  of  the 
DACs  are  to  be  updated  simultaneously. 
Byte  Mode  Operation  is  enabled  by  setting  SER  high,  which 
configures  DB0-DB7  as  data  inputs.  In  this  mode  HBE  and 
LBE  are  used  to  identify  the  data  as  either  the  high  byte  or  the 
low  byte  of  the  16-bit  word.  The  user  can  load  the  data  in  either 
order  into  the  first  rank  latch  using  the  rising  edge  of  the  CS 
signal  as  shown  in  Figure  la.  The  status  of  Pin  17,  when  CLR 
is  strobed  determines  whether  the  AD760  clears  to  unipolar  or 
bipolar  zero.  (But  it  can  not  be  hardwired  to  the  desired  state, 
as  in  the  serial  mode.) 

NOTE:  CS  and  CAL  are  edge  triggered.  HBE,  LBE,  CLR, 
SER,  and  LDAC  are  level  triggered. 

AD760  TO  MC68HC11  (SPI  BUS)  INTERFACE 

The  AD760  interface  to  the  Motorola  SPI  (serial  peripheral 
interface)  is  shown  in  Figure  8.  The  MOSI,  SCK,  and  SS  pins 
of  the  HC11  are  respectively  connected  to  the  BITO,  CS  and 
LDAC  pins  of  the  AD760.  The  SER  pin  of  the  AD760  is  tied 
low  causing  the  first  rank  latch  to  be  transparent.  The  majority 
of  the  interfacing  issues  are  taken  care  of  in  the  software  initial- 
ization. A  typical  routine  such  as  the  one  shown  below  begins 
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by  initializing  the  state  of  the  various  SPI  data  and  control 
registers. 

The  most  significant  data  byte  (MSBY)  is  then  retrieved  from 
memory  and  processed  by  the  SENDAT  subroutine.  The  SS  pin 
is  driven  low  by  indexing  into  the  PORTD  data  register  and 
clear  Bit  5.  This  causes  the  2nd  rank  latch  of  the  AD760  to 
become  transparent.  The  MSBY  is  then  set  to  the  SPI  data  reg- 
ister where  it  is  automatically  transferred  to  the  AD760. 

The  HC11  generates  the  requisite  8  clock  pulses  with  data  valid 
on  the  rising  edges.  After  the  most  significant  byte  is  transmit- 
ted, the  least  significant  byte  (LSBY)  is  loaded  from  memory 
and  transmitted  in  a  similar  fashion.  To  complete  the  transfer, 
the  LDAC  pin  is  driven  high  latching  the  complete  16-bit  word 


SS  =  1;  SCK  =  0;  MOSI  =  1 
SEND  TO  SPI  OUTPUTS 
SS,  SCK.MOSI  =  OUTPUTS 
SEND  DATA  DIRECTION  INFO 
DABL  INTRPTS.SPI  IS  MASTER  &  ON 
CPOL=0,  CPHA  =  0.1MHZ  BAUD  RATE 

LOAD  ACCUM  W/UPPER  8  BITS 
JUMP  TO  DAC  OUTPUT  ROUTINE 
INFINITE  LOOP 

;POINT  AT  ON-CHIP  REGISTERS 
DRIVE  SS  (LDAC)  LOW 
SEND  MS-BYTE  TO  SPI  DATA  REG 
CHECK  STATUS  OF  SPIE  JLt^ 
POLL  FOR  END  OF  X-MISSION 
GET  LOW  8  BITS  FROM  MEMORY 
SEND  LS-BYTE  TO  SPI  DAT/ 
CHECK  STATUS  OF  SPIE 
POLL  FOR  END  OF  X-MISSIOf 
$08,Y,$20  ;DRIV  SS  HIGH  TO  LATCH  DATA 


into  the  AD760 
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Figure  8.  AD760  to  68HC11  (SPI)  Interface 

AD760  TO  MICROWIRE  INTERFACE 

The  flexible  serial  interface  of  the  AD760  is  also  compatible 
with  the  National  Semiconductor  MICROWIRE*  interface.  The 
MICROWIRE  interface  is  used  on  microcontrollers  such  as  the 
COP400  and  COP800  series  of  processors.  A  generic  interface  to 
the  MICROWIRE  interface  is  shown  in  Figure  9.  The  Gl,  SK, 
and  SO  pins  of  the  MICROWIRE  interface  are  respectively  con- 
nected to  the  LDAC,  CS  and  BIT0  pins  of  the  AD760. 

•MICROWIRE  is  a  registered  trademark  of  National  Semiconductor. 


NOISE 

In  high  resolution  systems,  noise  is  often  the  limiting  factor.  A 
16-bit  DAC  with  a  10  volt  span  has  an  LSB  size  of  153  u.V 
(-96  dB).  Therefore,  the  noise  floor  must  remain  below  this 
level  in  the  frequency  range  of  interest.  The  AD760's  noise 
spectral  density  is  shown  in  Figures  10  and  11.  Figure  12  shows 
the  DAC  output  noise  voltage  spectral  density  for  a  20  V  span 
excluding  the  reference.  This  figure  shows  the  1/f  corner 
frequency  at  100  Hz  and  the  wideband  noise  to  be  below 
120  nV/VHz.  Figure  13  shows  the  reference  noise  voltage  spec- 
tral density.  This  figure  shows  the  reference  wideband  noise  to 
be  below  125  nV/\/Hz. 


100        1k        10k      100k       1M  10M 
FREQUENCY  -  Hz 

C  Output  Noise  Voltage  Spectral  Density 


1 

c  100 


I      1k      10k  1 

FREQUENCY  -  Hz 


Figure  1 1.  Reference  Noise  Voltage  Spectral  Density 


BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  the  first  issue.  A 
306  u.A  current  through  a  0.5  fi  trace  will  develop  a  voltage 
drop  of  153  u.V,  which  is  1  LSB  at  the  16-bit  level  for  a  10  V 
full-scale  span.  In  addition  to  ground  drops,  inductive  and 
capacitive  coupling  need  to  be  considered,  especially  when  high 
accuracy  analog  signals  share  the  same  board  with  digital  sig- 
nals. Finally,  power  supplies  need  to  be  decoupled  in  order  to 
filter  out  ac  noise. 


Figure  9.  AD760  to  MICROWIRE  Interface 
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Analog  and  digital  signals  should  not  share  a  common  path. 
Each  signal  should  have  an  appropriate  analog  or  digital  return 
routed  close  to  it.  Using  this  approach,  signal  loops  enclose  a 
small  area,  minimizing  the  inductive  coupling  of  noise.  Wide  PC 
tracks,  large  gauge  wire,  and  ground  planes  are  highly  recom- 
mended to  provide  low  impedance  signal  paths.  Separate  analog 
and  digital  ground  planes  should  also  be  used,  with  a  single 
interconnection  point  to  minimize  ground  loops.  Analog  signals 
should  be  routed  as  far  as  possible  from  digital  signals  and 
should  cross  them  at  right  angles. 

One  feature  that  the  AD760  incorporates  to  help  the  user  layout 
is  that  the  analog  pins  (Vcc,  VEE,  REF  OUT,  REF  IN,  SPAN/ 


BIP  OFFSET,  Vc 


MUXOUT,  MUXIN  and  AGND)  are  adja- 


cent to  help  isolate  analog  signals  from  digital  signals. 
SUPPLY  DECOUPLING 

The  AD760  power  supplies  should  be  well  filtered,  well  regu- 
lated, and  free  from  high  frequency  noise.  Switching  power  sup- 
plies are  not  recommended  due  to  their  tendency  to  generate 
spikes  which  can  induce  noise  in  the  analog  system. 

Decoupling  capacitors  should  be  used  in  very  close  layout  prox- 
imity between  all  power  supply  pins  and  ground.  A  10  u.F  tan- 
talum capacitor  in  parallel  with  a  0. 1  u.F  ceramic  capacitor 
provides  adequate  decoupling.  Vcc  and  VEE  should  be  bypassed 
to  analog  ground,  while  VLL  should  be  decoupled  to  digital 
ground. 


An  effort  should  be  made  to  minimize  the  trace  length  between 
the  capacitor  leads  and  the  respective  converter  power  supply 
and  common  pins.  The  circuit  layout  should  attempt  to  locate 
the  AD760,  associated  analog  circuitry  and  interconnections 
as  far  as  possible  from  logic  circuitry.  A  solid  analog  ground 
plane  around  the  AD760  will  isolate  large  switching  ground  cur- 
rents. For  these  reasons,  the  use  of  wire  wrap  circuit  construc- 
tion is  not  recommended;  careful  printed  circuit  construction  is 
preferred. 

GROUNDING 

The  AD760  has  two  pins,  designated  analog  ground  (AGND) 
and  digital  ground  (DGND.)  The  analog  ground  pin  is  the 
"high  quality"  ground  reference  point  for  the  device.  Any  exter- 
nal loads  on  the  output  of  the  AD760  should  be  returned  to  ana- 
log ground.  If  an  external  reference  is  used,  this  should  also  be 
returned  to  the  analog  ground. 

If  a  single  AD760  is  used  with  separate  analog  and  digital 
ground  planes,  connect  the  analog  ground  plane  to  AGND  and 
the  digital  ground  plane  to  DGND  keeping  lead  lengths  as  short 
as  possible.  Then  connect  AGND  and  DGND  together  at  the 
AD760.  If  multiple  AD7G0s  are  used  or  the  AD760  shares  ana- 
log supplies  with  other  components,  connect  the  analog  and  dig- 
ital returns  together  once  at  the  power  supplies  rather  than  at 
each  chip.  This  single  interconnection  of  grounds  prevents  large 
ground  loops  and  consequently  prevents  digital  currents  from 
he  analog  ground. 


1 


■ 

- 


■ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 

3-82    DIGITAL-TO-ANALOG  CONVERTERS  REV.  0 


ANALOG 
DEVICES 


! 


SP  DACPORT 


FEATURES 

Zero-Chip  Interface  to  Digital  Signal  Processors 
Complete  DACPORT7 

On-Chip  Voltage  Reference 

Voltage  and  Current  Outputs 
Serial,  Twos-Complement  Input 
±3  V  Output 

Sample  Rates  to  390  kSPS 

94  dB  Minimum  Signal-to-Noise  Ratio 

-81  dB  Maximum  Total  Harmonic  Distortion 

15-  Bit  Monotonicity 

±5  V  to  ±12  V  Operation 

16-  Pin  Plastic  and  Ceramic  Packages 
Available  in  Commercial,  Industrial,  and  Military 

Temperature  Ranges 

APPLICATIONS 
Digital  Signal  Processing 
Noise  Cancellation 
Radar  Jamming 
Automatic  Test  Equipment 
Precision  Industrial  Equipment 
Waveform  Generation 


PRODUCT  DESCRIPTION 

The  AD766  16-bit  DSP  DACPORT  provides  a  direct,  three- 
wire  interface  to  the  serial  ports  of  popular  DSP  processors, 
including  the  ADSP-2101,  TMS320CXX,  and  DSP56001.  No 
additional  "glue  logic"  is  required.  The  AD766  is  also  complete, 
offering  on-chip  serial-to-parallel  input  format  conversion,  a 
16-bit  current-steering  DAC,  voltage  reference,  and  a  voltage 
output  op  amp.  The  AD766  is  fabricated  in  Analog  Devices' 
BiMOS  II  mixed-signal  process  which  provides  bipolar  transis- 
tors, MOS  transistors,  and  thin-film  resistors  for  precision  ana- 
log circuits  in  addition  to  CMOS  devices  for  logic. 

The  design  and  layout  of  the  AD766  have  been  optimized  for  ac 
performance  and  are  responsible  for  its  guaranteed  and  tested 
94  dB  signal-to-noise  ratio  to  20  kHz  and  79  dB  SNR  to 
250  kHz.  Laser-trimming  the  AD766's  silicon  chromium  thin- 
film  resistors  reduces  total  harmonic  distortion  below  —  8 1  dB 
(at  1  kHz),  a  specification  also  production  tested.  An  optional 
linearity  trim  pin  allows  elimination  of  midscale  differential 
linearity  error  for  even  lower  THD  with  small  signals. 

The  AD766's  output  amplifier  provides  a  ±3  V  signal  with  a 
high  slew  rate,  small  glitch,  and  fast  settling.  The  output  ampli- 
fier is  short  circuit  protected  and  can  withstand  indefinite  shorts 
to  ground. 

DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 


FUNCTIONAL  BLOCK  DIAGRAM 


NC  =  NO  CONNECT 


The  serial  interface  consists  of  bit  clock,  data,  and  latch  enable 
inputs.  The  twos-complement  data  word  is  clocked  MSB  first  on 
falling  clock  edges  into  the  serial-to-parallel  converter,  consistent 
with  the  serial  protocols  of  popular  DSP  processors.  The  input 
clock  can  support  data  transfers  up  to  12.5  MHz.  The  falling 
edge  of  latch  enable  updates  the  internal  DAC  input  register  at 
the  sample  rate  with  the  sixteen  bits  most  recently  clocked  into 
the  serial  input  register. 

The  AD766  operates  over  a  ±5  V  to  ±12  V  power  supply 
range.  The  digital  supplies,  +VL  and  -VL,  can  be  separated 
from  the  analog  signal  supplies,  +VS  and  -Vs,  for  reduced 
digital  crosstalk.  Separate  analog  and  digital  ground  pins  are  also 
provided.  An  internal  bandgap  reference  provides  a  precision 
voltage  source  to  the  output  amp  that  is  stable  over  temperature 
and  time. 

Power  dissipation  is  typically  120  mW  with  ±5  V  supplies  and 
300  mW  with  ±  12  V.  The  AD766  is  available  in  commercial 
(0°C  to  70°C),  industrial  (-40°C  to  85°C),  and  military  (-55°C 
to  125°C)  grades.  Commercial  and  industrial  grade  parts  are 
available  in  a  16-pin  plastic  DIP;  military  parts  processed  to 
MIL-STD-883B  are  packaged  in  a  16-pin  ceramic  DIP.  See 
Analog  Devices'  Military  Products  Databook  or  current  military 
data  sheet  for  specifications  for  the  military  version. 
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AD766— SPECIFICATIONS  '  „ 


trimming  is  used.) 


Fs  =  500  kSPS  unless  otherwise  noted.  No  deglitchers 


Parameter 


RESOLUTION 





Mir. 


AD766J 
Typ 


Max 


16 


AD766A 


16 


DIGITAL  INPUTS 
VM 

vIL  

Iih,  VIH  =  VL 
In  ,  Vn.  =  0.4 


2.0 


+VL 
0.8 
1.0 
-10 




2.0 





+vL 

0.8 
1.0 
-10 


SERIAL  PORT  TIMING 
Serial  Clock  Period  (Iclk) 
Serial  Clock  HI  (tH1) 
Serial  Clock  LO  (tLO) 
Data  Valid  (tDAXA) 
Data  Setup  (ts) 
Data  Hold  (tH) 

Clock-to-Latch-Enable  (tcTLE) 
Latch-Enable-to-Clock  (tLETC) 
Latch  Enable  HI  (tLEH1) 
Latch  Enable  LO  (tLELO) 


95 
30 
30 
40 
15 
15 


115 

30 

70 

40 

20 

20 


15 
40 
40 


100 

itmmiG  olmimigH  vks?  mm 

80 



'  v  ±2.0 
±25 
±30 
±4 

±0.001 

15  . 


ACCURACY1 
Gain  Error 

Gain  Drift 
Midscale  Output  Voltage  Error 

Bipolar  Zero  Drift 
Differential  Linearity  Error 
Monotonicity 


t2.0 
r.25 
t30 
t4 

t0. 001 


15 


TOTAL  HARMONIC  DISTORTION 
FOUT  =  1037  Hz1 
OdB 
-20  dB 
-60  dB 
Four  =  49.07  kHz2 
OdB 
-20  dB 
-60  dB 


-88 
-75 
-37 

-77 
-69 
-25 


-81 

-65 
-27 

-72 
-66 
-21 


-88 
-75 
-37 

-77 
-69 
-25 


-81 
-65 
-27 

-72 
-66 
-21 


SIGNAL-TO-NOISE  RATIO3 

20  Hz  to  20  kHz  (Fotrr  =  1037  Hz)1 
20  kHz  to  250  kHz  (Foux  =  49.07  kHz)2 


94 

79 


102 
83 


94 

79 


102 

83 


SETTLING  TIME  (to  ±0.0015%  of  FSR) 
Voltage  Output1 

6  V  Step 

1  LSB  Step 

Slew  Rate 
Current  Output 

1  mA  Step  10  fl  to  100  (1  Load 

1  kf!  Load 




1.5 
1.0 
9 


350 
350 


1.5 
1.0 

9 

350 
350 


OUTPUT 
Voltage  Output  Configuration1 
Bipolar  Range 
Output  Current 
Output  Impedance 


Short  Circuit  Duration 
Current  Output  Configuratioi 
Bipolar  Range 
Output  Impedance  (±30%) 


±2.88         ±3.0  ±3.12 
±8.0 
0.1 

Indefinite  to  Common 


±2.88 


±3.0 
±8.0 
0.1 

Indefinite  to  Common 


±3.12 


±0.7 

±1.0 
1.7 

±1.3 

4.75 

13.2 

-13.2 

-4.75 

+1 

12.0 

15.0 

-I 

-12.0 

-15.0 

+1 

10.5 

-I 

-14 

+1 

12 

-I 

-14 

120 

150 

300 

225 

t0.7 


±1.0 
1.7 



12.0 

-12.0 

10.5 

-14 

12 

-14 

120 

300 

225 


±1,3 


POWER  SUPPLY 
Voltage:  +VL  and  +VS 
-VL  and  -Vs 
Current  Case  1':  Vs  and  VL  =  +5  V 

-Vs  and  -VL  =  -5  V 
Case  2:  Vs  and  VL  =  +12  V 

-Vsand  -VL  =  -12  V 
Case  34:  Vs  and  VL  =  +5  V 

-Vsand  -VL  =  -12  V 
Power  Dissipation:  Vs  and  VL  =  ±5  V1 
VsandVL  =  ±12  V 
Vs  and  VL  =  +5  V, 
-Vsand  -V,  =  -12  V4 


4.75 
-13.2 


13.2 
-4.75 
15.0 
-15.0 


150 
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AD766 


TEMPERATURE 
Specified 
Storage 


-  


Min 


AD766J 
Typ 


Max 


AD766A 
Min  Typ 


Max 


Units 





-60 


+70 
+  100 


-40 
-60 


+85 
+  100 


°C 

°c 


■7  V: 


NOTES 

'For  A  grade  only,  voltage  outputs  are  guaranteed  only  if  +VS  a  7  V  and  - 
Specified  using  external  op  amp,  see  Figure  3  for  more  details. 
3Tested  at  full-scale  input. 

4For  A  grade  only,  power  supplies  must  be  symmetric,  i.e.,  Vs  =  |-VS|  and  +VL  =  |-VL|.  Each  supply  must  independendy  meet  this  equality  within  ±5%. 
All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are 
used  to  calculate  outgoing  quality  levels. 

Specifications  subject  to  change  without  notice. 

tum^ryJT  tap]      mi iiT  «  iiimSh  >- '       y-  aaswtart  XU<}  txie  IRI  ynni4d  E.O 

ABSOLUTE  MAXIMUM  RATINGS*  ORDERING  GUIDE 

VL  to  DGND  O  to  13.2  V 

Vs  to  AGND  0  to  13.2  V 

-VL  to  DGND  - 13.2  V  to  0  V 

-Vs  to  AGND  - 13.2  V  to  0  V 

Digital  Inputs  to  DGND  -0.3  V  to  VL 

AGND  to  DGND   ±0.3  V 

Short  Circuit  Protection  Indefinite  Short  to  Ground 

Soldering  +300°C,  10  sec 


s  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied.  Expo- 
sure to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 


PIN  DESIGNATIONS 


Model 

Temperature 
Range 

Package 
Option* 

AD766JN 
AD766AN 
AD766SD/883B 

0°C  to  +70°C 
-40°C  to  +85°C 
-55°C  to  +  125°C 

N-16 
N-16 
D-16 

*N  =  Plastic  DIP;  D  =  Ceramic  DIP.  For  outline  information 
see  Package  Information  section. 

Pin 

Function 

Description 

1 

-Vs 

Analog  Negative  Power  Supply 

2 

DGND 

Digital  Ground 

3 

vL 

Logic  Positive  Power  Supply 

4 

NC 

No  Connection 

5 

CLK 

Clock  Input 

6 

LE 

Latch  Enable  Input 

7 

DATA 

Serial  Data  Input 

f 

-vL 

Logic  Negative  Power  Supply 

9 

VfJUT 

Voltage  Output 

10 

RF 

Feedback  Resistor 

11 

SJ 

Summing  Junction 

12 

AGND 

Analog  Ground 

13 

loUT 

Current  Output 

14 

MSB  ADJ 

MSB  Adjustment  Terminal 

15 

TRIM 

MSB  Trimming  Potentiometer  Terminal 

16 

Vs 

Analog  Positive  Power  Supply 

CONNECTION  DIAGRAM 

b 


NC  =  NO  CONNECT 


,](hiK— q  mto  bun  iMtKH 


ESD  SENSITIVITY 

The  AD766  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and 
fast,  low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the 
AD766  has  been  classified  as  a  Category  1  Device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  as  high  as  4000  volts  readily  accumulate  on  the  human  body  and  test 
equipment,  and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam 
or  shunts,  and  the  foam  discharged  to  the  destination  socket  before  devices  are  removed.  For 
further  information  on  ESD  precaution,  refer  to  Analog  Devices'  ESD  Prevention  Manual.  
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FEATURES 

Complete  12-Bit  D/A  Function 

On-Chip  Output  Amplifier 

High  Stability  Buried  Zener  Reference 
Fast  40ns  Write  Pulse 
0.3"  Skinny  DIP  and  PLCC  Packages 
Single  Chip  Construction 
Monotonicity  Guaranteed  Over  Temperature 
Settling  Time:  3\is  max  to  1/2LSB 
Guaranteed  for  Operation  with  ±12V  or  ±  15V 

Supplies 

TTL/5V  CMOS  Compatible  Logic  Inputs 
MlL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD767  is  a  complete  voltage  output  12-bit  digital-to-analog 
converter  including  a  high  stability  buried  Zener  reference  and 
input  latch  on  a  single  chip.  The  converter  uses  12  precision 
high-speed  bipolar  current  steering  switches  and  a  laser-trimmed 
thin-film  resistor  network  to  provide  high  accuracy. 

Microprocessor  compatibility  is  achieved  by  the  on-chip  latch. 
The  design  of  the  input  latch  allows  direct  interface  to  12-bit 
buses.  The  latch  responds  to  strobe  pulses  as  short  as  40ns, 
allowing  use  with  the  fastest  available  microprocessors. 

The  functional  completeness  and  high  performance  of  the  AD767 
result  from  a  combination  of  advanced  switch  design,  high-speed 
bipolar  manufacturing  process,  and  the  proven  laser  wafer- 
trimming  (LWT)  technology. 

The  subsurface  (buried)  Zener  diode  on  the  chip  provides  a 
low-noise  voltage  reference  which  has  long-term  stability  and 
temperature  drift  characteristics  comparable  to  the  best  discrete 
reference  diodes.  The  laser  trimming  process  which  provides  the 
excellent  linearity  is  also  used  to  trim  the  absolute  value  of  the 
reference  as  well  as  its  temperature  coefficient.  The  AD767  is 
thus  well  suited  for  wide  temperature  range  performance  with 
±  1/2LSB  maximum  linearity  error  and  guaranteed  monotonicity 
over  the  full  temperature  range.  Typical  full-scale  gain  T.C.  is 
5ppm/°C. 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1:  The  AD767  is  a  complete  voltage  output  DAC  with  voltage 
reference  and  digital  latches  on  a  single  IC  chip. 

2.  The  input  latch  responds  to  write  pulse  widths  as  short  as 
40ns  assuring  direct  interface  with  the  industry's  fastest 
microprocessors. 

3.  The  internal  buried  Zener  reference  is  laser-trimmed  to  10.00 
volts  with  a  ±  1%  maximum  error.  The  reference  voltage  is 
also  available  for  external  application. 

4.  The  gain  setting  and  bipolar  offset  resistors  are  matched  to 
the  internal  ladder  network  to  guarantee  a  low  gain  temperature 
coefficient  and  are  laser  trimmed  for  minimum  full-scale  and 
bipolar  offset  errors. 

5.  The  precision  high-speed  current  steering  switches  and 
on-board  high-speed  output  amplifier  settle  within  1/2LSB 
for  a  10V  full-scale  transition  in  3.0u5  when  properly 
compensated. 

6.  The  AD767  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD767/883B  data  sheet  for  detailed  specifications. 


•Protected  by  Patent  Number,  3,803,590;  3,890,611;  3,932,863;  3,978,473; 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  <TA=+25°C,  ±U  volt  power  supplies,  Unipolar  Mode,  unless  otherwise  noted.)  AD767 


Model 

AD767J/A/S1 
Min        Typ  Max 

AD767K/B 
Mia        Typ  Max 

AD767A2  Chips 
Min       Typ  Max 

Units 

DIGITAL  INPUTS 
Resolution 

Logic  Levels  (TTL  Compatible,  T„i, -T^J3 
VIH(Logic"r') 
V,L(Logic,"0")J,K(A,B 
Vil  (Logic  "0")S 
Iih(V,h  =  5.5V) 

t,.  A/,.  —  ft  8V1 

12 

+2.0  +5.5 
0  +0.8 
0  +0.7 
3  10 

]  5 

12 

+2.0  +5.5 
0  +0.8 

3  10 

1  5 

+2.0 
0 

3 

1 

12 

+  5.5 
+0.8 

10 

5 

Bits 

V 

V 

V 

uA 

uA 

TRANSFER  CHARACTERISTICS 
ACCURACY 

Linearity  Error  (si  +  25°C 

TA  =  Tmi„toTTO, 
Differential  Linearity  Error  (a  +  25°C 

±1/2  ±1 
±1/2  ±1 
±1/2  ±1 

±1/8  ±1/2 
±1/4  ±1/2 
±1/4  ±1 

±1/2 
±1/2 
±1/2 

±1 
±1 
±1 

LSB 
LSB 
LSB 

T^T^mT^ 
Gain  Error4 
Unipolar  Offset  Error* 
Bipolar  Zero  Error4 

Monotonicity  Guaranteed 

±0.1  ±0.2 
±  1  ±2 
±0.05  ±0.1 

Monotonicity  Guaranteed 

±0.1  ±0.2 
±  1  ±2 
±0.05  ±0.1 

Monotonicity  Gua 

±0.1 

±1 

±0.05 

ranteed 
±0.2 
±2 
±0.1 

LSB 

%ofFSRs 
LSB 

%  of  FSR 

DRIFT 
GainTA  =  25°C  to  Tmi„  or  T™, 
Unipolar  Offset  TA  =  25°C  to  T,™,  or  Trax 
Bipolar  Zero  TA  =  25°C  to       or  Tm, 

±5  ±30 
±1  ±3 
±5  ±10 

±5  ±15 
±1  ±3 
±10 

±5 
±1 
±5 

±30 

±3 

±10 

ppmofFSR/°C 
ppm  of  FSR/°C 
ppmofFSRTC 

CONVERSION  SPEED 
Settling  Time  to  ±0.01%ofFSRfor 
FSR  change  (2kfl||500pF  load) 
with  lOkfl  Feedback 
with  5kfl  Feedback 
For  LSB  Change 
Slew  Rate 

3  4 
2  3 
1 

10 

3  4 
2  3 
1 

10 

3 
2 
1 

10 

4 

3 

lis 
us 
us 
V/|is 

ANALOG  OUTPUT 
Ranges6 

Output  Current 
Output  Impedance  (dc) 
Short -Circuit  Current 

±2.5,  ±5,  ±10, 
+  5  +10 

±5 

0.05 

40 

±2.5,  ±5,  ±10, 
+  5  +10 

±5 

0.05 

40 

±2.5,  ±5, 
+  5.  +  10 

±5 

0.05 

±10, 
40 

V 

mA 

n 

mA 

REFERENCE  OUTPUT 
External  Current 

9.90         10.00  10.10 
0.1  1.0 

9.90        10.00  10.10 
0.1  1.0 

9.90  10.00 
0.1  1.0 

10.10 

V 

mA 

POWER  SUPPLY  SENSITIVITY 
Vcc  =  +11.410+ 16.5V  dc 
Vee  =  -  11.4  to  -  16.5V  dc 

5  10 
5  10 

5  10 
5  10 

5 
5 

10 
10 

ppmofFS/% 
ppmofFS/% 

POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 
Range6 

Supply  Current 

+  11.4to  + 16.5V  dc 

-11.4io'-  16.5V  dc 
Total  Power  Consumption 

±12,  ±15 
±11.4  ±16.5 

9  13 
18  23 
400  600 

±12,  ±15 
±11.4  ±16.5 

9  13 

±12,  ±15 

±11.4 

9 

±16.5 

13 

23 
600 

V 
V 

mA 
mA 
mW 

18  23 
400  600 

18 
400 

TEMPERATURE  RANGE 

J/K 
A/B 
S 

Operating 
Storage  (All  Grades) 

0  +70 
-25  +85 
-55  +125 
-  55                     + 125 
-65  +125 

0  +70 
-25  +85 
-55  +125 
-55  +125 
-65  +125 

-25 
-65 

+  85 
+  125 

•c 
°c 
°c 
°c 
°c 

NOTES 

'AD767  "S"  specifications  shown  for  information  only.  Consult  Analog  Devices  Military  Databook  or  contact  factory  for  a  controlled 
specification  sheet. 

2AD767A  Chips  specifications  are  tested  at  +25°C  and,  when  in  boldface,  at  +85°C.  They  are  typical  at  -25°C. 

*The  digital  input  specifications  are  100%  tested  at  +25°C,  and  guaranteed  but  not  tested  over  the  full  temperature  range 

*  Adjustable  to  zero. 

'FSR  means  "Full-Scale  Range"  and  is  20V  for  1 10V  range  and  10V  for  the  ±  SV  range. 

4A  minimum  power  supply  of  ±  12.5V  is  required  for  a  ±  10V  full-scale  output  and  ±  11.4V  is  required  for  all  other  voltage  ranges. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test  (except  per  Notes  1  and  2).  Results  from  those  tests  are  used  to 
calculate  outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed, 
although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-87 


AD767 


ABSOLUTE  MAXIMUM  RATINGS* 

Voc  to  Power  Ground  OV  to  +  18V 

VEE  to  Power  Ground  OV  to  -  18V 

Digital  Inputs  (Pins  1 1 , 13-24) 

to  Power  Ground   -  1.0V  to  +7.0V 

Ref  In  to  Reference  Ground  ±  12V 

Bipolar  Offset  to  Reference  Ground  .  .  .0. 1.  .1  ±  12V 

10V  Span  R  to  Reference  Ground  ±  12V 

20V  Span  R  to  Reference  Ground   ±24V 

TIMING  SPECIFICATIONS 

(AU  Models,  TA  =  25°C,  Vcc  =+ 12V  or  +  15V, 
VEE=-12Vor-15V) 


•IX 


 to. 




DC 





Ref  Out,  Vout 

(Pins  6,  9) 
Power  Dissipation  


Indefinite  short  to  power  ground 
Momentary  Short  to  Vcc 

  1000mW 

*  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


Symbol 

Parameter 

Min     Typ  Max 

rDS 

Data  Valid  to  End  of  CS 
(-25°Cto  +85°C) 
(-55°Cto  +  125°C) 

40  -  -  ns 
60  -  -  ns 
90       -      -  ns 

L 

Data  Hold  Time 

(-25°Cto  +  85°C) 
(-55°Cto  +  125°C) 

10  -  -  ns 
10  -  -  ns 
20       -      -  ns 

— 

CS  Pulse  Width 

(-25°Cto+85°C) 
(-55°Cto  +  125°C) 

tcs 

40  -  -  ns 
60  -  -  ns 
90       -      -  ns 

tSETT 

Output  Voltage  Settling  Time* 

2       4  u.s 

*tsETT  is  measured  referenced  to  the  leading  edge  of  tcs-  If  tcs>tDS3  then 
'sett  is  measured  referenced  to  the  beginning  of  Data  Valid. 


DIP 


PIN  CONFIGURATION 


PLCC 


20V  SPAN  [T 
10V  SPAN  [T 
SUM  JCT  [T 
SIP  OFF  [7 
A<,»,,[I 
REF  OUT  [T 
„P,N[T 


Vo„,|T 

-v„  Qo 
wjndQT 


,»5V 


17]  Dsn \h 
17]  DB10 
H]  DB» 
17]  DBS 
17]  DB7 

TFJOBS 

~rr\  DB4 

TT]  DB3 

77]  ds2 

77]  DB1 
IT}  DBOILSBI 


{II      1  . 

1 1  8  w  i  i  8 


mmmn 

BIP  OFF  [7 


EF  OUT  [T 
NC  [T 
REF  IN  ^ 


A0767 
TOP  VIEW 
(Not  io  Setlt) 


>=  is  1  s  §  i  i 
I 


Package 

!  

Temperature 

Linearity 
Error  Max 



GainT.C. 

Model1 

Option2 

Range  °C 

Max  ppm/°C 

AD767JN 

AD767JP 

AD767KN 

AD767KP 

AD767AD 

Plastic  DIP  (N-24) 
PLCC(P-28A) 
Plastic  DIP  (N-24) 
PLCC(P-28A) 
Ceramic  DIP  (D-24A) 
Ceramic  DIP  (D-24A) 

Ceramic  DIP  (D-24A) 

N/A 

Oto  +70 
Oto  +70 
Oto  +70 
Oto +70 
-25to+85 
-25  to +85 

-55  to +  125 

">-..3-      41  1    ■  llM 

-25  to +85 

±1LSB 
±1LSB 
±  1/2LSB 
±  1/2LSB 
±1LSB 

30 
30 
15 
15 
30 
15 

Note  2 
30 

AD767BD 
AD767SD/ 

883B 
AD767A 

Chips 

±  1/2LSB 

■ 

Note  2 

•<  ■•• 
±  1LSB 

NOTES 

'D  =  Ceramic  DIP;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see 
Package  Information  section. 

2For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to  the 
Analog  Devices  Military  Products  Databook  or  current  AD767/883B  data  sheet. 


■ 
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"a  16-Bit,  32  MSPS 
Low  Glitch  D/A  Converter 


37 


AD768 


FEATURE 

32  MSPS  Update  Rate 
16-Bit  Resolution 
Linearity:  1  LSB  DNL  @  14  Bits 
1  LSB  INL@14Bits 
Fast  Settling:  25  ns  Full-Scale  Settling  to  0.025% 
SFDR  @  1  MHz  Output:  80  dBc 
Low  Glitch  Impulse:  60  pV-s 
Power  Dissipation:  500  mW 
On-Chip  2.5  V  Reference 
Edge-Triggered  Latches 
CMOS  Compatibility 
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FUNCTIONAL  BLOCK  DIAGRAM 

DCOM  vdo 

 a  □  


MSB 

DECODER 
AND 

EDGE-  |- 
TRIGGERED 
BIT 
LATCHES 


AD768 


MSBs:  SEGMENTED 
CURRENT  SOURCES 
AND  SWITCHES 


LSBs: 

CURRENT  SOURCES, 
SWITCHES,  AND 
1kSi  R-2R 
LADDERS 


r 


2.SV 
BANDGAP 
REFERENCE 


□  IOUTA 

□  IOUTB 

3  LA  DCOM 


3V„ 


CLOCK    REFADJ   REFCOM    REFOUT  IREFIN  COMP 


PRODUCT  DESCRIPTION 

The  AD768  is  a  16-bit,  high  speed  digital-to-analog  converter 
(DAC)  that  offers  exceptional  ac  and  dc  linearity.  The  AD768 
is  manufactured  on  Analog  Devices'  Advanced  Bipolar  CMOS 
(ABCMOS)  process,  combining  the  speed  of  bipolar  transistors, 
the  accuracy  of  laser  trimmable  thin-film  resistors,  and  the  effi- 
ciency of  CMOS  logic.  A  segmented  current  source  architec- 
ture is  combined  with  a  proprietary  switching  technique  to 
reduce  glitch  energy  and  maximize  dynamic  accuracy.  Edge  trig- 
gered input  latches  and  a  temperature  compensated  bandgap 
reference  have  been  integrated  to  provide  a  complete  monolithic 
DAC  solution. 

The  AD768  is  a  current-output  DAC  with  a  nominal  full-scale 
output  current  of  20  mA  and  a  1  kfi  output  impedance.  Differ- 
ential current  outputs  are  provided  to  support  single-ended  or 
differential  applications.  The  current  outputs  may  be  tied  di- 
rectly to  an  output  resistor  to  provide  a  voltage  output,  or  fed 
to  the  summing  junction  of  a  high  speed  amplifier  to  provide  a 
buffered  voltage  output. 

The  on-chip  reference  and  control  amplifer  are  configured  for 
maximum  accuracy  and  flexibility.  The  AD768  can  be  driven  by 
the  on-chip  reference  or  by  a  variety  of  external  reference  volt- 
ages based  on  the  selection  of  an  external  resistor.  An  external 
capacitor  allows  the  user  to  optimally  tradeoff  reference  band- 
width and  noise  performance. 

The  AD768  operates  on  ±5  V  supplies,  typically  consuming 
500  mW  of  power.  The  AD768  is  available  in  a  28-pin  SOIC 
package  and  is  specified  for  operation  over  the  industrial  tem- 
perature range. 


PRODUCT  HIGHLIGHTS 

1 .  The  low  glitch  and  fast  settling  time  provide  outstanding  dy- 
namic performance  for  waveform  reconstruction  or  digital 
synthesis  requirements,  including  communications. 

2.  The  excellent  dc  accuracy  of  the  AD768  makes  it  suitable 
for  high  speed  AD  conversion  applications. 

chip,  edge-triggered  input  CMOS  latches  interface 
•eadily  to  CMOS  logic  families.  The  AD768  can  support 
update  rates  up  to  32  Msps. 

4.  A  temperature  compensated,  2.5  V  bandgap  reference  is  in- 
cluded on-chip  allowing  for  generation  of  the  reference  input 
current  with  the  use  of  a  single  external  resistor.  An  external 
reference  may  also  be  used. 

5.  The  current  output(s)  of  the  AD768  may  be  used  singly  or 
differentially,  either  into  a  load  resistor  or  external  op  amp 
summing  junction. 

6.  Proper  selection  of  an  external  resistor  and  compensation 
capacitor  allow  the  performance-conscious  user  to  optimize 
the  AD768  reference  level  and  bandwidth  for  the  target 
application. 


.til 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  tax  retrieval  system  at  l-800-44*-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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A n 7CQ  CDCPICIP ATIPIMC (T«  =  +25°c' v°°  =  +5-° »•  v«  =  ~5 v- LADC0M- REFC0M- DC0M  = 0 v- IREFIN  = 5 mA- 

HU I  DO- Or  tb  I  r  I  UHI  I UHO  CLOCK  =10  MHz,  unless  otherwise  noted) 


Units  


Parameter 





Min 


Typ 


- 





RESOLUTION 


16 


DC  ACCURACY  (16-Bit)1 
Linearity  Error 

TmIN  tO  Tjhax 

Differential  Nonlinearity 
Tmin  to  Tmax 


±4 


±4 


+6 
+8 
+6 
+8 


LSB 
LSB 
LSB 
LSB 








DC  ACCURACY  (14-Bit)1' 2 
Linearity  Error 

Tmin  to  Tmax 
Differential  Nonlinearity 

Tmin  to  Tmax 
Monotonicity 


-3/4 
-1 
-3/4 
-1 


±1/2  +3/4 
+  1 

+  1/2  +3/4 
+  1 


LSB 
LSB 
LSB 
LSB 


GUARANTEED  OVER  RATED  SPECIFICATION  TEMPERATURE  RANGE 





ANALOG  OUTPUT 
Unipolar  Offset  Error 
Gain  Error 

Full-Scale  Output  Current3 
Output  Compliance  Range 
Output  Resistance 
Output  Capacitance 


-0.2 
-0.5 

1 .2 
0.8 


+0.2 
+0.5 


20 

1.0 
15 


%  of  FSR 

%ofFSR 

mA 

V 

kQ 

pF 


REFERENCE  OUTPUT 
Reference  Voltage 
Reference  Output  Current4 


v 

mA 


REFERENCE  INPUT 
Reference  Input  Current 
Reference  Bandwidth5 


TEMPERATURE  COEFFICIENTS 
Unipolar  Offset  Drift 
Gain  Drift6 
Gain  Drift7 

Reference  Voltage  Drift 


-20 
-40 
-20 


5.5 


+5 
+20 
+40 
+20 


mA 
MHz 


ppm  ofFSR/°C 
ppm  of  FSRTC 
ppmofFSR/°C 
ppm/°C 


DYNAMIC  PERFORMANCE 
Output  Update  Rate 
Output  Settling  Time  (tST)(to  0.025%)8 
Output  Propagation  Delay  (tPD) 
Glitch  Impulse 
Output  Rise  Time 
Output  Fall  Time 


32 


40 
25 
5 

60 

5 

5 


35 


 — 




3.5 


-10 

-10 

5 
5 

15 




1-5 
+  10 
+  10 

10 


Msps 

ns 

ns 

pV-s 

ns 

ns 


DIGITAL  INPUTS 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Logic  "  1 "  Current 
Logic  "0"  Current 
Input  Capacitance 
Input  Setup  Time  (ts) 
Input  Hold  Time  (tn) 
Latch  Pulse  Width 


V 

V 

MA 

MA 

pF 

ns 

ns 

ns 


OPERATING  RANGE 


-40 


+85 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 

Min                   Typ  Max 

Units 

AC  LINEARITY 

Spurious-Free  Dynamic  Range  (SFDR) 
four  =  500  kHz;  CLOCK  =  10  MHz 
fouT  =  10  MHz;  CLOCK  =  10  MHz 
four  =  5  MHz;  CLOCK  =  30  MHz 

Total  Harmonic  Distortion  (THD) 
fouT  =  500  kHz;  CLOCK  =  10  MHz 
four  =  1.0  MHz;  CLOCK  =  10  MHz 
four  =  5  MHz;  CLOCK  =  30  MHz 

-80 

-80  TBD 
TBD 

TBD 

TBD  TBD 
TBD 



dB 
dB 
dB 

dB 

— i 

dB  M 



POWER  SUPPLY 
Positive  Voltage  Range 
Negative  Voltage  Range 
Positive  Supply  Current 
Negative  Supply  Current 
Nominal  Power  Dissipation 
Power  Supply  Rejection  Ratio  (PSRR) 

■ 

4.75  5.25 
-5.25  -4.75 
33  TBD 
67  TBD 
500  TBD 
TBD 

V 

1  J  V 
mA 
mA 
mW 

%ofFSR/V 

NOTES 

'Measured  at  IoutA,  driving  a  virtual  ground. 
2Three  LSBs  are  grounded,  DB0,  DB1,  and  DB2. 
'Nominal  FS  output  current  is  4x  the  current  at  IREFIN.  Therefore,  nominal  FS  current  is  20  r 
4Output  current  is  defined  as  total  current  available  for  IREFIN  and  any  external  load. 
'Reference  bandwidth  is  a  function  of  external  cap  at  COMP  pin. 
"Excludes  internal  reference  drift. 
'Includes  internal  reference  drift. 

"Measured  as  unbuffered  voltage  output  (1  V  step)  with  FS  current  i 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS' 


Parameter 


Positive  Supply  Voltage  (VDD) 
Negative  Supply  Voltage  (Wee) 
Analog-to-Other  Grounds  (REFCOM) 
Digital-to-Other  Grounds  (DCOM) 
Reference  Output  (REFOUT) 
Reference  Adjust  (REFADJ) 
Reference  Input  Current  (IREFIN) 
Digital  Inputs  (DB0-DB15,  Clock) 
Analog  Outputs  (IoutA,  IoutB) 
Maximum  Junction  Temperature 
Storage  Temperature 
Lead  Temperature 


With  Respect  to 


ectto  Min      Max  Units 


DCOM,  REFCOM,  LADCOM 
DCOM,  REFCOM,  LADCOM 
DCOM,  LADCOM 
LADCOM,  REFCOM 
REFCOM 
REFCOM 

DCOM 
LADCOM 


-0. 
-6.0 
-0.5 
-0.5 

-0.5 

-0.5 
-2.0 

-65 


+6.0 
+0.5 
+0.5 
+0.5 
Vrjrj  + 
VDD  + 
+6.0 
VDD  + 
+5.0 
+  150 
+  150 
+300 


0.5 
0.5 

0.5 


PIN  CONFIGURATION 


28-PIN  SOIC 


V 
V 
V 
V 
V 
V 

mA 

V 

V 

°c 
°c 
°c 


NOTE 


'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device. 
This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute  maximum  rating  for 
extended  periods  may  affect  device  reliability. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD768  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


IOUTA  fT 
COMP  fT 
REFOUT  fT 
REFADJ  [T 
REFCOM  fT 
IREFIN  [T 
(LSB)  DS0  fT 
DB1  fT 
OB2  fT 
DB3  Q0 

0B4  QT 

DBS  [l2 
DB6  \U 
DB7  \u_ 


AD768 

TOP  VIEW 
(Not  to  Scale) 


LADCOM 
IOUTB 

VW+5V) 

DB15(MSB) 

DB14 

DB13 

DB12 

DB11 

DB10 

DBS 

DBS 

CLOCK 

DCOM 


NC  •  NO  CONNECT 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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PIN  DESCRIPTION 


Pin  No. 


Symbol 


Type 


Name  and  Function 


1 

2 
3 
4 
5 
6 
7 

8-14 

15 

16 

17-23 

24 

25 

26 

27 

28 


IOUTA 

COMP 

REFOUT 

REFADJ 

REFCOM 

IREFIN 

DBO 

DB1-7 

DCOM 

CLOCK 

DB8-DB14 

DB15 

VDD 

Vee 

IOUTB 
LADCOM 


AO 

AI 

AO 

AI 

P 

AI 

DI 

DI 

P 

DI 

DI 

DI 

P 

P 

AO 


DAC  Current  Output.  Full-scale  current  when  all  data  bits  are  Is. 
Compensation  Node.  Add  capacitor  for  noise  reduction. 
Reference  Output  Voltage.  Nominal  value  is  2.5  V. 
Reference  Adjust.  Apply  voltage  from  0  to  2.5  V  to  adjust  DAC  gain. 
Reference  Ground. 

Reference  Input  Current.  Nominal  is  5  mA.  DAC  full-scale  is  4x  this  current. 
Data  Bit  0  (LSB). 
Data  Bits  1-7. 
Digital  Ground. 

Clock  Input.  Data  latched  on  positive  edge  of  clock. 
Data  Bits  8-14. 
Data  Bit  15  (MSB). 

Positive  Supply  Voltage.  Nominal  is  +5  V. 
Negative  Supply  Voltage.  Nominal  is  -5  V. 

Complementary  DAC  Current  Output.  Full-scale  current  when  all  data  bits 
are  Os. 

DAC  Ladder  Common. 


Type:    AI  =  Analog  Input;  DI  =  Digital  Input;  AO  =  Analog  Output;  P  =  Power 


ORDERING  GUIDE 


Model 


AD768AR 


Package* 


28-Pin  300  mil  SO: 


*For  outline  information  see  Package  Information  section. 


IOUTA 
IOU?B 

I 

-  0.025% 

■ 

1 

rM  [5 


BUFFERED 
VOLTAGE  OUT 


0TO+2V 


^  CLOCK 

MSB  DECODE 

&  LATCHES 

in     w     n  (M 


££:00fDffl£OCDmCQGQa]CD 

mCQ  QQaOQQQQQQ 


Typical  Configuration:  Buffered  Unipolar  Voltage  Output 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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LC2M0S  LOGDAC 
Logarithmic  D/A  Converter 


AD7111/AD7111A 


FEATURES 

Dynamic  Range:  88.5  dB 
Resolution:  0.375  dB 
On-Chip  Data  Latches 
+5  V  Operation 

AD7111A  Pin  Compatible  with  AD7524 
Low  Power 

APPLICATIONS 
Audio  Attenuators 
Sonar  Systems 
Function  Generators 
Digitally  Controlled  AGC  System 


FUNCTIONAL  BLOCK  DIAGRAMS 


GENERAL  DESCRIPTION 

The  LOGDAC®  AD7111/AD7111A  are  monolithic  multiplying 
D/A  conveners  featuring  wide  dynamic  range  in  a  small  pack- 
age. Both  DACs  can  attenuate  an  analog  input  signal  over  the 
range  0  dB  to  88.5  dB  in  0.375  dB  steps.  They  are  available  in 
16-pin  DIPs  and  SOIC  packages.  The  AD7111  is  also  available 
in  a  20-terminal  LCCC  package. 

The  degree  of  attenuation  across  the  DAC  is  determined  by  an 
8-bit  word  applied  to  the  on-board  decode  logic.  This  8-bit  word 
is  decoded  into  a  17-bit  word  which  is  then  applied  to  a  17-bit 
R-2R  ladder.  The  very  fine  step  resolution,  which  is  available 
over  the  entire  dynamic  range,  is  due  to  the  use  of  this  17-bit 
DAC. 

The  AD7111/AD7111A  are  easily  interfaced  to  a  standard  8-bit 
MPU  bus  via  an  8-bit  data  port  and  standard  microprocessor 
control  lines.  The  AD7111  WR  input  is  edge  triggered  and 
requires  a  rising  edge  to  load  new  data  to  the  DAC.  The 
AD7111A  WR  is  level  triggered  to  allow  transparent  operation 
of  the  latches,  if  required.  It  should  also  be  noted  that  the 
AD7111A  is  exactly  pin  and  function-compatible  with  the 
AD7524,  an  industry  standard  8-bit  multiplying  DAC.  This 
allows  an  easy  upgrading  of  existing  AD7524  designs  which 
would  benefit  both  from  the  wider  dynamic  range  and  the 
step  resolution  offered  by  the  AD7111A. 

The  AD7111/AD7111A  are  fabricated  in  Linear  Compatible 
CMOS  (LC2MOS),  an  advanced,  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 

LOGDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 


PRODUCT  HIGHLIGHTS 


1.  Wide  Dynamic  Range:  0  dB  to  88.5  dB  attenuation  range  in 
0.375  dB  steps. 

Package:  The  AD7111/AD7111A  are  available  in 
DIPs  and  SOIC  packages. 

Transparent  Latch  Operation:  By  tying  the  CS  and  WR 
inputs  low,  the  DAC  latches  in  the  AD7111A  can  be  made 
transparent. 

Fast  Microprocessor  Interface:  Data  setup  times  of  25  ns  and 
write  pulse  width  of  57  ns  make  the  AD7111A  compatible 
with  modern  microprocessors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-444-6212. 
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AD7111L/C/U  Grades 

AD71UK/B/T  Grades 

Parameter 

TA  =  +25X  TA     TM|N,  T^usx 

TA  =  +25X  TA  =  TM[N,  TMAX 

Units 

Conditions/Comments 

NOMINAL  RESOLUTION 

0.375  0.375 

0.375  0.375 

dB 



ACCURACY  RELATIVE  TO 

0  dB  ATTENUATION 
0.375  dB  Steps: 

Accuracy  s  ±0.17  dB 

Monotonic 
0.75  dB  Steps: 

Accuracy  s  ±0.35  dB 

Monotonic 
1.5  dB  Steps: 

Accuracy  *  ±0.7  dB 

Monotonic 
3.0  dB  Steps: 

Accuracy  =£  ±1.4  dB 

Monotonic 
6.0  dB  Steps: 

Accuracy  -  ±2.7  dB 

Monotonic 

0  to  36          0  to  36 
0  to  54          0  to  54 

0  to  48          0  to  42 
0  to  72          0  to  66 

0  to  54          0  to  48 
Full  Range     0  to  78 

0  to  66          0  to  54 
Full  Range     Full  Range 

0  to  72          0  to  60 
Full  Range     Full  Range 

0  to  30         0  to  30 
0  to  48         0  to  48 

0  to  42         0  to  36 
0  to  72         0  to  60 

0  to  48          0  to  42 
0  to  85.5        0  to  72 

0  to  60          0  to  48 
Full  Range     Full  Range 

0  to  60          0  to  48 
Full  Range     Full  Range 

dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 

Guaranteed  Attenuation  Ranges 
for  Specified  Step  Sizes 

Full  Range  Is  from  0  dB 
to  88.5  dB 

GAIN  ERROR 

±'0.1  ±0.15 

±0.15  ±0.20 

JB  max 

V,N,  INPUT  RESISTANCE 

9/11/15  9/11/15 

7/11/18  7/11/18 

kfl  min/typ/max 

Rra  INPUT  RESISTANCE 

9.3/11.5/15.7  9.3/11.5/15.7 

7.3/11.5/18.8  7.3/11.5/18.8 

kfl  min/typ/max 

DIGITAL  INPUTS 

V     ( Innut  Hieh  Voltaire 1 
VIL  (Input  Low  Voltage) 
Input  Leakage  Current 

2.4  2.4 
0.8  0.8 
±1  ±10 

2.4  2.4 
0.8  0.8 
±1  ±10 

V  max 
jxA  max 

Digital  Inputs  =  VDD 

SWITCHING  CHARACTERISTICS' 

tcs 

lDS 
lDH 

'rfsh 

0  0 

* — U  4trr?aA 

350  500 
175  250 
10  10 
3  4.5 

0  0 
0  0 
350  500 
175  250 
10  10 
3  4.5 

ns  min 
ns  min 
ns  min 

ns  min 
p.s  min 

Chip  Select  to  Write  Setup  Time 
Chip  Select  to  Write  Hold  Time 
Write  Pulse  Width 
Data  Valid  to  Write  Setup  Time 
Data  Valid  to  Write  Hold  Time 
Refresh  Time 

POWER  SUPPLY 
VDD 
Idd 

+5  +5 

xr       4  1 

500  1000 

+5  +5 
1  4 
500  1000 

V 

mA  max 
jxA  max 

Digital  Inputs  =  VJL  or  VIH 
Digital  Inputs  =  0  V  or  VDD; 
See  Figure  6 

NOTE 

'Sample  tested  at  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


AC  PERFORMANCE  CHARACTERISTICS  These  characteristics  are  included  for  design  guidance  only  and  are  not  subject 
to  test  VDD  =  +5  V,  V,M  =  -10  V  dc  except  where  noted,  l0UT  =  AGND  =  D6ND  =  0  V,  output  amplifier  AD711  except  where  noted. 


rarameter 

AD7111L/C/U  Grades 
TA  =  +25°C  TA  =  TMIN,  TfAAx 

AD71UK/B/T  Grades 
TA  =  +25X  TA  =  TM1N,  TMAX 

Units 

Conditions/Comments 

DC  Supply  Rejection,  AGain/AVDD 
Propagation  Delay 

Digitai-to- Analog  Glitch  Impulse 

Output  Capacitance,  Pin  I 

Input  Capacitance,  Pin  15  and  Pin  16 

Feedthrough  at  1  kHz 

Total  Harmonic  Distortion 

Output  Noise  Voltage  Density 

Digital  Input  Capacitance 

 ;  1  

0.001  0.005 
3.0  4.5 

100 

185  185 

7  ,              7  ' 
-94  -72 
-91  -91 
70  70 
7  7 

0.001  0.005 
3.0  4.5 

100 

185  185 
7  7 
-92  -68 
-91  -91 
70  70 
7  7 

dB  per  %  max 

u.s  max 

nV  sees  typ 

pFmax 
pF  max 
dB  max 
dBtyr>_ 
nV/VHzmax 
PF  max 

AVED  =  ±  10%,  Input  Code  =  00000000 
Full  Scale  Change  Measured  from 
WR  Going  High,  CS  =  0  V 
Measured  with  AD843  as  Output 
Amplifier  for  Code  Transition 
10000000  to  00000000 
CI  of  Figure  1  is  0  pF 

VM  =  6V  rms  at  1  kHz 
Includes  AD711  Amplifier  Noise 

Specifications  subject  to  change  without  notice. 
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AD71 1 1  A— ELECTRICAL  CHARACTERISTICS  output  amplifier  AD711 


■10  V  dc,  l0UT  =  AGND  =  DGND  =  0  V 
except  where  noted) 


AD7111AC  Grade 

AD7111AB  Grade 

Parameter 

TA  =  +25°C 

TA  ~~  Tmin»  Tmax 

TA  =  +25-C 

TA  —  TMIN,  TMAX 

Units 

Conditions/Comments 

NOMINAL  RESOLUTION 

0.375 

0.375 

0.375 

0.375 

dB 

ACCURACY  RELATIVE  TO 

0  dB  ATTENUATION 

0.375  dB  Steps: 

Accuracy  =s  ±0.17  dB 

0  to  36 

0  to  36 

Oto  30 

Oto  30 

dB  min 

Guaranteed  Attenuation  Ranges 

Monotonic 

0to54 

Oto  54 

Oto  48 

Oto  48 

dB  min 

for  Specified  Step  Sizes 

0.75  dB  Steps: 
Accuracy  «  ±0.35  dB 

Oto  48 

Oto  42 

Oto  42 

Oto  36 

dB  min 

Monotonic 

0to72 

Oto  66 

Oto  72 

0  to  60 

dB  min 

1.5  dB  Steps: 
Accuracy  £  ±0.7  dB 

Oto  54 

Oto  48 

0  to  48 

Oto  42 

dB  min 

Full  Range  Is  from  0  dB 

Monotonic 

3  O  HR  Stem* 

Accuracy  «  ±  1 .4  dB 

Full  Range 
Oto  66 

Oto  78 
Oto  54 

0  to  85.5 
Oto  60 

Oto  72 
Oto  48 

dB  min 
dB  min 

to  88.5  dB 

Monotonic 
6.0  dB  Steps: 

Accuracy  s=  ±2.7  dB 
Monotonic 

Full  Range 

Oto  72 
Full  Range 

Full  Range 

Oto  60 
Full  Range 

Full  Range 

Oto  60 
Full  Range 

Full  Range 

Oto  48 
Full  Range 

ah  ' 
ud  min 

dB  min 
dB  min 

GAIN  ERROR 

±0.1 

±0.15 

±0.15 

±0.20 

dB  max 

VIN  ilNrU  1  KbMS  1  AINCri 

9/11/15 

9/11/15 

7/11/18 

7/11/18 

kn  min/typ/max 

RFS  INPUT  RESISTANCE 

9.3/11.5/15.7 

9.3/11.5/15.7 

7.3/11.5/18.8 

7.3/11.5/18.8 

kO  min/typ/max 

DIGITAL  INPUTS 

VIH  (Input  High  Voltage) 

2.4 

2.4 

2.4 

2.4 

V  min 

V|L  (Input  Low  Voltage) 

0.8 

0.8 

0.8 

0.8 

V  max 

Input  Leakage  Current 

±10 

±1 

±10 

uJV  max 

Digital  Inputs  =  VDD 

SWITCHING  CHARACTERISTICS' 

tcs 

0 

0 

0 

0 

ns  min 

Chip  Select  to  Write  Setup  Time 

0 

0 

0 

0 

ns  min 
ns  min 

Chip  Select  to  Write  Hold  Time 

57 

57 

57 

57 

Write  Pulse  Width 

tr>s 

25 

25 

25 

25 

ns  min 

Data  Valid  to  Write  Setup  Time 

10 

10 

10 

10 

ns  min 

Data  Valid  to  Write  Hold  Time 

POWER  SUPPLY 

VDD 

+5 

+5 

+  5 

+5 

V 

Data  Inputs  =  VIL  or  VrH 

Idd 

1 

2 

1 

2 

mA  max 

CS  =  WR  =  0  V 

1 

1 

1 

1 

mA  max 

Digital  Inputs  =  0  V  or  VDD; 
See  Figure  6 

NOTE 

'Sample  tested  at  +  25°C  to  ensure  compliance. 

Specifications  subject  to  change  without  notice. 


AC  PERFORMANCE  CHARACTERISTICS  These  characteristics  are  included  for  design  guidance  only  and  are  not  subject 
to  test  VD0  =  +5  V,  V,N  =  -10  V  dc  except  where  noted,  l0UT  =  AGND  =  DGND  =  0  V,  output  amplifier  AD711  except  where  noted. 





AD7111AC  Grade 
TA  =  +25-C  TA  =  TMIN,  TM 


TA 


AD71UAB  Grade 
+25X  TA  =  TMIN,  T„ 


Units 


Conditions/Co 


DC  Supply  Rejection,  AGain/AVDi 
Propagation  Delay 

Digital-to-Analog  Glitch  Impulse 


Output  Capacitance,  Pin  1 

Input  Capacitance,  Pin  15  and  Pin  16 

Feedthrough  at  1  kHz 

Total  Harmonic  Distortion 

Output  Noise  Voltage  Density 

Digital  Input  Capacitance 


0.001 
1 


50 
7 

-94 
-91 

70 
7 


0.005 

,  ,     L5  .  , 


50 

T1' 
-90 
-91 
70 

T 


0.001 
1 


50 
7 

-92 
-91 


0.005 


50 

7 

-90 
-91 
70 

7 


dB  per  %  max 
u.s  max 

nV  sees  typ 


pF  max 
pF  max 
dB  max 
dB  typ 
nV/VHz  max 
pF  max 


AVdd  =  ±  10%,  Input  Code  =  00000000 
Full  Scale  Change  Measured  from 
WR  Going  High,  CS  =  0  V 
Measured  with  AD843  as  Output 
Amplifier  for  Code  Transition 
10000000  to  00000000 
CI  of  Figure  1  is  0  pF 

Vm  =  6  V  rms  at  1  kHz 
Includes  AD711  Amplifier  Noise 


Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  (to  DGND)   +7  V 

VIN  (to  AGND)  ,  ±35  V 

Digital  Input  Voltage  to  DGND  ....  -0.3  V  to  VDD  +  0.3  V 

IOUT  to  AGND  -0.3  V  to  VDO 

VRFB  to  AGND   ±35  V 

AGND  to  DGND   0  to  VDD 

DGND  to  AGND   0  to  VDD 

Power  Dissipation,  DIP  1  W 

6JA,  Thermal  Impedance  U7°C/W 

Lead  Temperature  (Soldering,  lOsecs)  +300°C 

Power  Dissipation,  SOIC  1  W 

8JA,  Thermal  Impedance   75°C/W 

Lead  Temperature  (Soldering) 

Vapor  Phase  (60  sees)  215°C 

Infrared  (15  sees)   220"C 


Power  Dissipation,  LCCC   1W 

6JA,  Thermal  Impedance  76°C/W 

Lead  Temperature  (Soldering,  lOsecs)  +300°C 

Operating  Temperature  Range 

Commercial  (K,  L  Versions)   0°Cto+70°C 

Industrial  (B,  C  Versions)   -40°C  to  +85°C 

Extended  (T,  U  Versions)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 


"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

■ 


ESD  SUSCEPTIBILITY   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still 
occur  on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore, 
proper  precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 


WARNING! 


ORDERING  GUIDES 


AD7111  ORDERING  GUIDE 


• 

AD7111A  ORDERING  GUIDE 



Temperature 
Range 

Specified 
Accuracy 
Range 

Package 
Option2 

Temperal 
Range 

Specified 
Accuracy 
Range 

Package 
Option1 

Model1 

Model 

ure 

AD7111KN 
AD7111BQ 

0°C  to  +70°C 
-40°C  to  +85°C 

0  dB  to  60  dB 
0  dB  to  60  dB 

N-16 
Q-16 

AD7111ABN 

-40°C  to 

+  85°C 

0  dB  to  60  dB 

N-16 

AD7111LN 

0°C  to  +70°C 

0  dB  to  72  dB 

N-16 

AD7111ACN 

-40°C  to 

+  85°C 

0  dB  to  72  dB 

N-16 

AD7111CQ 

-40°Cto  +85°C 

0  dB  to  72  dB 

Q-16 

AD7111ABR 

-40°C  to  +85°C 

0  dB  to  60  dB 

R-16 

AD7111UQ/883B 

-55°C  to  +  125°C 

0  dB  to  72  dB 

Q-16 

AD7111ACR 

-40°C  to  +85°C 

0  dB  to  72  dB 

R-16 

AD7111TE/883B 

-55°Cto  +125°C 

0  dB  to  60  dB 

E-20A 

NOTE 

'N  =  Plastic  DIP;  R  . 
tion  section. 


SOIC.  For  outline  information  see  Package  Informa^ 


iMiim  ton  ra  few  (too  awwt'i' |  f&iM  wt  tMriwfsai  t»  & 
TERMINOLOGY 

RESOLUTION:  Nominal  change  in  attenuation  when  moving 
between  two  adjacent  codes. 

MONOTONICITY:  The  device  is  monotonic  if  the  analog 
output  decreases  (or  remains  constant)  as  the  digital  code 
increases. 

FEEDTHROUGH  ERROR:  That  portion  of  the  input  signal 
which  reaches  the  output  when  all  digital  inputs  are  high.  See 
section  on  Applications. 

OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
the  IOUT  terminal  with  all  digital  inputs  high. 

TOTAL  HARMONIC  DISTORTION:  A  measure  of  the 
harmonics  introduced  by  the  circuit  when  a  pure  sinusoid  is 
applied  to  the  input.  It  is  expressed  as  the  harmonic  energy 
divided  by  the  fundamental  energy  at  the  output. 


NOTES 

'To  order  MIL-STD-883B,  Class  B  processed  parts,  add  /883B  to  part  num- 
ber. Contact  local  sales  office  for  military  data  sheet  and  availability. 
2N  =  Plastic  DIP;  Q  =  Cerdip;  E  =  LCCC;  R  =  SOIC.  For  outline  infor- 
mation  see  Package  Informal  s«tio. 


ACCURACY:  The  difference  (measured  in  dB)  between  the 
ideal  transfer  function  as  listed  in  Table  I  and  the  actual  transfer 
function  as  measured  with  the  device. 

OUTPUT  CAPACITANCE:  Capacitance  from  IOUT  to 
ground. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  The  amount 
of  charge  injected  from  the  digital  inputs  to  the  analog  output 
when  the  inputs  change  state.  This  is  normally  specified  as  the. 
area  of  the  glitch  in  either  pA-secs  or  nV-secs  depending  upon 
whether  the  glitch  is  measured  as  a  current  or  voltage  signal. 
Glitch  impulse  is  measured  with  VIN  =  AGND. 

PROPAGATION  DELAY:  This  is  a  measure  of  the  internal 
delays  of  the  circuit  and  is  defined  as  the  time  from  a  digital 
input  change  to  the  analog  output  current  reaching  90%  of  its 
final  value. 
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PIN  CONFIGURATIONS 


I 

DIP/SOIC 

(V  R>l  0      .  . 


NOTES: 

1-  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 

MEASURED  FROM  10%  TC  

-  »SV,  1,  -  t, 


*  TO  90%  OF  VD0- VDD 


2.  TIMING  MEASUREMENT  REFERENCE  LEVEL 

IS  "'»"'"■  . 

•Ww  NOT  REQUIRED  ON  THE  AD7111A  AS  THE  WR  INPUT 

IS  LEVEL  r  - 


AD711V 
AD7111A 


iotsoo  >ii'i>!< 


3  r,. 

7s]  V. 

3 DGND  4 
Voo 

 '  NC  6 

ID  «  D6  ? 

7l"|  DO(LSB)  D5  „ 

Till  01 
T]  D2 


LCCC 

I  J  S  ««  >» 

3    2     1    10  H 


9    10    11    12  13 


2 

=  NO  CONNECT 


o    z    o  a 


Write  Cycle  Timing 


CIRCUIT  DESCRIPTION 
GENERAL  CIRCUIT  DESCRIPTION 

The  AD7111/AD7111A  consists  of  a  17-bit  R-2R  CMOS  multi- 
plying D/A  converter  with  extensive  digital  logic.  The  logic 
translates  the  8-bit  binary  input  into  a  17-bit  word  which  is  used 
to  drive  the  D/A  converter.  Input  data  on  the  D7-D0  bus  is 
loaded  into  the  input  data  latches  using  CS  and  WR  control  sig- 
nals. When  using  the  AD7111,  the  rising  edge  of  WR  latches 
the  input  data  and  initiates  the  internal  data  transfer  to  the 
decoder.  A  minimum  time  tRpSH,  the  refresh  time,  is  required 
for  the  data  to  propagate  through  the  decoder  before  a  new  data 
write  is  attempted. 

In  contrast,  the  AD7111A  WR  input  is  level  triggered  to  allow 
transparent  operation  of  the  latches  if  required. 

The  transfer  function  for  the  circuit  of  Figure  1  is  given  by: 

.  .  ~_  „;         ,  ,    0.375  N 

Vo  =  -V,N  \0exp  - 


where  0.375  is  the  step  size  (resolution)  in  dB  and  N  is  the 
input  code  in  decimal  for  values  0  to  239.  For  240  £  N  s  255 
the  output  is  zero.  Table  I  gives  the  output  attenuation  relative 
to  0  dB  for  all  possible  input  codes. 


L|NPUTS|         *C,  =  15pF  TYPICAL 

Figure  1.  Typical  Circuit  Configuration 


'  'or 


dB 


= 


20 

-0.375  N 


The  graphs  on  the  last  page  give  a  pictorial  representation  of  the 
specified  accuracy  and  monotonic  ranges  for  all  grades  of  the 
AD7111/AD7111A.  High  attenuation  levels  are  specified  with 
less  accuracy  than  low  attenuation  levels.  The  range  of  mono- 
tonic  behavior  depends  upon  the  attenuation  step  size  used.  For 

Table  I.  Ideal  Attenuation  in  dB  vs.  Input  Code 


D7-D4_ 


0000      0001      0010      OOU  0100 


0101 


0110      0111  1000 


1001  1010 


1011 


1100 


1101 


1110  1111 


0000 
0001 
0010 
0011 


0.0  0.375 

6.0  6.375 

12.0  12.375 

18.0  18.375 


0.75  1.125  1.5 

6.75  7.125  7.5 

12.75  13.125  13.5 

18.75  19.125  19.5 


1.875 
7.875 
13.875 
19.875 


2.25 
8.25 
14.25 
20.25 


2.625  3.0  3.375 

8.625  9.0  9.375 

14.625  15.0  15.375 

20.625  21.0  21.375 


3.75  4.125  4.5 

9.75  10.125  10.5 

15.75  16.125  16.5 

21.75  22.125  22.5 


4.875  5.25  5.625 

10.875  11.25  11.625 

16.875  17.25  17.625 

22.875  23.25  23.625 


0100 
0101 
0110 
0111 


24.0  24.375  24.75  25.125  25.5  25.875 

30.0  30.375  30.75  31.125  31.5  31.875 

36.0  36.375  36.75  37.125  37.5  37.875 

42.0  42.375  42.75  43.125  43.5  43.875 


26.25 
32.25 
38.25 
44.25 


26.625  27.0 

32.625  33.0 

38.625  39.0 

44.625  45.0 


27.375 
33.375 
39.375 
45.375 


27.75  28.125  28.5 

33.75  34.125  34.5 

39.75  40.125  40.5 

45.75  46.125  46.5 


28.875  29.25  29.625 

34.875  35.25  35.625 

40.875  41.25  41.625 

46.875  47.25  47.625 


1000 
1001 
1010 
1011 


48.0  48.375  48.75  49.125  49.5  49.875  50.25  50.625  51.0  51.375 

54.0  54.375  54.75  55.125  55.5  55.875  56.25  56.625  57.0  57.375 

60.0  60.375  60.75  61.125  61.5  61.875  62.25  62.625  63.0  63.375 

66.0  66.375  66.75  67.125  67.5  67.875  68.25  68.625  69.0  69.375 


51.75  52.125  52.5  52.875  53.25  53.625 

57.75  58.125  58.5  58.875  59.25  59.625 

63.75  64.125  64.5  64.875  65.25  65.625 

69.75  70.125  70.5  70.875  71.25  71.625 


1100 
1101 
1110 
1111 


72.0  72.375  72.75  73.125  73.5  73.875  74.25  74.625  75.0  75.375 

78.0  78.375  78.75  79.125  79.5  79.875  80.25  80.625  81.0  81.375 

84.0  84.375  84.75  85.125  85.5  85.875  86.25  86.625  87.0  87.375 

MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE 


76.125  76.5  76.875  77.25  77.625 
82.125    82.5       82.875    83.25  83.625 


75.75 
81.75 

87.75  88.125  88.5  88.875    89.25  89.625 

MUTE  MUTE  MUTE  MUTE  MUTE  MUTE 
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the  entire  88.5  dB  range  it  is  necessary  to  select  input  codes  so 
that  the  attenuation  step  size  at  any  point  is  consistent  with  the 
step  size  guaranteed  for  monotonic  operation  at  that  point. 

EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  2  shows  a  simplified  circuit  of  the  D/A  converter  section 
of  the  AD7111/AD7111A,  and  Figure  3  gives  an  approximate 
equivalent  circuit. 

The  current  source  ILEAkage  is  composed  of  surface  and  junc- 
tion leakages.  The  resistor  R0  as  shown  in  Figure  3  is  the 
equivalent  output  resistance  of  the  device  which  varies  with 
input  code  (excluding  all  Os  code)  from  0.8R  to  2R.  R  is  typi- 
cally 12  kSX  Coux  is  the  capacitance  due  to  the  N  channel 
switches  and  varies  from  about  20  pF  to  50  pF  depending  upon 
the  digital  input.  For  further  information  on  CMOS  multiplying 
D/A  converters,  refer  to  "CMOS  DAC  Application  Guide" 
which  is  available  from  Analog  Devices,  Publication  Number 
G872b-8-l/89. 


UM.   V^X  " 


Figure  2.  Simplified  D/A  Circuit  of  AD71 1 1/AD71 1 1A 


■ 


-ORfb 


11 


9(V|N,  N)  IS  THE  THEVENIN  EQUIVALENT  VOLTAGE  GENERATOR 
DUE  TO  THE  INPUT  VOLTAGE  V)N,  THE  BINARY  ATTENUATION 
FACTOR  N  AND  THE  TRANSFER  FUNCTION  OF  THE  R-2R  LADDER. 

Figure  3.  Equivalent  Analog  Output  Circuit  of  AD71 1 1/ 
AD7111A 


DYNAMIC  PERFORMANCE 

The  dynamic  performance  of  the  AD7111/AD7111A  will  depend 
upon  the  gain  and  phase  characteristics  of  the  output  amplifier, 
together  with  the  optimum  choice  of  PC  board  layout  and 
decoupling  components.  Circuit  layout  is  most  important  if  the 
optimum  performance  of  the  AD7111/AD7111A  is  to  be 
achieved.  Most  application  problems  stem  from  either  poor  lay- 
out, grounding  errors,  or  inappropriate  choice  of  amplifier. 

It  is  recommended  that  when  using  the  AD7111/AD7111A  with 
a  high  speed  amplifier,  a  capacitor  (CI)  be  connected  in  the 
feedback  path  as  shown  in  Figure  1.  This  capacitor,  which 
should  be  between  10  pF  and  30  pF,  compensates  for  the  phase 
lag  introduced  by  the  output  capacitance  of  the  D/A  converter. 


mance  without  CI  is  shown  in  the  middle 
with  CI  in  circuit  shown  in  the  bottom  trace 


response 


MSB 

DATA  CHANGE 


C1  =  OpF 


C1  =15pF 


DATA  CHANGE  FROM  80H  TO  0OH. 

Figure  4.  Response  of  AD71 1 1/AD71 1 1A  with  AD71 1 


I 


sSHs! 


i 


MSB 

DATA  CHANGE 


C1  =  OpF 


C1  =  15pF 


DATA  CHANGE  FROM  80H  TO  00  H. 

Figure  5.  Response  ofAD7111/AD7111A  with  1/2  OP-275 

In  conventional  CMOS  D/A  converter  design,  parasitic  capaci- 
tance in  N-channel  D/A  converter  switches  can  give  rise  to 
glitches  on  the  D/A  converter  output.  These  glitches  result  from 
digital  feedthrough.  The  AD7111/AD7111A  has  been  designed 
to  minimize  these  glitches  as  much  as  possible. 

For  operation  beyond  250  kHz,  capacitor  CI  may  be  reduced  in 
value.  This  gives  an  increase  in  bandwidth  at  the  expense  of  a 
poorer  transient  response  as  shown  in  Figure  5.  In  circuits 
where  CI  is  not  included,  the  high  frequency  roll-off  point  is 
primarily  determined  by  the  characteristics  of  the  output  ampli- 
fier and  not  the  AD7111/AD7111A. 

Feedthrough  and  absolute  accuracy  are  sensitive  to  output  leak- 
age current  effects.  For  this  reason  it  is  recommended  that  the 
operating  temperature  of  the  AD7111/AD7111A  be  kept  as  close 
to  25°C  as  is  practically  possible,  particularly  where  the  device's 
performance  at  high  attenuation  levels  is  important. 

Some  solder  fluxes  and  cleaning  materials  can  form  slightly  con- 
ductive films  which  cause  leakage  effects  between  analog  input 
and  output.  The  user  is  cautioned  to  ensure  that  the  manufac- 
turing process  for  circuits  using  the  AD7111/AD7111A  does  not 
allow  such  films  to  form.  Otherwise  the  feedthrough,  accuracy 
and  maximum  usable  range  will  be  affected. 
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LC2M0S  LOGDAC 
Dual  Logarithmic  D/A  Converter 
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AD7112* 
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FEATURES 

Dynamic  Range:  88.5  dB 
Resolution:  0.375  dB 
On-Chip  Data  Latches  for  Both  DACs 
Four-Quadrant  Multiplication 
+5  V  Operation 
Pin  Compatible  with  AD7528 
Low  Power 

APPLICATIONS 
Audio  Attenuators 
Sonar  Systems 
Function  Generators 


GENERAL  DESCRIPTION 

The  LOGDAC®  AD7112  is  a  monolithic  dual  multiplying  D/A 
converter  featuring  wide  dynamic  range  and  excellent  DAC-to- 
DAC  matching.  Both  DACs  can  attenuate  an  analog  input  signal 
over  the  range  0  to  88.5  dB  in  0.375  dB  steps.  It  is  available  in 
skinny  0.3"  wide  20-pin  DIPs  and  in  20-terminal  surface  mount 
packages. 

The  degree  of  attenuation  in  either  channel  is  determined  by  the 
8-bit  word  applied  to  the  on-board  decode  logic.  This  8-bit  word 
is  decoded  into  a  17-bit  word  which  is  then  loaded  into  one  of 
the  17-bit  data  latches,  determined  by  DACA/DACB.  The  fine 
step  resolution  over  the  entire  dynamic  range  is  due  to  the  use 
of  these  17-bit  DACs. 

The  AD7112  is  easily  interfaced  to  a  standard  8-bit  MPU  bus 
via  an  8-bit  data  port  and  standard  microprocessor  control  lines. 
It  should  be  noted  that  the  AD7112  is  exactly  pin-compatible 
with  the  AD7528,  an  industry  standard  dual  8-bit  multiplying 
DAC.  This  allows  an  easy  upgrading  of  existing  AD7528  designs 
which  would  benefit  both  from  the  wider  dynamic  range  and  the 
finer  step  resolution  offered  by  the  AD7112. 

The  AD7112  is  fabricated  in  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 

•Protected  by  U.S.  Patent  No.  4521764 

LOGDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 


DBO 
DB7 


FUNCTIONAL  BLOCK  DIAGRAM 

!  . 
IRF8A 
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AD7112 


DAC  A/  CS  WR 
DAC  B 


PRODUCT  HIGHLIGHTS 

1.  DAC-to-DAC  Matching:  Since  both  of  the  AD7112  DACs 
are  fabricated  at  the  same  time  on  the  same  chip,  precise 
matching  and  tracking  between  the  two  DACs  is  inherent. 

2.  Small  Package:  The  AD7112  is  available  in  a  20-pin  DIP  and 
a  20-terminal  SOIC  package. 

3.  Fast  Microprocessor  Interface:  The  AD7112  has  bus  interface 
timing  compatible  with  all  modern  microprocessors. 


Cut  I 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD71 12 — SPECIFICATIONS  (Vqq  =  +5  V  ±  5%;  OUT  A  =  OUT  B  =  AGND  =  OGND 

Vm  B  =  10  V.  Output  amplifier  AD712  except  where  stated.  All  specifications  TMIN  to  TMAX  unless  otherwise  noted.) 




Parameter 


C  Version1 
TA  =  TA  = 
25°C 


lMIN>  A  MAX 


25°C 


B  Version 
TA  = 
Tmin>  *k 


Units 


— ;  

Conditions/Comments 


ACCURACY 
Resolution 
Accuracy  Relative  to 
0  dB  Attenuation 
0.375  dB  Steps: 

Accuracy  <  ±0.17  dB 

Monotonic 
0.75  dB  Steps: 

Accuracy  ==  ±0.35  dB 

Monotonic 
1.5  dB  Steps: 

Accuracy  s  ±0.7  dB 

Monotonic 
3.0  dB  Steps: 

Accuracy  s  ±1.4  dB 

Monotonic 
6.0  dB  Steps: 

Accuracy  £  ±2.7  dB 

Monotonic 
Gain  Error 

■ 

Output  Leakage  Current 
OUT  A,  OUT  B 

Input  Resistance, 
VIN  A,  VIN  B 

Input  Resistance  Match 

Feedback  Resistance, 
RFB  A,  RFB  B 
LOGIC  INPUTS 

CS,  WR, 

DAC  A/DAC  B, 

DB0-DB7 
Input  Low  Voltage,  VINL 
Input  High  Voltage,  V,NH 
Input  Leakage  Current 
Input  Capacitance2 


0.375 


0.375 


0  to  36  0  to  36 
0  to  54        0  to  54 


Oto  48 
0to72 


Oto  42 
0  to  66 


0  to  54  0  to  48 

Full  Range  0  to  78 

0  to  66  0  to  54 

Full  Range  Full  Range 


0.375 


0  to  30 
Oto  48 

Oto  42 
Oto  72 

Oto  48 
0  to  85.5 


0.375 


0  to  30 
0  to  48 

Oto  36 
0  to  60 

Oto  42 
0  to  72 


Oto  72 
Full  RanS 
±0.1 


b50 


0  to  60 
Full  Range 
0.15 


0  to  60  0  to  48 

Full  Range  Full  Range 

0  to  60  0  to  60 

Full  Range  Full  Range 

±0.15  ±0.2 


t400 


9/15  9/15 
±1  ±1 

9.3/15.7  9.3/15.7 


±50 

9/15 
±2 

9.3/15.7 


±400 


9/15 


±2 


dB 


dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 

dB  min 
dB  min 
dB  max 


nA  max 
kfl  min/max 


Guaranteed  Attenuation 
Ranges  for  Specified  Step  Sizes. 

I 

... 


Full  Range  Is  0  to  88.5  dB. 


Measured  Using  Rfb  A, 
RFB  B.  Both  DAC  Registers 
Loaded  With  All  0s. 

Typically  12  kfl. 


9. 


0.8 

0.8 

0.8 

0.8 

2.4 

2.4 

2.4 

2.4 

±1 

±10 

±1 

±10 

10 

10 

10 

10 

kfl  min/max 

asi  idt  oj  auB  ii  >..  v:  «m«r 


V  max 

V  min 
|xA  max 
pF  max 


CI  91 


POWER  REQUIREMENTS 


4.75/5.25  4.75/5.25 
2  2 
2  2 


4.75/5.25 

2 

2 


4.75/5.25 

2 

2 


V  min/max 
mA  max 
mA  max 


For  Specified  Performance. 
Logic  Inputs  =  VIL  or  VIH 
Logic  Inputs  =  0  V  or  VDD 


NOTES 

'Temperature  Range  as  follows:  B,  C  Versions:  -40°C  to  +  85°C. 
Guaranteed  by  design,  not  production  tested. 

3The  part  will  function  with  VDD  =  5  V  ±  10%  with  degraded  performance. 
Specifications  subject  to  change  without  notice. 
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TIMING  SPECIFICATIONS1  ol 


=  +5  V  ±  5%;  OUT  A  =  OUT  B  =  AGND  =  DGND  =  0  V;  VIK  A  =  V,.  B  =  10  V) 


T  — 

A       TO  ^ 

T    —  —MVC  tn  -l-JWC 
1  A             *     U  IU  T  OJ  Vj 

T  Ttiite 

units 

VjOnuiiions/v-jUninicnis 

CS  to  WR  Setup  Time 

■  

tcs 

 !  

0 

o 

ns  min 



See  Figure  3. 

CS  to  WR  Hold  Time 

tcH 

0 

0 

ns  min 

DAC  Select  to  WR  Setup  Time 

tAS 

4 

4 

ns  min 

DAC  Select  to  WR  Hold  Time 

tAH 

0 

0 

ns  min 

Data  Valid  to  WR  Setup  Time 

*DS 

55 

55 

ns  min 

■ 

Data  Valid  to  WR  Hold  Time 
WR  Pulse  Width 

•dh 

lWR 

10 

53 

10 

53 

ns  min 
ns  min 

NOTES 

'Timing  specifications  guaranteed  by  design  not  production  tested.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a 
voltage  level  of  1.6  V. 

Specifications  subject  to  change  without  notice. 

AC  PERFORMANCE  CHARACTERISTICS1  <vDD  =  +s  v  ±  s%;  out  a  =  out  b  =  agnd  =  dgnd  =  o  v:  v,„  a  = 

Vm  B  =  10  V.  Output  amplifier  AD712  except  where  noted.) 


TA  = 
+25°C 


TA  = 
-40°C  to 
+85°C 


Units 


Conditions/Comments 


DC  Supply  Rejection  A  Gain/A  VDD 
Digital-to-Analog  Glitch  Impulse 

Output  Capacitance,  CoUT  A,  Cqut  b 
AC  Feedthrough 
VIM  A  to  OUT  A 


VIN  B  to  OUT  B 
Channel-to-Channel  Isolation 
VIN  A  to  OUT  B 

VIN  B  to  OUT  A 


Digital  Feedthrough 
Output  Noise  Voltage  Density 
(30  Hz  to  50  kHz) 

Total  Harmonic  Distortion 


0.001 
10 

50 

-94 

-94 

-87 

-87 

1 

15 


91 


0.005 
10 

50 

-90 

-90 

-87 

-87 

1 

15 
-91 


dB/%  max 
nV  s  typ 

pF  max 

dB  max 

dB  max 

dB  typ 

dB  typ 

nV  s  typ 

nV/VHi  typ 

dB  typ 


A  VDD  =  ±  5%.  Input  Code  =  00000000 
Measured  with  AD843  as  output  amplifier  for  input 
code  transition  10000000  to  00000000 


V,N  A,  VIN  B  =  6  V  rms  at  1  kHz.  DAC 
Registers  loaded  with  all  Is. 


VIN  A  =  6  V  rms  at  10  kHz  sine  wave, 

V,N  B  =  0  V.  DAC  Registers  loaded  with  all  0s. 

VIN  B  =  6  V  rms  at  10  kHz  sine  wave, 

VIN  A  =  0  V.  DAC  Registers  loaded  with  all  0s. 

Measured  with  input  code  transitions  of  all  0s  to  all  Is. 

Measured  between  RFB  A  and  OUT  A  or  between 
RFB  B  and  OUT  B. 

V,N  A  =  Vw  B  =  6  V  rms  at  1  kHz.  DAC 




NOTES 

'Guaranteed  by  design,  not  production  tested. 
Specifications  subject  to  change  without  notice. 


Registers  loaded  with  all  0s. 
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ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND  or  DGND   -0.3  V,  +7  V 

AGND  to  DGND  -0.3  V,  VDD  +  0.3  V 

Digital  Inputs  to  DGND   -0.3  V,  VDD  +  0.3  V 

OUT  A,  OUT  B  to  AGND   -0.3  V,  VDD  +  0.3  V 

Vin  A,  Vw  B  to  AGND  ±25  V 

Vrfb  A,  Vrfb  B  to  AGND  ±25  V 

Operating  Temperature  Range 

All  Versions  -40°C  to  +85°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +  150°C 

Power  Dissipation,  DIP  .  .  1  W 

6JA,  Thermal  Impedance   102°C/W 

ESD  SUSCEPTIBILITY   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still  occur 
on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 


Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation,  SOIC  1W 

8JA,  Thermal  Impedance  75°C/W 

Lead  Temperature  (Soldering) 

Vapor  Phase  (60  sees)  215°C 

Infrared  (15  sees)   220°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  Absolute  Maximum  Rating  may  be  applied  at  any  one  time. 


TERMINOLOGY 

RESOLUTION:  Nominal  change  in  attenuation  when  moving 
between  two  adjacent  codes. 

:)  .<tf  aaV  L  XErr 

MONOTONICITY:  The  device  is  monotonic  if  the  analog  out- 
put decreases  or  remains  constant  as  the  digital  code  increases. 

FEEDTHROUGH  ERROR:  That  portion  of  the  input  signal 
which  reaches  the  output  when  all  digital  inputs  are  high. 

OUTPUT  CAPACITANCE:  Capacitance  from  OUT  A  or 
OUT  B  to  ground. 

GAIN  ERROR:  Gain  error  results  from  a  mismatch  between 
Rfb  (the  feedback  resistance)  and  the  R-2R  ladder  resistance. 
Its  effect  in  a  LOGDAC  is  to  produce  a  constant  additive  atten- 
uation error  in  dB  over  the  whole  range  of  the  DAC. 

ACCURACY:  The  difference  (measured  in  dB)  between  the 
ideal  transfer  function  as  listed  in  Table  I  and  the  actual  transfer 
function  as  measured  with  the  device. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  The  amount  of 
charge  injected  from  the  digital  inputs  to  the  analog  output 
when  the  inputs  change  state.  This  is  normally  specified  as  the 
area  of  the  glitch  in  either  pA-s  or  nV-s  depending  on  whether 
the  glitch  is  measured  as  a  current  or  voltage  signal.  Glitch 
impulse  is  measured  with  VIN  =  AGND. 

ORDERING  GUIDE 


PIN  FUNCTION  DESCRIPTION 


Sn~ 


1 

2 
3 
4 

5 
6 

7-14 

15 

16 

17 

18 

19 

20 




Specified 

Temperature 

Accuracy 

Package 

Model 

Range 

Range 

Option* 

AD7112BN 

-40°C  to  +85°C 

0  dB  to  60  dB 

N-20 

AD7112CN 

-40°C  to  +85°C 

0  dB  to  72  dB 

N-20 

AD7112BR 

-40°C  to  +85°C 

0  dB  to  60  dB 

R-20 

AD7112CR 

-40°C  to  +85°C 

0  dB  to  72  dB 

R-20 

: — 


Mnemonic  Description 


—  


AGND 
OUT  A 
RFB  A 
V,NA 
DGND 
DAC  A/ 
DAC  B 
DB7-DB0 
CS 
WR 
VDD 
V,NB 

RpB  B 

OUTB 




Analog  Ground. 

Current  Output  Terminal  of  DAC  A. 
Feedback  Resistor  for  DAC  A. 


Reference  Input  to  DAC  A 
Digital  Ground. 
Selects  Which  DAC  Can  Accept  Data  from 
Input  Port. 
8  Data  Inputs. 

Chip  Select  Input,  Active  Low. 
Write  Input,  Active  Low. 

Power  Supply  Input  5  V  ±  5%. 

i  jsatKriaroaeH  lursiCI 

Reference  Input  to  DAC  B. 

Feedback  Resistor  for  DAC  B. 

Current  Output  Terminal  of  DAC  B. 

PIN  CONFIGURATION 
DEP/SOIC 


*N  =  Plastic  DIP;  R  = 
tion  section. 


SOIC.  For  outline  information  see  Package  Informa- 


)  DB7  [7 

DBS  [T 

DB5  [7 

DB4  [jo 


  I — 1     TOP  VIEW     1  ,   

daca/dacbL".  (Nottosci.)  m  CS 


jT|  DBO(LSB) 

13]  DB1 

i  DB2 

1l]  DBS 
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CIRCUIT  DESCRIPTION 
GENERAL  CIRCUIT  INFORMATION 

The  AD7112  consists  of  a  dual  17-bit  R-2R  CMOS  multiplying 
D/A  convener  with  extensive  digital  logic.  Figure  1  shows  a 
simplified  circuit  of  the  D/A  converter  section  of  the  AD7112. 
The  logic  translates  the  8-bit  binary  input  into  a  17-bit  word 
which  is  used  to  drive  the  D/A  converter.  Figure  2  shows  a  typi- 
cal circuit  configuration  for  the  AD7112. 

The  transfer  function  for  the  circuit  of  Figure  2  is  given  by: 
Vo  =  -V,N  x  10  exp  — — 

|  dB  =  -0.375  N 

where  0.375  is  the  step  size  (resolution  )  in  dB  and  N  is  the 
input  code  in  decimal  for  values  0  to  239.  For  240  s  N  s  255 
the  output  is  zero.  Table  I  gives  the  output  attenuation  relative 
to  0  dB  for  all  possible  input  codes. 


Figures  16  and  17  give  a  pictorial  representation  of  the  specified 
accuracy  and  monotonic  ranges  for  all  grades  of  the  AD7112. 
High  attenuation  levels  are  specified  with  less  accuracy  than  low 
attenuation  levels.  The  range  of  monotonic  behavior  depends 
upon  the  attenuation  step  size  used.  To  achieve  monotonic  oper- 
ation over  the  entire  88.5  dB  range,  it  is  necessary  to  select 
input  codes  so  that  the  attenuation  step  size  at  any  point  is  con- 
sistent with  the  step  size  guaranteed  for  monotonic  operation  at 
that  point. 


DAC  A/DAC  B 


A1:  1/2AD712 
1/2  OP-275 

OUND 


NOTES 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2.  DATA  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  CI  PHASE  COMPENSATION  <5-15pF)  MAY  Bl 
USING  HIGH  SPEED  AMPLIFIER. 


Figure  2.  Typical  Circuit  Configuration 


u 


,  Table  I.  Ideal  Attenuation  in  dB  vs.  Input  Code 

0000      0001      0010      0011      0100      0101      0110      0111       1000      1001      1010      1011      1100      1101      1110  1111 


0000  0.000     0.375  0.750  1.125  1.500  1.875  2.250  2.625  3.000  3.375  3.750  4.125  4.500 

0001  6.000     6.375  6.750  7.125  7.500  7.875  8.250  8.625  9.000  9.375  9.750  10.125  10.500 

0010  12.000.12.375  12.750  13.125  13.500  13.875  14.250  14.625  15.000  15.375  15.750  16.125  16.500 

0011  18.000    18.375  18.750  19.125  19.500  19.875  20.250  20.625  21.000  21.375  21.750  22.125  22.500 


4.875  5.250  5.625 

10.875  11.250  11.625 

16.875  17.250  17.625 

22,875  23.250  23.625 


0100 
0101 
0110 
0111 


24.000  24.375  24.750  25.125  25.500  25.875  26.250  26.625  27.000  27.375  27.750  28.125  28.500 

30.000  30.375  30.750  31.125  31.500  31.875  32.250  32.625  33.000  33.375  33.750  34.125  34.500 

36.000  36.375  36.750  37.125  37.500  37.875  38.250  38.625  39.000  39.375  39.750  40.125  40.500 

42.000  42.375  42.750  43.125  43.500  43.875  44.250  44.625  45.000  45.375  45.750  46.125  46.500 


28.875  29.250  29.625 

34.875  35.250  35.625 

40.875  41.250  41.625 

46.875  47.250  47.625 


1000 
1001 
1010 
1011 


48.000  48.375  48.750  49.125  49.500  49.875 
54.000  54.375  54.750  55.125  55.500  55.875 
60.000   60.375    60.750   61.125    61.500  61.875 


50.250  50.625  51.000 
56.250  56.625  57.000 
62.250   62.625  63.000 


66.000   66.375    66.750   67.125    67.500   67.875    68.250   68.625  69.000 


51.375  51.750 

57.375  57.750 

63.375  63.750 

69.375  69.750 


52.125  52.500 

58.125  58.500 

64.125  64.500 

70.125  70.500 


52.875  53.250  53.625 

58.875  59.250  59.625 

64.875  65.250  65.625 

70.875  71.250  71.625 


1100 
1101 
1110 
1111 


72.000  72.375  72.750  73.125  73.500  73.875  74.250  74.625  75.000  75.375  75.750  76.125  76.500 

78.000  78.375  78.750  79.125  79.500  79.875  80.250  80.625  81.000  81.375  81.750  82.125  82.500 

84.000  84.375  84.750  85.125  85.500  85.875  86.250  86.625  87.000  87.375  87.750  88.125  88.500 

MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE  MUTE 


76.875    77.250  77.625 

82.875    83.250  83.625 

88.875    89.250  89.625 

MUTE  MUTE  MUTE 
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Both  DAC  latches  share  a  common  8-bit  port.  The  control  input 
DAC  A/DAC  B  selects  which  DAC  can  accept  data  from  the 
input  port. 

Mode  Selection 

Inputs  CS  and  WR  control  the  operating  mode  of  the  selected 
DAC.  See  the  Mode  Selection  Table  below. 

Write  Mode 

When  CS  and  WR  are  both  low  the  DAC  is  in  the  write  mode. 
The  input  data  latches  of  the  selected  DAC  are  transparent  and 
its  analog  output  responds  to  activity  on  DB0-DB7. 

Hold  Mode 

The  selected  DAC  latch  retains  the  data  which  was  present  on 
DB0-DB7  just  prior  to  CS  and  WR  assuming  a  high  state.  Both 
analog  outputs  remain  at  the  values  corresponding  to  the  data  in 
their  respective  latches. 

Mode  Selection  Table 


DAC  A/ 
DACB 

CS 

WR 

DAC  A 

DACB 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

L  =  Low  State,  VIL;  H  =  High  State,  V,H;  X  =  Don't  Care. 


DAC  A/DAC  B 


NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM 
10%  TO  90%  OF  VDD.  tH  =  tF  =  20ns. 

2.  CONTROL  TIMING  MEASUREMENT  REFERENCE  LEVEL  =  (V,H  +  VIL)  /  2 


Figure  3.  Write  Cycle  Timing  Diagram 


gain  anu  pnase  cnaraciensucs  01  me  output  ampimer,  togetner 
with  the  optimum  choice  of  PC  board  layout  and  decoupling 
components.  Circuit  layout  is  most  important  if  the  optimum 
performance  of  the  AD7112  is  to  be  achieved.  Most  application 
problems  stem  from  either  poor  layout,  grounding  errors,  or 
inappropriate  choice  of  amplifier.  Ensure  that  the  layout  of  the 
printed  circuit  board  has  the  digital  and  analog  lines  separated 
as  much  as  possible.  Take  care  not  to  run  any  digital  track 
alongside  an  analog  signal  track.  Establish  a  single  point  analog 
ground  (star  ground)  separate  from  the  logic  system  ground. 
Place  this  ground  as  close  as  possible  to  the  AD7112.  Connect 
all  analog  grounds  to  this  star  ground,  and  also  connect  the 
AD7112  DGND  to  this  ground.  Do  not  connect  any  other  digi- 
tal grounds  to  this  analog  ground  point.  Low  impedance  analog 
and  digital  power  supply  common  returns  are  essential  for  low 
noise  and  high  performance  of  these  converters,  therefore  the 
foil  width  of  these  tracks  should  be  as  wide  as  possible.  The  use 
of  ground  planes  is  recommended  as  this  minimizes  impedance 
paths  and  also  guards  the  analog  circuitry  from  digital  noise. 

It  is  recommended  that  when  using  the  AD71 12  with  a  high 
speed  amplifier,  a  capacitor  (CI)  be  connected  in  the  feedback 
path  as  shown  in  Figure  2.  This  capacitor  which  should  be 
between  5  pF  and  15  pF,  compensates  for  the  phase  lag  intro- 
duced by  the  output  capacitance  of  the  D/A  converter.  Figures  4 
and  5  show  the  performance  of  the  AD7112  using  the  AD712,  a 
high  speed,  low  cost  BIFET  amplifier,  and  the  OP-275,  a  dual 
bipolar/JFET  amplifier  suitable  for  audio  applications.  The  per- 
formance with  and  without  the  compensation  capacitor  is  shown 
in  both  cases.  For  operation  beyond  250  kHz,  capacitor  CI  may 
be  reduced  in  value.  This  gives  an  increase  in  bandwidth  at  the 
expense  of  a  poorer  transient  response  as  shown  in  Figure  7.  In 
circuits  where  CI  is  not  included,  the  high  frequency  roll-off 
point  is  primarily  determined  by  the  characteristics  of  the  out- 
put amplifier  and  not  the  AD7112. 

Feedthrough  and  accuracy  are  sensitive  to  output  leakage  cur- 
rents effects.  For  this  reason  it  is  recommended  that  the  operat- 
ing temperature  of  the  AD71 12  be  kept  as  close  to  25°C  as  is 
practically  possible,  particularly  where  the  devices  performance 
at  high  attenuation  levels  is  important.  A  typical  plot  of  leakage 
current  vs.  temperature  is  shown  in  Figure  11. 

Some  solder  fluxes  and  cleaning  materials  can  form  slightly  con- 
ductive films  which  cause  leakage  effects  between  analog  input 
and  output.  The  user  is  cautioned  to  ensure  that  the  manufac- 
turing process  for  circuits  using  the  AD7112  does  not  allow  such 
films  to  form.  Otherwise  the  feedthrough,  accuracy  and  maxi- 
mum usable  range  will  be  affected. 

STATIC  ACCURACY  PERFORMANCE 

The  D/A  converter  section  of  the  AD7112  consists  of  a  17-bit 
R-2R  type  converter.  To  obtain  optimum  static  performance  at 
this  level  of  resolution  it  is  necessary  to  pay  great  attention  to 
amplifier  selection,  circuit  grounding,  etc. 

Amplifier  input  bias  current  results  in  a  dc  offset  at  the  output 
of  the  amplifier  due  to  current  flowing  in  the  feedback  resistor 
RPB.  It  is  recommended  that  amplifiers  with  input  bias  currents 
of  less  than  10  nA  be  used  (e.g.,  AD712)  to  minimize  this 
offset. 
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Another  error  arises  from  the  output  amplifier's  input  offset 
voltage.  The  amplifier  is  operated  with  a  fixed  feedback  resis- 
tance, but  the  equivalent  source  impedance  (the  AD7112  output 
impedance)  varies  as  a  function  of  the  attenuation  level.  This 
has  the  effect  of  varying  the  noise  gain  of  the  amplifier  thus  cre- 
ating a  varying  error  due  to  amplifier  offset  voltage.  It  is  recom- 
mended that  an  amplifier  with  less  than  50  u,V  of  input  offset  be 
used  (such  as  the  AD712  or  ADOP-07)  in  dc  applications. 
Amplifiers  with  a  large  input  offset  voltage  may  cause  audible 
thumps  in  audio  applications  due  to  dc  output  changes.  The 


AD7112  accuracy  is  specified  and  tested  using  only  the  internal 
feedback  resistor.  Any  Gain  error  (i.e.,  mismatch  of  Rpg  to  the 
R-2R  ladder)  that  may  exist  in  the  AD7112  D/A  converter  cir- 
cuit results  in  a  constant  attenuation  error  over  the  whole  range. 
The  AD7112  accuracy  is  specified  relative  to  0  dB  attenuation, 
hence  gain  trim  resistors  can  be  used  to  adjust  VOUT  =  VIN 
precisely  (i.e.,  0  dB  attenuation)  with  input  code  00000000.  For 
further  information  on  gain  error  refer  to  the  "CMOS  DAC 
Application  Guide"  which  is  available  from  Analog  Devices, 
Publication  Number  G872b-8-l/89. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


DATA  CHANGE 
FROM  OOH  TO  80H 


C1  =  OpF 


C1 = 15pF 


Figure  4.  Response  of  AD7112  with  AD712 
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Figure  6.  Supply  Current  vs.  Logic  Input  Level 


DATA  CHANGE 
FROM  OOH  TO  80 


C1  =OpF 


CI = 15pF 


Figure  5.  Response  ofAD7112  with  OP-275 
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Figure  7.  Frequency  Response  with  AD712  and  OP-275 
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Figure  8.  Distortion  vs.  Frequency 


Figure  11.  Output  Leakage  Current  vs.  Temperature 
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Figure  9.  Feedthrough  vs.  Frequency 
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Figure  10.  Channel-to-Channel  Isolation  vs.  Frequency 
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Figure  12.  Digital-to-Analog  Glitch  Impulse 
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Figure  13.  Noise  Spectral  Density  vs.  Frequency 
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FEATURES 

8-Bit  CMOS  DAC  with  Output  Amplifier 
Operates  with  Single  or  Dual  Supplies 
Low  Total  Unadjusted  Error: 

Less  than  1  LSB  Over  Temperature 
Extended  Temperature  Range  Operation 
liP-Compatible  with  Double  Buffered  Input 
Standard  18-Pin  DIPs  and  20-Terminal  Surface 

Mount  Package  and  SOIC  Package 


GENERAL  DESCRIPTION 

The  AD7224  is  a  precision  8-bit,  voltage-output,  digital-to-analog 
convener  with  output  amplifier  and  double  buffered  interface 
logic  on  a  monolithic  CMOS  chip.  No  external  trims  are  required 
to  achieve  full  specified  performance  for  the  pan. 

The  double  buffered  interface  logic  consists  of  two  8-bit  registers- 
an  input  register  and  a  DAC  register.  Only  the  data  held  in  the 
DAC  register  determines  the  analog  output  of  the  converter. 
The  double  buffering  allows  simultaneous  update  in  a  system 
containing  multiple  AD7224's.  Both  registers  may  be  made 
transparent  under  control  of  three  external  lines,  CS,  WR  and 
LDAC.  With  both  registers  transparent,  the  RESET  line  functions 
like  a  zero  override;  a  useful  function  for  system  calibration 
cycles.  All  logic  inputs  are  TTL  and  CMOS  (SV)  level  compatible 
and  the  control  logic  is  speed  compatible  with  most  8-bit 
microprocessors. 

Specified  performance  is  guaranteed  for  input  reference  voltages 
from  +2V  to  +  12.5V  when  using  dual  supplies.  The  part  is 
also  specified  for  single  supply  operation  using  a  reference  of 
+  10V.  The  output  amplifier  is  capable  of  developing  +  10V 
across  a  2kfi  load. 

The  AD7224  is  fabricated  in  an  all  ion-implanted  high  speed 
Linear  Compatible  CMOS  (LC2MOS)  process  which  has  been 
specifically  developed  to  allow  high  speed  digital  logic  circuits 
and  precision  analog  circuits  to  be  integrated  on  the  same  chip. 


PRODUCT  HIGHLIGHTS 

U  DAC  and  Amplifier  on  CMOS  Chip 

The  single-chip  design  of  the  8-bit  DAC  and  output  amplifier 
is  inherently  more  reliable  than  multi-chip  designs.  CMOS 
fabrication  means  low  power  consumption  (35mW  typical 
with  single  supply). 

2.  Low  Total  Unadjusted  Error 

The  fabrication  of  the  AD7224  on  Analog  Devices  Linear 
Compatible  CMOS  (LC2MOS)  process,  coupled  with  a  novel 
DAC  switch-pair  arrangement,  enables  an  excellent  total 
unadjusted  error  of  less  than  1LSB  over  the  full  operating 
temperature  range. 

3.  Single  or  Dual  Supply  Operation 

The  voltage-mode  configuration  of  the  AD7224  allows  operation 
from  a  single  power  supply  rail.  The  part  can  also  be  operated 
with  dual  supplies  giving  enhanced  performance  for  some 
parameters. 

4.  Versatile  Interface  Logic 

The  high  speed  logic  allows  direct  interfacing  to  most  micro- 
processors. Additionally,  the  double  buffered  interface  enables 
simultaneous  update  of  the  AD7224  in  multiple  DAC  systems. 
The  part  also  features  a  zero  override  function. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Parameter 

K,B,T 
Versions2 

L,C,U 
Versions 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error 
Relative  Accuracy 
Differential  Nonlinearity 
Full  Scale  Error 

Full  Scale  Temperature  Coefficient 
Zero  Code  Error 

Zero  Code  Error  Temperature  Coefficient 

8 

±2 

+  J 

±1 

±3/2 

±20 

±30 

±50 

8 

±1 

±1/2 

±1 

±1 

±20 

±20 

±30 

Bits 

LSBmax 

LSBmax 

LSBmax 

LSBmax 

ppm/°C  max 

mVmax 

|iV/°Ctyp 

VDD  =  +  15V  ±  5%,  Vref  =  +  10V 

Guaranteed  Mono  tonic 

VDD  =  I4Vto  16.5V,  Vref  =  +  10V 

REFERENCE  INPUT 
Voltage  Range 
Input  Resistance 
Input  Capacitance3 

2to(VDD-4) 
8 

100 

2to(VDD-4) 
8 

100 

Vrnin  tO  ^max 

kO  min 
pF  max 

■ 

Occurs  when  DAC  is  loaded  with  all  l  's. 

DIGITAL  INPUTS 

Input  High  Voltage,  ViNH 
Input  Low  Voltage,  VrNL 
Input  Leakage  Current 
Input  Capacitance3 
Input  Coding 

2.4 
0.8 
±1 
8 

Binary 

2.4 
0.8 
±  1 
8 

Binary 

Vrnin 
V  max 
\lA  max 
pF  max 

V1N-0VorVDD 

DYNAMIC  PERFORMANCE 
Voltage  Output  Slew  Rate3 
Voltage  Output  Settling  Time3 
Positive  Full  Scale  Change 
Negative  Full  Scale  Change 
Digital  Feedthrough 
Minimum  Load  Resistance 

2.5 

5 
7 
50 
2 

2.5 

5 
7 
50 
2 

V/u.s  min 

(.is  max 
)j.s  max 
nV  sees  typ 
kli  min 

VreF=  +  I0V;  Settling  Time  to  ±  1/2LSB 
Vref=  +10V;SetUingTimeto±l/2LSB 
Vref  =  0V 
VOUT=  +10V 

POWER  SUPPLIES 
VDD  Range 
Vss  Range 
Idd 

@25°C 

T   -  tnT 
*  min  lu  1  max 

Iss 

@25°C 

TmjntoTmax 

11.4/16.5 
4.5/5.5 

4 

6 

3 
5 

11.4/16.5 
4.5/5.5 

\ 
6 

3 
5 

Vmii/Vmax 
Vmii/Vmax 

mA  max 
mA  max 

mAmax 
mAmax 

■  . 

For  Specified  Performance 
For  Specified  Performance 

Outputs  Unloaded ;  VjN  =  Vtnl  or  VrNH 
Outputs  Unloaded;  ViN  =  ViMLor  Vinh 

Outputs  Unloaded;  VIN  =  V>NL  or  Vnro 
Outputs  Unloaded;  V,N  =  ViNL  or  Vfnh 

SWITCHING  CHARACTERISTICS3  4 
ti 

@25°C 
T  toT 

1  min  l"  »  max 

tjJMVKP  wTTHs  c»  ran  *ii  Wju* 
@25°C 

TmintoTm,, 

@25°C 
@25°C 

TmintoT™, 

t5 

@25°C 
T^-toT^, 

t^ 

@25°C 

TmintoT™, 

90 
90 

0 
0 

0 
0 

90 
90 

10 
10 

90 
90 

90 
90 

0 
0 

0 
0 

90 
90 

10 
10 

ns  min 
nsmin 

ns  min 
ns  min 

ns  min 
ns  min 

nsmin 
ns  min 

ns  min 
ns  min 

ns  min 
ns  min 

■ 

Chip  Select/Load  DAC  Pulse  Width 

Write/Reset  Pulse  Width 

■ 

Chip  Select/Load  DAC  to  Write  Setup  Time 
Chip  Select/Load  DAC  to  Write  Hold  Time 
Data  Valid  to  Write  Setup  Time 
Data  Valid  to  Write  Hold  Time 

NOTES 

'Maximum  possible  reference  voltage. 
^Temperature  ranges  are  as  follows: 

K,  L  Versions:  -40°C  to  +85°C 

B,  C  Versions:  -40°C  to  +85°C 

T,  U  Versions:  -  55°C  to  +  125°C 
'Sample  Tested  at  25°C  by  Product  Assurance  to  ensure  compliance. 
Switching  characteristics  apply  for  single  and  dual  supply  operation 
Specifications  subject  to  change  without  notice. 


■ 

■  ■ 
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AD7224 

DGND  =  OV;  VREF  =  +10V'  unless  otherwise  stated.  All  specifications 


Parameter 

K,B,T 
Versions 

L,C,U 
Versions 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error 
Differential  Nonlinearity 

8 

±2 
±1 

8 

±2 
±1 

Bits 

LSBmax 
LSBmax 

Guaranteed  Monotonic 

I)  I "  T  ' T  " Yl  I  '  I.  T f  '  T  '  TVTT»T  IT 

KhrhKENCh  INrU  1 
Input  Resistance 
Input  Capacitance3 

8 

100 

8 

100 

kft  min 
pFmax 

Occurs  when  DAC  is  loaded  with  all  1  's. 

DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  Vim. 
Input  Leakage  Current 
Input  Capacitance3 
Input  Coding 

2.4 
0.8 
±1 
8 

Binary 

2.4 
0.8 

±1 
8 

Binary 

Vmin 
Vmax 
la  A  max 
pFmax 

■ 

VIN  =  0VorVDD 

DYNAMIC  PERFORMANCE 
Voltage  Output  Slew  Rate4 
Voltage  Output  Settling  Time4 
Positive  Full  Scale  Change 
Negative  Full  Scale  Change 
Digital  Feed  through3 
Minimum  Load  Resistance 

—  2 
5 

20 
50 
2 

2 

91 

■  5 
20 
50 
2 

V/psmin 

u-smax 
UiS  max 
nV  sees  typ 
kftmin 

Settling  Time  to  ±  1/2LSB 
Settling  Time  to  ±  1/2LSB 
Vref  =  0V 

Vmrr  =  +  10V 

T)/~\ W ' TT D  CTTDDT  TCC 

VDD  Range 

TntotoT,™ 

14.25/15.75 

14.25/15.75 

Vjrcin^V  max 

For  Specified  Performance 

4. 

4 

m  A  max 

nnlniifc  T  1  n  J  rmA**A  •  \7—  .  —  \/ ...  „  *-\f  \7_.  _ 

6 

6 

mA  max 

LfUtpuia  uniuducu,  *  IN —  v  INL  UI  *  INH 

Outputs  Unloaded;  V|N  =  VINL  or  VINH 

SWITCHING  CHARACTERISTICS3' 4 

90 

90 

ns  min 

Chip  Select/Load  DAC  Pulse  Width 

90 

90 

ns  min 

@25°C 
T.i.toT™, 

90 
90 

90 
90 

ns  min 
ns  min 

Write/Reset  Pulse  Width 

@25°C 

Tmin  tO  Tmn* 

0 
0 

0 
0 

ns  min 
ns  min 

Chip  Select/Load  DAC  to  Write  Setup  Time 

t4 

@25°C 

@25°CT 

TointoT^ 

@25°C 

Tmin  tO  Tmax 

0 
0 

90 
90 

10 
10 

0 
0 

90 
90 

10 
10 

ns  min 
ns  min 

nsmin 
ns  min 

ns  min 
nsmin 

Chip  Select/Load  DAC  to  Write  Hold  Time 

Data  Valid  to  Write  Setup  Time 

■ 

Data  Valid  to  Write  Hold  Time 

NOTES 

'Maximum  possible  reference  voltage. 
2Temperature  ranges  are  as  follows: 

K,  L  Versions:  -  40°C  to  +  85°C 

B,  C  Versions:  -  40°C  to  +  85°C 

T,  U  Versions:  -  55"C  to  +  125°C 
'Sample  Tested  at  25°C  by  Product  Assurance  to  ensure  c 
'Switching  characteristics  apply  for  single  and  dual  supply  operation. 
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ABSOLUTE  MAXIMUM  RATINGS* 

IMM3III  j-J  n  Mp  I  IMP!  W  t  -    ,*>•■     •  " 

VDD  to  AGND   -0.3V,  +  17V 

VDD  to  DGND  -0.3V,  +  17V 

VDDto  Vss  -0.3V,  +24V 

AGND  to  DGND  .   -0.3V,  VDD 

Digital  Input  Voltage  to  DGND    ....    -0.3V,  VDD  +0.3V 

Vref  to  AGND   -0.3V,  VDD  +  0.3V 

Vout  to  AGND1    Vss,VDD 

Power  Dissipation  (Any  Package)  to  +  75°C    450mW 

Derates  above  75°C  by   6mW/°C 

Operating  Temperature 

Commercial  (K,  L  Versions)   -40°C  to  +85°C 

Industrial  (B,  C  Versions)    -  40°C  to  +  85°C 

Extended  (T,  U  Versions)   -55°C  to  +  125°C 

Storage  Temperature   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +  300°C 

NOTES 

'The  outputs  may  be  shorted  to  AGND  provided  that  the  power  dissipation 
of  the  package  is  not  exceeded.  Typically  short  circuit  current  to  AGND 
is  60mA. 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


ORDERING  GUIDE 


Total 

Model1 

Temperature 
Range 

Unadjusted 
Error  (LSB) 

Package 
Option2 

±  2  max 

IN-10 

AD7224JLN 

—  40  C  to  +  85  C 

±  1  max 

N-18 

A  T~\"7">T  A  V  D 

AU/Zz4Kr 

—  40  L.  to  +  85  C 

±2  max 

P-20A 

AL//Z^4J_.r 

—  40  L.  to  +  85  L. 

±  1  max 

P-20A 

ALI/ZZ4K.K-1 

—  40  L.  to  +  85  L. 

±  2  max 

R-20 

aU  /  ZZ4J_K- 1 

—  4U  \j  to  +  03  \j 

±  1  max 

K-ZU 

AD7224KR-18 

-40°Cto  +85°C 

±2  max 

R-18 

AD7224LR-18 

-40°Cto  +  85°C 

■  V  \j  i.\J    T  O*/  v_« 

R-18 

AD7224BQ 

-40°Cto  +  85°C 

±2  max 

Q-18 

AD7224CQ 

-40°Cto  +85°C 

±  1  max 

Q-18 

AD7224TQ 

-55°Cto  +  125°C 

±2  max 

Q-18 

AD7224UQ 

-55°Cto  +  125°C 

±  1  max 

Q-18 

AD7224TE 

-55°Cto  +  125°C 

±2max 

E-20A 

AD7224UE 

-55°Cto  +  125°C 

±  1  max 

E-20A 

NOTES 

'To  order  MIL-STD-883  processed  parts,  add  /883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet. 

2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded; 
Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information 


DIP/SOIC-18 
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PIN  CONFIGURATIONS 
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ANALOG 
DEVICES 


LC2M0S  Quad  8-Bit  DAC 
with  Separate  Reference  Inputs 


A 

CM 

1 — j 

!5 

FEATURES 

Four  8-Bit  DACs  with  Output  Amplifiers 
Separate  Reference  Input  for  Each  DAC 
|U>  Compatible  with  Double-Buffered  Inputs 
Simultaneous  Update  of  All  Four  Outputs 
Operates  with  Single  or  Dual  Supplies 
Extended  Temperature  Range  Operation 
No  User  Trims  Required 

Skinny  24-Pin  DIP,  SOIC  and  28-Terminal  Surface 
Mount  Packages 

■ 


GENERAL  DESCRIPTION 

The  AD7225  contains  four  8-bit  voltage  output  digital-to-analog 
converters,  with  output  buffer  amplifiers  and  interface  logic  on 
a  single  monolithic  chip.  Each  D/A  converter  has  a  separate 
reference  input  terminal.  No  external  trims  are  required  to 
achieve  full  specified  performance  for  the  part. 

The  double-buffered  interface  logic  consists  of  two  8-bit  registers 
per  channel-an  input  register  and  a  DAC  register.  Control  inputs 
AO  and  Al  determine  which  input  register  is  loaded  when  WR 
goes  low.  Only  the  data  held  in  the  DAC  registers  determines 
the  analog  outputs  of  the  converters.  The  double-buffering 
allows  simultaneous  update  of  all  four  outputs  under  control  of 
LDAC.  All  logic  inputs  are  TTL  and  CMOS  (5V)  level  compatible 
and  the  control  logic  is  speed  compatible  with  most  8-bit 
microprocessors. 

Specified  performance  is  guaranteed  for  input  reference  voltages 
from  +2V  to  +  12.5V  when  using  dual  supplies.  The  part  is 
also  specified  for  single  supply  operation  using  a  reference  of 
+  10V.  Each  output  buffer  amplifier  is  capable  of  developing 
+  10V  across  a  2kft  load. 

The  AD722S  is  fabricated  on  an  all  ion-implanted  high-speed 
Linear  Compatible  CMOS  (LC2MOS)  process  which  has  been 
specifically  developed  to  integrate  high-speed  digital  logic  circuits 
and  precision  analog  circuitry  on  the  same  chip. 


FUNCTIONAL  BLOCK  DIAGRAM 


V„         AGNO  DGNO 


PRODUCT  HIGHLIGHTS 

h  DACs  and  Amplifiers  on  CMOS  Chip 

The  single-chip  design  of  four  8-bit  DACs  and  amplifiers 
allows  a  dramatic  reduction  in  board  space  requirements  and 
offers  increased  reliability  in  systems  using  multiple  converters. 
Its  pinout  is  aimed  at  optimizing  board  layout  with  aU  analog 
inputs  and  outputs  at  one  end  of  the  package  and  all  digital 
inputs  at  the  other. 

2.  Single  or  Dual  Supply  Operation 

The  voltage-mode  configuration  of  the  AD722S  allows  single 
supply  operation.  The  part  can  also  be  operated  with  dual 
supplies  giving  enhanced  performance  for  some  parameters. 

3.  Versatile  Interface  Logic 

The  AD722S  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  The  double-buffered 
interface  allows  simultaneous  update  of  the  four  outputs. 

4.  Separate  Reference  Input  for  Each  DAC 

The  AD7225  offers  great  flexibility  in  dealing  with  input 
signals  with  a  separate  reference  input  provided  for  each 
DAC  and  each  reference  having  variable  input  voltage 
capability. 


This  is  an  ; 


i  at  1-800-446-6212. 
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K.B 

L,C 

P  aranie  tc  r 

Versions2 

Versions1 

T  Version 

U  Version 

Units 

Conditions/Comments 

Resolution 

a 
8 

s 

8 

8 

g 

Total  Unadjusted  Error 

±2 

+  | 

±  / 

Ljd  max 

vDD  = 

=  +15V±5%,VRE 

F  =  +  10V 

Relative  Accuracy 

±  1 

±  1/2 

±  1 

±  1/2 

LSB  max 

Differential  Nonlineanty 

•*-  1 

+.  j 

J 

| 

T  SR  mav 

LJD  llldA 

Guaranteed  Monotonic 

C>*ll    C  -.,,1,.  V 

run  5c ale  error 

±  1 

±  1/2 

±  1 

+  1/2 

LSB  max 

hull  scale  1  emp.  Loelt . 

±  5 

±  5 

±  5 

+  5 

ppm/°C  typ 

vDD  = 

=  14V  to  16.5V,  Vrb 

F  =  +  10V 

Zero  Code  Error  @  25°C 

±  25 

±  IS 

±30 

±20 

±30 

±20 

mV  max 

Zero  Code  Error  Temp  Coeff . 

±30 

±30 

±30 

a  30 

M-VrCtyp 

REFERENCE  INPUT 

Voltage  Range 

2to(VDD  -4) 

2to(VDD  -4) 

2  to  (Vdd  " 

■4)  2t0(VDD-4) 

VnuntoVm,,, 

"  .' 

Input  Resistance 
Input  Capacitance^ 

1 1 
100 

1 1 
100 

1 1 
100 

1 1 

100 

ku  nun 
pF  max 

Occurs  when  each  DAC  is  loaded  with  all  1' 

Channel-to-Channel  Isolation' 

60 

60 

60 

60 

Vref 

=  10Vp-pSincWa( 

e@  10kHz 

AC  Feedthrough* 

-70 

-70 

-70 

-70 

dBmax 

Vref 

=  10V  p-p  Sine  Wave  @  10kHz 

Ulul  I  AL  11N  rU  I  5 

Input  High  Voltage,  Vjnh 

2  4 

2  4 

2  4 

2  4 

Vmin 

Input  Low  Voltage,  Vinl 

0.8 

0.8 

0  8 

0  8 

V  max 

Input  Leakage  Current 

±1 

±1 

±1 

±1 

fxA  max 

V,N  = 

0VorVDD 

Input  Capacitance3 

8 

{mt  \ 

8 

8 

pFmax 

Input  Coding 

Binary 

Binary 

Binary 

Binary 

DYNAMIC  PERFORMANCE 

Voltage  Output  Slew  Rate'  2.5 
Voltage  Output  Settling  Time3 

Positive  Full  Scale  Change  5 

Negative  Full  Scale  Change  5 

Digital  Feedlhrough3  50 

Digital  Crosstalk3  50 

Minimum  Load  Resistance  2 


2.5 

5 
5 

50 








2.5  2.5  V/|ismin 

5  5  u-smax  Vref  =+  10V;Settling  Time  to  ±  1/2 

5  5  u-smax  Vref  =  +  10V;SettlingTimeto  ±  1/2LSB 

50  50  nV  sees  typ  Code  transition  all  0's  to  all  l's. 

50  50  nVsecstyp  CodetransiuonallO'stoall  l's. 

J  I  kOmin  Vout;=+10V  

11.4/16.5  V„^/V™,  For  Specified  Performance 

12  mAmax  Outputs  Unloaded;  VIN  =  VnjLOrVnm 

">  mAmax  Outputs  Unloaded;  V,N  =  Vm.  or  V1NH 


POWER  SUPPLIES 
VDDRange 
Idd 
Iss 


11.4/16.5  11.4/16.5  11.4/16.5 

10  10  12 

9   9  10 


25X 
T^ioT, 


CHARACTERISTICS3-4 

95 

„  120 


T^T 
(ff  25°C 

TmintoT™, 


95 
150 

0 
0 

0 
0 


95 
150 

0 
0 

0 
0 


nsmin  Write  Pulse  Width 

nsmin 


nsmin  Address  to  Write  Setup  Time 
ns  min 

nsmin  Address  to  Write  Hold  Time 
nsmin 


<&25-C 
T„i„toT„ 


70 
90 


70 
90 


70 
90 


70 
90 


nsmin  Data  Valid  to  Write  Setup  Time 


<&25«C 
T^toT^ 

ft 

<&25X 
T„i„toT™ 


10 
10 


10 
10 


,20 




10 
10 


95 
150 
—  


10 
10 





95 
150 


Data  Valid  to  Write  Hold  Time 


nsmin  Load  DAC  Pulse  Width 

nsmin 




NOTES 

Maximum  possible  reference  voltage. 
^Temperature  ranges  are  as  follows: 

K,  L  Versions:  -WC  to  +  »FC 

B.  C  Veruons:  -VTC  to  +85*C 

T,  U  Versions:  -  55"C  to  +  125*0 
'Sample  Tested  at  25°C  to  ensure  compliance. 

'Switching  characteristics  apply  for  single  and  dual  supply  operation. 
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AD7225 


(V 

SINGLE  SUPPLY  i 00 

=  +15V  ± 

5%;  Vjj  = 

AGND  = 

9  DGNO  = 

OV;  VMF  =  +10V 

unless  otherwise  stated.  All  specifications 

E  otherwise 



K,B 

L,C 

Parameter 

Versions2 

Versions3 

T  Version 

U  Version 

Units 

Conditions/ Comments 

STATIC  PERFORMANCE 

* 

Resolution 

8 

8 

8 

8 

Bits 

Total  Unadjusted  Error3 

±2 

±1 

±2 

LSBmax 

Differential  Nonlinearity3 

*l 

±1 

±  i 

±  1 

LSBmax 

Guaranteed  Monotonic 

REFERENCE  INPUT 

Input  Resistance 

11 

11 

u 

11 

kll  min 

Input  Capacitance4 

100 

100 

100 

100 

pF  max 
dB  min 

Occurs  when  each  DAC  is  loaded  with  all  1  's. 

Channel- to -Channel  Isolation*'4 

60 

60 

60 

60 

vref     10V  p-p  bine  Wave  (a  lUkrlz 

AC  Feed  through 3,4 

-70 

-70 

-70 

-70 

dB  max 

Vref  =  10Vp-pSineWave(a  10kHz 

DIGITAL  INPUTS 

Input  High  Voltage,  ViNH 

2.4 

2.4 

2.4 

2.4 

Input  Low  Voltage,  V[nl 

0.8 

0.8 

0.8 

0.8 

Vmax 

Input  Leakage  Current 

±1 

±1 

±1 

m     ±i   i  i 

jjlA  max 

Vim  =  OVorVrtr, 
»  IN           w  IJ1   •  DD 

Input  Capacitance4 

8 

8 

q 

.   '8  >'• 

pF  max 

Input  Coding 

Binary 

Binary 

Binary 

Binary 

nVW*  JU  Wf  DCD  CAD  M  A  KT/~E 

Voltage  Output  Slew  Rate4 

2 

2 

2 

2 

V  j  i  c  m  i  n 

V  1  Illlll 

Voltage  Output  Settling  Time4 

Positive  Full  Scale  Change 

5 

5 

5 

5 

(j_s  max 

Settling  Time  to  ±  I/2LSB 

Negative  Full  Scale  Change 

7 

7 

7 

7 

jjls  max 

Settling  Time  to  ±  1/2LSB 

Digital  Fcedthrough3,4 

50 

50 

50 

50 

nV  sees  typ 

Code  transition  all  0's  io  all  1  's 

Digital  Crosstalk3  4 

50 

50 

50 

50 

nV  sees  typ 

Code  transition  all  0's  to  all  1  *s. 

Minimum  Load  Resistance 

2 

2 

2 

2 

kfl  min 

Vout  =  +  10V 

POWER  SUPPLIES 

VDD  Range 

14.25/15.75 

14.25/15 

75 

14.25/15.75  14.25/15.75 

V   JW  . 

*  min'  Y  max 

For  Specified  Performance 

Idd 

10 

10 

12 

mA  max 

Outputs  Unloaded;  V,N  =  VINL  or  Vinh 

SWITCHING  CHARACTERISTICS4 

—  

l» 

(&25X 

95 

95 

95 

95 

ns  min 

Write  Pulse  Width 

120 

120 

150 

150 

ns  min 

@25°C 

0 

0:. 

0 

0 

ns  min 

Address  to  Write  Setup  Time 

T^toT™ 

0 

0 

0 

0 

ns  min 

@25°C 

0 

0 

0 

ns  min 

Address  to  Write  Hold  Time 

„toTm 


70 


70 
90 


<a25X 
T^toT.^ 

@25°C 

TmifitoTnu,  . 


10 


10 


10  10  10 

95  95  95 


70 
90 


10 
10 


120 


120 


150 


95 
150 




iperation. 


ns  min 

nsmin  Data  Valid  to  Write  Setup  Time 

Data  Valid  to  Write  Hold  Time 
nsmin 

nsmin          Load  DAC  P 



possible  reference  voltage, 
s  are  as  follows: 
-4WC  IO  +85"C 
-40-Clo  +85°C 
-55-C.O  +125-C 


iture  rangi 
K,  L  Versions: 
B,  C  Versions: 
T,  V  Versions: 


c  Tested  n  25°C  to  ensure  compliance. 
'Switching  characteristics  apply  for  single  and  dual  supply 
Specifications  subject  to  change  without  notice. 




1 1  _ : 





ORDERING  GUIDE 


 1 



Total 

Total 

Model1 

Temperature 

Unadjusted 

Package 

Temperature 

Unadjusted 

Package 

Error 

Option2 

Model1 

Range 

Error 

Option2 

AD7225KN 

-40°Cto+85°C 

±2LSB 

N-24 

AD7225BQ 

-40°Cto+85°C 

±2  LSB 

Q-24 

AD7225LN 

-40<€to+85°C 

±1LSB 

N-24 

AD7225CQ 

-40°Cto+85°C 

±  1  LSB 

Q-24 

AD7225KP 

-40°Cto+85°C 

±2  LSB 

P-28A 

AD7225TQ 

-55°Cto  +  1250C 

±2  LSB 

Q-24 

AD7225LP 

-40°Cto+85°C 

±1LSB 

P-28A 

AD7225UQ 

-55°Cto  +  125°C 

±1LSB 

Q-24 

AD7225KR 

-40°Cto+85°C 

±2  LSB 

R-24 

AD7225TE 

-55°cto  +  i25°c 

±2  LSB 

E-28A 

AD7225LR 

-40°Cto+85°C 

±1LSB 

R-24 

AD7225UE 

-55°Cto  +  125°C 

±1LSB 

E-28A 

NOTES 

'To  order  MIL-STD-883  processed  parts,  add  /883B  to  pan  number. 
Contact  your  local  sales  office  for  military  data  sheet. 


2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  c 
Information  section. 
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ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND   -0.3V,  +  17V 

VDDtoDGND  ,  -0.3V,  +  17V 

VDDto  Vss  -0.3V,  +24V 

AGND  to  DGND   -0.3V,  VDD 

Digital  Input  Voltage  to  DGND   -0.3V,  VDD  + 0.3V 

Vref  to  AGND  -0.3V,  VDD+0.3V 

Vout  to  AGND1   Vss,  VDD 

Power  Dissipation  (Any  Package)  to  +75°C    500m  W 

Derates  above  75°C  by  2.0mW/°C 

Operating  Temperature 

Commercial  (K,  L  Versions)   -40°C  to  +85°C 

CAUTION  


Industrial  (B,  C  Versions)    -40°C  to  +  85°C 

Extended  (T,  U  Versions)   -  55°C  to  +  125°C 

Storage  Temperature  —  65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)    +  300°C 

NOTES 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  sections  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 

'Outputs  may  be  shorted  to  any  voltage  in  the  range  Vss  to  VDD  provided 
that  the  power  dissipation  of  the  package  is  not  exceeded.  Typical  short 
circuit  current  for  a  short  to  AGND  or  Vss  is  50mA. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


DIP  and  SOIC 


PIN  CONFIGURATIONS 
LCCC 


PLCC 


AD7225 
TOP  VIEW 
(Not  to  Scale) 


NC  =  NO  CONNECT  o     O    D     Z  S 


yWUl^ljsjLwjhsJ 

CO      CD      CO      ^      CD       CD  CO 


25j  v„« 

m]  v„,„ 

is]  ao 

22]  NC 

z7|  Al 

20|  WR 

is]  DB0ILSBI 


TERMINOLOGY 

TOTAL  UNADJUSTED  ERROR 

Total  Unadjusted  Error  is  a  comprehensive  specification 
which  includes  full  scale  error,  relative  accuracy,  and  zero 
code  error.  Maximum  output  voltage  is  Vref  —  1LSB  (ideal), 
where  1  LSB  (ideal)  is  VreF/256.  The  LSB  size  will  vary 
over  the  Vref  range.  Hence  the  zero  code  error  will,  relative 
to  the  LSB  size,  increase  as  Vref  decreases.  Accordingly,  the 
total  unadjusted  error,  which  includes  the  zero  code  error, 
will  also  vary  in  terms  of  LSB's  over  the  Vref  range.  As  a 
result,  total  unadjusted  error  is  specified  for  a  fixed  reference 
voltage  of  +  10V. 

RELATIVE  ACCURACY 

Relative  Accuracy  or  end-point  nonlinearity  is  a  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  end-points  of  the  DAC  transfer  function.  It  is  measured 
after  allowing  for  zero  code  error  and  full  scale  error  and  is 
normally  expressed  in  LSB's  or  as  a  percentage  of  full  scale 


■ 


■ 


DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  difference  between  the 
measured  change  and  the  ideal  1LSB  change  between  any 
t  codes.  A  specified  differential  nonlinearity  of 


NC  =  NO  CONNECT  O 


I 

±  1LSB  max  over  the  operating  temperature  range  ensures 
monotonicity. 

DIGITAL  FEEDTHROUGH 

Digital  Feedthrough  is  the  glitch  impulse  transferred  to  the 
output  of  the  DAC  due  to  a  change  in  its  digital  input  code. 
It  is  specified  in  nV  sees  and  is  measured  at  Vref  =  0V. 

DIGITAL  CROSSTALK 

Digital  Crosstalk  is  the  glitch  impulse  transferred  to  the 
output  of  one  converter  (not  addressed)  due  to  a  change  in 
the  digital  input  code  to  another  addressed  converter.  It  is 
specified  in  nV  sees  and  is  measured  at  Vref=  QV. 

AC  FEEDTHROUGH 

AC  Feedthrough  is  the  proportion  of  reference  input  signal 
which  appears  at  the  output  of  a  converter  when  that  DAC  is 
loaded  with  all  0's. 

CHANNEL-TO-CHANNEL  ISOLATION 

Channel-to-channel  isolation  is  the  proportion  of  input  signal 
from  the  reference  of  one  DAC  (loaded  with  all  l's)  which 
appears  at  the  output  of  one  of  the  other  three  DACs  (loaded 
with  all  0's).  The  figure  given  is  the  worst  case  for  the  three 
other  outputs  and  is  expressed  as  a  ratio  in  dBs. 

FULL  SCALE  ERROR 

Full  Scale  Error  is  defined  as: 

Measured  Value  -  Zero  Code  Error  -  Ideal  Value 
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Quad  8-Bit  D/A  Converter 


AD7226 




FEATURES 

Four  8-Bit  DACs  with  Output  Amplifiers 
Skinny  20-Pin  DIP,  SOIC  and  20-Terminal 

Surface  Mount  Packages 
Microprocessor  Compatible 
TTL/CMOS  Compatible 
No  User  Trims 

Extended  Temperature  Range  Operation 
Single  Supply  Operation  Possible 

■ 

APPLICATIONS 
Process  Control 
Automatic  Test  Equipment 

Automatic  Calibration  of  Large  System  Parameters, 
e.g.,  Gain/Offset 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7226  contains  four  8-bit  voltage-output  digital-to-analog 
conveners,  with  output  buffer  amplifiers  and  interface  logic  on 
a  single  monolithic  chip.  No  external  trims  are  required  to 
U  specified  performance  for  the  part. 


Separate  on-chip  latches  are  provided  for  each  of  the  four  D/A 
converters.  Data  is  transferred  into  one  of  these  data  latches 
through  a  common  8-bit  TTL/CMOS  (5V)  compatible  input 
port.  Control  inputs  AO  and  Al  determine  which  DAC  is  loaded 
when  WK  goes  low.  The  control  logic  is  speed-compatible  with 
most  8-bit  microprocessors. 

Each  D/A  converter  includes  an  output  buffer  amplifier  capable 
of  driving  up  to  5mA  of  output  current.  The  amplifiers'  offsets 
are  laser-trimmed  during  manufacture,  thereby  eliminating  any 
requirement  for  offset  nulling. 

Specified  performance  is  guaranteed  for  input  reference  voltages 
from  +  2V  to  +  12.5V  with  dual  supplies.  The  part  is  also  specified 
for  single  supply  operation  at  a  reference  of  +  10V. 

The  AD7226  is  fabricated  in  an  all  ion-implanted  high  speed 
Linear  Compatible  CMOS  (LC2MOS)  process  which  has  been 
specifically  developed  to  allow  high  speed  digital  logic  circuits 
and  precision  analog  circuits  to  be  integrated  on  the  same  chip. 


Vss        AGND  DGND 


PRODUCT  HIGHLIGHTS 

1.  DAC-to-DAC  Matching 

Since  all  four  DACs  are  fabricated  on  the  same  chip  at  the 
same  time,  precise  matching  and  tracking  between  the  DACs 
is  inherent. 

2.  Single  Supply  Operation 

The  voltage  mode  configuration  of  the  DACs  allows  the 
AD7226  to  be  operated  from  a  single  power  supply  rail. 

3.  Microprocessor  Compatibility 

The  AD7226  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  All  latch  enable  signals 
are  level  triggered. 

4.  Small  Size 

Combining  four  DACs  and  four  op-amps  plus  interface  logic 
into  20-pin  DIP  or  SOIC  or  a  20-terminal  surface  mount 
package  allows  a  dramatic  reduction  in  board  space  require- 
ments and  offers  increased  reliability  in  systems  using  multiple 
converters.  Its  pinout  is  aimed  at  optimizing  board  layout 
with  all  the  analog  inputs  and  outputs  at  one  end  of  the 
package  and  all  the  digital  inputs  at  the  other. 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7226 -SPECIFICATIONS 

Dual 


Parameter 


(V„  =  11.4V  to  16.5V;  Va  =  -5V  ±10%;  AGND  = 
All  specifications  TMH  to  TM 


DGND  =  0V;  Vbet  =  2V  to  (VDD  -4V)'  unless  otherwise  stated. 


K,  B.TVersions2    ,  Units 


Conditions/Comments 


STATIC  PERFORMANCE 


8 

±2 


VDD  =  +  15V  ±  5%,  Vref  -  +  10V 


Relative 
Differem 
Full  Scale  Error 
Full  Scale  Ti 
Zero  Code  Error 

Zero  Code  Error  Temperature  Coefficient 


earity  ±  1 

±11/2 


:30 
:50 


LSB  max 
LSBmax 
LSB  max 
LSBmax 

ppm/°C  typ         VDD  =  14V  to  16.5V,  Vref  =  +  10V 
mVmax 
uV/°Ctyp 


Guaranteed  Monotonic 

*  DD  = 


REFERENCE  INPUT 
Voltage  Range 
Input  Resistance 
Input  Capacitance3 

2to(VDD-4) 

"*-[     °|2  La. 

65 
300 

VnuNtoVMAX 

kflmin 

pFmin              Occurs  when  each  DAC  loaded  with  all  0's. 
pF  max              Occurs  when  each  DAC  loaded  with  all  1  's . 

DIGITAL  INPUTS 

InamqtupB  *e»T  atfamoiuA 

Input  High  Voltage,  Vfnh 

2.4 

Vmin 

Input  Low  Voltage,  Viml 

0.8 

Vmax                                       M«tK>\nto3  ,K* 

Input  Leakage  Current 

±1 

u.A  max              Vm  =  OV  or  VDD 

Input  Capacitance 

8 

pF  max 

Input  Coding 

Binary 

DYNAMIC  PERFORMANCE 
Voltage  Output  Slew  Rate4 
Voltage  Output  Settling  Time4 
Positive  Full  Scale  Change 
Negative  Full  Scale  Change 
Digital  Crosstalk 
Minimum  Load  Resistance 


2.5 

5' 

7  •'■ 

50 

2 




V/usmin 

(is  max 
ixsmax 
nV  sees  typ 
kflmin 


Vref: 
Vref  I 

 Vqut — 


+  10V;  Settling  Time  to  ±  1/2LSB 
+  10V;  Settling  Time  to  ±  1/2LSB 


+  10V 







POWER  SUPPLIES 
VDD  Range 
Idd 


11.4/16.5 
13 


Vmin/Vmax 
mAmax 


Iss 

11 

SWITCHING  CHARACTERISTICS4'5 



Address  to  Write  Setup  Time,  tAS 

@25°C 

0 

ns  min 

Tmin  to  Tmax 

0 

nsmin 

Address  to  Write  Hold  Time,  tjm 

@25°C 

10  . 

nsmin 

Twin  to  Tmax 

10 

nsmin 

Data  Valid  to  Write  Setup  Time,  tDS 

@25°C 

90 

Tmin  to  Tmax 

100 

nsmin 

Data  Valid  to  Write  Hold  Time,  tDH 

@25°C 

10 

nsmin 

Tmtn  to  Tmax 

10 

nsmin 

Write  Pulse  Width,  twR 

@25°C 

150 

nsmin 

Tmtn  to  Tmax 

200 

nsmin 

For  Specified  Performance 
Outputs  Unloaded;  Vm  =  '  . 
OutputsUnloaded;VIN  =  Vn< 


 INL  


NOTES 

'Maximum  possible  reference  voltage. 
2Temperature  ranges  are  as  follows: 

K  Version:  -40°C  to +85<C 

B  Version:  -  40°C  to  +  85°C 

T  Version:  -  55°C  to  +  US°C 
'Guaranteed  by  design.  Not  production  tested. 
4Sample  Tested  at  25^C  to  ensure  compliance. 

^Switching  Characteristics  apply  for  both  single  and  dual  supply  operation. 
Specifications  subject  to  change  without  notice. 


■ 
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Cm«la  C.m«l„(V»»  =  +15V±5%  Vss 
dingle  dUppiy  All  specifications  TMIN  to  T, 


AGND  =  DGND  =  0V;  VREF  +10V'  unless  otherwise  stated. 
MU  unless  otherwise  noted.) 


AD7226 


Parameter 

K,B,T  Versions2 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error 
Differential  Nonlinearity 

I 

1 

"  2 

2 
_i  . 

Bits 

LSBmax 
LSBmax 

Guaranteed  Monotonic 

REFFRFNCF  INPUT 

llipuL  IxCMaldllCC 

2 

Kl  l  mm 

Input  Capacitance3 

OJ 

pF  min 

Occurs  when  each  DAC  loaded  with  all  0*s. 

300 

pF  max 

Occurs  when  each  DAC  loaded  with  all  l's. 

HTfilTAT  tWPTTTC: 

L  s  l  VJ 1  1  /l  1..  11^1  U  1  «> 

Input  High  Voltage,  Vtnh 

tv>as'<  . 

2.4 

• 

V  min 

Input  Low  Voltage,  Vinl 

i 

0.8 

Vmax 

input  JLiCdKdgc  vjUireni 

±1 

u,A  max 

vin  —  uv  or  vdd 

Input  Capacitance 

0 
0 

pr  max 

Input  Coding 

Binary 

DYNAMIC  PERFORMANCE 

Voltage  Output  Slew  Rate4 

V/u.s  min 

Voltage  Output  Settling  Time4 

Positive  Full  Scale  Change 

5 

u.s  max 

Settling  Time  to  ±  1/2LSB 

Negative  Full  Scale  Change 

20 

b 

u.s  max 

Settling  Time  to  ±  1/2LSB 

Digital  Crosstalk 

50 

nV  sees  typ 

Minimum  Load  Resistance 

2 



k(!  min 

Vour  =  +  10V 

POWER  SUPPLIES 
VDD  Range 

Ipp  


14.25  to  15.75 
13 


Vmin/V  max 
mAmax 


For  Specified  Performance 
Outputs  Unloaded;  VIN  =  V, 


INL 


NOTES 

'Maximum  possible  reference  voltage. 
"Tempera  rure  ranges  are  as  follows: 

K  Version:  -  4CC  to  +  85°C 

B  Version:  -40°Cto+85°C 

T  Version:  -55°Cto  +  125°C 
'Guaranteed  by  design.  Not  production  tested. 
'Sample  Tested  at  25°C  to  ensure  compliance. 
'Switching  Characteristics  apply  for  both  singlt 
Specifications  subject  to  ( 


■ 

■ 

■ 


and  dual  supply  operation. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vdd  t°  AGND  -0.3V,  +  17V 

VDD  to  DGND  -0.3V,  +  17V 

VSs  to  AGND   -7V,  VDD 

VSs  to  DGND   -7V,VDD 

VddIoVss  -0.3V,  +24V 

AGND  to  DGND   -0.3V,  VDD 

Digital  Input  Voltage  to  DGND    ....    -0.3V,  VDd  +0.3V 

VrefWAGND   -0.3V,  VDD 

Vout  to  AGND1  Vss,  VDD 

Power  Dissipation  (Any  Package)  to +75°C    500mW 

Derates  above  75°C  by  2.0mW/°C 

Operating  Temperature 

Commerical  (K  Version)   -  40°C  to  +  85°C 


Industrial  (B  Version)   -  40°C  to  +  85°C 

Extended  (T  Version)  -55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +  300°C 

NOTES 

'Outputs  may  be  shorted  to  AGND  provided  that  the  power  dissipation  of  the 
package  is  not  exceeded.  Typically  short  circuit  current  to  AGND  is  60mA . 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


CAUTION   .  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING! 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-117 


ORDERING  GUIDE 


■ 


Temperature 
Range 

Total 

Unadjusted 

Package 

Model1 

Error 

Option2 

AD7226KN 
AD7226KP 
AD7226KR 

-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto  +85°C 

±2LSB 
±2LSB 
±2LSB 

N-20 

P-20A 

R-20 

AD7226BQ 
AD7226TQ 
AD7226TE 

-40°Cto+85°C 
-55°Cto  +  125°C 
-55<>Cto  +  125°C 

+  2LSB 
±2LSB 
±2LSB 

Q-20 
Q-20 
E-20A 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /S83B  to  part  number. 

Contact  your  local  sales  office  for  military  data  sheet.  ForU.S.  Standard 

Military  Drawing  (SMD),  see  DESC  drawing  #5962-87802. 
2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 

Chip  Carrier;  Q  =  Cerdip;R  =  SOIC.  For  outline  information  see 

Package  Information  section. 


TERMINOLOGY 


TOTAL  UNADJUSTED  ERROR 

This  is  a  comprehensive  specification  which  includes  full-scale 
error,  relative  accuracy  and  zero  code  error.  Maximum  output 
voltage  is  VreF  -  1  LSB  (ideal),  where  1  LSB  (ideal)  is  VreF/256. 
The  LSB  size  will  vary  over  the  VreF  range.  Hence  the  zero 
code  error  will,  relative  to  the  LSB  size,  increase  as  VreF  decreases. 
Accordingly,  the  total  unadjusted  error,  which  includes  the  zero 
code  error,  will  also  vary  in  terms  of  LSB's  over  the  VreF  range. 
As  a  result,  total  unadjusted  error  is  specified  for  a  fixed  reference 
voltage  of  +  10V. 

RELATIVE  ACCURACY 

Relative  Accuracy  or  end-point  nonlinearity,  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
end-points  of  the  DAC  transfer  function.  It  is  measured  after 
allowing  for  zero  and  full-scale  error  and  is  normally  expressed 
in  LSB's  or  as  a  percentage  of  full-scale  reading. 


DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

DIGITAL  CROSSTALK 

The  glitch  impulse  transferred  to  the  output  of  one  converter 
due  to  a  change  in  the  digital  input  code  to  another  of  the  con- 
verters. It  is  specified  in  nV  sees  and  is  measured  at  VreF=0V. 

FULL-SCALE  ERROR 

Full-Scale  Error  is  defined  as: 
Measured  Value  -  Zero  Code  Error  -  Ideal  Value. 


DIP,  SOIC 


PIN  CONFIGURATIONS 
LCCC 


- 

PLCC 


>s   I  |  J  J 


AGNO  5 
D6ND  6 


9    ID   11    12  13 

q   o  o   a  a 


AD7Z26 
TOP  VIEW 
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LC2M0S 
Octal  8-Bit  DAC 


AD7228A 


FEATURES 

Eight  8-Bit  DACs  with  Output  Amplifiers 
Operates  with  Single  or  Dual  Supplies 
u.P  Compatible  (95ns  WR  Pulse) 
No  User  Trims  Required 

Skinny  24-Pin  DIPs,  SOIC,  and  28-Terminal  Surface 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7228A  contains  eight  8-bit  voltage-mode  digital-to-analog 
converters,  with  output  buffer  amplifiers  and  interface  logic  on 
a  single  monolithic  chip.  No  external  trims  are  required  to 
achieve  full  specified  performance  for  the  part. 

Separate  on-chip  latches  are  provided  for  each  of  the  eight  D/A 
converters.  Data  is  transferred  into  the  data  latches  through  a 
common  8-bit  TTL/CMOS  (5V)  compatible  input  port.  Address 
inputs  AO,  Al  and  A2  determine  which  latch  is  loaded  when 
WR  goes  low.  The  control  logic  is  speed  compatible  with  most 
8-bit  microprocessors. 


PRODUCT  HIGHLIGHTS 

1.  Eight  DACs  and  Amplifiers  in  Small  Package 

The  single-chip  design  of.  eight  8-bit  DACs  and  amplifiers 
allows  a  dramatic  reduction  in  board  space  requirements  and 
offers  increased  reliability  in  systems  using  multiple  converters. 
Specified  performance  is  guaranteed  for  input  reference  voltages  Its  pinom  is  at  optimizing  board  layout  with  all  analog 


from  +  2  to  +  10V  when  using  dual  supplies.  The  part  is  also 
specified  for  single  supply  +  15V  operation  using  a  reference  of 
+  10V  and  single  supply  +  5V  operation  using  a  reference  of 
+  1.23V.  Each  output  buffer  amplifier  is  capable  of  developing 
+  10V  across  a  2kfl  load. 

The  AD7228A  is  fabricated  on  an  all  ion-implanted,  high-speed, 
Linear  Compatible  CMOS  (LC2MOS)  process  which  has  been 
specifically  developed  to  integrate  high-speed  digital  logic  circuits 


inputs  and  outputs  at  one  side  of  the  package  and  all  digital 
inputs  at  the  other. 

Single  or  Dual  Supply  Operation 

The  voltage-mode  configuration  of  the  DACs  allows  single 
supply  operation  of  the  AD7228A.  The  part  can  also  be 
operated  with  dual  supplies  giving  enhanced  performance  for 
some  parameters. 

Microprocessor  Compatibility 

The  AD7228A  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  All  latch  enable  signals 
are  level  triggered  and  speed  compatible  with  most  high- 
performance  8-bit  microprocessors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7228A— SPECIFICATIONS 

nnsi   Pimm         =  10  W  to  16-5V=  vss  =  -5V  ±10%;  GMD  =  fN;Sm  =  +2V  to  +10V'; 
DUAL  oUrrLY  \  =  2Mi,  d  =  IMpF  unless  otherwise  stated.)  All  specifications  U,  to  T™,  unless 


Parameter 

AB 

Version2 

AC 

Version 

AT 

Version 

AU 

Version 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error3 
Relative  Accuracy 
Differential  Nonlinearity 
Full-Scale  Error4 
Zero  Code  Error 
@25°C 

Tmio  tO  Tnruu, 

Minimum  Load  Resistance 

8 

±2 
♦  1 
±1 

8 

+ 1 

±1/2 

±1 

±1/2 

8 

±2 
±1 
±1 
±1 

8 

±  1 
±1/2 

±1/2 

Bits 

LSBmax 
LSBmax 
LSBmax 
LSBmax 

Vnn  =  +  15V  ±  10%,  Vrpf  =  +  10V 

Guaranteed  Monotonic 

Typical  tempco  is  5ppm/°C  with  Vref-  +  10V 
Typical  tcmpco  is  30uV/°C 
Vout=+10V 

±25 
±30 
2 

±  15 
±20 
2 

±25 
±30 
2 

±  15 
±20 
2 

mVmax 
mVmax 
kflmin 

2  to  10 

2  to  10 

2  to  10 

2  to  10 

V^toV^ 

500 
-70 

2 

500 

-70 

2  I 

500 

-70 

2 

500 
-70 

kflmin 
pFmax 
dBtyp 

Input  Resistance 
Input  Capacitance5 
AC  Feed  thro  ugh 

Occurs  when  each  DAC  is  loaded  with  all  Is. 
Vref  =  8V  p-p  Sine  Wave  @  10kHz/ 

DIGITAL  INPUTS 

Input  High  Voltage,  VWH 
Input  Low  Voltage,  Vim. 
Input  Leakage  Current 
Input  Capacitance5 
Input  Coding 

2.4 
0.8 
±1 

B 

Binary 

2.4 
0.8 
±1 
8 

Binary 

2.4 
0.8 
±1 

6 

Binary 

2.4 
0.8 

0 

Binary 

Vmin 
Vmax 
u.Amax 

VIN  =  0VorVDD 

DYNAMIC  PERFORMANCE5 
Voltage  Output  Slew  Rate 
Voltage  Output  Settling  Time 

Pncif ThiiII               PK^n op 

ruaiuvc  r  ujj- jc«uc  Vjii^ngc 
Negative  Full-Scale  Change 

Digital  Feed  through 

Digital  Crosstalk6 

2 
5 

Li* — Ll£ 

50 
50 

2 

5 
5 

50 
50 

2 

5 
5 

50 
50 

2 

5 
5 

50 
50 

V7u.smin 

\XmS  max 
M  S  max 
nV  sees  typ 
nVsecs  typ 

V.. —  a-  10.V-  S(*rilifit>Tim*>rn  +  1/71  *»R 

V  RJ^p  —      i    1U  V  j  OClLLUlg  J,  11IIC  IU  —  1/iLJD 

Vref  =  +  10V;  Settling  Time  to  ±  1/2LSB 

Code  transition  all  0s  to  all  Is.  VREF  =  0V;  WR  -  VDD 

Code  transition  all  0s  to  all  Is.  VreF=  +  10V;  WR  -  0V 

POWER  SUPPLIES 
Vdd  Range 
Vss  Range 
Idd 

@25°C 

TmintoT^u, 

— '  i  '  

10.8/16.5 
-4.S/-5.5 

16 
20 

10.8/16.5 
-4.5/-5.5 

16 

20 

■ 

14 
18 

10.8/16.5 
-4.5/- 5.5 

16 

22 

10.8/16.5 
-4.5/-S.5 

16 

22 

VminA^nuu, 

mA  max 
mA  max 

For  Specified  Performance 
For  Specified  Performance 
Outputs  Unloaded;  Vim  =  Vjnl or  Vinh 

Iss 
@25°C 
T^toT™, 

14 
18 

T  J!JU<  i< 
14 
20 

14 
20 

mA  max 
mA  max 

Outputs  Unloaded;  VtN  =  V(NL  or  Vinh 

 !  !  

,=  +  15V  ±  10%,  Vjs  =  GMD  =  OV;  Vrtj  =  +inv:Rl  =  2Mi,CL=100pF 
s  To*  to  T^,  unless  otherwise  noted. 


STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error3 
Differential  Nonlinearity 
Minimum  Load  Resistance 




8 

±1 

i '  '  - 


a  

i  g 

±2 
±1 

SKJKW  Mi  1 


±2 
±1 
2 


8 

±1 
±1 
2 


Bits 

LSBmax 
LSBmax 
kflmin 


Guaranteed  Monotonic 
VOUt=+10V 


REFERENCE  INPUT 
Input  Resistance 
Input  Capacitance5 


2 

500 


2 

500 


2 

500 


2 

500 


kflmin 
pFmax 


 L 


when  each  DAC 






ri.h  all  is. 


DIGITAL  INPUTS 


As  per  Dual  Supply  Specifications 





- 
- 


DYNAMIC  PERFORMANCE5 
Voltage  Output  Slew  Rate 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital  Feedthrough 
Digital  Crosstalk6 


5 
7 
50 
50 


■J.  siqi 
7. 
50 
50 


V/u.smin 

lis  max 
us  max 
nVsecs  typ 
nVsecs  typ 


Settling  Time  to  ±  1/2LSB 
Settling  Time  to  ±  1/2LSB 

Code  transition  all  0s  to  all  Is.  Vref  =  0V;WR  =  VDD 
Code  transition  all  Ostoall  Is.  VreF=  +  10V;  WR»0V. 


POWER  SUPPLIES 
Vdd  Range 
Idd 


T„i„toT„ 


13.5/16.5 


13.5/16.5 


16 

20 


13.5/16.5 


16 

22 


13.5/16.5 


Vmiit/V  mm 

mA  max 
mA  max 


For  Specified  Performance 

Outputs  Unloaded;  Vin  =  Vml  or  VINH 


NOTES 

'vout  must  be  leu  than  VDD  by  3.5V  lo  ensure  correct 
'Temperature  ranges  are  as  follows: 

AB,  C  Versions;  -40°C  to  +  85°C 

AT,  U  Versions;  -  55^  to  +  125°C 
*Total  Unadjusted  Error  includes  zero  code  error,  relative  accuracy  and 


'Sample  tested  at  25°C  to  ensure  compliance. 

*The  glitch  impulse  transferred  to  the  output  of  one  converter  (not  addressed) 
due  to  a  change  in  the  digital  input  code  to  another  addressed  converter. 
'Single  +  5V  operation  is  also  possible  with  degraded  performance  (see  Figure  14). 
nge  without  notice. 


5-720   DIGITAL-TO-ANALOG  CONVERTERS 


REV.O 


AD7228A 


+  5V  SUPPLY  OPERATION^ 


0to-5V±10%,  6M0  =  W,VW=  +1i5¥,Rl=an.Ci=1«lpF 
sUtDT^unfc 


p*"m"" 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 
Full-Scale  Error 
Zero  Code  Error 

@25X 

T^toT^ 

REFERENCE  INPUT 


Reference  Input  Resistance 
Reference  Input  Capacitance 


POWER  REQUIREMENTS 
Positive  Supply  Range 
Positive  Supply  i 

@25°C 
T^toT™, 


AD7228AB 


8 

±2 
±1 
±4 

±30 
±40 


1.2 
1.3 
2 

500 


4.75/5.25 


@25°C 
T„i,toT„ 


14 
18 


AD7228AC 


±2 
±1 
±2 

±20 
±30 


1.2 
1.3 
2 

500 


4.75/5.25 


AD7228AT 


±2 
±4 


±30 
±40 


1.2 
1.3 
2 

500 


4.75/5.25 


AD7228AU 


±2 
±1 
±2 

±20 
±30 


1.2 
1.3 
2 

500 


4.75/5.25 


Units 


Bits 

LSBmax 
LSBmax 
LSBmax 

mV  max 
mV  max 


Vmin 
Vmax 
kflmin 
pFmax 


V  min/V  max 

uAmax 
uAmax 

^Amax 
u.Amax 


la/Coi 


Guaranteed  Monotonic 


nts 






For  Specified  Performance 


i*oi ;  fMudi* AOS  van 


NOTES 
All  other 


it  per  Dual  Supply  Specifications  except  for  negative  full-scale  settling-time  when  VSs  =  OV. 


SWITCHING  CHARACTERISTICS1' 2  (see 


Figures  l.iVj,,  =  +5V  ±  5% or  +10.8¥to  +16.5V;Vss  =  Wor  -5V  ±10%) 


Parameters 

Limit  at  25X 
All  Grade. 

Limit  at  T^,  Th, 
(K.L.B.C  Grade.) 

Limit  at  T_i.,T„ 
(T,U  Grades) 

Unit. 

Cond^Co  ,. 

'i 

0 

1  crm  +  oj  yot- 

»<  -i~ 

Address  to  WR  Setup  Time 

«i 

0 

0 

nsmin 

Address  to  WR  Hold  Time 

tj 

70 

90  ' 

too 

ns  min 

Data  Valid  to  WR  Setup  Time 

u 

10 

10 

10 

nsmin 

Data  Valid  to  WR  Hold  Time 

tj 

95 

120 

150 

nsmin 

Write  Pulse  Width 

NOTES 

'Sample  letted  at  25°C  to  eat 
'Timing  measurement  reference  level 


.  _J  input  rise  and  fall  times  measured  from  10%  to  90%  of  +  5V,  tB  =  tP  =  5ns. 


INTERFACE  LOGIC  INFORMATION 

Address  lines  AO,  Al  and  A2  select  which  DAC  accepts  data 
from  the  input  port.  Table  I  shows  the  selection  table  for  the 
t  DACs  with  Figure  1  showing  the  input  control  logic, 
i  the  WR  signal  is  low,  the  input  latch  of  the  selected 
DAC  is  transparent,  and  its  output  responds  to  activity  on  the 
data  bus.  The  data  is  latched  into  the  addressed  DAC  latch  on 
the  rising  edge  of  WR.  While  WR  is  high,  the  analog  outputs 
remain  at  the  value  corresponding  to  the  data  held  in  their 
respective  latches. 


AD7228A  Control  Inputs 

AD7228A 

WR  A2 

Al 

AO 

Operation 

H  X 

X 

X 

No  Operation 
Device  Not  Selected 

L  L 

L 

L 

DAC  1  Transparent 

f  L 

L 

L 

DAC  1  Latched 

L  L 

L 

H 

DAC  2  Transparent 

L  L 

H 

L 

DAC  3  Transparent 

L  L 

H 

H 

DAC  4  Transparent 

L  H 

L 

L 

DAC  5  Transparent 

L  H 

L 

H 

DAC  6  Transparent 

L  H 

H 

L 

DAC  7  Transparent 

L  H 

H 

H 

DAC  8  Transparent 

H-HighState   L-LowState  X-Don'tCare 

Table  I.  AD7228A  Truth  Table 


Figure  2.  Write  Cycle  Timing  Diagram 
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-  to  GND   -0.3V,  VDD 

VourtoGND1   Vss,  VDD 

Power  Dissipation  (Any  Package)  to  +75°C   lOOOmW 

Derates  above  75°C  by  2.0mW/°C 

Operating  Temperature 

Commercial   -40°C  to +85°C 

Industrial   -40°Cto+85°C 

Extended  -55°Cto  +  125°C 


that  the  power  dissipation  of  the  package  is  not  exceeded.  Typical  short 
circuit  current  for  a  short  to  GND  or  VSs  is  50mA . 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 

for  extended 


CAUTION:   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


PIN  CONFIGURATIONS 


ORDERING  GUIDE 


DIP,  SOIC 


K 

VOUT8 

[I 

VOUT7 

U 

VOUT6 

K 

VOUT5 

E 

VOUT4 

E 

VOUT3 

E 

VOUT2 

VOUT1 

e 

vss 

0° 

GND 

01 

AD7228A 

TOP  VIEW 
(Not  I 


M]  AO 
23]  A1 
H]  A2 

|T]  wr 

2(j]  DBO(LSB) 
l|]  DB1 
ItF]  DB2 
17]  DB3 
1?]  0B4 
15]  DB5 
iT]  DB6 
13]  DB7  (MSB) 


■ 

Model1 

Temperature 
Range 

Total 

Unadjusted 

Package 
Option2 

AD7228ABN 

-40°Cto  +  85°C 

±2  max 

N-24 

AD7228ACN 

-40°Cto+85°C 

±  1  max 

N-24 

AD7228ABP 

-40°Cto+85°C 

±2  max 

P  98A 
r-£.orv 

AD7228ACP 

-40°Cto+85°C 

±  1  max 

P-28A 

AD7228ABR 

-40°Cto-r85°C 

±2  max 

R-24 

AD7228ACR 

-40°Cto+85°C 

±  1  max 

R-24 

AD7228ABQ 

-40°Cto+85°C 

±2  max 

Q-24 

AD7228ACQ 

-40°Cto+85°C 

±  1  max 

Q-24 

AD7228ATQ3 

-55°Cto  +  125°C 

±2  max 

Q-24 

AD7228AUQ3 

-55°Cto  +  125°C 

±lmax 

Q-24 

VOUT6 

E 

VOUT5 

E 

VOUT4 

E 

NC 

E 

VOUT3 

E 

VOUT2 

VOUT1 

E 

PLCC 

E  Ji  _a   O    a  n 


AD7228A 

TOP  VIEW 
(Not  to  Scale) 


[I2j[v3j[l4]|l5jtl6j|l7j|l8j 
co     u.    q     cj  to  m 

>«   S  z   z  g   g  g 
NC  =  NO  CONNECT 


25j  WR 
24]  DBO 
23]  OB1 
5]  NC 
il]  DB2 
20]  DBS 
19]  DB4 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number.  Contact  your  local  sales  office  for  military  data  sheet  and 
availability. 

*N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC); 
Q  =  Cerdip;  R  =  Small  Outline  1C  (SOIC).  For  outline  information  see 
Package  Information  section. 

'These  grades  will  be  available  to  /883B  processing  only. 

■ 
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12-Bit  Serial  Mini-DIP  DACPORT 





AD7233 


FEATURES 

12-Bit  CMOS  DAC  with 
On-Chip  Voltage  Reference 
Output  Amplifier 
-5  V  to  +5  V  Output  Range 
Serial  Interface 
300  kHz  DAC  Update  Rate 
Small  Size  :  8-Pin  Mini-DIP 
Nonlinearity  :  ±1/2  LSB  Tmln  to  T, 
Low  Power 

APPLICATIONS 


BLOCK  DIAGRAM 


Process  Control 

Industrial  Automation 

Digital  Signal  Processing  Systems 


2R 

I — vw- 


i  iT^^N-hJ  12-bit 

I  12 


2R 

-VW—i 


DAC 
LATCH 


6gnd 

■ 


GENERAL  DESCRIPTION 

The  AD7233  is  a  complete  12-bit,  voltage-output,  digital-to- 
analog  converter  with  output  amplifier  and  Zener  voltage  refer- 
ence all  in  an  8-pin  package.  No  external  trims  are  required  to 
achieve  full  specified  performance.  The  data  format  is  2s  com- 
plement, and  the  output  range  is  -5  V  to  +5  V. 

The  AD7233  features  a  fast,  versatile  serial  interface  which 
allows  easy  connection  to  both  microcomputers  and  16-bit  digi- 
tal signal  processors  with  serial  ports.  When  the  SYNC  input  is 
taken  low,  data  on  the  SDIN  pin  is  clocked  into  the  input  shift 
register  on  each  falling  edge  ofSCLK.  On  completion  of  the 
16-bit  data  transfer,  bringing  LDAC  low  updates  the  DAC  latch 
with  the  lower  12  bits  of  data  and  updates  the  output.  Alterna- 
tively, LDAC  can  be  tied  permanently  low,  and  in  this  case  the 
DAC  register  is  automatically  updated  with  the  contents  of  the 
shift  register  when  all  sixteen  data  bits  have  been  clocked  in. 
The  serial  data  may  be  applied  at  rates  up  to  5  MHz  allowing  a 
DAC  update  rate  of  300  kHz. 

For  applications  which  require  greater  flexibility  and  unipolar 
output  ranges  with  single  supply  operation,  please  refer  to  the 
AD7243  data  sheet. 

The  AD7233  is  fabricated  on  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed-technology  process.  It  is  pack- 
aged in  i 


INPUT  SHIFT 
REGISTER  SpVSS 

I        1  t 


VOUT 





SDIN   SCLK  SYNC  LDAC 


PRODUCT  HIGHLIGHTS 

1.  Complete  12-Bit  DACPORT® 

2.  The  AD7233  is  a  complete,  voltage  output,  12-bit  DAC  on  a 
single  chip.  This  single-chip  design  is  inherently  more  reli- 
able than  multichip  designs. 

3.  Simple  3- Wire  Interface  to  Most  Microcontrollers  and  DSP 
Processors. 

4.  DAC  Update  Rate-300  kHz. 

5.  Space  Saving  8-Pin  Package. 


DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7233— SPECIFICATIONS 


1  (Vqq  =  +12  V  to  +15  V,2  Vjs  =  -12  V  to  -15  V,2  GND=  0  V,  RL  =  2  kft, 
CL  =  100  pF  to  GND.  All  specifications  Tmin  to  Tm„  unless  otherwise  noted.) 


Parameter 

STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy3 
Differential  Nonlinearity3 
Bipolar  Zero  Error3 
Full-Scale  Error3 
Full-Scale  Temperature  ( 


12 
±1 
±0.9 
±6 


12 

±1/2 
±0.9 
±6 


Units 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 

ppm  of  FSR/°C  typ 


Test  Conditions/Con 


Guaranteed  Monotonic 
DAC 





DIGITAL  INPUTS 
Input  High  Voltage,  V!NH 
Input  Low  Voltage,  VINL 
Input  Current 
Iin 

Input  Capacitance4 


2.4 


■  Viml  0.8 


2.4 
0.8 


V  min 

V  max 

uA  max 
pF  max 


J.,r  .»>     '        *  :-liO 

Vra  =  0  V  to  VDD 

HlC-JfttM  1 i»9-8  !  sxi3  HmH 


ANALOG  OUTPUTS 
Output  Voltage  Range 
DC  Output  Impedance 


 :_ 


±5 
0.5 


±5 
0.5 


V 

Otyp 


r=^T  oi  M ,.,T  BfcJ  S\f  *•  :  v'i'wnftnoW 


AC  CHARACTERISTICS4 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse3 
Digital  Feedthrough3 


u.s  max 
u.s  max 
nV  sees  typ 
nV  sees  typ 


Settling  Time  to  Within  ±1/2  LSB  of  Final  Value 
Typically  3  (is;  DAC  Latch  100.  .  .000  to  011.  .  .111 
Typically  5  u.s;  DAC  Latch  011,  .  .111  to  100.  .  .000 
DAC  Latch  Contents  Toggled  Between  All  0s  and  all  Is 


LDAC  =  High 




For  Specified  Performance  Unless  Otherwise  Stated 
For  Specified  Performance  Unless  Otherwise  Stated 
Output  Unloaded;  Typically  7  mA 
Output  Unloaded;  Typically  2  mA 


POWER  REQUIREMENTS 
VDD  Range 
Vss  Range 
Idd 

Iss 


+  10.8/+16.5 

-10.8/-16.5 

10 

4 


+  11. 4/+ 15.75 

-11.4/-15.75 

10 

4 


V  min/V  max 

V  min/V  max 
mA  max 
mA  max 


NOTES 

'Temperature  Ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C. 
2Power  Supply  Tolerance:  A  Version:  ±10%;  B  Version:  ±5%. 
'See  Terminology. 

'Sample  tested  @  25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


SYNC 


- 

n  n  m 


/    DB,s    y  V    °Em    V    08,2    V   DB11  V  V    no,  V 

YON  T  CARE ABON'T  CARE  ADON  TCARaAl>ON  TCAREi_     MSB       \  11   A  A 


DBO 
LSB 


LDAC 





r 


— 


Figure  3.  AD7233  Timing  Diagram 


■ 
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AD7233 


timimp  ruADnrTCDiCTirc1- 2  ff"  =  +10:8  v  10  +165  v' Vss  =  "10-8  v  10  "16-5  v' GND  =  0  V|  Rl  =2  ka 

I  ImlNu  UflAKAU I LKIol  lUo      CL  =100  pF.  All  Specifications  Tmin  to  Tma):  unless  otherwise  noted.) 


Parameter 


Limit  at  2S°C 
(All  Versions) 


Limit  at  Tmia,  T„ 
(All  Versions) 


Units 


Conditions/Comments 


t.3 

200 

k 

- 

50 

120 

u 

10 

h 

100 

u 

0 

h 

50 

h 

0 

200 

50 

190 

10 

100 

0 

50 

0 


ns  nun 
ns  min 
ns  min 
ns  min 
ns  min 
nsmin 
ns  min 

ns  min 




SCLK  Cycle  Time 


SYNC  to  SCLK  Falling  Edge  Setup  Time 
SYNC  to  SCLK  Hold  Time 
Data  Setup  Time 

Data  Hold  Time  

SYNC  High  to  LDAC  Low 
LDAC  Pulse  Width 


LDAC  High  to  SYNC  Low 


NOTES 

'Sample  tested  at  25°C  to  ensure  compliance.  AU  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a 
2See  Figure  3. 

'SCLK  Mark/Space  Ratio  range  is  40/60  to  60/40. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  GND  -0.3  V  to  + 17  V 

VsstoGND   +0.3  V  to -17  V 

Vqut1  to  GND  -6  V  to  VDD  +0.3  V 

Digital  Inputs  to  GND    -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)   -40°C  to  +85°C 

Storage  Temperature  Range   —  65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  i 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 

TERMINOLOGY 

RELATIVE  ACCURACY  (LINEARITY) 

Relative  accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
maximum  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints  of  the  transfer  func- 
tion. It  is  measured  after  allowing  for  zero  and  full-scale  errors 
and  is  expressed  in  LSBs  or  as  a  percentage  of  full-scale  reading. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

BIPOLAR  ZERO  ERROR 

Bipolar  zero  error  is  the  voltage  measured  at  Voux  when  the 
DAC  is  loaded  with  all  0s.  It  is  due  to  a  combination  of  offset 
errors  in  the  DAC,  amplifier  and  mismatch  between  the  internal 
gain  resistors  around  the  amplifier. 


NOTE 

'The  output  may  be  shorted  to  voltages  in  this  range  provided  the  power  dis- 
sipation of  the  package  is  not  exceeded.  Short  circuit  current  is  typically 
80  mA. 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  .the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
ions  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


FULL-SCALE  ERROR 

Full-scale  error  is  a  measure  of  the  output  error  when  the  ampli- 
fier output  is  at  full  scale  (full  scale  is  either  positive  or  negative 
full  scale). 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE 

This  is  the  voltage  spike  that  appears  at  the  output  of  the  DAC 
when  the  digital  code  in  the  DAC  latch  changes  before  the  out- 
put settles  to  its  final  value.  The  energy  in  the  glitch  is  specified 
in  nV  sees,  and  is  measured  for  an  all  codes  change  (0000  0000 
0000  to  1111  1111  1111). 

DIGITAL  FEEDTHROUGH 

This  is  a  measure  of  the  voltage  spike  that  appears  on  Voux  as  a 
result  of  feedthrough  from  the  digital  inputs  on  the  AD7233.  It 
is  measured  with  LDAC  held  high. 
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Positive  Supply  (+ 12  V  to  +15  V). 

Serial  Clock,  Logic  Input.  Data  is  clocked  into  the  input  register  on  each  falling  SCLK  edge. 
Serial  Data  In,  Logic  Input.  The  16-bit  serial  data  word  is  applied  to  this  input. 

Data  Synchronization  Pulse,  Logic  Input.  Taking  this  input  low  initializes  the  internal  logic  in  readiness  for 
a  new  data  word. 

Load  DAC,  Logic  Input.  Updates  the  DAC  output.  The  DAC  output  is  updated  on  the  falling  edge  of  this 
signal,  or  alternatively  if  this  line  in  permanently  low,  an  automatic  update  mode  is  selected  whereby  the 
DAC  is  updated  on  the  16th  falling  SCLK  pulse. 
Ground  pin  =  0  V. 

Analog  Output  Voltage.  This  is  the  buffered  DAC  output  voltage  (-5  V  to  +5  V). 
Negative  Supply  (-12  V  to  -15  V). 





DD 


I  

SCLK  I  2 

SDIN  |  3 
SYNC  |~7" 


AD7233 

TOP  VIEW 
(Not  to  Scale) 


T|v0UT 

GND 


TJldac 
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ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model 

Range 

Accuracy 

Option* 

AD7233AN 

-40°C  to  +85°C 

±1  LSB 

N-8 

AD7233BN 

-40°Cto  +85°C 

±1/2  LSB 

N-8 

*N  =  Plastic  DIP.  For  outline  information  see  Package 
Information  section. 


- 


■ 


■ 


3-72f5   DIGITAL-TO-ANALOG  CONVERTERS 


REV.O 








AD7237A/AD7247A 


FEATURES 

Complete  Dual  12-Bit  DAC  Comprising 
Two  12-Bit  CMOS  DACs 
On-Chip  voltage  Reference 
Output  Amplifiers 
Reference  Buffer  Amplifiers 


FUNCTIONAL  BLOCK  DIAGRAMS 

V. 


Improved  AD7237/AD7247: 

12  V  to  15  V  Operation 

Faster  Interface  -30  ns  typ  Data  Setup  Time 
Parallel  Loading  Structure:  AD7247A 
(8+4)  Loading  Structure:  AD7237A 
Single  or  Dual  Supply  Operation 
Low  Power  -  165  mW  typ  in  Single  Supply 


GENERAL  DESCRIPTION 

The  AD7237A/AD7247A  is  an  enhanced  version  of  the  industry 
standard  AD7237/AD7247.  Improvements  include  operation 
from  12  V  to  15  V  supplies,  faster  interface  times  and  better 
reference  variations  with  VDD.  Additional  features  include  faster 
settling  times. 

The  AD7237A/AD7247A  is  a  complete,  dual,  12-bit,  voltage 
output  digital-to-analog  converter  with  output  amplifiers  and 
Zener  voltage  reference  on  a  monolithic  CMOS  chip.  No  exter- 
nal user  trims  are  required  to  achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  interface  logic.  The  AD7247A  accepts  12-bit  parallel 
data  which  is  loaded  into  the  respective  DAC  latch  using  the 
WR  input  and  a  separate  Chip  Select  input  for  each  DAC.  The 
AD7237A  has  a  double  buffered  interface  structure  and  an  8-bit 
wide  data  bus  with  data  loaded  to  the  respective  input  latch  in 
two  write  operations.  An  asynchronous  LDAC  signal  on  the 
AD7237A  updates  the  DAC  latches  and  analog  outputs. 

A  REF  OUT/REF  IN  function  is  provided  which  allows  either 
the  on-chip  5  V  reference  or  an  external  reference  to  be  used  as 
a  reference  voltage  for  the  part.  For  single  supply  operation,  two 
output  ranges  of  0  to  +5  V  and  0  to  + 10  V  are  available,  while 
these  two  ranges  plus  an  additional  ±5  V  range  are  available 
with  dual  supplies.  The  output  amplifiers  are  capable  of  devel- 
oping + 10  V  across  a  2  kfl  load  to  GND. 

The  AD7237A/AD7247A  is  fabricated  in  Linear  Compatible 
CMOS  (LC2MOS),  an  advanced,  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
Both  parts  are  available  in  a  24-pin,  0.3"  wide  plastic  and  her- 
metic dual-in-line  package  (DIP)  and  are  also  packaged  in  a 
24-lead  small  outline  (SOIC)  package. 

DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 


PRODUCT  HIGHLIGHTS 

1.  The  AD7237A/AD7247A  is  a  dual  12-bit  DACPORT®  on  a 
single  chip.  This  single  chip  design  and  small  package  size 
offer  considerable  space  saving  and  increased  reliability  over 
multichip  designs. 

2.  The  improved  interface  times  of  the  parts  allow  easy,  direct 
interfacing  to  most  modern  microprocessors,  whether  they 
have  8-bit  or  16-bit  data  1 


3.  The  AD7237A/AD7247A  features  a  wide  power  supply  range 
allowing  operation  from  12  V  suppli 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7237A/AD7247A— SPECIFICATIONS   v     .^^^r^ir.'.Vr. » 

[A07247A],  REF  IN  =  +5  V,  RL  =  2  kft,  CL  =  100  pF.  All  specifications  Tmin  to  Tm 


unless  otherwise  noted.) 




Parameter 


Units 


STATU 


FORMANCE 

Resolution 
Relative  Accuracy3 
Differential  Nonlinearity3 
Unipolar  Offset  Error' 
Bipolar  Zero  Error3 

Full-Scale  Error3- 5 
Full-Scale  Mismatch5 


12  12 

±1  ±1/2 

±0.9  ±0.9 

±3  ±3 
±6 


12 

±1/2 
±0.9 
±4 
±6 

±6 
±1 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 

LSB  max 
LSB  typ 


Guaranteed  Monotonic 

Vss  =  0  V  or  - 12  V  to  - 15  V4.  DAC  Latch  Contents  All  Os 

y^"JrJ£  "15  v<- DAC  Latch  Contents 

1000  0000  0000 

i  ■ 

 !  

Reference  Load  Current  Change  (0-100  u-A) 


REFERENCE  OUTPUT 
REF  OUT 

Reference  Temperature  Coefficient 
Reference  Load  Change 
(AREF  OUT  vs.  AI) 


4.97/5.03 
±25 


4.97/5.03 
±25 


4.95/5.05 
±25 


-1 


V  min/max 
ppm/°C  typ 

mV  max 








REFERENCE  INPUT 
Reference  Input  Range 
Input  Current6 


4.75/5.25 
±5 


4.75/5.25 
±5 


4.75/5.25 
±5 


V  min/max 
|xA  max 


5V±5%  ™'<"«* 


■ 


DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  V,NL 
Input  Current 

I[N  (Data  Inputs) 
Input  Capacitance6 


2.4 
0.8 


2.4 

0.8 


V  min 

V  max 

|xA  max 
pFmax 


V]N  =  0  V  to  VDD 

1 


ANALOG  OUTPUTS 
Output  Range  Resistors 
Output  Voltage  Ranges7 
Output  Voltage  Ranges7 
DC  Output  Impedance 

AC  CHARACTERISTICS6 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 

Digital-to-Analog  Glitch  Impulse3 
Digital  Feedthrough3 
Digital  Crosstalk3 


15/30 


+5,  +10 
+  5,  +10,  ±5 
0.5 


15/30 
+5,  +10 
+.5,  +10,  ±5 
0.5  i 


15/30 


+5, 
0.5 


kQ  min/max 
V 

ntyp 


Single  Supply;  (Vss  =  0  V) 

Dual  Supply;  (Vss  =  -12  V  to  -15  V4) 


M-s  max 
u.s  max 

nV  sees  typ 
nV  sees  typ 
nV  sees  typ 


Settling  Time  to  Within  ±1/2  LSB  of  Final  Value 
DAC  Latch  all  0s  to  all  Is.  Typically  5  u.s 
DAC  Latch  all  Is  to  all  0s.  Typically  5  u.s 
Vss  =  -12  V  to -15  V4. 

DAC  Latch  Contents  Toggled  Between  all  0's  and  all  l's. 


POWER  REQUIREMENTS 

Vss 

^DD 

Iss  (Dual  Supplies) 


+ 10.87  H 
-10.8/- 
15 
5 


16.5 
16.5 


+  11.4/+15.75 
-11. 4/- 15. 75 
15 
5 


+  11.4/+15 
-11.4/- 15 
15 
5 


V  min/max 

V  min/max 
mA  max 
mA  max 


For  Specified  Performance  Unless  Otherwise  Stated 
For  Specified  Performance  Unless  Otherwise  Stated 
Output  Unloaded.  Typically  10  mA 
Output  Unloaded.  Typically  3  mA 




I 

■ 

■ 


NOTES 

'Power  Supply  tolerance  is  ±10%  for  A  version  and  ±5%  for  B  and  T  versions. 
2Temperature  ranges  are  as  follows:  A,  B  Versions,  -40°C  to  +85°C;  T  Version,  -55°C  to  +125°C 
3See  Terminology. 

4With  appropriate  power  supply  tolerances. 

5Measured  with  respect  to  REF  IN  and  includes  unipolar/bipolar  offset  error. 
6Sample  tested  («  +25°C  to  ensure  compliance. 
70  to  + 10  V  range  is  only  available  with  VDD  >  14.25  V. 
Specifications  subject  to  change  without  notice. 

■ 


»! 


■ 


■ 
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TlUiyr  nu«DJ.OTEDICTIf*c1  2  (V°°  =  +12  V  10  +15  V'3  "ss  =  0  V  or  -12  V  to  -15  V,3  AGND  =  D6ND  =  0  V 
TIMING  CHARACTERISTICS       [AD7237A],  END  =  0  V  [AD7247A]) 


• 

Limit  at  Tmill)  Tm„ 
(A,  B  Versions) 

Limit  at  Tmin,  Tmax 
(T  Version) 

Units 

Conditions/Comments 

tl 

t2 

ti 

t/ 
tg5 

0 

o 

80 
80 

n  ;I       /trf'  ci  d: ■.•(•<:  t.  a  )A 
.        t-  ,r-. 

0 
80 

0 

.  100  1 
80 

10 "" 

0 

100 

ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 

CS  to  WR  Setup  Time 

CS  to  WR  Hold  Time 

WR  Pulse  Width 

Data  Valid  to  WR  Setup  Time 

Data  Valid  to  WR  Hold  Time  Kl 

Address  to  WR  Setup  Time 

Address  to  WR  Hold  Time 

LDAC  Pulse  Width 

NOTES 


Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V) 


0 


and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  5  and  7. 

'Power  Supply  tolerance  is  ±  10%  for  A  version  and  ±5%  for  B  and  T  versions. 
4If  0  ns<tj<  10  ns,  add  t2  to  ts.  If  t2  s  10  ns,  add  10  ns  to  ts. 
'AD7237A  only. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  GND  (AD7247A)  -0.3  V  to  +17  V 

VDD  to  AGND,  DGND  (AD7237A)  -0.3  V  to  +17  V 

VDD  to  Vss  -0.3  V  to  +34  V 

AGND  to  DGND  (AD7237A)   -0.3  V,  VDD  +0.3  V 

Vquta1.  Voutb'  to  AGND  (GND) 

 Vss  -0.3  V  to  VDD  +0.3  V 

REF  OUT  to  AGND  (GND)   0  V  to  VDD 

REF  IN  to  AGND  (GND)   -0.3  V  to  VDD  +0.3  V 

Digital  Inputs  to  DGND  (GND)   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +  125°C 

Storage  Temperature  Range   — 65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   1000  mW 

Derates  above  +75°C  by   10  mW/°C 


80mA.  The  outputs  may  be  shorted  to 
the  power  dissipation  of  the  package  is  not 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ORDERING  GUIDE 


Model1 


AD7237AAN 
AD7237ABN 
AD7237AAR 
AD7237ABR 
AD7237ATQ 

AD7247AAN 
AD7247ABN 
AD7247AAR 
AD7247ABR 
AD7247ATQ 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°Cto  +125X 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85"C 
-55°Cto  +125°C 


Relative 

Accuracy 

(LSB) 


Package 
|  Option2 


±1  max 
±1/2  max 
±1  max 
±  1/2  max 
±  1/2  max 

±1  max 
±1/2  max 
±1  max 
±1/2  max 
±1/2  max 


N-24 
N-24 
R-24 
R-24 
Q-24 

N-24 
N-24 
R-24 
R-24 
Q-24 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  pan  num- 
ber. Contact  local  sales  office  for  military  data  sheet  and  availability. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  (SOIC).  For  outline 
information  see  Package  Information  section. 


■ 


- 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7237A/AD7247A  features  proprietary  ESD  protection  circuitry,  permanent 
damage  may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AD7237A/AD7247A 

AD7237A  PIN  FUNCTION  DESCRIPTION  (DIP  PIN  NUMBERS) 


Pin      Mnemonic  Description 


1 

REF  INA 

2 

REF  OUT 

3 

REF INB 

4 

RoFSB 

5 

VoUTB 

6 

AGND 

7 

DB7 

8-10 

DB6-DB4 

U 

DB3 

12 

DGND 

13 

DB2 

14 

Dai 

15 

DBO 

16 

AO 

17 

Al 

18 

CS 

19 

WR 

20 

LDAC 

21 

vDD 

22 

VoUTA 

23 

Vss 

24 

RoFSA 

a.  It  is  internally 
ion  of  the 


Voltage  Reference  Input  for  DAC  A.  The  reference  voltage  for  DAC  A  is  applied  to  this  ] 
buffered  before  being  applied  to  the  DAC.  The  nominal  reference  voltage  for  correct  opei 
AD7237A  is  5  V. 

Voltage  Reference  Output.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  operate  the  part  with 
internal  reference,  REF  OUT  should  be  connected  to  REF  INA,  REF  INB. 

Voltage  Reference  Input  for  DAC  B.  The  reference  voltage  for  DAC  B  is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  the  DAC.  The  nominal  reference  voltage  for  correct  operation  of  the 
AD7237A  is  5  V. 

Output  Offset  Resistor  for  DAC  B.  This  input  configures  the  output  ranges  for  DAC  B.  It  is  connected  to 
VOUXB  for  the  +5  V  range,  to  AGND  for  the  + 10  V  range  and  to  REF  INB  for  the  ±5  V  range. 

Analog  Output  Voltage  from  DAC  B.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V,  0  to  +10  V  and  ±5  V.  The  amplifier  is  capable  of  developing  +10  V 
across  a  2  kfl  resistor  to  GND. 

Analog  Ground.  Ground  reference  for  DACs,  reference  and  output  I 
Data  Bit  7. 

Data  Bit  6  to  Data  Bit  4. 
Data  Bit  3/Data  Bit  1 1  (MSB). 

Digital  Ground.  Ground  reference  for  digital  circuitry. 
Data  Bit  2/Data  Bit  10. 
Data  Bit  1/Data  Bit  9. 
Data  Bit  0  (LSB)/Data  Bit  8. 

Address  Input.  Least  significant  address  input  for  input  latches.  AO  and  Al  select  which  of  the  four  input 
latches  data  is  written  to  (see  Table  II). 


Address  Input.  Most  significant  address  input  for  input  latches. 
Chip  Select.  Active  low  logic  input.  The  device  is  selected  when  this  input  is  active. 

Write  Input.  WR  is  an  active  low  logic  input  which  is  used  in  conjunction  with  CS,  AO  and  Al  to  write  data 
to  the  input  latches. 

Load  DAC.  Logic  input.  A  new  word  is  loaded  into  the  DAC  latches  from  i 
falling  edge  of  this  signal. 

Positive  Supply  (+12  V  to  +15  V). 

Analog  Output  Voltage  from  DAC  A.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V,  0  to  + 10  V  and  ±5  V.  The  amplifier  is  capable  of  developing  + 10  V 
across  a  2  kfl  resistor  to  GND. 

Negative  Supply  (0  V  or  -12  V  to  -15  V). 

Output  Offset  Resistor  for  DAC  A.  This  input  configures  the  output  ranges  for  DAC  A.  It  is  connected  to 
Vouta  for  the  +5  V  range,  to  AGND  for  the  + 10  V  range  and  to  REF  INA  for  the  ±5  V  range. 


- 
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AD7247A  PIN  FUNCTION  DES 


NUMBERS) 


Pin      Mnemonic  Description 


1  REF  OUT 

2  RoFSB 

3  Vc 


4 

5 
6 

7-15 

16 

17 

18 

19 

20 
21 

22 
23 

24 


DB11 

DB10 

GND 

DB9-DB1 

DBO 

CSB 

CSA 


VOUTA 

Vss 

I^OFSA 

REF  IN 


Voltage  Reference  Output.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  operate  the  part  with 
internal  reference,  REF  OUT  should  be  connected  to  REF  IN. 

Output  Offset  Resistor  for  DAC  B.  This  input  configures  the  output  ranges  for  DAC  B.  It  is  connected  to 
Vdutb  for  the  +5  V  range,  to  GND  for  the  + 10  V  range  and  to  REF  IN  for  the  ±5  V  range, 

g  Output  Voltage  from  DAC  B.  This  is  the  buffer  "amplifier  output  voltage 
o  +5  V,  0  to  +10  V  and_±5  V.  The  amplifier  i; 


ee  different  output 
ible  of  developing  + 10  V 


across  a  2  kfl  resistor  to  GND. 
Data  Bit  11  (MSB). 
Data  Bit  10. 

Ground.  Ground  reference  for  all  on-chip  circuitry. 
Data  Bit  9  to  Data  Bit  1. 
Data  Bit  0  (LSB). 

Chip  Select  Input  for  DAC  B.  Active  low  logic  input.  DAC  B  is  selected  when  this  input  is  active. 

Chip  Select  Input  for  DAC  A.  Active  low  logic  input.  DAC  A  is  selected  when  this  input  is  active. 

Write  Input.  WR  is  an  active  low  logic  input  which  is  used  in  conjunction  with  CSA  and  CSB  to  write  data  to 
the  DAC  latches. 

Positive  Supply  (+12  V  to  +15  V). 

Analog  Output  Voltage  from  DAC  A.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V,  0  to  + 10  V  and  ±5  V.  The  amplifier  is  capable  of  developing  + 10  V 
across  a  2  kfl  resistor  to  GND. 

Negative  Supply  (0  V  or  -12  V  to  -15  V). 

Output  Offset  Resistor  for  DAC  A.  This  input  configures  the  output  ranges  for  DAC  A.  It  is  connected  to 
vouta  for  the  +5  V  range,  to  GND  for  the  + 10  V  range  and  to  REF  IN  for  the  ±5  V  range. 

Voltage  Reference  Input.  The  common  reference  voltage  for  both  DACs  is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  both  DACs.  The  nominal  reference  voltage  for  correct  operation  of  the 
AD7247A  is  5  V. 


AD7237A  PIN  CONFIGURATIONS 
DIP  and  SOIC 


REF  INA 
REF  OUT 
REFINBfT 


DB7 
DBS 
DBS 


AD7237A 

TOP  VIEW 
(Not  to  Scale) 


]3v„ 
ill 

W]  Vo,, 

]3  LDAC 
]i]  WR 

ie]  cs 

t7|  Al 
~k]  AO 
~jsj  DBO 
14~|  DB1 
n]  DB2 


AD7247A  PIN  CONFIGURATIONS 
DIP  and  SOIC 


IEF  OUT  [T 
Ro...  fT 
V„„.  [T 
DB11  [T 
DB10  [T 
GND  [T 

dbo  rjr 

DBO  [T 
DB7  \T 
DBS  [w_ 
DBS  QT 
DB4  flF 


AD7247A 

TOP  VIEW 
(Not  to  Scale) 


2j]  ref  ir 

23]  Ro™. 
iiKe 

IT]  Vour* 

WR 
CSA 
]7|  CSB 
Is]  DBO 
~k]  DB1 
TT|  DB2 
13"|  DB3 
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AD7237A/AD7247A 


  m  I    ADDRESS  VAUD~~^~~ 


WR 





s 


DATA  V       V*Lm        V  DATA  "  y      55ff      Y  ~ 

  A     data     A    A  A 

 !—«.-— I 

Figure  1.  AD7247A  Write  Cycle  Timing  Diagram 


F/gure  2.  AD7237A  Write  Cycle  Timing  Diagram 

■ 


■ 

- 


3-732    DIGITAL-TO-ANALOG  CONVERTERS 


REV.O 


ANALOG 
DEVICES 


1 2-Bit/1 4-Bit  Serial  D ACs 





AD7242/AD7244 


FEATURES 

Two  12-Bit/14-Bit  DACs  with  Output  Amplifiers 
AD7242:  12-Bit  Resolution 
A07244:  14-Bit  Resoli 
On-Chip  Voltage  Reference 
Fast  Settling  Time 
AD7242:  3  |as  to  ±1/2  LSB 
AD7244:  4  (is  to  ±1/2  LSB 
High  Speed  Serial  Interface 
Operates  from  ±5  V  Supplies 
I  Over  -40°C  to  +85°C 
r  —  130  mW  typ 


:tional  bi 


Vss 

-o- 


Vss 

-o- 


TP1 

-o- 


TP2 

— o- 


TP3 
— O- 


R 


TCLKA 


TFSB  ( 
TCLKB  ( 


12-BIT/14-BIT 
DAC  A 


3ZE 


SERIAL 
INTERFACE 
LOGIC 


GENERAL  DESCRIPTION 

The  AD7242/AD7244  is  a  fast,  complete,  dual  12-bit/14-bit  volt- 
age output  D/A  converter.  It  consists  of  a  12-bit/14-bit  DAC, 
3  V  buried  Zener  reference,  DAC  output  amplifiers  and  high 
speed  serial  interface  logic. 

Interfacing  to  both  DACs  is  serial,  minimizing  pin  count  and 
allowing  a  small  package  size.  Standard  control  signals  allow 
interfacing  to  most  DSP  processors  and  microcontrollers.  Asyn- 


SERIAL 
INTERFACE 
LOGIC 


LDACB  6- 


12-BIT/1 4-BIT 
DAC  B 


 Wv- 


O  Vour, 


DGND  DGNO 


chronous  control  of  DAC  updating  for  both  DACs  is  made  pos- 
sible with  a  separate  LDAC  input  for  each  DAC. 

The  AD7242/AD7244  operates  from  ±  5  V  power  supplies,  pro- 
viding an  analog  output  range  of  ±3  V.  A  REF  OUT/REF  IN 
function  allows  the  DACs  to  be  driven  from  the  on-chip  3  V 
reference  or  from  an  external  reference  source. 

The  AD7242/AD7244  is  fabricated  in  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
Both  parts  are  available  in  a  24-pin,  0.3  inch  wide,  plastic  or 
hermetic  dual-in-line  package  (DIP)  and  in  a  28-pin,  plastic 
small  outline  (SOIC)  package.  The  AD7242  and  AD7244  are 
available  in  the  same  pinout  to  allow  easy  upgrade  from  12-bit 
to  14-bit  performance. 


PRODUCT  HIGHLIGHTS 

1.  Complete,  Dual  12-Bit/14-Bit  DACs 

The  AD7242/AD7244  provides  the  complete  function  for 
generating  voltages  to  12-bit/14-bit  resolution.  The  part  fea- 
tures an  on-chip  reference,  output  buffer  amplifiers  and  two 
12-bit/14-bit  D/A  converters. 

2.  High  Speed  Serial  Interface 

The  AD7242/AD7244  provides  a  high  speed,  easy-to-use, 
serial  interface  allowing  direct  interfacing  to  DSP  processors 
and  microcontrollers.  A  separate  serial  port  is  provided  for 
each  DAC. 

3.  Small  Package  Size 

The  AD7242/AD7244  is  available  in  a  24-pin  DIP  and  a  28- 
 able  space  saving  over 

a. 


This  is  a.  abridged  data  sheet.  To  .bub.  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7242/AD7244 —SPECIFICATIONS 

=  2  Ml,  CL  =  100  pF.  All  Specifications  Tmm  to  Tmal  unless  otherwise  noted.) 


±  5%,  Vjs  =  -5  V  ±  5%,  A6ND  =  DGND  = 
=  REF  INB  =  +3  V.  V0UTA,  V0UTB  load  to  A6ND:  Rt 


Parameter 


AD7242 

J,  A  Versions'       K,  B  Versions' 


Units 


Test  Conditions/Comments 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full-Scale  Error2 
Negative  Full-Scale  Error2 


12 
±1 
±1 
±5 
±5 
±5 


12 

±1/2 
±1 

±5 
±5 
±5 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Guaranteed  Monotonic 




■ 




REFERENCE  OUTPUT3 
REF  OUT  (S  +  25T 

Tml„  to  Tmas 
REF  OUT  Tempco 
Reference  Load  Change 

(AREF  OUT  vs.  AI) 


2.99/3.01 
2.98/3.02 
35 

-1 


2.99/3.01 
2.98/3.02 
35 

-1 


V  min/V  max 

V  min/V  max 
ppm/°C  typ 

mV  max 


Reference  Load  Current  Change  (0-500  uA) 







3'V  ±  5%  ' 


REFERENCE  INPUTS 
REF  INA,  REF  INB  Input  Range 
Input  Current 


2.85/3.15 
1 


2.85/3.15 
1 


V  min/V  max 
u.A  max 


LOGIC  INPUTS 


(LDACA,  LDACB,  TFSA,  TFSB, 
TCLKA,  TCLKB,  DTA,  DTB) 

Input  High  Voltage,  V1NH 

Input  Low  Voltage,  VtNL 

Input  Current,  IjN 

Input  Capacitance,  C,N4 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
uA  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
VIN  =  0  V  to  VDD 


ANALOG  OUTPUTS 

C^OUTA*  VoUTB) 

Output  Voltage  Range 
DC  Output  Impedance 
Short  Circuit  Current 


±3 
0.1 
20 


±3 
0.1 
20 


V  nom 
ntyp 


- 




AC  CHARACTERISTICS4 
Voltage  Output  Setding  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 
Channel-to-Channel  Isolation 


2\l 


3 
3 
10 
2 

110 


3 
3 
10 

2 

110 


us  max 
us  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 


Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  2  us 
Typically  2  us 

DAC  Code  Change  All  Is  to  All  0s 
Vqut  =  10  kHz  Sine  Wave 


POWER  REQUIREMENTS 

VDn 


Total  Power  Dissipation 


+  5 
-5  . 
27 
15 
195 


+5 
-5 
27 
15 
195 


V  nom 

V  nom 
mA  max 
mA  max 
mW  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Cumulative  Current  from  the  Two  VDD  Pins 
Cumulative  Current  from  the  Two  Vss  Pins 
Typically  130  mW 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K  Versions:  -40°C  to  +85°C;  A,  B  Versions:  -40°C  to  +85°C. 
2Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  error. 

'For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  Internal  Reference  section). 
'Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


AD7242  ORDERING  GUIDE 


Temperature 

Integral 

Package 

Model 

Range 

Nonlinearity 

Option* 

AD7242JN 

-40°C  to  +85°C 

±  1  LSB  max 

N-24 

AD7242KN 

-40°C  to  +85°C 

±1/2  LSB  max 

N-24 

AD7242JR 

-40°C  to  +85°C 

±1  LSB  max 

R-28 

AD7242KR 

-40°C  to  +85°C 

±  1/2  LSB  max 

R-28 

AD7242AQ 

-40°C  to  +85°C 

±  1  LSB  max 

Q-24 

AD7242BQ 

-40°C  to  +85°C 

±  1/2  LSB  max 

Q-24 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For 
outline  information  see  Package  Information  section. 
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AD7242/AD7244 


Parameter 


AD7244 


J/A  Versions' 


S  Version1 


Units 


Test  Conditii 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full-Scale  Error2 
Negative  Full-Scale  Error 


14 

±2 

g. 
±10 
±10 


14 

±2 

±1 

±15 

±15 

±15 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Guaranteed  Monotonic 





REFERENCE  OUTPUT9 
REF  OUT  <§  +25°C 
T^.  to  T„ 


REF  OUT  Tempco 
Reference  Load  Change 
(AREF  OUT  vs.  AI) 


2.99/3.01 
2.98/3.02 
35 

-1 


2.99/3.01 
2.93/3.05 
35 

-1 


V  min/V  max 

V  min/V  max 
ppm/°C  typ 

a 

mV  max 


- 

Reference  Load  Current  Change  (0-500  u.A) 





I  INPUTS 
REF  INA,  REF  INB  Input  Range 
Input  Current 


2.85/3.15 
1 


2.85/3.15 
1 


V  min/V  max 
u.A  max 


3  V  ±  5% 

■ 


LOGIC  INPUTS 
(LDACA,  LDACB,  TFSA,  TFSB, 
TCLKA,  TCLKB,  DTA,  DTB) 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current,  IIN 
Input  Capacitance,  CIN4 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
uA  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
V,N  =  0  V  to  Vnr> 


ANALOG  OUTPUTS 

(VctUTA,  VoUTb) 

Output  Voltage  Range 
DC  Output  Impedance 
Short  Circuit  Current 


±3 
0.1 
20 


±3 
0.1 
20 


V  nom 
fi  typ 
mA  typ 





AC  CHARACTERISTICS4 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to- Analog  Glitch  Impulse 
Digital  Feedthrough 
Channel-to-Channel  Isolation 


4 
4 
10 

2 

110 


4 
4 
10 

2 

110 


lis  max 
u.s  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 


Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  2.5  us 
Typically  2.5  as 

DAC  Code  Change  All  Is  to  All  0s 
VOUT  =  10  kHz  Sine  Wave 


POWER  REQUIREMENTS 
VDD 

I  vss 

'dd 

*ss 

Total  Power  Dissipation  


+5 
-5 
27 
15 
195 


+  5 
,  -5 
28 
15 
205 


V  nom 

V  nom 
mA  max 
mA  max 
■"W  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Cumulative  Current  from  the  Two  VDD  Pins 
Cumulative  Current  from  the  Two  Vss  Pins 
Typically  130  mW 


NOTES 


B  J  Version:  0°C  to  +70°C;  A  Version:  -40°C  to  +85°C;  S  Version: 
2Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  error. 

'For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  Internal  Reference  section). 
'Sample  tested  (a  +25°C  to  ensure  compliance. 


-55°Cto  +125X. 


AD7244  ORDERING  GUIDE 

Mod 

el1 

Temperature 
Range 

Integral 
Nonlinearity 

Package 
Option2 

AD7244JN 
AD7244JR 
AD7244AQ 
AD7244SQ3 

-40°C  to  +85°C 
-40°Cto  +  85°C 
-40°C  to  +85°C 
-55°Cto  +125°C 

±2  LSB  max 
±2  LSB  max 
±2  LSB  max 
±2  LSB  max 

N-24 
R-28 
Q-24 
Q-24 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  j 
ber.  Contact  local  sales  office  for  military  data  sheet  and  availability. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For 
information  see  Package  Information  section. 

'This  grade  will  be  available  to  /883B  processing  only. 
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Parameter 

Limit  at  T,,^,  T„„ 
J,  K,  A,  B  Versions) 

Limit  at  l^,,  T^. 
(S  Version) 

Units 

Conditions/Comments 

t! 
t2 
t,3 
l4 

50 
75 
150 

2A 
5\) 

50 

100 

200 

4U 

100 
40 

 1 

ns  mm 
ns  min 
ns  min 
ns  min 

TFS  to  TCLK  Falling  Edge 
TCLK  Falling  Edge  to  TFS 
TCLK  Cycle  Time 
jjata  v alia  to  illk  oetup  lime 
Data  Valid  to  TCLK  Hold  Time 
LDAC  Pulse  Width 

h 

k 

75 
40 

ns  min 
ns  min 

NOTES 

'Timing  specifications  are  sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  = 
a  voltage  level  of  1.6  V. 
2See  Figure  6. 

TCLK  Mark/Space  ratio  is  40/60  to  60/40. 


tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +  25°C  unless  otherwise  noted) 

VDD  to  AGND   -0.3  V  to  +7  V 

Vss  to  AGND   +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V 

VOUT  to  AGND  Vss  to  VDD 

REF  OUT  to  AGND   -0.3  V  to  VDD  +  0.3  V 

REF  INA,  REF  INB  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 
J,  K  Versions 

AD7244    0°C  to  +70°C 

AD7242   -40°C  to  +85°C 

A,  B  Versions  -40°C  to  +85°C 

S  Version  -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    550  mW 

Derates  above  +75°C  by   6  mW/°C 

CAUTION   


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted.  


DIP 


tfsa[7 
dta[7 

TCLKA [7 
DGND [7 
TP1  [7 

v00[7 

AGND  [7 

Vss|i£ 
TP2  [ll 
REF  INB  |l2 


AD7242/ 
AD7244 
TOP  VIEW 
(Nol  to  Scale) 


2A\  REF  INA 
5]  REF  OUT 
22]  Vss 
IE]  W 
M]  AGND 

\a\  tp3 

tj\  DGND 
55]  TCLKB 
li]  DT6 
14]  TFSB 


13]  LDACB 


PIN  CONFIGURATIONS 


SOIC 


LDACA  [7  • 
TFSA  [7 
DTA  [7 
NC  [7 
TCLKA  [7 


2B\  REF  INA 
2?]  REF  OUT 

26]  \fe 
25]  NC 
i3  Vo„,» 


DGND  [7  AD7242/     23]  AGND 

IT  AD7244 

TP1  LL  TOP  VIEW 

Vm>  [7  (Nol  to  Seal*)  TP3 

AGND  [7  20]  DGND 

Von,  |l0  j»]  TCLKB 

NC  QT  57j  NC 

EI  13  DTB 

TP2  [13  t71  TFSB 

REF  INB  |14  15]  LDACB 
NC  =  NO  CONNECT 
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LC2M0S 
1 2-Bit  Serial  DACPORT 





AD7243 


FUNCTIONAL  BLOCK  DIAGRAM 


FEATURES 

12-Bit  CMOS  OAC  with 

On-Chip  Voltage  Reference 

Output  Amplifier 
3  Selectable  Output  Ranges 

-5  V  to  +5  V,  0  to  +5  V,  0  to  +10  V 
Serial  Interface 
300  kHz  DAC  Update  Rate 
Small  Size:  16-Pin  DIP  or  SOIC 
Nonlinearity:  ±1/2  LSB  Tmln  to  Tmax 
Low  Power  Dissipation:  100  mW  typical 

- 

APPLICATIONS 

Process  Control 
.  .  ... 
Industrial  Automation 

Digital  Signal  Processing  Systems 

Input/Output  Ports 


GENERAL  DESCRIPTION 

The  AD7243  is  a  complete  12-bit,  voltage  output,  digital-to- 
analog  converter  with  output  amplifier  and  Zener  voltage  refer- 
ence on  a  monolithic  CMOS  chip.  No  external  trims  are 
required  to  achieve  full  specified  performance. 

The  output  amplifier  is  capable  of  developing  + 10  V  across  a 
2  kfi  load.  The  output  voltage  ranges  with  single  supply  opera- 
tion are  0  to  +5  V  or  0  to  + 10  V,  while  an  additional  bipolar 
±5  V  output  range  is  available  with  dual  supplies.  The  i 
are  selected  using  the  internal  gain  resistor. 

The  data  format  is  natural  binary  in  both  unipolar  ranges,  while 
either  offset  binary  or  2s  complement  format  may  be  selected  in 
the  bipolar  range.  A  CLR  function  is  provided  which  sets  the 
output  to  0  V  in  both  unipolar  ranges  and  in  the  2s  complement 
bipolar  range,  while  with  offset  binary  data  format,  the  output  is 
set  to  -REFIN.  This  function  is  useful  as  a  power-on  reset  as  it 
allows  the  output  to  be  set  to  a  known  voltage  level. 

The  AD7243  features  a  fast  versatile  serial  interface  which 
allows  easy  connection  to  both  microcomputers  and  16-bit  digi- 
tal signal  processors  with  serial  ports.  The  serial  data  may  be 
applied  at  rates  up  to  5  MHz  allowing  a  DAC  update  rate  of 
300  kHz.  A  serial  data  output  capability  is  also  provided  which 
allows  daisy  chaining  in  multi-DAC  systems.  This  feature  allows 
any  number  of  DACs  to  be  used  in  a  system  with  a  simple 
4- wire  interface.  All  DACs  may  be  updated  simultaneously 
using  LDAC. 


V0UT 


The  AD7243  is  fabricated  on  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process.  It  is  pack- 
aged in  16-pin  DIP  and  16-pin  SOIC  packages. 

PRODUCT  HIGHLIGHTS 

V.  Complete  12-Bit  DACPORT® 

The  AD7243  is  a  complete,  voltage  output,  12-bit  DAC  on  a 
single  chip.  The  single  chip  design  is  inherently  more  reliable 
than  multichip  designs. 

2.  Single  or  Dual  Supply  Operation. 

3.  Minimum  3-wire  interface  to  most  DSP  processors. 

4.  DAC  Update  Rate-300  kHz. 

5.  Serial  Data  Output  allows  easy  daisy-chaining  in  multiple 
DAC  systems. 


■ 


DACPORT  is  a  registered 


of  Analog  Devices,  Inc. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(Vqq  =  +12  V  to  +15  V,1  Vjs  =  0  V  or  -12  V  to  -15  V,' 
AGND  =  DGND  =  0  V,  REFIN  =  +5  V,  RL  =  2  kft,  CL  =  100  pF  to  AGND. 


AU  /         —  OftUir  IUAI  IUN5  All  Specifications  Tmln  to  Tmax  unless  otherwise  noted.) 


Parameter 

A2 

B2 

S2 

Units 

STATIC  PERFORMANCE 
Resolution 

12 

12 

12 

Bits 

Relative  Accuracy3 
Differential  Nonlinearity3 
Unipolar  Offset  Error3 

±T 

±0.9 
±4 

±1/2 
±0.9 
±4 

±1 

±0.9 

±5 

LSB  max 
LSB  max 
LSB  max 

Guaranteed  Monotonic 

Vss  =  0  V  or  - 12  V  to  - 15  V;1  DAC  Latch 

Contents  All  0s 

Vss  =  -12  V  to  -15  V1;  DAC  Latch  Contents  All  0s 

Bipolar  Zero  Error3 
FuU-Scale  Error3'  4 
Full-Scale  Temperature  Coefficient 

±5 
±6 
±5 

±5 
±6 
±5 

±6 
±7 
±5 

LSB  max 
LSB  max 
ppm  of  FSR/ 
°Ctyp 

REFERENCE  OUTPUT 
REFOUT 

Reference  Temperature  Coefficient 
Reference  Load  Change 
(AREFOUT  vs.  IL) 

4.95/5.05 
±25 

-1 

4.95/5.05 
±25 

-1 

4.95/5.05 
±30 

-1 

V  min/V  max 
ppm/°C  typ 

mV  max 

Reference  Load  Current  (IL)  Change  (0-100  u.A) 

REFERENCE  INPUT 
Reference  Input  Range,  REFIN 
Input  Current 

4.95/5.05 

-5-t   ~ 

4.95/5.0 
5 

s 

4.95/5.05 
5 

V  min/V  max 
uA  max 

5  V  ±1%  for  Specified  Performance 

DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  Vjnl 
Input  Current,  IiN 
Input  Capacitance5 

0.8 
±1 
8 

2.4 
0.8 
±1 
8 

2.4 
0.8 

+  J 

8 

V  min 

V  max 
|xA  max 
pF  max 



Vra  =  0  V  to  VDD 

DIGITAL  OUTPUT 
Serial  Data  Out  (SDO) 
Output  Low  Voltage,  VOL 
Output  High  Voltage,  VOH 

0.4 
4.0 

0.4 
4.0 

0.4 
4.0 

V  max 

V  min 

• 

Wk  =  1.0  mA 
•source  =  400  uA 

ANALOG  OUTPUT 
Output  Range  Resistor,  Rofs 
Output  Voltage  Ranges6 
Output  Voltage  Ranges6 
DC  Output  Impedance 

15/30 
+5,  +10 
+5,  +10,  ±5 
0.5 

15/30 
+5,  +10 
+5,  +10,  ±5 
0.5 

15/30 
+5,  +10 
+  5,  +10,  ±5 
0.5 

kfl  min/  max 

V 

V 

fityp 

Single  Supply;  Vss  =  0  V 

Dual  Supply;  Vss  =  -12  V  to  -15  V 

AC  CHARACTERISTICS' 
Voltage  Output  Settling-Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse3 

Digital  Feedthrough3 

10 
10 
10 
30 

10 

i 

10 
10 
10 
30 

10 

12 
10 

30 
30 

10 

u.s  max 
u.s  max 
(is  typ 
nV  sees  typ 

nV  sees  typ 

Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  3  u.s 

Typically  5  u.s;  Vss  =  -12  V  to  -15  V1 
Vss  =  0  V 

DAC  Latch  Contents  Toggled  Between  All  0s 
and  All  Is 
LDAC  =  High 

POWER  REQUIREMENTS 
VDD  Range 

Vss  Range  (Dual  Supplies) 
Iss  (Dual  Supplies) 

+  10.8/+16.5 
-10.8/- 16.5 
10 
4 

+  11. 4/+ 15.75 
-11.4/- 15.75 
10 
4 

+  11. 4/+ 15.75 

-11.4/-15.75 

12 

4 

V  min/V  max 

V  min/V  max 
mA  max 
mA  max 



For  Specified  Performance  Unless  Otherwise  Stated 
For  Specified  Performance  Unless  Otherwise  Stated 
Output  Unloaded;  Typically  7  mA 
Output  Unloaded;  Typically  2  mA 

NOTES 

'Power  Supply  Tolerance  A  Version:  ±10%;  B,  S  Versions:  ±5%. 
Temperature  Ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version: 
3See  terminology. 

'Measured  with  respect  to  REFIN  and  includes  unipolar/bipolar  offset  error. 
'Sample  tested  @  +25°C  to  ensure  compliance. 
•0  to  +10  V  output  range  is  available  only  with  VDD  2  + 14.25  V. 
Specifications  subject  to  change  without  notice. 


-55-C,c-125T.  ,„ 


- 
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TIMING  CHARACTERISTICS 


1,  2  (V»o  =  +10-8  V 10  +16i  v-  vss  =  0  v  or  -10-8  v  to  —16.5  V,  AGND  =  DGND  =  0  V, 
RL  =  2kli,  CL  =  100  pF.  All  Specifications  Tmin  to  Tmal  unless  otherwise  noted.) 


Parameter 


Limit  at  +25°C 
(All  Versions) 


Limit  at  Tmin,  T„ 
(All  Versions) 


Units 


Conditions/Comments 


k 

tj  « 

t4 

l5  - 

tfi. 

h 

k 

h 




200 

50 

120 

10 

100 

0 

50 

0 

75 

120 


■ 


200 

50 

190 

10 

100 

o 

50 
0 
75 
180 


c 

i 

i 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 


SCLK  Cycle  Time 
SYNC  to  SCLK  Falling  Edge  Setup  Time 
SYNC  to  SCLK  Hold  Time 
Data  Setup  Time 
Data  Hold  Time 


SYNC  High  to  LDAC  Low 
LDAC  Pulse  Width 


LDAC  High  to  SYNC  Low 

CLR  Pulse  Width 

SCLK  Falling  Edge  to  SDO  Valid 

 it  


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  7  &  8. 

JSCLK  mark/space  ratio  range  is  40/60  to  60/40. 
4SDO  load  capacitance  is  no  greater  than  50  pF. 

ABSOLUTE  MAXIMUM  RATINGS'  Storage  Temperature  Range  ....... 

(TA=+25°C  unless  otherwise  noted)  Lead  Temperature  (Soldering,  10  sees)  . 

VDD  to  AGND,  DGND  -0.3  V  to  + 17  V      Power  Dissipation  (Any  Package)  to  +75°C 

Vss  to  AGND,  DGND   :  .  .  .  +0.3  V  to  -17  V      Derates  above  +75°C  by  

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V 


-65°Cto  +150"C 
......  +300°C 

  450  mW 

.....  6  mW/°C 


Vqut  to  AGND   -6  V  to  VDE>  +  0.3  V 

REFOUT  to  AGND   0Vto,VDD 

REFIN  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  VDD  +  0.3  V 

SDO  to  DGND   .  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)   -40°C  to  +85"C 

I  (S  Version)   -55°C  to  +125°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  Absolute  Maximum  Rating  may  be  applied  at  any  time. 
2The  outputs  may  be  shorted  to  voltages  in  this  range  provided  the  power 
dissiDatinn  of  the  package  is  not  exceeded.  Short  circuit  current  is  typically 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


Model 

Temperature  Range 

Relative  Accuracy 

Package  Option1 

AD7243AN 

-40°C  to  +85°C 

±1  LSB 

N-16 

AD7243BN 

-40°C  to  +85°C 

±1/2  LSB 

N-16 

AD7243AR 

-40°C  to  +85°C 

±1  LSB 

R-16 

AD7243BR 

-40°C  to  +85°C 

±1/2  LSB 

R-16 

AD7243AQ 

-40°C  to  +85°C 

±1  LSB 

Q-16 

AD7243BQ 

-40°C  to  +85°C 

±1/2  LSB 

Q-16 

AD7243SQ2 

-55°C  to  +125°C 

 '  

±1  LSB 

 , 

Q-16 

NOTES 

'N  =  Plastic  DIP;  R  =  SOIC;  Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 
Available  to  /883B  processing  only.  Contact  your  local  sales  office  for  military  data  sheet. 
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Pin 


Mnemonic 


Description 


10 

11 

12 
13 

14 

15 
16 


REFIN 

REFOUT 

CLR 

BIN/COMP 

SCLK 
SDIN 


SYNC 

DGND 
LDAC 

DCEN 

SDO 

AGND 
Rqfs 


vSs 


Voltage  Reference  Input.  It  is  internally  buffered  before  being  applied  to  the  DAC.  The  nominal  reference 
voltage  for  specified  operation  of  the  AD7243  is  5  V. 

Voltage  Reference  Output.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  operate  the  part 
using  its  internal  reference,  REFOUT  should  be  connected  to  REFIN. 

Clear,  Logic  Input.  Taking  this  input  low  sets  VOUT  to  0  V  in  both  unipolar  ranges  and  the  2s  complement 
bipolar  range  and  to  -REFIN  in  the  offset  binary  bipolar  range. 

Logic  Input  .  This  input  selects  the  data  format  to  be  either  binary  or  2s  complement.  In  both  unipolar  ranges, 
natural  binary  format  is  selected  by  connecting  this  input  to  a  logic  "0."  In  the  bipolar  configuration,  offset 
binary  format  is  selected  with  a  logic  "0"  while  a  logic  "1"  selects  2s  complement  format. 
Serial  Clock,  Logic  Input.  Data  is  clocked  into  the  input  register  on  each  falling  SCLK  edge. 
Serial  Data  In,  Logic  Input.  The  16-bit  serial  data  word  is  applied  to  this  input. 

Data  Synchronization  Pulse,  Logic  Input.  Taking  this  input  low  initializes  the  internal  logic  in  readiness  for 
a  new  data  word. 

Digital  Ground.  Ground  reference  for  all  digital  circuitry. 

Load  DAC,  Logic  Input.  Updates  the  DAC  output.  The  DAC  output  is  updated  on  the  falling  edge  of  this 
signal  or  alternatively  if  this  line  is  permanently  low,  an  automatic  update  mode  is  selected  whereby  the 
DAC  is  updated  on  the  16th  falling  SCLK  pulse. 

Daisy-Chain  Enable,  Logic  Input.  Connect  this  pin  high  if  a  daisy-chain  interface  is  being  used,  otherwise 
this  pin  must  be  connected  low. 

Serial  Data  Out,  Logic  Output.  With  DCEN  at  Logic  "1"  this  output  is  enabled,  and  the  serial  data  in  the 
input  shift  register  is  clocked  out  on  each  falling  SCLK  edge. 


Analog  Ground.  Ground  reference  for  all  analog  circuitry. 

Output  Offset  Resistor  for  the  amplifier.  It  is  connected  to  Voux  for  the  +5  V  range,  to  AGND  for  the 
+  10  V  range  and  to  REFIN  for  the  -5  V  to  +5  V  range. 

Analog  Output  Voltage.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output  voltage  ranges 
can  be  chosen:  0  to  +5  V,  0  to  + 10  V  and  -5  V  to  +5  V. 

Negative  Power  Supply  (used  for  the  output  amplifier  only,  may  be  connected  to  0  V  for  single  supply 
operation  or  to  —12  V  to  —15  V  for  dual  supplies). 
Positive  Power  Supply  (+12  V  to  +15  V). 


PIN  CONFIGURATION 
DIP  and  SOIC 


REFIN  Ll 
REFOUT ^ 
CLR  [T 
Biii/COMP  [T 
SCLK  [T 
SDIN  [T 
SYNC  [7 
DGND  Q 


AD7243 

TOP  VIEW 
(Not  to  Scale) 


OUT 
OFS 


u\  v, 

lJJ  R 
12]  AGND 
7JJ  SDO 
10]  DCEN 
TjLOAC 
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FEATURES 

12-Bit  CMOS  DAC  with  Output  Amplifier  and 

Reference 
Improved  AD7245/AD7248: 

12  V  to  15  V  Operation 

±1/2  LSB  Linearity  Grade 

Faster  lnterface-30  ns  typ  Data  Setup  Time 
Extended  Plastic  Temperature  Range  ( -40  C  to  t  85  C) 
Single  or  Dual  Supply  Operation 
Low  Power-65  mW  typ  in  Single  Supply 
Parallel  Loading  Structure:  AD7245A 
(8+4)  Loading  Structure:  AD7248A 


AD7245A  FUNCTIONAL  BLOCK  DIAGRAM 


VDD  REF  OUT  Rofs 


GENERAL  DESCRIPTION 

The  AD7245A/AD7248A  is  an  enhanced  version  of  the  industry 
standard  AD7245/AD7248.  Improvements  include  operation 
from  12  V  to  15  V  supplies,  a  ±  1/2  LSB  linearity  grade,  faster 
interface  times  and  better  full  scale  and  reference  variations  with 
VDD.  Additional  features  include  extended  temperature  range 
operation  for  commercial  and  industrial  grades. 

The  AD7245A/AD7248A  is  a  complete,  12-bit,  voltage  output, 
digital-to-analog  converter  with  output  amplifier  and  Zener  volt- 
age reference  on  a  monolithic  CMOS  chip.  No  external  user 
trims  are  required  to  achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  double-buffered  interface  logic.  The  AD7245A 
accepts  12-bit  paralleldata  which  is  loaded  into  the  input  latch 
on  the  rising  edge  of  CS  or  WR.  The  AD7248A  has  an  8-bit 
wide  data  bus  with  data  loaded  to  the  input  latch  in  two  write 
operations.  For  both  parts,  an  asynchronous  LDAC  signal  trans- 
fers data  from  the  input  latch  to  the  DACJatc 
analog  output.  The  AD7245A  also  has  a  CLR  signal  on  the 
DAC  latch  which  allows  features  such  as  power-on  reset  to  be 
implemented. 

The  on-chip  5  V  buried  Zener  diode  provides  a  low  noise,  tem- 
perature compensated  reference  for  the  DAC.  For  single  supply 
operation,  two  output  ranges  of  0  to  +5  V  and  0  to  + 10  V  are 
available,  while  these  two  ranges  plus  an  additional  ±5  V  range 
are  available  with  dual  supplies.  The  output  amplifiers  are  capa- 
ble of  developing  + 10  V  across  a  2  kfl  load  to  GND. 

The  AD7245A/AD7248A  is  fabricated  in  linear  compatible 
CMOS  (LC2MOS),  an  advanced,  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  AD7245A  is  available  in  a  small,  0.3"  wide,  24-pin  DIP  and 
SOIC  and  in  28-terminal  surface  mount  packages.  The 
AD7248A  is  packaged  in  a  small,  0.3"  wide,  20-pin  DIP  and 
SOIC  and  in  20-terminal  surface  mount  packages. 


AD7248A  FUNCTIONAL  BLOCK  DIAGRAM 

w 

VDD     REF  OUT  Hofs 

'   


-© — 1 


DB7    DBO  DGND 

PRODUCT  HIGHLIGHTS 

1.  The  AD7245A/AD7248A  is  a  12-bit  DACPORT®  on  a  single 
chip.  This  single  chip  design  and  small  package  size  offer 
considerable  space  saving  and  increased  reliability  over  multi- 
chip  designs. 

2.  The  improved  interface  times  on  the  part  allows  easy,  direct 
interfacing  to  most  modern  microprocessors. 

3.  The  AD7245A/AD7248A  features  a  wide  power  supply  i 
allowing  operation  from  12  V  supplies. 


DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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!45A/AD 7248 A — SPECIFICATIONS 

DGND  =  0  V,  RL  =  2  ki!.  CL  =  100  pF.  All  specifications  TMIN  to  TMM  unless  otherwise  noted.] 


(V0D  =  +12  V  to  +15  V,1  Vss  =  0  V  or  -12  V  to  -15  V,' 


Parameter 


A2 

Version 


B2 

Version 


T2 

Version 


Units 


Test  I 


STATIC  PERFORMANCE 
Resolution 

Relative  Accuracy  @  +25°C3 


Tmin  t0  T.viax 
Tmin  t0  TMax 
Differential  Nonlinearity3 
Unipolar  Offset  Error  @  +25°C3 

Bipolar  Zero  Error  @  +25°C3 

Tmin  10  Tmax 
DAC  Gain  Error3'  6 
Full-Scale  Output  Voltage  Error7  (a; 
AFull  Scale/A VDD 
AFull  Scale/A Vss 

Full-Scale  Temperature  Coefficient8 


-25°C 


±3/4 

±1 

±3 

±5 

±3 

±5 

±2- 

±0.2 

±0.06 

±0.01 

±30 


12 

±1/2 

±3/4 

±1/2 

±1 

±3 

±5 

±2 

±4 

±2 

±0.2 

±0.06 

±0.01 

±30 


±1/2 
±3/4 

±1 

±3 

±5 

±2 

±4 

±2 

±0.2 

±0.06 

±0.01 

±40 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
%  of  FSR  max 
%  of  FSR/V  max 
%  of  FSR/V  max 
ppm  of  FSR/°C  max 


VpD  =  15  V  ±  5% 
Guaranteed  Monotonic  ' 
Vss  =  0  Vor  -12  V  to  -15  V4 
Typical  Tempco  is  ±3  ppm  of  FSRYC. 
Rots  connected  to  REF  OUT;  Vss  =  - 12  V  to 
Typical  Tempco  is  ±3  ppm  of  FSR5/°C. 


-15  V4 


,DD  =  +15  V  . 
VDD  =  +12  V  to  +15  V4 
Vss  =  -12  V  to  -15  V4' 
Vnn  =  +15  V 


 :  i  


1 





REFERENCE  OUTPUT 
REF  OUT  @  +25°C 
AREF  OUT/AVDD 
Reference  Temperature  Coefficient 
Reference  Load  Change 
(AREF  OUT  vs.  AI) 


4.99/5.01 

2  - 
±25 


-1 


4.99/5.01 
2 

±25 


-1 


4.99/5.01 
2 

±35 


-1 


V  min/V  max 
mV/V  max 
ppm/°C  typ 

mV  max 


'DD 


+  15  V 

+  12  Vto  +15  V4 


Reference  Load  Current  Change  (0-100  u.A) 


DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current,  IIN 
Input  Capacitance9 


2.4 
0.8 
±10 
8 


2.4 
0.8 
±10 


2.4 
0.8 
±10 


tis  1 


V  min 

V  max 
p.A  max 
pF  max 




VIN  =  0  V  to  VE 


1 


ANALOG  OUTPUTS 
Output  Range  Resistors 
Output  Voltage  Ranges10 
Output  Voltage  Ranges10 

DC  Output  Impedance 


15/30 
+  5, +10 
+  5, +10. 
±5 
0.5 


15/30 
+5, +10 
+  5,  -l0: 
±5 
0.5 


15/30 
+  5,  +10 
+  5, +10. 
±5 
0.5 


kfi  min/kfl  max 
V 

V 

fl  typ 


Vss  =  0  V;  Pin  Strappable 

Vss  =-12  V  to  -15  V;4  Pin  Strappable 


AC  CHARACTERISTICS' 

Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 

Output  Voltage  Slew  Rate 

Digital  Feedthrough3 

Digital-to-Analog  Glitch  Impulse 


10 
10 
1.5 
10 
30 


u.s  max 
(is  max 
V/u.s  min 
nV-s  typ 
nV-s  typ 


Settling  Time  to  Within  ±1/2  LSB  of  Final  Value 
DAC  Latch  All  0s  to  AU  Is 

DAC  Latch  All  Is  to  All  0s;  Vss  =  - 12  V  to  - 15  V4 


POWER  REQUIREMENTS 


,  @  +25°C 


TMINto 


,  t  x — ..  , 

Iss  (Dual  Supplies) 


+  10.8/ 
+  16.5 
-10.8/ 
-16.5 
9 

30 


+  11.4/ 

+  15.75 

-11.4/ 

-15.75 

9 

10 


+  11.4/ 

+  15.75 

-11.4/ 

-15.75 

9 

12 

5 


V  min/ 

V  max 

V  min/ 

V  max 
mA  max 
mA  max 
mA  max 


For  Specified  Performance  Unless  Otherwise  Stated 

For  Specified  Performance  Unless  Otherwise  Stated 

Output  Unloaded;  Typically  5  mA 

Output  Unloaded 

Output  Unloaded;  Typically  2  mA 


NOTES 

1  Power  supply  tolerance  is  ±  10%  for  A  Version  and  ±5%  for  B  and  T  Versions. 

2Temperature  ranges  are  as  follows:  A/B  Versions;  -40°C  to  +85BC;  T  Version;  -55°C  to  +125°C. 

3See  Terminology. 

4With  appropriate  power  supply  tolerances. 

5FSR  means  Full-Scale  Range  and  is  5  V  for  the  0  to  +5  V  output  range  and  10  V  for  both  the  0  to  +10  V  and  ±5  V  output  ranges. 

6This  error  is  calculated  with  respect  to  the  reference  voltage  and  is  measured  after  the  offset  error  has  been  allowed  for. 

7This  error  is  calculated  with  respect  to  an  ideal  4.9988  V  on  the  0  to  +5  V  and  ±5  V  ranges;  it  is  calculated  with  respect  to  an  ideal  9.9976 
0  to  +10  V  range.  It  includes  the  effects  of  internal  voltage  reference,  gain  and  offset  errors. 

8Full-Scale  TC  =  AFS/AT,  where  AFS  is  the  full-scale  change  from  TA  =  +25°C  to  TMIN  or  TMAX. 

'Sample  tested  at  +25°C  to  ensure  compliance. 
I00  to  +10  V  output  range  is  available  only  when  VDD  >  +14.25  V. 
Specifications  subject  to  change  without  notice. 

■ 
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SWITCHING  CH 


AD7245A/AD7248A 

=  +12  V  to  +15  V;2  Vss  =  0  V  or  -12  V  to  -15  V;'  See  Figures  5  and  7.) 


Parameter  

_ 

A   R  Versions 

 '-  1 

S  Version 



Units 

Conditions 



@  +25°C 
Tmi„  to  Tm,x 

AM 
80 

55 
100 

1  1  

nstyp 
ns  min 

1  

Chip  Select  Pulse  Width 



t2 

@  +25°C 
Tmin  to  Tmlx 

40 

«w>tta.>        •  J, 

an 



100 

nstyp 
ns  min 

Write  Pulse  Width 

t3@+25°C 
Tmi„  to  Tmix 



T 

9 

ns  min 
ns  min 

Chip  Select  to  Write  Setup  Time 

U 

@  +25°C 
Tmin  to  T„, 

0 
0 



0 
0 



ns  min 
ns  min 

Chip  Select  to  Write  Hold  Time 

:  ' 

(5  +25°C 

Tmin  M  T^,, 

46 

tin 

40 
80 

ns  typ 
ns  min 

Data  Valid  to  Write  Setup  Time 

k 

@  +25°C 

10 
10 

10 

ns  min 
ns  min 

Data  Valid  to  Write  Hold  Time 

h 

@  +25°C 
Tmin  to  Tma„ 

40 
80 

40 
100 

ns  typ 
nsmin 

Load  DAC  Pulse  Width 

h 

(5  +25°C 
Tmin  to  Tm„ 

40 
80 

40 
100 

ns  typ 
ns  min 

Clear  Pulse  Width 

NOTE 

'Sample  tested  at  +25°C  to  ensure  compliance. 
2Power  supply  tolerance  is  ±10%  for  A  Version  and 


5%  for  B  and  S  Versions. 


ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND  -0.3  V  to  +17  V 

VDD  to  DGND   -0.3  V  to  + 17  V 

VDd  to  Vss   -0.3  V  to  +34  V 

AGND  to  DGND   -0.3  V,  VDD 

Digital  Input  Voltage  to  DGND  -0.3  V,  VDD  +0.3  V 

VOUT  to  AGND1   I':  -."!  Vss,  VDD 

Vout  to  Vss'   0  V,  +24  V 

VouTtoVDD'   -32  V,  0  V 

REF  OUT1  to  AGND   0  V,  VDD 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by  6  mW/°C 


CAUTION 


Operating  Temperature 

Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  -125°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

NOTE 

'The  output  may  be  shorted  to  voltages  in  this  range  provided  the  power  dis- 
sipation of  the  package  is  not  exceeded.  V,H  r  short  circuit  current  is  typi- 
cally 80  mA. 

"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings'"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  onlv  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  mav  affect  device  reliability. 

7 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on-  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 

l  socket  before  devices  are  inserted. 


WARNING! 


— 
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Model1 

Temperature 
Range 

Relative 
Accuracy 

Package 
Option2 

AD7245AAN 
AD7245ABN 
AD7245AAQ 

AD7245AAP 
AD7245AAR 

-40°C  to  +85°C 
-40°Cto  +  85°C 
-40<C  to  +  85°C 

—             tn  -1-  1  7*,°C 
JJ  L  ID  T  ILJ  \j 

-40°Cto  +85°C 
-40°C  to  +  85°C 

±3/4  LSB 
±1/2  LSB 
±3/4  LSB 

±3/4  LSB 
±3/4  LSB 

N-24 
N-24 
Q-24 

P-28A 
R-24 

AD7245ABR 
AD7245ATE3 

-40°Cto  +85°C 
-55°Cto  +  125°C 

±1/2  LSB 
±3/4  LSB 

R-24 
E-28A 

- 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  part  num- 
ber. Contact  our  local  sales  office  for  military  data  sheet  and  availability. 

2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package 
Information  section. 

'This  grade  will  be  available  to  /883B  processing  only. 

AD7248A  ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model1 

Range 

Accuracy 

Option2 

AD7248AAN 

-40°C  to  +85°C 

±3/4  LSB 

N-20 

AD7248ABN 

-40°C  to  +85°C 

±  1/2  LSB 

N-20 

AD7248AAQ 

-40°Cto  +85°C 

±3/4  LSB 

Q-20 

AD7248ATQ3 

-55°Cto  +125°C 

±3/4  LSB 

Q-20 

AD7248AAP 

-40°C  to  +85°C 

±3/4  LSB 

P-20A 

AD7248AAR 

-40°C  to  +85°C 

±3/4  LSB 

R-20 

AD7248ABR 

-40°C  to  +  85°C 

±1/2  LSB 

R-20 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  parts,  add  /883B  to  part  num- 
ber. Contact  our  local  sales  office  for  military  data  sheet  and  availability. 

2N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  = 
SOIC.  For  outline  information  see  Package  Information  section. 

'This  grade  will  be  available  to  /883B  processing  only. 

TERMINOLOGY 
RELATIVE  ACCURACY 

Relative  Accuracy,  or  end-point  nonlinearity,  is  a  measure  of  the 
actual  deviation  from  a  straight  line  passing  through  the  end- 
points  of  the  DAC  transfer  function.  It  is  measured  after  allow- 
ing for  zero  and  full  scale  and  is  normally  expressed  in  LSBs  or 
as  a  percentage  of  full-scale  reading. 

DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified. differential  nonlinearity  of  ±1  LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 


ideal  UAL  and  the  actual  device  output  witn  an  is  loaded  alter 
offset  error  has  been  allowed  for.  It  is,  therefore  defined  as: 

Measured  Value— Offset— Ideal  Value 

where  the  ideal  value  is  calculated  relative  to  the  actual  reference 
value. 

UNIPOLAR  OFFSET  ERROR 

Unipolar  Offset  Error  is  a  combination  of  the  offset  errors  of  the 
voltage  mode  DAC  and  the  output  amplifier  and  is  measured 
when  the  part  is  configured  for  unipolar  outputs.  It  is  present  or 
all  codes  and  is  measured  with  all  Os  in  the  DAC  register. 

BIPOLAR  ZERO  OFFSET  ERROR 

Bipolar  Zero  Offset  Error  is  measured  when  the  part  is  config- 
ured for  bipolar  output  and  is  a  combination  of  errors  from  the 
DAC  and  output  amplifier.  It  is  present  for  all  codes  and  is 
measured  with  a  code  of  2048  (decimal)  in  the  DAC  register. 

SINGLE  SUPPLY  LINEARITY  AND  GAIN  ERROR 

The  output  amplifier  of  the  AD7245A/AD7248A  can  have  a  true 
negative  offset  even  when  the  part  is  operated  from  a  single  pos- 
itive power  supply.  However,  because  the  lower  supply  rail  to 
the  part  is  0  V,  the  output  voltage  cannot  actually  go  negative. 
Instead  the  output  voltage  sits  on  the  lower  rail  and  this  results 
in  the  transfer  function  shown  across.  This  is  an  offset  effect 
and  the  transfer  function  would  have  followed  the  dotted  line  if 
the  output  voltage  could  have  gone  negative.  Normally,  linearity 
is  measured  after  offset  and  full  scale  have  been  adjusted  or  al- 
lowed for.  On  the  AD7245A/AD7248A  the  negative  offset  is 
allowed  for  by  calculating  the  linearity  from  the  code  which  the 
amplifier  comes  off  the  lower  rail.  This  code  is  given  by  the 
negative  offset  specification.  For  example,  the  single  supply  lin- 
earity specification  applies  between  Code  3  and  Code  4095  for 
the  25°C  specification  and  between  Code  5  and  Code  4095  over 
the  Tmjn  to  Tmaj,  temperature  range.  Since  gain  error  is  also 
measured  after  offset  has  been  allowed  for,  it  is  calculated  be- 
tween  the  same  codes  as  the  linearity  error.  Bipolar  linearity  and 

gain  error  are  measured  between  Code  0  and  Code  4095. 

- 


DIGITAL  FEEDTHROUGH 

Digital  Feedthrough  is  the  glitch  impulse  injected  from  the  digi- 
tal inputs  to  the  analog  output  when  the  inputs  change  state.  It 
is  measured  with  LDAC  high  and  is  specified  in  nV-s. 
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AD7245A  PIN  FUNCTION  DESCRIPTION 
(DIP  PIN  NUMBERS) 


Pin     Mnemonic  Description 


Pin      Mnemonic  Description 


1 


Vss  Negative  Supply  Voltage  (0  V  for  single 

supply  operation). 

RoFS  Bipolar  Offset  Resistor.  This  provides 

access  to  the  on-chip  application  resistors 
and  allows  different  output  voltage  ranges. 

REF  OUT    Reference  Output.  The  on-chip  reference  is 
provided  at  this  pin  and  is  used  when 
configuring  the  part  for  bipolar  outputs. 

AGND  Analog  Ground. 

DB11  Data  Bit  PR  Most  Significant  Bit  (MSB). 

DB10-DB5  Data  Bit  10  to  Data  Bit  5. 

DGND  Digital  Ground. 

13-16  DB4-DB1  Data  Bit  4  to  Data  Bit  1. 

17  DBO  Data  Bit  0.  Least  Significant  Bit  (LSB). 

18  CS  Chip  Select  Input  (Active  LOW).  The  device 

is  selected  when  this  input  is  active. 


4 

5 

6-11 
12 


19 

20 

21 

22 
23 

24 


WR  Write  Input  (Actiye_ LOW).  This  is  used  in 

conjunction  with  CS  to  write  data  into  the 
input  latch  of  the  AD7245A. 

LDAC        Load  DAC  Input  (Active  LOW).  This  is  an 
asynchronous  input  which  when  active 
transfers  data  from  the  input  latch  to 
the  DAC  latch. 

CLR  Clear  Input  (Active  LOW).  When  this  input 

is  active  the  contents  of  the  DAC  latch  are 
reset  to  all  0s. 


Positive  Supply  Voltage. 

Feedback  Resistor.  This  allows  access  to 
the  amplifier's  feedback  loop. 

Output  Voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V, 

0  to  + 10  V  or  -5  V  to  +5  V. 




DIP  and  SOIC 


1«]vout 

3"™ 

2l"|  CLR 

*2o]  LDAC 

AD7245A 

li]  WR 

TOP  VIEW 
(Not  to  Sc.M 

la]  cs 

Tj]  DBO 

"ieloai 

15|  DB2 

u"]  DB3 

"iF|dB4 

AD7245A  PIN  CONFIGURATIONS 


1 


PLCC 


I  J  >s  8  J  J  >8 


[u|H[»ll»|[»]lzJl™l 
i  I  I  M  1  i 
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AD7248A  PIN  FUNCTION  DESCRIPTION 
(ANY  PACKAGE) 


Pin  Mnemonic  Description 


Pin  Mnemonic  Description 


nil 


1    Vss  Negative  Supply  Voltage  (0  V  for  single 

supply  operation). 

Bipolar  Offset  Resistor.  This  provides 
access  to  the  on-chip  application  resistors 

and  allows  different  output  voltage  ranges. 

idj  I  )uqi  •  rt)  moil   larj  tw 
REF  OUT  Reference  Output.  The  on-chip  reference  is 
provided  at  this  pin  and  is  used  when 
configuring  the  part  for  bipolar  outputs. 

Analog  Ground. 

Data  Bit  7. 


14  CSMSB 


2  Rqp 


3 


15  CSLSB 

16  WR 


AGND 
DB7 
DB6 
DBS 

8  DB4 

9  DB3 

10  DGND 

11  DB2 

12  DB1 

13  DBO 


Data  Bit  6. 
Data  Bit  5. 
Data  Bit  4. 
Data  Bit  3/Data  Bit  11  (MSB). 
Digital  Ground. 
Data  Bit  2/Data  Bit  10. 
Data  Bit  1/Data  Bit  9. 
DataBit0(LSB)/DataBit8. 


17  LDAC 

18  VDD 

19  RFB 

20  VOUT 




Chip  Select  Input  for  MS  Nibble.  (Active 
LOW).  This  selects  the  upper  4  bits  of  the 
input  latch.  Input  data  is  right  justified. 

Chip  Select  Input  for  LS  byte.  (Active 
LOW).  This  selects  the  lower  8  bits  of  the 
input  latch. 

Write  Input  This  is  used  in  conjunction 
with  CSMSB  and  CSLSB  to  load  data  into 
the  input  latch  of  the  AD7248A. 

Load  DAC  Input  (Active  LOW).  Thjs  is 
an  asynchronous  input  which  when  active 
transfers  data  from  the  input  latch  to  the 
DAC  latch. 

Positive  Supply  Voltage. 

Feedback  Resistor.  This  allows  access  to 
the  amplifier's  feedback  loop. 

Output  Voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V, 
0  to  +10  V  or  -5  V  to  +5  V. 


i-d 


8' 


DIP  and  SOIC 


AD7248A  PIN  CONFIGURATIONS 


v„[7 

REFOUTfT 
AGNpfT 
1MSB>DB7|T 

»E 

DpO 


DBS[ 
DB4[ 
DBS  f 


AD7248A 
TOP  VIEW 


TTIldac 

'iT|wB 

T|cslsI 


lT|oB0ILSB) 

iT|pbi 


.       ...  .,-  :-r 


3-146    DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


□ 


ANALOG 
DEVICES 


- 


LC2M0S 

Dual  1 2-Bit  Serial  DACPORT 


AD7249 


FEATURES 

Two  12-Bit  CMOS  DAC  Channels  with 
On-Chip  Voltage  Reference 
Output  Amplifiers 
Three  Selectable  Output  Ranges  per  Channel 

-5  V  to  +5  V,  0  to  +5  V,  0  to  +10  V 
Serial  Interface 
12S  kHz  DAC  Update  Rate 
Small  Size  :  16-Pin  DIP  or  SOIC 
Low  Power  Dissipation 

APPLICATIONS 
Process  Control 
Industrial  Automation 
Digital  Signal  Processing  Systems 
Input/Output  Ports 

GENERAL  DESCRIPTION 


FUNCTIONAL  BLOCK 


The  AD7249  contains  a  pair  of  12-bit,  voltage-output,  < 
analog  converters  with  output  amplifiers  and  Zener  voltage  ref- 
erence on  a  monolithic  CMOS  chip.  No  external  trims  are 
required  to  achieve  full  specified  performance. 

The  output  amplifiers  are  capable  of  developing  + 10  V  across  a 
2  kfi  load.  The  output  voltage  ranges  with  single  supply  opera- 
tion are  0  V  to  +5  V  or  0  V  to  + 10  V,  while  an  additional  bi- 
polar ±5  V  output  range  is  available  with  dual  supplies.  The 
ranges  are  selected  using  the  internal  gain  resistor. 

Interfacing  to  the  AD7249  is  serial,  minimizing  pin  count  and 
allowing  a  small  package  size.  Standard  control  signals  allow 
interfacing  to  most  DSP  processors  and  microcontrollers.  The 
data  stream  consists  of  16  bits,  DB15  to  DB13  are  don't  care 
bits,  the  13th  bit  (DB12)  is  used  as  the  channel  select  bit  and 
the  remaining  12  bits  (DB11  to  DBO)  contain  the  data  to  update 
the  DAC.  The  16-bit  data  word  is  clocked  into  the  input  regis- 
ter on  each  falling  SCLK  edge. 

The  data  format  is  natural  binary  in  both  unipolar  ranges,  while 
either  offset  binary  or  twos  complement  format  may  be  selected 
in  the  bipolar  range.  A  CLR  function  is  provided  which  sets  the 
output  to  0  V  in  both  unipolar  ranges  and  in  the  twos  comple- 
ment bipolar  range,  while  with  offset  binary  data  format,  the 
output  is  set  to  -REFIN.  This  function  is  useful  as  a  power-on 
reset  as  it  allows  the  outputs  to  be  set  to  a  known  voltage  level. 


The  AD7249  features  a  serial  interface  which  allows  easy  con- 
nection to  both  microcomputers  and  16-bit  digital  signal  proces- 
sors with  serial  ports.  The  serial  data  may  be  applied  at  rates  up 
to  2  MHz  allowing  a  DAC  update  rate  of  125  kHz. 

The  AD7249  is  fabricated  on  linear  compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process.  It  is  pack- 
aged in  16-pin  DIP  and  16-pin  SOIC  packages. 

PRODUCT  HIGHLIGHTS 

I,  Two  complete  12-bit  DACPORTs® 

The  AD7249  contains  two  complete  voltage  output,  12-bit 
DACs  in  both  16-lead  DIP  and  SOIC  packages. 

2   c:__,  j...,  ,  II. S: 


or  dual  supply  ( 

3.  Minimum  3-wire  interface  to  most  DSP  processors 

4.  DAC  update  rate- 125  kHz 

- 


DACPORT  is  a  registered  trademark  of  Analog  Devices,  Inc. 
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AD7249- SPECIFICATIONS 


(Vpo  =  +12  V  to  +15  V,'  Vjs  =  0  V  or  -12  Vio  -15 


0  V,  REFIN  =  +5  V,  RL  =  2  kft,  CL  =  100  pF  to  A6ND  All  specifications  TMIH  to  TMU  unless  otherwise  noted.) 


=  DGND  = 


STATIC  PERFORMANCE 
Resolution    i  j 
Relative  Accuracy3 
Differential  Nonlinearity3 
Unipolar  Offset  Error3 

Bipolar  Zero  Error3 

Full-Scale  Error3'  4 

Full-Scale  Temperature  Coefficient 


A  Version2 


12 
±1 

±0  9  IT3M 
±5 

±6  g 

±6 
±5 


B  Version2 


12 

±1/2 
±0.9 
±5 


S  Version2 


12 
±1 
±0.9 
±6 

±7 

±7 
±5 


Units 


Test  Conditions/Comments 


Bits 

LSB  max 
LSB  max 
LSB  max 

LSB  max 

LSB  max 
ppmofFSRVCtyp 


Guaranteed  Monotonic 

Vss  =  0  V  or  -12  V  to  -15  V1;  DAC 

Latch  Contents  All  0s 

Vss  =  -12  V  to  -15  V1 

DAC  Latch  Contents  All  Os 


REFERENCE  OUTPUT 
REFOUT 

Reference  Temperature  Coefficient 
Reference  Load  Change 

OVrefout  vs-  II) 


4.95/5.05 
±25 


-1 


4.95/5.05 
±25 


4.95/5.05 
±30 


V  min  V  max 
ppm/°C  typ 

mV  max 


Reference  Load  Current  (IL) 
Change  (0  uA-100  u.A) 


REFERENCE  INPUT 
Reference  Input  Range,  REFIN 
Input  Current 


4.95/5.05 
5 


4.95/5.05 
5 


4.95/5.05 
5 


V  min/V  max 
u,A  max 


triyS  o"«  -'-»t"^  !Bnoi8  teligtQ 
5  V  ±  1% 





DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current 
I.n 

Input  Capacitance5 


2.4 
0.8 

i 

±1 
g 


2.4 
0.8 

±1 


2.4 
0.8 


±1 
8 


V  min 

V  max 

uA  max 
pF  max 


=  0  V  to  VDD 




woo;  m;aA  Mtr 

ilouoip.  e  no  -nrtjr> 
Unftq*  oj  bnujp*i 

c,mR  njqjut'  wfl 



ANALOG  OUTPUTS 
Output  Range  Resistor, 

Rofsa  &  Rofsb 
Output  Voltage  Ranges" 
Output  Voltage  Ranges6 
DC  Output  Impedance 


15/30 
+  5,  +10 
+  5,  +10,  ±5 
0.5 


15/30 

+  5,  +10 

+  5,  +10,  ±5 

0.5 


15/30 
+  5,  +10 
+  5,  +10,  ±5 
0.5 


..'it  •  jY'A" 

kfl  min/  max 
V 
V 

O  typ 


.:  V  0  s-u  nob 


Single  Supply;  Vss  =  0  V 

Dual  Supply;  Vss  =  -12  V  or  -15  V 


AC  CHARACTERISTICS5 
Voltage  Output  Settling-Time 

Positive  Full-Scale  Change 
Negative  Full-Scale  Change 

Digital-to-Analog  Glitch  Impulse3 

Digital  Feedthrough3 
Digital  Crosstalk3 


10 
10 
10 

30 

10 
10 


10 
10 
10 
30 

10 
10 


u.s  max 
(xs  max 
(is  typ 
nV  sees  typ 

nV  sees  typ 
nV  sees  typ 


Settling  Time  to  Within 
±1/2  LSB  of  Final  Value 
Typically  3  |as 

Typically  5  us.  Vss  =  -12  V  to  -15  V 
vss  =  0  V 

DAC  Latch  Contents  Toggled 
Between  All  0s  and  All  Is 


POWER  REQUIREMENTS 
VDD  Range 

Vss  Range  (Dual  Supplies) 
Iss  (Dual  Supplies) 


+  10.8/+16.5 

-10.8/- 16.5 

15 
5 


+  11.4/+15.75 

-11.4/-15.75 

15 
5 


+  11.4/+15.75 

-11.4/-15.75 

15 
5 


V  min/V  max 

V  min/V  max 


mA  max 
mA  max 


For  Specified  Performance  Unless 
Otherwise  Stated 
For  Specified  Performance  Unless 
Otherwise  Stated 

Output  Unloaded;  Typically  1 1  mA 
Output  Unloaded;  Typically  3  mA 


NOTES 

'Power  supply  tolerance,  A  Version:  ±10%;  B,  S  Versions:  ±5%. 

2Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
'See  Terminology. 

4Measured  with  respect  to  REFIN  and  includes  unipolar/bipolar  offset  error. 
'Guaranteed  by  design  not  production  tested. 
*0  V  to  10  V  output  range  available  only  with  VDD  a  14.25  V. 
Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS1, 2  (v0D  =  +12  v  to  +15  v,3  Vss  =  0  v  or  -12  v  to  -15  v,3  agnd  =  dgno  =  0  v,  rl  = 

2  kn,  CL  =  100  pF.  All  specifications  TMm  to  TMM  unless  otherwise  noted.) 


■ 


Parameter 


Limit  at  +25°C 
(All  Versions) 


Limit  at  T^an,  TMAX 
(All  Versions) 


Units 


Conditions/Comments 


t,4 

h 

u 
h 

h 
h 

tin 


400 

50 
120 
10 
170 
0 
50 
0 
75 
75 


500 
50 
150 
10 
225 
0 
50 
0 
75 


bad  bsisTtud  vliin-aH  i 


ns  min 
ns  min 
nsmin 
ns  min 
ns  min 
ns  min 


SCLK  Cycle  Time 

SYNC  to  SCLK  Falling  Edge  Setup  Tii 
SYNC  to  SCLK  Hold  Time 
Data  Setup  Time 
Data  Hold  Time 


ns  min 
ns  min 
ns  min 

100  I  ns 


SYNC  High  to  LDAC  Low 
LDAC  Pulse  Width 


LDAC  High  to  SYNC  Low 
CLR  Pulse  Width 
SYNC  High  Time 


NOTES 


'Timing  specifications  guaranteed  by  design  not  production  tested.  All  input  signals  are  specified  with  tr=  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a 
voltage  level  of  1.6  V.  . 

>P™pp?y  tolerance,  A  Version:  ±  10%;  B,  S  Versions:  ±5%. 
4SCLK  Mark/Space  Ratio  range  is  45/55  to  55/45. 

ABSOLUTE  MAXIMUM  RATINGS1  Power  Dissipation,  Cerdip    600  mW 

(T*  =  +25°C  unless  otherwise  noted)  6,A  Thermal  Impedance  76°C/W 

VDD  to  AGND,  DGND   -0.3  V  to  +17  V         Lead  Temperature  (Soldering,  10  sees)   +300°C 

Vss  to  AGND,  DGND   +0.3  V  to  - 17  V  Power  Dissipation,  SOIC    600  mW 

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V         8,A  Thermal  Impedance  75°C/W 


0.3  V  to  VDD  +  0.3  V 
0  V  to  VDD 
,  +  0.3  V 


Vquta.  b2  w  AGND 
REFOUT  to  AGND 

REFIN  to  AGND   -0.3  V  to  V, 

Digital  Inputs  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Tcmpcrsturc  R.3ngc 

Industrial  (A,  B  Versions)  -4CC  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Junction  Temperature   +  150°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Power  Dissipation  Plastic  DIP   600  mW 

6JA  Thermal  Impedance 


Lead  Temperature  (Soldering) 
Vapor  Phase  (60  sees) 
Infrared  (15  sees)  .  .  . 


"  V 


+215°C 
+220°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability 
Only  one  Absolute  Maximum  Rating  may  be  applied  at  any  time. 
2The  outputs  may  be  shorted  to  voltages  in  this  range  provided  the  power 

.'  .^SSc  dissipation  of "*  **** is  not  excKdcd 


CAUTION   i  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD7249  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


■ 

i  ■ 
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Description 


t 


 r 





REFOUT 
REFIN 

RoFSB 
VOUTB 

AGND 
CLR 


DGND 

SDIN 

LDAC 


SCLK 
SYNC 

VDD 

VoOTA 

Vss 

^OFSA 


Voltage  Reference  Output.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  operate  the 
part  using  its  internal  reference,  REFOUT  should  be  connected  to  REFIN. 

Voltage  Reference  Input.  It  is  internally  buffered  before  being  applied  to  both  DACs.  The  nominal 
reference  voltage  for  specified  operation  of  the  AD7249  is  5  V. 

Output  Offset  Resistor  for  the  amplifier  of  DAC  B.  It  is  connected  to  VOUTB  for  the  +5  V  range,  to 
AGND  for  the  + 10  V  range  and  to  REFIN  for  the  -5  V  to  +5  V  range. 

Analog  Output  Voltage  of  DAC  B.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  +5  V,  0  to  +10  V  and  -5  V  to  +5  V. 
Analog  Ground.  Ground  reference  for  all  analog  circuitry. 

Clear,  Logic  Input.  Taking  this  input  low  clears  both  DACs.  It  sets  VOUXA  and  VOUTB  to  0  V  in 
both  unipolar  ranges  and  the  twos  complement  bipolar  range  and  to  -REFIN  in  the  offset  binary 
bipolar  range. 

Logic  Input.  This  input  selects  the  data  format  to  be  either  binary  or  twos  complement.  In  both 
unipolar  ranges  natural  binary  format  is  selected  by  connecting  this  input  to  a  Logic  "0".  In  the 
bipolar  configuration  offset  binary  format  is  selected  with  a  logic  "0"  while  a  Logic  "1"  selects  twos 
complement. 

Digital  Ground.  Ground  reference  for  all  digital  circuitry. 

Serial  Data  In,  Logic  Input.  The  16-bit  serial  data  word  is  applied  to  this  input. 

Load  DAC,  Logic  Input.  Updates  both  DAC  outputs.  The  DAC  outputs  are  updated  on  the  falling 

edge  of  this  signal  or  alternatively  if  this  line  is  permanently  low,  an  automatic  update  mode  is 

selected  whereby  both  DACs  are  updated  on  the  16th  falling  SCLK  pulse. 

Serial  Clock,  Logic  Input.  Data  is  clocked  into  the  input  register  on  each  falling  SCLK  edge. 

Data  Synchronization  Pulse,  Logic  Input.  Taking  this  input  low  initializes  the  internal  logic  in 

readiness  for  a  new  data  word. 

Positive  Power  Supply. 

Analog  Output  Voltage  of  DAC  A.  This  is  the  buffer  amplifier  output  voltage.  Three  different 
output  voltage  ranges  can  be  chosen:  0  to  +5  V,  0  to  +10  V  and  —5  V  to  +5  V. 

Negative  Power  Supply  (used  for  the  output  amplifier  only)  may  be  connected  to  0  V  for  single 
supply  operation  or  -12  V  to  -15  V  for  dual  supplies. 

Output  Offset  Resistor  for  the  amplifier  of  DAC  A.  It  is  connected  to  VOUTA  for  the  +5  V  range,  to 
AGND  for  the  + 10  V  range  and  to  REFIN  for  the  -5  V  to  +5  V  range. 


PIN  CONFIGURATIONS 
(DIP  and  SOIC) 


ORDERING  GUIDE 


 I  W — 

REFOUT  |T  • 
REFIN  (T 

"OFS.  E 

Vour.  E]  AD7249 

AQND 

clr|T 

iiS/COMP  [T 
DGND [T 


BTOP  VIEW 
(Not  to  Sella) 


3  "OFSA 

ii]v0UTA 

l7]  SYNC 
TT|  SCLK 
10]  LDAC 
7]  SDIN 


Model 


AD7249AN 
AD7249BN 
AD7249AR 
AD7249BR 
AD7249SQ2 


Temperature 
Range 


-40°C  to  +  85°C 
-40°Cto  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 


Relative 
Accuracy 


±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 


Package 
Option1 


N-16 
N-16 
R-16 
R-16 
Q-16 


NOTES 

'For  outline  information  see  Package  Information  section. 
Available  to  /883B  processing  only.  Contact  your  local  sales  office  for  mili- 
tary data  sheet. 
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TERMINOLOGY 
Bipolar  Zero  Error 

Bipolar  Zero  Error  is  the  voltage  measured  at  Voux  when  the 
DAC  is  configured  for  bipolar  output  and  loaded  with  all  Os 
(Twos  Complement  Coding)  or  with  1000  0000  0000  (Offset 
Binary  Coding).  It  is  due  to  a  combination  of  offset  errors  in  the 
DAC,  amplifier  and  mismatch  between  the  internal  gain  resis- 
tors around  the  amplifier. 

Full-Scale  Error 

Full-Scale  Error  is  a  measure  of  the  output  error  when  the 
amplifier  output  is  at  full  scale  (for  the  bipolar  output  range  full 
scale  is  either  positive  or  negative  full  scale).  It  is  measured  with 
respect  to  the  reference  input  voltage  and  includes  the  offset 


Digital-to-Analog  Glitch  Impulse 

This  is  the  voltage  spike  that  appears  at  Voux  when  the  digital 
code  in  the  DAC  Latch  changes,  before  the  output  settles  to  its 
final  value.  The  energy  in  the  glitch  is  specified  in  nV  sees,  and 
is  measured  for  an  all  codes  change  from  0000  0000  0000  to 
1111  1111  1111. 


Digital  Feedthrough 

This  is  a  measure  of  the  voltage  spike  that  appears  on 
result  of  feedthrough  from  the  digital  inputs  on  the  A 


Relative  Accuracy  (Linearity) 

Relative  Accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
maximum  deviation  of  the  DAC  transfer  function  from  a 


straight  ine  passing  through  the  endpoints  of  the  transfer  func- 
tion. It  is  measured  after  allowing  for  zero  and  full-scale  errors 
and  is  expressed  in  LSBs  or  as  a  percentage  of  full-scale  reading. 

Single  Supply  Linearity  and  Gain  Error 

The  output  amplifier  on  the  AD7249  can  have  true  negative  off- 
sets even  when  the  part  is  operated  from  a  single  + 15  V  supply. 
However,  because  the  negative  supply  rail  (Vss)  is  0  V,  the  out- 
put cannot  actually  go  negative.  Instead,  when  the  output  offset 
voltage  is  negative,  the  output  voltage  sits  at  0  V,  resulting  in 
on  shown  in  Figure  1 . 


This  "knee"  is  an  offset  effect,  not  a  linearity  error,  and  the 
transfer  function  would  have  followed  the  dotted  line  if  the  out- 
put voltage  could  have  gone  negative. 

Normally,  linearity  is  measured  between  zero  (all  0s  input  code) 
and  full  scale  (all  Is  input  code)  after  offset  and  full  scale  have 
been  adjusted  out  or  allowed  for,  but  this  is  not  possible  in  sin- 
gle supply  operation  if  the  offset  is  negative,  due  to  the  knee  in 
the  transfer  function.  Instead,  linearity  of  the  AD7249  in  the 
unipolar  mode  is  measured  between  full  scale  and  the  lowest 
code  which  is  guaranteed  to  produce  a  positive  output  voltage. 
This  code  is  calculated  from  the  maximum  specification  for  neg- 
ative offset.  For  the  A  and  B  versions,  the  linearity  is  measured 
between  Codes  3  and  4095.  For  the  S  grade,  linearity  is  mea- 
sured between  Code  5  and  Code  4095. 

Differential  Nonlinearity 

Differential  Nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

Unipolar  Offset  Error 

Unipolar  Offset  Error  is  the  measured  output  voltage  from 
Voux  with  all  zeros  loaded  into  the  DAC  latch,  when  the  DAC 
is  configured  for  unipolar  output.  It  is  due  to  a  combination  of 
the  offset  errors  in  the  DAC  and  output  amplifier. 

CIRCUIT  INFORMATION 
D/A  Section 

The  AD7249  contains  two  12-bit  voltage-mode  D/A  converters 
consisting  of  highly  stable  thin  film  resistors  and  high-speed 
NMOS  single-pole,  double-throw  switches.  The  simplified  cir- 
cuit diagram  for  the  DAC  section  is  shown  in  Figure  2.  The 
output  voltage  from  the  converter  has  the  same  polarity  as  the 
reference  voltage,  REFIN,  allowing  single  supr.lv  flttKtttt, 
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Internal  Reference 

The  AD7249  has  an  on-chip  temperature  compensated  buried 
Zener  reference  which  is  factory  trimmed  to  5  V  ±  50  mV.  The 
reference  voltage  is  provided  at  the  REFOUT  pin.  This  refer- 
ence can  be  used  to  provide  the  reference  voltage  for  the  D/A 
converter  by  connecting  the  REFOUT  pin  to  the  REFIN  pin. 

The  reference  voltage  can  also  be  used  as  a  reference  for  other 
components  and  is  capable  of  providing  up  to  500  \x.A  to  an 
external  load.  The  maximum  recommended  capacitance  on 
REFOUT  for  normal  operation  is  50  pF.  If  the  reference  output 
is  required  to  drive  a  capacitive  load  greater  than  50  pF,  then  a 
200  O  resistor  should  be  placed  in  series  with  the  capacitive 
load.  Figure  3  shows  the  suggested  REF  OUT  decoupling 
scheme,  a  200  fl  resistor  and  the  parallel  combination  of  a 
10  u.F  tantalum  and  a  0.1  u.F  ceramic  capacitor.  This  decou- 
pling scheme  reduces  the  noise  spectral  density  of  the  reference. 

m 

 •  •  EXT  LOAD 


Figure  3.  Reference  Decoupling  Scheme 
External  Reference 

In  some  applications,  the  user  may  require  a  system  reference  or 
some  other  external  reference  to  drive  the  AD7249.  References 
such  as  the  AD586  provide  an  ideal  external  reference  source 
(See  Figure  10).  The  REFIN  voltage  is  internally  buffered  by  a 
unity  gain  amplifier  before  being  applied  to  the  D/A  converter. 
The  D/A  converter  is  scaled  for  a  5  V  reference  and  the  device 
is  tested  with  5  V  applied  to  REFIN.  Other  reference  voltages 
may  be  used  with  degraded  performance.  Figure  4  shows  the 
degradation  in  linearity  vs.  REFIN. 


Op  Amp  Section 

The  output  of  the  voltage-mode  D/A  converter  is  buffered  by  a 
noninverting  CMOS  amplifier.  The  RoFS  input  allows  three  out- 
put voltage  ranges  to  be  selected.  The  buffer  amplifier  is  capable 
of  developing  +10  V  across  a  2  kfi  load  to  AGND. 

The  output  amplifier  can  be  operated  from  a  single  +15  V  sup- 
ply by  tying  Vss  =  0  V. 

The  amplifier  can  also  be  operated  from  dual  supplies  to  allow 
an  additional  bipolar  output  range  of  -5  V  to  +5  V.  Dual  sup- 
plies are  necessary  for  the  bipolar  output  range  but  can  also  be 
used  for  the  unipolar  ranges  to  give  faster  settling  time  to  volt- 
ages near  0  V,  to  allow  full  sink  capability  of  2.5  mA  over  the 
entire  output  range  and  to  eliminate  the  effects  of  negative  off- 
sets on  the  transfer  characteristic  (outlined  previously).  A  plot  of 
the  output  sink  capability  of  the  amplifier  is  shown  in  Figure  5. 


-15V 

0  2  4  6  8 

OUTPUT  VOLTAGE  -  Volts 

Figure  5.  Amplifier  Sink  Current 
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Figure  4.  Linearity  vs.  REFIN  Voltage 
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Figure  6.  Noise  Spectral  Density  vs.  Frequency 
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DIGITAL  INTERFACE  There  are  two  ways  in  which  a  DAC  latches  and  hence  the  ana- 

The  AD7249  contains  an  input  serial  to  parallel  shift  register  log  outputs  may  be  updated.  The  status  of  the  LDAC  input  is 

and  a  DAC  latch  for  both  DAC  A  and  DAC  B.  A  simplified  examined  after  SYNC  is  taken  low.  Depending  on  its  status,  one 


1  of  the  input  loading  circuitry  is  shown  in  Figure  7. 
Serial  data  on  the  SPIN  input  is  loaded  to  the  input  register 
under  control  of  SYNC  and  SCLK.  The  SYNC  input  provides 
the  frame  synchronization  signal  which  tells  the  AD7249  that 
valid  serial  data  on  the  SDIN  input  will  be  available  for  the  next 
16  falling  edges  of  SCLK.  An  internal  counter/decoder  circuit 
provides  a  low  gating  signal  so  that  only  16  data  bits  are  clocked 
into  the  input  shift  register.  After  16  SCLK  pulses  the  internal 
gating  signal  goes  inactive  (high)  thus  locking  out  any  further 
clock  pulses.  Therefore  either  a  continuous  clock  or  a  burst 
clock  sourci 
is  taken  big 


of  two  update  modes  are  selected. 

If  LDAC  =  0,  then  the  automatic  update  mode  is  selected.  In 
this  mode  the  DAC  latch  and  analog  output  are  updated  auto- 
matically when  the  last  bit  in  the  serial  data  stream  is  clocked  in. 
The  update  thus  takes  place  on  the  sixteenth  falling  SCLK  edge. 


sed  to  clock  in  the  data.  The  SYNC  input 
complete  16-bit  word  is  loaded  in. 


DAC  selection  is  accomplished  using  the  thirteenth  bit  (DB12) 
of  the  serial  data  input  stream.  A  zero  in  DB12  will  select  DAC 
A  while  a  one  in  this  position  selects  DAC  B.  Although  16  bits 
of  data  are  clocked  into  the  input  register,  only  12  bits  get  trans- 
ferred into  the  DAC  latch.  The  relevant  DAC  latch  is  deter- 
mined by  the  value  of  the  thirteenth  bit  and  the  first  three  bits 
in  the  16-bit  stream  are  don't  cares.  Therefore,  the  data  format 
is  three  don't  cares  followed  by  the  DAC  selection  bit  and  the 
12-bit  data  word  with  the  LSB  as  the  last  bit  in  the  serial  stream. 

SYNC  I  H 


If  LDAC  =  1,  then  the  automatic  update  is  disabled  and  both 
DAC  latches  are  updated  by  taking  LDAC  low  any  time  after 
the  16-bit  data  transfer  is  complete.  The  update  now  occurs  on 
the  falling  edge  of  LDAC.  Note  that  the  LDAC  input  must  be 
taken  back  high  again  before  the  next  data  transfer  is  initiated. 
When  a  complete  word  is  held  in  the  shift  register  it  may  then 
be  loaded  into  the  DAC  latch  under  control  of  LDAC. 

Clear  Function  (CLR) 

The  clear  function  clears  the  contents  of  the  input  shift  register 
and  loads  both  DAC  Latches  with  all  0s.  It  is  activated  by  tak- 
ing CLR  low.  In  all  ranges  except  the  Offset  Binary  bipolar 
range  (-5  V  to  +5  V)  the  output  voltage  is  reset  to  0  V.  In  the 
offset  binary  bipolar  range  the  output  is  set  to  -REFIN.  The 
clear  function  is  especially  useful  at  power-up  as  it  enables  the 
output  to  be  reset  to  a  known  state. 


■ 


LDAC 
CLR 


/16 
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SIGNAL 


DECODER 
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CIRCUITRY 


DAC  LATCH  A  (12  BITS) 
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Figure  8.  Timing  Diagram 


TRANSFER  FUNCTION 

The  internal  scaling  resistors  provided  on  the  AD7249  allow  sev- 
eral output  voltage  ranges.  The  part  can  produce  unipolar  out- 
put ranges  of  0  V  to  +5  V  or  0  V  to  + 10  V  and  a  bipolar 
output  range  of  ±5  V.  Connections  for  the  various  ranges  are 
outlined  below.  Since  each  DAC  has  its  own  ROFS  input  the  two 
DACs  can  be  set  up  for  different  output  ranges. 

Unipolar  (0  V  to  +10  V)  Configuration 

The  first  of  the  configurations  provides  an  output  voltage  range 
of  0  V  to  +10  V.  This  is  achieved  by  connecting  the  output  off- 
set resistor  Rofsa>  Rofsb  (Pin  3,  16)  to  AGND.  Natural  Binary 
data  format  is  selected  by  connecting  BIN  /  COMP  (Pin  7)  to 
DGND.  In  this  configuration,  the  AD7249  can  be  operated 
using  either  single  or  dual  supplies.  Note  that  the  VDD  supply  is 

■ 

v. 


restricted  to  +15  V  ±  10%  for  this  range  in  order  to  maintain 
sufficient  amplifier  headroom.  Dual  supplies  may  be  used  to 
improve  settling  time  and  give  increased  current  sink  capability 
for  the  amplifier.  Figure  9  shows  the  connection  diagram  for 
unipolar  operation  of  the  AD7249.  Table  I  shows  the  digital 
code  vs.  analog  output  for  this  configuration. 

Unipolar  (0  V  to  +5  V)  Configuration 

The  0  V  to  +  5  V  output  voltage  range  is  achieved  by  tying 
Rofsa  »  VOUTA  or  Rofsb  w  Voutb-  Once  again,  the  AD7249 
can  be  operated  using  either  single  or  dual  supplies.  The  table 
for  output  voltage  versus  digital  code  is  as  in  Table  I,  with 
2REFIN  replaced  by  REFIN.  Note,  for  this  range,  1  LSB  = 
REFIN  •  (2"12)  =  (REFIN/4096). 


Table  I.  Unipolar  Code  Table  (0  V  to  +10  V  Range) 


Input  Data  Word 

MSB  LSB 


XXXY  1111  1111  1111 
XXXY  1000  0000  0001 

XXXY  1000  0000  0000 
XXXY  0111  1111  1111 

XXXY  0000  0000  0001 
XXXY  0000  0000  0000 


Analog  Output,  VOUT 


+2REFIN  •  (4095/4096) 
+2REFIN  •  (2049/4096) 

+  2REFIN  •  (2048/4096) 
+2REFIN  •  (2047/4096) 

+2REFIN  ■  (1/40%) 
0  V 


+ REFIN 


AD7249* 


X  =  Don't  Care. 

Y  =  DAC  Select  Bit,  0  =  DACA,  1=  DACB. 
Note:  1  LSB  =  2REFIN/4096. 


is  — • —     AGND  DGND  _L 
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Figure  9.  Unipolar  (0  V  to  + 10  V)  Configuration 
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Bipolar  (±5  V)  Configuration 

The  bipolar  configuration  for  the  AD7249,  which  gives  an  out- 
put range  of  —5  V  to  +5  V,  is  achieved  by  connecting  R0fsa> 
Rofsb  to  VREFIN.  The  AD7249  must  be  operated  from  dual 
supplies  to  achieve  this  output  voltage  range.  Either  offset 
binary  or  twos  complement  coding  may  be  selected.  Figure  10 
shows  the  connection  diagram  for  bipolar  operation.  An  AD586 
provides  the  reference  voltage  for  the  DAC  but  this  could  be 


provided  by  the  on-chip  reference  by 
REFIN. 


'UTto 


J  AD7249* 
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Figure  10.  Bipolar  Configuration  with  External  Re 

Bipolar  Operation  (Twos  Complement  Data  Format) 

The  AD7249  is  configured  for  twos  complement  data  format  by 
connecting  BIN/COMP  (Pin  7)  high.  The  analog  output  vs.  dig- 
ital code  is  shown  in  Table  II. 

Table  II.  Twos  Complement  Bipolar  Code  Table 


Data  Word 
MSB  LSB 


XXXY  0111  1111  1111 
XXXY  0000  0000  0001 
XXXY  0000  0000  0000 
XXXY  1111  1111  1111 
XXXY  1000  0000  0001 
XXXY  1000  0000  0000 


Analog  Output,  Voux 


— 

X  =  Don't  Care. 

Y  =  DAC  Select  Bit,  0  =  DACA,  ] 
:  1  LSB  =  REFIN/2048. 


+  REFIN 
+  REFIN 
0  V 

-REFIN 
-REFIN 
-REK 


(2047/2048) 
(1/2048) 

(1/2048) 
(2047/2048) 
(2048/2048)= 


IN  ■  (2048/2048) 


-REFIN 


DACB. 


Bipolar  Operation  (Offset  Binary  Data  Format) 

The  AD7249  is  configured  for  Offset  Binary  data  format  by  con- 
necting BIN/COMP  (Pin  7)  low.  The  analog  output  vs.  digital 
code  may  be  obtained  by  inverting  the  MSB  in  Table  II. 

APPLYING  THE  AD7249 

Good  printed  circuit  board  layout  is  as  important  as  the  overall 
circuit  design  itself  in  achieving  high  speed  converter  perfor- 
mance. The  AD7249  works  on  an  LSB  size  of  2.44  mV  for  the 
unipolar  0  V  to  10  V  range  and  the  bipolar  ±5  V  range,  when 
using  the  unipolar  0  V  to  5  V  range  the  LSB  size  is  1.22  mV. 
Therefore  the  designer  must  be  conscious  of  minimizing  noise 
in  both  the  converter  itself  and  in  the  surrounding  circuitry. 
Switching  mode  power  supplies  are  not  recommended  as  switch- 
ing spikes  can  feedthrough  to  the  on-chip  amplifier.  Other 
causes  of  concern  are  ground  loops  and  feedthrough  from  micro- 
processors. These  are  factors  which  influence  any  high  perfor- 
mance converter,  and  proper  printed  circuit  board  layout  which 
minimizes  these  effects  is  essential  to  obtain  high  performance. 

LAYOUT  HINTS 

Ensure  that  the  layout  has  the  digital  and  analog  tracks  sepa- 
rated as  much  as  possible.  Take  care  not  to  run  any  digital  track 
alongside  an  analog  signal  track.  Establish  a  single  point  analog 
ground  separate  from  the  logic  system  ground.  Place  this  star 
ground  as  close  as  possible  to  the  AD7249.  Connect  all  analog 
grounds  to  this  star  point  and  also  connect  the  AD7249  DGND 
pin  to  this  point.  Do  not  connect  any  other  digital  grounds  to 
this  analog  ground  point.  Low  impedance  analog  and  digital 
power  supply  common  returns  are  essential  for  low  noise  opera- 
tion of  high  performance  converters.  To  accomplish  this  track 
widths  should  be  kept  a  wide  as  possible  and  also  the  use  of 
ground  planes  minimizes  impedance  paths  and  also  guards  the 
analog  circuitry  from  digital  noise. 


i  where  1 


lis  is  not  possible  use  a 
shielded  cable  between  the  DAC  outputs  and  their  destination. 
Reduce  the  ground  circuit  impedance  as  much  as  possible  since 
any  potential  difference  in  grounds  between  the  DAC  and  its 
destination  device  appears  as  an  error  voltage  in  series  with  the 
DAC  output. 

Power  Supply  Decoupling 

To  achieve  optimum  performance  when  using  the  AD7249,  the 
VDD  and  Vss  lines  should  be  decoupled  to  AGND  using  0.1  p.F 
capacitors.  In  noisy  environments  it  is  recommended  that  10  u.F 
capacitors  be  connected  in  parallel  with  the  0.1  u.F  capacitors. 
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MICROPROCESSOR  INTERFACING 

Microprocessor  interfacing  to  the  AD7249  is  via  a  serial  bus 
which  uses  standard  protocol  compatible  with  DSP  processors 
and  microcontrollers.  The  communications  channel  requires  a 
three-wire  interface  consisting  of  a  clock  signal,  a  data  signal 
and  a  synchronization  signal.  The  AD7249  requires  a  16-bit  data 
word  with  data  valid  on  the  falling  edge  of  SCLK.  For  all  the 
interfaces,  the  DAC  update  may  be  done  automatically  when  all 
the  data  is  clocked  in  or  it  may  be  done  under  control  of 
LDAC. 


Figures  11  to  15  show  the  AD7249  configured  for  interfacing  to 
a  number  of  popular  DSP  processors  and  microcontrollers. 

AD7249-ADSP-2101/ADSP-2102  Interface 

Figure  1 1  shows  a  serial  interface  between  the  AD7249  and  the 
ADSP-2101/  ADSP-2102  DSP  processor.  The  ADSP-2101/ 
ADSP-2102  contains  two  serial  ports  and  either  port  may  be 
used  in  the  interface.  The  data  transfer  is  initiated  by  TFS 
going  low.  Data  from  the  ADSP-2101/ADSP-2102  is  clocked 
into  the  AD7249  on  the  falling  edge  of  SCLK.  DB12  of  the 
16-bit  serial  data  stream  selects  the  DAC  to  be  updated.  Both 
DACs  can  be  updated  by  holding  LDAC  high  while  performing 
two  write  cycles  to  the  DAC.  TFS  must  be  taken  high  after 
each  16  bit  write  cycle.  LDAC  is  brought  low  at  the  end  of  the 
second  cycle  and  both  DAC  outputs  are  updated  together.  In 
the  interface  shown  the  DAG  is  updated  using  an  external  timer 
GHOQ  °&£TGA  9di  :naane  j  mlt  boa  inioq  isfe  2uL  oi  zbnjoig 
of  abnjotr  jar.  1.  ■v.a.  ' 
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Figure  11.  AD7249-ADSP-2101/ADSP-21 02  Interface 
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which  generates  an  LDAC  pulse.  This  could  also  be  done  using 
a  control  or  decoded  address  line  from  the  processor.  Alterna- 
tively, if  the  LDAC  input  is  hardwired  low  the  output  update 
takes  place  automatically  on  the  16th  falling  edge  of  SCLK. 

AD7249-DSPS6000  Interface 

A  serial  interface  between  the  AD7249  and  the  DSP56000  is 
shown  in  Figure  12.  The  DSP56000  is  configured  for  Normal 
Mode  Asynchronous  operation  with  Gated  Clock.  It  is  also  set 
up  for  a  16-bit  word  with  SCK  and  SC2  as  outputs  and  the  FSL 
control  bit  set  to  a  "0."  SCK  is  internally  generated  on  the 
DSP56000  and  applied  to  the  AD7249  SCLK  input.  Data  from 


the  DSP56000  is  valid  on  the  falling  edge  of  SCK.  The  SC2  out- 
put provides  the  framing  pulse  for  valid  data.  This  line  must  be 
inverted  before  being  applied  to  the  SYNC  input  of  the 
AD7249. 

SMnr,  ntbiS  .sj/iei  *)3»Jlov  uqi.o  an  T'sui'js  of  "OuqqiM 
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Figure  12.  AD7249-DSPS600  Interface 

In  this  interface  an  external  LDAC  pulse  generated  from  an 
external  timer  is  used  to  update  the  outputs  of  the  DACs.  This 
update  can  also  be  produced  using  a  bit  programmable  control 
line  from  the  DSP56000. 

AD7249-TMS32020  Interface 

Figure  13  shows  a  serial  interface  between  the  AD7249  and  the 
TMS32020  DSP  processor.  In  this  interface,  the  CLKX  and 
FSX  signals  for  the  TMS32020  should  be  generated  using  exter- 
nal clock/timer  circuitry.  The  FSX  pin  of  the  TMS32020  must 
be  configured  as  an  input.  Data  from  the  TMS32020  is  valid  on 
the  falling  edge  of  CLKX. 


•ADDITIONAL  PINS  OMITTED  FOR  CLARITY. 


The  clock/timer  circuitry  generates  the  LDAC  signal  for  the 
AD7249  to  synchronize  the  update  of  the  output  with  the  serial 
transmission.  Alternatively,  the  automatic  update  mode  may  be 
selected  by  connecting  LDAC  to  DGND. 
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Figure  13.  AD7249-TMS32020  Interface 
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AD7249-68HC11  Interface 

Figure  14  shows  a  serial  interface  between  the  AD7249  and  the 
68HC11  microcontroller.  SCK  of  the  68HC11  drives  SCLK  of 
the  AD7249  while  the  MOSI  output  drives  the  serial  data  line  of 
the  AD7249.  The  SYNC  signal  is  derived  from  a  port  line  (PCO 
shown). 

For  correct  operation  of  this  interface,  the  68HC11  should  be 
configured  such  that  its  CPOL  bit  is  a  0  and  its  CPHA  bit  is  a 
1.  When  data  is  to  be  transmitted  to  the  part,  PCO  is  taken  low. 
When  the  68HC11  is  configured  like  this,  data  on  MOSI  is  valid 
on  the  falling  edge  of  SCK.  The  68HC11  transmits  its  serial 
data  in  8-bit  bytes  with  only  eight  falling  clock  edges  occurring 
in  the  transmit  cycle.  To  load  data  to  the  AD7249,  PCO  is  left 
low  after  the  first  eight  bits  are  transferred  and  a  second  byte  of 
data  is  then  transferred  serially  to  the  AD7249.  When  the  sec- 
ond serial  transfer  is  complete,  the  PCO  line  is  taken  high. 


to  the  AD7249,  P3.3  is  left  low  after  the  first  eight  bits  are 
transferred,  and  a  second  byte  of  data  is  then  transferred  serially 
to  the  AD7249  with  DB12  used  to  select  the  appropriate  DAC 
register.  When  the  second  serial  transfer  is  complete,  the  P3.3 
line  is  taken  high  and  then  taken  low  again  to  start  the  loading 
sequence  to  the  second  DAC  (see  timing  diagram  Figure  8). 


Figure  15  shows  the  LDAC  input  of  the  AD7249  driven  from 
the  bit  programmable  port  line  P3.2.  As  a  result,  both  DAC 
outputs  can  be  updated  simultaneously  by  taking  the  LDAC  line 
low  following  the  completion  of  the  write  cycle  to  the  second 
DAC.  Alternatively  LDAC  could  be  hardwired  low  and  the  ana- 
log output  will  be  updated  on  the  sixteenth  falling  edge  of  TXD 
after  the  SYNC  signal  for  the  DAC  has  gone  low. 
■ 


Figure  14  shows  the  LDAC  input  of  the  AD7249  being  driven 
from  another  bit  programmable  port  line  (PCI).  As  a  result, 
both  DACs  can  be  updated  simultaneously  by  taking  LDAC  low 
after  both  DACs  latches  have  updated. 
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Figure  14.  AD7249-68HC1 1  Interface 
AD7249-87C51  Interface 

A  serial  interface  between  the  AD7249  and  the  87C5 1  microcon- 
troller is  shown  in  Figure  15.  TXD  of  the  87C51  drives  SCLK 
of  the  AD7249  while  RXD  drives  the  serial  data  line  of  the  part. 
The  SYNC  signal  is  derived  from  the  port  line  P3.3  and  the 
LDAC  line  is  driven  port  line  P3.2. 

The  87C51  provides  the  LSB  of  its  SBUF  register  as  the  first  bit 
in  the  serial  data  stream.  Therefore,  the  user  will  have  to  ensure 
that  the  data  in  the  SBUF  register  is  arranged  correctly  so  that 
the  don't  care  bits  are  the  first  to  be  transmitted  to  the  AD7249 
and  the  last  bit  to  be  sent  is  the  LSB  of  the  word  to  be  loaded 
to  the  AD7249.  When  data  is  to  be  transmitted  to  the  part,  P3.3 
is  taken  low.  Data  on  RXD  is  valid  on  the  falling  edge  of  TXD. 
The  87C51  transmits  its  serial  data  in  8-bit  bytes  with  only  eight 
falling  clock  edges  occurring  in  the  transmit  cycle.  To  load  data 
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Figure  15.  AD7249-87C51  Interface 

APPLICATIONS 
OPTO-ISOLATED  INTERFACE 

In  many  process  control  type  applications  it  is  necessary  to  pro- 
vide an  isolation  barrier  between  the  controller  and  the  unit 
being  controlled.  Opto-isolators  can  provide  voltage  isolation  in 
excess  of  3  kfi.  The  serial  loading  structure  of  the  AD7249 
makes  it  ideal  for  opto-isolated  interfaces  as  the  number  of  inter- 
face lines  is  kept  to  a  minimum. 

Figure  16  shows  a  2-channel  isolated  interface  using  the 
AD7249. 

The  sequence  of  events  to  program  the  output  channels  is  as 
follows. 

1.  Take  the  SYNC  line  low. 

2.  Transmit  the  16-bit  word  for  DAC  A  (DB  12  of  the  16  bit 
data  word  selects  the  DAC,  DB12  =  0  to  select  DAC  A  ) 
and  bring  the  SYNC  line  high  after  the  16  bits  have  been 
transmitted. 


3.  Bring  SYNC  line  low  again  and  transmit  16  bits  for  DAC  B, 
bring  SYNC  back  high  at  end  of  transmission. 


Pulse  the  LDAC  line  low.  This  updates  both  output  channels 
simultaneously  on  the  falling  edge  of  LDAC. 
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FEATURES 

Microprocessor  Compatible  (6800, 8085,  Z80,  etc.) 
TTL/CMOS  Compatible  Inputs 
OrcChip  Data  Latches 
End  Point  Linearity 
Low  Power  Consumption 

Monotonia ty  Guaranteed  (Full  Temperature  Range) 
Latch  Free  (No  Protection  Schottky  Required) 

APPLICATIONS 

Microprocessor  Controlled  Gain  Circuits 
Microprocessor  Controlled  Attenuator  Circuits 
Microprocessor  Controlled  Function  Generation 
Precision  AGC  Circuits 
Bus  Structured  Instruments 


GENERAL  DESCRIPTION 

The  AD7524  is  a  low  cost,  8-bit  monolithic  CMOS  DAC 
designed  for  direct  interface  to  most  microprocessors. 

Basically  an  8-bit  DAC  with  input  latches,  the  AD7524's  load 
cycle  is  similar  to  the  "write"  cycle  of  a  random  access  mem- 
ory. Using  an  advanced  thin-film  on  CMOS  fabrication 
process,  the  AD7524  provides  accuracy  to  1/8LSB  with  a 
typical  power  dissipation  of  less  than  10  milliwatts. 

A  newly  improved  design  eliminates  the  protection  Schottky 
previously  required  and  guarantees  TTL  compatibility  when 
using  a  +5V  supply.  Loading  speed  has  been  increased  for 
compatibility  with  most  microprocessors. 

Featuring  operation  from  +5V  to  +15V,  the  AD7524  inter- 
faces directly  to  most  microprocessor  buses  or  output  ports. 

Excellent  multiplying  characteristics  (2-  or  4-quadrant)  make 
the  AD7524  an  ideal  choice  for  many  microprocessor  con- 
trolled gain  setting  and  signal  control  applications. 


FUNCTIONAL  BLOCK  DIAGRAM 
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ORDERING  GUIDE 


Model1 


AD7524JN 


AD7524KN 

AD7524LN 

AD7524JP 

AD7524KP 

AD7524LP 

AD7524JR 

AD7524AQ 

AD7524BQ 

AD7524CQ 

AD7524SQ 

AD7524TQ 

AD7524UQ 

AD7524SE 

AD7524TE 

AD7524UE 


Temperature 


-40°C  to  +85°C 


-40°C  to 
-40-C  to 
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-40°C  to 
-40°C  to 
-40°C  to 
-40°C  to 
-40°C  to 
-40°C  to 
-55°C  to 
-55°C  to 
-55°C  to 
-55°C  to 
-55°C  to 
-55°C  to 


+8 
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+85°C 
+85°C 
+  85°C 
+  85°C 
+  85°C 
+  85°C 
+85°C 
+  125°C 
+  125°C 
+  125°C 
+  125°C 
+  125°C 
+  125°C 


Nonlinearity 
(VDD  =  +15V) 


tl/2LSB 
tl/4LSB 
tl/8LSB 
tl/2LSB 
tl/4LSB 
tl/8LSB 
tl/2LSB 
tl/2LSB 
tl/4LSB 
tl/8LSB 
tl/2LSB 
tl/4LSB 
tl/8LSB 
tl/2LSB 
tl/4LSB 
tl/8LSB 


Package 
Option2 


N-16 

N-16 

P-20A 

P-20A 

P-20A 

R-16A 

Q-16 

Q-16 

Q-16 

Q-16 

Q-16 

Q-16 

E-20A 

E-20A 

E-20A 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add/883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet.  For  U.S.  Standard 
Military  Drawing  (SMD)  see  DESC  drawing  #5962-87700. 
2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package 
l  section. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7S24— SPECIFICATIONS 


(Vref  =  +MV,  V0UT1  =  V0UT2  =  OV,  unless  otherwise  noted) 


PARAMETER 


m.Thax 

VDD  -  +15V 


TEST  CONDITIONS/COMMENTS 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 
J ,  A,  S  Versions 
K,  B,  T  Versions 
L,  C,  U  Versions 
Monotonicitv 
Gain  Error3 
Average  Gain  TC3 


±1/2 


±1/2 
±1/4 


±1/2 
±1/2 


8 

±1/2 


LSB  r 
LSB  r 


±1/2  ±1/8 

s^r  sir* 

±40  ±10 


dcSu 

Output  Leakage  Current 
louTl  <Pi»  1) 
'out;  (Pi"  2) 

DYNAMIC  PERFORMANCE 
Output  Current 
(to 


'AV„ 


- 


0.08 
0.002 


±50 
±50 


0.02 
0.001 


±50 
±50 


±1/2 
guarari 
±3  1/2 


0.16 
0.01 


±400 
±400 


±1  1/2 
±10 


±200 
±200 


Gain  TCme«ured  from +25°C  to 
Tmkl  or  from  +25°  C  to  T„„, 

%  FSR/*  max     AVDD  =  ±  10% 

%  FSR/%  typ 


nA  max 
n  A  max 





DB0-DB7  =  OV;  WR^CS«0V;  Vref - ±10V 
DB0-DB7  =  Vpp ;  WR,  CS  =  OV;  VREP  =  ±10V 


IMIC  PERFORMANCE 
tput  Current  Settling  Time3 
1/2LSB, 


OUT1  Load=  lOOn.CrjxT  ■  13pF;WR,CS  = 
OV;  DBO-DB7  •  OV  to  VDD  to  OV. 


0.5 
0.5 


%  FSR  max  Vbrf  -  ±10V,  100kHz  sine  wave;  DB0-DB7  - 
%  FSR  max        0V;WR.  CS  »  OV 


5 

20 


5 

20 


kfi  min 
kfi  max 


ANALOG 
Output 

Cquti  (p'"  D 

CquT2  (p'n  2) 
Cquti  <Pin  1) 
C0UT2  (P*11  2> 


nt  nil 


tea 

30 
30 
120 

biglTAL  iNpUts"  

Input  HIGH  Voltage  Requirement 

InpufLOWVoluge  Requirement 

Vrj.  +0.8 
Input  Current 

•in  ±1 
Input  Capacitance3 

DB0-DB7  5 

WR,  CS  20 


120 

120 

120 

PF 

30 

30 

30 

pF 

30 

30 

30 

PF 

120 

120 

120 

PP 

DB0-DB7  -  VDD  ,  WR,  CS  =  OV 
DB0-DB7  «  OV;  WR,  CS  -  OV 




I 

Vrn  ■  OV  or  VDD 

Vih-ov       Ijjanivhj  rt -<r.i«ij  '/to 

..    Vm.-W,  „.„rn.      j*,   — -  — 


♦  13.5 

+2.4 

+13.5 

+  1.5 

+0.8 

♦  1.5 

±1 

±10 

±10 

5 

5 

20 

20 

20 

SWITCHING  CHARACTERISTICS 
Chip  Select  to  Write  Setup  Time5 

tcs 

AD7524J.K.L.  A,  B.  C 
AD7524S.T.U 
Chip  Select  to  Write  Hold  Time 
<CH 

All  Grades 
Write  Pulse  Width 
tWR 

AD7524J,K.L,A,B,C 
AD7524S.T,  U 
Data  Setup  Time 

ids 

AD7524],  K,  L,  A,  B,  C 
AD7524S,  T,  U 
Data  Hold  Time 


V  min 

Vmax 

uA  max 

pF  max 
pF  max 


170 
170 


170 
170 


135 
135 


100 
100 


100 
100 


60 
60 


220 
240 


220 
240 


170 
170 


Seetimi^di^. 
130  ns  min  *•«  *» 

•"hsri*  '^UditWfNltoa  JTT  i»7rui*i<g  bat  bsiiupji  ffeaoMtsq 

0  us  mm 


130 
150 


80 
100 


ns  min 

Swill         'Vfin»  IciTsjii  bns  gnn'»  nissj  bsilou 


All  Grades 

10 

10 

10 

10 

ns  min 

POWER  SUPPLY 

taroM 

■dd 

1 

2 

2 

mA  max 

All  Digital  Inputs  Vn.  or  VjH 

100 

100 

500 

500 

uA  max 

All  Digital  Inputs  OV  or  VDD 

NOTES 

'Temperate  ranges  is  follows:  J,  K,  L  versions 
A,  B,  C  versions 
S,  T,  U  versions 

'Gain  error  is  measured  using  internal  feedback 

'Guaranteed,  not  tested. 

-WCto  +85"C 
-WCto  +85°C 
-SS^C  to+l25°C 
resistor.  Full  Scale  Ra 

use  (FRS)  -  V„p. 

to  fiobt  v  notft  9&  nib  kJo  oT  .J?mU  *3m£  togbndA  ac  at  jhi. 

... 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +  25°C,  unless  otherwise  noted) 

VDDtoGND  -0.3V,  +17V 

VRFBtoGND   ±25V 

VREFtoGND  :  ±25V 

Digital  Input  Voltage  to  GND    ....     -0.3V  to  VDD  +0.3V 

OUT1,  OUT2  to  GND   -0.3V  to  VDD  +0.3V 

Power  Dissipation  (Any  Package) 

To  +75°C   450mW 

Derates  above  75°C  by  6mW/°C 


AD7524 

Operating  Temperature 

Commerical  (J,  K,  L)   -  40°C  to  +  85°C 

Industrial  (A,  B,  C)   -40°C  to  +85°C 

Extended  (S,  T,  U)  -55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +  300°C 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


CAUTION: 


ESD  (Electro-Static-Discharge)  sensitive  device.  The  digital  control  inputs  are  Zener  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 


WARNING! 


electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or 
should  be  discharged  to  the  destination  socket  before  devices  are  removed 


.  The  foam 


■ 





TERMINOLOGY 

RELATIVE  ACCURACY:  A  measure  of  the  deviation  from 
a  straight  line  through  the  end  points  of  the  DAC  transfer 
function.  Normally  expressed  as  a  percentage  of  full  scale 
range.  For  the  AD7524  DAC,  this  holds  true  over 
the  entire  VREF  range. 

RESOLUTION:  Value  of  the  LSB.  For  example,  a  unipolar 
converter  with  n  bits  has  a  resolution  of  (2-n)  (VreF).  A 
bipolar  converter  of  n  bits  has  a  resolution  of  [2-<n-1)] 
[VrefI-  Resolution  in  no  way  implies  linearity. 

GAIN  ERROR:  Gain  Error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  It  is 


- 


measured  with  all  Is  in  the  DAC  after  offset  error  has  been 
adjusted  out  and  is  expressed  in  LSBs.  Gain  Error  is  adjust- 
able to  zero  with  an  external  potentiometer. 

FEEDTHROUGH  ERROR:  Error  caused  by  capacitive 
coupling  from  Vref  to  output  with  all  switches  OFF. 

OUTPUT  CAPACITANCE:  Capacity  from  OUT1  and  OUT2 
terminals  to  ground. 

OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
OUT1  terminal  with  all  digital  inputs  LOW  or  on  OUT2 
terminal  when  all  inputs  are  HIGH.  This  is  an  error  current 
which  contributes  an  offset  voltage  at  the  amplifier  output. 


DIP,  SOIC 


OUT* 
GND 


AD7524 
TOP  VIEW 
(Not  to  Seal*) 





3D  "FEEDBACK 
3D  V»Et 

3D  ss 

~u]  cs 

]p  D60  (LS8) 

io1  Dei 


PIN  CONFIGURATIONS 


PLCC 

5  §  o    .  i 

o    o    z    £  > 


GNO  [T 
DB7  IMSBI  rr 

i 

DBS  [T 
DB5  [7 


AD7524 
TOP  VIEW 


LfJMtJtiJLiJ 
i  M  i  1 


—  ~s 

9    10  tl   12  13 

i  I  s  §  g 


NC  =  NO  CONNECT  _ 

■ 
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CIRCUIT  DESCRIPTION 
CIRCUIT  INFORMATION 

The  AD7524,  an  8-bit  multiplying  D/A  converter,  consists  of 
a  highly  stable  thin  film  R-2R  ladder  and  eight  N-channel 
current  switches  on  a  monolithic  chip.  Most  applications  re- 
quire the  addition  of  only  an  output  operational  amplifier  and 
a  voltage  or  current  reference. 

The  simplified  D/A  circuit  is  shown  in  Figure  1.  An  inverted 
R-2R  ladder  structure  is  used  -  that  is,  the  binarily  weighted 
currents  are  switched  between  the  OUT1  and  OUT2  bus  lines, 
thus  maintaining  a  constant  current  in  each  ladder  leg  inde- 
pendent of  the  switch  state. 

Vref,  «*        1(*  "* 


|aw  : 

;20k 

•  20k  i 

L,  1 

1 

|S3  ) 

INTERFACE  LOGIC 


1     J     k  -i 

DB7  IMSB)     DB6         DBS  DBO  (LSB) 

Figure  1.  AD7524  Functional  Diagram 

EQUIVALENT  CIRCUIT  ANALYSIS 

The  equivalent  circuit  for  all  digital  inputs  LOW  is  shown  in 
Figures  2.  In  Figure  2  with  all  digital  inputs  LOW,  the  refer- 
ence current  is  switched  to  OUT2.  The  current  source 
'LEAKAGE 's  composed  of  surface  and  junction  leakages  to 
the  substrate  while  the  Jkz  current  source  represents  a  con- 
stant 1-bit  current  drain  through  the  termination  resistor  on 
the  R-2R  ladder.  The  "ON"  capacitance  of  the  output  N-chan 
nel  switches  is  120pF,  as  shown  on  the  OUT2  terminal.  The 
"OFF"  switch  capacitance  is  30pF,  as  shown  on  the  OUT1 
terminal.  Analysis  of  the  circuit  for  all  digital  inputs  high  is 
similar  to  Figure  2  however,  the  "ON"  switches  are  now  on 
terminal  OUT1,  hence  the  120pF  appears  at  that  terminal. 

> "feedback 


ity  at  the  DBO-DB7  data  bus  inputs.  In  this  mode,  the  AD7524 
acts  like  a  nonlatched  input  D/A  converter. 

HOLD  MODE_   

When  either  CS  or  WR  is  HIGH,  the  AD7S24  is  in  the 
HOLD  mode.  The  AD7524  analog  output  holds  the  value  cor- 
responding  to  the  last  digital  input  present  at  DB0-DB7  prior 
to  WR  or  CS  assuming  the  HIGH  state. 

MODE  SELECTION  TABLE 


CS 

WR 

MODE 

DAC  RESPONSE 

L 

L 

Write 

DAC  responds  to  data  bus 
(DB0-DB7)  inputs 

H 

X 

Hold 

Data  bus  (DBO  -  DB7)  is 
locked  out; 

X 

H 

Hold 

DAC  holds  last  data  present 
when  WR  or  CS  assumed 
HIGH  state. 

L  =  Low  State,  H  =  High  State,  X  =  Don't  Care. 
WRITE  CYCLE  TIMING  DIAGRAM 


CHIP  SELECT 


WRITE 


DATA  IN  (DBO  -  DB7) 



X 


V,H 

-V,L 


DATA  IN 
STABLE 


Vdd 
0 

vDd 


o 

Voo 


En 
o 


■ 


NOTES: 

1.  All  input  signal  rise  and  fall  times  measured  from 
10%  to  90%  of  Vqo-  Vdd  =  +5V,  t,  =  tf  -  20m; 
VDD  =+15V,  t,  «  ti  =  40ns. 

2.  Timing  Measurement  Reference  level  it  -1W 

3.  tos  +  tDH  >*  approximately  constant  at  145m  min 
at  +25°C,  Vdd  ■  +5V  and  V,  -  170m  min.  The 
AO 7524  is  specified  for  a  minimum  tow  of  10m, 
however,  in  applications  where  tDH  >  10ns,  tos 
may  be  reduced  accordingly  up  to  the  limit  tos  * 
65ns.  tDH  "  80ns. 


V 


V 


Figure  2.  AD7S24  DAC  Equivalent  Circuit  -  All  Digital 
Inputs  Low 

INTERFACE  LOGIC  INFORMATION 
MODE  SELECTION 

AD7524  mode  selection  is  controlled  by  the  CS  and  WR 
inputs. 

WRITEMODE  

When  CS  and  WRare  both  LOW,  the  AD7524  is  in  the  WRITE 
mode,  and  the  AD7S24  analog  output  responds  to  data  activ- 


I  ■ 

< 

E 

s  « 


1  1  1 

T,  .  »25*C 
ALL  DIGITAL  INPUTS  • 
TIED  TOGETHER 

.vD„- 

* 

I 

I 

Vim.  VOLTS 

Figure  3.  Supply  Current  vs.  Logic  Level 

Typical  plots  of  supply  current,  Idd.  versus  logic  input  volt- 
age, V|N,  for  VDD  =  +5V  and  VDD  =  +1SV  are  shown  above. 
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ANALOG 


CMOS  Dual  8-Bit 


Buffered  Multiplying  DAC 





AD7528 


FEATURES 

On-Chip  Latches  for  Both  DACs 
+5Vto  +  15V  Operation 
DACs  Matched  to  1% 
Four  Quadrant  Multiplication 
TTL/CMOS  Compatible 

Latch  Free  (Protection  Schottkys  not  Required) 

APPLICATIONS 
Digital  Control  of: 

Gain/Attenuation 

Filter  Parameters 

Stereo  Audio  Circuits 

X-Y( 


- 


FUNCTIONAL  BLOCK  DIAGRAM 


O  VHEF  A 


p 

LATCH 

DAC  A 

♦ 

AD7528 

t 

I  N 

V 

LATCH 

0 

DAC  B 

GENERAL  DESCRIPTION 

The  AD7528  is  a  monolithic  dual  8-bit  digital/analog  converter 
featuring  excellent  DAC-to-DAC  matching.  It  is  available  in 
skinny  0.3"  wide  20-pin  DIPs  and  in  20-terminal  surface  mount 
packages. 

Separate  on-chip  latches  are  provided  for  each  DAC  to  allow 
■  interface. 


Data  is  transferred  into  either  of  the  two  DAC  data  latches  via  a 
common  8-bit  TTL/CMOS  c 


PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  matching:  since  both  of  the  AD7528  DACs  are 
fabricated  at  the  same  time  on  the  same  chip,  precise  matching 
and  tracking  between  DAC  A  and  DAC  B  is  inherent. The 
AD7528's  matched  CMOS  DACs  make  a  whole  new  range  of 
applications  circuits  possible,  particularly  in  the  audio,  graphics 
and  process  control  areas. 

2.  Small  package  size:  combining  the  inputs  to  the  on-chip 
DAC  latches  into  a  common  data  bus  and  adding  a  DAC  A/ 


I  which  I 

r  to  the  write  cycle  of  a  random 
access  memory  and  the  device  is  bus  compatible  with  most  8-bit 
i,  including  6800,  8080,  8085,  Z80. 


The  device  operates  from  a  +  5V  to  +  15V  power  supply,  dis- 
sipating  only  20mW  of  power. 

Both  DACs  offer  excellent  four  quadrant  multiplication  charac- 
teristics with  a  separate  reference  input  and  feedback  resistor  for 
each  DAC. 


■  ■ 

■ 

■■ 

■■ 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  i 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-HKM46-6212. 
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STATIC  PERFORMANCE1 


AU 

t 

• 

8 

8 

J,A,S 

.  | 

±  ] 

±1 

±1 

LSBmu 

K.B.T 

±tt 

±11 

!» 

±» 

LSBmu 

L.CU 

±H 

m 

IW 

±K 

LSBmu 

All 

±1 

±1 

±1 

LSBmu 

J.A.S 
K.B.T 

L.C.U 

±4 

±2 
±1 

±6 
•  4 

S3 

±4 

±2 
±1 

±5 
±3 
±  1 

LSBmu 
LSBmu 
LSBmu 

Measured  Using  Internal  RFB  A  and  RFB  B. 
Both  DAC  Latches  Loaded  with  1111)111 
Gain  Error  is  Adj  ustabk  UsujgGrcuili 
of  Figure,  4  and  5. 


re  Coefficient* 


Gain  Ten 

AGmio/ATemperature 
Output  Leakage  Current 

OUT  A  (Pin  2) 

OUT  B  (Pin  20) 
Input  Resistance  (VREF  A,  VREF  B) 

Vref  AA'kef  B  Input  Retistance 


AU 

±0.007 

±0.007 

±0.0035 

AU 

±50 

±400 

±50 

AU 

±50 

±400 

±50 

AU 

!s 

15 

» 

All 

±1 

±1 

±1 

t 

IS 


tiAmu 
knmu 


DAC  Lueta  LondrfwiinOOOOOOOO 

TC 


 ~ 


DIGITAL  INPUTS' 
Input  HijhVolugt 

V„ 


m 

All 


DB0-DB7  

WR.CS,  DAC  A/DACB 


SWITCHING  CHARACTERISTICS* 
Chip  Sdect  to  Write  Set  Up  Time 


Chip  Select  to  Write  Hold  Time 

DAC  Select  to  Write  Set  UpTiroe 

DAC  Select  to  Write  Hold  Time 

Data  Valid  to  Write  Set  Up  Time 
Ids 

Data  Valid  to  Write  Hold  Time 


Write  Pulse  Width 


2.4 

2.4 

13.5 

13.5 

0.8 

±, 

0.8 

±10 

1.5 
±1 

1.5 
±10 

uAmu  V^-OotVoo 

10 
15 

10 

15 

10 

15 

10 

IS 

pFmu 
pFmu 

230 

60 

80 

Sec  Timing  Diur 

20 

30 

10 

15 

200 

230 

60 

80 

nsmin 

.  20 

30 

10 

15 

110 

130 

30 

40 

nsmin 

0 

0 

0 

0 

nsmin 

180 

200 

60 

80 

POWER  SUPPLY 

loo 



AU 
All 

2 

100 

2 

500 

2 

100 

2 

500 

nA  max 

See  Figure  3 

All  Digital  Inputs  V,Lor  V,H 
AU  Digital  Inputs 0V  or  VnD 

AC  PERFORMANCE  CHARACTERISTICS5  p&<m  n/mown**  ad&u  as  output  Amplifiers) 

Parameter 

Vdo  = 
T„  =  +25-C 

+SV 

T„,TM 

TA  = 

d  =  +15V 
+  25"C  T__,,T_„ 

Units 

Teat  Conditions/ Comments 

DC  SUPPLY  REJECTION  (AGAIN/AVnr>) 

All 

0.02 

0.04 

0.01 

0.02 

%  per  %  max 

4VDD  =  ±5% 

CURRENT  SETTLING  TIME2 

All 

350 

400 

180 

200 

ns  max 

Tol/2LSB.OutA/OutBload  =  10011. 

WR  =  CS  =  0V.DBO-DB7  =  0VtoVDr)orVnnio0V 

PROPAGATION  DELAY  (From  Digital 
Input  to  90%  of  Fi  nal  Analog  Output  Current) 

All 

220 

270 

80 

100 

nsrruLX 

VrEfA  =  VrefB=  +  10V 

WiM  =U0V  DbZdB7I™0V: wVdd  or  V^,  toOV 

DIGITAL  TO  ANALOG  GLITCH  IMPULSE 

All 

160 

440 

_ 

nVsectyp 

For  Code  Transition  00000000  to  1 11 1 11 1 1 

OUTPUT  CAPACITANCE 

Coot  A 
CoutB 
CqutA 

All 

50 
50 
120 
120 

50 
50 
120 
120 

50 
50 
120 
120 

50 
50 
120 
120 

pFmax 
pFmax 
pFmax 
pFmai 

DAC  Latches  Loaded  with  00000000 
DAC  Latches  Loaded  with  111  1111 1 

AC  FEEDTHROUGH* 
Vref  A  to  OUT  A 
Vref  B  to  OUT  B 

M 

-70 
-70 

-65 
-65 

-70 
-70 

-45 
-65 

dBmax 

Vref  A,  VrefB  =  20V  p-p  Sine  Wave 
(a  100kHz 

CHANNEL  TO  CHANNEL  ISOLATION 
Vref  A  to  OUT  B 

All 

-77 

-77 

dBryp 

Both  DAC  Latches  Loaded  with  11111111. 
Vref  A  =  20V  p-p  Sine  Wave  @  100kHz 
VREFB  =  0VseeFigure6. 

VREFBtoOUTA 

-77 

-77 

dBtyp 

VREFA  =  20V  p-p  Sine  Wave  @  100kHz 
VREFA  =  0VseeFigure6. 

DIGITAL  CROSSTALK 

All 

30 

60 

nVsectyp 

Measured  for  Code  Transition  00000000  to  1 1 1 1 1 1 1 1 

HARMONIC  DISTORTION 

All 

-85 

-85 

dBtyp 

Vtf4=6Vrms(alkHz 

NOTES 

'TemperimrcRangcsMej.KJ,  Versions:  -40°Cto +85"C 

A.B.CVenuons:  -40°Cio +8S"C 

S.T.UVettkwts:  -  55°Cto  +  I25*C 
-Spccificauoo  applies  to  both  DAC*  in  AD7528. 

"Logic  inputs  are  MOS  Gates.  Typical  input  current  ( +  2S"C)  is  less  than  1  nA . 
'Guaranteed  by  design  but  not  production  toicd 

*Tbese characteristics  are  for  design  guidance  only  and  arc  dm  s  ubject  to  test. 

'Feedthrough  can  be  further  reduced  by  ronnming  the  metal  lid  no  the  ceramic  package  (raffia  D)  to  DGND 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  AGND  OV,  +  17V 

VDD  to  DGND  OV,  +  17V 

AGND  to  DGND  VDD +0.3V 

 VDD  +0.3V 

  -  0.3V,  VDD+ 0.3V 

  -0.3V,VDD+0.3V 



;  •  •  ■_ ■  '  ' 


±25V 
.  ±25V 
450mW 
6mW/°C 


DGND  to  AGND 
Digital  Input  Voltage  to 
Vpin2,  VPIN20  to  AGND  . 
Vref  A,  Vref  B  to  AGND 
Vrfb  A,  Vrfb  B  to  AGND 

Power  Dissipation  (Any  Package)  to  i-  /:>  ^   

Derates  above  +  75°C  by  

Operating  Temperature  Range 

Commercial  (J,  K,  L)  Grades   -40°C  to  +85°C 

Industrial  (A,  B,  C)  Grades   -40°C  to  +  85°C 

Extended  (S,  T,  U)  Grades   -55°C  to  +  125°C 

Storage  Temperature   —  65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees.)  +  300°C 

CAUTION: 

1 .  ESD  sensitive  device.  The  digital  control  inputs  are  diode  pro- 
tected; however,  permanent  damage  may  occur  on  unconnected 
devices  subjected  to  high  energy  electrostatic  fields.  Unused 
devices  must  be  stored  in  conductive  foam  or  shunts. 

2.  Do  not  insert  this  device  into  powered  sockets.  Remove  power 
before  insertion  or  removal. 

TERMINOLOGY 
Relative  Accuracy: 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the  end- 
points  of  the  DAC  transfer  function.  It  is  r 
ormallv  ext 


for  zero  and  full  scale  and  is  non 
scale  reading. 


percen 


ORDERING  GUIDE1 


Temperature 

Relative 

Gain 

Accuracy 

Error 

AD7528JN 

-40°Cto  +85°C 

±1LSB 

+  4LSB 

N-20 

AD7528KN 

-40°Cto  +85°C 

±  1/2LSB 

±2LSB 

N-20 

AD7528LN 

-40°Cto  +85°C 

±  1/2LSB 

±1LSB 

N-20 

AD7528JP 

-40°Cto  +85°C 

±1LSB 

±4LSB 

P-20A 

AD7528KP 

-40°Cto  +85°C 

±  1/2LSB 

+  2LSB 

P-20A 

AD7528LP 

-40°Cto  +85°C 

±  1/2LSB 

±  1LSB 

P-20A 

AD7528JR 

-WCto  +85°C 

±1LSB 

±4LSB 

R-20 

AD7528KR 

-40°Cto  +85°C 

±  1/2LSB 

±2LSB 

R-20 

AD7528LR 

-40°Cto  +85°C 

±  1/2LSB 

±1LSB 

R-20 

AD7528AQ 

-40°Cto  +85°C 

±1LSB 

±4LSB 

Q-20 

AD7528BQ 

-40°Cto  +85°C 

±  1/2LSB 

±2LSB 

Q-20 

AD7528CQ 

-40°Cto  +85°C 

±  1/2LSB 

±1LSB 

Q-20 

AD7528SQ 

-55°Cto  +  125°C 

±1LSB 

±4LSB 

Q-20 

AD7528TQ 

-55°Cto  +  125°C 

±  1/2LSB 

±2LSB 

Q-20 

AD7528UQ 

-55°Cto+125°C 

1 1/2LSB 

±  1LSB 

Q-20 

AD7528SE 

-55°Cto  +125°C 

±1LSB 

±4LSB 

E-20A 

AD7528UE 

-55°Cto  +  125°C 
-55°Cto+125°C 

±  1/2LSB 
±  1/2LSB 

±2LSB 
+  1LSB 

E-20A 
E-20A 

Differential  Nonlinearity: 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1LSB  change  between  any  two  adjacent  codes. 
A  specified  differential  nonlinearity  of  ±  1LSB  max  over  the 
operating  temperature  range  ensures  monotonicity. 

Gain  Error: 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error  be- 
tween an  ideal  DAC  and  the  actual  device  output.  For  the  AD7528, 
ideal  maximum  output  is  Vref  _  1LSB.  Gain  error  of  both  DACs 
is  adjustable  to  zero  with  external  resistance. 

Output  Capacitance: 

Capacitance  from  OUT  A  or  OUT  B  to  AGND. 
Digital  to  Analog  Glitch  Impulse: 

The  amount  of  charge  injected  from  the  digital  inputs  to  the  analog 
output  when  the  inputs  change  state.  This  is  normally  specified 
as  the  area  of  the  glitch  in  either  pA-secs  or  nV-secs  depending 
upon  whether  the  glitch  is  measured  as  a  current  or  voltage  signal. 
Glitch  impulse  is  measured  with  Vref  A,  Vref  B  =  AGND. 

Propagation  Delay: 

This  is  a  measure  of  the  internal  delays  of  the  circuit  and  is  defined 
as  the  time  from  a  digital  input  change  to  the  analog  output  current 
reaching  90%  of  its  final  value. 

Channel-to-Channel  Isolation: 

The  proportion  of  input  signal  from  one  DAC's  reference  input 
which  appears  at  the  output  of  the  other  DAC,  expressed  as  a 
ratio  in  dB. 

Digital  Crosstalk: 

The  ghtch  energy  transferred  to  the  output  of  one  converter  due 
to  a  change  in  digital  input  code  to  the  other  converter.  Specified 
in  nV  sees. 


PIN  CONFIGURATION 


PLCC 


Jill} 


LCCC 


NOTES 

'Analog  Devices  reserves  the  right  to  ship  side-brazed  ceramic  in  lieu  of  cerdip.  Parts  will 
be  marked  with  cerdip  designator  "Q." 

Processing  to  MIL-STD-883C,  Class  B  is  available.  To  order,  add  suffix  "/883B"  to  pan 
number.  For  further  information,  see  Analog  Devices'  1990  Military  Products  Data  book. 

3E  =  Lead  less  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier; 
Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
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INTERFACE  LOGIC  INFORMATION 
DAC  Selection: 

Both  DAC  latches  share  a  common  8-bit  input  port.  The  control 
input  DAC  A  /DAC  B  selects  which  DAC  can  accept  data  from 
the  input  port. 

Mode  Selection: 

Inputs  CS  and  WR  control  the  operating  mode  of  the  selected 
DAC.  See  Mode  Selection  Table  below. 

Write  Mode: 

When  CS  and  WR  are  both  low  the  selected  DAC  is  in  the 
write  mode.  The  input  data  latches  of  the  selected  DAC  are 
transparent  and  its  analog  output  responds  to  activity  on  DBO- 
DB7. 

Hold  Mode: 

The  selected  DAC  latch  retains  the  data  which  was  present 
on  DB0-DB7  just  prior  to  CS  or  WR  assuming  a  high  state. 
Both  analog  outputs  remain  at  the  values  corresponding  to  the 
data  in  their  respective  latches. 


DACA/ 
DACB 

CS 

WR 

DACA 

DAC  B 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

L  =  Low  State  H  =  High  Slate  X  =  Don'!  Care 

Mode  Selection  Table 


WRITE  CYl 


G  DIAGRAM 


0 


DATA  IN  STABLE 


1C 


INPUT  SIGNAL  RISE  AND  FALL  TIMES 
*SURED  FROM  10%  TO  90%  OF  VDO 

Vdd=  +SV.t.  =  t,  =  20ns. 
Voo  =  +15V,t.  =  l,  =  40ns 

2  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS 


CIRCUIT  INFORMATION-D/A  SECTION 

The  AD7528  contains  two  identical  8-bit  multiplying  D/A  con- 
verters, DAC  A  and  DAC  B.  Each  DAC  consists  of  a  highly 
stable  thin  film  R-2R  ladder  and  eight  N-channel  current  steering 
switches.  A  simplified  D/A  circuit  for  DAC  A  is  shown  in  Figure 
1.  An  inverted  R-2R  ladder  structure  is  used,  that  is,  binary 
weighted  currents  are  switched  between  the  DAC  output  and 
AGND  thus  maintaining  fixed  currents  in  each  ladder  leg  inde- 
pendent of  switch  state. 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  2  shows  an  approximate  equivalent  circuit  for  one  of  the 
AD7528's  D/A  converters,  in  this  case  DAC  A.  A  similar  equivalent 
circuit  can  be  drawn  for  DAC  B.  Note  that  AGND  (Pin  1)  is 
common  for  both  DAC  A  and  DAC  B. 

The  current  source  Ileakage >s  composed  of  surface  and  junction 
leakages  and,  as  with  most  semiconductor  devices,  approximately 
doubles  every  10°C.  The  resistor  R0  as  shown  in  Figure  2  is  the 
equivalent  output  resistance  of  the  device  which  varies  with 
input  code  (excluding  all  O's  code)  from  0.8R  to  2R.  R  is  typically 
1  lkfl.  Cout  is  the  capacitance  due  to  the  N-channel  switches 
and  varies  from  about  50pF  to  120pF  depending  upon  the  digital 
input.  g(VRj£F  A,  N)  is  the  Thevenin  equivalent  voltage  generator 
due  to  the  reference  input  voltage  VREF  A  and  the  transfer 
function  of  the  R-2R  ladder. 


Figure  2.  Equivalent  Analog  Output  Circuit  of  DAC  A 

For  further  information  on  CMOS  multiplying  D/A  converters 
refer  to  "Appplication  Guide  to  CMOS  Multiplying  D/A  Con- 
verters" available  from  Analog  Devices,  Publication  Number 
G479-1 5-8/78. 

CIRCUIT  INFORMATION-DIGITAL  SECTION 

The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  AD7528  is  operated  with  VDd  =  5V,  the  buffer 
converts  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic 
levels.  When  ViN  is  in  the  region  of  2.0  volts  to  3.5  volts  the 
input  buffers  operate  in  their  linear  region  and  pass  a  quiescent 
current,  see  Figure  3.  To  minimize  power  supply  currents  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (VDD  and  DGND)  as  is  practically  possible. 

The  AD7528  may  be  operated  with  any  supply  voltage  in  the 
range  5«VDDsl5  volts.  With  VDD  =  +  15V  the  input  logic 
levels  are  CMOS  compatible  only,  i.e.,  1.5V  and  13.5V. 


I      A       5      6       7       S      9  1 

v„.von. 

Figure  3.  Typical  Plots  of  Supply  Current,  lDD  vs.  Logic 
Input  Voltage  V,N,  for  VDD  =  +  5V and  +  15V 


Figure  1.  Simplified  Functional  Circuit  for  DAC  A 
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LC2M0S 
Dual  12-Bit  DACs 




Package 

1 




Two  12-Bit  DACs  in  One 
DAC  Ladder  Resistance  Matching:  0.5% 
Space  Saving  Skinny  DIP  and  Surface  Mount  Packages 
4-Quadrant  Multiplication 
Low  Gain  Error  (1LSB  max  Over  Temperature) 
Byte  Loading  Structure 
Fast  Interface  Timing 

APPLICATIONS 
Automatic  Test  Equipment 
Programmable  Filters 
Audio  Applications 
Synchro  Applications 
Process  Control 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7537/AD7547  contains  two  12-bit  current  output  DACs 
on  one  monolithic  chip.  Also  on-chip  are  the  level  shifters,  data 
registers  and  control  logic  for  easy  microprocessor  interfacing. 
There  are  12  data  inputs.  The  AD7537  has  a  2-byte  loading 
structure  making  it  compatible  with  8-bit  processor  systems. 
The  AD7547  has  a  12-bit  parallel  loading  structure  for  use  in 
16-bit  systems. 

The  D/A  converters  provide  4-quadrant  multiplication  capabili- 
ties with  separate  reference  inputs  and  feedback  resistors.  Mono- 
lithic construction  ensures  that  thermal  and  gain  error  tracking 
is  excellent.  Twelve-bit  monotonicity  is  guaranteed  for  both 
DACs  over  the  full  temperature  range. 

The  DACs  are  manufactured  using  the  Linear  Compatible 
CMOS  (LC2MOS)  process.  This  allows  fast  digital  logic  and 
precision  linear  circuitry  to  be  fabricated  on  the  same  die. 

PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  Matching 

Since  both  DACs  are  fabricated  on  the  same  chip,  precise 
matching  and  tracking  is  inherent.  Many  applications  which 
are  not  practical  using  two  discrete  DACs  are  now  possible. 
Typical  matching:  0.5%. 

2.  Wide  Power  Supply  Tolerance 

The  device  operates  on  a  +12V  to  +15V  VDD,  with  ±10% 
tolerance  on  this  nominal  figure.  All  specifications  are  guar- 
anteed over  this  range. 


■o 


AD7547  FUNCTIONAL  BLOCK  DIAGRAM 
-®— 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7537/AD7547— SPECIFICATIONS 


(Vpp  =  +12V  to  +15V,  ±10%,  VREFA  =  VREFB  =  10V; 
■outa  =  Ioutb  =  AGND  =  0V.  All  specifications  Train  to  Tm 
unless  otherwise  noted.) 


J.  A 
Veroi 


K,B 
Verti. 


L,C 
Ver.it 


Test  Co: 


ACCURACY 
Resolution 
Relative  Accuracy 


±1 
±1 


12 

±1/2 
±1 


12 

±1/2 
±1 


OinError  ±6  ±3  ±1 


Gain  Temperature  Coefficient2; 

AGain/ATemperature 
Output  Leakage  Current 

lolTTA 

+  25°C 

Ioutb 
+  25°C 
TmintoT^ 


10 
150 


10 
ISO 


10 
150 


10 
150 


10 
150 


10 
150 


12 

±1 
±1 

±6 


10 
250 


10 

250 


12 

±1/2 
±1 


10 
250 


10 
250 


12 

±1/2 
±1 


-5 


10 
250 


10 
250 


LSBn 
LSBn 


ppm/°C  n 


nA  max 
nAmax 


nAmax 
nAmax 


AU  grades  guaranteed 
monotonic  over  temperature 
Measured  using  Rfba>  Rfbb 
Both  DAC  registers  loaded 
with  all  l's. 

Typical  value  is  lppm/X 


DAC  A  Register  loaded 
withaUO's. 

DAC  B  Register  loaded 
withaUO's. 


REFERENCE  INPUT 
Input  Resistance 

Vrefa,  Vrefb 
Input  Resistance  Match 


kilmin 
kftmax 


Typical  Input  Resistance  =  14kfl 


Typically  ±0.5% 


DIGITAL  INPUTS 
Vm  (Input  High  Voltage) 
Vil  (Input  Low  Voltage) 
Iin  (Input  Current) 
+  25°C 

Tmin  tO  T,n„ 

Cru  (Input  Capacitance)2 


2.4 
0.8 

±1 

±10 

10 


2.4 
0.8 

±1 

±10 

10 


2.4 
0.8 

±1 

±10 

10 


2.4 
0.8 

±1 

±10 

10 


2.4 
0.8 


:!o 


2.4 
0.8 

±1 

±10 

10 


Vmin 
Vmax 

uAmax 
uAmax 
pFmax 


POWER  SUPPLY3 
Vdd 

IPD  


10.8/16.5 
2 


10.8/16.! 
2 


fin 


10.8/16.5 
2 


10.8/16.5 
2 


10.8/16.5 
2 


10.8/16.5 
2 


Vmin/Vn 
mA  max 


AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  included  for  Design  Guidance  only  and  are  not  subject  to  test 

(Vw  =  +12Vto  +  15V;  V^p,  =  11^=  +  10V,  Ioutj  =  Ioutb  =  WD  =  OV.  Output  Amplifiers  are  AD644  except  where  stated.) 


Output  Current  Settling  Tune 

TA=  +25-C 

1.5 

T»  =  T^.,T.„ 

Unit, 

M-s  max 

Test  Conditions  Comments 

To  0.01%  of  full-scale  range.  Wr  load  =  lOOn,  Cext  =  1 3pF. 
DAC  output  measured  from  rising  edge  ofWK. 
Typical  Value  of  Settling  Time  is  0. 8  us . 

DignaJ-to- Analog  Glitch  Impulse 

7 

—  

nV-styp 

Measured  with  VREfa  =  Vrefb  =  0V.  Iouta,  Ioutb 
load  =  100n,  Cext  =  1 3pF.  DAC  registers  alternately 
loaded  with  all  0's  and  all  l's. 

ACFeedthrough4 
Vrefa  to  Iouta 
Vrefb  to  Ioutb 

-70 
-70 

-65 
-65 

dBmax 
dBmax 

Vrefa.  Vrefb  -  20Vp-p  10kHz  sinewave.  DAC 
registers  loaded  with  all  0's. 

Power  Supply  Rejection 
AGain/AVDD 

±0.01 

±0.02 

%  per  %  max 

AVDD  =  VDD  max  -  VDD  min 

Output  Capacitance 
Qjuta 
Coutb 

CoUTA 

Coutb 

70 
70 
140 
140 

70 
70 
140 
140 

pFmax 
pFmax 
pFmax 
pFmax 

DAC  A,  DAC  B  loaded  with  all  0's. 
DAC  A,  DAC  B  loaded  with  all  1  's. 

Channel-to-Channel  Isolation 
Vrefa  to  Ioutb 

-84 

dBtyp 



Vrefa  -  20V  p-p  10kHz  sinewave,  Vrefb  =  0V. 
Both  DACs  loaded  with  all  l's. 

Vrefb  to  Iouta 

-84 

dBtyp 

Vrefb  =  20V  p-p  10kHz  sinewave,  Vrefa = 0V. 
Both  DACs  loaded  with  all  l's. 

Digital  Crosstalk 

7 

nV-s  typ 

Measured  for  a  Code  Transition  of  all  0's  to  all  l's. 

Iouta.  Ioutb  Load  =  100ft,  Cext"  UpF 

Output  Noise  Voltage  Density 
(lOHz-lOOkHz) 

25 

nV/VHztyp 

Measured  between  Rfba  and  Iouta  or  Rfbb  and  Ioutb- 
Frequency  of  measurement  is  lOHz-lOOkHz. 

Total  Harmonic  Distortion 

-82 

dBtyp 

VIN  =  6V  rms,  1kHz.  Both  DACs  loaded  with  all  l's. 

NOTES 

s  J.K.LVcrsions:  -WCto  +  85°C. 
A.  B,C  Versions:  -«°Clo+85°C. 
S.T.UVersions:  -55°Cto  +  125°C. 
'Sample  tested  at  25°C  to  ensure  compliance. 
3FunctionaJ  at  VDD  -  5 V  with  degraded  specifications. 
*Pin  12  (DGND)on  ceramic  DIPs  is  connected  to  lid. 
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AD7537  TIMING  CHARACTERISTICS  (vDD = lo.svto  it*  vbefa = vREFB = +iov,  i0UT> = agnoa = ov,  i0UTB = agndb = ov> 


Parameter 


Limit  at 
TA=+25°C 


Limit  at 

TA=-40°Cto+85°C 


Limit  at 
TA=+55X 


Units 


-- 


Test  Conditions/Comments 


t, 
ts 


15 

15 

60 

25 

0 

0 


15 
15 
80 
25 


30 


t7 
t8 


80 


80 


25 
80 
25 
0 
0 

100 
100 


nsmin 
nsmin 
ns  min 
nsmin 


Valid  to  Write  Setup  Time 
Valid  to  Write  Hold  Time 
Data  Setup  Time 
Data  Hold  Time 

Chip  Select  or  Update  to  Write  Setup  Time 
Chip  Select  or  Update  to  Write  Hold  Time 
Write  Pulse  Width 
Clear  Pulse  Width 


Table  I.  AD7537  Truth  Table 


C5I 

CSS 

WE 

FUNCTION 

X 

X 

l 

No  Data  Transfer 
No  Data  Transfer 

A  Rising  Edge  on  CSA  or  CSB  Loads 
Data  to  the  Respective  DAC  from  the  Data  Bus 
DAC  A  Register  Loaded  from  Data  Bus 
DAC  B  Register  Loaded  from  Data  Bus 

1 

J~ 

o 
l 

l 

J- 
l 

0 

X 
0 

-F 
-T 

0 

0 

_T 

DAC  A  and  DAC  B  Registers  Loaded 
from  Data  Bus 

NOTES 

1.  X  =  Don't  care 

2.  J-„™ngedge,rig8ered 


i 


WMMM\ 


 r 


cI5 


INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10%  TO 

90%  OF  +5V.  tr  =  tf— 20ns. 


2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  I! 


Figure  1.  Timing  Diagram  for  AD7537 


AD7537  ORDERING  GUIDE1 


Relative 

Gain 

Package 

Temperature 

Model2 

Range 

Accuracy 

Error 

Option3 

AD7537JN 

-40°Cto+85°C 

±  1LSB 

±6LSB 

N-24 

AD7537KN 

-40°Cto  +85°C 

±  1/2LSB 

±3LSB 

N-24 

AD7537LN 

-40°Cto+85°C 

±  1/2LSB 

±1LSB 

N-24 

AD7537JP 

-40Xto+85°C 

±1LSB 

±6LSB 

P-28A 

AD7537KP 

-40°Cto+85°C 

±  1/2LSB 

±3LSB 

P-28A 

AD7537LP 

-40°Cto+85T 

±  1/2LSB 

±1LSB 

P-28A 

AD7537AQ 

— 40°Cto+85°C 

±1LSB 

±6LSB 

Q-24 

AD7537BQ 

-40°Cto  +  85°C 

±  1/2LSB 

±3LSB 

Q-24 

AD7537CQ 

-40°Cto  +85T 

±  1/2LSB 

±1LSB 

Q-24 

AD7537SQ 

-55°Cto  +  125°C 

±1LSB 

±6LSB 

Q-24 

AD7537TQ 

-55°Cto  +  125°C 

±  1/2LSB 

±3LSB 

Q-24 

AD7537UQ 

-55°Cto  +  125°C 

±  1/2LSB 

±2LSB 

Q-24 

AD7537SE 

-55°Cto  +  125°C 

±1LSB 

±6LSB 

E-28A 

AD7537TE 

-55°Cto  +  125°C 

±  1/2LSB 

±3LSB 

E-28A 

AD7537UE 

-55°Cto  +  125°C 

±  1/2LSB 

±2LSB 

E-28A 

<D-24A)inlieuofcerdip 


NOTES 

'Analog  Devices  reserves  the  right  lo  ship  c 
packages  (Q-24). 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add/883B  to  pan  i 

Contact  your  local  sales  office  for  military  data  sheet. 
'E  m  Leadless  Ceramic  Chip  Carrier;  N  -  Plastic  DIP;  P  -  Plastic  Leaded  Chip  Carrier; 

Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 
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AD7537/AD7547 


AD7547  TIMING  CHARACTERISTICS  <vM  =  io.«v  to  ie  sv,  vREFA  =  vREFB  =  +iov,  i0UTA  =  agnda  =  mo. 


Parameter 

Limit  at 
TA=  +  25"C 

frz  

•Limit  at 
TA=  -40°C 
to+85°C 

Limit  at 

TA=-55°C 

to+125°C 

Units 



Test  Conditions/Comments 

— 

t2 
t3 

60 
80 

o 

80 

80 
25 
80 
0 

fJUW  Hi',. 

80 

80 
25 
100 
0 

100 

ns  min 
ns  min 
ns  min 
nsnjin 
ns  min 

Data  Setup  Time 

Data  Hold  Time 

Chip  Select  to  Write  Setup  Ti 

Chip  Select  to  Write  Hold  Tii 

Write  Pulse  Width 

me 
ne 

Specifications  subject  to  change  without  notice. 

■ 

Table  II.  AD7547  Truth  Table 
CLR    UPD     C5      WE     Al      AO  FUNCTION 


i 

X 

X 

1  1 

X 

X 

0     '  X 

X 

X 

X 

1  1 

■  o 

0 

0 

0 

0 

0 

1  1 

0 

0 

1  1 

0 

0 

1  0 

f.-lA. 

0 

X 

1  0 

_  1  0 

0 

X 

X  No  Data  Transfer 
X  No  Data  Transfer 
X        All  Registers  Cleared 

0  DAC  A  LS  Input  Register 
Loaded  with  DB7-DB0(LSB) 

1  DAC  A  MS  Input  Register 
Loaded  with  DB3(MSB)-DB0 

0  DAC  BLS  Input  Register 
Loaded  with  DB7-DB0CLSB) 

1  DAC  B  MS  Input  Register 
Loaded  with  DB3(MSB)-DB0 

X        DAC  A,  DAC  B  Registers 

Updated  Simultaneously  from 
Input  Registers 

X        DAC  A,  DAC  B  Registers  are 
Transparent 


NOTE:  X  =  Don'lc 


CSA.CSB 


WR 


NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10% 
TO  90%  OF  +5V.  t,  =  tf  =  20ns.  „    .  „ 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS    "  1 
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Model2 

Temperature 
Range 

Relative 
Accuracy 

Gain 
Error 

Package 
Option3 

AD7547JN 

-40°Cto  +  85°C 

1LSB 

±6LSB 

N-24 

AD7547KN 

-40°Cto+85°C 

1/2LSB 

±3LSB 

N-24 

AD7547LN 

-40°Cto  +85°C 

1/2LSB 

±1LSB 

N-24 

AD7547JP 

-40°Cto  +85°C 

1LSB 

±6LSB 

P-28A 

AD7547KP 

-40°Cto  +85°C 

1/2LSB 

±3LSB 

P-28A 

AD7547LP 

-40°Cto  +85°C 

1/2LSB 

±1LSB 

P-28A 

AD7547JR 

-40°Cto  +  85°C 

1LSB 

±6LSB 

R-24 

AD7547KR 

-40°Cto+85°C 

+ 

1/2LSB 

±3LSB 

R-24 

AD7547LR 

-40°Cto  +85°C 

1/2LSB 

±1LSB 

R-24 

AD7547AQ 

-40°Cto  +85°C 

1LSB 

±6LSB 

Q-24 

AD7547BQ 

-40°Cto  +85°C 

1/2LSB 

±3LSB 

Q-24 

AD7547CQ 

-40°Cto  +85°C 

-t- 

1/2LSB 

±  1LSB 

Q-24 

AD7547SQ 

-55°Cto  +  125°C 

1LSB 

+  6LSB 

Q-24 

AD7547TQ 

-55°Cto  +  125°C 

1/2LSB 

±3LSB 

Q-24 

AD7547UQ 

-55°Cto  +  125°C 

1/2LSB 

±2LSB 

Q-24 

AD7547SE 

-55°Cto  +  125°C 

1LSB 

±6LSB 

E-28A 

AD7547TE 

-55°Cto  +125°C 

1/2LSB 

±3LSB 

E-28A 

AD7547UE 

-55°Cto  +  125°C 
 -  1 

1/2LSB 

±2LSB 

E-28A 

NOTES 

'Analog  Devices  reserves  the  right  to  ship  ceramic  packages  (D-24A)  in  lieu 
of  cerdip  packages  (Q-24). 

2To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheets. 
JE  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package 
.section,  - 

- 


Figure  2.  Timing  Diagram  for  AD7547 


3-170   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  0 


AD7537/AD7547 


DIP 


AD7537  PIN  CONFIGURATIONS 
PLCC 

ul  ! 


HC  i  NO  CONNECT 


HbilblHLiJHH 


B  -  NOCONWKT  8 


PIN  FUNCTION  DESCRIPTION  (DIP) 


PIN 


MNEMONIC 


DESCRIPTION 


 :  — 





l 

2 
3 
4 
5 

6-14 

12 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


loUTA 

Rfba 

Vrefa 

CS 

DB0-DB7 
DGND 
AO 
Al 


WR 
UPD 


DUTB 

AGNDB 


g  Ground  for  DAC  A. 
Current  output  terminal  of  DAC  A. 
Feedback  resistor  for  DAC  A. 
Reference  input  to  DAC  A. 
Chip  Select  Input.  Active  low. 
Eight  data  inputs,  DB0-DB7. 
Digital  Ground. 

,,  ,       ...  i  vi       >...  >H: .  .wirantc;  i 
Address  Line  0. 

Address  Line  1. 

Clear  Input.  Active  low.  Clears  all  registers. 
Write  Input.  Active  low. 
Updates  DAC  Registers  from  inputs  registers. 

Power  supply  input.  Nominally  +  12V  to  +15V,  with  ±10%  tolerance. 


Reference  input  to  DAC  B. 
Feedback  resistor  for  DAC  B. 

3  AC  B. 


Analog  Ground  for  DAC  B. 





ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  stated) 

VDd  to  DGND   -0.3V,  +  17V 

Vrefa,  Vrefb  to  AGND,  ±25V 

Vrfba,  Vrfbb  to  AGND,  ±  25V 

Digital  Input  Voltage  to  DGND    -  0.3V,  VDD  +  0.3V 

Iouta,  Ioutb  to  DGND   -  0.3V,  VDD  +  0.3V 

» to  DGND   -  0. 3V,  VDD  +  0. 3V 

r  Dissipation  (Any  Package) 

To  +  75°C    450mW 

Derates  above  +75°C  6mW/°C 


Operating  Temperature  Range 

Commercial  (J,  K,  L  Versions)   -40°C  to  +  85°C- 

Industrial  (A,  B,  C  Versions)   -  40°C  to  +  85°C 

Extended  (S,  T,  U  Versions)  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +  300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  r 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  < 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  pro 

i  socket  before  devices  are  removed. 


REV.O 


DIGITAL-TO-ANALOG  CONVERTERS  3-171 


,  — 


AGND  [7 

■on.  m 
«...  [T 

CSA  [7 
.BIOBO  (T 
OBI  \T 
DM  [T 
DB3 

OB4  [« 

»E 

oo»Q7 


J  J I  *  J  J  i 


L^JLiilLiIliiJLiilliiJLLiJ 

Mil 


NC  =  NO  CONNECT 


I  I  | 


PIN  FUNCTION  DESCRIPTION  (DIP) 


PIN 

MNEMONIC 

DESCRIPTION 

1 

AGND 

Analog  Ground. 

2 

•OUTA 

Current  output  terminal  of  DACA . 

3 

Rfba 

Feedback  resistor  for  DACA . 

4 

Vrefa 

Reference  input  to  DACA. 

5 

CSA 

Chip  Select  Input  for  DAC  A.  Active  low. 

6-18 

DB0-DB11 

12  data  inputs,  DBO  (LSB)  -  DB1 1  (MSB). 
Digital  Ground. 

Write  Input.  Data  transfer  occurs  on  rising  edge  of  WR.  See  Table  I . 

12 

DGND 

19 

WR 

20 

CSB 

Chip  Select  Input  for  DACB.  Active  low. 

21 

VDD 

Power  supply  input.  Nominally  +  12V  to  +  15V  with  ±  10%  tolerance. 

22 

Vrefb 

Reference  input  to  DACB . 

23 

Rfbb 

Feedback  resistor  of  DACB. 

24 

IoUTB 

Current  output  terminal  of  DACB . 

CIRCUIT  INFORMATION 
D/A  SECTION 

The  AD7537/AD7547  contains  two  identical  12-bit  multiplying 
D/A  converters.  Each  DAC  consists  of  a  highly  stable  R-2R 
ladder  and  12  N-channel  current  steering  switches.  Figure  3 
shows  a  simplified  D/A  circuit  for  DAC  A.  In  the  R-2R 
ladder,  binary  weighted  currents  are  steered  between  Iouta  and 
AGND.  The  current  flowing  in  each  ladder  leg  is  constant, 
irrespective  of  switch  state.  The  feedback  resistor  Rfba  is  used 
with  an  op-amp  to  convert  the  current  flowing  in  Iouta  to  a 
voltage  output. 


R  R 


Figure  3.  Simplified  Circuit  Diagram  for  DACA 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  4  shows  the  equivalent  circuit  for  one  of  the  D/A  converters 
(DAC  A)  in  the  AD7537/AD7547.  A  similar  equivalent  circuit 
can  be  drawn  for  DACB.  Note  that  AGND  is  common  to  both 
DAC  A  and  DAC  B.  „ 


Figure  4.  Equivalent  Analog  Circuit  for  DACA 

Cout  is  the  output  capacitance  due  to  the  N-channel  switches 
and  varies  from  about  50pF  to  ISOpF  with  digital  input  code. 
The  current  source  IlkG  is  composed  of  surface  and  junction 
leakages  and  approximately  doubles  every  10°C  Ro  is  the 
equivalent  output  resistance  of  the  device  which  varies  with 
input  code. 

DIGITAL  CIRCUIT  INFORMATION 

The  digital  inputs  are  designed  to  be  both  TTL  and  5V  CMOS 
compatible.  All  logic  inputs  are  static-protected  MOS  gates  with 
typical  input  currents  of  less  than  InA. 
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ANALOG 
DEVICES 


LC'MOS 

jxP-Compatible  14-Bit  DAC 


AD7538 

FEATURES 

All  Grades  14-Bit  Monotoi 
Range 

Low  Cost  14-Bit  Upgrade 

FUNCTIONAL  BLOCK  DIAGRAM 
lie  over  the  Full  Temperature  v 

For  12-Bit  Systems                                    I  @  1 

14-Bit  Parallel  Load  with  Double  Buffered  Inputs 
Small  24-Pin,  0.3"  DIP  and  SOIC 
Low  Output  Leakage  (<20nA)  over  the  Full 
Temperature  Range 

APPLICATIONS 

Microprocessor  Based  Control  Systems 
Digital  Audio 
Precision  Servo  Control 
Control  and  Measurement  in 
Environments 


GENERAL  DESCRIPTION 

The  AD7538  is  a  14-bit  monolithic  CMOS  D/A  converter  which 
uses  laser  trimmed  thin-film  resistors  to  achieve  excellent 
linearity. 

The  DAC  is  loaded  by  a  single  14-bit  wide  word  using  standard 
Chip  Select  and  Memory  Write  Logic.  Double  buffering,  which 
is  optional  using  LDAC,  allows  simultaneous  update  in  a  system 
containing  multiple  AD7538s. 


A  novel  low  leakage  configuration  (U.S.  Patent  No.  4,5 
enables  the  AD7538  to  exhibit  excellent  output  leakage  current 
characteristics  over  the  specified  temperature  range. 

The  AD7S38  is  manufactured  using  the  Linear  Compatible 
CMOS  (LC2MOS)  process.  It  is  speed  compatible  with  most 
,d  accepts  TTL  or  CMOS  logic  level  inputs. 


AD7538 


DB13-DB0  DGND 


PRODUCT  HIGHLIGHTS 

t.  Guaranteed  Monotonicity 

The  AD7538  is  guaranteed  monotonic  to  14-bits  over  the  full 
temperature  range  for  all  grades. 

2.  Low  Cost 

The  AD7538,  with  its  14-bit  dynamic  range,  affords  a  low 
cost  solution  for  12-bit  system  upgrades. 

3.  Small  Package  Size 
The  AD7538  is  packaged  in  a  small  24-pin,  0.3"  DIP  and  a 
24-pin  SOIC. 

4.  Low  Output  Leakage 

By  tying  Vss  (Pin  24)  to  a  negative  voltage,  it  is  possible  to 
achieve  a  low  output  leakage  current  at  high  temperatures. 

5.  Wide  Power  Supply  Tolerance 

The  device  operates  on  a  +  12  to  +  15V  VDD,  with  a  ±  5% 
tolerance  on  this  nominal  figure.  All  specifications  are  guaran- 
teed over  this  range. 


This  is  an 


To  obtain  the  most  rec< 
sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7538— SPECIFICATIONS 


(VM  =  +11.4V  to  +15.75V2,  VMF  =  +10V;  VPW3  =  VPIII4  = 


Tral„toTm 


J.K 

Versions 

A,B 

Versions 

S  Version 

T  Version 

Units 

1  ~  

ACCURACY 
Resolution 
Relative  Accuracy 
Differential  Norilinearity 

14 

±2 
±1 

14 

±1 

±1 

14 

±2 
±1 

14 

±1 
±1 

Bits 

LSBmax 
LSBmax 

All  grades  guaranteed  monotonic 
over  temperature. 

Full-Sctlc  Error 

+  25°C 

T^-T^, 

Gain  Temperature  Coefficient3; 

A  Gam,  A  Tempera  lure 
Output  Leakage  Current  Iout  (Pin  3) 

+  25"C 

TmintoT.^, 
TouatoTau 

±8 

±2 

±5 
±2 

±10 

±2 

±5 

±20 

±150 

±4 
±6 

±2 

±5 

±20 

±150 

LSB  max 
LSBmax 

DDlWC  IVD 
FF""  v  vF 

oAmaz 
nA  max 
nA  max 

Measured  using  internal  Rfb 
DAC  registers  loaded  with  - 
sills. 

All  digital  inputs  0V 
Vss=  -300mV 
VSs-0V 

±5 

±10 

±25 

±5 

±10 

♦25 

REFERENCE  INPUT 
Input  Resistance,  Pin  1 

3.5 
10 

3.5 
10 

3.5 
10 

kH  mm 
ki  I  max 

3.5 
10 

Typical  Input  Resistance  =  6kfl 

DIGITAL  INPUTS 

2.4 
0.8 

±1 
±10 

2.4 
0.8 

±1 
±10 

2.4 
0.8 

±1 

±10 

7 

II  III 

■ 

■ 

VrN=0VorVDD 

V|H  (Input  High  Voltage) 
Vil  (Input  Low  Voltage) 

"(M  V — 
0.8 

I  in  (Input  Current) 
+  25"C 
T^,toTm 

■  *  1  l,i 
±10 

CtN  (Input  Capacitance)3 

7 

7 

7 

POWER  SUPPLY 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

v,„ivv„ 

Specification  guaranteed  over 

-200/ -500 

-200/ -500 

-200/ -500 

-200/-500 

this  range 

Idd 

4 

4 

4 

4 

mAmax 

All  digital  inputs  Vil  or  Vm 

500 

500 

500 

500 

liAmai 





'  

 1 



TnesecharactBristics  are  included  for  Design  Suidance  only  and  are  nrt  subject  tDtBst 
At  PERFORMANCE  CHARACTERISTICS  Output  Amplifier  is  AD71 1  except  where  stated.) 


TA=25'>CTA=Tmi,,T. 


Units 


Test  Conditions  Comments 


Output  Current  Settling  Time 


1.5 


Multiplying  Feed  through  Error 

Power  Supply  Rejection 

AGain/AVoD 
Output  Capacitance 

Cotrr(Pin3) 

CourCPinS) 
Output  Noise  Voltage  Density 

(lOHz-lOOkHz) 


20 


±0.01 


260 
130 


15 


p.s  max 


S 


v^sectyp 


nV-« 


t0.02 


260 
130 


mVp-ptyp 

%per%max 

pFmax 
pFmax 

nVVHztyp 


To  0.003%  of  full-scale  range. 
Iout  load  =  lOOfl, 

CExt=  13pF.  DAC  register  alternately 
loaded  with  all  Is  and  all  0s. 
Typical  value  of  Settling  Time 
is0.o>s. 

Measured  with  VREF  =  0V.  Iou 
=  100n,CExT=13pF.DAC 
register  alternately  loaded  with  all 
Is  and  allOs. 

VreF=  ±  10V,  10kHz  sine  wave 
DAC  register  loaded  with  all  0s. 

AVDD=±5% 

DAC  register  loaded  with  all  Is 
DAC  register  loaded  with  all  0s 

Measured  between  Rfb  and  Iout 


NOTES 

'Temperature  range  as  follows:     J,  K  Versions:        0  to  +  70°C 

A,  B  Versions:         -  25*C  to  +  85^0 

S.TVersions:         -55°Cto  +  125°C 
Specifications  are  guaranteed  for  a  VDD  of  + 11 .4V  to  +  15.75V.  At  VDD  =  SV,  the  device  is  fully  functional  witl 
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TIMING  CHARACTERISTICS1 


(Vw=+11.4Vto+15.75V,VB 
«l  specifications  U  to  Tm 


=  +10¥,V«=Vnw=0¥,Vss= 
.See  Figure  1 




Parameter 

Limit  at 

■ 

Unit. 

..    .  ....             ..  . 

Test  Conditions/Comments 



ti 

t2 
t3 
U 

«s 

0 
0 

170 
170 
140 
20 

o 

0 

200 
160 

3 

180 
30 

nsmin 
nsmin 
nsmin 
ns  min 
nsmin 
nsmin 

CS  to  WR  Setup  Time 
CS  to  WR  Hold  Time 
LDAC  Pulse  Width 
Write  Pulse  Width 
Data  Setup  Time 
Data  Hold  Time 

NOTES 

'Temperature  range  as  follows:     J,KVersions:  0to+70°C 

A,  B  Versions:  -  25°C  to  +  85°C 

S,T  Versions:  -55°Cto  +  12SX 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +  25°C  unless  otherwise  stated) 

VDD  (Pin  23)  to  DGND  -0.3V,  +  17V 

Vss  (Pin  24)  to  AGND  -  15V,  +0.3V 

Vref  (Pin  1)  to  AGND  ±25V 

Vrfb  (Pin  2)  to  AGND  ±25V 

Digital  Input  Voltage  (Pins  6-22) 

to  DGND   -0.3V,  VDD  +0.3V 

VPIN3  to  DGND   - 0.3V,  VDD  +  0.3V 

AGND  to  DGND   -0.3V,  VDD  +0.3V 

Power  Dissipation  (Any  Package) 

To  +  75°C   '.  lOOOmW 

Derates  above  +75°C  'l0mW/°C 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


■ 

Operating  Temperature  Range 

Commercial  (J,  K  versions)  0  to  +  70°C 

Industrial  (A,  B  versions)   -  25°C  to  +  85°C 

Extended  (S,  T  versions)  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)   +  300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
to  absolute  maximum  rating  conditions  for  extended 


J  I 


PIN  CONFIGURATION 
DIP,  SOIC 


"\  r 


.  5V 

ov 


I  — 1  «*  I— — t 


5V 
OV 


DATA 


NOTES 
I.  ALL 


AND  FALL  TIMES  MEASURES  FROM  10%  TO 


V„+  Vt 


90%  OF  +5V.  t,  =  t,  =  20n». 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS 

3.  If  LDAC  IS  ACTIVATED  PRIOR  TO  THE  RISING  EDGE  OF  WR. 

THEN  IT  MUST  STAY  LOW  FOR  t,  or  LONGER  AFTER  WR  GOES  HIGH. 


Figure  1.  AD7538  Timing  Diagram 
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An7R00 

end-points  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  error  and  full-scale  error  and  is  normally 
expressed  in  Least  Significant  Bits  or  as  a  percentage  of  full-scale 


DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 


log  Glitch  Impulse.  This  is  normally  specified  as  the  area  of  the 
glitch  in  either  pA-secs  or  nV-secs  depending  upon  whether  the 
glitch  is  measured  as  a  current  or  voltage.  It  is  measured  with 
VreF=AGND. 

OUTPUT  CAPACITANCE 

This  is  the  capacitance  from  Iout  to  AGND. 

OUTPUT  LEAKAGE  CURRENT 

Output  Leakage  Current  is  current  which  appears  at  Iout  with 
the  DAC  register  loaded  to  all  Os. 


GAIN  ERROR 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is  in 
the  DAC  after  offset  error  has  been  adjusted  out  and  is  expressed 
in  Least  Significant  Bits.  Gain  error  is  adjustable  to  zero  with 
an  external  potentiometer. 

ORDERING  GUIDE 


MULTIPLYING  FEEDTHROUGH  ERROR 

This  is  the  ac  error  due  to  capacitive  feedthrough  from  Vref 
terminal  to  Iout  with  DAC  register  loaded  to  all  zeros. 


Temperature 

Relative 

Full-Scale 

Package 

Model 

Range 

Accuracy 

Error 

Option* 

AD7538JN 

0°Cto  +70°C 

±2LSB 

±8LSB 

N-24 

AD7538KN 

0°Cto+70°C 

±1LSB 

±4LSB 

N-24 

AD7538JR 

0°Cto  +  70°C 

±2LSB 

±8LSB 

R-24 

AD7538KR 

0°Cto  +70°C 

+  1LSB 

±4LSB 

R-24 

AD7538AQ 

-25°Cto+85°C 

±2LSB 

±8LSB 

Q-24 

AD7538BQ 

-25°Cto+85°C 

+  1LSB 

+  4LSB 

Q-24 

AD7538SQ 

-55°Cto  +  125°C 

+  2LSB 

±8LSB 

Q-24 

AD7538TQ 

-55°Cto  +  125°C 

±1LSB 

±4LSB 

Q-24 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R 
Information  section. 


■  SOIC.  For  outline  information  see  Package 


PIN  FUNCTION  DESCRIPTION 


PIN 

MNEMONIC 

1 

Vref 

2 

Rfb 

3 

Iout 

4 

AGND 

5 

DGND 

6-19 

DB13-DB0 

20 

LDAC 

21 

CS 

22 

WR 

DESCRIPTION 

Voltage  Reference . 

Feedback  resistor.  Used  to  close  the  loop  around  an  external  op  amp. 
Current  Output  Terminal. 
Analog  Ground 
Digital  Ground 

Data  Inputs.  Bit  13  (MSB)  to  Bit  0  (LSB). 
Chip  Select  input.  Active  LOW. 
A'synchronous  Load  DAC  input.  Active  LOW. 
Write  input.  Active  LOW. 


C5 

ldaC 

WR 

OPERATION 

0 

i 

0 

Load  Input  Register. 

l 

0 

X 

Load  DAC  Register  from  Input  Register. 

0 

0 

0 

Input  and  DAC  Registers  are  transparent 

1 

1 

X 

No  operation. 

X 

1 

1 

No  operation. 

NOTE:  X  =  Don'tCare. 


23 
24 


Vss 


+  12V  to  +  15V  supply  input. 

Bias  pin  for  High  Temperature  Low  Leakage  configuration.  To  implement  low  leakage  system, 
the  pin  should  be  at  a  negative  voltage.  See  Figures  4  and  5  for  recommended  circuitry. 
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LC2M0S 
+3.3  V/+5V  Quad  1 2-Bit  DAC 





AD7564 





FEATURES 

Four  12-Bit  DACs  in  One  Package 
4-Quadrant  Multiplication 
Separate  References 
Single  Supply  Operation 

Guaranteed  Specifications  with  +3.3  V/+5  V  Supply 
Low  Power 

Versatile  Serial  Interface 
Simultaneous  Update  Capability 
Reset  Function 

28-Pin  SOIC,  SSOP  and  DIP  Packages 

APPLICATIONS 
Process  Control 
Portable  Instrumentation 
General  Purpose  Test  Equipment 


FUNCTIONAL  BLOCK  DIAGRAM 


DSND     V„,D    VB!FC    V„„B    V„„A  RmA 


GENERAL  DESCRIPTION 


LATCH 

t  t 

12 

DAC  A 

□AC  B  " 
LATCH  . 

12 

-i  r- 

OACB 

t  f 

DACC 
LATCH 

12 

DACC 

On 


COMtROt  LOGIC 
:  :  INPUT  SHIFT 


The  AD7564  contains  four  12-bit  DACs  in  one  monolithic 
device.  The  DACs  are  standard  current  output  with  separa 
Vrefj  Ioutd  IouT2  and  Rpb  terminals.  These  DACs  operate  i 
a  single  +5  V  supply  (Normal  Mode)  and  a  single  +3.3 '  Vto 
+5  V  supply  (Biased  Mode). 

The  AD7564  is  a  serial  input  device.  Data  is  loaded  using 
FSIN,  CLKIN  and  SDIN.  Two  address  pins  AO  and  Al  set  up 
a  device  address,  and  this  feature  may  be  used  to  simplify  device 
loading  in  a  multi-DAC  environment.  Alternatively,  AO  and  Al 
can  be  ignored  and  the  serial  out  capability  used  to  configure  a 
daisy-chained  system. 

All  DACs  can  be  simultaneously  updated  using  the  asynchro- 
nous LDAC  input,  and  they  can  be  cleared  by  asserting  the 
asynchronous  CLR  input. 

The  device  is  packaged  in  28-pin  SOIC,  SSOP  and  DIP 
packages. 


AD7564 


RODUCT  HIGHLIGHTS 

.  The  AD7564  contains  four  12-bit  current  output  DACs  with 
separate  Vref  inputs. 

.  The  AD7564  can  be  operated  from  a  single  +5  V  supply 
(Normal  Mode)  or  a  single  +3.3  V  to  +5  V  supply  (Biased 
Mode). 

3.  Simultaneous  update  capability  and  reset  function  are 


i.  The  AD7564  features  a  fast,  versatile  serial  interface  com- 
patible with  all  modern  microprocessors  and  microcomputers. 


ORDERING  GUIDE 


Temperature 

Linearity 

Nominal 

Package 

Model 

Range 

Error  (LSBs) 

Supply  Voltage 

Option* 

AD7564BN 

-40°C  to  +85°C 

±0.5 

+5  V 

N-28 

AD7564BR 

-40°C  to  +85°C 

+0.5 

+5  V 

R-28 

AD7564BRS 

-40°C  to  +85°C 

+0.5 

+5  V 

RS-28 

AD7564AR-B 

-40°C  to  +85°C 

±1 

+3.3  Vto +5  V 

R-28 

AD7564ARS-B 

-40°C  to  +85°C 

±1 

+3.3  Vto  +5V 

RS-28 

*N  =  DIP;  R  =  SOIC;  RS  =  SSOP.  For  outline  information  see  Package  Information  section. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  infotmation  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7564— SPECIFICATIONS 


u„  -  u    .      (Voo=  +4.75  V  to  +5.25  V;  l0UT1A  to  lolmD  =  l0UT2A  =  l0UT2B  =  AGND  =  0  V;  VBEF=  +10  V;  T,  =  TMIN  to  TMAX, 

MOQe  unless  otherwise  noted) 


Parameter 


B  Grade 


Units 


Test  Conditions/Comments 


ACCURACY 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 
Gain  Error 
+25°C 

Tmin  to  Tmax 
Gain  Temperature  Coefficient2 

Output  Leakage  Current 

iotrri 
@+25°C 
Tmin  to  Tmax 


12 

±0.5 
±0.9 

±4 

±5 

-2 

5 


10 
200 


Bits 


LSB  max 
LSBmax 

LSBs  max 
LSBs  max 
ppm  FSR/°C  typ 
ppm  FSR/°C  max 


nA  max 
nA  max 


1  LSB  =  Vref/212  =  2.44  mV  when  VreF  =  10  V 


All  Grades  Guaranteed  Monotonic  Over  Temperature 


I  TOuS  V  3+\V  e  £+  rttiw  tnoilMiiiasqS  bt 


REFERENCE  INPUT 
Input  Resistance 

Ladder  Resistance  Mismatch 



DIGITAL  INPUTS 
Vinhj  Input  High  Voltage 
Vinl)  Input  Low  Voltage 
Iinh;  Input  Current 
Cm,  Input  Capacitance2 


6 
12 

2 


k£2  min 
kfl  max 
%  max 


ai-'lOITACM  NSA 

Typical  Input  Resistance  =  9  KJ 

■ 

Typically  0.6%  ,  


2.4 
0.8 
+  1 
10 


Vmin 

V  max 

V  max^  ■  ^  /*YT\»    ^  ^ 


DIGITAL  OUTPUT  (SDOUT) 
Output  Low  Voltage  (Vol) 
Output  High  Voltage  (VQh) 


0.4 
4.0 


WfUi'JiHa  JAH3Ha£ 


POWER  REQUIREMENTS 
VDD  Range 

Power  Supply  Rejection 

AGain/AVDD 
Idd 


4.75/5.25 


-75 
300 


V  min/V  max 

dB  min 
|iA  max 
mA  max 


Vinh  =  4.0  V  min,  V^  =  0.4  V  max 
VINH  =  2.4  V  min,  Vinl  =  0.8  V  max 


NOTES 

'Temperature  range  is  as  follows:  B  Version:  -40°C  to  +85°C. 

2Nol  production  tested.  Guaranteed  by  characterization  at  initial  product  release. 

Specifications  subject  to  change  without  notice. 


- 


i 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 

3-778   DIGITAL-TO-ANALOG  CONVERTERS  REV.  0 


ACC 


CY 


12 


Relative  Accuracy 
Differential  Nonlinearity 

Gain  Error 
+25°C 

Thin  10  Tmax 
Gain  Temperature  Coefficient3 

Output  Leakage  Current 

loirri 
I  +25°C 


±1 

LSB  max 

±0.9 

LSB  max 

4-  A 

Lorss  max 

±5 

LSBs  max 

2 
5 

ppm  FSR/°C 
ppm  FSR/°C 

10 

nA  max 

200 

nA  max 



k£2  min 



1  LSB  =  (VIOUT2-  VreF)/212  =  300  uV  when 
Viout2  =  1-23  V  and  VreF  =  0V 

All  Grades  Guaranteed  Monotonic  Over 
Temperature 


See  Terminology  Section 


This  Varies  with  DAC  Input  Code 


DIGITAL  INPUTS 
VINH,  Input  High  Voltage  @  VDD  =  +5  V 
VINH,  Input  High  Voltage  @  VDD  =  +3.3  V 
VINLj  Input  Low  Voltage  @  VDD  =  +5  V 
VINLl  Input  Low  Voltage  @  VDD  =  +3.3  V 
Iinh,  Input  Current 
Cin,  Input  Capacitance2 







:+5V 
:  +3.3  V 


,  =  +5V 


DIGITAL  OUTPUT  (SDOUT) 
Output  Low  Voltage  (VOL) 
Output  Low  Voltage  (Vol) 
Output  High  Voltage  (V0h) 
Output  High  Voltage  (VOH) 

POWER  REQUIREMENTS 
VDD  Range 

Power  Supply  Sensitivity2 

AGain/AVDD 
Idd 


V 


Vnn  =  +3.3  V 





4.75/5.25 


-75 
300 

2 




V  min/V  max 

dBtyp 
uAmax 

- 

mAmax 


V,NH  =  VDD  -  0.1  V  min,  VINL  =  0.1  V  max; 
SDOUT  Open  Circuit 
VDD  =  +5  V,  VINH  =  2.4  V  min,  VINL  = 
0.8  V  max;  SDOUT  Open  Circuit 


NOTES 

specifications  apply  with  the  devices  biased  up  at  1.23  V  for  single  supply  applications.  The  model  numbering  reflects  this  by  means  of  a  "-B"  suffix 


nple:  AD7564AN-B).  Figure  16  is  an  example  of  Biased  Mode  Operation. 
^Temperature  ranges  is  as  follows:  A  Version:  -40°C  to  +85°C. 


'Not  production  tested.  Guaranteed  by  characterization  at  initial  product  release. 
Specifications  subject  to  change  without  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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AD7564 


*?l*r"-  .10  : 


If  Sfiil 


AC  Performance  Characteristics 

(V„D  =  +4.75  V  to  +5.25  V;  V,0UT,  =  W  =  AGND  ! 


0  V.  VREF  =  6  V  rms,  1  kHz  sine  wave;  DAC  output  op  amp  is 


u  ,  ..  j  AD843;  T,  =  Thin  to  TMAX,  unless  otherwise  noted.  These  characteristics  are  included  for  Design  Guidance  and  are 
NOrmal  mOde     not  subject  to  test.) 


Parameter 


B  Grade 


Units         Test  Conditions/Comments 



ns  typ 


DYNAMIC  PERFORMANCE 
Output  Voltage  Settling  Time 

Digital-to-Analog  Glitch  Impulse 

Multiplying  Feedthrough  Error 

Channel-t 


on 


Digital  Crosstalk 
Digital  Feedthrough 

Total  Harmonic  Distortion 
Output  Noise  Spectral  Density 
(ffi  1  kHz 


500 
40 

-70 

-76 

10 
10 

-83 

20 


dBmax 

dB  typ 

nV-s  typ 
nV-s  typ 

dB  typ 

nV/VHi 


To  0.0 1  %  of  Full-Scale  Range.  DAC  Latch  Alternately  Loaded 
with  All  0s  and  All  Is 

Measured  with  VreF  =  0  V.  DAC  Register  Altematf 
with  All  0s  and  All  Is 
Vrep  =  20  V  p-p,  10  kHz  Sine  Wave.  DAC  Latch  Loaded 
with  All  0s 

Feedthrough  from  Any  One  Reference  to  the  Others  with  20  V 
p-p,  10  kHz  Sine  Wave  Applied 

Effect  of  All  0s  to  All  Is  Code  Transition  on  Nonselected  DACs 
Feedthrough  to  Any  DAC  Output  with  FSIN  High  and  Square 
Wave  Applied  to  SDIN  and  SCLK 
Vref  =  6  V  rms,  1  kHz  Sine  Wave 


All  Is  Loaded  to  the  DAC.  Vref  : 
ADOP07  * 


0  V.  Output  Op  Amp  Is 


AC  Performance  Characteristics 
Biased  Mode 


Parameter 


(V00  =  +3  V  to  +5.5  V;  Vlauri  =  Vi0UT2  =  AGND  =  1.23  V.  VKF  =  f  kHz,  2.45  V  p-p,  sine  wave  biased  at  1.23  V;  DAC  out- 
put op  amp  is  AD820;  TA  =  TMIN  to  TMM,  unless  otherwise  noted.  These  characteristics  are  included  for  Design  Guid- 

ance  and  are  not  subject  to  test.)  

Test  Condition 


A  Grade 


Units 


ons/G 


jO 



DYNAMIC  PERFORMANCE 
Output  Voltage  Settling  Time 

Digital  to  Analog  Glitch  Impulse 

Multiplying  Feedthrough  Error 
Output  Capacitance 

Digital  Feedthrough 

Total  Harmonic  Distortion 
Output  Noise  Spectral  Density 
@  1  kHz 


5 

us  typ 

40 

nV-s  typ 

-70 

dB  max 

60 

pF  max 

30 

pF  max 

10 

nV-s  typ 

-83 

dB  typ 

20 

nV/VHityp 

i  0  V.  DAC  Latch  Alter- 


To  0.01%  of  Full  Scale  Range.  VreF 
nately  Loaded  with  all  0s  and  all  Is. 
Measured  with  VIOut2  =  0  V  and  Vref 
nately  Loaded  with  all  0s  and  all  Is. 
DAC  Latch  Loaded  with  all  0s. 
All  Is  Loaded  to  DAC 
All  0s  Loaded  to  DAC 

Feedthrough  to  Any  DAC  Output  with  FSIN  HIGH  and  a  Square 
Wave  Applied  to  SDIN  and  CLKIN 


0  V.  DAC  Register  Alter- 


All  Is  Loaded  to  DAC.  VI0UT2  =  0  V;  VreF  =  0  V 


■ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7564 


(T»  =  TMih  to  Tn 


otherwise  noted) 


I 


Parameter 

Limit  at 

VDD=+3Vto+3.6V 

Limit  at 

VDD  =  +4.7S  V  to  +5.25  V 

Units 

Description 

ti 

t2 
t3 

t4 
t5 

u 

t? 

ts2 
t9 

140 

60 

60 

50 

50 

10 

125 

100 

60 

100 

40 

40 

30 

30 

5 

90 
70 
40 

 1 

nsrain 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 

CLKIN  Cycle  Time 
CLKIN  High  Time 
CLKIN  Low  Time 
FSIN  Setup  Time 
Data  Setup  Time 
Data  Hold  Time 
FSIN  Hold  Time 

SDOUT  Valid  After  CLKIN  Falling  Edge 
LDAC,  CLR  Pulse  Width 

NOTES 


'Not  production  tested.  Guaranteed  by  characterization  at  initial  product  release.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  ( 1 0%  to  90%  of  VDD)  and  timed 


from  a  voltage  level  of 


!t„  is  measured  with  the  load  circuit  of  Figure  2 


of  3.3  V. 


VDDof5  V 


n  a  voltage  level  1.35  V  for  a  VDD  of  3.3  V. 

1  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V  with  a  VDD  of  5  V  and  0.6  V  or  2. 1  V  for  a  VD: 








Figure  1,  Timing  Diagram 


Figure  2.  Load  Circuit  for  Digital  Output  Timing  Specifications 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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VDD  to  DUNiJ  

Iouri  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Iout2  to  DGND  -0.3  V  to  VDD  +  0.3  V 

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Vrfb,  Vref  to  DGND   ±15  V 

Input  Current  to  Any  Pin  Except  Supplies2   ±10  mA 

Operating  Temperature  Range 

Commercial  Plastic  (A,  B  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature   + 1 50°C 

DIP  Package,  Power  Dissipation   875  mW 

0jA  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering  (10  sec)    260°C 

SOIC  Package,  Power  Dissipation  875  mW 

8JA  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering  (10  sec)    260°C 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

SSOP  Package,  Power  Dissipation  900  mW 

9JA  Thermal  Impedance   100°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215 

Infrared  (15  sec)   +220 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratinj 
permanent  damage  to  the  device.   This  is  a  stress  rating  only  anil  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.   Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


- 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7564  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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PIN  DESCRIPTIONS 


AD7564 


Pin 

Number 


Mnemonic 


Description 





1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 


DGND 

VDD 

IoutiC 

RfbC 

I0UT2D 
IoutiD 
RfbD 

SDOUT 
CLR 


LDAC 


15 

16 
17 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 




FSIN 


SDIN 


CLKIN 
Al 


Digital  Ground. 


Iout2  terminal  for  DAC  C.  This  should  normally  connect  to  the  signal  ground  of  the  system. 
Positive  power  supply.  This  is  +5  V±  5%. 
Iouti  terminal  for  DAC  C. 
Feedback  resistor  for  DAC  C. 
DAC  C  reference  input. 

I0UT2  terminal  for  DAC  D.  This  should  normally  connect  to  the  signal  ground  of  the  system. 
Iouti  terminal  for  DAC  D. 
Feedback  resistor  for  DAC  D. 
DAC  D  reference  input. 

This  shift  register  output  allows  multiple  devices  to  be  connected  in  a  daisy  chain  configuration. 
Asynchronous  CLR  input.  When  this  input  is  taken  low,  all  DAC  latches  are  loaded  with  all  0s. 
Asynchronous  LDAC  input.  When  this  input  is  taken  low,  all  DAC  latches  are  simultaneously 


updated  with  the  contents  of  the  input  latches. 
Level-triggered  control  input  (active  low).  This 


When  FSIN  goes  low,  it  enables  the  in] 
CLKIN.  If  the  address  bits  are  valid: 
latch  on  the  sixteenth  falling  edge  after  FSIN  goes 
Serial  data  input.  The  device  accepts  a  1 6-bit  won 
DB3  are  device  address  bits.  DB4  to  ~ 
DAC. 


fSnd  DB1  are  DAC  select  bits.  DB2  and 
'the  12-bit  data  to  be  loaded  to  the  selected 


Clock  Input.  Data  is  clocked  into  the  input  shift  1 
Device  addrelpin«agi^^M  assocf|j£n%it 


ster  on  the  falling  edges  of  CLKIN. 
fus  mput  m  association  with  AO  gives  the  device  an  address.  If  DB2  and  DB3 
of  the  serial  input  stream  do  not  correspond  to  this  address,  the  data  which  follows  is  ignored  and 
not  loaded  to  any  input  latch.  However,  it  will  appear  at  SDOUT  irrespective  of  this. 
Device  address  pin.  This  input  in  association  with  Al  gives  the  device  an  address. 
DAC  A  reference  input. 
Feedback  resistor  for  DAC  A. 
Iouti  terminal  for  DAC  A. 

Iout2  terminal  for  DAC  A.  This  should  normally  connect  to  the  signal  ground  of  the  system. 
DAC  B  reference  input. 
Feedback  resistor  for  DAC  B. 
Iouti  terminal  for  DAC  B. 


■ 


No  Connect  pin. 

This  pin  connects  to  the  back  gates  of  the  current  steering  switches.  It  should  be  connected  to  the 
signal  ground  of  the  system. 

Iout2  terminal  for  DAC  B.  This  should  normally  connect  to  the  signal  ground  of  the  system. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7564 

TERMINOLOGY 
Relative  Accuracy 

Relative  accuracy  or  endpoint  linearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after  ad- 
justing for  zero  error  and  full-scale  error  and  is  normally  ex- 
pressed in  Least  Significant  Bits  or  as  a  percentage  of  full-scale 
reading. 

Differential  Nonlineariry 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 

■  1  LSB  maximum 


codes.  A  specified  differential  i 
ensures  monotonicity. 
Gain  Error 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is 
in  the  DAC  after  offset  error  has  been  adjusted  out  and  is  ex- 
pressed in  Least  Significant  Bits.  Gain  error  is  adjustable  to 
zero  with  an  external  potentiometer. 

Output  Leakage  Current 

Output  leakage  current  is  current  which  flows  in  the  DAC 

ladder  switches  when  these  are  turned  off.  For  the  Iouti  due  to  a  change  in 

terminal,  it  can  be  measured  by  loading  all  Os  to  the  DAC  and 
be  measured  by  loading  all  Os  to  the  DAC  and  measuring  the  Iouti 
current.  Minimum  current  will  flow  in  the  Ioun  hne  when  the 
DAC  is  loaded  with  all  Is.  This  is  a  combination  of  the  switch 
leakage  current  and  the  ladder  termination  resistor  current. 
The  I0ut2  leakage  current  is  typically  equal  to  that  in  T 
Output  Capacitance 

This  is  the  capacitance  from  the  Iouti  pin  to  AGND. 

Table  I.  AD7564 


Output  Voltage  Settling  Time 

This  is  the  amount  of  time  it  takes  for  the  output  to  settle  to  a 
specified  level  for  a  full-scale  input  change.  For  the  AD7564,  it 
is  specified  with  the  AD843  as  the  output  op  amp. 
Digital  to  Analog  Glitch  Impulse 

This  is  the  amount  of  charge  injected  into  the  analog  output 
when  the  inputs  change  state.  It  is  normally  specified  as  the 
area  of  the  glitch  in  either  pA-secs  or  nV-secs,  depending  upon 
whether  the  glitch  is  measured  as  a  current  or  voltage  signal.  It 
is  measured  with  the  reference  input  connected  to  AGND  and 
the  digital  inputs  toggled  between  all  Is  and  all  Os. 
AC  Feedthrough  Error 

This  is  the  error  due  to  capacitive  feedthrough  from  the  DAC 
reference  input  to  the  DAC  Iout  terminal,  when  all  Os  are 
loaded  in  the  DAC. 
Channel-to-Channel  Isolation 

Channel-to-channel  isolation  refers  to  the  proportion  of  input 
signal  from  one  DAC's  reference  input  which  appears  at  the 
output  of  any  other  DAC  in  the  device  and  is  expressed  in  dBs. 

tal  Crosstalk 

e  glitch  impulse  transferred  to  the  output  of  one  converter 
Sput  code  to  the  other  converter  is 
defined  as  the  Digital  Crosstalk  and  is  specified  in  nV-secs. 

Digital  Feedthrough 

When  the  device  is  not  selected,  high  frequency  logic  activity  on 
the  device  digital  inputs  is  capacitively  coupled  through  the  de- 
vice to  show  up  at  on  the  Iout  pin  and  subsequently  on  the  op 
ut.  This  noise  is  digital  feedthrough. 


DB15 


DBO 


DB11    DB10    DB9     DB8     DB7     DB6     DB5     DB4     DB3     DB2     DB1     DBO  Al 


AO 


DS1  DSO 


Table  II.  DAC  Selection 


Function 





DAC  A  Selected 
DAC  B  Selected 
DAC  C  Selected 
DAC  D  Selected 





This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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FEATURES 

Eight  12-Bit  DACs  in  One 
4-Quadrant  Multiplication 
Separate  References 
Single  +5  V  Supply 
Low  Power:  1  mW 
Versatile  Serial  Interface 
Simultaneous  Update 
Reset  Function 
44-Pin  PQFP  and  PLCC 

APPLICATIONS 
i  Control 
tic 


FUNCTIONAL  BLOCK  DIAGRAM 

AQND    OGND    W    VnEFC    V„e,B    V»E,A  R„A 


i 


General  Purpose  Instrumentation 


GENERAL  DESCRIPTION 

The  AD7568  contains  eight  12-bit  DACs  in  one  monolithic 
device.  The  DACs  are  standard  current  output  with  separate 
Vref)  Ioutij  Iout2       Rfb  terminals. 
The  AD7S68  is  a  serial  input  device.  Data  is  loaded  using 
FSIN,  CLKIN  and  SDIN.  One  address  pin,  AO,  sets  up  a 
device  address,  and  this  feature  may  be  used  to  simplify  device 
loading  in  a  multi-DAC  environment. 

All  DACs  can  be  simultaneously  updated  using  the  asynchro- 
nous LDAC  input  and  they  can  be  cleared  by  asserting  the  so™ 
asynchronous  CLR  input. 

The  AD7568  is  housed  in  a  space-saving  44-pin  plastic  quad 
flatpack  and  44-lead  PLCC. 


"  ad  Flatpack 

jj«bii?iJJ 


PIN  CONFIGURATIONS 
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Plastic  Leaded  Chip  Carrier 
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AD7568  PLCC 
TOP  VIEW 
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l  at  1-800-446-6212. 
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AD7568— SPECIFICATIONS 


1  (VD1I  =  +4.75  V  to  +5.25  V;  loim  =  l0UTj  =  0  V;  V,EF  =  +5  V; 
=  TM)M  to  Tmx,  unless  otherwise  stated) 


Parameter 

AD7568B2 

Units 

ACCURACY 

Resolution 
Relative  Accuracy 
Differential  Nonlinearity 

12 

±0.5 
±0.9 

Bits 

LSB  max 
LSB  max 

1  I  SR  -  V     _/712  -  1  7?  mV  when  V        =  5  V 

1  JL.OD  —    VREF*^       —             IIIV  WUCI1  »n£p  —  J  V 

All  Grades  Guaranteed  Monotonic  over  Temperature 

Gain  Error 
+25°C 

TjiUN  t0  TMAX 

Gain  Temperature  Coefficient 

Output  Leakage  Current 

Iouti 
@  +25°C 

±4 

±5 

— 2  - 

5  «* 

10 
200 

LSBs  max 
LSBs  max 
ppm  FSR/°C  typ 
ppm  FSR/°C  max 

nA  max 
nA  max 

See  Terminology  Section 

REFERENCE  INPUT 
Input  Resistance 

Ladder  Resistance  Mismatch 

5  . 
9 

f.  %.      .J-  • 

kfl  min 
kfl  max 
%  max 



Typical  Input  Resistance  =  7  kfl 
Typically  0.6% 

DIGITAL  INPUTS 
vinh>  InPut  H>8h  Voltage 
VINL,  Input  Low  Voltage 
In^H,  Input  Current 
On,  Input  Capacitance 



2.4 
0.8 
±1 
10 

V  min 

V  max 
uA  max 
pF  max 

POWER  REQUIREMENTS 
VDD  Range 

Power  Supply  Sensitivity 

AGain/AVDD 
Idd 

4.75/5.25 
-75 

V  min/V  max 

dB  typ 
uA  max 
mA  max 

Vinh  =  4.0  V  min,  VINL  =  0.4  V  max 
vinh  =  2.4  V  min,  VINL  «  0.8  V  max 

m 

_  _  (These  characteristics  are  included  for  Design  Guidance  and  are  not  subject  to 
US  test  DAC  output  op  amp  is  AD843.) 

AC  PERFORMANCE  CM 

Parameter 


AD7568B* 


Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE 
Output  Voltage  Settling  Time 

Digital  to  Analog  Glitch  Impulse 

Multiplying  Feedthrough  Error 


Output  Capacitance 

Channel-to-Channel  Isolation 

Digital  Crosstalk 

Digital  Feedthrough 

Total  Harmonic  Distortion 
Output  Noise  Spectral  Density 
@  1  kHz 


500 

40 

-66 

60 
30 

-76 

40 


-83 
20 


nstyp 

nV-s  typ 

dB  max 

pF  max 
pF  max 
dB  typ 

nV-s  typ 

nV-s  typ 

dB  typ 

nV/VHi 


To  0.01%  of  Full-Scale  Range.  DAC  Latch  Alternately 
Loaded  with  All  0s  and  All  Is. 

Measured  with  Vrej,  =  0  V.  DAC  Register  Alternately 

Loaded  with  All  0s  and  All  Is. 

Vref  =  20  V  pk-pk,  10  kHz  Sine  Wave.  DAC  Latch 

Loaded  with  All  0s. 

All  Is  Loaded  to  DAC. 

All  0s  Loaded  to  DAC. 

Feedthrough  from  Any  One  Reference  to  the  Others 
with  20  V  pk-pk,  10  kHz  Sine  Wave  Applied. 
Effect  of  all  0s  to  all  Is  Code  Transition  on  Nonselected 
DACs. 

Feedthrough  to  Any  DAC  Output  with  FSIN  High  and 
Square  Wave  Applied  to  SDIN  and  SCLK. 
Vref  =  6  V  rms,  1  kHz  Sine  Wave. 


All  Is  Loaded  to  the  DAC.  VR 
Amp  is  AD  OP-07. 


0  V.  Output  Op 


NOTES 

'Temperature  range  as  follows:  B  Version:  -40°C  t 
'All  specifications  also  apply  for  y^,  =  +10  V, 
Specifications  subject  to  change  without  notice. 


r  which 


to  ±1  LSB. 
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D0  =  +5  V  ±  5%;  U,  =  Igau  =  0  V;  TA  =  Tttm  to  TMM,  unless  otherwise  stated) 




CLKIN  High  Time 
CLKIN  Low  Time 
FSIN  Setup  Time 
Data  Setup  Time 
Data  Hold  Time 
FSIN  Hold  Time 

SPOUT  Valid  After  CLKIN  Falling  Edge 
LDAC,  CLR  Pulse  Width 


Parameter 


Limit  at 
TA  =  +25°C 


Limit  at 


Units 

ns  min 
nsmin 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


Description 


ti 

U 
U 

u 


100 

40 

40 

30 
30 
5 

90 
70 
40 


100 

40 

40 

30 

30 

5 

90 
70 
40 


CLKIN  Cycle  Time 


US  mm 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
\  is  measured  with  the  load  circuit  of  Figure  2  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 

■ 

■ 

*1  r+- 


CLKIN  (I)  VWl/l 
tj-» 


SDOUT  (O) 

ldac.clS 


Figure  1.  Timing  Diagram 


■ 


ORDERING  GUIDE 


i  emperature 

Linearity 

Package 

Model 

Range 

Error  (LSBs) 

Option* 

AD7568BS 

-40°C  to  +85°C 

±0.5 

S-44 

AD7568BP 

-40°C  to  +85°C 

±0.5 

P-44A 

Figure  2.  Load  Circuit  for  Digital 
Output  Timing  Specifications 


Quad  Flatpack  (PQFP),  P  =  Plastic  Leaded  Chip  Carrier 
information  see  Package  Information  section. 
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ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  DGND   -0.3  V  to  +6  V 

IOUT1  to  DGND   -0.3  V  to  VDD  +  0.3  V 

IOUX2  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND  ....  -0.3  V  to  VDD  +  0.3  V 

Vrfb.  Vref  to  DGND   ±15  V 

Input  Current  to  Any  Pin  Except  Supplies2   ±10  mA 

Operating  Temperature  Range 

Commercial  Plastic  (B  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    250  mW 

Derates  above  +75°C  by   10  mW/°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


0i  m  ± » «♦  «  .v)  2M0fTA3HI33<K  OMIMIT 





.'c 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digi 
however,  permanent  damage  may  occur  on  unconnected 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or 
should  be  discharged  to  the  destination  socket  before  devices  are  removed 


n  n  r\ 


ts  are  diode  protected; 
to  high  energy  electro- 
mnts.  The  protective  foam 


•VO.!  HO  hvlH  GiWWWWH  *!Oj»  . 


Table  1 


DB15 


iuo  ovaxaa&i 


DB0 


DB11  |  DB10      DB9  |  DBS 

DB7 

DB6 

DBS 

DB4     DB3  DB2 

DB1 

DB0 

AO  DS2 

DS1 

DS0 

Table  II.  DAC  Selection 

■ 


DS2 

DS1 

DS0 

Function 

0 

0 

0 

DAC  A  Selected 

0 

0 

1 

DAC  B  Selected 

0 

1 

0 

DAC  C  Selected 

0 

1 

1 

DAC  D  Selected 

1 

0 

0 

DAC  E  Selected 

1 

0 

1 

DAC  F  Selected 

1 

1 

0 

DAC  G  Selected 

1 

1 

1 

DAC  H  Selected 
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Relative  Accuracy  or  endpoint  linearity  is  a  measure  of  the  max- 
imum deviation  from  a  straight  line  passing  through  the  end- 
points  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  error  and  full-scale  error  and  is  r 
:  Significant  Bits  or  as  a 


Settling  Time 

amount  of  time  it  takes  for 

for  a  full-scale  input 
with  the  AD843  as  the 


Digital  to  Analog  Glitch  Impulse 

'  ex~         This  is  the  amount  of  charge  injected  into  the  analog  output 

the  inputs  change  state.  It  is  normally  specified  as  the  area 


1  Nonlinearity 

nonlinearity  i 


i  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  1  LSB  maximum 
ensures  monotonicity. 

Gain  Error 

Gain  Error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is  in 
the  DAC  after  offset  error  has  been  adjusted  out  and  is  ex- 
pressed in  Least  Significant  Bits.  Gain  error  is  adjustable  to  zero 
with  an  external  potentiometer. 

Output  Leakage  Current 

Output  leakage  current  is  current  which  flows  in  the  DAC  lad- 
der switches  when  these  are  turned  off.  For  the  I0uti  terminal, 
it  can  be  measured  by  loading  all  Os  to  the  DAC  and  measuring 
the 

Iouti  current.  Minimum  current  will  flow  in  the  I0ut2 
when  the  DAC  is  loaded  with  all  Is.  This  is  a  combination  of 

*  termination  resistor 
jically  equal  to  that  in 

,f  >  ' 


the  switch  leakage  current  and  the  adder  termi 
current.  The  IOUT2  leakage  current  is  typically 

Output  Capacitance 

This  is  the  capacitance  from  the  Iolm  pin  to  AGND. 


:  the  glitch  in  either  pA-secs  or  nV-secs,  depending  upon 

I  is 

i  the  reference  ij 
the  digital  inputs  toggled  between  all  Is  and  all  Os. 

AC  Feedth  rough  Error 

This  is  the  error  due  to  capacitive  feedthrough  from  the  DAC 
reference  input  to  the  DAC  Ioux  terminal,  when  all  Os  are 
loaded  in  the  DAC. 

Channel-to-Channel  Isolation 

Channel-to-channel  isolation  refers  to  the  proportion  of  input 
signal  from  one  DAC's  reference  input  which  appears  at  the  out- 
put of  any  other  DAC  in  the  device  and  is  expressed  in  dBs. 

Digital  Crosstalk 

The  glitch  impulse  transfei 

in  digital  input  code  to  the  other  converter  i 
he  Digital  Crosstalk  and  is  specified  in  nV-secs. 

Digital  Feedthrough 

When  the  device  is  not  selected,  high  frequency  logic  activity  on 
the  device  digital  inputs  is  capacitively  coupled  through  the  de- 
vice to  show  up  as  noise  on  the  I0ut  Pm  nil  subsequently  on 
the  op  amp  output.  This  noise  is  digital  fi 
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Figure  3.  Supply  Current  vs.  Logic  Figure  4.  Supply  Current  vs.  Figure  5.  Differential  Nonlinearity 

Input  Voltage  Temperature  Error  vs.  VREf: 


o.o 

2.0 


»25X 

Figure  6.  Integral  Nonlinearity  Error 
vs.  VREF 
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DIGITAL  CODE 


Figure  7.  Typical  DAC  to  DAC 
Linearity  Matching 
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Figure  8.  Total  Harmonic  Distortion 
vs.  Frequency 


Figure  9.  Digital-to-Analog  Glitch 
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Figure  10.  Channel-to-Channel 
Isolation  (1  DAC  to  1  DAC) 
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Figure  1 1.  Channel-to-Channel  Iso- 
lation (1  DAC  to  All  Other  DACs) 
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CMOS  Dual  8-Bit 
g  DAC 


AD7628 


FEATURES 

On-Chip  Latches  for  Both  DACs 
+  12V  to  +  15V  Operation 
DACs  Matched  to  1% 
Four  Quadrant  Multiplication 
TTUCMOS  Compatible  from  +  12V  to 
Latch  Free  (Protection 

APPLICATIONS 
Disk  Drives 
Programmable  Filters 
X-Y  Graphics 
Gain/Attenuation 


FUNCTIONAL  BLOCK  DIAGRAM 


+  15V 


GENERAL  DESCRIPTION 

The  AD7628  is  a  monolithic  dual  8-bit  digital/analog  convener 
featuring  excellent  DAC-to-DAC  matching.  It  is  available  in 
small  0.3"-wide  20-pin  DIPs  and  in  20-terminal  surface  mount 
packages. 

Separate  on-chip  latches  are  provided  for  each  DAC  to  allow 
easy  microprocessor  interface. 

Data  is  transferred  into  either  of  the  two  DAC  data  latches  via  a 
common  8-bit  TTL/CMOS  compatible  input  port.  Control 
input  DAC  A/DAC  B  determines  which  DAC  is  to  be  loaded. 
The  AD7628's  load  cycle  is  similar  to  the  write  cycle  of  a  random 
access  memory,  and  the  device  is  bus  compatible  with  most  8- 
bit  microprocessors,  including  6502,  6809,  8085,  Z80. 

The  device  operates  from  a  +  12V  to  +  15V  power  supply  and 
is  TTL-compatible  over  this  range.  Power  dissipation  is  a  low 
20mW. 

Both  DACs  offer  excellent  four  quadrant  multiplication  charac- 
teristics with  a  separate  reference  input  and  feedback  resistor  for 
each  DAC. 


PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  matching:  since  both  of  the  AD7628  DACs  are 
fabricated  at  the  same  time  on  the  same  chip,  precise  matching 
and  tracking  between  DAC  A  and  DAC  B  is  inherent. The 
AD7628's  matched  CMOS  DACs  make  a  whole  new  range  of 
applications  circuits  possible,  particularly  in  the  audio,  graphics 
and  process  control  areas. 

2.  Small  package  size:  combining  the  inputs  to  the  on-chip 
DAC  latches  into  a  common  data  bus  and  adding  a  DAC  A/ 
DAC  B  select  line  has  allowed  the  AD7628  to  be  packaged  in 
a  small  20-pin  0.3"  wide  DIP,  20-pin  SOIC,  20-terminal 
PLCC  and  20-terminal  LCC. 


3.  TTL-Compatibility:  All  digital  inputs  are 
over  a  +  12V  to  +  15V  power  supply  range. 


- 


■ 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD7 628— SPEC!  Fl  CATI ONS 


10.8V  to  +  15.75V, 
Vkf  B  =  +10V;  OUT  A  =  OUT  B  =  OV  unless 


otherwise  specified) 


PERFORMANCE1 


STATIC 
Roohn 
Relative  Accuracy 


G*,Er„ 


OUTB(Pin20) 
[npm  Resistance  (Vi 


Vref  A/Vref  B  Input  Resistance 
Match 


T».  +  25-C1 


8 

±1/2 


±50 
±50 


TA  =  -OTCto 
+«S-C 


« 

± 1/2 
±1 


±200 
±200 


±200 
±200 


LSBn 
LSBrt 


kit  min 
kflmax 





This  it  in  Endpoin  i  linearity  Specific!  uon 
Ail  Grades  Guaranteed  Monotonk  Over 
Full  Operating  Temperature  Range 
Measured  Using  Internal  RFB  A  and  RFB  B. 
Both  DAC  Latches  Leaded  with  1 1 1 1 1 1 1 1 
Gain  Error  is  Adjustable  U  sing  Circuits 
of  Figures  4  andS. 


DAC  Laiches  Loaded  with  00000000 
Input  Resistance TC  J 


I  MUVM  I 
«OA(T  ittca  tot  aarialttJ  ejirtO-rO 
fjotJtsvrtiO  Slit  +  or 

ift  os  fcoriataM  iO*C 
'•«•  »  Ho«Hw!  irf  suO  tuo^ 
men.  •hfcaqmoO  8OM0UTT 


DIGITAL  INPUTS" 
Input  High  Voltage 
V„ 

Input  Low  Voltage 

V„. 
Input  Current 

•in 

Input  Capacitance 
DBO-DB7 

WR.CS,  DAC  A/DACB 


0.8 
±10 


V  nun 

Vmas 

uArotu 

pi-  ma* 
pFmax 


V„,  =  0orVDD 


SWITCHING  CHARACTERISTICS3 
Sec  Tuning  Diagram 
Chip  Select  to  Write  Set  Up  Time 

•CI 

Chip  Select  to  Write  Hold  Time 

DAC  Select  to  Write  Set  Up  Time 

SoMj'CiTI  ••  Ji"JW5  il'iTS  3 
DAC  Select  to  Write  Hold  Time 

tan 

Data  Valid  to  Write  Set  Up  Time 
toe 

Data  Valid  to  Write  Hold  Time 

tDH 

Write  Pulse  Width 


SeeFifUre3 

All  Digital  Inpuu  Vil  or  Vnt 
All  Digital  Inputs  V,  L  or  V,n 
All  Digital  Inputs  0V  or  VDD 


•  


POWER  SUPPLY 
iDD.KGrade 
B.TGnde. 
All  Grades 


2 

2.5 


SpecmcaooDs  subject  to  change  without  notice. 


AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  included  for  Design  Guidance  only  and  ar 
Vn,  =  +  10.8V  to  +  15.75V.  (Measured  Using  Recommended  P.C. 


[to  test 


'.Mr  ..■ 


■ 


e  not  subject! 

Board  Layout  (Figure  7)  and  A0644  as  Output  Amplifiers) 


•  racoi  mnaqp  satVsb  aifT 


Parameter 

T,  =  +25*C' 

t«  -  -«rc 

to  +85-C' 

T,«  -55-Cto 
+  125*C' 

Unite 

Test  CeOiiditioas/ConunenU 

DC  SUPPLY  REJECTION 
(AGAIN/AVDI)) 

0.01 

0.02 

0.02 

%per%mas 

AVOD-±5% 

CURRENT  SETTLING  TIME 

350 

400 

400 

Tol/2LSB.OutA/OutBload  =  lOOfl. 
WR-CS-OV. 

DB0-DB7  =  0V  to  VDDor  VDD  toOV 

DIGITAL-TO-ANALOG  GLITCH 
IMPULSE 

330 

nV  sectyp 

For  Code  Transition  OO0OO0O0  to  1 1 1 1 1 1 1 1 

OUTPUT  CAPACITANCE 
CoutA 
CoutB 
CoutA 
CoutB 

25 
25 
60 
60 

25 
25 
60 
60 

25 
25 
60 
60 

pFmax 
pFmax 

pFmax 

DAC  Latches  Loaded  with  OOOOOOOO 
DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 

AC  FEEDTHROUGH 
VkfAioOUTA 
VrbtBioOUTB 

-70 
-70 

-65 
-65 

-65 
-65 

dBmai 
dBtnas 

VrefA.VrefB  =  20V  p-p  Sine  Wave 
(SilOkHz 

CHANNEL-TO-CHANNEL  ISOLAT 
VajrrAtoOUTB 

V«,BtoOUTA 

ON 

-80 
-80 

dBtyp 
dBtyp 

Both  DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 . 
VufA  -  20V  p-pSitse  Wave®  10kHz 
Vref  B  -  0VseeFigure6. 
V„FB  -  20V  p-p  Sine  Wsve  (n  lOkrlz 
VajtrA  -  0VaeeFigure6. 

DIGITAL  CROSSTALK 

60 

nVaectyp 

10  1 1 1 1 1 1 1 1 

HARMONIC  DISTORTION 

-85 

dBtyp 

Vgs-tVsaBtSlUi. 

NOTES 

re  K  Version;  -  40*C  to  +  85*C 
B  Version;  -  40"C  to  +  85*C 
TVerskm;  -55*Cro  +  12S"C 
:  Specification  applies  10  both  DACs  in  AD7628. 
'Guaranteed  by  design  but  not  production  tested. 
'Logic  inputs  are  MOS  Gates.  Typical  input  current .,  +  25 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  +  25°C  unless  otherwise  noted) 

«;  (.1  aFnaWDA  lmt  SoFT.a  OhCl  to'  nwru;  «  tu/ta 
VDD  to  AGND  OV,  +  17V 

VDD  to  DGND  OV,  +  17V 

AGND  to  DGND  VDD  +0.3V 

DGND  to  AGND   VDD  +0.3V 

Digital  Input  Voltage  to  DGND    ....     -0.3V,  VDD  +  0.3V 

VP,N2,  VPIN20  to  AGND   -0.3V,  VDD  +0.3V 

Vref  A,  Vref  B  to  AGND  +  25V 

Vrfb  A,  Vrfb  B  to  AGND  ±25V 

Power  Dissipation  (Any  Package)  to  +75°C    .    .    .     450m  W 

Derates  above  +75°Cby   6mW/°C 

Operating  Temperature  Range 

Commercial  (K)  Grades   -40°C  to  +85°C 

Industrial  (B)  Grades   -  40°C  to  +  85°C 

Extended  (T)  Grades  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)  +  300°C 

■ 

CAUTION: 

1.  ESD  sensitive  device.  The  digital  control  inputs  are  diode 
protected;  however,  permanent  damage  may  occur  on 
unconnected  devices  subjected  to  high  energy  electrostatic 
fields.  Unused  devices  must  be  stored  in  conductive  foam 
or  shunts. 

2.  Do  not  insert  this  device  into  powered  sockets.  Remove 

rAMXOTOI  TTU:mD 


Model1 

I  emperature 
Range 

Accuracy 

Gain 
Error 

Package 
Option2 

AD7628KN 
AD7628KP 
AD7628KR 
AD7628BQ 
AD7628TQ 
AD7628TE 

-40°Cto+85°C 
-40°Cto  +85°C 
-40°Cto  +85"C 
-  40°C  to  +  85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 

±  1/2LSB 
±1/2LSB 
±  1/2LSB 
±  I/2LSB 
±  1/2LSB 
±  1/2LSB 

±2LSB 
±  2LSB 
±2LSB 
±2LSB 
±2LSB 
±2LSB 

N-20 

P-20A 

R-20 

Q-20 

Q-20 

E-20A 

NOTES 

'To  order  MIL-STD-883,  Class  B  process  parts,  add  /883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet. 
2For  outline  information  see  Package  Information  section. 


AD7628 

- 

TERMINOLOGY 
Relative  Accuracy: 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  and  full-scale  and  is  normally  expressed  in 
LSBs  or  as  a  percentage  of  full-scale  reading. 

Differential  Nonlinearity: 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

Gain  Error: 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is 
in  the  DAC  latches  after  offset  error  has  been  adjusted  out. 
Gain  error  of  both  DACs  is  adjustable  to  zero  with  external 
resistance. 

Output  Capacitance: 

Capacitance  from  OUT  A  or  OUT  B  to  AGNI 

Digital-to-Analog  Glitch  Impulse: 

The  i — 

analog  output  when  the  inputs  change  state.  This  is  normally 
specified  as  the  area  of  the  glitch  in  either  pA-secs  or  nV-secs 
depending  upon  whether  the  glitch  is  measured  as  a  current  or 
voltage  signal.  Glitch  impulse  is  measured  with  VREF  A,  VREF  B 
=  AGND. 

Channel-to- Channel  Isolation: 

The  proportion  of  input  signal  from  one  DAC's  reference  input 
which  appears  at  the  output  of  the  other  DAC,  expressed  as  a 
ratio  in  dB. 

Digital  Crosstalk: 

The  glitch  energy  transferred  to  the  output  of  one  converter  due 
to  a  change  in  digital  input  code  to  the  other  converter.  Specified 
in  nV  sees. 


•ID. 


PIN  CONFIGURATIONS 
LCCC 


DGND  5 
DAC  A  /DAC  B  6 
DB?  (MSB)  7 
DB6  a 


i 


PLCC 
<  <  a  o  a 

S  I  1  o  I 

jryrirrirara 


18  V    R  vREF  A  [7 

18VbefB  dQnd[7 


16  WR  DACA/DACB[T 
15  CS  DB7  (MSB)  [7 

14  DBO(LSB)  DB6  [7 


1 


ID  VBEFB 

AD7628  13  v°d 
top  view        jFj  wn 

(Not  to  Scale) 


L9j[l0][llJ[l2][l3j 

SallS 


14]  DBO(LSB) 
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INTERFACE  LOGIC  INFORMATION 
DAC  Selection: 

Both  DAC  latches  share  a  common  8-bit  input  port.  The  control 
input  DAC  A/DAC  B  selects  which  DAC  can  accept  data  from 
the  input  port. 

Mode  Selection: 

Inputs  CS  and  WR  control  the  operating  mode  of  the  selected 
DAC.  See  Mode  Selection  Table  below. 

Write  Mode:  _ 

When  CS  and  WR  are  both  low  the  selected  DAC  is  in  the 
write  mode.  The  input  data  latches  of  the  selected  DAC  are 
transparent  and  its  analog  output  responds  to  activity  on  DBO- 
DB7. 

Hold  Mode: 

The  selected  DAC  latch  retains  the  data  which  was  present  on 
DB0-DB7  just  prior  to  CS  or  WR  assuming  a  high  state.  Both 
analog  outputs  remain  at  the  values  corresponding  to  the  data  in 
their  respective  latches. 


DACA/ 
DACB 

CS 

WR 

DACA 

DACB 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 
1  

=  Low  Slate  H=  HighSutc  X  =  Don'lCare 

Mode  Selection  Table 
WRITE  CYCLE  TIMING  DIAGRAM 

CHIP  SELECT 


r 


DAC  A/DAC  B 


WRITE 


DATA  IN  (DB0-DB7) 


XI  D*T 


DATA  IN  STABLE 


NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 
MEASURED  FROM  10*  TO  90%  OF  +SV. 
V0O=  +  10.8VTO  +  l5.75V,t„  =  I,  =  20ns. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  I! 


CIRCUIT  INFORMATION  -  D/A  SECTION 

The  AD7628  contains  two  identical  8-bit  multiplying  D/A  con- 
veners, DAC  A  and  DAC  B.  Each  DAC  consists  of  a  highly 
stable  thin  film  R-2R  ladder  and  eight  N-channel  current  steering 
switches.  A  simplified  D/A  circuit  for  DAC  A  is  shown  in  Figure 
1.  An  inverted  R-2R  ladder  structure  js  used,  that  is,  binary 
weighted  currents  are  switched  between  the  DAC  output  and 
AGND  thus  maintaining  fixed  currents  in  each  ladder  leg  inde- 
pendent of  switch  state. 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  2  shows  an  approximate  equivalent  circuit  for  one  of  the 
AD7628's  D/A  converters,  in  this  case  DAC  A.  A  similar  equivalent 
circuit  can  be  drawn  for  DAC  B.  Note  that  AGND  (Pin  1)  is 
common  for  both  DAC  A  and  DAC  B. 

The  current  source  I  leakage  is  composed  of  surface  and  junction 
leakages  and,  as  with  most  semiconductor  devices,  approximately 
doubles  every  10°C.  The  resistor  Ro  as  shown  in  Figure  2  is  the 
equivalent  output  resistance  of  the  device  which  varies  with 
input  code  (excluding  all  O's  code)  from  0.8R  to  2R.  R  is  typically 
1  lkft.  Cout  is  the  capacitance  due  to  the  N-channel  switches 
and  varies  from  about  SOpF  to  120pF  depending  upon  the  digital 
input.  g(VREF  A,  N)  is  the  Thevenin  equivalent  voltage  generator 
due  to  the  reference  input  voltage  Vref  A  and  the  transfer 
function  of  the  R-2R  ladder. 

For  further  information  on  CMOS  multiplying  D/A  converters 
refer  to  "CMOS  DAC  Application  Guide,  2nd  Edition"  available 
from  Analog  Devices,  Publication  Number  G872a-15-4/86. 


i>(j)" 


Figure  2.  Equivalent  Analog  Output  Circuit  of  DAC  A 

CIRCUIT  INFORMATION  -  DIGITAL  SECTION 

The  input  buffers  are  simple  CMOS  level-shifters  designed  such 
that  when  the  AD7628  is  operated  with  VDD  from  10.8V  to 
15.75V,  the  buffer  converts  TTL  input  levels  (2.4V  and  0.8V) 
into  CMOS  logic  levels.  When  Vm  is  in  the  region  of  1.0  volt  to 
2.0  volts  the  input  buffers  operate  in  their  linear  region  and 
pass  a  quiescent  current,  see  Figure  3.  To  minimize  power 
supply  currents  it  is  recommended  that  the  digital  input  voltages 
be  as  close  to  the  supply  rails  (VDD  and  DGND)  as  is  practically 
possible. 

The  AD7628  may  be  operated  with  any  supply  voltage  in  the 

i  10.8^VDD£  15.75  volts. 


12 

|  10 

I 

3  s 


T4  =  +25-C 

ALL  DIGITAL  INPUTS 

TIED  TOGETHER  — 


1      2      3456  7891 
VM  -  VOLTS 


12     13    14  15 


Figure  3.  Typical  Plot  of  Supply  Current,  loo  Logic 
Input  Voltage  VIN  for  Voo  =  +  15V. 


Figure  1.  Simplified  Functional  Circuit  for  DAC  A 
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Octal  10-Bit  DACs 


FEATURES 

Four/Eight  10-Bit  DACs  in  One  Package 
Serial  and  Parallel  Loading  Facilities  Available 
AD7808-S  Octal  10-Bit  Serial  Loading 
AD7808-P  Octal  10-Bit  Parallel  Loading 
AD7804-S  Quad  10-Bit  Serial  Loading 
AD7804-P  Quad  10-Bit  Parallel  Loading 
3.3  V  and  5  V  Operation 
Low  Power  All  CMOS  Construction 
10-Bit  Resolution,  ±1  LSB  DNL.  ±1  LSB  INL 
Four/Eight  Output  Amplifiers 
Double  Buffered  DAC  Registers 
Power-Down  Mode 
Low  Cost 

APPLICATIONS 
Optical  Disk  Drives 
Automatic  Test  Equipment 
Instrumentation  Systems 
Communication  Systems 
Process  Control 
Voltage  Set  Point  Control 

im  Potentiometer  Replacement 
Automatic  Calibration 


GENERAL  DESCRIPTION 

The  AD7804/AD7808  are  quad  and  octal  10-bit  digital-to- 
analog  converters,  with  serial  or  parallel  data  load  facilities  de- 
pending on  the  version  used.  These  parts  operate  from  a  +5  V 
or  +3.3  V  (±  10%)  power  supply  and  incorporate  an  on-board 
reference.  These  DACs  provide  output  signals  in  the  form  of 
Vbias  ±  Vswing  that  swing  rail  to  rail. 
On-chip  control  registers  include  a  system  control  register  and  a 
channel  control  register.  The  system  control  register  has  control 
over  all  DACs  in  the  package.  Its  controls  include  power  down, 
input  coding  select,  clearing  of  all  DACs  and  the  facility  to  put 
all  DACs  into  standby.  The  channel  contro  register,  allows  in- 
dividual control  over  all  DACs  and  its  contents  allow  individual 
DACs  to  be  cleared,  put  into  standby  and  reference  selection  for 
the  relevant  DAC.  The  complete  transfer  function  of  each  indi- 
vidual DAC  can  be  shifted  around  the  VBias  point  using  an  on- 
chip  8-bit  Sub  DAC.  All  DACs  contain  double  buffered  data 
inputs,  which  allow  all  analog  outputs  to  be  simultaneously  up- 
dated using  the  asynchronous  LDAC  input. 


FUNCTIONAL  BLOCK  DIAGRAMS 


LBYTE 

•  ONLY  ONE  DAC  STRUCTURE  SHOWN  FOR  CLARTTY 
"  PINS  ON  THE  AD7808-P  ONLY 


PRODUCT  HIGHLIGHTS 

1.  The  AD7804/AD7808  are  complete  voltage  output  10-bit 
quad  and  octal  DACs  capable  of  operating  from  5  V  and 
3.3  V  supplies  with  on-board  reference. 

2.  CMOS  construction  ensures  very  low  power  dissipation,  the 
part  dissipating  5  mW/DAC  typically  in  normal  operation. 

3.  The  AD7804-S  and  AD7808-S  have  a  fast  versatile  serial 
interface  while  the  AD7804-P  and  AD7808-P  offer  a  fast 
parallel  interface.  Both  interfaces  are  compatible  with  all 
modern  microprocessors  and  microcomputers,  and  the  out- 
put voltage  settles  to  ±  1/2  LSB  within  4  us. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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m  i 


Main  DAC 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 
Bias  Offset  Error 
Plus  or  Minus  Full-Scale  Error 
Minimum  Load  Resistance 

Resolution 

Differential  Nonlinearity 

10 

±2 
±1 
25 
25 
2 

8 

±1 

10 

+2 
±1 
25 
25 
2 

8 

±1 

Bits 

LSB  max 

LSB  max 
mV  max 
mV  max 
k£2  min 

Bits 
LSB 

Guaranteed  Monotonic 
DAC  Code  =  0.5  Full 
Scale 

Guaranteed  Monotonic 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Range 
Voltage  Output  Settling  Time  to  10  Bits 
Settling  Time  to  8  Bits 
Slew  Rate 

Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 
DC  Output  Impedance 
Source/Sink  Current 

@  Vout  =  Vmjn 

@  Vout  =  Vmax 

0/VDD 

4 

1 

2 

20 

1 

0.2 

1 

2 

0/VDD 
4 
1 
2 

20 
1 

0.2 

Vmin/max 
jis  max 
us  max 
V/us  min 
nV-s  typ 
nV-sryp 

mA  max 
mA  max 

r 

■ 

Typically  2  us 

DAC  REFERENCE  INPUTS 
VBIAS  Range 
Vbias  Input  Impedance 

1.15/VDD/2 
500 

V  min/max 
kQ  typ 

DIGITAL  INPUTS 

Input  High  Voltage,  V,H 
Input  Low  Voltage,  VIL 

Input  Capacitance 
Input  Coding 

v  * 

0.6 
±10 
8 

2s  Complement/Binary 

2.4 

±10 
8 

2s  Complement/Binary 

V  min 

V  max 
j.lA  m  3x 
pF  max 

REFERENCE  OUTPUT 
REF  OUT  Output  Voltage 
RFF  OUT  Frror  fa)  +25°C 
Tmin~Tmax 

REF  OUT  Temperature  Coefficient 

1.26 

±5 
±7 
300 

1.26 
+  5 

±7 
300 

V  nom 
%  max 
%  max 
ppm/°C 



POWER  REQUIREMENTS 
VDD 
Idd 

@  +25°C 

Tmjn-Tmax 
Power  Dissipation 

Normal  Mode  @  +25°C 

Tu  TV* — Tu  AV 

Power  Save  Mode  @  +25°C 
Tmin-Tmax 

3.3  ±  10% 
2 

2.5 

7.2  +  V02/RL 
9  +  VD2/RL 
1.5 
2 

5±  10% 

2.5 
3 

13.75 +  V02/RL 
16  5  +  Vn2/Ri 

2  > 
3 

V 

mA/DAC  max 
mA/DAC  max 

mW/DAC  max 
mW/DAC  max 
HW/DAC  max 
uW/DAC  max 

Excluding  Load  Currents 

NOTES 

'VMIn  =  VBIflS/16,VMAX  =  2  VBIAS-VB,AS/16. 
Specifications  subject  to  change  without  notice. 
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AD7804-S  AND  AD7808-S 




Parameter 

Limit  at 

Limit  at  TA  = 
-40°C  to  +85°C 

Units 

Description 

ti 

t2 
t3 

•4 

u 
t8 

100 

40 

40 

30 

30 

5  iW 

90 

40 

100 

40 

40 

JU 

30 
5 

90 
40 

ns  min 
ns  min 
ns  min 

nc  min 

iio  mill 

ns  min 
ns  min 
ns  min 
ns  min 

CLKIN  Cycle  Time 
CLKIN  High  Time 
CLKIN  Low  Time 

Qp-tun  Timp 

Data  Setup  Time 
Data  Hold  Time 
FSIN  Hold  Time 
LDAC,  CLR  Pulse  Width 

NOTE 

'Guaranteed  by  design  not  production  tested.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  VDD)  and  timed  from  a  voltage  of  1.6  V. 

■ 


Figure  1.  Timing  Diagram  for  AD7804-S  and  AD7808-S 
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AD7804/AD7808 


78°-  ,  


Parameter 

Limit  at 
TA  =  +25°C 

Limit  at  TA  = 
-40°Cto+85°C 

Units 

Description 

ti 

h 

4 
0 
4 

4 
0 
4 

ns  mm 
ns  min 

ns  min. 

Mode  Valid  to  Address  Setup  Time 
Mode  Valid  to  Address  Hold  Time 
Address  Valid  to  Write  Setup  Time 

U 
t5 

u 

h 
tt 

k 

He 
tii 

0 

25 

10 

0 

40 
0 

o 

|  0 
25 
10 
0 
0. 
40 
0 

P 

ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 

Address  Valid  to  Write  Hold  Time 

Data  Setup  Time 

Data  Hold  Time 

Chip  Select  to  Write  Setup  Time 

Chip  Select  to  Write  Hold  Time 

Write  Pulse  Width 

HBEN  to  Write  Setup  Time 

HBEN  to  Write  Hold  Time 

LDAC,  CLR  Pulse  Width 

tl2 

40 

40 

ns  min 

NOTE 

MODE  J[ 


i 

xzzcz 


Figure  2.  Timing  Diagram  for  AD7804-P  and  AD7808-P  Parallel  Write 
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PIN  DESCRIPTION  (AD7804-S  and  AD7808-S) 


Mnemonic 


Description 








AVDD 

DVDD 

AGND 

DGND 

Vbias 

REFOUT 

CLKIN 

FSIN 


Analog  Power  Supply.  +5  V  or  +3  V. 
Digital  Power  Supply. 
Ground  reference  point  for  analog  circuitry 
Ground  reference  point  for  digital  circuitry. 
This  is  an  external  reference  input  for  the  DAC.  When  this  reference  is  selected  for  the  DAC  in  the  control  register, 
the  analog  output  from  the  selected  DAC  swings  around  this  point. 
Reference  Output;  this  is  a  bandgap  reference  and  is  typically  1.26  V. 
Clock  Input.  Data  is  clocked  into  the  input  shift  register  on  the  falling  edges  of  CLKIN 
Level-triggered  control  input  (active  low) .  This  is  the  frame  synchronization  signal  for  the  input  data.  When  FSIN 
goes  low,  it  enables  the  input  shift  register  and  data  is  transferred  on  the  falling  edges  of  CLKIN. 
Serial  Data  Input.  These  devices  accept  a  16-bit  word.  The  first  2  bits  (DB15  and  DB14)  are  used  to  select  either 
writing  to  the  DACs  data  registers  or  to  the  control  registers.  If  the  DAC  data  register  is  selected,  DB13  is  used  to 
select  either  the  Main  DAC  or  the  Sub  DAC,  DB12  to  DB10  provide  the  DAC  address  and  DB9  to  DBO  contain 
the  10-bit  data.  If  control  registers  are  selected  by  the  2  MSBs,  then  remaining  bits  are  defined  in  the  section  Serial 


LDAC 


CLR 


COMP 

VoUTA-VouTD 
VoUTE-VoUTH 


Interface. 

Asynchronous  LDAC  Input.  When  this  digital  input  is  taken 
with  the  contents  of  the  DAC  data  registers. 
Asynchronous  CLR  Input.  When  this  input  is  taken  l< 
Compensation  Pin.  This  is  a  compensation  pin  ft 
0.1  uF  capacitor  to  analog  ground. 
Analog  output  voltages  from 


ground.  ■  ««^Y*  /* 

m  the  DACs.      W*'  \\V> 

*<^t*         SOIC  Package 

ft..  Thermal 


registers  are  simultaneously  updated 

gister  outputs  are  cleared. 

ference  and  should  be  decoupled  with  a 


ABSOLUTE  MAXIMUM  RATINGS' 

(TA  =  +25°C  unless  otherwise  noted) 

DVDD  to  DGND   -0.3  V  to  +7  V 

AVDD  to  AGND  -0.3  V  to  +7  V 

AGND  to  DGND   -0.3  V  + 0.3  V 

Digital  Input  Voltage  to  DGND  -0.3  V  to  DVDD  +  0.3  V 

Analog  Input  Voltage  to  AGND  -0.3  V  to  AVDD  +  0.3  V 

REF  OUT  to  AGND   -0.3  V  to  +VDD 

VBIAS  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Input  Current  to  Any  Pin  Except  Supplies2   ±10  mA 

Operating  Temperature  Range 

Commercial  Plastic  (A,  B  Versions)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature  +150°C 


SOIC  Package,  Power  Dissipation   875  mW 

6,A  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 

PQFP  Package,  Power  Dissipation   500  mW 

8JA  Thermal  Impedance  95°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

transient  currents  of  up  to  100  mA  will  not  cause  SCR  latchup. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7804/AD7808  features  proprietary  ESD  protection  circuitry,  permanent  dam- 
age may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AVDD 

DVDD 

AGND 

DGND 

Vbias 

REFOUT 
DB9-DB2 


DBO 


DB 1  /  (HB  YTE/LB  YTE) 

AO,  Al,  A2 

_ 
CS 
WR 


LDAC 
CLR 
COMP 
Mode 


VoUTA-VoUTD 

Voute-Vquth 


Analog  Power  Supply.  +5  V  or  +3.3  V. 
Digital  Power  Supply. 

Ground  reference  point  for  analog  circuitry. 
Ground  reference  point  for  digital  circuitry. 

This  is  the  midpoint  for  the  DAC  outputs.  The  analog  output  from  the  DACs  swings  around  this 
point. 


Reference  Output;  this  is  a  bandgap  reference  and  is  typically  1.23  V. 

Data  Inputs.  DB9  to  DB2  are  the  8  MSBs  of  the  data  word.  DB9  and  DB8  function  also  as  the  2 
LSBs  of  the  1 0-bit  word  when  BYTE  loading  structure  is  used. 
Data  Input.  Functions  as  the  LSB  when  in  the  10-bit  parallel  mode. 
Data  Input  in  10-bit  parallel  mode.  Functions  as  a  , 
ing  structure  is  selected. 


and  low  byte  enable  when  BYTE  load- 

DAC  Address  Inputs.  These  digital  inputs  are  used  in  conjunction  with  CS  and  WR  to  determine 
which  DAC  channel  control  register  or  DAC  data  register  is  loaded  from  the  input  register. 
Chip  Select.  Active  low  logic  input. 

Write  Input  WR  is  an  active  low  logic  input  which  is  used  in  conjunction  with  CS  and  the  address 
pins  to  write  data  to  the  relevant  registers. 

When  this  digital  inp 

isters 


a  all  DAC  registers  are  simulta- 


Asynchronous  LDAC  Input, 
neously  updated  with  the  contents  of  the  DA 

Asynchronous  CLR  Input.  When  this  input  is  taken  low,  al!  Main  DAC  outputs  are  cleared  either  to 
VBIAS  or  to  VB1AS/16  volts.  This  input  does  not  affect  the  operation  of  the  Sub  DAC. 
Compensation  Pin.  This  is  a  compensation  pin  for  the  internal  VDD/2  reference  and  should  be 
decoupled  with  a  0.1  nF  capacitor  to  analog  ground. 

Logic  Input.  Logic  enables  writing  to  the  DAC  input  register,  a  logic  1  enables  writing  to  the  selected 
DACs  control  register.        ^\  V*  Pk\ 
Analog  output  voltages  from  the  DACs. 
Analog  output  voltages  from  the  DACs. 




■ 
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The  AD7804-S  and  AD7808-5  are  senal  input  devices.  1  hree 
lines  control  the  serial  interface,  FSIN,  CLKIN  and  SDIN. 
The  timing  diagram  is  shown  in  Figure  1 . 


i  the  FSIN  input  goes  low,  data  appearing  on  the  SDIN 
line  is  clocked  into  the  input  register  on  each  falling  edge  of 
CLKIN.  When  sixteen  bits  have  been  received,  input  register 
loading  is  automatically  disabled  until  the  next  falling  edge  of 
FSIN  is  detected.  Table  I  shows  the  loading  sequence  for  both 
the  AD7804-S  and  the  AD7808-S  system  control  register,  Table 

II  shows  the  sequence  for  the  channel  control  register  and  Table 

III  the  sequence  for  loading  data  to  the  DAC  data  registers. 
Figure  3  shows  the  internal  registers  associated  with  the 
AD7804-S  and  AD7808-S  serial  interface  DACs.  Only  one 
DAC  structure  is  shown  for  clarity. 


SYSTEM 
CONTROL 
REGISTER 

TO  ALL 
DACS 


SINGLE  . 
DAC 


 O  FSIN 

16-BIT  INPUT  SHIFT  REGISTER  < 

 0  CLKIN 

DECODER 
1                   1   1 

CHANNEL 
CONTROL 
REGISTER 


3: 


I  I       ^iamu^i       I       |  DATa'rEGISTER  I    |  DATA  REGISTER  1 1 


AD7804-S/ 
AD7808-S 


DAC  REGISTER 


DAC  REGISTER 


VqutO— I  

I 

Vref 

KjO-BITDAC, 

l 

t<^   8-BIT  DAC 

v„EF0— |  

VO — :  

»HAS<H:  

MUX 

cycle  accesses  the  control  registers  or  tne  urtL  data  registers. 
When  the  system  control  register  is  selected  by  writing  zeros  to 
the  modes  bits  MD1  and  MDO,  the  address  bits  are  ignored  as 
the  system  control  register  controls  all  DACs  in  the  package. 
When  MD1  =  0  and  MDO  =  1,  writing  is  to  the  channel  control 
register.  Only  the  DAC  selected  by  the  address  bits  will  be 
affected  by  writing  to  this  register.  Each  individual  DAC  has  a 
channel  control  register. 

The  DACs  data  registers  are  addressed  by  writing  a  one  to  both 
MD1  and  MDO  (DB15  and  DB14  of  the  input  word).  DB13 
determines  whether  writing  is  to  the  Main  DAC  data  register  or 
to  the  Sub  DAC  data  register.  The  Main  DAC  is  10  bits  wide 
and  the  Sub  DAC  is  8  bits  wide.  Thus  when  writing  to  the  Sub 
DAC,  DB9  and  DB8  become  don't  cares.  The  Sub  DAC  is 
used  the  shift  the  complete  transfer  function  of  the  Main  DAC 
around  its  VBIAS  point.  The  Sub  DAC  has  1/4  LSB  resolution 
and  will  enable  the  transfer  function  to  be  shifted  by  ±  Vbias/16. 


Figure  3.  AD7804-S  and  AD7808-S  Internal  Registers 


When  the  LDAC  line  goes  low,  all  DAC  registers  in  the  device 
are  simultaneously  loaded  with  the  contents  of  their  respective 
DAC  data  registers,  and  the  outputs  change  accordingly. 

Bringing  the  CI.R  line  low  resets  the  DAC  data  and  DAC  regis- 
ters. This  hardware  clear  only  effects  the  Main  DAC,  the  Sub 
DAC  is  not  effected  by  issuing  a  hardware  clear  to  the  part.  This 
operation  sets  the  analog  output  of  the  Main  DAC  to  VBIAs/16 
volts  when  offset  binary  coding  is  selected  and  the  output  is  set 
to  Vbjas  when  twos  complement  coding  is  used. 


■ 


Table  L  AD7804-S/AD7808-S  System  Control  Register  Loading  Sequence 


MSB 


LSB 


MD1  =  0 

MDO  =  0 

X 

X 

X 

X 

X 

X 

0 

BIN/COMP 

PD 

SSTBY 

SCLRM 

SCLRS 

X 

0 

Table  II.  AD7804-S/AD7808-S  Channel  Control  Register  Loading  Sequence 


DB1S  (MSB) 


DBO  (LSB) 


MD1  =  1 

MDO  =  0 

X 

A2 

Al 

AO 

X 

X 

x 

X 

X 

STBY 

CLR 

MXO 

MX1 

0 

DB1S  (MSB) 


Table  HI.  AD7804-S/AD7808-S  DAC  Data  Register  Loading  Sequence 


DBO  (LSB) 


MD1  =  1  |  MDO  =  1    MAIN/SUB    A2     Al     AO     DB9     DB8     DB7     DB6    DB5     DB4    DB3     DB2     DB1  DBO 

X  =  Don't  Care. 
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INPUT/CONTROL  REGISTERS 

Two  mode  bits  (MD1  and  MDO),  which  are  the  two  MSBs  of 
the  serial  word  written  to  the  AD7804-S  or  the  AD7808-S,  are 
used  to  determine  whether  writing  is  to  the  DAC  registers  or  the 
control  registers  for  these  parts.  These  pans  contain  a  system 
control  register  for  controlling  the  operation  of  all  DACs  in  the 
package  as  well  as  a  channel  control  register  for  controlling  the 
operation  of  each  individual  DAC.  All  registers  are  write-only 
registers.  The  following  table  shows  how  to  access  these  registers. 

Table  IV.  Register  Selection 


MD1 

MDO 

Function 

0 

0 

Write  Enable  to  System  Control  Register 

0 

1 

Write  Enable  to  Channel  Control  Register 

1 

1 

Write  Enable  to  DAC  Data  Registers 

Figures  1-3  show  the  contents  of  the  above  registers. 
DAC  SELECTION  (A2,  Al,  AO) 

Bits  A2,  Al  and  AO  in  the  input  register  are  used  to  address  a 
specific  DAC.  The  following  tables  show  how  the  DACs  are 
selected. 

Table  V.  AD7808-S  DAC  Selection 


A2 

Al 

AO 

Function 

0 

0 

"  '"'  o 

DAC  A  Selected 

0 

0 

1 

DAC  B  Selected 

0 

1 

0 

DAC  C  Selected 

0 

1 

1 

DAC  D  Selected 

1 

0 

0 

DAC  E  Selected 

1 

0 

1 

DAC  F  Selected 

1 

1 

0 

DAC  G  Selected 

1 

1 

1 

DAC  H  Selected 

Table  VI. 

AD7804-S  DAC  Selection 

A2 

Al 

AO 

Function 

X 

0 

0 

DAC  A  Selected 

X 

0 

1 

DAC  B  Selected 

X 

1 

0 

DAC  C  Selected 

X 

1 

1 

DAC  D  Selected 

SYSTEM  CONTROL  REGISTER  (MD1  =  0,  MDO  =  0) 

This  register  has  control  over  all  DACs  in  the  package.  The 
control  bits  include  power  down  (PD),  DAC  input  coding  select 
(BIN/COMP),  global  standby  (SSTBY)  and  a  global  clear  of  all 
Main  DACs  (SCLRM)  and  a  global  clear  of  all  Sub  DACs 
(SCLRS).  The  function  of  these  bits  is  as  follows. 

POWER  DOWN  (PD) 

This  bit  in  the  control  register  is  used  to  shut  down  the  com- 
plete device.  With  a  1  in  this  position,  the  reference  and  all 
DACs  are  put  into  low  power  mode.  Writing  a  0  to  this  bit  puts 
the  part  in  the  normal  operating  mode.  When  in  power-down 
mode  the  contents  of  all  registers  are  retained  and  are  valid 
when  the  device  is  taken  out  of  standby. 


CODING  (BIN/COMP) 

This  bit  in  the  global  control  register  allows  the  user  to  select 
one  of  two  input  coding  schemes.  The  available  schemes  are 
twos  complement  coding  and  offset  binary  coding.  All  DACs 
will  be  configured  with  the  same  input  coding  scheme.  Writing 
a  0  to  the  control  register  selects  twos  complement  coding, 
while  writing  a  1  to  this  bit  in  the  control  register  selects  offset 
binary  coding. 

ing  selected,  the  output  voltage  from 
llated  as  follows: 

*Sfcg,?+  1.875  x  VBUS  x  AM/1024 

Where  NA  is  the  decimal  equivalent  of  the  twos  complement 
input  code.  AM  ranges  from  -512  to  +51 1.  See  Table  IV  for 


With  twos  complement  ci 
the  Main  DAC  can  be  ca 


Vbias  input. 

With  offset  binary  coding  selected  the  output  i 


Main  DAC  can  be  calculated  as  follows: 

Vow  =  Vbias  +  1-875  x  VBMS  S  ((AM  -512)/1024) 
Where  AM  is  the  decimal  equivalent  of  the  offset  binary  input 
code.  AM  ranges  from  0  to  1023.  See  Table  IV  for  VBias  input. 


■ 


- 


X  =  Don't  Care. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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SYSTEM  STANDBY  (SSTBY) 

This  bit  allows  all  the  DACs  in  the  package  to  be  put  into  low 
power  mode  simultaneously.  Writing  a  0  to  the  SSTBY  bit  in 
the  system  control  register  puts  all  DACs  into  standby  mode. 
The  following  changes  take  place  on  writing  a  0  to  this  bit.  All 
linear  circuitry  is  switched  off .  The  Vom  from  all  DACs  is  con- 
nected through  a  high  impedance  to  ground. ' 
out  of  power-down  mode  when  a  1  is  written  to  I 
The  contents  of  other  locations  in  the  control  register  are  re- 
tained when  the  device  is  placed  in  power-down  mode  and  are 


SYSTEM  SOFTWARE  CLEAR  FUNCTIONS  (SCLRM, 
SCLRS) 

This  function  allows  the  user  to  clear  the  contents  of  all  the 
DAC  registers  in  software.  There  are  two  bits  available,  one  to 
clear  all  Main  DACs  and  the  second  to  clear  all  Sub  DACs.  The 
output  of  the  Main  DAC  can  be  cleared  to  one  of  two  places 
depending  on  the  input  coding  used.  Input  coding  is  also 
programmable  through  the  system  control  register.  If  twos 
complement  coding  is  selected  then  issuing  a  software  clear  will 
reset  the  output  of  the  Main  DAC  to  mid-scale  (Vbias)-  If  offset 
binary  coding  is  selected  the  output  will  be  reset  to  VBiAS/16  fol- 
lowing the  execution  of  a  software  clear.  The  Sub  DAC  will  be 
cleared  to  midscale  regardless  of  the  input  coding  selected 
Writing  a  zero  to  the  SCLRM  or  SCLRS  bit  in  the  control  re; 
ister  clears  the  DACs  outputs.  A  1  in  these  bit  pos: 
DAC  in  normal  operating  mode. 

CHANNEL  CONTROL  REGISTER  (MD1 

This  register  allows  the  user  to  have  control  over  indtvijlui 
DACs  in  the  package.  The  control  bits  in  this  register  include 
standby  (STBY),  individual  DAC  clear  (CLR)  and  multiplexer 
output  selection  (MX1  and  MXO).  The  function  of  these  bits  is 
as  follows. 


This  function  allows  the  user  to  clear  the  contents  of  the 
selected  DAC  latch  in  software.  This  software  clear,  clears  only 
the  Main  DAC  contents  of  the  Sub  DAC.  DAC  register  is  unaf- 
fected by  a  CLR  operation.  The  output  of  the  Main  DAC  can 
be  cleared  to  one  of  two  places  depending  on  the  input  coding 
used.  Input  coding  is  also  programmable  through  the  global 
control  register.  If  twos  complement  coding  is  selected,  then  is- 
suing a  software  clear  will  reset  the  output  of  the  Main  DAC  to 
midscale  (VBIAS).  If  offset  binary  coding  is  selected,  the  output 
will  be  reset  to  VBIAS/16  following  the  execution  of  a  software 
clear.  Writing  a  0  to  the  CLR  bit  in  the  control  register  clears 
the  DACs  output.  A  1  in  the  CLR  bit  position  puts  the  DAC  in 
normal  operating  mode. 

MULTIPLEXER  SELECTION  (MX1,  MXO) 

These  two  bits  are  used  to  select  the  reference  input  for  the 
selected  DAC.  The  following  table  shows  the  options  available. 

Table  VII.  Multiplexer  Output  Selection 


bit  position*  puts  the  SUB  DAC 
Figure  3  sh 
isters  of  the 

1  =  1,  MDO  =  1)  Main  or  Su 


STANDBY  (STBY) 

This  bit  allows  the  selected  DAC  in  the  package  to  be  put  into 
low  power  mode.  Writing  a  0  to  the  STBY  bit  in  the  individual 
control  register  puts  the  selected  DAC  into  standby  mode.  The 
following  changes  take  place  on  writing  a  zero  to  this  bit.  All  lin- 
ear circuitry  is  switched  off.  The  VOUT  from  the  DAC  is  con- 
nected through  a  high  impedance  to  ground.  The  DAC  is 
returned  to  normal  operation  by  writing  a  1  to  the  STBY  bit. 
The  contents  of  other  locations  in  the  control  register  are  re- 
tained when  the  device  is  placed  in  | 
valid  when  normal  operation  is  restored. 


■s"the"lo"ading"sequence  for  writing  to  the  data  reg- 
s.  DB13  determines  whether  writing  is  to  the 
'Cs  data  register.  A  one  in  this  position  selects 
Sub  DACs  data  register.  The  Sub  DAC  is  eight- 
and  thus  DB9  and  DB8  are  don't  cares  when  writing 
lub  DAC.  This  Sub  DAC  allows  the  complete  transfer 
function  of  each  individual  DAC  to  be  shifted  around  the  VBIAS 
point.  This  is  achieved  by  using  a  Sub  DAC  whose  output  is 
either  added  or  subtracted  to  the  output  of  the  Main  DAC.  This 
Sub  DAC  has  a  span  of  +VDAC/16  with  1/4-bit  resolution.  An 
8-bit  DAC  is  used  to  implement  this  function.  The  output  of 
this  Sub  DAC  is  guaranteed  monotonic.  The  coding  scheme  for 
the  Sub  DAC  is  programmed  through  the  control  register.  With 
offset  binary  coding  the  transfer  function  for  the  Sub  DAC  is 

KBMyi6x  (2  x  AM/256-1) 

where  NA  is  the  digital  code  written  to  the  Sub  DAC  and  varies 
from  0  to  255.  See  Table  IV  for  VB1AS  input. 

ent  coding  the  transfer  function  for  the  Sub 

C  is: 

W8  x  (NB/256) 

where  NB  is  the  digital  code  written  to  the  Sub  DAC  and  varies 
from  -128  to  127.  See  Table  IV  for  VBIAS  input. 

The  DAC  register  for  the  relevant  Sub  DAC  is  selected  by  writ- 
ing 0,  1  to  the  mode  bits  MD1  and  MDO. 


C 
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CONTROL  REGISTER  (PARALLEL  VERSION) 

Access  to  the  control  register  of  the  AD7804-P  and  the 
AD7808-P  is  achieved  by  taking  the  mode  pin  to  a  logic  high. 
The  control  register  of  these  DACs  is  eight  bits  wide  and  is  con- 
figured as  in  Tables  V  and  VI.  There  are  two  control  registers 
associated  with  the  part.  System  control  register  which  looks 
after  the  input  coding,  data  format,  power  down,  global  clear 
and  global  standby.  The  channel  control  register  contains  bits 
that  effect  the  operation  of  the  selected  DAC.  The  external 
address  bits  are  used  to  select  the  DACs.  When  mode  is  high, 
the  two  mode  bits  select  which  of  the  control  registers  is  being 
addressed. 

i 

Table  VIII.  AD7804-P  and  AD7808-P  System  Control  Register 
Configuration 

DB9  DBO 


INPUT  CODING 


i  

0 

X 

SCLRS 

SCLRM 

SSTBY 

PD 

BIN/COMP 

10/8 

X 

MDO  =  0 

Table  IX.  AD7804-P  and  AD7808-P  Channel  Control  Register 
Configuration 

DB9  DBO 


X 

MX1 

MXO 

CLR 

STBY 

X 

X 

MAIN/SUB 

X 

MDO  =  1 

Each  DAC  has  a  separate  channel  control  register.  The  follow 
ing  is  a  brief  discussion  on  each  bit  in  these  registers.  ^ 

111 


SYSTEM  OR  CHANNEL  CONTROL  REGISTER  SEt 


CTION 


MDO 

0  This  enables  writing  to  the  system  control  register.  The 
contents  of  this  are  shown  in  Table  VIII.  Mode  must  be 
low  to  access  this  control  register. 

1  This  enables  writing  to  the  channel  control  register.  The 
contents  of  this  are  shown  in  Table  IX.  Mode  must  also 
be  low  to  access  this  control  register. 

DATA  FORMAT 

10/8 

0  10-Bit  Parallel  Loading  Structure  (Default  on  Power-Up) 

1  Byte  Loading  Structure  (8  +  2  Loading  Left  Justified  Data) . 


BIN/COMP 

0  Twos  Complement  Coding. 

1  Offset  Binary  Coding  (Default  on  Power-Up). 


POWER  DOWN 
PD 


0  Normal  Operation. 

1  Complete  Power  Down  of  Device  (Default  on  Power-Up). 


SYSTEM  STANDBY 


SSTBY 

0  All  DACs  in  the  Package  Put  in  Standby  Mode. 

1  Normal  Operation  (Default  on  Power-Up). 

SYSTEM  CLEAR 


SCLRM  &  SCLRS.  CjL_\ 

0       All  DACs  in  the  package  are  cleared  to  a  known  state 


depending  on  the  coding  scheme  selected.  The  SCLRM 
bit  clears  the  Main  DACs  while  the  SCLRS  bit  clears  the 
Sub  DACs.  The  Sub  DAC  is  always  cleared  to  mid- 
scale  regardless  of  the  coding.  The  Main  DAC  is  cleared 
to  different  levels  depending  on  the  coding  scheme.  With 
offset  binary  coding  the  output  is  cleared  to  VBIAS/16. 
With  twos  complement  coding  the  output  is  cleared  to 


mal  Operation  (Default  on  Power-Up). 


MAIN  DAC  OR  SUB  DAC  SELECTION 
MAIN/SUB 

0  When  Mode  is  taken  low,  writing  to  the  AD7804/AD7808 
loads  data  to  the  input  register  of  the  selected  Sub  DAC. 

1  Writing  to  the  DAC  with  MODE  low  loads  data  to  the 
input  register  of  the  selected  Main  DAC  (Default  Condi- 
tion on  Power-Up). 


DB9 

DBS 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

DB9 

DBS 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

0 

X 

DB1 

DBO 

X 

X 

X 

X 

X 

X 

1 

X 

10-BIT  PARALLEL  OPERATION 


BYTE  MODE  OF  OPERATION 


IN  BYTE  MODE  DB1  BECOMES  HBYTE/LBYTE  ENABLE. 
0  =  MBYTE,  1  =  LBYTE. 

Figure  4.  AD7804-P  and  AD7808-P  Parallel  &  Byte  Loading  Structure 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Complete,  Dual  12-Bit  MDACs 
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AD7837/AD7847 




FUNCTIONAL  BLOCK  DIAGRAMS 


FEATURES 

Two  12-Bit  MDACS  with  Output  Amplifiers 

4-Quadrant  Multiplication 

Space-Saving  0.3",  24-Pin  DIP  and  24-Terminal 

SOIC  Package 
Parallel  Loading  Structure:  AD7847 
(8  +  4)  Loading  Structure:  AD7837 

APPLICATIONS 
Automatic  Test  Equipment 
Function  Generation 
Waveform  Reconstruction 
Programmable  Power  Supplies 


GENERAL  DESCRIPTION 

The  AD7837/AD7847  is  a  complete,  dual,  12-bit  multiplying 
digital-to-analog  converter  with  output  amplifiers  on  a  mono- 
lithic CMOS  chip.  No  external  user  trims  are  required  to 
achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  interface  logic.  The  AD7847  accepts  12-bit  parallel 
data  which  is  loaded  into  the  respective  DAC  latch  using  the 
WR  input  and  a  separate  Chip  Select  input  for  each  DAC.  The 
AD7837  has  a  double-buffered  8-bit  bus  interface  structure  with 
data  loaded  to  the  respective  input  latch  in  two  write  operations. 
An  asynchronous  LDAC  signal  on  the  AD7837  updates  the 
DAC  latches  and  analog  outputs. 

The  output  amplifiers  are  capable  of  developing  ±  10  V  across 
a  2  kfl  load.  They  are  internally  compensated  with  low  input 
offset  voltage  due  to  laser  trimming  at  wafer  level. 

The  amplifier  feedback  resistors  are  internally  connected  to 
VOUT  on  the  AD7847. 

The  AD7837/AD7847  is  fabricated  in  Linear  Compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 

A  novel  low  leakage  configuration  (U.S.  Patent  No.  4,590,456) 
ensures  low  offset  errors  over  the  specified  temperature  range. 


4  -2 

DAC  LATCH  B 

LS 

INPUT 

INPUT 

LATCH 

LATCH 

PRODUCT  HIGHLIGHTS 

1.  The  AD7837/AD7847  is  a  dual,  12-bit,  voltage-out  MDAC 
on  a  single  chip.  This  single  chip  design  offers  considerable 
space  saving  and  increased  reliability  over  multichip  designs. 

2.  The  AD7837  and  the  AD7847  provide  a  fast  versatile  inter- 
ace  to  8-bit  or  16-bit  data  bus  structures. 
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at  1-1 


REV.O 


DIGITAL-TO-ANALOG  CONVERTERS  3-205 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy2 
Differential  Nonlinearity2 
Zero  Code  Offset  Error2 
@  +25°C 

^min  tO  Tm 

Gain  Error2 
@  +25°C 
Tmi„  to  T^, 


12 
±1 
±1 

±2 
±4 


±5 
±7 


12 

±1/2 
±1 

±2 

±2 
±4 


12 

±1 
±1 

±2 
±5 

±5 
±7 


Bits 

LSB  max 
LSB  max 

mV  max 

mV  max 

LSB  max 
LSB  max 


Guaranteed  Monotonic 

DAC  Latch  Loaded  with  All  Os 
Temperature  Coefficient  =  ±5  u.V/°C  typ 

DAC  Latch  Loaded  with  All  Is 
Temperature  Coefficient  =  ±2  ppm  of 
FSRTCtyp  


REFERENCE  INPUTS 
Vrep  Input  Resistance 
vrbfa>  vrefb  Resistance  Matching 


8/13 
±3 


8/13 

±3 


kfl 
%  max 


Typical  Input  Resistance  =  10  kfi 
TypicaUy  ±0.5% 


DIGITAL  INPUTS 
Input  High  Voltage,  VmH 
Input  Low  Voltage,  VINL 
Input  Current 
Input  Capacitance3 


2.4 
0.8 
±1 
8 


2.4 


±1 


2.4 
0.8 

±1 


V  min 
Vmax 
u.A  max 
pF  max 


Digital  Inputs  at  0  V  and  VDD 


ANALOG  OUTPUTS 
DC  Output  Impedance 
Short  Circuit  Current 


0.2 
15 


0.2 
15 


0.2 
15 


ntyp 
mA  typ 


VOUT  Connected  to  AGND 


POWER  REQ! 
VDD  Range 

Vss  Range 

Power  Supply  Rejection 

AGain/AVDD 

AGain/AVss 
Idd 

Jss  

AC  CHARACTERISTICS2' 3 
Voltage  Output  Settling  Time 

Slew  Rate 

Digital-to-Analog  Glitch  Impulse 

Channel-to-Channel  Isolation 
vrefa  ,0  voutb 

Vrefb  to  Vouta 

l  Error 

Unity  Gain  Small  Signal  BW 

Full  Power  BW 

Total  Harmonic  Distortion 

Digital  Crosstalk 

Output  Noise  Voltage  @  +25°C 


14.25/15.75 
-14.25/- 15.: 

±0.1 
±0.1 
10 
6 


14.25/15.75 
14.25/- 15.75 


±0.1 
±0.1 
10 
6 


14.25/15.75 
-14.25/- 15.75 

±0.1 
±0.1 
10 
6 


V  min/'max 

V  min/max 

%per  %max 
%per  %max 
mA  max 
mA  max 


VDD=15V±5%,VREF  =  -10V 
Vss  =  -15  V  ±  5%,  Vrh,  =  +10  V 
Output  Unloaded.  Typically  5  mA 
Output  Unloaded.  Typically  4  mA 


7 

175 


-95 
-95 
-90 


7 

175 


-95 


-95 


-90 


600 
110 


(0.1  Hz  to  10  Hz) 





10 

J  


600 


110 
-88 
10 

1  


7 

175 


-95 

-95 

-90 

600 

90 

-88 

10 

2 


lis  typ 


V/u.s  typ 
nV  sees  typ 


dB  typ 
dB  typ 
dB  typ 
kHz  typ 
kHz  typ 
dB  typ 
nV  sees  typ 
M-Vrmstyp 


Settling  Time  to  Within  ±  1/2  LSB  of  Final 
Value.  DAC  Latch  Alternately  Loaded 
with  All  0s  and  All  Is 

DAC  Latch  Alternately  Loaded  with 
01  ...  11  and  10  ...  00 

Vrefa  =  20  V  p-p,  10  kHz  Sine  Wave. 
DAC  Latches  Loaded  with  All  0s 
vrefb  =  20  V  p-p,  10  kHz  Sine  Wave. 
DAC  Latches  Loaded  with  All  Os 
Vref  =  20  V  p-p,  10  kHz  Sine  Wave. 
DAC  Latch  Loaded  with  All  0s 
Vrbp  =  100  mV  p-p  Sine  Wave.  DAC 


Latch  Loaded  with  All  Is 


3M  «<.>'  l?von  A 


VREF  =  20  V  p-p  Sine  Wave.  DAC 
Latch  Loaded  with  All  Is 
V^  =  6  V  rms,  1  kHz.  DAC  Latch 
Loaded  with  AU  Is 
Code  Transition  from  All  0s  to  All  Is 
See  Typical  Performance  Graphs 
Amplifier  Noise  and  Johnson  Noise  of  RFB 


NOTES 

'Temperature  Ranges  are  as  foUows:  A,  B  Versions,  -40°C  to  +85°C;  S  Version,  -55°C  to  +  125*C. 
2See  Terminology. 

'Sample  tested  @+25°C  to  ensure  compliance. 

The  Devices  are  functional  with  VDD/VSS  =  + 12  V  (See  typical  performance  graphs.) 
Specifications  subject  to  chac 
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TIMING  CHARACTERISTICS 


1.2 


(Vqq  =  +15  V  ±  5%,  Vjs  =  -15  V  ±  5%,  AGNDA  =  A6NDB  =  DGND  =  0  V) 


Parameter 

Limit  at  Tmi„,  Tm„ 
(A,  B  Versions) 

Limit  at  Tmi„, 
(S  Version) 

Units 



Conditions/Comments 

t, 
t2 
t, 
t4 

o 

0 

80 

80 

10 

15 

15 

80 

o 
o 

100 

80 

10 

15 

15 

100 

ns  min 
ns  min 
ns  min 
nsmin 
nsmin 
nsmin 
ns  min 
ns  min 

CS  to  WR  Setup  Time 
CS  to  WR  Hold  Time 
WR  Pulse  Width 
Data  Valid  to  WR  Setup  Time 
Data  Valid  to  WR  Hold  Time 
Address  to  WR  Setup  Time 
Address  to  WR  Hold  Time 
LDAC  Pulse  Width 

NOTES 
'Sample  tested  ( 


+  25°C  to  ensure 


Sana, 


i  RATINGS* 

:  noted) 

VDD  to  DGND,  AGNDA,  AGNDB  -0.3  V  to  + 17  V 

Vss'  to  DGND,  AGNDA,  AGNDB  +0.3  V  to  -17  V 

Vrefa.Vrefb  to  AGNDA,  AGNDB 

 Vss  -0.3  V  to  VDD  +0.3  V 

AGNDA,  AGNDB  to  DGND  -0.3  V  to  VDD  +0.3  V 

Vquta2.  VOUTB2  to  AGNDA,  AGNDB 

 Vss  -0.3  V  to  VDD  +0.3  V 

Rfba3.  Rfbb3  »  AGNDA,  AGNDB 

 vss  -0.3  V  to  VDD  +0.3  V 

Digital  Inputs  to  DGND   -0.3  V  to  VDD  +0.3  V 

Operating  Temperature  Range 
Commercial/Industrial  (A,  B  Versions)  ....  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   1000  mW 

Derates  above  +75°C  by   10  mW/°C 

NOTES 

'If  Vss  is  open  circuited  with  VDD  and  either  AGND  applied,  the  Vss  pin  will 
float  positive,  exceeding  the  Absolute  Maximum  Ratings.  If  this  possibility 
exists,  a  Schottky  diode  connected  between  Vss  and  AGND  (cathode  to 
AGND)  ensures  the  Maximum  Ratings  will  be  observed. 

2The  outputs  may  be  shorted  to  voltages  in  this  range  provided  the  power 
dissipation  of  the  package  is  not  exceeded. 

'AD7837  only. 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  Absolute  Maximum  Rating  may  be  applied  at  any  one  time. 


.  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
ORDERING  GUIDE 


Model1 


AD7837AN 
AD7837BN 
AD7837AR 
AD7837BR 
AD7837AQ 
AD7837BQ 
AD7837SQ 

AD7847AN 
AD7847BN 
AD7847AR 
AD7847BR 
AD7847AQ 
AD7847BQ 
AD7847SQ 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +  85°C 
-55°C  to  +125°C 


Relative 
Accuracy 


±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 

±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 


Package 
Option2 

44 


N-24 
N-24 
R-24 
R-24 
Q-24 
Q-24 
Q-24 

N-24 
N-24 
R-24 
R-24 
Q-24 
Q-24 
Q-24 




NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  si 
Package  Information  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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TERMINOLOGY 
Relative  Accmay  (Linearity) 

Relative  accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
mavimiim  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints.  It  is  measured  after 
allowing  for  zero  and  full-scale  errors  and  is  expressed  in  LSBs 
or  as  a  percentage  of  full-scale  reading. 

Differential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

Zero  Code  Offset  Error 

Zero  code  offset  error  is  the  error  in  output  voltage  from  VOUTA 
or  VOUTB  with  all  Os  loaded  into  the  DAC  latches.  It  is  due  to  a 
combination  of  the  DAC  leakage  current  and  offset  errors  in  the 
output  amplifier. 

Gain  Error 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output  with  all  Is  loaded.  It  does  not 
include  offset  error. 

Total  Harmonic  Distortion 

This  is  the  ratio  of  the  root-mean-square  (rms)  sum  of  the  har- 
monics to  the  fundamental,  expressed  in  dBs. 

Multiplying  Feed  through  Error 

This  is  an  ac  error  due  to  capacitive  feedthrough  from  the  VREF 
input  to  Vqut  of  the  same  DAC  when  the  DAC  latch  is  loaded 
with  all  Os. 


AD7837  PIN  CONFIGURATION 


DIP  &  SOIC 


cs  \T 

IJJ  OBO 

"fba  |T 

151  DB1 

V„EF«  [T 

22]0B2 

i7]  DB3 
— 1 

AGNDA [7 

2<j]DB4 

vf? 

AD7837 

l|]  DBS 

TOP  VIEW 
(Hot  to  Scale) 

l5]  DB6 

AGNDB 

i7]  DB7 

VOU,B  |T 

7J]  AO 

<fen  III 

1?]  A1 

DGND  [77 

iJJ  LDAC 

Rfbb  QI 

IjJwS 

Channel-to-Channel  Isolation 

This  is  an  ac  error  due  to  capacitive  feedthrough  from  the  VRFF 
input  on  one  DAC  to  Voux  on  the  other  DAC.  It  is  measured 
with  the  DAC  latches  loaded  with  all  Os. 

Digital  Feedthrough 

Digital  feedthrough  is  the  glitch  impulse  injected  from  the  digi- 
tal inputs  to  the  analog  output  when  the  data  inputs  change 
state,  but  the  data  in  the  DAC  latches  is  not  changed. 


For  the  AD7837,  it  is  measured  with  LDAC  held  high.  For  the 
AD7847,  it  is  measured  with  CSA  and  CSB  held  high. 

Digital  Crosstalk 

Digital  crosstalk  is  the  glitch  impulse  transferred  to  the  output 
of  one  converter  due  to  a  change  in  digital  code  on  the  DAC 
latch  of  the  other  converter.  It  is  specified  in  nV  sees. 

Digital-to-Analog  Glitch  Impulse 

This  is  the  voltage  spike  that  appears  at  the  output  of  the  DAC 
when  the  digital  code  changes,  before  the  output  settles  to  its 
final  value.  The  energy  in  the  glitch  is  specified  in  nV  sees  and 
is  measured  for  a  1  LSB  change  around  the  major  carry  transi- 
tion (0111  1111  1111  to  1000  0000  0000). 

Unity  Gain  Small  Signal  Bandwidth 

This  is  the  frequency  at  which  the  small  signal  voltage  output 
from  the  output  amplifier  is  3  dB  below  its  dc  level.  It  is  mea- 
sured with  the  DAC  latch  loaded  with  all  Is. 

Full  Power  Bandwidth 

This  is  the  maximum  frequency  for  which  a  sinusoidal  input 
signal  will  produce  full  output  at  rated  load  with  a  distortion 
less  than  3%.  It  is  measured  with  the  DAC  latch  loaded  with 
all  Is. 

AD7847  PIN  CONFIGURATION 


DIP  &  SOIC 


VOUTB  [7 

"befb  [jo 
DGND  [77 
DB11  [l2 
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FEATURES 

Complete  14-Bit  Voltage  Output  DAC 
Parallel  and  Serial  Interface  Capability 
80dB  Signal-to-Noise  Ratio 
Interfaces  to  High  Speed  DSP  Processors 
e.g.,  ADSP-2100,  TMS32010,  TMS32020 
45ns  min  WR  Pulse  Width 
Low  Power  -  70mW  typ. 
Operates  from  ±5V  Supplies 


FUNCTIONAL  BLOCK  DIAGRAM 

v„ 
-o- 


REF  OUT  REF  IN 


GENERAL  DESCRIPTION 

The  AD7840  is  a  fast,  complete  14-bit  voltage  output  D/A 
converter.  It  consists  of  a  14-bit  DAC,  3V  buried  Zener  refer- 
ence, DAC  output  amplifier  and  high  speed  control  logic. 

The  part  features  double-buffered  interface  logic  with  a  14-bit 
input  latch  and  14-bit  DAC  latch.  Data  is  loaded  to  the  input 
latch  in  either  of  two  modes,  parallel  or  serial.  This  data  is  then 
transferred  to  the  DAC  latch  under  control  of  an  asynchronous 
LDAC  signal.  A  fast  data  setup  time  of  21ns  allows  direct  paral- 
lel interfacing  to  digital  signal  processors  and  high  speed  16-bit 
microprocessors.  In  the  serial  mode,  the  maximum  serial  data 
clock  rate  can  be  as  high  as  6MHz. 

The  analog  output  from  the  AD7840  provides  a  bipolar  output 


range  of  ±3V.  The  AD7840  is  fully  specified  for  dynamic  per- 
formance parameters  such  as  signal-to-noise  ratio  and  harmonic 
distortion  as  well  as  for  traditional  dc  specifications.  Full  power 
output  signals  up  to  20kHz  can  be  created. 

The  AD7840  is  fabricated  in  linear  compatible  CMOS 
(LC2MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  24-pin  plastic  and  hermetic  dual-in-line 
package  (DIP)  and  is  also  packaged  in  a  28-terminal  plastic 
leaded  chip  carrier  (PLCC). 
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Dll/FOflMAT  [7 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  1  

complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DYNAMIC  PERhUKMAJN^n- 
Signal  to  Noise  Ratio3  (SNR) 


Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 


76 

-78 

-78 


78 

-80 

-80 


76 

-78 

-78 


dB  min 
dB  max 
dB  max 


VOUT=  1kHz  Sine  Wave,  fSAMP1.E  -  100kHz 

Typically  82dB  at  +25°C  for  0  <VOUT<20kHz4 

VOUT=lkHz  Sine  Wave,  fSAMPi.E=  100kHz 

Typically  -84dB  at  +25°C  for  0  <VOUT<20kHz4 

VOUT=lkHz  Sine  Wave,  fSAMPI_E=100kHz 

-84dB  at  +25°C  for  0  <Voux<20kHz4 



DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full  Scale  Error5 
Negative  Full  Scale  Error5 


14 

±2 

±0.9 

±10 

±10 

±10 


14 

±1 

±0.9 

±10 

±10 

±10 


14 

±2 

±0.9 

±10 

±10 

±10 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Guaranteed  Monotonic 


REFERENCE  OUTPUT6 
REF  OUT  @  +25°C 

REF  OUT  TC 
Reference  Load  Change 
(AREF  OUT  vs.  AI) 


2.99 
3.01 
±60 

-1 


2.99 
3.01 
±60 

-1 


2.99 
3.01 
±60 

-1 


V  min 

V  max 
ppm/°C  max 

mV  max 


Reference  Load  Current  Change  (0-500uA) 


REFERENCE  INPUT 
Reference  Input  Range 

Input  Current 


2.85 
3.15 
50 


2.85 
3.15 
50 


2.85 
3.15 
50 


V  min 

V  max 
jjlA  max 


3V  ±5% 


LOGIC  INPUTS 
Input  High  Voltage,  Vxmt 
Input  Low  Voltage,  VINL 
Input  Current,  IIN 
Input  Current  (CS  Input  Only) 
Input  Capacitance,  Cjn7 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


2.4 

0.8 

±10 

±10 

10 


V  min 

V  max 
uA  max 
pi  A  max 
pF  max 


VDD=5V  ±5% 
VDD=5V  ±5% 
VIN  =  0V  to  VDD 
Vim  rVss  to  Vr 


»ss 


'DD 


ANALOG  OUTPUT 
Output  Voltage  Range 
dc  Output  Impedance 
Short-Circuit  Current 


±3 
0.1 
20 


±3 
0.1 
20 


±3 
0.1 
20 


VNom 
fl  typ 
mA  typ 








AC  CHARACTERISTICS7 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 


4 
4 

10 
2 


4 
4 

10 
2 


4 
4 

10 
2 


|xs  max 
jj.s  max 
nV  sees  typ 
nV  sees  typ 


o  vA  LM&mfi  fiisA  li  0*8KIA  aoT  .VE±  totrgan 
Settling  Time  to  within  ±  1/2LSB  of  Final  Value 
Typically  2u.s 
Typically  2.5|is 

i 




POWER  REQUIREMENTS 
VDD 

Vss 

hs 

Power  Dissipation 


+  5 
-5 
14 
6 

100 


+5 
-5 
14 
6 

100 


+5 
-5 
15 
7 

110 


V  nom 

V  nom 
mA  max 
mA  max 
mW  max 


±5%  for  Specified  Performance 

±5%  for  Specified  Performance 

Output  Unloaded,  SCLK=+5V.  Typically  10mA 

Output  Unloaded,  SCLK=+5V.  TypicaUy  4mA 

Typically  70mW 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K  Versions,  0  to  +70°C;  A,  B  Versions,  -25°C  to  +85°C;  S  Version,  -55°C  to  +125°C. 
2V0.rr(pk-pk)=±3V. 

3SNR  calculation  includes  distortion  and  noise  components. 
4Using  external  sample-and-hold  (see  Testing  the  AD7840). 
'Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  error. 

6For  capacitive  loads  greater  than  50pF,  a  series  resistor  is  required  (see  Internal  Reference  section). 
'Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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TIMING  CHARACTERISTICS   (vDD  =  +sv  ±5%,   =  -sv  ±5%,  agnd  =  dgnd  =  ov.) 




Conditions/Comments 


Parameter 


ti 
t2 

U 


Limit  at  T^,  Tm„ 
(J,  K,  A,  B  Versions) 




0 
0 
45 
21 
10 
40 
50 
150 
30 
75 
75 





■ 


Limit  at  T^,,,  Tm„ 
(S  Version) 




0 
0 
50 
28 
15 
40 
50 
200 
40 
100 
100 





Units 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


CS  to  WR  Setup  Time 

CS  to  WR  Hold  Time 

WR  Pulse  Width 

Data  Valid  to  WR  Setup  Time 

Data  Valid  to  WR  Hold  Time 

LDAC  Pulse  Width 

SYNC  to  SCLK  Falling  Edge 

SCLK  Cycle  Time 

Data  Valid  to  SCLK  Setup  Time 

Data  Valid  to  SCLK  Hold  Time 

SYNC  to  SCLK  Hold  Time 


NOTE 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are 
specified  with  tr=  tf=  5ns  (10%  to  90%  of  SV)  and  timed  from  a  voltage  level  of  1.6V. 
'See  Figures  6  and  8. 
SSCLK  mark/space  ratio  is  40/60  to  60/40. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND 


.  -0.3V  to  +7V       Storage  Temperature  Range 


Vss  to  AGND  +0.3V  to  -7V 

AGND  to  DGND  -0.3V  to  VDD  +0.3V 

VOUT  to  AGND  Vss  to  VDD 

REF  OUT  to  AGND  0V  to  VDD 

REF  IN  to  AGND  -0.3V  to  VDD  +0.3V 

Digital  Inputs  to  DGND  -0.3V  to  VDD  +0.3V 

Operating  Temperature  Range 

Commercial  (J,  K  Versions)  0  to  +70°C 

Industrial  (A,  B  Versions)  -25°C  to  +  85°C 

Extended  (S  Version)  -55°C  to  +  125°C 

CAUTION  


Lead  Temperature  (Soldering,  lOsec)  

Power  Dissipation  (Any  Package)  to  +75°C  . 
Derates  above  +75°C  by  

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  ( 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 


ESD  SENSITIVE  DEVICE 


ORDERING  GUIDE 


Model1 

Temperature 
Range 

SNR 
(dB) 

Integral 

Nonlinearity 

(LSB) 

Package 
Option3 

AD7840JN 

0  to  +70°C 

78  min 

±2  max 

N-24 

AD7840KN 
AD7840JP 

0  to  +70°C 
0  to  +70°C 

80  min 

±1  max 
±2  max 

N-24 
P-28A 

78  min 

AD7840KP 
AD7840AQ 
AD7840BQ 

0  to  +70°C 
-25°C  to  +85°C 
-25°C  to  +85°C 
-55°Cto+125°C 

80  min 
78  min 
80  min 
78  min 

±1  max 
±2  max 
±1  max 
±2  max 

P-28A 
Q-24 
Q-24 
Q-24 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part ; 

Contact  your  local  sales  office  for  military  data  sheet  and  availability. 
2N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip.  For  outline 

information  see  Package  Information  section. 
'This  grade  will  be  available  to  /883B  processing 
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PIN  FUNCTION  DESCRIPTION 


DIP 

Pin 
No. 


CS/SERIAL 



WR/SYNC 

j$  f  bloH  JTW  oi  hi 

■ 

D13/SDATA 


23 


24 


Pin 


4 

D12/SCLK 

5 

Dll/FORMAT 

6 

D10/JUSTIFY 

7-11 

D9-D5 

12 

DGND 

13-16 

D4-D1 

17 

DO 

18 

VDD 

19 

AGND 

20 

vOUT 

21 

vss 

22 

REF  OUT 

REF  IN 


LDAC 


.UW*  J--  k  R 


— 


 .  


Function 


Chip  Select/Serial  Input.  When  driven  with  normal  logic  levels,  it  is  an  active  low  logic  input  which  is 
used  in  conjunction  with  WR  to  load  parallel  data  to  the  input  latch.  For  applications  where  CS  is  perma- 
nently low,  an  R,  C  is  required  for  correct  power-up  (see  LDAC  input).  If  this  input  is  tied  to  Vss,  it 
defines  the  AD7840  for  serial  mode  operation. 

Write/Frame  Synchronization  Input.  In  the  parallel  data  mode,  it  is  used  in  conjunction  with  CS  to  load 
parallel  data.  In  the  serial  mode  of  operation,  this  pin  functions  as  a  Frame  Synchronization  pulse  with 
serial  data  expected  after  the  falling  edge  of  this  signal. 

Data  Bit  13(MSB)/Serial  Data.  When  parallel  data  is  selected,  this  pin  is  the  D13  input.  In  serial  mode, 
SDATA  is  the  serial  data  input  which  is  used  in  conjunction  with  SYNC  and  SCLK  to  transfer  serial  data 
to  the  AD7840  input  latch. 

Data  Bit  12/Serial  Clock.  When  parallel  data  is  selected,  this  pin  is  the  D12  input.  In  the  serial  mode,  it 
is  the  serial  clock  input.  Serial  data  bits  are  latched  on  the  falling  edge  of  SCLK  when  SYNC  is  low. 

Data  Bit  11/Data  Format.  When  parallel  data  is  selected,  this  pin  is  the  Dll  input.  In  serial  mode,  a  logic 
1  on  this  input  indicates  that  the  MSB  is  the  first  valid  bit  in  the  serial  data  stream.  A  logic  0  indicates 
that  the  LSB  is  the  first  valid  bit  (see  Table  I). 

Data  Bit  10/Data  Justification.  When  parallel  data  is  selected,  this  pin  is  the  D10  input.  In  serial  mode, 
this  input  controls  the  serial  data  justification  (see  Table  I). 

Data  Bit  9  to  Data  Bit  5.  Parallel  data  inputs. 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Data  Bit  4  to  Data  Bit  1 .  Parallel  data  inputs. 

Data  Bit  0  (LSB).  Parallel  data  input. 

Positive  Supply,  +5V±  5%. 

Analog  Ground.  Ground  reference  for  DAC,  reference  and  output  buffer  amplifier. 

Analog  Output  Voltage.  This  is  the  buffer  amplifier  output  voltage.  Bipolar  output  range  (±3V  with  REF 
IN  =  +3V). 

Negative  Supply  Voltage,  — 5V  ±5%. 

Voltage  Reference  Output.  The  internal  3V  analog  reference  is  provided  at  this  pin.  To  operate  the 
AD7840  with  internal  reference,  REF  OUT  should  be  connected  to  REF  IN.  The  f 
of  the  reference  is  500uA. 


Voltage  Reference  Input.  The  reference  voltage  for  the  DAC  is  applied  to  this  pin.  It  is  internally  buff- 
ered before  being  applied  to  the  DAC.  The  nominal  reference  voltage  for  correct  operation  of  the  AD7840 


Load  DAC.  Logic  input.  A  new  word  is  loaded  into  the  DAC  latch  from  the  input  latch  on  the  falling 
edge  of  this  signal  (see  Interface  Logic  Information  section).  The  AD7840  should  be  powered-up  with 
LDAC  high.  For  applications  where  LDAC  is  permanently  low,  an  R,  C  is  required  for  correct  power-up 
(see  Figure  19).  .    





LAST  BIT  IN 
DATA  STREAM 


aim 


FIRST  BIT  IN 
DATA  STREAM 

A 


LSB 

1  1 

1  ..ill  o  ■    [  ^ 

MSB 

<i  ■  T  1  It 

■■i 

LSB 

LSB 

■'    .1  '  ' 

MSB 

.5 

FORMAT 

JUSTIFY 

MODE 

0  " 

0 

Ml 

0 

1  \ 

M2 

1 

*><-,  i 

M3 

1 

M4 

Table  I.  Serial  Data  Modes 
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LC2M0S 


Complete  12-Bit  Multiplying  DAC 


FUNCTIONAL  BLOCK  DIAGRAM 


AD7845 


FEATURES 
12-Bit  CMOS  I 


I  with  Output  Amplifier 
4-Quadrant  Multiplication 
Guaranteed  Monotonic  (TMIN  to  TMAX) 
Space-Saving  0.3"  DIPs  and  24-  or  28-Terminal  Surface 

Mount  Packages 
Application  Resistors  On  Chip  for  Gain  Ranging,  etc. 


Low  Power  LC2MOS 

APPLICATIONS 
Automatic  Test  Equipment 
Digital  Attenuators 
Programmable  Power  Supplies 
Programmable  Gain  Amplifiers 


GENERAL  DESCRIPTION 

The  AD7845  is  the  industry's  first  4-quadrant  multiplying  D/A 
converter  with  an  on-chip  amplifier.  It  is  fabricated  on  the 
LC2MOS  process,  which  allows  precision  linear  components  and 
digital  circuitry  to  be  implemented  on  the  same  chip. 

The  12  data  inputs  drive  latches  which  are  controlled  by  stan- 
dard CS  and  WR  signals,  making  microprocessor  interfacing 
simple.  For  stand-alone  operation,  the  CS  and  WR  inputs  can 
be  tied  to  ground,  making  all  latches  transparent.  All  digital  in- 
puts are  TTL  and  5  V  CMOS  compatible. 

The  output  amplifier  can  supply  ±10  V  into  a  2  kft  load.  It  is 
internally  compensated,  and  its  input  offset  voltage  is  low  due  to 
laser  trimming  at  wafer  level.  For  normal  operation,  RFB  is  tied 
to  VOUT,  but  the  user  may  alternatively  choose  RA,  RB  or  Rc  to 
scale  the  output  voltage  range. 


)vss 


CO 


1 

PRODUCT  HIGHLIGHTS 

1.  Voltage  Output  Multiplying  DAC 

The  AD7845  is  the  first  DAC  which  has  a  full  4-quadrant 
multiplying  capability  and  an  output  amplifier  on  chip.  All 
specifications  include  amplifier  performance. 

2.  Matched  Application  Resistors 

Three  application  resistors  provide  an  easy  facility  for  gain 
ranging,  voltage  offsetting,  etc. 

3  S  S 


:  AD7845  saves  space  in  two  ways.  The  integration  of  the 
ut  amplifier  on  chip  means  that  chip  count  is  reduced. 
The  part  is  housed  in  skinny  24-pin,  0.3"  DIP,  28-terminal 
LCC  and  PLCC  and  24-terminal  SOIC  packages. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ACCURACY 

Re&nluri 

12 

12 

12 

12 

12 

Bits 

1  LSB  =         =  2.4  mV 

R»1griv*  An-iinnr 

rvcutuve  /itturecy 

at  +25°C 

-+- 1 

±1/2 

±1 

±1/2 

±1 

±1/2 

LSB  max 

Ail  Grades  Are  Guaranteed 

Tmin  10  Tmax 

±1 

■•■3/4 

**"3/2 

±] 

±2 

±j 

LSB  max 

Monotonic  over  Temperature 

Differential  Nonlinearity 

±1 

±1 

±1 

±1 

±1 

±1 

LSB  max 

DAC  Register  Loaded  with 

Zero  Code  Offset  Error 

All  0s. 

at  +  25°C 

+2 

+  j 

■*2 

■*2 

mV  max 

A  MIN  10  1  MAX 

±4 

±3 

±4 

±3 

±5 

±4 

mV  mux 

unset  i  cmpciBLurc  i^ocinciem, 

MrWwt/ATHnivrgnii*'^ 

^tiv^iiicuii  i  uupcraiurcj 

±5 

±5 

±5 

±5 

±5 

±5 

Gain  Error 

±6 

±3 

±6 

±3 

±6 

±3 

LSB  max 

"FB)  *  OUT 

±9 

±6 

±9 

±6 

±9 

±6 

LSB  max 

Rc>VOUT Connected, VREF=  +5  V 

±9 

±6 

±9 

±6 

±9 

±6 

LSB  max 

Rg)  Vou-j-  Connected,  VBFF  =  +  5  V 

±10 

±8 

±10 

±8 

±10 

±8 

LSB  MO 

Ra>  vout  Connected,        =  +2.5  V 

Gain  Temperature  Coefficient' 

( A  Gain/ A  Temperature)^ 

±2 

±2 

±2 

±2 

±2 

±2 

ppm  of  FS1VC 

H.c-r> .  Voi  ft  Connected 

ryp 

REFERENCE  INPUT 

Input  Resistance,  Pin  17 

8 

8 

8 

8 

8 

8 

kXimin 

Typical  Input  Resistance  =  12  kfl 

16 

16 

16 

16 

16 

16 

kfl  max 

APPLICATION  RESISTOR 

RATIO  MATCHING 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

%  max 

Matching  Between  RA,  RB,  Rc 

DIGITAL  INPUTS 

vjjj  \  input  rugn  *  ullage; 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

V  min 

V|j_  (Input  Low  Voltage) 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

V  max 

I  jN  (Input  Current) 

±1 

±1 

±1 

±1 

±1 

±1 

uA  max 

Digital  Inputs  at  0  V  and  VDD 

Cw  (Input  Capacitance)2 

7 

7 

7 

7 

7 

7 

pF  max 

POWER  SUPPL  i 

VDD  Range 

14  25/15  75 

14  25/15  75 

14  25/15  75 

14  "HUM  7< 

14.25/15.75 

V  min/V  max 

Vss  Range 

-14.25/— 15.75 

-14.25/- 15.75 

-14.25/- 15.75 

—  14.25/— 15.75 

-14.25/- 15.75 

—  14.25/- 15.75 

V  min/V  max 

rower  supply  Rejection 

AGain/AVDD 

±0.2 

±0.2 

±0.2 

+0  2 

±0.2 

±0.2 

%  per  %  max 

VDD  -  +  15  V  ±  5%,  Vrep  10  V 

AGain/AVss 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

%  per  %  max 

Vss  =  -15  V*  5%. 

T 

10 

10 

10 

10 

10 

10 

mA  max 

VOUT  Unloaded 

Iss 

4 

4 

4 

4 

4 

4 

Vqut  Unloaded 

AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  included  for  Design  Guidance  and  are  not  subject  to  test 


DYNAMIC  PERFORMANCE 

Output  Voltage  Settling  Time 

5         .  ..  ~ 

,5, 

5 

5 

5 

To  0.01%  of  FuU-Scale  Range. 
VOUT  Load  =  2  Ml,  100  pF. 
DAC  Register  Alternately  Loaded 

with  All  0s  and  All  Is.  Typically 

2.5  |is  at  25°C. 

Slew  Rate 

7 

7 

7 

7 

7 

7 

V/ustyp 

VOUT  Load  =  2  Ml,  100  pF. 

Digital-Co- Analog 

450 

450 

450 

450 

450 

450 

nV-s  typ 

Measured  with  V^,  =  0  V. 

Glitch  Impulse 

DAC  Register  Alternately  Loaded 
with  All  Os  and  All  Is. 

Multiplying  Feedthrough 
Error1 

5 

5 

5 

5 

5 

5 

mVp-ptyp 

Van,  =  ±10  V,  10  kHz  Sine  Wave 

DAC  Register  Loaded  with  All  0s. 

Unity  Gain  Small  Signal 

600 

600 

600 

600 

600 

600 

kHz  typ 

vout,  Rps  Connected.  DAC  Loaded 
with  All  Is.  Vrh,  =  100  mV  p-p 
Sine  Wave. 

Full  Power  Bandwidth 

250 

250 

250 

250 

250 

250 

kHz  typ 

vout>Rfb  Connected.  DAC  Loaded 
with  All  Is.         =  20  V  p-p 
Sine  Wave.  RL  =  2  Ml. 

Total  Harmonic  Distortion 

-90 

-90 

-90 

-90 

-90 

-90 

dB  typ 

VMF  -  6  V  rms,  1  kHz  Sine  Wave. 

OUTPUT  CHARACTERISTICS 

Open  Loop  Gain 

85 

85 

85 

85 

85 

85 

dB  nun 

^out,  Rfb  Not  Connected 

Output  Voltage  Swing 

Voirr-  ±10V,RL  =  2kfl 

±10 

±10 

±10 

±10 

±10 

±10 

RL  =  2  kfl,  CL  =  100  pF 

Output  Resistance 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

fltyp 

Rfb>  VOIJT  Connected, 

Short  Circuit  Current  @  +25"C 

IS 

15 

15 

15 

15 

15 

mA  typ 

Vout  Shorted  to  AGND 

Output  Noise  Voltage 

Includes  Noise  Due  to  Output 

(O.lHzto  10Hz)@  +25°C 

2 

2 

2 

2 

2 

2 

uV  rms  typ 

Amplifier  and  Johnson  Noise 

f  =  10  Hz 

250 

250 

250 

250 

250 

250 

nVVHz  typ 

of  RFB 

f  -  100  Hz 

100 

100 

100 

100 

100 

100 

nVVHz  typ 

f  »  1  kHz 

50 

50 

50 

so 

50 

50 

nVVHz  typ 

f  =  10  kHz 

50 

50 

50 

50 

50 

50 

nVVHz  typ 

f  =  100  kHz 

50 

50 

50 

50 

50 

50 

nVVHztyp 

'Temperature  Ranges  are  as  follows:  J,  K  Versic 
^Sample  tested  to  ensure  compliance. 
3Thc  metal  lid  on  the  ceramic  D-24A  package  is  connect* 
*The  device  is  functional  with  a  power  supply  of  ±12  V. 
'Minimum  specified  load  resistance  is  2  kfl. 
Specifications  subject  to  change  without  notice. 


0  to  +70*C;  A,  B  Versions:  -25*C  to  +85"C;  S,  T  \ 
to  Pin  12  (DGND). 


-55*Cto+125-C. 


■ 
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TIMING  CHARACTERISTICS  (vD0  =  +15  v,  ±  5%.   =  -15  v,  ±  5%.  vREF  =  +10  v.  agnd  =  dgnd  =  0  v> 


Parameter 


Limit  at 
TA  =  +2S°C 


Limit 
TA  = 
TA  = 


at 

0  to  +70°C 
-25°C  to  +85°C 


Limit  at 
TA  =  -55°C 
to  +125°C 


Units 


ns/Comment! 


100 
0 

100 
100 
20 


135 
0 

135 


3  


140 
0 

140 
120 
20 


ns  mm 
ns  min 


ns  min 


:  to  Write 
t  to  Write 
Write  Pulse  Width 
Data  Setup  Time 
Data  Hold  Time 





subject  to  change  without 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  stated) 

VDD  to  DGND   

Vss  to  DGND  

VREF  to  AGND   .  .  . 

Vrfb 

to  AGND   

Vr*  to  AGND  

VRB  to  AGND  

VRC  to  AGND  

VOUT  to  AGND1  V 

AGND  to  DGND   

Digital  Input  Voltage  to  DGND  .  .  .  .  -0 
Power  Dissipation  (Any  Package) 

To  +75°C   

Derates  above  +75°C  


.  .  -0.3  V  to  +17  V 
.  .  +0.3  V  to  -17  V 

 ±25  V 

 ±25  V 

 ±25  V 

 ±25  V 

 ±25  V 

dd  +0.3  V,  Vss  -0.3  V 
 -0.3  V,  VDD 


3  V  to  Vnn  +  0.3  V 


.  650  mW 
.10mW/°C 


Operating  Temperature  Range 

Commercial  (J,  K  Versions)   0  to  +70°C 

Industrial  (A,  B  Versions)   -25°C  to  +85°C 

Extended  (S,  T  Versions)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

NOTE 

'VOUT  may  be  shorted  to  AGND  provided  that  the  power  dissipation  of  the 
package  is  not  exceeded. 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  of  time  may  affect 
device  reliability.  Only  one  Absolute  Maximum  Rating  may  be  applied  at  any 
one  time. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


ORDERING  GUIDE1 


- 


Temperature 

Relative 

Package 

Model2 

Range 

Accuracy 

Option3 

AD7845JN 

0°Cto 

+70°C 

±1  LSB 

N-24 

AD7845KN 

0°C  to 

+70°C 

±1/2  LSB 

N-24 

AD7845JP 

0°C  to 

+70°C 

±1  LSB 

P-28A 

AD7845KP 

0°Cto 

+70°C 

±1/2  LSB 

P-28A 

AD7845JR 

0°Cto 

+70°C 

±1  LSB 

R-24 

AD7845KR 

0°C  to 

+70°C 

±1/2  LSB 

R-24 

AD7845AQ 

-25°C 

to  +85°C 

±1  LSB 

Q-24 

AD7845BQ 

-25°C 

to  +85°C 

±1/2  LSB 

Q-24 

AD7845SQ/883B 

-55°C 

to  +125°C 

±1  LSB 

Q-24 

AD7845TQ/883B 
AD7845SE/883B 

-55°C 
-55°C 

to  +125°C 
to+125°C 

±1/2  LSB 
±1  LSB 

Q-24 
E-28A 

NOTES 

'Analog  Devices  reserves  the  right  to  ship  either  ceramic  (D-24A)  or  cerdip 
(Q-24)  hermetic  packages. 

2To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number. 

3E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see 
Package  Information  section. 


cs  V 

\ 


-tcs- 


'JT 


ov 


I 


\  I 


■  5V 
OV 
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NOTES 

1.  All  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM 
10%  to  90%  of  +5V.  t„  =  tF  =  20ns. 

2.  TIMING  MEASUREI 


MENT  REFERENCE  LEVEL  IS  - 


Figure  1.  AD7845  Timing  Diagram 
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DIP,  SOIC 


PIN  CONFIGURATIONS 

(MM  M  ON-  =  ,MV  *8  *  ,V  ^ig^  „»      *  ,» ei  + 


Mv)  20!T2l83t2api3  3M1MIT 


TERMINOLOGY 

■ 

LEAST  SIGNIFICANT  BIT 

This  is  the  analog  weighting  of  1  bit  of  the  digital  word  in  a 
DAC.  For  the  AD7845,  1LSB  =  • 

RELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  both  endpoints  (i.e.,  offset  and  gain  error  are  ad- 
justed out)  and  is  normally  expressed  in  least  significant  bits  or 
as  a  percentage  of  full-scale  range. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  + 1  LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

GAIN  ERROR 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output  with  all  Is  loaded  after  offset 
error  has  been  adjusted  Out.  Gain  error  is  adjustable  to  zero  with 
an  external  potentiometer.  See  Figure  13. 

ZERO  CODE  OFFSET  ERROR 

This  is  the  error  present  at  the  device  output  with  all  Os  loaded 
in  the  DAC.  It  is  due  to  the  op  amp  input  offset  voltage  and 
bias  current  and  the  DAC  leakage  current. 

TOTAL  HARMONIC  DISTORTION 

This  is  the  ratio  of  the  root-mean-square  (rms)  sum  of  the  har- 
monics to  the  fundamental,  expressed  in  dBs. 

OUTPUT  NOISE 

This  is  the  noise  due  to  the  white  noise  of  the  DAC  and  the  in- 
put noise  of  the  amplifier. 


DIGITAL-TO-ANALOG  GLITCH  IMPULSE 

This  is  the  amount  of  charge  injected  from  the  digital  inputs  to 
the  analog  output  when  the  inputs  change  state.  This  is  normally 
specified  as  the  area  of  the  glitch  in  either  pA-secs  or  nV-secs 
depending  upon  whether  the  glitch  is  measured  as  a  current  or 
voltage.  The  measurement  takes  place  with  VRef  =  AGND. 

1  i^'iic -'J  Ifclf^iD  SO  1    . 30 IV lb  OV!J:'038  (3£l£u02iu  j'JBJ^OTJ^!-)  Uc3 

DIGITAL  FEEDTHROUGH 

When  the  DAC  is  not  selected  (i.e.,  CS  is  high)  high  frequency 
logic  activity  on  the  device  digital  inputs  is  capacitively  coupled 
through  the  device  to  show  up  as  noise  on  the  Voux  pin.  This 
noise  is  digital  feedthrough. 

MULTIPLYING  FEEDTHROUGH  ERROR 

This  is  ac  error  due  to  capacitive  feedthrough  from  the  VREF 

OPEN-LOOP  GAIN 

Open-loop  gain  is  defined  as  the  ratio  of  a  change  of  output 
voltage  to  the  voltage  applied  at  the  Vrep  pin  with  all  Is  1~" 


in  the  DAC.  It  is  specified  at  dc. 


UNITY  GAIN  SMALL  SIGNAL  BANDWIDTH 

This  is  the  frequency  at  which  the  magnitude  of  the  small  sig 
voltage  gain  of  the  output  amplifier  is  3  dB  below  unity.  The 
device  is  operated  as  a  closed-loop  unity  gain  inverter  (i.e. ,  DAC 
is  loaded  with  all  Is). 


OUTPUT  RESISTANCE 

This  is  the  effective  output  so 

FULL  POWER  BANDWIDTH 

Full  power  bandwidth  is  specified  as  the  maximum  frequency, 
at  unity  closed-loop  gain,  for  which  a  sinusoidal  input  signal  will 
produce  full  output  at  rated  load  without  exceeding  a  distortion 
level  of  3%. 
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ANALOG 


FEATURES 
16-Bit  Monotonicity  over  Temperature 
±2LSBs  Integral  Linearity  Error 
Microprocessor  Compatible  with  Readback  Capability 
Unipolar  or  Bipolar  Output 
Multiplying  Capability 
Low  Power  (100mW  typical) 


SI: 


■ 

FUNCTIONAL  BLOCK  DIAGRAM 


az  i 


<rpaej  j 


61  £ 


ft 

I  se 

pi  s" 

R  S  M< 

Q4- 


GENERAL  DESCRIPTION 

The  AD7846  is  a  16-bit  DAC  constructed  with  Analog  Devices' 
LC2MOS  process.  It  has  VREF+  and  VREF_  reference  inputs 
and  an  on-chip  output  amplifier.  These  can  be  configured  to 
give  a  unipolar  output  range  (0  to  +5V,  0  to  +10V)  or  bipolar 
output  ranges  (±5V,  ±10V). 

The  DAC  uses  a  segmented  architecture.  The  4MSBs  in  the 
DAC  latch  select  one  of  the  segments  in  a  16-resistor  string. 
Both  taps  of  the  segment  are  buffered  by  amplifiers  and  fed  to  a 
12-bit  DAC,  which  provides  a  further  12  bits  of  resolution.  This 
architecture  ensures  16-bit  monotonicity.  Excellent  integral  lin-  . 
earity  results  from  tight  matching  between  the  input  offset  volt- 
ages of  the  two  buffer  amplifiers. 

In  addition  to  the  excellent  accuracy  specifications,  the  AD7846 
also  offers  a  comprehensive  microprocessor  interface.  There  are 
16  data  l/0_pins, jjlus  control  lines  (CS,  R/W,  LDAC  and 
CLR).  R/W  and  CS  allow  writing  to  and  reading  from  the  I/O 


SEGMENT 
SWITCH 
MATRIX 


AD7846 


PRODUCT  HIGHLIGHTS 

1.  16-Bit  Monotonicity 

The  guaranteed  16-bit  monotonicity  over  temperature  makes 
the  AD7846  ideal  for  closed-loop  applications. 
.  . 


The  ability  to  read  back  the  DAC  register  contents  rr 
software  routines  when  the  AD7846  is  used  in  ATE  s 

3.  Power  Dissipation 

Power  dissipation  of  lOOmW  makes  the  AD7846  the  lowest 
power,  high  accuracy  DAC  on  the  market. 

r. 


plications.  LDAC  allows  simultaneous  updating  of  DACs  in  a 
multi-DAC  system  and  the  CLR  line  will  reset  the  contents  th 
DAC Jatch  to  00  ...  000  or  10  ...  000  depending  on  the  stai 
of  R/W.  This  means  that  the  DAC  output  can  be  reset  to  0V  in 
both  the  unipolar  and  bipolar  configurations. 

The  AD7846  is  available  in  28-pin  plastic,  ceramic,  LCCC  and 
PLCC  packages. 


! 

'- 

1 

■ 


■ 


XMS  Ait 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(Vqq  =  +14.25V  to  +15.75V,  VK  =  -14.25V  to  -15.75V,  Vcc  =  +4.75V  to 
•  niOAC      CDCP ICIO  ATinMC^  +525V-  v»«r  loaded  with  2kft,  lOOOpF  to  OV.  VREf+  =  +5V,  RIH  connected  to 
MU  /  040  Or  t L»  1 1  I UM 1 1 U No    OV.  All  specifications  TMIN  to  TMAX  unless  otherwise  stated.) 


Parameter 


J,  A  Versions 


K,  B  Versions 


S  Version3 


Units 


Test  Conditions/Comments 


Resolution 

UNIPOLAR  01 
Relative  Ao 
to  T„ 

Differential  N'on  linearity  Error 
Gain  Error  @  25°C 

to  T„ 
Offset  Error  @  25°C 

to  T„„ 
GainTC3 
Offset  TC3 


16 


16 


16 


Bits 


±12 
±16 

±l 
±12 
±16 
±12 
±16 
±2 
±2 


±4 

±8 

±0.5 

±6 

±16 

±6 

±16 

±2 

±2 


±12 

±16 

±1 

±12 

±24 

±12 

±24 

±2 

±2 


LSB  typ 
LSB  max 


LSB  typ 
LSB  max 
LSB  typ 
LSB  max 
ppm  FSR/°C  typ 
ppm  FSR/°C  typ 


Vref-=0V,  VOOT=0V  to  +10V 
1LSB=153uV 

All  Grades  Guaranteed  Monotonic 
VOUTLoad=10Mn 


BIPOLAR  OUTPUT 
Relative  Accuracy  @  25°C 
T^toT^, 

Differential  Nonlinearity  Error 
Gain  Error  @  25"C 

T^,  to  Tm 
Offset  Error  @  25°C 

T^  to  T„ 
Bipolar  Zero  Error  @  25°C 

T,^,  to  T_ 
GainTC5 
Offset  TC3 
Bipolar  Zero  TC3 


=  6 

t8 

tl 

±6 

r.16 

±6 

tl6 

±6 

r.12 

±2 

±2 

±2 


±2 

±4 

±0.5 

±4 

±16 

±4 

±12 

±4 

±8 

±2 

±2 

±2 


±6 

±8 

±1 

±6 

±16 

±6 

±16 

±6 

±16 

±2 

±2 

±2 


LSB  typ 
LSB  max 
LSB  max 
LSB  typ 
LSB  max 
LSB  typ 
LSB  max 
LSB  typ 
LSB  max 
ppm  FSR/°C  typ 
ppm  FSR/°C  typ 
ppm  FSR/X  typ 


VREF_  =  -5V,  VOUT=-10V  to  +10V 
1LSB=305uV 

AU  Grades  Guaranteed  Monotonic 
VOUTLoad=10Mn 

VOUT  Load=10Mn 


REFERENCE  INPUT 


VREF- 


Range 
.  Range 


20 
40 

Vss+6  to 
VDD-6 
Vss+6  to 
VDD-6 


20 
40 

Vss+6  to 
VDD-6 
Vss+6  to 
VDD-6 


20 
40 

Vss+6  to 
VDD-6 
Vss+6  to 

Vnn-6 


kf)  min 
kO  max 

Volts 

Volts 


Resistance  from  VR 
Typically  30kQ 


toVR 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

Resistive  Load 
Capacitive  Load 
Output  Resistance 
Short  Circuit  Current 


Vss+4  to 

Vrfo-3 

2 

1000 
0.3 

±25 


Vss+4  to 

VDD-3 

2 

1000 

0.3 

±25 


Vss+4  to 

VDD-3 

3 

1000 

0.3 
±25 


V  max 

k  fl  min 
pF  max 
ntyp 
mA  typ 


ToOV 
ToOV 

To  0V  or  Any  Power  Supply 



DIGITAL  INPUTS 
VIH  (Input  High  Voltage) 
Vu.  (Input  Low  Voltage) 
la,  (Input  Current) 
Qn  (Input  Capacitance)3 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


DIGITAL  OUTPUTS 
VOL  (Output  Low  Voltage) 
VOH  (Output  High  Voltage) 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance3 


V  min 

V  max 
M-A  max 
pFmax 




0.4 
4.0 
±10 
10 


0.4 
4.0 
±10 
10 


0.4 
4.0 
±10 
10. 


Volts  max 
Volts  min 
\l  A  max 
pFmax 


I^ink  "  ^  -6mA 
Isource=400u.A 
DB0-DB15=0  to  Vcc 


POWER  REQUIREMENTS4 
VDD 

Vss 

Vcc 

IDd 

lm 

Ice 

Power  Supply  Sensitivity5 
Power  Dissipation 


+  11.4/+ 15.75 

-11.4/- 15.75 

+4.75/+5.2S 

5 

5 

1 

1.5 
100 


+  11.4/+15.75 

-11.4/-15.75 

+4.75/+S.25 

5 

5 

1 

1.5 
100 


+  11.4/+ 15.75 

-11.4/-15.75 

+4.75/+S.25 

5 

5 

1 

2 

100 


Vmin/Vmax 
Vmin/Vmax 
Vmin/Vmax 
mA  max 
mA  max 
mA  max 
LSB/V  max 
mW  typ 


VOUT  Unloaded 
VOUT  Unloaded 


VOUT  Unloaded 


NOTES 

'Temperature  Ranges  as  follows:  J,  K  Versions:  0  to  +70°C; 
A,  B  Versions:  -25°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
'Minimum  load  for  S  version  is  3kft. 
'Sample  tested  to  ensure  c 


*AD7846  is  functional  with  power  supplies  of  ±12V.  See  Typical 
Performance  Curves. 

'Sensitivity  of  G4ih  Error,  Offset  Error  and  Bipolar  Zero  Error  to  VDD,  Vss 
... 
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These  characteristics  are  included  for  design  guidance  only  and  are  not 

AP  DCDCnDUAUPC  PUADAPTCDICTirC  subject  to  twt  (V„EF+=+5V,  VOD=+14.25V  to  +15.75V,  V«= 
AC  PERFORMANCE  CHARACTERISTICS  -14.25V  to  -15.75V,  Vcc=+4.75V  to  +5.25V,  R,„  connected  to  OV.) 


TA= 

TA= 

Parameter 

25*C 

Tmta  to  T„, 

Units 

Test  Conditions/Comments 

 .  ■  

wuipui  ocming  i  lme 

7 

7 

max 

1U  U.WD/O  rilix.    V  OUT  WJdUCU .   V  REF— —  ' 

9 

9 

\ls  max 

To  0.003%  FSR.  VOUT  loaded.  VREF_  =  -5V. 

Digital-to- Analog  Glitch 

400 

400 

nV-secs  typ 

DAC  alternately  loaded  with  10  .  .  .  0000  and  01  .  .  .  1111. 

Impulse 

VOUT  unloaded. 

AC  Feed  through 

0.5 

0.5 

mV  pk-pk  typ 

VREF_=0V,  VREF+  =  1V  rms,  10kHz  sine  wave. 
DAC  loaded  with  all  0s. 

Digital  Feed  through 

10 

10 

nV-secs  typ 

DAC  alternately  loaded  with  all  Is  and  all  0s.  CS  High. 

Output  Noise  Voltage 

50 

50 

nV/VHztyp 

Measured  at  VOUT-  DAC  loaded  with  0111011  ...  11. 

Density  (lkHz-lOOkHz) 

vREF+=vREF_=ov. 

TIMING  CHARACTERISTICS  (VDD=+14.25Vto  +1S.75V.  Vss=-14.25V  to  -15.75V,  VCC=+4.75V  to  +5.25V.) 


Parameter 

Limit  at 
TA=25°C 

Limit  at 
TA=0  to  +70°C 
TA=-25°C  to  +85"C 

Limit  at 

TA=-55°Cto  +125°C 

Units 

Test  Conditions/Comments 

40 

40 

50 

ns  min 

R/W  to  CS  Setup  Time 

150 

160 

190 

ns  min 

CS  Pulse  Width  (Write  Cycle) 

40 

40 

50 

ns  min 

R/W  to  CS  Hold  Time 

■ 
*4 

110 

1  in 

120 

ns  min 

Data  Setup  Time 

i 

0 

0 

0 

ns  min 

Data  Hold  Time 

t« 

230 

270 

320 

ns  max 

Data  Access  Time 

<, 

10 

10 

10 

ns  min 

Bus  Relinquish  Time 

80 

90 

90 

ns  max 

U 

20 

20 

20 

ns  min 

CLR  Setup  Time 

«, 

150 

150 

150 

ns  min 

CLR  Puke  Width 

tio 

0 

0 

0 

ns  min 

CLR  Hold  Time 

ln 

80 

100 

100 

ns  min 

LDAC  Pulse  Width 

tl2 

240 

280 

330 

ns  min 

CS  Pulse  Width  (Read  Cycle) 

NOTES 

'Timing  specifications  are  sample  tested  at  25°C  to  ensure  compliance.  All  input  control  signals  are  specified  with  tR  =  tF  -  5  ns 
(10%  to  90%  of  +5V)  and  timed  from  a  voltage  level  of  1.6V. 

\  is  measured  with  the  load  circuits  of  Figure  I  and  defined  as  the  time  required  for  an  output  to  cross  0.8V  or  2.4V. 
*t;  is  defined  as  the  time  required  for  an  output  to  change  0.SV  when  loaded  with  the  circuits  of  Figure  2. 
Specifications  subject  to  change  without  notice. 


wupr 

Vdgno 


3kll  <  -p 
V    DOND  V 

a.  High  Z  to  VOH         b.  High  Z  to  VOL 
7.  Load  Circuits  for  Access  Time  <t6) 


O       D6N  O- 


CS 


iwpr 
V  DGND 


a.  VOH  to  High  Z       b.  VOL  to  High  Z 
Figure  2.  Load  Circuits  for  Bus  Relinquish  Time  (t7) 


Figure  3.  AD7846  Timing  Diagram 
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ABSOLUTE  MAXIMUM  RATINGS1 

VDD  to  DGND  -0.3V  or  +17V 

Vcc  to  DGND2 

 -0.3V,  VDD  +0.3V  or  +7V  (Whichever  Is  Lower) 

VSs  to  DGND  +0.3Vto-17V 


ting  Temperature  Range 

J,  K  Versions  0  to  +70°C 

A,  B  Versions  -25°C  to  +85°C 

S  Version  -55°C  to  +125°C 

Storage  Temperature  Range  -65°C  to +150°C 


to  DGND  ±25V      Lead  Temperature  (Soldering)  +300°C 


Vrep.  to  DGND. 
VOUT  to  DGND3 . 
R™  to  DGND  .  . 


.w«y.4«W.-» 


-JBT. 


t25V 
.±25V 
.±25V 


NOTES 

s  above  those  listed  under  ' 


Digital  Input  Voltage  to  DGND  -0.3V  to  Vcc  +0.3V 

Digital  Output  Voltage  to  DGND  . 

Power  Dissipation  (Any  Package) 

To  +75°C  lOOOmW 

Derates  above +75°C  10mW/°C 


Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
.  .  — U.3V  to  Vcc         v        ^jjj  m  me  operational  sections  of  this  specification  is  not  implied.  Expo- 
.  .-0.3VtO  Vcc +0.3V        sure  to  absolute  maximum  rating  conditions  for  extended  periods  of  time 
may  affect  device  reliability.  Only  one  Absolute  Maximum  Rating  may  be 
applied  at  any  one  time. 

Vrr  must  not  exceed  VDD  by  more  than  0.3V.  If  it  is  possible  for  this  to 


ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model 

Range 

Accuracy 

Option* 

AD7846JN 
AD7846KN 

0°C  to  +70°C 

0°C  to  +70°C 

0°C  to  +70°C 

0°C  to  +70°C 

-25°C  to  +85°C 

-25°C  to  +85°C 

-55°Cto  +125°C 

-55°Cto  +  125°C 
 1 

±16  LSB 
±8  LSB 

N-28 
N-28 

AD7846JP 

AD7846KP 

AD7846AQ 

AD7846BQ 

AD7846SQ/883B 

AD7846SE/883B 

±16  LSB 
±8  LSB 
±16  LSB 
±8  LSB 
±16  LSB 
±16  LSB 

P-28A 

P-28A 

Q-28 

Q-28 

Q-28 

E-28A 

happen  during  power  supply  sequencing,  the  following  diode  protection 
scheme  will  ensure  nrotection. 


IN4148 


HP5082-2811 
— 





AD7846 


'VOUT  may  be  shorted  to  DGND,  VDD,  VSS)  V,^ 
dissipation  of  the  package  is  not  exceeded. 


provided  that 


the  power 


•Q  =  Ceramic  DIP;  E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP; 
P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  I 
Information  section. 

CAUTION   


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 

■  ■ 


PIN  CONFIGURATIONS 


DIP 


LCCC 


PLCC 


DB2 

DB1  [T 
060  [T 

*«  GC 

v„..[T 
v„,-  (T 

v„n 

DB15  [to 
DB14  [l7 
DB13  [l2 
DB12  Q£ 
DB11  [u 


~2t\  003 

iU  084 
TT\  DBS 
2S"|  LDAC 
24]  CLR 

23]  CS 

22]  R/W 

ill  v« 
lo] DGND 
J9]dB6 
"la]  DB7 
^7)  DBS 

«>■» 


8  £  5  2  £  S  £ 
>   q    o    a   a    a  o 

4     3    2      1    28  27  26 


VOUT  5 
V„F.  7 

vss  9 

DB15  10 

LJ 

AD7846 
TOP  VIEW 
(Not  to  Scila) 

DB14  11 

12    13    14    15  IS  17  18 

5  S  g   S  g  I  g 


fee 


S  S  5   S   S   2  2 

>     Q    o     Q     o    a  o 


AD7846 
TOP  VIEW 
{Not  10  Sola) 


l^JLiJblJMHLzJLlJ 


«]  LDAC 

m]  cm 

a]  cs 
5]  R/W 

m]dgnd 

19]  DBS 
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ANALOG 
DEVICES 


Serial  Input, 
14-Bit/l  6-Bit  DAC 








AD7849 


own 


FEATURES 

14-Bit/16-Bit  Multiplying  DAC 
Guaranteed  Monotonicity 
Output  Control  on  Power-Up  an 

Internal  or  External  Control 
Versatile  Serial  Interface 

DAC  Clears  to  0  V  in  Both  Unipolar  and  Bipolar  Output 
Ranges 

APPLICATIONS 
Industrial  Process  Control 
PC  Analog  I/O  Boards 
Instrumentation 


GENERAL  DESCRIPTION 

The  AD7849  is  a  1 4-bit/ 1 6-bit  serial  input  multiplying  DAC. 
The  DAC  architecture  ensures  excellent  differential  linearity 
performance,  and  monotonicity  is  guaranteed  to  14  bits  for  the 
A  grade  and  to  16  bits  for  all  other  grades  over  the  specified 
temperature  ranges. 

During  power-up  and  power-down  sequences  (whe 
voltages  are  changing),  the  V0ut  pin  is  els 
impedance  path.  To  prevent  the  output  of  A3  being  shor 
0  V  during  this  time,  transmission  gate  Gl  is  also  ope 
These  conditions  are  maintained  until  the  power  supjj 

FUNCTIONAL  BE 


stabilize  and  a  valid  word  is  written  to  the  DAC  register.  At 
this  time,  G2  opens  and  Gl  closes.  Both  transmission  gates  are 
also  externally  controllable  via  the  Reset  In  (RST  IN)  control 
input.  For  instance,  if  the  RST  IN  input  is  driven  from  a  battery 
supervisor  chip,  then  on  power-off  or  during  a  brown  out,  the 
RST  IN  input  will  be  driven  low  to  open  Gl  and  close  G2. 
The  DAC  must  be  reloaded,  with  RST  IN  high,  to  re-enable  the 
output.  Conversely,  the  on-chip  voltage  detector  output  (RST 
OUT)  is  also  available  to  the  user  to  control  other  parts 
of  the  system. 

The  AD7849  has  a  versatile  serial  interface  structure  and  can  be 
controlled  over  three  lines  to  facilitate  opto-isolator  applications. 

SDOUT  is  the  output  of  the  on-chip  shift  register  and  can  be 
used  in  a  daisy-chain  fashion  to  program  devices  in  the  multi- 
channel system.  The  DCEN  (Daisy  Chain  Enable)  input  con- 
n- 


channel  system 
trols  this  function. 

The  BIN/COMP  pin  sets  the  DAC  coding;  with  BIN/COMP 
set  to  0,  the  coding  is  straight  binary;  and  with  it  set  to  1 ,  the 
coding  is  2s  complement.  This  allows  the  user  to  reset  the  DAC 
to  0  V  in  both  the  unipolar  and  bipolar  output  ranges. 

9 

the  output  loop  is  closed  externally  allowing  the 
:ely  drive  remote  loads  using  force  and  sense 

part  is  available  in  a  20-pin  DIP  and  20-pin  SOIC  package. 
K  DIAGRAM 


SDIN     SCLK  SYNC   CLR  BIN/COMP  DCEN    SDOUT      LDAC  VK 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 


A 

Versions 


B,  T 
Versions 


C 

Versions 


Units 


Resolution 

UNIPOLAR  OUTPUT 
Relative  Accuracy 
Differential  Nonlinearity 
Gain  Error  @  +25°C 

Tmin  to  Tmax 
Offset  Error  @  +25°C 

Tmin  to  TMAX 
Gain  TC3 
Offset  TC3 


14 


±4 

±0.25 

±3 

±4 

±3 

±4 

±2 

±2 


16 


±16 
+0.9 
±12 
±16 
+  12 
±16 
±2 
+  2 


±4 

±0.5 

±6 

±16 

±6 

±16 

±2 

±2 


Bits 


LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
ppm  FSR/°C  typ 
ppm  FSR/°C  typ 


A  Versions:  1  LSB  =  2  (Vref+-Vref-)/214 
B,  C,  T  Versions:  1  LSB  =  2  (Vref+— Vref-)/2 
Vref-  =  0  V,  Vout  =  0  V  to  +10  V 

All  Grades  Guaranteed  Monotonic  Over  Temperature 
Vout  Load  =  10  MSI 


BIPOLAR  OUTPUT 
Relative  Accuracy 
Differential  Nonlinearity 
Gain  Error  @  +25°C 

Tmin  to  Tmax 
Offset  Error  @  +25°C 

Tmin  to  TmaX 
Bipolar  Zero  I 

Tmin  to  Tma> 
Gain  TC3 
Offset  TC3 
Bipolar  Zero  TC3 


±2 

±0.25 

±1.5 

±3 

±1.5 

±3 

±1.5 

±3 

±2 

±2 

±2 


±8 

±0.9 

±6 

±12 

+  6 

±12 

±6 

±12 

±2 

±2 

±2 


±2 

±0.5 

±4 

±8 

±4 

±8 

±4 

±8 

±2 

±2 

±2 


LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
LSBs  max 
ppm  FSR/°C 
ppm  FS] 
ppm  FS: 


Vref-  =  -5  V,  Vout  =  -10  V  to  +10  V 

All  Grades  Guaranteed  Monotonic  Over  Temperature 
Vout  Load  =  10  M£l 


REFERENCE  INPUT 
Input  Resistance 


Vref*  Range 
Vref-  Range 



20 
40 

Vss  +  6  to 
VDD-6 
Vss  +  6  to 
Vdd-6 


20 
40 

Vss  +  6  to 
VDD-6 
Vss  +  6  tol 

VDn-6 


20 
40 

Vss  +  6  to 
Vdb  -  6 
Vss  +  6  to 


kli  max:: 
Volts 

Volts 


Resistance  from  Vref*  to  Vrff- 
Typically  30  kfl 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

Resistive  Load 
Capacitive  Load 
Output  Resistance 
Short  Circuit  Current 


6 


Vss  +  4  to 

VDD-3 

2 

1000 

0.3 

±25 


Vss  +  4  to 

Vdd-3 

2 

1000 
0.3 

±25 





Vss  +  4  to 

Vdd-3 

2 

1000 

0.3 

±25 


Vmax 

kQ  min 
pF  max 
£2  typ 
mA  typ 


ToOV 
ToOV 

To  0  V  or  Any  Power  Supply 


DIGITAL  INPUTS 

VinH)  Input  High  Voltage 
Vinl>  Input  Low  Voltage 
Iinhj  Input  Current 
Cin,  Input  Capacitance 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
uA  max 
pF  max 


DIGITAL  OUTPUTS 
V0L  (Output  Low  Voltage) 
V0H  (Output  High  Voltage) 
Floating  State  Leakage  Current 
Floating  State  Output 
Capacitance 


0.4 

0.4 

4.0 

4.0 

±1C 

±10 

10 

10 

0.4 
4.0 
+  10 


Volts  max 
Volts  min 
uA  max 

pF  max 


Isink  -1-6  mA 
Isource  =  400  |JA 
DB0-DB15  =  0Vto+5  V 


POWER  REQUIREMENTS 
VDD 
Vss 
Vcc 
Idd 
Iss 
Ice 

Power  Supply  Sensitivity4 
Power  I 


+  11.4/15.75 
-11.4/15.75, 
+4.75/+5.25 

5  I 
5  I 
1 

0.4 
101 


00_ 


+  11.4/15.75 
-11.4/15.75 
+4.75/+5.25 
5 
5 
1 

1.5 
100 


+  11.4/15.75 
-11.4/15.75 
+4.75/+5.25 
5 

-4-1  1— 

1  ' 
1.5 
100 


V  min/V  max 

V  min/V  max 

V  min/V  max 
mA  max 
mA  max 
mA  max 
LSB/V  max 
mW  typ  


Vout  Unloaded 
Vout  Unloaded 


Vout  Unloaded 


NOTES 

^Temperature  ranges:  A,  B,  C  Versions:  -40°C  to  +85°C;  T  Version:  -55°C  to  +125°C. 
2Minimum  load  for  T  Version  is  3  kfl. 
'Sample  tested  to  ensure  compliance. 

''Sensitivity  of  gain  error,  offset  error  and  bipolar  zero  error  to  VDD,  Vss  variations 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter  

VA)  Low  Threshold  Voltage  for  VDD,  Vss 

VB,  High  Threshold  Voltage  for  VDD,  Vss 
Vc,  Low  Threshold  Voltage  for  Vcc 

■ 


G2  Ron 


All  Versions 

units 

1 

Volt  max 

0 

Volts  typ 

8.5 

Volts  max 

7.5 

Volts  min 

1 

Volt  max 

0 

Volts  typ 

3.5 

Volts  max 

2.5 

Volts  min 

1 

kQ  max 

Test  Conditions/Comments 


■ 


This  is  the  lower  VDD/VSs  threshold  voltage  for  the  reset 
function.  Above  this,  the  reset  is  activated. 
This  is  the  higher  VDD/VSs  threshold  voltage  for  the  reset 
function.  Below  this,  the  reset  is  activated.  Typically  8  volts. 
This  is  the  lower  threshold  voltage  for  the  reset  function. 
Above  this,  the  reset  is  activated. 

This  is  the  higher  Vcc  threshold  voltage  for  the  reset  function. 

Below  this,  the  reset  is  activated.  Typically  3  volts. 

On  Resistance  of  G2;  VDD  =  2  V;  Vss  =  -2  V;  IG2  =  1  mA. 


.„  ...jA,  ...  ^-V 

without  notice. 


AC  PERFORMANCE  CHARACTERISTICS  (These  characteristics  are  included  for  Design  Guidance  and  are  not 
subject  to  test.  (VREF+  =  +5  V;  VD0  =  +1 1 .4  V  to  +1 5.75  V;  Vss  =  -1 1 .4  V  to  -1 5.75  V;  Vcc  =  4.75  V  to  5.25  V;  R,N  connected  to  0  V.) 


Parameter 


ditions/Comments 


DYNAMIC  PERFORMANCE 
Output  Settling  Time 

Digital  to  Analog  Glitch  Impulse 


AC  Feedthrough 
Digital  Feedthrough 


Output  Noise  Voltage  Density 
1  kHz-100  kHz 




To  0.006%  FSR.  Vout  Loaded.  VreF_  =  0  V. 
To  0.003%  FSR.  Vout  Loaded.  VreF_  = -5  V. 
Alternately  Loaded  with  10  ...  00  and 
1 ...  11.  Vout  Unloaded.  LDAC  Perma- 
nently  Low. 

AC  Frequency  =  100  kHz 

=  0  V,  Vr£F+  =  1  V  rms,  10  kHz  Sine 
ave.  DAC  Loaded  with  All  0s. 
DAC  Alternately  Loaded  with  All  Is  and  All  0s. 
C  High. 

Measured  at  VOUT.  DAC  Loaded  with 
01 1 101 1  ...  1 1 1.  VreF+  =  VreF_  =  0  V. 


TIMING  CHARACTERISTICS'  2  m  200  pF.  All  Specifications  1 


=  -1 1 .4  V  to  -1 5.75  V;  Vcc  =  4.75  V  to  5.25  V;  RL  =  2  kn,  CL 
,  to  TMM  unless  otherwise  noted.) 


Parameter 

Limit  at  +2S°C 
(All  Versions) 

Limit  at  TMIN,  Tmax 
(All  Versions) 

Units 

Conditions/Comments 

ti 

200 

200 

ns  min 

SCLK  Cycle  Time 

t2 

50 

50 

ns  min 

SYNC  to  SCLK  Setup  Time 

t3 

30 

30 

ns  min 

SYNC  to  SCLK  Hold  Time 

t4 

60 

60 

ns  min 

BIN/COMP  to  SCLK  Setup  Time 

t5 

10 

10 

ns  min 

Data  Setup  Time 

U 

100 

100 

ns  min 

Data  Hold  Time 

t74 

80 

80 

ns  max 

SCLK  Rising  Edge  to  SDO  Valid 

t8 

80 

80 

ns  min 

LDAC,  CLR  Pulse  Width 

tr 

100 

100 

us  max 

Digital  Input  Rise  Time 

tf 

100 

100 

us  max 

Digital  Input  Fall  Time 

NOTES 

'All  input  signals  are  specified  with  tr  =  tf  =  5  ns  ( 
Guaranteed  by  characterization. 
'SCLK  mark/space  ratio  range  is  40/60  to  60/40. 
'SDO  load  capacitance  is  50  pF. 


d  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ABSOLUTE  MAXIMUM  RATINGS' 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  DGND  -0.3  V  to  +17  V 

Vcc  to  DGND  -0.3  V,  VDD  +  0.3  V  or 

+7  V  (Whichever  Is  Lower) 

Vss  to  DGND   -0.3  V  to -17  V 

Vref+  to  DGND   +25  V 

Vref-  to  DGND   ±25  V 

V0UT  to  DGND2     .  ±25  V 

Rin  to  DGND  ±25  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  Vcc  +  0.3  V 

Input  Current  to  any  Pin  Except  Supplies3   ±10  mA 

Operating  Temperature  Range 

Commercial/Industrial  (B  Versions)  -40°C  to  +85°C 

Extended  (S  Versions)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature   +150°C 

CAUTION  


DIP  Package,  Power  Dissipation   875  mW 

e,A  Thermal  Impedance  75°C/W 

Lead  Temperature  (Soldering,  10  sees)  +260°C 

SOIC  Package,  Power  Dissipation  875  mW 

6JA  Thermal  Impedance  .   75°C/W 

Lead  Temperature,  Soldering 

!£IS{CS)::::::::::::::::::::::Sc 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Vqut  may  be  shorted  to  DGNDS  VDD)  V^,  provided  that  the  power  dissipation  of 
the  package  is  not  exceeded. 

'Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 

hs?*iT)  6j!T&iH3TuAHAHj  3jnAMnuiR3S  UA 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 

accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 

Although  the  AD7849  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 

occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 

precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  fu~~~ 
 j  

■ 


rherefore,  proper  ESD 




Modcl 

Temperature 
Range 

Resolution 
(Bits) 

Bipolar 
INL  (LSBs) 

Package 
Option* 

AD7849AN 

-40°C  to  +85°C 

±2 

N-20 

AD7849BN 

-40°C  to  +85°C 

16 

±8 

N-20 

AD7849CN 

-40°C  to  +85°C 

16 

±2 

N-20 

AD7849AR 

-40°C  to  +85°C 

14 

±2 

R-20 

AD7849BR 

-40°C  to  +85°C 

16 

±8 

R-20 

AD7849CR 
AD7849TQ 

-40°C  to  +85°C 
-55°C  to  +125°C 


16 
16 

fj±2  „. 
±8 

R-20 
Q-20 

*N  =  Plastic  DIP;  R  = 
Information  section. 


SOP  (Small  Outline  Package);  Q  =  Cerdip.  For  outline  information  see  Package 


0« 


This  information  applies  to  a  product  under  development.  Its  characteristics  a 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  c 


3  are  subject  to  change  without  notice. 
I  to  in  writing. 
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AD7849 


SCLK 

w 







LDAC, CLR 


DCEN  IS  TIED  PERMANENTLY  LOW 

Figure!.  Timing  Diagram  (Stand-Alone  Mode) 


,  

i 


DIGITAL  INTERFACE 

The  AD7849  contains  an  input  serial  to  parallel  shift  register 
and  a  DAC  latch.  A  simplified  diagram  of  the  input  loading  cir- 
cuitry is  shown  in  Figure  2.  Serial  data  on  the  SPIN  input  i: 
loaded  to  the  input  register  under  control  of  DCEN,  SYNC 
and,  SCLK.  When  a  complete  word  is  held  in  the  shift  register, 
it  may  then  be  loaded  into  the  DAC  latch  under  control  of 
LDAC.  Only  the  data  in  the  DAC  latch  determines  the  analog 
output  on  the  AD7849. 

The  DCEN  (daisy-chain  enable)  input  is  used  to  select  either  a 
stand-alone  mode  or  a  daisy-chain  mode.  The  loading  format  is 
slightly  different  depending  on  which  mode  is  selected  . 

Serial  Data  Loading  Format  (Stand-Alone  Mode) 

With  DCEN  at  logic  0  the  stand-alone  mode  is  selected.  In  this 
mode  a  low  SYNC  input  provides  the  frame  synchronization 
signal  which  tells  the  AD7849  that  valid  serial  data  on  the  SDIN 
input  will  be  available  for  the  next  16  falling  edges  of  SCLK.  An 
internal  counter/decoder  circuit  provides  a  low  gating  signal  so 
that  only  1 6  data  bits  are  clocked  into  the  input  shift  register. 
After  16  SCLK  pulses  the  internal  gating  signal  goes  inactive 
(high)  thus  locking  out  any  further  clock  pulses.  Therefore 
either  a  continuous  clock  or  a  burst  clock  source  may  be  used 
to  clock  in  the  data. 


en  high  after  the  complete  16-bit  word  is 

I7849C  and  AD7849T  versions  are  16-bit 
lave  a  straight  1 6-bit  load  format,  with 
5)  being  loaded  first.  The  AD7849A  is  a  1 4-bit 
it  the  loading  structure  is  still  16-bit.  The  MSB  (DB13) 
is  loaded,  first  and  the  final  two  bits  of  the  16-bit  stream  must 
be  Os. 

There  are  two  ways  in  which  the  DAC  latch  and  hence  the  ana- 
log output  may  be  updated.  The  status  of  the  LDAC  input  is 
examined  after  SYNC  is  taken  low.  Depending  on  its  status, 
one  of  two  update  modes  is  selected. 


If  LDAC 

this  mode  the  DAC  latch  and 
matically  when  the  last  bit  in  the  serial  data  s 
in.  The  update  thus  takes  place  on  the  sixteenth 
edge. 


de  is  selected.  In 


output  are  updated  auto- 
is  clocked 
SCLK 


The  DAC 


CLRT- 


GATED  INPUT  SHIFT  REGISTER 
SCLK  (16  BITS) 


AUTO-UPDATE 
CIRCUITRY 


KM1 


DAC  LATCH 
(14/16  BITS) 


If  LDAC  =  1 ,  then  the  automatic  update  is  i 
latch  update  and  output  update  are  now  separate.  The  DAC 
latch  is  updated  on  the  falling  edge  of  LDAC.  However,  the 
output  update  is  delayed  for  a  further  2  (is  by  means  of  an  inter- 
nal track-and-hold  amplifier  in  the  output  stage.  This  function 
results  in  lower  digital-to-analog  glitch  impulse  at  the  DAC  out- 
put. Note  that  the  LDAC  input  must  be  taken  back  high  again 
before  the  next  data  transfer  is  initiated. 


Figure  2.  Simplified  Loading  Structure 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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Serial  Data  Loading  Format  (Daisy-Chain  Mode) 

By  connecting  DCEN  high,  the  daisy-chain  mode  is  enabled. 
This  mode  of  operation  is  designed  for  multi-DAC  systems 
where  several  AD7849s  may  be  connected  in  cascade.  In  this 
mode,  the  internal  gating  circuitry  on  SCLK  is  disabled  and  a 
serial  data  output  facility  is  enabled.  The  internal  gating  signal  is 
permanently  active  (low)  so  that  the  SCLK  signal  is  continu- 
ously applied  to  the  input  shift  register  when  SYNC  is  low.  The 
data  is  clocked  into  the  register  on  each  falling  SCLK  edge  after 
SYNC  going  low.  If  more  than  1 6  clock  pulses  are  applied,  the 
data  ripples  out  of  the  shift  register  and  appears  on  the 
SDOUT  line.  By  connecting  this  line  to  the  SDIN  input  on  the 
next  AD7849  in  the  chain,  a  multi-DAC  interface  may  be  con- 
structed. Sixteen  SCLK  pulses  are  required  for  each  DAC  in  the 
system.  Therefore,  the  total  number  of  clock  cycles  must  equal 
16  x  N  where  N  is  the  total  number  of  devices  in  the  chain. 
When  the  serial  transfer  to  all  devices  is  complete,  SYNC  is 
taken  high.  This  prevents  any  further  data  being  clocked  into 
the  input  i 


A  continuous  SCLK  source  may  be  used  if  it  can  be  arranged 
that  SYNC  is  held  low  for  the  correct  number  of  clock  cycles. 
Alternatively,  a  burst  clock  containing  the  exact  number  of  clock 
cycles  may  be  used  and  SYNC  taken  high  some  time  later. 

When  the  transfer  to  all  input  registers  is  complete,  a  common 
LDAC  signal  updates  all  DAC  latches  with  the  data  in  each  in- 
put register.  All  analog  outputs  are  therefore  updated  simulta- 
neously, 2  us  after  the  falling  edge  of  LDAC. 

Clear  Function  (CLR) 

The  clear  function  bypasses  the  input  shift  register  and  loads  the 
DAC  Latch  with  all  Os.  It  is  activated  by  taking  CLR  low.  In  all 
ranges  except  the  Offset  Binary  bipolar  range  (-5  V  to  +5  V)  the 
output  voltage  is  reset  to  0  V.  In  the  offset  binary  bipolar  range 
the  output  is  set  to  Vr^.  This  clear  function  is  distinct  and 
separate  from  the  automatic  power-on  reset  feature  of  the 
device. 


/  \ 


-a  


SDIN 

(AD7849B/C/T)  DB15  (N) 


DBO (N) 


SDOUT 
(AD7849B/C/T) 


K 


SDOUT 
(AD7849A)   





-*t- 


DCEN  IS  TIED  PERMANENTLY  HIGH 

- 


 \l  

\  I 


Figure  3.  Timing  Diagram  (Daisy-Chain  Mode) 
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ANALOG 


+3.3  V/+5  V  Multiplying 
S  1 2-Bit 


— 


 u  


AD7943/AD7945/AD7948 


FEATURES 
12-Bit  Multiplying  DACs 

Guaranteed  Specifications  with  +3.3  V/+5  V  Supply 

0.5  LSBs  INL  and  DNL 

Low  Power:  5  uW  typ 

Fast  Interface 
40  ns  Strobe  Pulse  Width  (AD7943) 
40  ns  Write  Pulse  Width  (AD7945,  AD7948) 

Low  Glitch:  60  nV-s  with  Amplifier  Connected 

Fast  Settling:  600  ns  to  0.01%  with  AD843 

APPLICATIONS 

Battery-Powered  Instrumentation 
Laptop  Computers 

Upgrades  for  All  754x  Series  DACs  (5  V  Designs) 


■ 


INPUT  SHIFT  REGISTER 

GENERAL  DESCRIPTION 

The  AD7943,  AD7945  and  AD7948  are  fast  12-bit  multiplying 
DACs  that  operate  from  a  single  +5  V  supply  (Normal  Mode) 
and  a  single  +3.3  V  to  +5  V  supply  (Biased  Mode).  The 
AD7943  has  a  serial  interface,  the  AD7945  has  a  12-bit  parallel 
interface,  and  the  AD7948  has  an  8-bit  byte  interface.  They  will 
replace  the  industry-standard  AD7543,  AD7545  and  AD7548 
in  many  applications,  and  they  offer  superior  speed  and  power 
consumption  performance. 

The  AD7943  is  available  in  16-pin  DIP,  16-pin  SOP  (Small 
Outline  Package)  and  20-pin  SSOP  (Shrink  Small  Outline 
Package). 

The  AD7945  is  available  in  20-pin  DIP,  20-pin  SOP  and  20-pin 
SSOP. 


I 


The  AD7948  is : 
SSOP. 


SOP  and  20-pin 


This  Is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ACCURACY 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 


Gain  Error 

Gain  Temperature  Coefficien 

■Output  Leakage  Current 

Iouti 
@  +25°C 

TmIN  10  Tmax 


12 

±0.5 
±0.5 


±2 

2 

5 


10 
100 


12 

±0.5 
±0.5 


±2 

2  . 
5 


10 
100 


Bits 

LSB  max 
LSB  max 

LSB  max 

ppm  FSR/°C  typ 

ppm  FSR/°C  max 


nA  max 
nA  max 


1  LSB  =  Vref/212  =  2.44  mV  when  VreF  =  10  V 

All  Grades  Guaranteed  Monotonic  over 
Temperature 

■ 


See  Terminology  Section 
Typically  20  nA  over  Temperature 




Typical  Input  Resistance  =  9  k£2 



REFERENCE  INPUT 
Input  Resistance 


6 
12 


kfi  min 
kQ  max 





DIGITAL  INPUTS 
V,NH,  Input  High  Voltage 
Vinij  Input  Low  Voltage 
IrNH,  Input  Current 
Cm,  Input  Capacitance4 


2.4 
0.8 
±1 
10 


V  min 

V  max 
|iA  max 
pF  max 


DIGITAL  OUTPUT  (AD7943  SRO) 
Output  Low  Voltage  (V0iJ 
Output  High  Voltage  (VOH) 


0.2 

VDD-0.2 


0.2 

VDD-0.2 


V  max 

V  min 


For  1  CMOS  Load 


POWER  REQUIREMENTS 
VDD  Range 

Power  Supply  Sensitivii 

AGain/AVDD 
IDD  (AD7943) 


4.5/5.5 

-75 
5 


IDD  (AD7945,  AD7948) 


V  min/V  max 

dB  typ 
uA  max 

uA  max 


Vora  =  VDD  -  0.1  V  min,  V^  =  0.1  V  max. 
SRO  Open  Circuit.  No  STB  Signal.  Typically 
1  uA.  Typically  100  uA  with  a  1  MHz  STB 
Frequency.  At  Input  Levels  of  0.8  V  and  2.4  V, 
IDd  Is  Typically  2.5  mA. 
VrmH  =  VDD  -  0. 1  V  min,  Vn^  =  0. 1  V  max. 
Typically  1  uA.  At  Input  Levels  of  0.8  V  and 
2.4  V,  IDD  Is  Typically  2.5  mA. 


NOTES 

'The  AD7943,  AD7945  and  AD7948  are  specified  in  the  normal  current  mode  configuration  and  in  the  biased  current  mode  for  single-supply  applications. 
Figures  15  and  16  are  examples  of  normal  mode  operation. 

^Temperature  ranges  as  follows:  B  Grades:  -40°C  to  +85°C;  T  Grade:  -55°C  to  +125°C. 


*The  T  Grade  applies  to  the  AD7945  only. 
Guaranteed  by  design. 
Specifications  subject  to  change  without  notice. 
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SPECIFICATIONS1 

BIASED  MODE  (AD7943:  Vdd  =  +3  V  to  +5.5  i  =  V,„UT2  =  AGND  =  1 .23  V;  VBEF  =  +0  V  to  2.45  V;  TA  =  THIN  to  TM1X,  unless  Other- 
wise noted.  AD7945,  AD7948:  V0D  =  +3  V  to  +5.5  V;  VI0Ut,  =  AGND  =  1.23  V;  VREF  =  +0  V  to  2.45  V;  Tt  =  TMIW  to  TM>>,  unless  otherwise  noted.) 


Parameter 


A  Grades2 


Units 


Test  Conditions/Comments 


ACCURACY 
Resolution 

Relative  Accuracy 
Differential  Nonlinearity 

Gain  Error  @+25°C 

1  MIN  tO  1  max 

Gain  Temperature  Coefficient3 
Output  Leakage  Current 

loUTl 

@  +25°C 
Tmin  to  Tmax 
Input  Resistance 

@  I0UT2  Pin  (AD7943) 
@  AGND  Pin  (AD7945,  AD7948) 


2 

±1 
+0.9 

±3 
±4 
2 
5 


10 
100 

6 
6 


Bits 


■ 


LSB  max 
LSB  max 

LSB  max 
LSB  max 
ppm  FSRTC  typ 
ppm  FSR/°C  max 


nA  max 
nA  max 

k£2  min 
H2  min 


1  LSB  =  (VIOUT.  -  VreF)/212  =  300  uV  When 
VIOuti  =  1.23  V  and  VreF  =  0V 

All  Grades  Guaranteed  Monotonic 
over  Temperature 


> 

See  Terminology  Section 

Typically  20  nA  over  Temperature 
This  Varies  with  DAC  Input  Code 





DIGITAL  INPUTS 
VINH,  Input  High  Voltage  @  VDD  =  +5  V 
VINH,  Input  High  Voltage  @  VDD  =  +3.3  V 
ViNL,  Input  Low  Voltage 
Vinlj  Input  Low  Voltage 
Iinhj  Input  Current 
Cin,  Input  Capacitance3 


!  VDD  =  +5  V 
!  VDD  =  +3.3  V 


2.4 
2.1 
0.8 
0.6 
+  1 
10 


V  min 

V  min 

V  max 

V  max 
uA  max 
pF  max 


 — 


DIGITAL  OUTPUT  (SRO) 
Output  Low  Voltage  (Vol) 
Output  High  Voltage  (Vqh) 


POWER  REQUIREMENTS 
VDD  Range 

Power  Supply  Sensitivity3 

AGain/AVDD 
IDD  (AD7943) 

■ 

IDD  (AD7945,  AD7948) 

it-Li  it 


0.2 

VDD- 0.2 


V  max 

V  min 


For  1  CMOS  Load 

■ 


■  ■ 

3.0/5.5 

-75 
5 


5 


V  min/V  max 

dBtyp 
uA  max 


■ 


- 


NOTES 

'These  specifications  apply  with  the  devices  biased  up  at  1.23  V  for  single 
(for  example:  AD7943AN-B).  Figure  17  is  an  example  of  Biased  Mode 
2Temperature  ranges  as  follows:  A  Versions:  ^J0°C  to  +85°C. 
Guaranteed  by  design. 

Specifications  subject  to  change  without  notice. 


Vinh  =  Vdd  -  0.1  V  min,  VINL  =  0.1  V  max. 
SRO  Open  Circuit;  No  STB  Signal;  Typically 
1  uA.  Typically  100  uA  with  1  MHz  STB 
Frequency. 

Vinh  =  VDD  -  0. 1  V  min,  VINL  =  0. 1  V  max. 
Typically  1  uA. 


supply  applications.  The  model  numbering  reflects  this  by  means  of  a  "-B"  suffix 
Operation. 
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AC  PERFORMANCE  CHARACTERISTICS 

Normal  Mode  <AD7943:  Vdd  =  +4.5  V  to  +5.5  V;  VIWI1  =  VI0UI2  =  AGND  =  0  V.  AD7945,  AD7948:  Vod  =  +4.5  V  to  +5.5  V;  VI0UT1  =  AG  NO 
=  0  V.  Vp£p  =  6  V  rms,  1  kHz  sine  wave;  T,  =  TMIN  to  TMAx;  DAC  output  op  amp  is  AD843;  unless  otherwise  noted.)  These  characteristics  are 
included  for  [ 


to  test. 


Parameter 


B  Grades 


T  Grade 


Units 


Test  Conditions/Comments 





DYNAMIC  PERFORMANCE 
Output  Voltage  Settling  Time 


Digital  to  Analog  Glitch  Impulse 

Multiplying  Feedthrough  Error 
Output  Capacitance 


600 


"17943) 


Digital  Feedthrough  (AD7943; 


Digital  Feedthrough  (AD7945,  AD7948) 

Total  Harmonic  Distortion 
Output  Noise  Spectral  Density 
@  1  kHz 


-83 
35 


700 


60 

60 

-75 

-75 

60 

60 

30 

30 

5 

5 

-83 
35 


ns  typ 


nV-s  typ 

dB  max 
pF  max 
pF  max 
nV-s  typ 


nV-s  typ 

dB  typ 
nVA/Hztyp 


To  0.01%  of  Full-Scale  Range.  VreF  = 

+  10  V;  DAC  Latch  Alternately  Loaded  with 

All  0s  and  All  Is 

Measured  with  VreF  =  0  V.  DAC  Latch 
Alternately  Loaded  with  All  Os  and  All  Is 


DAC  Latch  Loaded  with  All  0s 
All  Is  Loaded  to  DAC 


All  0s  Loaded  to  DAC 

Feedthrough  to  the  DAC  Output  with  LD1, 

LD2  High  and  Alternate  Loading  of  All  0s 

and  All  Is  into  the  Input  Shift  Register  

Feedthrough  to  the  DAC  Output  with  CS 
High  and  Alternate  Loading  of  All  0s  and 
All  Is  to  the  DAC  Bus 


All  Is  Loaded  to  DAC. 
Op  Amp  Is  OP07 


VreF  =  0V.  Output 


AC  PERFORMANCE  CHARACTERISTICS 

BiaSetl  Mode  (A07943:  Vdo  =  +3  V  to  +5.5  V;  VI0UT1  =  V,0UT2  =  AGND  =  1.23  V.  A07945,  AD794S:  Vod  =  +3  V  to  +5.5  V;  VI0UI,  =  AGND  = 
1.23  V.  VREF  =  1  kHz,  2.45  V  p-p,  sine  wave  biased  at  1.23  V;  DAC  output  op  amp  is  AD820;  TA  =  TWN  to  TMAx;  unless  otherwise  noted.)  These 
characteristics  are  included  for  Design  Guidance  and  are  not  subject  to  test. 


Parameter 


A  Grades 


Units 


Test  Conditions/Comments 




DYNAMIC  PERFORMANCE 
Output  Voltage  Settling  Time 

Digital  to  Analog  Glitch  Impulse 


5 

60 

-75 

60 

30 

AH  1  (Us 

5 

Output  Capacitance 
Digital  Feedthrough 

Digital  Feedthrough  (AD7945,  AD7948) 


Total  Harmonic  Distortion 
Output  Noise  Spectral  Density 
@  1  kHz 


5 


-83 
25 


us  typ 

nV-s  typ 

dB  max 
pF  max 
pF  max 
nV-s  typ 

nV-s  typ 

dB  typ 
nV/VSz  typ 


To  0.01%  of  Full-Scale  Range.  VreF  =  0  V 

DAC  Latch  Alternately  Loaded  with  All  0s  and  All  Is 

VreF  =  1.23  V.  DAC  Register  Alternately  Loaded 

with  All  0s  and  All  Is 

DAC  Latch  Loaded  with  All  0s 

All  Is  Loaded  to  DAC 

All  0s  Loaded  to  DAC 

Feedthrough  to  the  DAC  Output  with  LD1,  LD2 
High  and  Alternate  Loading  of  All  0s  and  All  Is 
into  the  Input  Shift  Register 
Feedthrough  to  the  DAC  Output  with  CS  High 
and  Alternate  Loading  of  All  0s  and  All  Is  to  the 
DAC  Bus 


All  Is  Loaded  to  DAC.  VreF  =  1.23  V 
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AD7943  TIMING  SPECIFICATIONS1  m 


km,  unless  otherwise  noted) 


Parameter 


Limit  @ 

VDD  =  +3Vto+3.6V 


Limit® 

VDD  =  +4.5Vto+5.5V 


Units 


Description 


■ 


tsTB 

Ids 

tDH 
tsRI 
tLD 
tCLR 


60 

35 
55 


tASB 

tsv3 


60 


40 
10 
25 
35 
35 
35 
0 

35 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 

ns  max 


STB  Pulse  Width 
Data  Setup  Time 
Data  Hold  Time 
SRI  Data  Pulse  Width 
Load  Pulse  Width 
CLR  Pulse  Width 

Min  Time  Between  Strobing  Input  Shift 

Register  and  Loading  DAC  Register 

STB  Clocking  Edge  to  SRO  Data  Valid  Delay 


NOTES 

'All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  rimed  from  a  voltage  level  of  1.6  V.  tr  and  tf  should  not  exceed  1  us  on  any  digital  input. 
2STB  mark/space  ratio  range  is  60/40  to  40/60. 

'tsv  is  measured  with  the  load  circuit  of  Figure  2  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 


*<*— I  k- 


i  /       \  1       \  1  \__ J       \  1       \  1       \  1 


'  DB11(N)\ 


LD1.LD2 
CLR 


DB1CKN) 


~ (ZI3  C — )  (   )  {   )  C 


DB0<N) 


-J5- 





'ash     *">• to 


\  I 


SRO 


DB11(N-1) 
(MSB) 


X 


DB10(N-1) 


-y-M  y- 

A^j  K. 


Figure  1.  AD7943  Timing  Diagram 


Figure  2.  Load  Circuit  for  Digital  Output  Timing  Specifications 
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]''ll"lll!l't.'l 

jt  drdmcicr 

■  -mill     *  i 

V™  =  +1  V  tn  +1  ft  V 

V«r»  =  +4  5  V  to  +5  5  V 

Units 

f)psr  t*i  n  ti  nn 

Ids 

35 

20 

ns  mm 

Data  Setup  Time 

10 

10 

ns  min 

Data  Hold  Time 

tcs 

60 

40 

ns  min 

Chip  Select  Setup  Time 

tcH 

0 

0 

ns  min 

Chip  Select  Hold  Time 

60 

40 

ns  min 

Write  Pulse  Width 

NOTE 

'All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 


- 


i 


AD7948  TIMING  SPECIFICATIONS1 


Figure  3.  AD7945  Timing  Diagram 
(T*  =  TMin  to  TMM,  unless  otherwise  noted) 


Parameter 


Limit  @ 

VDD  =  +3  V  to  +3.6  V 


Limit  @ 

VDD  =  +4.5  V  to +5.5  V 


Units 


Description 


Ids 

tDH 

tews 

tcWH 
U.WS 
tLWH 


45 
10 
0 
0 
0 
0 

60 


30 
10 
0 


0 

-0  ^ 


0 

40 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


Data  Setup  Time 
Data  Hold  Time 


CSMSB  or  CSLSB  to  WR  Setup  Time 
CSMSB  or  CSLSB  to  WR  Hold  Time 
LDAC  to  WR  Setup  Time 
LDAC  to  WR  Hold  Time 
Write  Pulse  Width 


NOTE 

'All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 


CSMSB  \. 


^.♦1  rt-tcWH 


F 


*cws 


1 


-«DH 


*m 


F 


Figure  4.  AD7948  Timing  Diagram 
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ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  DGND  -0.3  V  to  +6  V 

Iouri  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Iout2  to  DGND  -0.3  V  to  VDD  +  0.3  V 

AGND  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Vrfb,  Vref  to  DGND   ±15  V 

Input  Current  to  Any  Pin  Except  Supplies2   ±10mA 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)  -40°C  to  +85°C 

.Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to +150°C 

Junction  Temperature   +150°C 

DIP  Package,  Power  Dissipation    670  mV 

6,a  Thermal  Impedance   1 16°C/W 

Lead  Temperature,  Soldering,  (10  sec)   +260°C 

■ 

CAUTION  


SOP  Package,  Power  Dissipation  .  .  .   450  mW 

9JA  Thermal  Impedance   75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

SSOP  Package,  Power  Dissipation  875  mW 

eJA  Thermal  Impedance   132°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


■ 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  devices  feature  proprietary  ESD  protection  circuitry,  peri 
on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  j 

are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 

 _  -  1  


WARNING 


ESD  SENSITIVE  DEVICE 


ORDERING  GUIDE 


Temperature 

Linearity 

Nominal 

Package 

Model 

Range 

Error  (LSBs) 

Supply  Voltage 

AD7943BN 

-40°C  to  +85°C 

+0.5 

+5  V 

N-16 

AD7943BR 

-40°C  to  +85°C 

±0.5 

+5  V 

R-16 

AD7943BRS 

^40°C  to  +85°C 

±0.5 

+5  V 

RS-20 

AD7943AN-B 

-10oC  to  +85°C 

±1 

+3.3  V  to  +5  V 

N-16 

AD7943ARS-B 

-40°C  to  +85°C 

±1 

+3.3  V  to +5  V 

RS-20 

AD7945BN 

--10°C  to  +85°C 

±0.5 

+5  V 

N-20 

AD7945BR 

-40°C  to  +85°C 

±0.5 

+5  V 

R-20 

AD7945BRS 

-40°C  to  +85°C 

±0.5 

+5  V 

RS-20 

AD7945AN-B 

-40°C  to  +85°C 

±1 

+3.3  V  to  +5  V 

N-20 

AD7945ARS-B 

-40°C  to  +85°C 

±1 

+3.3  V  to  +5V 

RS-20 

AD7945TQ 

-55°Cto+125°C 

±1 

+5V 

Q-20 

AD7948BN 

-40°C  to  +85°C 

+0.5 

+5  V 

N-20 

AD7948BR 

-40°C  to  +85°C 

±0.5 

+5  V 

R-20 

AD7948BRS 

-40°C  to  +85°C 

±0.5 

+5  V 

RS-20 

AD7948AN-B 

-40°C  to  +85°C 

±1 

+3.3  V  to  +5V 

N-20 

AD7948ARS-B 

-40°C  to  +85°C 

±1 

+3.3  V  to +5  V 

RS-20 

*N  =  Plastic  DIP;  R  =  SOP  (Small  Outline  Package);  RS  =  SSOP  (Shrink  Small  Outline  Package);  Q  =  Cerdip.  For  outline 
information  see  Package  Information  section. 
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TERMINOLOGY 
Relative  Accuracy 

Relative  Accuracy  or  endpoint  linearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  error  and  full-scale  error  and  is  normally 
expressed  in  Least  Significant  Bits  or  as  a  percentage  of  full- 
scale  reading. 

Differential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  1  LSB  maximum 
ensures  monotonicity. 

Gain  Error 

Gain  Error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is 
in  the  DAC  after  offset  error  has  been  adjusted  out  and  is  ex- 
pressed in  Least  Significant  Bits.  Gain  error  is  adjustable  to 
zero  with  an  external  potentiometer. 

Output  Leakage  Current 

Output  leakage  current  is  current  which  flows  in  the  DAC  lad- 
der switches  when  these  are  turned  off.  For  the  Iouti  terminal, 
it  can  be  measured  by  loading  all  Os  to  the  DAC  and  measuring 
the  Iouti  current.  Minimum  current  will  flow  in  the  Iout2  hne 
when  the  DAC  is  loaded  with  all  Is. 


Output  Capacitance 

This  is  the  capacitance  from  the  Iouti  pin  to  AGND. 
Output  Voltage  Settling  Time 

This  is  the  amount  of  time  it  takes  for  the  output  to  setde  to  a 
specified  level  for  a  full-scale  input  change.  For  these  devices,  it 
is  specified  both  with  the  AD843  as  the  output  op  amp  in  the 
normal  current  mode  and  with  the  AD820  in  the  biased  current 


mode. 


,'qnl 


Digital  to  Analog  Glitch  Impulse 

This  is  the  amount  of  charge  injected  into  the  analog  output 
when  the  inputs  change  state.  It  is  specified  as  the  area  of  the 
glitch  in  nV-s.  It  is  measured  with  the  reference  input  connected 
to  AGND  and  the  digital  inputs  toggled  between  all  Is  and  all 
Os.  As  with  Settling  Time,  it  is  specified  with  both  the  AD817 
and  the  AD820. 

AC  Feedthrough  Error 

This  is  the  error  due  to  capacitive  feedthrough  from  the  DAC 
reference  input  to  the  DAC  lour,  terminal,  when  all  Os  are  ■ 
loaded  in  the  DAC. 

Digital  Feedthrough 

When  the  device  is  not  selected,  high  frequency  logic  activity  on 
the  device  digital  inputs  is  capacitively  coupled  through  the  de- 
vice to  show  up  as  noise  on  the  Iouti  P'n  and  subsequently  on 
the  op  amp  output.  This  noise  is  ™  '  '    "  ' 


PIN  CONFIGURATIONS 


DIP/SOP 


karri  LT 

IOUT2  LT 

AGND  LT 
STB1  [7 

I5T  [7 
sho  [7 
Shi  [7 

STB2  [7 


AD7943 
TOP  view 

(Not  to  Scale) 


g  Rfb 
§j  Vref 

U\  Voo 
13]  CLR 
TJ]  OGND 
TTJ  STB4 
Tj>]  STB3 
7J  LD2 


SSOP 


kxm  LT  • 
loun  LT 
AGND  [7 
STB1  [7 

NC[7  A°7943 
&     TOP  VIEW 
NC  Li.  (NottoScele) 

LOT  LT 

SRO  [7 

SRI  [7 

STB2  [To 


TS]  vref 

m  clr 

l7j  NC 
TTJ  NC 
TJj  OGND 
l|]  STB4 
TJ]  STB3 
E  LD2 


DIP/SOP/SSOP 


DIP/SOP/SSOP 


Iouti  LT 

AGND  [7 
DGND  [7 
DB11  |T 
DB10  LT 
DBS  [T 
DBS  [T 
DB7  [T 
DB6LT 
DBS  [J5 


AD794S 

TOP  VIEW 
(Not  to  Scale) 


if]  Rfb 
If]  Vbef 
If]  Vod 
3  Wfi 

jh  cs 

TJ]  DBO 
U\  DB1 
J3]  DB2 
TJ]  DBS 
TTJ  DB4 


Iouti  LT 

AGND  [T 
DGND  [T 
CSMSB  LT 

DF/DOR  LT 
CTRL  LT 
DB7  (MSB)  [T 
DBS  LT 
DB5  [J 
DB4  [To 


AD7948 

TOP  VIEW 
(Not  to  Scale) 


if]  Rfb 

TJ]  Vref 

If]  Voo 

JH  WR 

JU  CSLSB 
JH  LDAC 
T?J  DBO  (LSB) 
13]  DB1 
T|]  DB2 
TTJ  DB3 


NC  =  NO  CONNECT 
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AD7943  PIN  DESCRIPTION 


Pin  Mnemonic  Description 


Iouti  DAC  current  output  terminal  1. 

lou-re  DAC  current  output  terminal  2.  This  should  be  connected  to  the  AGND  pin. 

AGND               This  pin  connects  to  the  back  gates  of  the  current  steering  switches.  In  normal  operation,  it  should  be  connected 
to  the  signal  ground  of  the  system.  In  biased  single-supply  operation  it  may  be  biased  to  some  voltage  between 
0  V  and  the  1.23  V.  See  Figure  1 1  for  more  details.   

STB  1  This  is  the  Strobe  1  input.  Data  is  clocked  into  the  input  shift  register  on  the  rising  edge  of  this  signal.  STB  3 

must  be  high.  STB  2,  STB  4  must  be  low. 

LD1,  LD2  Active  low  inputs.  When  both  of  these  are  low,  the  DAC  register  is  updated  and  the  output  will  change  to 

reflect  this. 

SRI  Serial  Data  Input.  Data  on  this  line  will  be  clocked  into  the  input  shift  register  on  one  of  the  Strobe  inputs, 

when  they  are  enabled. 

STB  2  This  is  the  Strobe  2  input.  Data  is  clocked  into  the  input  shift  register  on  the  rising  edge  of  this  signal. 
  STB3  must  be  high.  STB  1,  STB  4  must  be  low. 

STB  3  This  is  the  Strobe  3  input.  Data  is  clocked  into  the  input  shift  register  on  the  falling  edge  of  this  signal.  STB  1, 

STB  2,  STB  4,  must  be  low. 

STB  4  This  is  the  Strobe  4  input.  Data  is  clocked  into  the  input  shift  register  on  the  rising  edge  of  this  signal.  STB  3 

must  be  high.  STB  1,  STB  2  must  be  low. 
DGND  Digital  Ground. 

CLR  Asynchronous  CLR  input.  When  this  input  is  taken  low,  all  Os  are  loaded  to  the  DAC  latch. 

VDD  Power  supply  input.  This  is  nominally  +5  V  for  Normal  Mode  Operation  and  +3.3  V  to  +5  V  for  Biased 

Mode  Operation. 
Vref  DAC  reference  input. 

Rfb  DAC  feedback  resistor  pin.  ^  :  ^ 


AD794S  PIN  DESCRIPTION 


Pin  Mnemonic 


Description 


Iouti  DAC  current  output  terminal  1 . 

AGND 

DGND 
DB11-DB0 

CS 
WR 
VDD 

Vref  DAC  reference  input. 

Rfb  DAC  feedback  resistor  pin. 




DAC  current  output  termin 

This  pin  connects  to  the  back  gates  of  the  current  steering  switches.   The  DAC  Iout2  terminal  is  also  connected 
internally  to  this  point. 
Digital  Ground. 
Digital  Data  Inputs. 
Active  Low,  Chip  Select  Input. 
Active  Low,  Write  Input. 

Power  supply  input.  This  is  nominally  +5  V  for  Normal  Mode  Operation  and  +3.3  V  to  +5  V  for  Biased  Mode 


I: 
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DF/DOR 

CTRL 

Function 

0 

0 

DAC  Register  Contents  Overridden  by  All  Os 

0 

1 

DAC  Register  Contents  Overridden  by  All  Is 

1 

0 

Left-Justified  Input  Data  Selected 

1 

1 

Right-Justified  Input  Data  Selected 

DAC  current  output  terminal  1 .  Normally  terminated  at  the  virtual  ground  of  output  amplifier. 
Analog  Ground  Pin.  This  pin  connects  to  the  back  gates  of  the  current  steering  switches.  The  DAC  lotm 
terminal  is  also  connected  internally  to  this  point. 
Digital  Ground  Pin. 

Chip  Select  Most  Significant  Byte.  Active  Low  Input.  Used  in  combination  with  WR  to  load 

external  data  into  the  input  register  or  in  combination  with  LDAC  and  WR  to  load  external  data  into  both  input 

and  DAC  registers. 

Data  Format/Data  Override.  When  this  input  is  low,  data  in  the  DAC  register  is  forced  to  one  of  two  override 
codes  selected  by  CTRL.  When  the  override  signal  is  removed,  the  DAC  output  returns  to  reflect  the  value  in 
the  DAC  register.  With  DF/DOR  high,  CTRL  selects  either  a  left  or  right  justified  input  data  format.  For  normal 
operation,  DF/DOR  is  held  high.  See  Table  I. 



Table  I.  Truth  Table  for  DF/DOR  CTRL 


■ 


Control  Input.  See  DF/DOR  description. 
Digital  Data  Inputs. 

Load  DAC  input,  active  low.  This  signal,  in  combination  with  others,  is  used  to  load  the  DAC  register  from 
either  the  input  register  or  the  external  data  bus. 

Chip  Select  Least  Significant  (LS)  Byte.  Active  Low  Input.  Used  in  combination  with  WR  to  load  external  data 
into  the  input  register  or  in  combination  with  WR  and  LDAC  to  load  external  data  into  both  input  and  DAC 
registers. 

Table  II.  Truth  Table  for  AD7948  Write  Operation 


WR 

CSMSB 

CSLSB 

LDAC 

Function 

0 

1 

0 

1 

Load  LS  Byte  to  Input  Register 

0 

1 

0 

0 

Load  LS  Byte  to  Input  Register  and  DAC  Register 

0 

0 

1 

1 

Load  MS  Byte  to  Input  Register 

0 

0 

1 

0 

Load  MS  Byte  to  Input  Register  and  DAC  Register 

? 

X 

1 

X 

0 
X 

Load  Input  Register  to  DAC  Register 
No  Data  Transfer 

Write  input,  active  low.  This  active  low  signal,  in  combination  with  others  is  used  in  loading  external  data  into 

the  AD7948  input  register  and  in  transferring  data  from  the  input  register  to  the  DAC  register. 

Power  supply  input.  This  is  nominally  +5  V  for  Normal  Mode  Operation  and  +3.3  V  to  +5  V  for  Biased  Mode 

Operation. 

DAC  reference  input. 
DAC  feedback  resistor  pin. 
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Typical  Performance  Curves 


Figure  6.  Integral  Nonlinearity  Error  vs.  Figure  8.  Linearity  Error  vs.  VREF  (Biased  Mode) 

VKF  (Normal  Mode) 
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 1 — 

Vrh:=0V 
Vbm- 1.23V 
_0P  AMP  a  AO820 

T.  -  *25X 


,  i  i.L, 


12 


-,  -0.50 


2048  3072 
INPUT  CODE 


figure  9.  -4//  Codes  Linearity  in  Biased  Mode 
(VDD  =  +3.3  V) 


-60 
-65 
-70 
-75 
-80 
-85 
-90 
-05 


Vdd  ■  +5V 

Ta  =  +25°C 

V|N  =  6V  rms 

OP  AMP  =  AD71 1 



FREQUENCY  -  Hz 


Figure  10.  Total  Harmonic  Distortion  vs.  Frequency 


5V/DIVISION  200ns/DIVtSION 

/      DIGITAL  INPUTS 

"  A 
/  \ 

I          \     AD711  OUTPUT 

e  V 

/      =  *5V 
DO 

rA  =  *25  C 

'ref  =  ov 

3P  AMP  =  AD71 1 

50mV/DIV,SION  200ns 

DIVISION 

Figure  11.  Digital-to-Analog  Glitch  Impulse 
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-10 
-20 

Voo  =  *5V 
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TA  =  *25°C 
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Figure  12.  Multiplying  Frequency  Response  vs. 
Digital  Code 
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GENERAL  DESCRIPTION 
D/A  Section 

The  AD7943,  AD7945  and  AD7948  are  12-bit  current-output 
D/A 
urel 

the  2  MSBs  of  the  12-bit  data  word  are  decoded  to  drive  the 
three  switches  A,  B  and  C.  The  remaining  10  bits  of  the  data 
word  drive  the  switches  SO  to  S9  in  a  standard  inverting  R-2R 
ladder  configuration. 

Each  of  the  switches  A  to  C  steers  1/4  of  the  total  reference  cur- 
rent into  either  Iotm  or  Ioim  with  the  remaining  1/4  of  the  to- 
tal current  passing  through  the  R-2R  section.  Switches  S9  to  SO 
steer  binarily  weighted  currents  into  either  Iouri  or  Iout2-  If 
Iouti  an(l  I0UT2  are  kept  at  the  same  potential,  a  constant  cur- 
rent flows  in  each  ladder  leg,  regardless  of  digital  input  code. 
Thus,  the  input  resistance  seen  at  Vref  is  always  constant.  It  is 
equal  to  R/2.  The  Vref  input  may  be  driven  by  any  reference 
voltage  or  current,  ac  or  dc  that  is  within  the  Absolute  Maxi- 
mum Ratings. 

The  device  provides  access  to  the  Vref,  Rfb>  and  louri  termi- 
nals of  the  DAC.  This  makes  the  device  extremely  versatile  and 
allows  it  to  be  configured  in  several  different  operating  modes. 
Examples  of  these  are  shown  in  the  following  sections.  The 
57943  also  has  a  separate  Iotm  P"*-  In  the  AD7945  and 
'""8  this  is  internally  tied  to  AGND. 

When  an  output  amplifier  is  connected  in  the  standard  configu- 
ration of  Figure  14,  the  output  voltage  is  given  by: 

Vovt  =  -D  xVref 

where  D  is  the  fractional  representation  of  the  digital  word 
loaded  to  the  DAC.  D  can  be  set  from  0  to  4095/4096,  since  it 
has  12-bit  resolution. 


lotm 


SHOWN  FOR  ALL  1s  ON  DAC 

Figure  13.  Simplified  D/A  Circuit  Diagram 


UNIPOLAR  BINARY  OPERATION 
(Two-Quadrant  Multiplication) 

Figure  14  shows  the  standard  unipolar  binary  connection  dia- 
gram for  the  AD7943,  AD7945  and  AD7948.  When  Vm  is  an 
ac  signal,  the  circuit  performs  two-quadrant  multiplication.  Re- 
sistors Rl  and  R2  allow  the  user  to  adjust  the  DAC  gain  error. 
With  a  specified  gain  error  of  2  LSBs  over  temperature,  these 
are  not  necessary  in  many  applications.  Circuit  offset  is  due 
completely  to  the  output  amplifier  offset.  It  can  be  removed  by 
adjusting  the  amplifier  offset  voltage.  Alternatively,  choosing  a 
low  offset  amplifier  makes  this  unnecessary. 

Al  should  be  chosen  to  suit  the  application.  For  example,  the 
OP07  is  ideal  for  very  low  bandwidth  applications  (10  kHz  or 

do  inn 


NOTES 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2.  DIGITAL  INPUT  CONNECTIONS  ARI 

3.  C1  PHASE  COMPENSATION  (5-1 5pF)  MAI 
USING  HIGH  SPEED  AMPLIFIER. 


AD845 
SIGNAL  GROUND 


REQUIRED  WHEN 


Figure  14.  Unipolar  Binary  Operation 

lower)  while  the  AD71 1  is  suitable  for  medium  bandwidth  ap- 
plications (200  kHz  or  lower).  For  high  bandwidth  applications 
of  greater  than  200  kHz,  the  AD843  and  AD847  offer  very  fast 
settling  times. 

The  code  table  for  Figure  14  is  shown  in  Table  III. 


r  Figure  14  is  shown  in  Table  III. 
Table  ID.  Unipolar  Binary  Code 


Digital  Input 
MSB  LSB 

Analog  Output 

(Vout  as  Shown  in  Figure  IS) 

1111  1111  1111 
1000  0000  0001 
1000  0000  0000 
0111  1111  1111 
0000  0000  0001 
0000  0000  0000 

-Vref  (4095/4096) 
-Vref  (2049/4096) 
-Vref  (2048/4096) 
-Vref  (2047/4096) 
-Vref  (1/4096) 
-Vref  (0/4096)  =  0 

NOTE 

Nomina]  LSB  size  for  the  circuit  of  Figure  14  is  given  by:  Vref  (1/4096). 
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BIPOLAR  OPERATION 
(Four-Quadrant  Multiplication) 

Figure  1 5  shows  the  standard  connection  diagram  for  bipolar 
operation  of  the  AD7943,  AD7945  and  AD7948.  The  coding  is 
offset  binary  as  shown  in  Table  IV.  When  Vtm  is  an  ac  signal, 
the  circuit  performs  four-quadrant  multiplication.  Resistors  Rl 
and  R2  are  for  gain  error  adjustment  and  are  not  needed  in 
many  applications  where  the  device  gain  error  specifications  are 
adequate.  To  maintain  the  gain  error  specifications,  resistors 
R3,  R4  and  R5  should  be  ratio  matched  to  0.01%. 


YAGND  v*7 

'  SIGNAL  GROUND 
NOTES 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2.  DIGITAL  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  C1  PHASE  COMPENSATION  (5-1 5pF)  MAY  BE  REQUIRED  WHEN 
USING  HIGH  SPEED  AMPLIFIER,  A1. 

Figure  15.  Bipolar  Operation  (Four-Quadrant 
Multiplication) 

Suitable  dual  amplifiers  for  use  with  Figure  15  are  the  OP270 
(low  noise,  low  bandwidth,  15  kHz),  the  AD712  (medium 
bandwidth,  200  kHz)  or  the  AD827  (wide  bandwidth,  1  MHz). 

Table  IV.  Bipolar  (Offset  Binary)  Code 


Table  Digital  Input 
MSB  LSB 

Analog  Output 

(Volt  as  Shown  in  Figure  16) 

1111  1111  1111 

+VreF  (2047/2048) 

1000  0000  0001 
1000  0000  0000 

+VreF  (1/2048) 
+Vref  (0/2048)  =  0 

0111  1111  1111 
0000  0000  0001 
0000  0000  0000 

-Vref  (1/2048) 

-Vref  (2047/2048) 

-Vref  (2048/2048)  =  -Vref 

Nominal  LSB  size  for  the  circuit  of  Figure  15  is  given  by:  Vubf  (1/2048). 


SINGLE  SUPPLY  APPLICATIONS 

The  "-B"  versions  of  the  devices  are  specified  and  tested  for 
single  supply  applications.  Figure  16  shows  the  recommended 
circuit  for  operation  with  a  single  +5  V  to  +3.3  V  supply.  The 
I0ut2  and  AGND  terminals  are  biased  to  1 .23  V.  Thus,  with  0  V 
applied  to  the  Vref  terminal,  the  output  will  go  from  1 .23  V  (all 
0s  loaded  to  the  DAC)  to  2.46  V  (all  Is  loaded).  With  2.45  V 
applied  to  the  Vref  terminal,  the  output  will  go  from  1 .23  V  (all 
0s  loaded)  to  0.01  V  (all  Is  loaded).  It  is  important  when  con- 
sidering INL  in  a  single-supply  system  to  realize  that  most 
single-supply  amplifiers  cannot  sink  current  and  maintain  zero 
volts  at  the  output.  In  Figure  16,  with  Vref  =  2.45  V  the  re- 
quired sink  current  is  200  uA.  The  minimum  output  voltage 
level  is  10  mV.  Op  amps  like  the  OP295  are  capable  of  main- 
taining this  level  while  sinking  200  \iA. 

Figure  16  shows  the  Iout2  and  AGND  terminals  being  driven 
by  an  amplifier.  This  is  to  maintain  the  bias  voltage  at  1.23  V 
as  the  impedance  seen  looking  into  the  Iotm  terminal  changes. 
This  impedance  is  code  dependent  and  varies  from  infinity  (all 
0s  loaded  in  the  DAC)  to  about  6  kQ  minimum.  The  AD589 
has  a  typical  output  resistance  of  0.6  £2  and  it  can  be  used  to 
drive  the  terminals  directly.  However,  this  will  cause  a  typical 
linearity  degradation  of  0.2  LSBs.  If  this  is  unacceptable  then 
the  buffer  amplifier  is  necessary.  Figure  9  shows  the  typical  lin- 
earity performance  of  the  AD7943/AD7945/AD7948  when  used 
as  in  Figure  16  with  VDD  set  at  +3.3  V  and  Vref  =  0  V. 
■ 


16.  Single  Supply  System 
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+5  Volt,  Serial  Input, 
Dual  12-Bit  DAC 
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FEATURES 

Complete  Dual  12-Bit  DAC 
No  External  Components 
+5  V  Single-Supply  Operation  ±10% 
4.095  V  Full  Scale  (1  mV/LSB) 
I  Voltage  ( 


AD8522 


FUNCTIONAL  BLOCK  DIAGRAM 


-O- 


Space  Saving  1.5  mm  Height  SO-  4  Package 

APPLICATIONS 
Digitally  Controlled  Calibration 
Servo  Controls 
Process  Control  Equipment 
Computer  Peripherals 
Portable  Instrumentation 

Base  Stations  Voltage  Adjustment 


cs( 


SDI 
(DATA) 


CLK 
LATCH 


SHIFT 
REGISTER 


SDOO-<Jll 


Cellular 


CONTROL 
LOGIC 


DAC  A 
REGISTER 


BANDGAP 
REFERENCE 


DAC  B 
REGISTER 


BUF^ 


"OUTB 


GENERAL  DESCRIPTION 

The  AD8522  is  a  complete  dual  12-bit,  single-supply,  voltage 
output  DAC  in  a  14-pin  DIP,  or  SO-14  surface  mount  package. 
Fabricated  in  a  CBCMOS  process,  features  include  a  serial  digi- 
tal interface,  onboard  reference,  and  buffered  voltage  output. 
Ideal  for  +5  V-only  systems,  this  monolithic  device  offers  low 
cost  and  ease  of  use,  and  requires  no  external  components  to 
realize  the  full  performance  of  the  device. 

The  serial  digital  interface  allows  interfacing  directly  to  numer- 
ous microcontroller  ports,  with  a  simple  high  speed,  three-wire 
data,  clock,  and  load  strobe  format.  The  1 6-bit  serial  word  con- 
tains the  1 2-bit  data  word  and  DAC  select  address,  which  is  de- 
coded internally  or  can  be  decoded  externally  using  LDA,  LDB 


MSB  RS  AGND 


inputs.  A  serial  data  output  allows  the  user  to  easily  daisy-chain 
multiple  devices  in  conjunction  with  a  chip  select  input.  A  reset 
RS  input  sets  the  outputs  to  zero  scale  or  midscale,  as  deter- 
mined by  the  input  MSB. 

The  output  4.095  V  full  scale  is  laser  trimmed  to  maintain  accu- 
racy over  the  operating  temperature  range  of  the  device,  and 
gives  the  user  an  easy-to-use  one-millivolt-per-bit  resolution.  A 
2.5  V  reference  output  is  also  available  externally  for  other  data 
acquisition  circuitry,  and  for  ratiometric  applications.  The  out- 
put buffers  are  capable  of  driving  +5  mA. 

The  AD8522  is  available  in  the  14-pin  plastic  DIP  and  low  pro- 


file 1.5  mm  SOIC-14  packages. 
PACKAGE  TYPES  AVAILABLE 


1024         2048  3072 
DIGITAL  INPUT  CODE  -  Decimal 


Figure  7.  Linearity  Error  vs.  Digital  Code  &  Temperature 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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STATIC  PERFORMANCE 
Resolution1 
Relative  Accuracy 
Differential  Nonlinearity 
Zero-Scale  Error 
Full-Scale  Voltage2 
Full-Scale  Tempco2' 3 


N 

INL 
DNL 

VzSE 

VFS 

TCVFS 


Monotonic 
Data  =  000H 
Data  =  FFFH 




12 

-1.5 

±0.5 

+  1.5 

-1 

±0.5 

+  1 

+0.5 

+3 

4.079 

4.095 

4.111 

±15 

MATCHING  PERFORMANCE 
Linearity  Matching  Error 


AVpsA/B 


±1 


ANALOG  OUTPUT 
Output  Current 
Load  Regulation  at  Half-Scale 
Capacitive  Load3 





loUT 

LDreg 


Data  =  800H,  AVOUT  S  3  LSB 
RL  =  402  SI  to  °°,  Data  =  800H 
No  Oscillation 


±5 
1  3 
500 


REFERENCE  OUTPUT 
Output  Voltage 
Output  Source  Current4 
Line  Rejection 
Load  Regulation 


Vref 
Iref 
LNrfj 
LDreg 


2.484 

AVref  <  18  mV 
Iref  =  0  to  5  mA,  Data  =  800h 


2.500  2.516 

0.025  0.08 
0.1 


LOGIC  INPUTS  &  OUTPUTS 
Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Input  Leakage  Current 
Input  Capacitance3 
Logic  Output  Voltage  Low 
Logic  Output  Voltage  High 


Vn. 
Vra 

I.L 

CIL 
Vol 
VOH 


IOL=  1.6  mA 
I0H  =  400  pA 


2.4 


3.5 


0.8 

10 
10 
0.4 


TIMING  SPECIFICATIONS3' 5 
Clock  Width  High 
Clock  Width  Low 
Load  Pulse  Width 
Data  Setup 
Data  Hold 
Clear  Pulse  Width 
Load  Setup 
Load  Hold 
Select 
Deselect 

Clock  to  SDO  Propagation  Delay 


tCH 

to. 

tLDW 

Ids 
idh 

tcLRW 

t-LDl 

tLD2 

tcss 

tCSH 
tpD 


35 
35 
25 
10 
20 
20 
10 
10 
30 
30 
20 


45 


80 


AC  CHARACTERISTICS3-5 
Voltage  Output  Settling  Time6 
Crosstalk 


ts 
CT 


DAC  Glitch 
Digital  Feedthrough 


SUPPLY  CHARACTERISTICS 


To±l  LSB  of  Final  Value 

Signal  Measured  at  DAC  <  

While  Changing  Opposite  LDA/ 
Half-Scale  Transition 
Signal  Measured  at  DAC  Output, 
While  Changing  Data  Without  LDA/B 


16 

38 
13 


Positive  Supply  Current 
Power  Dissipation7 
Power  Supply  Sensitivity 


Pdiss 
PSS 


VDD  =  5.5  V,  V,H  =  2.4  V  or  Vn.  =  0.8  V 

VDd  =  5V,Vil  =  0V 

VDD  =  5  V,  VIH  =  2.4  V  or  Vn.  =  0.8  V 

Vdd  =  5  V,  VIL  =  0  V 

AVDD  =  ±5% 


5 

0.002 


10 
0.004 


NOTES 

'  I  LSB  =  1  mV  for  0  V  to  +4.095  V  output  range, 
includes  internal  voltage  reference  error. 
^These  parameters  are  guaranteed  by  design  and  not  subject 
4Very  little  sink  current  is  available  at  the  Vref  pin.  Use  external 
'All  input  control  signals  are  specified  with  t,  =  tr  =  5  ns  (10% 
^e  settling  time  specification  docs  not  appl; 
7Power  Dissipation  is  calculated  IDD  x  5  V. 
Specifications  subject  to  change  without  notice. 


production  testing. 

buffer  if  setting  up  a  virtual  ground, 
to  90%  of +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
LSBsof 
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F/gure  2.  77m/ng  Diagram 
SERIAL  INPUT  REGISTER  DATA  FORMAT 


First 


DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

D10 

Dll 

D12 

D13 

D14 

D15 

DBO 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB8 

DB9 

DB10 

DB11 

NC 

A 

B 

Sf/Hd 

Table  I.  Truth  Table 


Data  Word 

Ext  Pins 

DAC  Register 

SfJHd 

 1 

B 

A 

LDA 

LDB 

Hardware  Lc 

L 

L 

L 
L 

ad: 
X 
X 
X 
X 



X 
X 

x 

X 



i 

4' 
1 

H 
H 



4 
H 

-I 

H 

Loads  DACA  +  DACB  with  Data  from  SR 
Loads  DACA  with  Data  from  SR 
Loads  DACB  with  Data  from  SR 
No  Load 

Software  Dec 

H 

H 

H 

:ode  Load: 
L 
H 
H 

L 
L 
L 

X 

4 

H 

4 
H 
4 

X 

4 

H 

4 

H 

4 

No  Load 

Loads  DACB  with  Data  from  SR,  See  Note  1  Below 
No  Load 

Loads  DACA  with  Data  from  SR,  See  Note  1  Below 
No  Load 

Loads  DACA  +  DACB  with  Data  from  SR,  See  1  Note  Below 
No  Load 

H 
H 
H 

L 
L 
H 

H 
H 
H 

H 

H 

H 

H 

H 

NOTES 

'In  software  mode  LDA  and  LDB  perform  the  same  function.  They  can  be  tied  together  or  the  unused  pin  should  be  tied  high. 
2External  Pins  LDA  and  LDB  should  always  be  high  when  shifting  Data  into  the  shift  register. 
3i-  symbol  denotes  negative  transition. 
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Figure  3.  AC  Timing  SDO  Pin  Load  Circuit 
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Pin 


Function 


SDI 

CLK 

CS 

LDA/B 

SDO 

RS 

MSB 

Vdd 

AGND 

DGND 

Vref 

VoUT/VB 


Serial  Data  Input,  input  data  loads  directly  into  the  shift  register. 
Clock  input,  positive  edge  clocks  data  into  shift  register. 

Chip  Select,  active  low  input.  Prevents  shift  register  loading  when  high.  Does  not  affect  LDA  and  LDB  operation. 

Load  DAC  register  strobes,  active  low.  Transfers  shift  register  data  toDAC  register.  See  truth  table  for  operation. 
Software  decode  feature  only  requires  one  LD  strobe.  Tie  LDA  and  LDB  together  or  use  one  of  them  with  the 

other  pin  tted-)righ~  ,  — y— •  y  y  

Serial  Data  Output.  Output  of  shift  register,  always  active. 

Resets  DAC  registers  to  condition  determined  by  MSB  pin.  Active  low  input. 

Digital  input:  High  presets  DAC  registers  to  half  scale  (800h);  Low  clears  all  registers  to  zero  (OOOh),  when  RS  is 

strobed  to  active  low.        i  sU  .■)   ^!  • 

Positive  +5  V  power  supply  input.  Tolerance  ±10%. 
Analog  Ground  Input. 
Digital  Ground  Input. 

\  _  /  !~e  J   W 

Reference  Voltage  Output,  2.5  V  nominal. 
DAC  ■ 


outputs,  4.095  V  full  scale,  +5  mA  output. 


PIN  CONFIGURATION 


14-Pin  Plastic  DIP 


VOUTA  m 

AGND  [T 

iJJ  VOUTB 

DGND  []f 

cs  [7 

CLK  [7 
SDI  [T 
SDO  [7 

ADS522 

(Not  TO  Scale) 

jTj  MSB                1  C 

• 

□ 

-1 

7o]rs  £ 
JjEb*  | 

innnn 

ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  DGND  &  AGND  -0.3  V,  +7  V 

14-LeadSO-14  Logic  Inputs  and  Output  to  DGND   -0.3  V,  VDD  +  0.3  V 

Vour  to  AGND   -0.3  V,  VDD  +  0.3  V 


.-0.3V,VDD  +  0.3  V 
-0.3  V,  VDD 


Table  II.  Truth  Tables 


RS 

0 

0 

1 


CS 


MSB 





CLK 


DAC  Register  Preset 
Register  Activity 


Asynchronously  Resets  DAC  Registers  to  Zero 
Scale 

Asynchronously  Presets  DAC  Registers  to 

Half  Scale  (800H) 

None 




VrefIoAGND  . 
AGND  to  DGND 

lour  Short  Circuit  to  GND  or  VDD  50  mA 

Package  Power  Dissipation   (Tj  max-TA)/9JA 

Thermal  Resistance,  9jA 

14-Pin  Plastic  DIP  Package  (N-14)   83°C/W 

14-Lead  SOIC  Package  (SO-14)   120°C/W 

Maximum  Junction  Temperature  (Tj  max)    1 50°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range   h.  -65°C  to  + 1 50°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

ORDERING  GUIDE 


Shift  Register 


No  Effect 

Shifts  Register  One  Bit,  SDO  Outputs  Data 
from  1 6  Clocks  Earlier 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD8522AN 

-40°C  to  +85°C 

14-Pin  P-DIP 

N-14 

AD8522AR 

-40°C  to  +85°C 

14-Lead  SOIC 

SO-14 

AD8522Chips 

+25°C 

Die 

*For  outline  information  see  Package  Information  section. 
The  AD8522  contains  1482  transistors. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 

accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 

Although  the  AD8522  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 

occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 

precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 

, — _  
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DEVICES  Complete  Dual  12-Bit  DAC 


AD8582 


FEATURES 

Complete  Dual  12-Bit  DAC 
No  External  Components 
Single  +5  Volt  Operation 
1  mV/Bit  with  4.095  V  Full  Scale 
True  Voltage  Output,  ±5  mA  Di 
Very  Low  Power:  5  mW 

APPLICATIONS 
Digitally  Controlled  Calibration 
Portable  Equipment 
Servo  Controls 
Process  Control  Equipment 
PC  Peripherals 


FUNCTIONAL  BLOCK  DIAGRAM 


AD8582 


rive 


LDB 


T  \xj  INPUT  B  L, 
I  1  REGISTER  * 

— V 


3"  ' '  I  M 

133  L£] 


12 


12-BIT 
DAC  B 


> 


£3- 


VOUTB 
AGNO 


RST  "SB 


. 

GENERAL  DESCRIPTION 

The  AD8582  is  a  complete,  parallel  input,  dual  12-bit,  voltage 
output  DAC  designed  to  operate  from  a  single  +5  volt  supply. 
Built  using  a  CBCMOS  process,  this  monolithic  DAC  offers  the 
user  low  cost,  and  ease-of-use  in  +5  volt  only  systems. 

Included  on  the  chip,  in  addition  to  the  DACs,  are  a  rail-to-rail 
amplifier,  latch  and  reference.  The  reference  (Vref)  is  trimmed 
to  2.5  volts  output,  and  the  on-chip  amplifier  gains  up  the  DAC 
output  to  4.095  volts  full  scale.  The  user  needs  only  supply  a  +5 
volt  supply. 

!  is  coded  natural  binary.  The  op  amp  output 
0  volt  to  +4.095  volts  for  a  one-millivolt-per-bit 
resolution,  and  is  capable  of  driving  ±5  mA.  Operation  down  to 
4.3  V  is  possible  with  output  load  currents  less  than  1  mA. 


The  high  speed  parallel  data  interface  connects  to  the  fastest 
processors  without  wait  states.  The  double-buffered  input  struc- 
ture allows  the  user  to  load  the  input  registers  one  at  a  time, 
then  a  single  load  strobe  tied  to  both  LDA  +  LDB  inputs  will 
update  both  DAC  outputs  simultaneously.  LDA  and  LDB  can 
also  be  activated  independently  to  immediately  update  their  re- 
spective DAC  registers.  An  address  input  decodes  DAC  A  or 
DAC  B  when  the  chip  select  CS  input  is  strobed.  An  asynchro- 
nous reset  input  sets  the  output  to  zero  scale.  The  MSB  bit  can 
be  used  to  establish  a  preset  to  midscale  when  the  reset  input  is 
strobed. 

The  AD8582  is  available  in  the  24-pin  plastic  DIP  and  the  sur- 
face mount  SOIC-24.  Each  part  is  fully  specified  for  operation 
over  -40°C  to  +85°C,  and  the  full  +5  V  ±  5%  power  supply 
range. 


I.. 

■ 

z 
i 

g  «■< 


4°o 


I  I  III  I  II 

AVFS  <  1  LSB 
DATA  ■  FFFH 
.  T4  =  +25°C 


PROPER  OPERATION 
WHEN  VD0  SUPPLY 
VOLTAGE  ABOVE 
CURVE 


0.01 


0.1  1.0  10 

OUTPUT  LOAD  CURRENT  -  mA 


1 

1 

-1.0 
-1.5 


-2.0 


~~ i  i  i  i  r 

T.  =  -55"C,  *25"C,  *85'C 


 ^Sflffflllffl 


■  =  +25"C  t,  *85'C 

■  =-55C 


i  u«  una  jui  c  4096 

DIGITAL  INPUT  CODE -Decimal 


Figure  1.  Minimum  Supply  Voltage  vs.  Load 


Figure  2.  Linearity  Error  vs.  Digital  Code  and  Temperature 

■ 

■ 


REV.  0 


DIGITAL-TO-ANALOG  CONVERTERS  3-245 


Parameter 



STATIC  PERFORMANCE 

Resolution 

Relative  Accuracy 

Differential  Nonlinearity 

Zero-Scale  Error 

Full-Scale  Voltage 

Full-Scale  Tempco 


Symbol 

N 

INL 
DNL 

VZSE 

VFS 

TCVps 


Condition 

Note  1 

Monotonic 
Data  =  000H 
Data  =  FFFH,2 
Notes  2  and  3 


Min 


Typ 


Max 


1  o 

lz 

Bits 

-2 

±3/4 

+2 

LSB 

-1 

+3/4 

+1 

LSB 

+0.2 

+3 

mV 

4.079 

4.095 

4.111 

V 

±16 

ppm/°C 

MATCHING  PERFORMANCE 
Linearity  Matching  Error 


±1 


REFERENCE  OUTPUT 
Output  Voltage 
Output  Source  Current 
Line  Rejection 
Load  Regulation 


Iref 
LNrj 

LDhi 


Note  4 


i  0  mA  to  5  mA 


2.484      2.500  2.516 
-5 
0.08 
0.1 


ANALOG  OUTPUT 
Output  Current 
Load  Regulation  at  Half  Scale 
Capacitive  Load 


^OUT 

LDrec 

cL 


Data  =  800H 

Rl  =  402  Q  to  °°,  Data  =  800H 
No  Oscillation3 


±5 

1  3 
500 


DYNAMIC  CHARACTERISTICS' 
Crosstalk 

Voltage  Output  Settling  Time' 
Digital  Feedthrough 


ts 
FT 


To±l  LSB  of  Final  Value 

Signal  Measured  at  DAC  Output,  While 

Changing  Data  (LDA  =  LDB  =  "1") 


>64 

16 

35 


LOGIC  INPUTS 

Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Input  Leakage  Current 
Input  Capacitance 


Note  3 


0.8 

2.4 

10 
10 


TIMING  SPECIFICATIONS'' 
Chip  Select  Pulse  Width 
DAC  Select  Setup 
DAC  Select  Hold 
Data  Setup 
Data  Hold 
Load  Setup 
Load  Hold 
Load  Pulse  Width 
Reset  Pulse  Width 


t*I 

Ids 
*dh 

tLH 

tow 

lRSW 


30 
30 
0 

30 
10 
20 
10 
20 
30 


SUPPLY  CHARACTERISTICS 
Positive  Supply  Current 

Power  Dissipation7 

Power  Supply  ! 


Pdiss 
PSS 


Vm  =  2.4  V,  Va.  =  0.8  V 
V„.  =  0  V,  VDD  =  +5  V 
VIH  =  2.4  V,Vn_  =  0.8  V 
V1L  =  0V,VDD=+5V 
AVDD  =  ±5% 


4 

7 

mA 

1 

2 

mA 

20 

35 

mW 

5 

10 

mW 

0.002 

0.004 

%/% 

NOTES 

'1  LSB  =  1  mV  for  0  V  to  +4.095  V  output  range, 
includes  internal  voltage  reference  error. 

These  parameters  are  guaranteed  by  design  and  not  subject  to  production  testing. 

*Very  little  sink  current  is  available  at  the  V,^  pin.  Use  external  buffer  if  setting  up  a  virtual  ground. 

'Settling  time  is  not  guaranteed  for  the  first  six  codes  0  through  5. 

6A11  input  control  signals  are  specified  with  tR  =  tF  =  5  ns  (10%  to  90%  of  +5  V)  and  rimed  from  a  voltage  level  of  1.6  V. 
7Power  dissipation  is  a  calculated  value  IDD  x  5  V. 
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ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  DGND  &  AGND  -0.3  V,  +7  V 

Logic  Inputs  to  DGND   -0.3  V,  VDD  +  0.3  V 

VouxtoAGND   -0.3  V,  VDD  +  0.3  V 

Vref  to  AGND   -0.3  V,  VDD  +  0.3  V 

AGND  to  DGND   -0.3V,VDD 

Iout  Short  Circuit  to  GND   50  mA 

Package  Power  Dissipation   (Tj  max-T^/OjA 

Thermal  Resistance,  8ja 

24-Pin  Plastic  DIP  Package  (N-24)    62°C/W 

24-Lead  SOIC  Package  (SOL-24)    73°C/W 

Maximum  Junction  Temperature  (Tj  max)    1 50°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
;  of  this  specification  is  not  implied.  Exposure  to  absolute 

:  reliability. 


itions  for  extended  periods  may  affect  c 


PIN  DESCRIPTION 


 -f1 

LDA,  LDB         \  ' 


Timing  Diagram 


ORDERING  INFORMATION1 

■ 

Model 

Temperature 
Range 

Package 
Description 

Package 
Option' 

AD8582AN 
AD8582AR 
AD8582Chips 

-40°C  to  +85°C 
-40°C  to  +85°C 
+25°C 

24-Pin  Plastic  DIP 
24-Lead  SOIC 
Die 

N-24 
SOL-24 

NOTES 

'For  die  specifications  contact  your  local  Analog  Devices  sales  office.  The 
AD8582  contains  1270  transistors. 
2For  outline  information  see  Package  Information  section. 

- 


Pin  No.   Name  Description 


1,  24 


3 

4,21 


5 


6 

RST 

7-18 

DB„- 

19 

CS 

20 

A/B 

22 

VDD 

23 

Vref 

VoUTA 
VoUTB 


AGND 


DGND 


LDA, 
LDB 


MSB 


Voltage  outputs  from  the  DACs.  Fixed 
output  voltage  range  of  0  V  to  4.095  V 
with  1  mV/LSB.  An  internal 
temperature  stabilized  reference 
maintains  a  fixed  full-scale  voltage 
independent  of  time,  temperature  and 
power  supply  variations. 
Analog  Ground.  Ground  reference  for 
the  internal  bandgap  reference  voltage, 
the  DAC,  and  the  output  buffer. 
Digital  ground  for  input  logic. 
Load  DAC  register  strobes.  Transfers 
input  register  data  to  the  DAC  registers. 


May  be  connected  together  to  double- 
buffer  load  DAC  registers. 
Digital  Input:  High  presets  DAC 
registers  to  half  scale  (800H),  Low 
clears  DAC  registers  to  zero  (000H) 
upon  RST  assertion. 
Active  low  digital  input  that  clears  the 
DAC  register  to  zero,  setting  the  DAC 
to  minimum  scale  when  MSB  pin  =  0, 
or  half-scale  when  MSB  pin  =  1. 
Twelve  Binary  Data  Bit  Inputs.  DB1 1  is 
the  MSB  and  DB0  is  the  LSB. 
Chip  Select.  Active  low  input. 
Select  DAC  A  =  0  or  DAC  B  =  1 . 
Positive  Supply.  Nominal  value  +5  V,  ±5%. 
Nominal  2.5  V  reference  output 
voltage.  This  node  must  be  buffered  if 
required  to  drive  external  loads. 


PIN  CONFIGURATIONS 


N-24 
24-Pin  Plastic  DIP 


SOL-24 
24-Pin  SOIC 


VOUTA  LL 
AGND  (T 
DGND  [T 
LDA  [T 
MSB  [T 
RST  [T 
DB0  [7 
DB1  [? 
DB2  \T 
DB3  [jo 
DB4  [Ti 
DB5  [TJ 


24] 


AD8582 

TOP  VIEW 
(Not  to  Scale) 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8582  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


VDO 
LDB 

A/a 

ci 

DB11 
DB10 
DB9 


AD8582 

TOP  VIEW 
(Not  to  Scale) 
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Table  I.  Control  Logic  Truth  Table 


- 


cs 

AIB 

LDA 

LDB 

RST 

MSB 

L 

L 

H 

H 

H 

X 

L 

H 

H 

H 

H 

X 

L 

L 

L 

H 

H 

X 

L 

H 

H 

L 

H 

X 

H 

X 

L 

L 

H 

X 

H 

X 

A 

A 

H 

X 

X 

X 

X 

X 

L 

L 

X 

X 

X 

L 

H 

H 

X 

X 

x 

A 

X 

Input  Register 


DAC 





Write  to  A 
Write  to  B 
Write  to  A 
Write  to  B 
Latched 
Latched 

Reset  to  Zero  Scale 
Reset  to  Midscale 
Latch  Reset  Value 


Latched 

Latched 

A  Transparent 

B  Transparent 

A  &  B  Transparent 

Latched 

Reset  to  Zero  Scale 

Reset  to  Midscale 

Latch  Reset  Value 



"Denotes  positive  edge  triggered. 
OPERATION 

The  AD8582  is  a  complete,  ready-to-use  dual  12-bit  digital-to- 
analog  converter.  Only  one  +5  V  power  supply  is  necessary  for 
operation.  It  contains  two  voltage-switched,  12-bit,  laser- 
trimmed  digital-to-analog  converters,  a  curvature-corrected 
bandgap  reference,  rail-to-rail  output  op  amps,  input  registers, 
and  DAC  registers.  The  parallel  data  interface  consists  of  twelve 
data  bits,  DB0-DB11,  an  address  select  pin  A/B,  two  load 
strobe  pins  (LDA,  LDB)  and  an  active  low  CS  strobe.  In  addi- 
tion an  asynchronous  RST  pin  will  set  all  DAC  register  bits  to 
zero  causing  the  V0ur  t0  become  zero  volts,  or  to  midscale  for 
trimming  applications  when  the  MSB  pin  is  programmed  to 
Logic  1 .  This  function  is  useful  for  power  on  reset  or  system 
failure  recovery  to  a  known  state 


D/A  CONVERTER  SECTION 

The  internal  DAC  is  a  1 2-bit  voltage-mode  device  with  an 
output  that  swings  from  AGND  potential  to  the  2.5  volt  in- 
ternal bandgap  voltage.  It  uses  a  laser  trimmed  R-2R 
ladder  which  is  switched  by  N  channel  MOSFETs.  The  out- 
put voltage  of  the  DAC  has  a  constant  resistance  independent 
of  digital  input  code.  The  DAC  output  (not  available  to  the 
user)  is  internally  connected  to  the  rail-to-rail  output  op  amp. 

AMPLIFIER  SECTION 

The  internal  DAC's  output  is  buffered  by  a  low  power  con- 
sumption precision  amplifier.  This  low  power  amplifier  contains 
a  differential  PNP  pair  input  stage  which  provides  low  offset 
voltage  and  low  noise,  as  well  as  the  ability  to  amplify  the  zero- 
scale  DAC  output  voltages.  The  rail-to-rail  amplifier  is  config- 
ured in  a  gain  of  1.6384  (=  4.095  V/2.5  V)  in  order  to  set  the 
4.095  volt  full-scale  output  (1  mV/LSB).  See  Figure  3  for  an 
equivalent  circuit  schematic  of  the  analog  section. 

The  op  amp  has  a  16  us  typical  settling  time  to  0.01%.  There 
are  slight  differences  in  settling  time  for  negative  slewing  signals 
versus  positive.  See  the  oscilloscope  photos  in  the  Typical  Per- 
formances section  of  this  data  sheet. 


VOLTAGE  SWITCHED  1 2-BIT  HAIL-TO-RAIL 
OUTPUT 


AV  =  4.095/2.5 
=  1.6MV/V 


Figure  3.  Equivalent  Schematic  of  Analog  Portion 


OUTPUT  SECTION 

The  rail-to-rail  output  stage  of  this  amplifier  has  been  designed 
to  provide  precision  performance  while  operating  near  either 
power  supply.  Figure  4  shows  an  equivalent  output  schematic  of 
the  rail-to-rail  amplifier  with  its  N  channel  pull-down  FETs  that 
will  pull  an  output  load  directly  to  GND.  The  output  sourcing 
current  is  provided  by  a  P  channel  pull-up  device  that  can  sup- 
ply GND  terminated  loads,  especially  important  at  the  -5% 
supply  tolerance  value  of  4.75  volts. 


BOA 


Figure  4.  Equivalent  Analog  Output  Circuit 
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ture  coefficient.  The  voltage  generated  by  the  reference  is 
available  at  the  Vref  pin.  Since  Vref  is  not  intended  to  drive  ex- 
ternal loads,  it  must  be  buffered.  The  equivalent  emitter  fol- 
lower output  circuit  of  the  Vref  pin  is  shown  in  Figure  3. 

Bypassing  the  Vref  Pm  W'H  improve  noise  performance;  how- 
ever, bypassing  is  not  required  for  proper  operation.  Figure  8 
shows  broadband  noise  performance. 

POWER  SUPPLY 

The  very  low  power  consumption  of  the  AD8582  is  a  direct  re- 
sult of  a  circuit  design  optimizing  use  of  the  CBCMOS  process. 
By  using  the  low  power  characteristics  of  the  CMOS  for  the 
logic,  and  the  low  noise,  tight  matching  of  the  complementary  , 
bipolar  transistors  good  analog  accuracy  is  achieved. 

For  power-consumption  sensitive  applications  it  is  important  to 
note  that  the  internal  power  consumption  of  the  AD8582  is 
strongly  dependent  on  the  actual  logic-input  voltage  levels 
present  on  the  DB0-DB1 1,  CS,  A/B,  MSB,  LDA,  LDB  and 
RST  pins.  Since  these  inputs  are  standard  CMOS  logic  struc- 
tures they  contribute  static  power  dissipation  dependent  on  the 
actual  driving  logic  Voh  and  Vol  voltage  levels.  The  graph  in 
Figure  9  shows  the  effect  on  total  AD8582  supply  current  as  a 
function  of  the  actual  value  of  input  logic  voltage.  Conse- 
quently, for  optimum  dissipation  use  of  CMOS  logic  versus 
TTL  provides  minimal  dissipation  in  the  static  state.  A  Vinl  = 
0  V  on  the  DBO-1 1  pins  provides  the  lowest  standby  dissipation 
of  1  mA  typical  with  a  +5  V  power  supply. 

As  with  any  analog  system,  it  is  recommended  that  the  AD8582 
power  supply  be  bypassed  on  the  same  PC  card  that  contains 
the  chip.  Figure  10  shows  the  power  supply  rejection  versus  fre- 
quency performance.  This  should  be  taken  into  account  when 
using  higher  frequency  switched-mode  power  supplies  with 
ripple  frequencies  of  1 00  kHz  and  higher. 


advantage  of  the  rail-to-rail  output  amplifiers  used  in  the 
582  is  the  wide  range  of  usable  supply  voltage.  The  part  is 
'  tested  over  temperature  for  operation  from 
V.  If  reduced  linearity  and  source  current 
scale  can  be  tolerated,  operation  of  the 
ssible  do' 
Itage  versui 
tion  for  operatic 

CONTROL 

The  input  registers  are  level  triggered  and  acquire  data  from  the 


data  bus  during  the  time  period  when  CS  is  low.  The  input  reg- 
ister selected  is  determined  by  the  A/B  select  pin,  see  Table  I. 
for  a  complete  description.  When  CS  goes  high,  the  data  is 
latched  into  the  register  and  held  until  CS  returns  low.  The 
minimum  time  required  for  the  data  to  be  present  on  the  bus 
before  CS  returns  high  is  called  the  data  setup  time  (tDs)  as  seen 
in  Timing  Diagram.  The  data  hold  time  (tDH)  is  the  amount 
of  time  that  the  data  has  to  remain  on  the  bus  after  CS  goes 
high.  The  high  speed  timing  offered  by  the  AD8582  provides 
for  direct  interface  with  no  wait  states  in  all  but  the  fastest 
microprocessors. 

The  data  from  the  input  registers  is  transferred  to  the  DAC  reg- 
isters by  the  active  low  LDA  and  LDB  pins.  If  these  inputs  are 
tied  together,  a  single  logic  input  can  perform  a  double  buffer 

update  of  the  DAC  registers,  which  in  turn  simultaneously  

changes  the  analog  output  voltages  to  a  new  value.  If  the  LDA 
and  LDB  pins  are  wired  low,  they  become  transparent.  In  this 
mode  the  input  register  data  will  directly  control  the  output 
voltages.  Refer  to  the  Control  Logic  Truth  Table  for  a  com- 
plete description. 

Unipolar  Output  Operation 

This  is  the  basic  mode  of  operation  for  the  AD8582.  The 
AD8582  has  been  designed  to  drive  loads  as  low  as  820£2  in  par- 
allel with  500  pF.  The  code  table  for  this  operation  is  shown  in 
Table  II. 


Hexadecimal 
Number  in  DAC 
Register 


Table  II.  Unipolar  Code  Table 


FFF 

801 

800 

7FF 

000 


Decimal  Number 
in  DAC  Register 


4095 
2049 
2048 
2047 
0 


- 


Analog  Output 
Voltage  (V) 


+  4.095 
+  2.049 
+  2.048 
+  2.047 
0 


I 
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LOAD  RESISTANCE  -  Si  OUTPUT  SINK  CURRENT  -  |iA  OUTPUT  VOLTAGE  -  Volte 


Figure  5.  Output  Swing  vs.  Load  Figure  6.  Pull-Down  Voltage  vs.  Figure  7.  I0UT  vs.  V0Ut 

Output  Sink  Current  Capability 
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Figure  8.  Broadband  Noise 


Figure  9.  Supply  Current  vs.  Logic 
Input  Voltage 


Figure  10.  Power  Supply  Rejection 
vs.  Frequency 
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Figure  1 1.  Midscale  Transition 
Performance 


Figure  12.  Large  Signal  Settling  Time 


Figure  13.  Output  Voltage  Rise 
Time  Detail 
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F/'gure  74.  Output  Voltage  Fall 
Time  Detail 
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Figure  15.  Total  Unadjusted  Error 
Histogram 
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Figure  16.  Full-Scale  Voltage  vs. 
Temperature 
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Figure  17.  Zero-Scale  Voltage  vs. 
Temperature 
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Figure  18.  Output  Voltage  Noise 
Density  vs.  Frequency 
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Figure  19.  Long-Term  Drift 
Accelerated  by  Burn-In 


Figure  20.  Supply  Current  vs.  Figure  21.  Reference  Startup  vs.  Figure  22.  Digital  Feedthrough  vs. 

Temperature  Time  Time 
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Figure  23.  Reference  Error  vs. 
Temperature 
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Figure  24.  Reference  Load  Regulation  Figure  25.  Reference  Line  Regulation 
vs.  Temperature  vs.  Temperature 
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FUNCTIONAL  BLOCK  DIAGRAM 


FEATURES 

16  Independently  Addressable  Voltage  Outputs 
Full-Scale  Set  by  External  Reference 
2  us  Settling  Time 
Double  Buffered  8-Bit  Parallel  Input 
High  Speed  Data  Load  Rate 

Data  Rearlharlf 


Output  Range 


from  Single  +5  V 
6  V  Supply 


Operati 
Optional 


APPLICATIONS 
Phased  Array  Ultrasound  &  Sonar 

Power  Level  Setting 

Receiver  Gain  Setting 
Automatic  Test  Equipment 
LCD  Clock  Level  Setting 


voltage  output  digital-to- 
input 


.  DESCRIPTION 

The  AD8600  contains  16 
analog  conveners  that  share  a 

voltage.  Each  DAC  has  its  own  DAC  register  and  input  register 
to  allow  double  buffering.  An  8-bit  parallel  data  input,  four  ad- 
dress pins,  a  CS  select,  a  LD,  EN,  R/W,  and  RS  provide  the 
digital  interface. 

The  AD8600  is  constructed  in  a  monolithic  CBCMOS  process 
which  optimizes  use  of  CMOS  for  logic  and  bipolar  for  speed 
and  precision.  The  digital-to-analog  converter  design  uses  volt- 
age mode  operation  ideally  suited  to  single  supply  operation. 
The  internal  DAC  voltage  range  is  fixed  at  DACGND  to  VreF. 
The  voltage  buffers  provide  an  output  voltage  range  that  ap- 
proaches ground  and  extends  to  1.0  V  below  Vcc.  Changes  in 
reference  voltage  values  and  digital  inputs  will  settle  within 
±1  LSBin2us. 

Data  is  preloaded  into  the  input  registers  one  at  a  time  after  the 
internal  address  decoder  selects  the  input  register.  In  the  write 
mode  (R/W  low)  data  is  latched  into  the  input  register  during 
the  positive  edge  of  the  EN  pulse.  Pulses  as  short  as  40  ns  can 
be  used  to  load  the  data.  After  changes  have  been  submitted  to 
the  input  registers,  the  DAC  registers  are  simultaneously  up- 
dated by  a  common  load  EN  x  LD  strobe.  The  new  analog  out- 
put voltages  simultaneously  appear  on  all  16  outputs. 

At  system  power  up  or  during  fault  recovery  the  reset  (RS)  pin 
forces  all  DAC  registers  into  the  zero  state  which  places  zero 
volts  at  all  DAC  outputs. 

The  AD8600  is  offered  in  the  PLCC-44  package.  The  device  is 
designed  and  tested  for  operation  over  the  extended  industrial 
temperature  range  of-40°C  to  +85°C. 
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Figure  1.  Equivalent  DAC  Channel 
PIN  CONFIGURATION 
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NC  =  NO  CONNECT 
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Parameter 

STATIC  PERFORMANCE1 
Resolution 
Relative  Accuracy2 
Differential  Nonlinearity2 
Full-Scale  Voltage 
Full-Scale  Tempco 
Zero  Scale  Error 

Reference  Input  Resistance 


Symbol 


N 

INL 
DNL 

VFS 
TCVFS 

VzSE 
VzSE 

Rref 


Condition 


Guaranteed  Monotonic 
Data  =  FFH 
Data  =  FFH  _ 

Data  =  00H,  RS  =  "0,"  TA  =  +25°C 
Data  =  00H,  RS  =  "0" 
Data  =  ABH 


Min      Typ  Max 


8 
-1 

-1 

2.480 


1.2 


±1/2 
±1/4 
2.490 
±20 


+  1 
+  1 

2.500 

+3.5 
+5 


Units 


Bits 
LSB 
LSB 
V 

ppm/°C 

LSB 

LSB 


ANALOG  OUTPUT 
Output  Voltage  Range2 
Output  Current 
Capacitive  Load 


OVRss 

loUT 

CL 


VREF=+2.5V 
Data  =  80H 
No  Oscillation 


0.000 


2.500 


±2 
50 


mA 
pF 


LOGIC  INPUTS 

Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Logic  Input  Current 
Logic  Input  Capacitance3 


VM 

IlL 
Cn 


2.4 


0.8 


10 
10 


V 
V 
uA 
pF 


LOGIC  OUTPUTS 
Logic  Out  High  Voltage 
Logic  Out  Low  Voltage 


VOH 

Vol 


IoH  : 
l0L  = 


-0.4  mA 
1.6  mA 


3.5 


0.4 


AC  CHARACTERISTICS3 
Slew  Rate 

Voltage  Output  Settling  Time2 
Voltage  Output  Settling  Time2 


SR 
tsi 

tS2 


For  AVrep  or  FS  Code  Change 

±1  LSB  of  Final  Value,  Full-Scale  Data  Change 

±  1  LSB  of  Final  Value,  AVreF  =  1  V,  Data  =  FFH 


V/us 

us 

us 


POWER  SUPPLIES 
Positive  Supply  Current 
Logic  Supply  Currents 
Power  Dissipation 
Power  Supply  Sensitivity 
Logic  Power  Supply  Range 
Positive  Power  Supply  Range3 


Ice 

Iddi&2 

Pdiss 

PSS 

Vddr 

VCCR 


Vffl=5V,  VIL  =  0  V,  No  Load 
Vih=5V,  VIL  =  0V,NoLoad 
Vih  =  5  V,  V,L  =  0  V,  No  Load 
AVCC  =  ±5% 


24 


1 


120 


4.75 
Vdd 


35 

0.1 

175 

0.007 

5.25 

7.0 


mA 
mA 
mW 

%/% 

V 

V 


— 


NOTES 

'When  Vref  =  2.500  V,  1  LSB  =  9.76  mV. 
^Single  supply  operation  does  not  include  the  final  2  LSBs  near  analog  ground.  If  this 
-5.25  V.  Note  that  for  the  INL  measurement  zero-scale  voltage  is  extrapolated  u 
'Guaranteed  by  design  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS 

(TA=  +25°C  unless  otherwise  noted) 

VDD1  (Digital  Supply)  to  GND   -0.3  V,  +7  V 

VDD2  CDAC  Buffer/Driver  Supply)  -0.3  V,  +7  V 

Vcc  (Analog  Supply)  to  GND   -0.3  V,  +7  V 

VEE  (Analog  Supply)  to  GND   +0.3  V,  -7  V 

Vref  to  GND  -0.3  V,  Vcc  +  0.3  V 

VoMtoVREp   -0.3  V 

Volt  to  GND   Vcc 

Short  Circuit  Duration 
Volt  to  GND  or  Power  Supplies1  Continuous 


performance  is  critical,  use  a  negative  supply  (V ee)  pin  of  at  least  -0.7  V  to 
codes  7 10  to  80  [0. 


Digital  Input/Output  Voltage  to  GND  .  .  .  -0.3  V,  VDD  +  0.3  V 
Thermal  Resistance-Theta  Junction-to-Ambient  (eJA) 

PLCC-44    47°C/W 

Package  Power  Dissipation   (Tj  -  T^/Sia 

Maximum  Junction  Temperature  Tj  max   1 50°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

NOTE 

'No  more  than  four  outputs  may  be  shorted  to  power  or  GND  simultaneously. 
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Parameter 


Symbol 


Min       Typ  Max 


Units 


STATIC  PERFORMANCE1 
Resolution 

Total  Unadjusted  Error 
Relative  Accuracy 
Differential  Nonlinearity 
Full-Scale  Voltage 
Full-Scale  Voltage  Error 
Full-Scale  Tempco 
Zero  Scale  Error 
Zero  Scale  Error 
Zero  Scale  Error 
Zero  Scale  Tempco 
Reference  Input  Resistance 
Reference  Input  Capacitance2 


N 

TUE 
INL 
DNL 

VFS 
Vfse 
TCVFS 
Vzse 

VzSE 
VzSE 

TCVZS 

Rref 

Cref 


Other  DACs  Loaded  with  Data  =  55H 


Guaranteed  Monotonic 

Data  =  FFH,  Vref  =  +3.5  V 

Data  =  FFH,  Vref  =+3. 5  V 

Data  =  FFhj  Vref  —  +3.5  V 

Data  =  00H,  RS  =  "0,"  TA  =  +25°C 

Data  =  00H,  All  Other  DACs  Data  =  00H 

Data  =  00H,  All  Other  DACs  Data  =  55H 

Data  =  00H,  Vcc  =  +5  V,  VEE  =  -5  V 

Data  =  ABH 

Data  =  ABH 


-1 
-1 
-1 

3.473 
-1 

-2 
-1 


1.2 


±3/4 
±1/2 
±1/4 
3.486 

±20 


±1/2 
±10 

2 


+  1 
+  1 
+  1 

3.500 
+1 

+2 
+  1 





240 


Bits 
LSB 
LSB 
LSB 
V 

LSB 

ppm/°C 

mV 

LSB 

LSB 

uV/°C 

kil 

pF 


ANALOG  OUTPUT 
Output  Voltage  Range 
Output  Voltage  Range2 
utCu 

:  Load 


OVR, 
OVR2 

loUT 

cL 


Vref  = +3.5  V 

Vcc  =  VDD2  =  +7V,Vee=-0.: 
Data  =  80H 
No  Oscillation 


0.7  V,  Vr 


:5V 


0.000 
0.000 


3.500 
5.000 

±2 
50 


V 

mA 
pF 


LOGIC  INPUTS 
Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Logic  Input  Current 
Logic  Input  Capacitance2 


V,H 

I.l 

C,L 


2.4 


0.8 

10 
10 


V 
V 
uA 
pF 


LOGIC  OUTPUTS 
Logic  Out  High  Voltage 
Logic  Out  Low  Voltage 


V0H 
Vol 


IoH 

IoiJ 


:  -0.4  mA 
1.6  mA 


3.5 


0.4 


V 
V 


Voltage  Output  Settling  Time3 
Voltage  Output  Settling  Time3 


eN 
FT 

tsi 


-3  dB  Frequency,  VreF  =  2.5  VDC  +  0. 1  VAC 
For  AVref  or  FS  Code 


500 
4 


f=  1  kHz,  Vref  =  0  V 
Digital  Inputs  to  DAC  Outputs 
±  1  LSB  of  Final  Value,  FS  Data  Change 
±  1  LSB  of  Final  Value,  AVreF  =  1  V,  Data  =  FFH 


7 

46 
10 

1 
1 


kHz 

IvHWz 

nVs 

us 

us 


POWER  SUPPLIES 
Positive  Supply  Current 
Negative  Supply  Current 
Logic  Supply  Currents 
Power  Dissipation4 
Power  Supply  Sensitivity 
Logic  Power  Supply  Range 
Pos  Power  Supply  Range2 
Neg  Power  Supply  Range2 


Ice 
Iee 

IdD1&2 

Pdiss 
PSS 

Vddr 

VcCR 

Veer 


Vih  =  5  V,  VIL  =  0  V,  VEE  =  -5  V,  No  Load 
Vffl  =  5  V,  Vil  =  0  V,  VEE  =  -5  V,  No  Load 
VIH  =  5  V,  VIL  =  0  V,  VEE  =  -5  V,  No  Load 
VIH  =  5  V,  VIL  =  0  V,  VEe  =  -5  V,  No  Load 
AVCC&AVEE  =  ±5% 


NOTES 

'When  Vref  =  +3.500  V,  1  LSB  =  13.67  mV. 
2Guaranteed  by  design  not  subject  to  production  test. 
Settling  time  test  is  performed  using  RL  =  50  k£i  and  Q 
4Power  Dissipation  is  calculated  using  5  V  x  (IDD  + 
Specifications  subject  to  change  without  notice. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8600  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AD8600 

ELECTRICAL  CHARACTERISTICS  u?ieVsTorh^™2iMncoctrdr5  V±  5%  Vk= 


-5  V,  V„EF  =  +3.500  V.  -40°C  <  TA  <  +85°C, 


Parameter 


Condition 


Typ 


Max 


Units 


INTERFACE  TIMING1' 2 
Clock  (EN)  Frequency 
Clock  (EN)  High  Pulse  Width 
Clock  (EN)  LowPulse  Width 
Data  Setup  Time 
Data  Hold  Time 
Address  Setup  Time 
Address  Hold  Time 
Valid  Address  to  Data  Valid 
Load  Enable  Setup  Time 
Load  Enable  Hold  Time 
Read/Write  to  Clock  (EN) 
Read/Write  to  DataBus  Hi-Z 
Read/Write  to  DataBus  Active 
Clock  (EN)  to  Read/Write 
Clock  (EN)  to  Chip  Select 
Chip  Select  to  Clock  (EN) 
Chip  Select  to  Data  Valid 
Chip  Select  to  DataBus  Hi-Z 
Reset  Pulse  Width 


fcLK 

tCH 

to. 

tDS 

lDH 

tAS 

tAH 

tAD 

tLS 

tLH 

tRWC 

tRWZ 

tRWD 

tTWH 

tTCH 

tcsc 

tcSD 

tcsz 

tRS 


Data  Loading 


■ 


40 

40 

40 

10 

0 

0 

0 
0 
30 


0 
0 
30 


25 


12.5 


160 


120 
120 


120 
150 


MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


NOTES 

'Guaranteed  by  design  not  subject  to  production  test. 

2  All  logic  input  signals  have  maximum  rise  and  fall  times  of  2  ns. 

Specifications  subject  to  change  without  notice. 
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Figure  2.  Write  Timing 


OUT 


Figure  3.  Readback  Timing 


ORDERING  GUIDE 


Package 

Package 

Model 

Temperature 

Description 

Option1 

AD8600AP 

-40°C  to  +85°C 

44-Lead  PLCC 

P-44A 

AD8600Chips 

+25°C 

Die2 

wm  .  j  I 


NOTES 

'For  outline  information  see  Package  Information  section. 
JFor  die  specifications  contact  your  local  Analog  Devices  sales  office. 
The  AD8600  contains  5782  transistors. 
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C  Register  &  Voltage  Output  Settling 
Input  Register  Changes) 

■ 


3-256    DIGITAL-TO-ANALOG  CONVERTERS 


REV.  0 


ANALOG 
DEVICES 


8-Bit  Octal,  4-Quadrant 
,  CMOS  TrimDAC 





AD8842 





 1 


FEATURES 
lost 

:  Potentiometers 
adrant  Multiplying  Bandwidth 
>  Oil 

vidual  Channels 
3-Wire  Serial  Input 
500  kHz  Update  Data  Loading  Rate 
±3  V  Output  Swing 
Midscale  Preset,  Zero  Volts  Out 


FUNCTIONAL  BLOCK  DIAGRAM 

i 

 L,  ■ 

)V,NA 


APPLICATIONS 
Automatic  Adjustment 
Trimmer  Replacement 
Vertical  Deflection  Amplitude  Adjustment 
Waveform  Generation  and  Modulation 


GENERAL  DESCRIPTION 

The  AD8842  provides  eight  general  purpose  digitally  controlled 
voltage  adjustment  devices.  The  TrimDAC®  capability  allows 
replacement  of  the  mechanical  trimmer  function  in  new  designs. 
The  AD8842  is  ideal  for  ac  or  dc  gain  control  of  up  to  50  kHz 
bandwidth  signals.  The  four-quadrant  multiplying  capability  is 
useful  for  signal  inversion  and  modulation  often  found  in  video 
vertical  deflection  circuitry.  „m  a 


The  AD8842  consumes  only  95  mW  from  ±5  V  power  supplies. 
For  single  5  V  supply  applications  consult  the  DAC-8841.  The 
AD8842  is  pin  compatible  with  the  1  MHz  multiplying  band- 
width DAC8840.  The  AD8842  is  available  in  24-pin  plastic 
DIP  and  surface  mount  SOL-24  packages. 

i 


Internally  the  AD8842  contains  eight  vol 


!  output  digital-to- 
... 


current  conveyor  amplifier  design  performs  the  four-quadrant 
multiplying  function  with  a  single  amplifier  at  the  output  of  the 
current  steering  digital-to-analog  converter.  This  approach  of- 
fers an  improved  constant  input  resistance  performance  versus 
previous  voltage  switched  DACs  used  in  TrimDAC  circuits, 
eliminating  the  need  for  additional  input  buffer  amplifiers. 

Each  DAC  has  its  own  DAC  register  that  holds  its  output  state. 
These  DAC  registers  are  updated  from  an  internal  serial-to- 
parallel  shift  register  that  is  loaded  from  a  standard  3-wire  serial 
input  digital  interface.  Twelve  data  bits  make  up  the  data  word 
clocked  into  the  serial  input  register.  This  data  word  is  decoded 
where  the  first  4  bits  determine  the  address  of  the  DAC  register 
to  be  loaded  with  the  last  8  bits  of  data.  A  serial  data  output  pin 
at  the  opposite  end  of  the  serial  register  allows  simple  daisy 
chaining  in  multiple  DAC  applications  without  additional  exter- 
nal decoding  logic. 

TrimDAC  is  a  registered  trademark  of  Analog  Devices,  Inc. 

The  current  conveyor  amplifier  is  a  patented  circuit  belonging  to  Analog 

Devices,  Inc. 

■ 

■ 


Figure  7.  Functional  Circuit  of  One  4-Quadrant 
Multiplying  Channel 

■ 

CURRENT  CONVEYOR 


Figure  2.  Actual  Current  Conveyor  Implementation  of 


■ 


Multiplying  DAC  Channel 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


REV.  0 


DIGITAL-TO-ANALOG  CONVERTERS  3-257 


AD8842— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (Vdd  =  +5  V,  Vss  =  -5  V,  All  V,„x  =  +3  V,  T,  =  -40°C  to  +85°C,  unless  otherwise  noted.) 


Parameter 


Symbol  Conditions 


.Win 


Typ  Max 


STATIC  ACCURACY— All  Specifications  Apply  for  DACs  A,  B,  C,  D,  E,  F,  G,  H 


Resolution 

Integral  Nonlinearity  Error 
Differential  Nonlinearity 
Full-Scale  Gain  Error 
Output  Offset 
Output  Offset  Drift 


N 
INL 
DNL 

Gfse 
Vbze 
TCVbz 


All  Devices  Monotonic 

PR  =  0,  Sets  D  =  80H 
PR  =  0,  Sets  D  =  80H 


Bits 

±0.2 

±1 

LSB 

±0.4 

±1 

LSB 

2 

LSB 

5 

25 

mV 

5 

nv/°c 

±4 

V 

19 

k£l 

9 

pF 

VOLTAGE  INPUTS— Applies  to  All  Inputs  Vmx 


Input  Voltage  Range' 
Input  Resistance 
Input  Capacitance 


ivr 

RlN 


±3 
12 


DAC  OUTPUTS- 
Voltage  Range' 
Output  Current 
Capacitive  Load 


-Applies  to  All  Outputs  VoutX 
OVR 

loUT 

CL 


RL=  10  k£i 
AVOUt<  1.5  LSB 
No  Oscillation 


±4 


500 


DYNAMIC  PERFORMANCE— Applies  to  All  DACs 


Full  Power  Gain  Bandwidth1 
Slew  Rate 

Positive 

Negative 
Total  Harmonic  Distortion 

Spot  Noise  Voltage 
Output  Settling  Time 

Channel-to-Channel  Crosstalk 

Digital  Feedthrough 


GBW 

SR+ 
SR- 
THD 

eN 
ts 

CT 

Q 


V,mX  =  ±3  VP>  RL  =  2  HI,  CL  =  10  pF 
Measured  10%  to  90% 
AV0UTx  =  +5.5  V 
AVOUTx  =  -5.5  V 

VINx  =  4  V  p-p,  D  =  FFH)  f  =  1  kHz, 
fur  =  80  kHz,  RL  =  1  kQ 
f=  lkHz,Vm  =  0V 
±  1  LSB  Error  Band,  D  =  00H  to  FFH 
D  =  FFh  to  00H 
Measured  Between  Adjacent 
Channels,  f  =  100  kHz 
Vmx  =  0V,  D  =  0to  25510 


10 

50 

0.5 

1.0 

1.0 

1.8 

0.01 

78 

2.9 

5.4 

72 
5 


POWER  SUPPLIES 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation2 
Power  Supply  Rejection 
Power  Supply  Range 


Idd 

Iss 

Pdiss 

PSRR 

PSR 


PR  =  0V 
PR  =  0  V 

PR  =  0  V,  AVDD  =  ±5% 


4.75 


10 

9 

95 

0.0001 
5.00 


14 

13 

135 

0.01 

5.25 


DIGITAL  INPUTS 
Logic  High 
Logic  Low 
Input  Current 
Input  Capacitance 
Input  Coding 


Vtt 
Vn. 
h 
C,, 


2.4 


0.8 
±10 


Offset  Binary 


DIGITAL  OUTPUT 
Logic  High 
Logic  Low 


VoH 

Vol 


Ioh  -  -0.4  mA 
Iol=  1.6  mA 


3.5 


0.4 


TIMING  SPECIFICATIONS' 
Input  Clock  Pulse  Width 
Data  Setup  Time 
Data  Hold  Time 
CLK  to  SDO  Propagation  Delay 
DAC  Register  Load  Pulse  Width 
Preset  Pulse  Width 
Clock  Edge  to  Load  Time 
Load  Edge  to  Next  Clock  Edge 


tcH.  tcL 

tDS 

tDH 

tpD 

tLD 

'PR 

tcKLD 

tLDCK 


60 
40 
20 

70 
50 
30 
60 


NOTES 

'Guaranteed  by  design,  not  subject  to  production  test. 
Calculated  limit  =  5Vx  (IDD  +  Iss). 
Specifications  subject  to  change  without  notice. 


■ 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  GND   -0.3  V,  +7  V 

Vss  to  GND  +0.3  V,  -7  V 

VINx  to  GND  VDD,  Vss 

VOUTxtoGND   VDD>  Vss 

Short  Circuit  Ioutx  to  GND   Continuous 

Digital  Input  &  Output  Voltage  to  GND  VDDj  0  V 

Operating  Temperature  Range  -40°C  to  +85°C 

Maximum  Junction  Temperature  (Tj  Max)   + 1 50°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Package  Power  Dissipation    (Tj  Max-TA)/9JA 

Thermal  Resistance  8JA, 

SOIC  (SOL-24)    70°C/W 

P-DIP  (N-24)   57°C/W 


■ 

■ 

Figure  3.  Timing  Diagram 

ORDERING  GUIDE 


Model 

Temperature 
Range1 

Package 
Description 

Package 
Option2 

AD8842AN 
AD8842AR 

XIND 
XIND 

24-Pin  300mil  P-DIP 
24-Pin  300mil  SOIC 

N-24 
SOL-24 

'XIND  =  -40°C  to  +85°C.  The  AD8842  contains  2452  transistors. 
2For  outline  information  see  Package  Information  section. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8842  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Pin 

Mnemonic 

1 

VoutC 

2 

VoutB 

3 

VoutA 

4 

VinB 

5 

VmA 

0 

\Ji\U 

7 

PR 

8 

VmE 

9 

VmF 

10 

VoutE 

11 

VoutF 

12 

VoutG 

13 

Vout^ 

14 

VinG 

15 

VmH 

16 

LD 

CLK 
SDO 

Vss 

SDI 

VDD 

VjmD 

VmC 

VqutD 


Description 


DAC  C  Output 
DAC  B  Output 
DAC  A  Output 
DAC  B  Reference  Input 
DAC  A  Reference  Input 
Ground 

Preset  Input,  active  low,  all  DAC 
registers  =  80H 
DAC  E  Reference  Input 
DAC  F  Reference  Input 
DAC  E  Output 
DAC  F  Output 
DAC  G  Output 
DAC  H  Output 
DAC  G  Reference  Input 
DAC  H  Reference  Input 
Load  DAC  Register  Strobe,  active- 
high  input  that  transfers  the  data 
bits  from  the  serial-input  register 
into  the  decoded  DAC  register. 
SDI  and  CLK  inputs  are  disabled 
when  LD  is  high.  See  Tables  I  and  II 
Serial  Clock  Input,  positive  edge 
triggered 

Serial  Data  Output,  active  totem 
pole  output 

Negative  5  V  Power  Supply 
Serial  Data  Input 
Positive  5  V  Power  Supply 
DAC  D  Reference  Input 
DAC  C  Reference  Input 
DAC  D  Output 


VoutC 
VoutB 
VoutA 
vmb 

V,NA 
GND 
PR 

VinE 
VinF 
VoutE 
VoutF 
VoutG 


AD8842 

TOP  VIEW 
(Not  to  Scale) 


m]  VoutD 
23]  V|NC 
22]  V,„D 
H]  Voo 
20]  SDI 

«]  Vss 
l|]  SDO 
W]  CLK 
16]  LD 
15]  V,NH 
14]  V|NG 
13]  V,NH 





■ 
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FEATURES 

250MSPS  Update  Rate 
Low  Glitch  Impulse 
Complete  Composite  Functions 
Internal  Voltage  Reference 
Single  -  5.2V  Supply 

APPLICATIONS 
Raster  Scan  Displays 
Color  Graphics 
Automated  Test  Equipment 
TV  Video  Reconstruction 





AD9701 





OIRE^ 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD9701  is  a  high-speed,  8-bit  digital-to-analog  converter 
with  fully  integrated  composite  video  functions.  High-speed 
ECL  input  registers  provide  synchronous  operation  of  data  and 
control  functions  up  to  250MSPS. 

The  AD9701  incorporates  on-board  control  functions  including 
horizontal  sync,  blanking,  reference  white  level,  and  a  10% 
bright  signal  for  highlighting.  The  setup  level  is  also  adjustable 
from  0  IRE  units  to  20  IRE  units,  through  the  control  pin.  An 
internal  voltage  reference  allows  the  AD9701  to  operate  as  a 
stand-alone  video  reconstruction  DAC. 


SETUPf 
BLANK  O- 

SYNC  f> 

i 

REFERENCE  WHITE  |> 

BIT  1  (MSB)  O- 

BIT  2  O- 
BIT  3  & 

DIGITAL  - 
INPUTS  * 

BIT4  A- 

BIT  5  O- 
BIT  r,  i- 
8IT  7  4- 
BIT  S  (LSBI  t  - 

GROUND 

1 

-v9 

BIT  1  (MSB) 
BIT  2 

2 
3 

■ 

BIT  3 

5 

BIT  4 

6 

BIT  5 

7 

BIT  6 

8 

BIT  7 

9 

BIT  S  (LSB) 

'0 

STROBE 

PIN  CONFIGURATIONS 


The  AD9701  is  available  as  an  industrial  temperature  range 
device,  —  25°C  to  +85°C,  and  as  an  extended  temperature  range 
device,  -55°C  to  +  125°C.  Both  grades  of  the  AD9701  are 
packaged  in  a  22-pin  ceramic  DIP,  with  the  extended  temperature 
device  also  available  in  a  28-pin  LCC  package. 

■ 


~Z2\  GROUND 

"2l"|  SETUP 

Z0~|  NOCONI 

"19I  10%  BRIGHT 
 1 


"is"]  COMP< 
77]  COMPOSITE  SYNC 
"lg")  REFERENCE  WHITE 
^5*|  COMPENSATION 
~u]  CURRENT  SET 
rT[  OUTPUT 
I2]  GROUND 


complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9701  -SPECIFICATIONS 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  (-Vs)    .  .  -TV 

Digital  Input  Voltages  (including  STROBE,  SYNC, 
BLANKING,  10%  BRIGHT,  and  REFERENCE 

WHITE)       v   0V  to  -Vs 

Analog  Output  Current  37mA 

Power  Dissipation  (  +  25°C  Free  Air)2    780mW 




Operating  Temperature  Range 

AD9701BQ   -25°Cto+85°C 

AD9701SQ/SE  -55°C  to  +  125°C 

Storage  Temperature  Range  -65°C  to  +  150°C 

Junction  Temperature  +  175°C 

Lead  Soldering  Temperature  (lOsec)  +300°C 


ELECTRICAL  CHARACTERISTICS  (Supply  Voltages  =  -  5.2V;  R,.  =  37.511;  Setup  =  OV,  unless  otherwise  stated) 


Temp 


Min 


AD9701BQ 

Typ 


Max 


Min 


AD9701SQ/SE 
Typ 


RESOLUTION 

DC  ACCURACY 
Differential  Linearity 

Integral  Linearity 

Monotonicity 


+  25°C 
FuU 
+  25°C 
Full 
Full 


0.25 


0.25 


GUARANTEED 


0.5 
1.0 
0.5 
1.0 


8 

0.25  0.5 
1.0 

0.25  0.5 
1.0 

GUARANTEED 


INITIAL  OFFSET  ERROR3 
Zero-Scale  Offset  Error4 

Zero-Scale  Offset  Drift  Coefficient 
Full  -Scale  Drift  Coefficient 


+  25°C 
Full 
Full 
Full 


0.05 


2 
50 


0.9 
0.9 


0.05 


2 

50 


0.9 
0.9 


ANALOG  OUTPUT 
Voltage  Output5 

10%  Bright6 

Reference  White 

Blanking  (Setup  =  OIRE)7 

Sync  (Setup  =  OIRE)' 
Current  Output5 

10%  Bright6 

Reference  White 

Blanking  (Setup  =  OIRE)7 

Sync  (Setup  =  0  IRE)' 
Output  Compliance  Range 
Output  Resistance  


Full 
Full 
FuU 
Full 

Full 
FuU 
FuU 
FuU 
FuU 
+  25°C 


-0.9 
-67.45 
-698.55 
-979.25 

-0.024 
-1.805 
- 18.63 
-26.11 

640 


0 

-71 

-708.5 

-993.5 


74.55 

718.45 

1007.75 


-0.9  0 

-67.45  -71 

-698.55  -708.5 

-979.25  -993.5 


-74.55 

-718.45 

-1007.75 


0 

-1.9  -1.996 
-18.9  -19.16 
-26.5  -26.87 
-1.6;  +0.1 
800 


0 

-  1.805         -  1.9 
-18.63  -18.9 
-26.11  -26.5 


-1.995 
-19.16 
-26.87 


640 


- 1.6;  +0.1 


DYNAMIC  PERFORMANCE 
Update  Rate 

Output  Propagation  Delay' 
Output  Settling  Time10 

Current 

Voltage 
Output  Slew  Rate" 
Output  Rise  Time" 
Output  FaU  Time" 
Glitch  Impulse 


+  25°C 
+  25°C 

+  25°C 
+  25°C 
+  25X 
+  25°C 
+  25°C 
+  25°C 


225 


255 


250 

5 

8 

12 

300 

1.7 

1.7 

60 


225 


255 


2.0 
2.0 
70 


250 
5 

8 

12 

300 

1.7 

1.7 

60 


2.0 
2.0 
70 


SETUP  CONTROL'2 
Setup  Level  (Grounded) 
Setup  Level  (Open) 
Setup  Level  (Tied  to  -  5.2V  with  lkfl) 
Setup  Level(-5.2V) 


FuU 
FuU 
FuU 
FuU 


0 

7.5 
10 
20 


0 

7.5 
10 
20 


— 


DIGITAL  INPUTS 
Logic  "  1 "  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Data  Setup  Time 
Data  Hold  Time 


FuU 
FuU 
FuU 
FuU 

+  25°C 
+  25°C 
+  25°C 


-1.1 


-1.1 


-1.5 
100 
15 
5.5 


-1.5 
100 
15 
5.5 


0.1 
1.4 


0.1 
1.4 


POWER  SUPPLY" 
Supply  Current  ( -  5.2V) 

Nominal  Power  Dissipation 
Power  Supply  Rejection  Ratio" 


+  25°C 
FuU 
+  25°C 
FuU 


140 


728 
3 


160 
160 


140 


728 
3 


160 
160 
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NOTES 

'Absolute  maximum  ratings  arc  limiting  values,  to  be  applied  individually, 
and  beyond  which  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  under  any  of  these  conditions  is  not  necessarily  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods 
may  affect  device  reliability. 

2Typical  thermal  impedance  ... 

22-Pin  Ceramic  6,,  =  64°C/W;  eic  =  16°C/W 

28-Pin  Ceramic  LCC       8i,  =  70°C/W;8|c  =  2rC/W 

'SYNC,  BLANKING,  and  REFERENCE  WHITE  are  inactive  (Logic 
Iset  m  1.26V/Rset- 

4  All  bits  at  logic  HIGH. 

'All  values  are  relative  to  full-scale  output,  after  being 
to  nominal  value.  Typical  variation  in  full-scale  output  from 
device  can  reach  ±  10%,  for  a  fixed  RSEt  resistor. 

'The  effect  of  10%  BRIGHT  algebraically  adds  to  the  output  wa' 


(Logic  "( 


determined  by 


1"). 


7The  output  level  with  BLAN 
the  setup  control  level. 

8In  normal  operation,  the  BLANKING  input  is  activated  (Logic  "0")  prior 
to  or  in  conjunction  with  the  SYNC  input.  The  effect  of  the  SYNC 
outpuc  is  relative  to  the  setup  level. 

'Measured  from  edge  of  STROBE  to  50%  transition  point  of  the  output 
signal. 

'"Measured  with  full-scale  change  in  output  level,  from  the  10%  transition 

level  to  within  ±0.2%  of  the  final  output  value. 
"Measured  from  10%  to  90%  transition  point  for  full-scale  step  output. 
,2An  IRE  unit  is  1%  of  the  Grey  Scale  (GS  range)  with  a  0  IRE  setup  level. 
"Supply  Voltage  should  remain  stable  within  ±  5%  for  normal  operation. 
,4Measuredat  * 5% of- Vs. 
Specifications  subject  to  change  without  notice. 


DIGITAL  INPUTS  VS.  ANALOG  OUTPUT 


X 
X 
X 
X 


- 


X 
X 
X 
X 


X 
X 
X 


X  X 
1 — — >— — — I  


Bit 

5 


Bit 
6 


Bit 

7 


Bit 
8 


10% 
Bright 


0 

2 

o 


Ref. 
White 


Blanking 


Comp. 
Sync 


0 
0 
0 
0 


Analog 
Output  (mV) 


0 

-71 
-320 
-637.5 
-708.5 


■ 


-975J52 
-993.503 
- 1064. 504 


-993.501 
- 1046.752 
- 1064.503 
- 1135.50" 


NOTES 

1.  Setup  (Pin  21)  grounded  (0  IRE  units). 

2.  Setup  (Pin  21)  open  (7.5  IRE  units). 

3.  Setup  (Pin  21)  to  -5.2V  through  lk  (0  IRE  units). 

4.  Setup  (Pin  21)  to  -5.2V  (20  IRE  units). 


ORDERING  GUIDE 


Device 

Temperature  Range 

Description 

Package 
Option* 

AD9701BQ 
AD9701SE 
AD9701SQ 

-25°Cto+85X 
-55°Cto  +  125°C 
-55"Cto  +  1250C 

22-Pin  DIP,  Industrial  Temperature 
28-Pin  LCC,  Extended  Temperature 
22-Pin  DIP,  Extended  Temperature 

Q-22 

E-28A 

Q-22 

*E  =  Leadless  Ceramic  Chip  Carrier;  Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 
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u/a  conveners 


AD9712B/AD9713B 


FEATURES 

100  MSPS  Update  Rate 
ECL/TTL  Compatibility 
SFDR  @  1  MHz:  70  dBc 
Low  Glitch  Impulse:  28  pV-s 
Fast  Settling:  27  ns 
Low  Power:  725  mW 
1/2  LSB  DNL  (B  Grade) 
40  MHz  Multiplying  Bandwidth 

APPLICATIONS 
ATE 

Signal  Reconstruction 
Arbitrary  Waveform  Generators 
Digital  Synthesizers 
Signal  Generators 


FUNCTIONAL  BLOCK  DIAGRAM 


AD9712B/AD9713B 


GENERAL  DESCRIPTION 

The  AD9712B  and  AD9713B  D/A  converters  are  replacements 
for  the  AD9712  and  AD9713  units  which  offer  improved  ac  and 
dc  performance.  Like  their  predecessors,  they  are  12-bit,  high 
speed  digital-to-analog  converters  fabricated  in  an  advanced 
oxide  isolated  bipolar  process.  The  AD9712B  is  an  ECL- 
compatible  device  featuring  update  rates  of  100  MSPS  mini- 
mum; the  TTL-compatible  AD9713B  will  update 
minimum. 


CONTROL 
AMP  IN 


Designed  for  direct  digital  synthesis,  waveform  reconstruction, 
and  high  resolution  imaging  applications,  both  devices  feature 
low  glitch  impulse  of  28  pV-s  and  fast  settling  times  of  27  ns. 
Both  units  are  characterized  for  dynamic  performance  and  have 
excellent  harmonic  suppression. 

The  AD9712B  and  AD9713B  are  available  in  28-pin  plastic 
DIPs  and  PLCCs,  with  an  operating  temperature  range  of 
-25°C  to  +85°C.  Both  are  also  available  for  extended  tempera- 
ture ranges  of  -55°C  to  +125°C  in  cerdips  and  28-pin  LCC 
packages. 


■tS(i»'.H 

■ 

■  wttm  i 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  l 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Parameter  (Conditions) 


Temp 


Test 
Level 


AD9712B/AD9713B 

AN/AP 
Min      Typ  Max 


AD9712B/AD9713B 

BN/BP 
Min      Typ  Max 


AD9712B/AD9713B 

SE/SQ 
Min      Typ  Max 


AD9712B/AD9713B 

TE/TQ 
Min      Typ  Max 


Units 


RESOLUTION 


12 


12 


12 


tos 


12 


Bits 


DC  ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 
("Best  Fit"  Straight  Line) 


+25°C 
Full 
+25°C 
Full 


I 

VI 
I 

VI 




-1.25 
-2.0 
-1.5 
-2.0 


1.0 


1.0 


+  1.25 
2.0 
1.5 
2.0 


-0.75 
-1.5 
-1.0 
-1.75 


0.5 


0.75 


+0.75 
1.5 
1.0 
1.75 


-1.5 
-2.0 
-1.75 
-2.0 


1.0  +1.5 
2.0 

1.5  1.75 
2.0 


-1.0 
-1.5 
-1.25 
-1.75 


0.5 


1.0 


+  1.0 
1.5 

1.25 
1.75 


LSB 
LSB 
LSB 
LSB 


Parameter  (Conditions) 


Temp 


Test 
Level 


AD9712B 
AN/AP/BN/BP/SE/SQ/TE/TQ 
Min  Typ  Max 


AD9713B 
AN/AP/BN/BP/SE/SQ/TE/TQ 
Min  Typ  Max 


INITIAL  OFFSET  ERROR 
Zero-Scale  Offset  Error 


Full-Scale  Gain  Error 
Offset  Drift  Coefficient 


+25°C 

Full 

+25°C 

Full 

+25°C 


I 

VI 
I 

VI 

V 


0.5 
1.0 
0.01 


2.5 
5.0 
5 
8 


0.5 


1.0 


0.01 


2.5 
5.0 
5 
8 


REFERENCE/CONTROL  AMP 
Internal  Reference  Voltage 

Internal  Reference  Voltage  Drift 
Internal  Reference  Output  Current 
Amplifier  Input  Impedance 
Amplifier  Bandwidth 


+25°C 
Full 
Full 
Full 

+25°C 
+  25°C 


I 

VI 
V 
IV 
V 
V 


-1.14 
-1.12 


-50 


-1.18  -1.22 
-1.24 

+  500 


50 


-1.14 
-1.12 

-50 


50 
300 


-1.18 

50 

50 


-1.22 
-1.24 

+  500 


REFERENCE  INPUT2 
Reference  Input  Impedance 
Reference  Multiplying  Bandwidth3 


 —  


+  25°C 
+  25°C 


3 

40 


3 

40 


DYNAMIC  PERFORMANCE 

Full-Scale  Output  Current4 

Output  Compliance  Range 

Output  Resistance 

Output  Capacitance 

Output  Update  Rate5 

Output  Settling  Time  (tST)6 

Output  Propagation  Delay  (tPD)7 

Glitch  Impulse8 

Output  Rise  Time9 

Output  Fall  Time9 
DIGITAL  INPUTS 

Logic  "1"  Voltage 

Logic  "0"  Voltage 

Logic  "1"  Current 

Logic  "0"  Current 

Input  Capacitance 

Input  Setup  Time  (ts)10 

Input  Hold  Time  (t„)" 

Latch  Pulse  Width  (tLPW)  (LOW) 
(Transparent) 
AC  LINEARITY12 
Spurious-Free  Dynamic  Range  (SFDR) 
1.23  MHz;  10  MSPS;  2  MHz  Span 
5.055  MHz;  20  MSPS;  2  MHz  Span 
10.1  MHz;  50  MSPS;  2  MHz  Span 
16  MHz;  40  MSPS;  10  MHz  Span 


+25°C 
+25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 
+25°C 


V 
IV 
IV 

V 

IV 

V 

V 

V 

V 

V 


-1.2 
2.0 


100 


20.48 

2.5 
15 
110 
27 


+  2 
3.0 


-1.2 
2.0 


SO 


20.48 

2.5 
15 
100 

27 
7 


+2 
3.0 


Full 

VI 

Full 

VI 

Full 

VI 

Full 

VI 

+25°C 

V 

+25°C 

IV 

Full 

IV 

+25<C 

IV 

Full 

IV 

+25°C 

IV 

Full 

+25°C 

V 

+25°C 

V 

-1.0 


0.5 
0.8 
1.8 
2.0 
2.5 
2.8 


3 

-0.3 

1.2 

1.7 


-1.5 

20 

10 


2.0 


0.5 
0.8 
1.8 
2.0 
2.5 
2.8 


0.8 
20 
600 


-0.3 


1 

1.2 


1.7 


25°C 
+25°C 


 1  1  


70 
72 
68 
68 


70 
72 
68 
68 
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Parameter  (Conditions) 

Temp 

Test 
Level 

AD9712B 
AN/AP/BN/BP/SE/SQ/TE/TQ 
Min          Typ  Max 

AD9713B 
AN/AP/BN/BP/SE/SQ/TE/TQ 

Units 

mm 

i  yp  max 

POWER  SUPPLY" 

Positive  Supply  Current  (+5.0  V) 

+25°C 
Full 

I 

VI 

14 

mA 
mA 
mA 

Negative  Supply  Current  (-5.2  V)'4 

+  25°C 

I 

140  178 

145  184 

Nominal  Power  Dissipation 

Power  Supply  Rejection  Radio  (PSRR)15 

Full 

+25°C 

+25°C 

VI 
V 

I 

183 

728 

30  100 



188 

784 

30  100 

mA 
mW 

uA/V 

'Measured  as  error  in  ratio  of  full-scale  current  to  current  through  RSET  (160  m-A  nominal);  ratio  is  nominally  128. 
2Full-scale  variations  among  devices  are  higher  when  driving  REFERENCE  INPUT  direcdy. 
'Frequency  at  which  the  gain  is  flat  ±0.5  dB;  RL  =  50  fl;  50%  modulation  at  midscale. 
4Based  on  IFS  fc  128  (VREF/RSET)  when  using  internal  amplifier. 

sData  registered  into  DAC  accurately  at  this  rate;  does  not  imply  settling  to  12-bit  accuracy. 
'Measured  as  voltage  settling  at  midscale  transition  to  ±0.024%;  RL  =  50  fl. 

'Measured  as  the  time  between  the  50%  point  of  the  falling  edge  of  LATCH  ENABLE  and  the  point  where  the  output 
around  its  previous  value. 

8Peak  glitch  impulse  is  measured  as  the  largest  area  under  a  single  positive  or  negative  transient. 
9Measured  with  RL  =  50  fl  and  DAC  operating  in  latched  mode. 
l0Data  must  remain  stable  for  specified  time  prior  to  falling  edge  of  LATCH  ENABLE 
"Data  must  remain  stable  for  specified  time  after  rising  edge  of  LATCH  ENABLE  signal. 
l2SFDR  is  defined  as  the  difference  in  signal  energy  between  the  fundamental  and  worst  case  spurious  frequencies  in  the  i 

centered  at  the  fundamental  frequency  and  covers  the  indicated  span. 
"Supply  voltages  should  remain  stable  within  ±5%  for  normal  operation. 
,4108  mA  typ  on  Digital  -Vs,  37  mA  typ  on  Analog  -Vs. 

-J  -Vs  (AD9712B  or  AD9713B) 


has  left  a  1  LSB  error  band 


spectrum  window,  which  is 


"Measured  at  ±5%  of  +VS  (AD9713B  only)  and  - 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage  (+VS)  (AD9713B  Only)  +6  V 

Negative  Supply  Voltage  (-Vs)  -7  V 

Analog- to-Digital  Ground  Voltage  Differential  0.5V 

Digital  Input  Voltages  (D,-D,2,  LATCH  ENABLE) 

AD9712B   0  V  to  -Vs 

AD9713B   -0.5  V  to  +VS 

Internal  Reference  Output  Current   500  u-A 

Control  Amplifier  Input  Voltage  Range   0Vto-4V 

Control  Amplifier  Output  Current  ±2.5  mA 

Reference  Input  Voltage  Range  (Vref)   0  V  to  -Vs 

Analog  Output  Current  30  mA 

Operating  Temperature  Range 

AD97 12B/AD97 1 3BAN/AP/BN/BP  -25°C  to +85°C 

AD9712B/AD9713BSE/SQ/TE/TQ  -55°C  to  +  125°C 

Maximum  Junction  Temperature2 

AD9712B/AD9713BAN/AP/BN/BP  +  150°C 

AD9712B/AD9713BSE/SQ/TE/TQ   +  175°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Storage  Temperature  Range   -65°C  to  +150°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

2Typical  thermal  impedances  with  parts  soldered  in  place:  28-pin  plastic  DIP; 
6,A  =  37°C/W,  e,c  =  10-C/W;  28-pin  PLCC:  6,A  -  WOW,  6,c  =  14°C/W; 
Cerdip:  8IA  =  32°C/W,  9JC  =  10°C/W;  LCC:  6,A  =  41°C/W,  8JC  =  13°C/W.  No 


ORDERING  GUIDE 


Mm 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9712BAN 

-25°C 

to 

+  85°C 

28-Pin  PDIP 

N-28 

AD9712BBN 

-25°C 

to 

+  85°C 

28-Pin  PDIP 

N-28 

AD9712BAP 

-25°C 

to 

+85°C 

28-Pin  PLCC 

P-28A 

AD9712BBP 

-25°C 

to 

+85°C 

28-Pin  PLCC 

P-28A 

AD9712BSQ 

-55°C 

to 

+  125°C 

28-Pin  Cerdip 

Q-28 

AD9712BSE 

-55°C 

to 

+  125°C 

28-Pin  LCC 

E-28A 

AD9712BTQ 

-55°C 

to 

+ 125°C 

28-Pin  Cerdip 

Q-28 

AD9712BTE 

-55°C 

to 

+  125°C 

28-Pin  LCC 

E-28A 

AD9713BAN 

-25°C 

to 

+85°C 

28-Pin  PDIP 

N-28 

AD9713BBN 

-25°C 

to 

+85°C 

28-Pin  PDIP 

N-28 

AD9713BAP 

-25°C 

to 

+85°C 

28-Pin  PLCC 

P-28A 

AD9713BBP 

-25°C 

to 

+85°C 

28-Pin  PLCC 

P-28A 

AD9713BSQ 

-55°C 

to 

+  125°C 

28-Pin  Cerdip 

Q-28 

AD9713BSE 

-55°C 

to 

+  125°C 

28-Pin  LCC 

E-28A 

AD9713BTQ 

-55°C 

to 

+  125°C 

28-Pin  Cerdip 

Q-28 

AD9713BTE 

-55°C 

to 

+  125°C 

28-Pin  LCC 

E-28A 

at  I 


a 


*For  outline  information  see  Package  Information  section. 

EXPLANATION  OF  TEST  LEVELS 
Test  Level 

100%  production  tested. 

100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 

All  devices  are  100%  tested  at  +25°C.  100%  production 
tested  at  temperature  extremes  for  extended  temperature 
devices;  sample  tested  at  temperature  extremes  for 
commercial/industrial  devices. 


I 

II 

III 
IV 

V 
VI 
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AD9712B/AD9713B 


PIN  DESCRIPTIONS 


 1 — 













Pin# 


Name 





Function 





1-10  D2-Dn 
11         D12  (LSB) 

1  :.- 


Ten  bits  of  twelve-bit  digital  input  word. 
Least  Significant  Bit  (LSB)  of  digital  input  word. 


Input  Code  D,-D 


12 
13 

14 
15 
16 
17 


DIGITAL  -Vs 
ANALOG  RETURN 

'OUT 

ANALOG  -Vs 
Wr 

REFERENCE  IN 


.  Current  Output 


IOUT  (mA) 


IourCmA) 


1111111111  -20.475  0 

0000000000  0  -20.475 

One  of  two  negative  digital  supply  pins;  nominally  -5.2  V. 

Analog  ground  return.  This  point  and  the  reference  side  of  the  DAC  load  resistors  should  be  connected 
to  the  same  potential  (nominally  ground). 

Analog  current  output;  full-scale  output  occurs  with  digital  inputs  at  all  "1." 
One  of  two  negative  analog  supply  pins;  nominally  -5.2  V. 

1 


t  source  network, 
it.  Full-scale  current 


18 

19 
20 
21 
22 
23 

24 

25 
26 
27 
28 


CONTROL  AMP  OUT 


CONTROL  AMP  IN 
REFERENCE  OUT 
DIGITAL  -Vs 
REFERENCE  GROUND 
DIGITAL  +VS 

RSET 

ANALOG  -Vs 
LATCH  ENABLE 
DIGITAL  GROUND 
D,  (MSB) 





Complementary  analog  current  output;  zero  scale  output  occurs  with  digital  inputs  at  all  "1." 

Ijdl  "Ml/it  nt  ^IKIWij  eV-OOJAMA  f"  ^ _  jj" 

Normally  connected  to  CONTROL  AMP  OUT  (Pin  18).  Direct  line 
Voltage  changes  at  this  point  have  a  direct  effect  on  the  full-scale  out] 
output  =  128  (Reference  voltage/RSET)  when  using  internal  amplifier. 

Normally  connected  to  REFERENCE  INPUT  (Pin  17).  Output  of  internal  control  amplifier,  which 

provides  a  temperature-compensated  drive  level  to  the  current  switch  network. 

Normally  connected  to  REFERENCE  OUT  (Pin  20)  if  not  connected  to  external  reference. 

Normally  connected  to  CONTROL  AMP  IN  (Pin  19).  Internal  voltage  reference,  nominjdly  -1.18  V. 

One  of  two  negative  digital  supply  pins;  nominally  -5.2  V. 

Ground  return  for  the  internal  voltage  reference  and  amplifier. 

Positive  digital  supply  pin,  used  only  on  the  AD9713B;  nominally  +5  V.  No  connection  to  this  pin  on 
AD9712B. 

Connection  for  external  resistance  reference.  Full-scale  current  out  =  128  (Reference  voltage/RSET) 

when  using  internal  amplifier.  Nominally  7.5  kft. 

One  of  two  negative  analog  supply  pins;  nominally  -5.2  V. 

Transparent  latch  control  line.  Register  is  transparent  when  LATCH  ENABLE  is  LOW. 
Digital  ground  return. 

Most  Significant  Bit  (MSB)  of  digital  input  word. 





PIN  CONFIGURATIONS 


DIP 


PLCC/LCC 


i  <Jx  j 
I'ffS'l 

j  S  tr  z 

O     Q  O  -J  LAJ 


AD9712 
AD9713B 

TOP  VIEW 
(Not  to  Scale) 


ANALOG  -Vg 
RSET 

DIGITAL  +Vg 
REFERENCE 


GROUND 
DIGITAL  -Vs 


yyiifJIisJlisJliTjlvaJ 


ill 
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«nmiOD/«nmiin 

Backing   None 

Substrate  Potential  -Vs 

Passivation  Nitride 


II  5 

O       Q    Q  Q    □  J 


Q      Q         O  O 


  ANALOG  -Vg 

BSET 

  DIGITAL  Ws    (AD971 3A  ONLY) 

REFERENCE  GROUND 

  DIGITAL  -Vs 

  REFERENCE  OUT 


CONTROL  AMP  IN 


il  T  I? 
s  g     2     £  i 

I         S       S  8 
THEORY  AND  APPLICATIONS 

The  AD9712B  and  AD9713B  high  speed  digital-to-analog  con- 
verters utilize  Most  Significant  Bit  (MSB)  decoding  and  segmen- 
tation techniques  to  reduce  glitch  impulse  and  maintain  12-bit 
linearity  without  trimming. 

As  shown  in  the  functional  block  diagram,  the  design  is  based 
on  four  main  subsections:  the  Decoder/Driver  circuits,  the 
Transparent  Latches,  the  Switch  Network,  and  the  Control 
Amplifier.  An  internal  bandgap  reference  is  also  included  to 
allow  operation  with  a  minimum  of  external  components. 


LATCH  ENABLE 


DATA  INPUTS 


iHh- 


thresholds.  On  the  AD9713B,  a  TTL  translator  is  added  at  each 
input;  with  this  exception,  the  AD9712B  and  AD97BB  are 
identical. 

In  the  Decoder/Driver  section,  the  four  MSBs  (D[-D4)  are 
decoded  to  15  "thermometer  code"  lines.  An  equalizing  delay  is 
included  for  the  eight  Least  Significant  Bits  (LSBs)  and 
LATCH  ENABLE.  This  delay  niinimizes  data  skew,  and  data 
setup  and  hold  times  at  the  latch  inputs;  this  is  important  when 
operating  the  latches  in  the  transparent  mode.  Without  the 
delay,  skew  caused  by  the  decoding  circuits  would  degrade 
glitch  impulse. 

The  latches  operate  in  their  transparent  mode  when  LATCH 
ENABLE  (Pin  26)  is  at  logic  level  "0."  The  latches  should  be 
used  to  synchronize  data  to  the  current  switches  by  applying  a 
narrow  LATCH  ENABLE  pulse  with  proper  data  setup  and 
hold  times  as  shown  in  the  Timing  Diagram.  An  external  latch 
at  each  data  input,  clocked  out  of  phase  with  the  Latch  Enable, 
operates  the  AD9712B/AD9713B  in  a  master  slave  (edge- 
triggered)  mode.  This  is  the  optimum  way  to  operate  the  DAC 
because  data  is  always  stable  at  the  DAC  input.  An  external 
latch  eases  timing  constraints  when  using  the  converter. 

Although  the  AD9712B/AD9713B  chip  is  designed  to  provide 
isolation  from  digital  inputs  to  the  outputs,  some  coupling  of 
digital  transitions  is  inevitable,  especially  with  TTL  or  CMOS 
inputs  applied  to  the  AD9713B.  Digital  feedthrough  can  be 
reduced  by  forming  a  low-pass  filter  using  a  (200  O)  series  resis- 
tor in  series  with  the  capacitance  of  each  digital  input;  this  rolls 
off  the  slew  rate  of  the  digital  inputs. 

References 

As  shown  in  the  functional  block  diagram,  the  internal  band-gap 
reference,  control  amplifier,  and  reference  input  are  pinned  out 
for  maximum  user  flexibility  when  setting  the  reference. 

When  using  the  internal  reference,  REFERENCE  OUT  (Pin  20) 
should  be  connected  to  CONTROL  AMP  IN  (Pin  19).  CON- 
TROL AMP  OUT  (Pin  18)  should  be  connected  to  REFER- 
ENCE IN  (Pin  17)  through  a  20  fl  resistor.  A  0.1  u.F  ceramic 
capacitor  from  Pin  17  to  — Vs  (Pin  15)  improves  settling  by 
decoupling  switching  noise  from  the  current  sink  base  line.  A 
reference  current  cell  provides  feedback  to  the  control  amp  by 
sinking  current  through  RSET  (Pin  24). 


V 


tH  -  INPUT  HOLD  TIME 
W  "  LATCH  PULSE  WIDTH  tST  -  OUTPUT  SETTLING  TIME 

ts  -  INPUT  SETUP  TIME  tp„  -  OUTPUT  PROPAGATION  DELAY 


Timing  Diagram 
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Full-scale  output  current  is  determined  by  CONTROL  AMP  IN 

and  RSET  according  to  the  equation: 

:  - 

lour  (FS)  =  (CONTROL  AMP  IN/RSEr)  x  128 
The  internal  reference  is  nominally  -1.18  V  with  a  tolerance  of 
±3.5%  and  typical  drift  over  temperature  of  50  ppm/°C.  If 
greater  accuracy  or  better  temperature  stability  is  required,  an 
external  reference  can  be  utilized.  The  AD589  reference  shown 
in  Figure  1  features  ±10  ppm/°C  drift  over  temperatures  from 
0  C  to  -l~  70  C. 


r  ; 
V 

AD589 


AD9712B 
AD9713B 

CONTROL 
AMP  IN 


Figure  1.  Use  of  AD589  as  External  Reference 

Two  modes  of  multiplying  operation  are  possible  with  the 
AD9712B/AD9713B.  Signals  with  small  signal  bandwidths  up  to 
300  kHz  and  input  swings  of  100  mV,  or  dc  signals  from  -0.6  V 
to  - 1.2  V  can  be  applied  to  the  CONTROL  AMP  input  as 
shown  in  Figure  2.  Because  the  control  amplifier  is  internally 
compensated,  the  0.1  n-F  capacitor  at  Pin  17  can  be  reduced  to 
0.01  \x¥  to  maximize  the  multiplying  bandwidth.  However,  it 
should  be  noted  that  settling  time  for  changes  to  the  digital 
inputs  will  be  degraded. 

_ 

r 

v 

-0.6V  TO -1.2V 
300  kHz  %  


■  ■  

Figure  2.  Low  Frequency  Multiplying 


Circuit 


AD9712B/AD9713B 


The  REFERENCE  IN  pin  can  also  be  driven  directly  for  wider 
bandwidth  multiplying  operation.  The  analog  signal  for  this 
mode  of  operation  must  have  a  signal  swing  in  the  range  of 
-3.75  V  to  -4.25  V.  This  can  be  implemented  by  capacitively 
coupling  into  REFERENCE  IN  a  signal  with  a  dc  bias  of 
-3.75  V  to  -4.25  V,  as  shown  in  Figure  3;  or  by  driving  REF- 
ERENCE IN  with  a  low  impedance  op  amp  whose  signal  swing 
is  limited  to  the  stated  range. 


Outputs 

As  indicated  earlier,  D,-D4  (four  MSBs)  are  decoded  and  drive 
15  discrete  current  sinks.  D5  and  D6  are  binarily  weighted;  and 
D7-D]2  are  applied  to  the  R-2R  network.  This  segmented  archi- 
tecture reduces  frequency  domain  errors  due  to  glitch  impulse. 


Figure  3.  Wideband  Multiplying  Circuit 

The  Switch  Network  provides  complementary  current  outputs 
Ioux  and  I0ut-  These  current  outputs  are  based  on  statistical 
current  source  matching  which  provides  12-bit  linearity  without 
trim.  Current  is  steered  to  either  I0ut  or  Iout  in  proportion  to 
the  digital  input  code.  The  sum  of  the  two  currents  is  always 
equal  to  the  full-scale  output  current  minus  one  LSB. 

The  current  output  can  be  converted  to  a  voltage  by  resistive 
loading  as  shown  in  Figure  4.  Both  Ioux  and  IOUT  should  be 
loaded  equally  for  best  overall  performance.  The  voltage  which 
is  developed  is  the  product  of  the  output  current  and  the  value 
of  the  load  resistor. 


■ 


( 
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Figure  4.  Typical  Resistive  Load  Connection 

An  operational  amplifier  can  also  be  used  to  perform  the  I  to  V 
conversion  of  the  DAC  output.  Figure  5  shows  an  example  of  a 
circuit  which  uses  the  AD9617,  a  high  speed,  current  feedback 
amplifier 

■ 

10k 


DAC  current  across  feedback  resistor  Rra  determines  the 
AD9617  output  swing.  A  current  divider  formed  by  RL  and  Rpp 
limits  the  current  used  in  the  I-to-V  conversion,  and  provides  an 
output  voltage  swing  within  the  specifications  of  the  AD9617. 
Current  through  R2  provides  dc  offset  at  the  output  of  the 
AD9617.  Adjusting  the  value  of  R,  adjusts  the  value  of  offset 
current.  This  offset  current  is  based  on  the  reference  of  the 
AD9712B/AD9713B,  to  avoid  coupling  noise  into  the  output 


The  resistor  values  in  Figure  5  provide  a  4.0%  V  swing,  cen- 
tered at  ground,  at  the  output  of  the  AD9617  amplifier. 

Power  and  Grounding 

Maintaining  low  noise  on  power  supplies  and  ground  is  critical 
for  obtaining  optimum  results  with  the  AD9712B  or  AD9713B. 
DACs  are  most  often  used  in  circuits  which  are  predominantly 
digital.  To  preserve  12-bit  performance,  especially  at  conversion 
speeds  up  to  100  MSPS,  special  precautions  are  necessary  for 
power  supplies  and  grounding. 

Ideally,  the  DAC  should  have  a  separate  analog  ground  plane. 
All  ground  pins  of  the  DAC,  as  well  as  reference  and  analog 
output  components,  should  be  tied  directly  to  this  analog 
ground  plane.  The  DAC's  ground  plane  should  be  connected  to 
the  system  ground  plane  at  a  single  point. 

Ferrite  beads  such  as  the  Stackpole  57-1392  or  Amidon  FB-43B- 
101,  along  with  high  frequency,  low-inductance  decoupling 
capacitors,  should  be  used  for  the  supply  connections  to  isolate 
digital  switching  currents  from  the  DAC  supply  pins.  Separate 
isolation  networks  for  the  digital  and  analog  supply  connections 
will  further  reduce  supply  noise  coupling  to  the 
output. 

Molded  socket  assemblies  should  be  avoided  even  when  proto- 
typing circuits  with  the  AD9712B  or  AD9713B.  When  the  DAC 
cannot  be  directly  soldered  into  the  board,  individual  pin  sock- 
ets such  as  AMP  #6-330808-0  (knock-out  end),  or  #60330808-3 
(open  end)  should  be  used.  These  have  much  less  effect  on 
inter-lead  capacitance  than  do  molded  s 


Figure  5. 1/V  Conversion  Using  Current  Feedback 


DDS  Applications 

Numerically  controlled  oscillators  (NCOs)  are  digital  devices 
which  generate  samples  of  a  sine  wave.  When  the  NCO  is  com- 
bined with  a  high  performance  D/A  converter  (DAC),  the  com- 
bination system  is  referred  to  as  a  Direct  Digital  Synthesizer 
(DDS). 

The  digital  samples  generated  by  the  NCO  are  reconstructed  by 
the  DAC  and  the  resulting  sine  wave  is  usable  in  any  system 
which  requires  a  stable,  spectrally  pure,  frequency-agile  refer- 
ence. The  DAC  is  often  the  limiting  factor  in  DDS  applications, 
since  it  is  the  only  analog  function  in  the  circuit.  The  AD9712B/ 
AD9713B  D/A  converters  offer  the  highest  level  of  performance 
available  for  DDS  applications. 

DC  linearity  errors  of  a  DAC  are  the  dominant  effect  in  low- 
frequency  applications  and  can  affect  both  noise  and  harmonic 
content  in  the  output  waveform.  Differential  Nonlinearity 
(DNL)  errors  determine  the  quantization  error  between  adjacent 
codes,  while  Integral  Nonlinearity  (INL)  is  a  measure  of  how 
closely  the  overall  transfer  function  of  the  DAC  compares  with 
an  ideal  device.  Together,  these  errors  establish  the  limits  of 
phase  and  amplitude  accuracy  in  the  output  waveform. 
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Figure  6.  Direct  Digital  Synthesizer  Block  Diagram 
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■ 


When  the  analog  frequency  (fA)  is  exactly  fc/N  and  N  is  an  even 
integer,  the  DDS  continually  uses  a  small  subset  of  the  available 
DAC  codes.  The  DNL  of  the  converter  is  effectively  the  DNL 
error  of  the  codes  used,  and  is  typically  worse  than  the  error 
measured  against  all  available  DAC  codes.  This  increase  in 
DNL  is  translated  into  higher  harmonic  and  noise  levels  at  the 
ut 


Glitch  impulse,  often  considered  a  figure  of  merit  in  DDS  appli- 
cations, is  simply  the  initial  transient  response  of  the  DAC  as  it 
moves  between  two  output  levels.  This  nonlinearity  is  com- 
monly associated  with  external  data  skew,  but  this  effect  is  mini- 
mized by  using  the  on-board  registers  of  the  AD9712B/AD9713B 
converters  (see  Digital  Inputs/Timing  section).  The  majority  of 
the  glitch  impulse,  shown  below,  is  produced  as  the  current  in 
the  R-2R  ladder  network  settles,  and  is  fairly  constant  over  the 
full-scale  range  of  the  DAC.  The  fast  transients  which  form  the 
glitch  impulse  appear  as  high-frequency  spurs  in  the  output 
spectrum. 

While  it  is  difficult  to  predict  the  effects  of  glitch  on  the  output 
waveform,  slew  rate  limitations  translate  directly  into  harmonics. 
This  makes  slew  rate  the  dominant  effect  in  ac  linearity  of  the 
DAC.  Applications  in  which  the  ratio  of  analog  frequency  (fA) 
to  clock  frequency  (fc)  is  relatively  high  will  benefit  from  the 
high  slew  rate  and  low  output  capacitance  of  the  AD9712B/ 
AD9713B  devices. 

Another  concern  in  DDS  applications  is  the  presence  of  aliased 
harmonics  in  the  output  spectrum.  Aliased  harmonics  appear  as 
spurs  in  the  output  spectrum  at  frequencies  which  are  deter- 
mined by: 

MfA±Nfc 
where  M  and  N  are  integers. 

The  effects  of  these  spurs  are  most  easily  observed  in  applica- 
tions where  fA  is  nearly  equal  to  an  integer  fraction  of  the  clock 
rate.  This  condition  causes  the  aliased  harmonics  to  fold  near 
the  fundamental  output  frequency. 


Figure  7.  AD9712B/AD9713B  Glitch  Impulse 

■ 


Figure  8.  Rise  and  Fall  Characteristics 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-271 


ANALOG 
DEVICES 


10-Bit,  400  NISPS 
D/A  Converters 


AD9720/AD9721 


FEATURES 

400  MSPS  (ECU/100  MSPS  (TTL)  Update  Rate 
Low  Glitch  Impulse:  1.5  pV-s 
Fast  Settling:  4.5  ns  to  1/2  LSB 
Low  Power:  1.1  W 
On-Board  Quadrature  Logic 

for  DDS  Applications 
Differential  Clock  (ECL) 


■ 


APPLICATIONS 
Direct  Digital  Synthesis 
Arbitrary  Waveform  Synthesis. 
Waveform  Reconstruction 
High  Speed  Imaging 

GENERAL  DESCRIPTION 

The  AD9720  and  AD9721  D/A  converters  are  10-bit,  high  speed 
digital-to-analog  conveners  constructed  in  an  oxide  isolated 


bipolar  process.  The  AD9720  is  ECL  compatible,  and  will 
update  up  to  400  Msps;  the  AD9721  is  TTL  compatible  and 
will  update  up  to  100  Msps. 

Designed  for  direct  digital  synthesis  (DDS),  waveform  recon- 
struction, and  high  resolution  video  applications,  both  devices 
feature  low  glitch  impulse  of  1.5  pV-s  and  fast  settling  times  of 
4.5  ns  to  1/2  LSB. 

Both  converters  are  characterized  for  dynamic  performance,  and 
have  excellent  harmonic  suppression  and  spectral  purity  in 
waveform  generation  applications. 

The  units  are  available  in  28-pin  DIPs,  LCCs  and  SOICs. 
Industrial  temperature  range  devices  are  packaged  in  plastic  for 
operation  from  -25°C  to  +25°C;  extended  temperature  range 
devices  for  operation  from  -55°C  to  +125°C  are  in  hermetic 
ceramic  packages.  Contact  the  factory  for  information  about  the 
availability  of  MIL-STD-883  devices. 


FUNCTIONAL  BLOCK  DIAGRAM  AND  CONNECTIONS 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  W3S&  ^^SST'       —  "  7*  » 


Parameter  (Conditions) 
RESOLUTION 


Temp 


Test 
Level 


AD9720BN/BR 
Min    Typ  Max 


AD9720TE/TQ 
Min    Typ  Max 


AD9721BN/BR 
Min     Typ  Max 


AD9721TE/TQ 
Min    Typ  Max 


10 


10 


10  Bits 


DC  ACCURACY 
Differential  Nonlinearity 

Integral  Nonlinearity 
("Best  Fit"  Straight  Line) 


+25°C 
Full 
+  25°C 
Full 


0.25 


0.5 


0.75 
1.0 
1.0 
1.5 


0.6 


0.7 


1.0 
1.5 
1.5 
2.0 


0.25 


0.5 


0.75 
1.0 
1.0 
1.5 


0.6 


0.7 


1.0 
1.5 
1.5 
2.0 


INITIAL  OFFSET  ERROR 
Zero-Scale  Offset  Error 

Full-Scale  Gain  Error1 

Offset  Drift  Coefficient 


+  25°C 
Full 
+25°C 
Full 
+  25°C 


16  60 
20  75 
2  15 
15 

0.04 


16  60 
20  75 
2  15 
15 

0.04 


16  60 

20  75 
2  15 
15 

0.04 


16 
20 
2 

0.04 


60 
75 
15 
15 


REFERENCE/CONTROL  AMP 
Internal  Reference  Voltage 

Internal  Reference  Voltage  Drift 
Internal  Reference  Output  Current 
Amplifier  Input  Impedance 
Amplifier  Bandwidth 

REFERENCE  INPUT2 
Reference  Input  Impedance 
Reference  Multiplying  Bandwidth3 

OUTPUT  PERFORMANCE 
Full-Scale  Output  Current2-  4 
Output  Compliance  Range 
Output  Resistance 
Output  Capacitance 
Output  Update  Rate 
Voltage  Settling  Time  (1/2  LSB)5 
Propagation  Delay  (tPD)6 
Glitch  Impulse7 
Output  Slew  Rate8 
Output  Rise  Time8 
Output  Fall  Time8 

DIGITAL  INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Input  Setup  Time  (ts)' 

Input  Hold  Time  (t„)'° 

Clock  Pulse  Width  (Low) 
Clock  Pulse  Width  (High) 

DYNAMIC  PERFORMANCE  ~ 
Spurious-Free  Dynamic  Range  (SFDR)1 1 
2.02  MHz;  100  Msps;  2  MHz  Span 

25.01  MHz;  100  Msps;  2  MHz  Span 

10.02  MHz;  250  Msps;  5  MHz  Span 
62.54  MHz;  250  Msps;  5  MHz  Span 
70  MHz;  220  Msps;  10  MHz  Span 


+  25°C 
Full 
Full 
Full 

+25<C 
+  25°C 


-1.15  -1.25  -1.35 
-1.15  -1.35 
100 

-50  +500 
50 
1 


-1.15  -1.25  -1.35 
-1.15  -1.35 
100 

-50  +500 
50 
1 


-1.15  -1.25  -1.35 
-1.15  -1.35 
100 

-50  +500 
50 
1 


-1.15  -1.25  -1.35 
-1.15  -1.35 
100 

-50  +500 
50 
1 


+  25°C 
+  25°C 


4.6 
75 


4.6 

75 


4.6 
75 


46 

75 


+  25°C 
+  25°C 
+  25°C 
+  25T 
+  25°C 
+  25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


20.48 

-1.5 

210 
6 
400 
4.5 
4.0 
1.5 
1,000 
675 
470 


+  3 


-1.5 


20.48 

210 
« 

400 

4.5 

4.0 

1.5 

1,000 

675 

470 


+  3 


-1.5 


20.48 

210 
6 

100 

4.5 

4.5 

1.5 

1,000 

675 

470 


+3 


-1.5 


20.48 

210 
6 

100 

4.5 

4.5 

1.5 

1,000 

675 

470 


+  3 


FuU 

Full 

Full 

Full 

+  25°C 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 


-1.0 


-1.5 


50 
2 


3 

0.4 


1.2 


1.0 
1.2 
1.6 

2.8 

1.1  0.85 

1.4  0.85 


-0.9 

-1.6 

50 

2 

3 

1.0  0.4 
1.2 

1.6  1.2 

2.8 

1.1  0.85 
1.4  0.85 


2.0 


0.8 
400 
700 


3 

0.5 

1.25 

0.85 
0.85 


2.0 


1.0 
1.2 
2.0 
2.3 
1.0 
1.1 


0.8 
400 
700 


3 

0.5 

1.25 

0.85 
0.85 


75 
66 
70 
55 
70 




75 

66 

N/A 

N/A 

N/A 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


75 
66 
70 
55 
70 


75 

66 

N/A 

N/A 

N/A 
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Negative  Supply  Current  (-5.2  V)" 

+25°C 
Full 

I 

VI 

no  au 
290 

i.iv  40U 

290 

300 

300 

mA 

Positive  Supply  Current  (+5.0  V) 

+25°C 
Full 
+25°C 
+25°C 

I 

N/A 

N/A 
N/A 
1.1 
50 

14 

30 
30 

14 

30 

mA 

Nominal  Power  Dissipation 

Power  Supply  Rejection  Ratio  (PSRR)14 

VI 
V 
V 

1  

N/A 

1.1 

50 

1.2 
50 

1.2 
50 

30 

mA 
W 

uA/V 

I 


NOTES 

'Measured  as  error  in  ratio  of  full-scale  current  to  current  through  RSEt  (o40  M-A  nominal);  ratio  is  nominally  32.  DAC  load  is  virtual  ground. 
'Full-scale  current  variations  among  devices  are  higher  when  driving  REFERENCE  IN  directly. 
'Frequency  at  which  a  3  dB  change  in  output  of  DAC  is  observed;  RL  =  50  fl;  100  mV  modulation  at  midscale. 
4Based  on  IFS  =  32  (CONTROL  AMP  IN/RSET)  when  using  internal  control  amplifier.  DAC  load  is  virtual  ground. 
^Measured  as  voltage  settling  at  midscale  transition  to  ±0.1%;  RL  =  50  O. 
'Measured  from  50%  point  of  rising  edge  of  CLOCK  signal  to  1/2  LSB  change  in  output  signal. 
'Peak  glitch  impulse  is  measured  as  the  largest  area  under  a  single  positive  or  negative  transient. 
'Measured  with  RL  =  50  fl  and  DAC  operating  in  latched  mode. 
'Data  must  remain  stable  for  specified  time  prior  to  rising  edge  of  CLOCK. 
10Data  must  remain  stable  for  specified  time  after  rising  edge  of  CLOCK. 

"SFDR  is  defined  as  the  difference  in  signal  energy  between  the  fundamental  and  worst  case  spurious  frequencies  in  the  output  spectrum  window,  which  is  centered  at  the 

fundamental  frequency  and  covers  the  indicated  span. 
'-Supply  voltages  should  remain  stable  within  ±5%  for  normal  operation. 
"190  mA  typ  on  Digital  -Vs,  30  mA  typ  on  Analog  -Vs 

"Measured  at  ±5%  of  +VS  (AD9721  only)  and  -Vs  (AD9720  or  AD9721)  using  external  reference. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage  (+VS)  (AD9721  Only)  +6  V 

Negative  Supply  Voltage  (-Vs)  (AD9720  and  AD9721)  .  -7  V 
Digital  Input  Voltages  (D,-D10,  CLOCK,  CLOCK) 

AD9720   0  Vto  -Vs 

AD9721  -0.5  V  to  +VS 

Internal  Reference  Output  Current   500  (iA 

Control  Amplifier  Input  Voltage  Range   0  V  to  -4  V 

Control  Amplifier  Output  Current  ±2.5  mA 

Reference  Input  Voltage  Range  (VREF)   0  V  to  -Vs 

Analog  Output  Current  30  mA 

Operating  Temperature  Range 

AD9720/AD9721BN/BR  -25°C  to  +85°C 

AD9720/AD9721TE/TQ  -55°C  to  +125°C 

Maximum  Junction  Temperature2 

AD9720/AD9721BN7BR    +150°C 

AD9720/AD9721TE/TQ  +175°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
'Typical  thermal  impedances:  28-pin  plastic  DIP:  6,A=  37°C/W,  6,c  =  10°C/W; 
28-pin  LCC:  6JA  =  41°C/W,  6,c  -  13°C/W;  28-pin  SOIC:  8M  =  46°OW, 
6,c  =  10°C/W;  Cerdip:  6JA  =  35°C/W,  e,c  =  lO-C/W.  Soldered  to  board;  no 
air  Mow. 

}  GUIDE 


Model 


AD9720BN 
AD9720BR 
AD9720TE 
AD9720TQ 
AD9721BN 
AD9721BR 
AD9721TE 
AD9721TQ 

•For  outline  Information  see  Package  Information  section.* 


Temperature 

Package 

Package 

Range 

Description 

Option* 

-25°C  to  +  85°C 

28-Pin  PDIP 

N-28 

-25°C  to  +85°C 

28-Pin  SOIC 

R-28 

-55°Cto  +125°C 

28-Pin  LCC 

E-28A 

-55^10  +125°C 

28-Pin  Cerdip 

Q-28 

-25°C  to  +85°C 

28-Pin  PDIP 

N-28 

-25°C  to  +85°C 

28-Pin  SOIC 

R-28 

-55°Cto  +125°C 

28-Pin  LCC 

E-28A 

-55°Cto  -rtfS'C 

28-Pin  Cerdip 

Q-28 

EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures. 

III  -  Sample  tested  only. 

IV .  -  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  tested  at  +25°C.  100%  production 

tested  at  temperature  extremes  for  extended  temperature 
devices;  sample  tested  at  temperature  extremes  for 
commercial/industrial  devices. 

DIE  LAYOUT  AND  MECHANICAL  INFORMATION 

Die  Dimensions    199  x  165  x  15  (±2)  mils 

Pad  Dimensions  4x4  mils 

Metalization   Aluminum 

Backing   None 

Substrate  Potential  -Vs 

Passivation  Nitride 
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PIN 


DIP 

Pin  #  Name 


Function 


1 

2-9 
10 


D,  (MSB) 
D2-D, 

D10  (LSB) 


11  CLOCK 


12  CLOCK/NC 

13  INVERT 


Most  Significant  Bit  (MSB)  of  digital  input  word. 

Eight  of  10  digital  input  bits.  Digital  inputs  are  10K  ECL  compatible  for  AD9720;  TTL  compatible  for 
AD9721.  See  coding  table  elsewhere. 
Least  Significant  Bit  (LSB)  of  digital  input  word. 

Input  Coding  vs.  Current  Output 
Input  Code  D,-D10  IoUT  (mA)  I^OnA) 
1111111111  -20.48  0 

0000000000  0  -20.48 

Edge-triggered  latch  enable  signal  for  on-board  registers.  10K  ECL  compatible  for  AD9720.  TTL  compatible 
for  AD972 1 .  Register  loads  data  on  rising  edge  of  CLOCK  signal;  must  be  driven  in  conjunction  with  CLOCK. 


14 
15 
16 
17 

18 
19 

20 

21 
22 
23 


DIGITAL  -Vs/+Vs 
GROUND 
DIGITAL  -Vs 

"SET 

GROUND 
ANALOG  RETURN 


IoUT 

ANALOG  -Vs 
REFERENCE  IN 


Complementary  ( 
AD9720;  not  ( 

Normally  connected  to  logic  LOW;  inverters  are  transparent  in  this  mode.  Logic  High  inverts  the  9  LSBs 


:  signal  for  on-board  registers.  10K  ECL  compatible  for 


24  CONTROL  AMP  OUT 

25  REFERENCE  OUT 

26  CONTROL  AMP  IN 

27  DIGITAL  -Vs 

28  GROUND 


(D2-D10)  when  the  MSB  is  LOW.  No  internal  pull-down  resistor. 
One  of  three  digital  supply  pins;  nominally  -5.2  V  for  AD9720;  +5  V  for  AD9721. 
Converter  ground  return. 

One  of  three  negative  digital  supply  pins;  nominally  -5.2  V. 
Connection  for  external  resistance  reference;  nominally  1,960  fl.  Full-scale  current  out  =  32  x 
(CONTROL  AMP  IN/RSET)  when  using  internal  amplifier.  DAC  load  is  virtual  ground. 
Converter  ground  return. 

Analog  current  return.  This  point  and  the  reference  side  of  the  DAC  load  resistors  should  be  connected  to 
the  same  potential  (nominally  ground). 

Analog  current  output;  full-scale  output  occurs  with  digital  inputs  at  all  "1."  With  external  load  resistor, 
output  voltage  =  Ioux  x  (RLOad  II  rinternal)-  rinternal     nominally  210  ft. 
Complementary  analog  current  output;  zero-scale  output  occurs  with  digital  inputs  at  all  "1." 
Negative  analog  supply;  nominally  -5.2  V. 

Normally  connected  to  CONTROL  AMP  OUT  (Pin  24).  Direct  line  to  DAC  current  source  network. 
Voltage  changes  (noise)  at  this  point  have  a  direct  effect  on  the  full-scale  output  current  of  DAC. 
Full-scale  current  output  =  32  x  (CONTROL  AMP  IN/RSET)  when  using  internal  amplifier.  DAC 
load  is  virtual  ground. 

Normally  connected  to  REFERENCE  INPUT  (Pin  23).  Output  of  internal  control  amplifier,  which 
provides  a  reference  for  the  current  switch  network. 

Normally  connected  to  CONTROL  AMP  IN  (Pin  26).  Internal  voltage  reference,  nominally  -1.25  V. 
Normally  connected  to  REFERENCE  OUT  (Pin  25)  if  not  connected  to  external  reference. 
One  of  three  negative  digital  supply  pins;  nominally  -5.2  V. 
Converter  ground  return. 


2 


&  a   a  a 


AD9720/AD9721 

TOP  VIEW 
(NotToSc.l.) 


2£]  REFERENCE  OUT 
^  CONTROL  AMP  OUT 
2|j  REFERENCE  IN 
22j  ANALOG  -Vs 

»|lOUT 
19]A 


IS  1  f  5  t  g 

g         NC  -  NO  CONNECT 

LCCAD9720  (AD9721)  Pinouts 


Pinouts  (SOIC  Pin  Numbering  is  Same  as  DIP) 
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THEORY  AND  APPLICATIONS 

The  AD9720/AD9721  high  speed  digital-to-analog  converters 
utilize  Most  Significant  Bit  (MSB)  decoding  and  segmentation 
techniques  to  reduce  glitch  impulse  and  maintain  10-bit  linearity 
without  trimming. 

As  shown  in  the  functional  block  diagram,  the  design  is  based 
on  four  main  subsections:  the  Decoder/Driver  circuits,  the  Edge 
Triggered  Data  Register,  the  Switch  Network,  and  the  Control 
Amplifier.  An  internal  bandgap  reference  is  also  included  to 
allow  operation  with  a  minimum  of  external  components.  The 
block  labeled  "Inverters"  is  transparent  in  normal  operation, 
but  can  be  used  to  minimize  the  external  components  require- 


ts  -  INPUT  SETUP  TIME 

tH  -  INPUT  HOLD  TIME 

tST  -  OUTPUT  SETTLING  TIME 

tPD  -  OUTPUT  PROPAGATION  DELAY 


Although  the  AD9720/AD9721  chip  is  designed  to  provide  isola- 
tion from  digital  inputs  to  the  outputs,  some  coupling  of  digital 
transitions  is  inevitable,  especially  with  TTL  or  CMOS  inputs 
applied  to  the  AD972.1.  Digital  feedthrough  can  be  reduced  by 
forming  a  low-pass  filter  using  a  resistor  in  series  with  the 
capacitance  of  each  digital  input;  this  rolls  off  the  slew  rate  of 
the  digital  inputs.  QHUOH0  gi 

References 

As  shown  in  the  functional  block  diagram,  the  internal  band-gap 
reference,  control  amplifier,  and  reference  input  are  pinned  out 
for  maximum  user  flexibility  when  setting  the  reference. 


ments  in  DDS  applications  using  the  AD9950,  a  300  Msps 
phase  accumulator  (see  AD9950  data  sheet). 


When  using  the  internal  reference,  REFERENCE  OUT  (Pin  25) 


Digital  Inputs/Timing 

The  AD9720  employs  single-ended  ECL-compatible  inputs  for 
data  inputs  PpDu  and  the  differential  clock  signals  CLOCK 
and  CLOCK.  The  internal  ECL  midpoint  reference  is  designed 
to  match  10K  ECL  device  thresholds.  On  the  AD9721,  a  TTL 
translator  is  added  at  each  input  and  the  clock  becomes  single 
ended;  with  these  exceptions,  the  AD9720  and  AD9721  are 
identical.  (NOTE:  Pin  14  is  +VS  on  AD9721;  -Vs  on 
AD9720.) 

In  the  Decoder/Driver  section,  the  four  MSBs  (D^  D4)  are 
decoded  to  15  "thermometer  code"  lines.  An  equalizing  delay  is 
included  for  the  six  Least  Significant  Bits  (LSBs)  and  the  clock 
signals.  This  delay  minimizes  data  skew  and  data  setup  and  hold 
times  at  the  register  inputs. 

The  on-board  register  is  rising-edge-triggered  and  should  be 
used  to  synchronize  data  to  the  current  switches  by  applying  a 
pulse  with  proper  data  set-up  and  hold  times  as  shown  in  the 
timing  diagram. 


should  be  connected  to  CONTROL  AMP  IN  (Pin  26).  CON- 
TROL AMP  OUT  (Pin  24)  should  be  connected  to  REFER- 
ENCE IN  (Pin  23).  A  0.1  u.F  ceramic  capacitor  from  Pin  23  to 
ANALOG  -Vs  (Pin  22)  improves  settling  by  decoupling 
switching  noise  from  the  current  sink  base  line.  A  reference  cur- 
rent cell  provides  feedback  to  the  control  amp  by  sinking  cur- 
rent through  RSET  (Pin  17). 

Full-scale  output  current  is  determined  by  Control  amp  in 
and  RSET  according  to  the  equation: 


Iout(FS)  =  [CONTROL  AMP  IN/Rset)  x  32 
The  internal  reference  is  nominally  -1.25  V  with  a  tolerance  of 
±8%  and  typical  drift  over  temperature  of  100  ppm/°C.  If 
greater  accuracy  or  better  temperature  stability  is  required,  an 
external  reference  can  be  utilized.  The  AD589  reference  features 
±10  ppm/°C  drift  over  temperatures  from  0°C  to  +70°C. 


.:*'*"r.i«  (KU  IM  ml 


■  ■ 


I  "I 


: 


3-276   DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


AD9720/AD9721 


Two  modes  of  multiplying  operation  are  possible  with  the 
AD9720/9721.  Signals  with  bandwidths  up  to  1  MHz  and  input 
swings  from  -0.6  V  to  -1.2  V  can  be  applied  to  the  CON- 
TROL AMP  input  as  shown  in  Figure  1 .  Because  the  control 
amplifier  is  internally  compensated,  the  0.1  u.F  capacitor  dis- 
cussed above  can  be  reduced  to  maximize  the  multiplying  band 
width.  However,  it  should  be  noted  that  settling  time  for 
i  to  the  digital  inputs  will  be  degraded. 


The  current  output  can  be  converted  to  a  voltage  by  resistive 
loading  as  shown  in  the  block  diagram.  Both  I()UT  and  IOUT 
should  be  loaded  equally  for  best  overall  performance.  The  volt- 
age which  is  developed  is  the  product  of  the  output  current  and 
the  value  of  the  load  resistor. 

ional  amplifier  can  also  be  i 
of  the  DAC  output.  Figure  3  s 
l  uses  the  AD9617,  a  high  S] 
le  resistor  values  in  Figure  ■ 
swing,  centered  at  ground,  at  the  output  of  the  AD9617 
amplifier. 


Figure  1.  Low  Frequency  Multiplying  Circuit 

The  REFERENCE  IN  pin  can  also  be  driven  directly  for  wider 
bandwidth  multiplying  operation.  The  analog  signal  for  this 
mode  of  operation  must  have  a  signal  swing  in  the  range  of 
-3.3  V  to  —4.25  V.  This  can  be  implemented  by  capacitively 
coupling  into  REFERENCE  IN  a  signal  with  a  dc  bias  of 
-3.3  V  (IOUT  ~  22.5  mA)  to  -4.25  V  (IOUt  ~  3  mA),  as 
shown  in  Figure  2,  or  by  driving  REFERENCE  IN  with  a  low 
impedance  op  amp  whose  signal  swing  is  limited  to  the  stated 


Figure  3.  I/V  Conversion  Using  Current  Feedback  Amp 
cations 

characteristics  of  the  AD9720/AD9721  make  it 
ideally  suited  for  direct  digital  synthesis  (DDS)  and  other  wave- 
distortion  of  the 
the  fundamental  when  generating  frequen- 
cies which  are  nearly  integer  fractions  of  the  clock  rate,  these 
are  often  considered  worst  case  conditions. 

Please  contact  the  factory  for  information  concerning  the  avail- 
ability of  an  evaluation  board  or  for  additional  characterization 
data. 


I 


Figure  2.  Wideband  Multiplying  Circuit  ' 

I  rzri  I 

Outputs 

The  Switch  Network  provides  complementary  current  outputs 
lour  and  IoUT.  The  design  of  the  AD9720/AD9721  is  based  on 
statistical  current  source  matching  which  provides  10-bit  linear- 
ity without  trim.  Current  is  steered  to  either  I0trr  or  Iout  m 
proportion  to  the  digital  input  code.  The  sum  of  the  two  cur- 
rents is  always  equal  to  the  full-scale  output  current  minus 
one  LSB. 


SETTLING  TIME  -  4.5ns 
NET  GLITCH  =  1.34pV-« 
PEAK  GLITCH  =  1.36pV-t 


100  MHz 
LPF 


TEST  CIRCUIT 


Figure  4.  AD9720  Glitch  Impulse 
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Figure  5.  Typical  Output  Spectrum 


Figure  6.  Typical  Output  Spectrum 
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Figure  7.  Typical  Output  Spectrum 
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Figure  8.  Typical  Output  Spectrum 
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Figure  9.  Typical  Output  Spectrum 


Figure  10.  Typical  Output  Spectrum 
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FEATURES 

5ns  Settling  Time 

100MSPS  Update  Rate 

20mA  Output  Current 

ECL-Compatible 

40MHz  Multiplying  Mode 


APPLICATIONS 

Raster  Scan  &  Vector  Graphic  Displays 
High  Speed  Waveform  Generation 
Digital  VCOs 

Ultra-Fast  Digital  Attenuators 


GENERAL  DESCRIPTION 

The  Analog  Devices  AD9768SD  D/A  converter  is  a  monolithic 
current-output  converter  which  can  accept  8  bits  of  ECL-level 
digital  input  voltages  and  convert  them  into  analog  signals  at. 
update  rates  as  high  as  100MSPS.  In  addition  to  its  use  as  a 
standard  D/A  converter,  it  can  also  be  utilized  as  a  two-quadrant 
multiplying  D/A  at  multiplying  bandwidths  as  high  as  40MHz. 

An  inherently  low  glitch  design  is  used,  and  the  complementary 
current  outputs  are  suitable  for  driving  transmission  lines  directly. 
Nominal  full-scale  output  is  20mA,  which  corresponds  to  a  l- 
volt  drop  across  a  50fl  load,  or  ±  1  volt  across  100ft  returned  to 
+ 1  volt.  The  actual  output  current  is  determined  by  the  on-chip 
reference  voltage  (VreF  ~  -  1.26V)  and  an  external  current 
setting  resistor,  RSet- 

Full-scale  output  current  I0ut  with  digital  "1"  at  all  inputs  is 
calculated  with  the  equation: 

Vrjjt  -  VREF 


IoUT  =  4x- 


The  setting  resistor  RSET  and  the  output  load  resistor  should 
both  have  low  temperature  coefficients.  A  complementary 
Iqut  is  ^so  provided. 


AD9768JD/SD  PIN 


•E 
LI 
U 
E 
E 
E 
LI 

LSS  [T 


FUNCTIONAL  BLOCK  DIAGRAM 


fa 


REFERENCE 
REFERENCE  AMPLIFIER 
GENERATOR 


The  reference  voltage  source  is  a  modified  bandgap  type  and  is 
nominally  —  1 .26  volts.  This  reference  supply  requires  no  external 
regulation.  To  reduce  the  possibility  of  noise  generation  and/or 
instability,  pin  15  (REFERENCE  OUT)  can  be  decoupled  using 
a  high-quality  ceramic  chip  capacitor.  Stabilization  of  the  internal 
loop  amplifier  is  by  a  single  capacitor  connected  from  pin  17 
(COMPENSATION)  to  ground.  The  minimum  value  for  this 
capacitor  is  3900pF,  although  a  0.01u.F  ceramic  chip  capacitor 
is  recommended. 

The  incredible  speed  characteristics  of  the  AD9768SD  D/A 
converter  make  it  attractive  for  a  wide  range  of  high  speed 
applications.  The  ability  of  the  unit  to  operate  as  a  two-quadrant 
multiplying  D/A  converter  adds  another  dimension  to  its  usefulness 
and  makes  the  AD9768SD  a  truly  versatile  device. 

AD9768SE  PIN  CONNECTIONS 

i 

I 

3  I 


7?]  Rset 

77]  compensation 

iT]  REFERENCE  IN 
15~]  REFERENCE  OUT 
14~1  OUTPUT  iW 
l7|  OUTPUT  (lo) 
77]  ANALOG  RETURN 
77J  DIGITAL  GROUND 
To]  Vccf-rSV) 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9768- SPECIFICATIONS  nominal 


+ 25°C  under  following  conditions  t 
nominal  d^frtal  input  levels,  nwrnnal  power  supplies,  R,  =  5C«;      =  220ft;      =  W 


Unit 

AD9768SJD/SD/SE 

RESOLUTION  <FS  -  FULL  SCALE) 

Bits 

8 

LSB  WEIGHT  (CURRENT) 

"A 

78 

ACCURACY1 

Differential  Noulincanry 

±%FS 

±%FS 

Guaranteed 

Zero  Offset  (Initial) 

uA 

60 

TEMPERATURE  COEFFICIENTS 

Zero  Offset 

,— /tSfij  > 

Reference  Voluge  ( - 1 . 26V) 

ppnVI, 

70 

DIGITAL  DATA  INPUTS 
Logic  Compatibility 
Lojk  Voltage  Levels"r'  = 

I 


Coding 


,Level."l"  = 


OUTPUT 

Current  (Unipolar)  FS 

IouT(@Pinl3) 
AllDigita]"l"  Input 
All  Digital  "0"  Input 

IoUTC@I*>nl4) 
All  Digital "  1  "Input 
All  Digital  "0"  Input 

Compliance 

Impedance 





ECL 
-0.9 


Binary  (BIN)  =  Unipolar  Out 
Offset  Binary  (OBN)  =  Bipolar  Out 


mA(m 


mA 
mA 


mA 


mA 

V  (Pin  13) 

V  (Pin  14) 
fl(±15%) 


2  to  20  (30) 


20 
0 


-0.7  to  +3.0 
-1.1  to +3.0 


SPEED  PERFORMANCE 

Settling  Time  (to  0.2%  FS)2 

9 

5 

Slew  Rate 

V/|U 

400 

Update  Rate 

MSPS 

100 

Rise  Time 

na 

Glitch  Energy 

pV-sec 

200 

REFERENCE 

Internal ,  Monolithic3 

V 

- 1.26 

External,  Variable4 

Voltage-Multiplying  Mode 

V(mu) 

Oto-l.K-2) 

Current-Multiplying  Mode 



mA(max) 

0to-5(-7.5) 

VM  Range  (at  Pin  16) 
VM  Center 
Resistance  (at  Pin  16) 
Transfer  Function  - 


Large  Signal  Bandwidth  ( -  3dB  Point) 


V  ±0.5 

V  -0.6 
kfl  800 

Measured  at  Pin  13;  Digital  "0"  Applied 

to  Bits  1-8: 

-0.1  VM  Input  =  OmA  Iout 
-  1.IVM  Input  =  OmAIouT 

Measured  at  Pin  1 3 ;  Digital "  1 "  Applied 

to  Bits  1-8: 

-0.1  VM  Input  =  ImAIouT 
- 1 .1 VM  Input  =  20mA  Iqut 
kHz  250 


Parameter 


Unit 


CURRENT-MULTIPLYING  MODE  (See  Figure  4) 
IM  Range  (at  Pins  1 7  &  18) 
Resistance  (at  Pin  18) 
Transfer  Function  - 


AP»768SJP/SP/SE 


Large  Signal  Bandwidth  ( -  3dB  Point) 


0to5 
160 

at  Pin  13;  Digital  "0"  Applied 
to  Bits  1-8: 

1mA  Im  Input  =  0mAIOuT 
5mA  Im  Input  =  0mA  lour 
Measured  at  Pin  1 3 ;  Digital "  1 "  Applied 
to  Bits  1-8: 

1mA  Im  Input  =  4mA  lour 
5mA  I„  Input  =  20mA  lour 
MHz  40 


POWER  REQUIREMENTS 

-5.2V  ±0.25 
+  5.0V  ±0.25 
Power  Dissipation 
Power  Supply  Sensitivity5 

mW(max) 

%/% 

66(70) 
14(15) 
410(430) 
0.07 

TEMPERATURE  RANGES* 

Operating 
AD9768JD 
AD9768SD/SE 

Storage 

m.Oat*ane3t  imoSs»v»W 
•c 
•c 

Oto  4-70 
-55  to +  125 
-551O  +  150 

THERMAL  RESISTANCE ' 
Junction  to  Air,  0JA  (Free  Air) 
Junction  to  Case,  eJA 

xjv 
•cm 

90 

20 

PACKAGE  OPTION' 
Ceramic  (D- 18) 

LCC(E-20A) 

AD9768JD 
AD9768SD 
AD9768SE 

REFERENCE  REFERENCE 
OUT  IN 


NOTES 

'Relative  to  FS,  including  linearity  (within  voltage  compliance  limits). 
'Worst  case  settling  timet  includes  FS  and  Moat  Significant  Bit 
'Applies  when  operating  AD9768  as  standard  D/A. 
'Bawd  on  RL  -  SO  ohms;  R;tT  -  220  ohnu;  V,„  -  0V. 
'1%  change  in  either  power  supply  voltage  causes  0.07%  change  in  analog  output. 
*Cuc  temperature. 

'Maximum  junction  temperature  125°C. 

*D  -  Ceramic  DIP;  E  -  Leadless  Ceramic  Chip  Carrier.  For  outline 
information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 


■ 
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AD9768SD  D/A  Schematic 
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Quad  12-1 
D/A  Converter 
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AD75004 


 !  

FUNCTIONAL  BLOCK  DIAGRAM 

VREFOtfT 


FEATURES 

4  Complete  12-Bit  D/A  Functions 
Double-Buffered  Latches 
Simultaneous  Update  of  All  DACs  Possible 
±5  V  Output  Range 
High  Stability  Bandgap  Reference 
Monolithic  BiMOS  Construction 
Guaranteed  Monotonic  over  Temperature 
3/4  LSB  Linearity  Guaranteed  over  Temperature 
4  (is  max  Settling  Time  to  0.01% 
Operates  with  ±12  V  Supplies 
Low  Power:  720  mW  max  Including  Reference 
TTL/5  V  CMOS  Compatible  Logic  Inputs 
8-Bit  Microprocessor  Interface 
24-Pin  PDIP  or  28-Lead  PLCC  Package 


PRODUCT  DESCRIPTION 

The  AD75004  contains  four  complete,  voltage  output,  12-bit 
digital-to-analog  converters,  a  high  stability  bandgap  reference, 
and  double-buffered  input  latches  on  a  single  chip.  The  convert- 
ers use  12  precision  high  speed  bipolar  current  steering  switches 
and  laser-trimmed  thin-film  resistor  networks  to  provide  fast 
settling  time  and  high  accuracy. 

Microprocessor  compatibility  is  achieved  by  the  on-chip 
double-buffered  latches.  The  design  of  the  input  latches  allows 
direct  interface  to  8-bit  buses.  The  12  bits  of  data  from  the  first 
rank  of  latches  can  then  be  transferred  to  the  second  rank, 
avoiding  generation  of  spurious  analog  output  values.  The  latch 
responds  to  strobe  pulses  as  short  as  50  ns,  allowing  use  with 
fast  microprocessors. 

The  functional  completeness  and  high  performance  of  the 
AD75004  results  from  a  combination  of  advanced  switch  design, 
the  BiMOS  II  fabrication  process,  and  proven  laser  trimming 
technology.  BiMOSII  is  an  epitaxial  BiCMOS  process  optimized 
for  analog  and  converter  functions.  The  AD75004  is  trimmed  at 
the  wafer  level  and  is  specified  to  ±  1/2  LSB  maximum  linearity 
error  at  25°C  and  ±  3/4  LSB  over  the  full  operating  temperature 
range.  The  on-chip  output  amplifiers  provide  an  output  range  of 
±5  V,  with  1  LSB  equal  to  2.44  mV. 


  INPUT      V  DAC 

LATCHES      LATCHES  T  |  

J«,  4-BIT  L»J  12-BIT  Ifc.  12-BIT  \_i_pSj°kS 
LATCHES        LATCH  ~   DAC  / 

3r  T  3K 


S  »  4-BIT 
LATCHES 


— 


A  12-BIT  LJ  12-BIT  Vifc^lOk! 
*~  LATCH  *1   DAC  >+*-<? 


8 ♦  4-BIT  l«J  12-BIT  UJ  1J  BIT  N-i-nNJ0ll| 
LATCHES  ~  LATCH  ~   DAC  /  >*»-OVouT1 

8.4-BIT         12-BIT    _    1*BIT  Vlrv.  10k| 
LATCHES  rli*TC!ir  .pAC/^l-^-si^cSvou,,, 


,r  ^ , 

I  CONTRO|LOG.C] 
TTL INPUTS 

ism 


AD75004 


CS  5S  «  A2  A1  AO 


- 


The  bandgap  reference  on  the  chip  has  low  noise,  long  term  sta- 
bility and  temperature  drift  characteristics  comparable  to  dis- 
crete reference  diodes.  The  absolute  value  of  the  reference  is 
laser  trimmed  to  +5.00  V  with  0.6%  maximum  error.  Its  tem- 
perature coefficient  is  also  laser  trimmed. 

Typical  full-scale  gain  TC  is  15  ppm/°C.  With  guaranteed  mono- 
tonicity  over  the  full  temperature  range,  the  AD75004  is  well 
suited  for  wide  temperature  range  performance. 

■ 
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AD75004— SPECIFICATIONS  (T,  =  +25°C.  ±12.0  V  power  supplies  unless  otherwise 


Parameter 

Symbol 

Min       Typ  Max 

Units 

DIGITAL  INPUTS  (DO-D7,  AO-A3,  CS,  WR) 

I  ntnr  T  <»vf*lc  (  1 "  1  T    fnmtvit'J Wa^ 

Input  Voltage,  Logic  "1" 
Input  Voltage,  Logic  "0" 
Input  Current,  VIH  =  5.5  V 
Input  Current,  V1L  =  0.8  V 
Input  Capacitance 

v,„ 
v,L 

tm 
In. 
Qn 

2.0  5.5 
0  0.8 
10 
10 

10 

V 
?A 
nA 
pF 

ACCURACY 
Resolution 

Integral  Linearity  Error 

Integral  Linearity  Error,  Tmi„  to  T„„„ 
i-'iiicrci  nidi  ljiiitdriiy  error 

Differential  Linearity  Error,  T^„  to  T„„ 
Gain  (Full-Scale)  Error1 

Gain  Error  Drift,  Tmi„  to  T^J 
Bipolar  Zero  Error1 

Bipolar  Zero  Error  Drift,  T^  to  T^1 

12 

±1/4  ±1/2 
±1/2  ±3/4 

Guaranteed  Monotonic 
±2  ±10 
±15  ±30 
±1  ±2 

±3  ±7 

Bits 
LSB 
LSB 

LSB 
ppm/°C 
LSB 
ppm/°C 

CHANNEL-TO-CHANNEL  MISMATCH 
Integral  Linearity  Error 
Gain  Error1 
Bipolar  Zero  Error1 



+  \2  ±4 
±1  ±2 

LSB 
LSB 

DYNAMIC  PERFORMANCE 
Settling  Time  to  ±0.01%  of  FSR 

for  FSR  Change,  2  kCl  ||  500  pF  Load 
Slew  Rate,  2  kfl  ||  500  pF  Load 
Digital  Input  Crosstalk  (Static)2 

2  4 

5 

-50 

|XS 

V/jis 
dB 

ANALOG  OUTPUTS 
Full-Scale  Range  (FSR) 
Output  Current 
Short  Circuit  Limit  Current 

VdUT 
LjUT 



±5 

±5 

±40 

V 

mA 
mA 

vui-lAuri  Kr.rriKxiiNL.xi 
Reference  Output  Voltage 
Temperature  Coefficient 
Reference  Output  Current3 
Reference  Input  Voltage 
Reference  Input  Current  @  5.0  V 

Vrefout 

Vrefin 
Irefin 

4.97       5.00  5.03 
±15  ±25 
3.0  5.0 
4.5        5.0  5.5 
3.0 



V 

ppm/°C 

mA 

V 

mA 

POWER  SUPPLY  GAIN  SENSITIVITY 
AGain/AVDD,  VDD  =  +10.8  to  +13.2  V  dc1 
AGain/AVss,  Vss  =  -10.8  to  -13.2  V  dc1 

±15  ±25 
±15  ±25 

ppm  of  FSR/% 
ppm  of  FSR/% 

POWER  SUPPLY  REQUIREMENTS 
Voltage  Range 
Supply  Currents 

^dd>  Vss 
Iddj  Iss 

±10.8     ±12  ±13.2 
±25  ±30 

V 

mA 

TEMPERATURE  RANGE 
Specification 
Storage 

0  +70 
-65  +150 

•c 

°C 

NOTES 

'Gain  and  bipolar  zero  errors  are  measured  using  internal  voltage  reference  and  include  its  errors. 

2Digital  crosstalk  is  defined  as  the  change  in  any  one  output's  steady  state  value  as  a  result  of  any  other  output  being  driven  from  VOUTMIN  to  VOUTMAX  into  a 
2  kfl  ||  500  pF  load  by  means  of  varying  the  digital  input  code. 

'The  internal  voltage  reference  is  intended  to  drive  on-chip  only;  buffer  it  if  using  it  externally. 

4 All  minimum  and  maximum  specifications  are  guaranteed,  and  specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results 
from  those  tests  are  used  to  calculate  outgoing  quality-  levels. 
Specifications  subject  to  change  without  notice. 
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AD75004 


TIMING  CHARACTERISTICS1 


(T,  =  +25°C,  ±12.0  V  power  supplies  unless  otherwise  noted) 


VDD  to  DGND 
Vss  to  DGND 
VDD  to  Vss 
Vrefin  to  AGND 
Digital  Inputs  to  DGND 
AGND  to  DGND 
Shon  to  AGND  on 
Power  Dissipation 
Specification  T< 

:  Temperature 
Lead  Temperature 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device. 
These  are  stress  ratings  only  and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
i  in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute  n 


TRUTH  TABLE 


Operation 


No  operation 
No  operation 

8  LSBs  — »  one  input  latch 
4  MSBs  — >  one  input  latch 
Update  one  DAC  latch 
Update  all  4  DAC  latches 


> 


NOTE 

•The  Al  and  AO  inputs  specify  the  relevant  ci 
Al    AO  Channel 


0 
1 
0 

I 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  Zener  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed.  
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PIN  DESCRIPTIONS 


TIONS  PIN  CONFIGURATIONS 
  24-Pin  Plastic  DIP 


Plastic 


PLCC  DIP 
Pin  Pin 

Name 

1 

1 

D7 

2" 
3 

2 
3 

D6 
D5 

i  ,. 

4 

D4 

6 

1  5 

D3 

7 

6 

D2 

9 

— T  

Dl 

10 

8 

DO 

11 

9 

CS 

13 

10 

WR 

14 

11 

A3 

15 

12 

A2 

16 

13 

Al 

17 

14 

AO 

18 

15 

DGND 

19 

16 

AGND 

20 

17 

vss 

21 

18 

VrefOUT 

22 

19 

Vrefin 

23 

20 

VoUTO 

24 

21 

V0UT1 

26 

22 

V0UT2 

27 

23 

VoUT3 

28 

24 

vDD 

4 

NC 

8 

NC 

12 

NC 

25 

NC 

Description 


(£»  0*1 


I — 


Data  Input  Bit  7 
Data  Input  Bit  6 
Data  Input  Bit  5 
Data  Input  Bit  4 
Data  Input  Bit  3  or  11  (MSB; 
Data  Input  Bit  2  or  10 
Data  Input  Bit  1  or  9 
Data  Input  Bit  0  (LSB)  or  8 
Chip  Select  Input;  Active  Low 
Write  Input;  Active  Low 
Address  Input  Bit  3  (MSB) 
Address  Input  Bit  2 
Address  Input  Bit  1 
Address  Input  Bit  0  (LSB) 
Digital  Ground 
Analog  Ground 
-12  V  Power  Supply 
+5  V  Reference  Output 
Reference  Input 
Analog  Output  0 
Analog  Output  1 
Analog  Output  2 
Analog  Output  3 
+  12  V  Power  Supply 
No  Internal  Connection 
No  Internal  Connection 
No  Internal  Connection 
No  Internal  Connection 


IHWW<MW 


!--vi 


CS 

3JHAT  HTUSIT 


8    I  5 

 1— . 


AD75004KP 

TOP  VIEW 
(Not  to  Scale) 


lor      .    •  ..-.iv  ■        ■'  ■  '■  '  .\ 

.  rnhftaXsi  vxrsb  rriv-u  /am  <bJ 


VlUTt 


'  H/TO 
'  IEFIN 
I  V  IEFOUT 


1  33 


g  ii  a  a  s  s 


NC  =  NO  CONNECT 


BINARY  CODE  TABLE 


Twos  Complement 
Value  in  DAC  Latch 


MSB  LSB 

0111  1111  1111 

0000  0000  0001 

0000  0000  0000 

1111  1111  1111 

1000  0000  0000 


Analog  Output 


Voltage 


OA 


*0A 

'OA 


IA  SA 

e 


x 

MA 


•A 


Xfi 

X 


20 


ORDERING  GUIDE 





Model 

Temperature  Range 

Package  Option* 

AD75004KN 
AD75004KP 

0°C  to  +  70°C 
0°C  to  +70°C 

N-24A 
P-28A 

(2047/2048)  *  VREFIN 
(1/2048)  *  VREFIN 
0  V 

-  (1/2048)  *  VREFIN 
~Vreftn  


*N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For 
see  Package  Information  section. 


I 
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ANALOG 
DEVICES 


Complete  Low  Cost  12-Bit 
D/A  Converters 


AD  DAC80/AD  DAC85/AD  DAC87 


FEATURES 

Single  Chip  Construction 
On-Board  Output  Amplifier 
Low  Power  Dissipation:  300m W 
Monotonicity  Guaranteed  over  Temperature 
Guaranteed  for  Operation  with  ±  12V  Supplies 
Improved  Replacement  for  Standard  DAC80,  DAI 
HI-5680 

High  Stability,  High  Current  Output 

Buried  Zener  Reference 
Laser  Trimmed  to  High  Accuracy: 

±  1/2LSB  max  Nonlinearity 
Low  Cost  Plastic  Packaging 


PRODUCT  DESCRIPTION 

The  AD  DAC80  Series  is  a  family  of  low  cost  12-bit 
log  converters  with  both  a  high 

output  amplifier  combined  on  a  single  monolithic  chip. 
DAC80  Series  is  recommended  for  all  low  cost  12-bit  D/A  converter 
■  reliability  and  cost  are  of  paramount 


FUNCTIONAL  BLOCK  DIAGRAMS 


Advanced  circuit  design  and  precision  processing  techniques 
result  in  significant  performance  advantages  over  conventional 
DAC80  devices.  Innovative  circuit  design  reduces  the  total 
power  consumption  to  300m  W  which  not  only  improves  reliability 
but  also  improves  long  term  stability. 

The  AD  DAC80  incorporates  a  fully  differential,  non-saturating 
precision  current  switching  cell  structure  which  provides  greatly 
increased  immunity  to  supply  voltage  variation.  This  same  struc- 
ture also  reduces  nonlinearities  due  to  thermal  transients  as  the 
various  bits  are  switched;  nearly  all  critical  components  operate 
at  constant  power  dissipation.  High  stability,  SiCr  thin  film 
resistors  are  trimmed  with  a  fine  resolution  laser,  resulting  in 
lower  differential  nonlinearity  errors.  A  low  noise,  high  stability, 
subsurface  Zener  diode  is  used  to  produce  a  reference  voltage 
with  excellent  long  term  stability,  high  external  current  capability 
and  temperature  drift  characteristics  which  challenge  the  best 
discrete  Zener  references. 

The  AD  DAC80  Series  is  available  in  three  performance  grades 
and  two  package  types.  The  AD  DAC80  is  specified  for  use 
over  the  0  to  +  70°C  temperature  range  and  is  available  in 
both  plastic  and  ceramic  DIP  packages.  The  AD  DAC85  and 
AD  DAC87  are  available  in  hermetically  sealed  ceramic  packages 
and  are  specified  for  the  -  25°C  to  +  85°C  and  -  55°C  to  +  125°C 
temperature  ranges. 


PRODUCT  HIGHLIGHTS 

1.  The  AD  DAC80  series  of  D/A  converters  directly  replaces  all 


type  with  significant  increases  in 

performance. 

2.  Single  chip  construction  and  low  power  consumption  provides 
the  optimum  choice  for  applications  where  low  cost  and  high 
reliability  are  major  considerations. 

3.  The  high  speed  output  amplifier  has  been  designed  to  settle 
within  1/2LSB  for  a  10V  full  scale  transition  in  2.0u.s,  when 
properly  compensated. 

4.  The  precision  buried  Zener  reference  can  supply  up  to  2.5mA 
for  use  elsewhere  in  the  application. 

5.  The  low  TC  binary  ladder  guarantees  that  all  units  are 
monotonic  over  the  specified  temperature  range. 

6.  System  performance  upgrading  is  possible  without  redesign. 
PRODUCT  OFFERING 

Analog  Devices  has  developed  a  number  of  technologies  to 
support  products  within  the  data  acquisition  market.  In  serving 
the  market  new  products  are  implemented  with  the  technology 
best  suited  to  the  application.  The  DAC80  series  of  products 
was  first  implemented  in  hybrid  form  and  now  it  is  available  in 
a  single  monolithic  chip.  We  will  provide  both  the  hybrid  and 
monolithic  versions  of  the  family  so  that  in  existing  designs 
changes  to  documentation  or  product  qualification  will  not  have 
to  be  done.  Specifications  and  ordering  information  for  both 
versions  are  delineated  in  this  data  sheet. 


■ 


This  is  an 
complete 


data  sheet.  To  obtain  the  most  recent  version  or 
,  call  our  fax  retrieval  system  at  l-800-44o-«212. 
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TECHNOLOGY 


DIGITAL  INPUT 
Binary-CBI 
BCD-CCD 

Logic  Levels;  ITL  Compatible} 

V,„(Lo«ic"l") 
V„.(Lojic  ■■()■•) 
Iih(V,h  -  5.5V) 
I|l(V,l  -  0.8V) 


TRANSFER  CHARACTERISTICS 
ACCURACY 
Linearity  Error  <?i  +  25"C 
CB1 
CCD 

T««iT„i.u>T.„ 
Differenual  Linearity  Error  tit  +  25°C 
CM 
CCD 

T,6T.,.qT_ 
Gain  Error1 
OfTset  Error1 


Monotonicity 
DRIFT  (Tbu,,  to  T„i) 
Total  Bipolar  Drift,  max  (include!  gain 

offset,  and  linearity  drift*; 
Total  Error  (T„toT_J4 


Unipolar  Oflaet 


CONVERSION  SPEED 
Voltage  Model  (V)5 

Settling  Time  to  ±0  OI%ofFSR  for 
FSRcrW(2«fi|5O0pFk«d) 


ANALOG  OUTPUT 


Ranges  ~CBI 

-CCD 
Output  Current 
Output  Impedance  (dc) 
Snort  Circuit  Current 
Internal  Reference  Voltage  (VR) 
Output  Impedance 


»of  Drift 





POWER  SUPPLY  SENSITIVITY 

±  1SV  ±  10%,  5V  supply  when  applicable 

± 12V  ±  5% 


POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 


Logic  Supp 
iupply  Drain 
+  12, 1 15V 
-12, -15V 


TEMPERATURE  RANGE 


Operating 
Storage 


+  5.5 
+0.1 


±0.08 
=  0.06 


±3/4 
£0.3 
±0.15 


±20 

±0.15 
±0.10 


±5  ±10 
 !  


2 
I 


±2.5,  ±5,  ±10, 
+  5,  +10 


±5 


0.05 

+6.23  +6.3 
1.5 

 —  


+  2.5 

±20 


±0.002 
±0.002 


+  5.5 
+  0.S 
250 


±0.1 
±0.05 


±0.12 
±0.08 


±1/2 
±1/2 
±3/4 


±0.2 
±0.1 


±0.2 
±0.12 

±20 

±10 

±3 

±10 


±2.5,±5,±10, 
+  5, +  10 


0.03 

+6.23  +6.3 
1.5 


+  2.5 

±20 


±OD02 
±0.002 


+  5.5 
+0.1 


±1/2 


±0.18 
±0.14 


±1/2 

±3/4 

±3/4 

±1 

±0.2 

±0.1 


±0.3 
±0.24 

±20 

±10 
±3 


±10 

 1  




3  , -.t*  :>■ 


±2.5,  ±5,  ±10, 

11  V.,-. 

+  5, +  10 

V 

mA 

0.05 

40 

n 

+  6.3  . 

+6.37 

V 

1.5 

n 

+  2.5 

mA 

±10 

pnmofV,/"C 

±0.002 

%ofFSR/%Vs 

±0.002 

%ofFSR/%Vs 

iS-nO 


LSB1 
LSB 
LSB 

LSB 

LSB 

LSB 

%FSR' 

SFSR1 


ppmofFSRrC 
PpmofFSRTC 


ofFSR/*C 




sts 

M 


NOTES 


Bit. 

'Adjuatable  [o  wro  with  external  trim  potentiometer. 
'FSR  mam  "Full  Scale  Range"  end  it  20V  for  (be  i 
'Gain  and  offiet  errors  adjusted  to  zero  ai  +  25*C. 
aee  Fifure  la. 


10V  range  and  10V  for  the  ±3V  Range. 


\  minimum  of  t  12. )V  it  required  for  a  *  J0V  full  acale  O 
*  1 1 ,4V  i»  required  for  all  other  voltage  range.. 
1a  aubjeci  to  d 


Specifications  ahown  in  boldface  are  teated  on  all  production  unita  at  final  etectri- 
'  n  thoee  tests  are  uaed  io  calculate  outgoing  quality  level*.  All 


■  . 
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AD  DAC80/AD  DAC85/AD  DAC87 


TECHNOLOGY 


DIGITAL  INPUT 
Binary-CBI 
BCD-CCD 

Logic  Levels  (TTL  Compatible) 
VmlLogk-l") 
V„.<Logic"0") 
I,„<V,„  =  5.5V) 
I,,.<V„.  -  0.8V) 


TRANSFER  CHARACTERISTICS 
ACCURACY 
Linearity  Error  <<i  +25°C 
CBI 
CCD 

TAf..  T.i.ioT™, 
Differential  Linearity  Error  6>  +  25°C 
CBI 
CCD 

T»(n  T.1.IOT.., 
Gain  Error1 


DRIFT  (T.i.»Tm>.) 
Total  Bipolar  Drift,  max(i 

offset ,  and  linearity  drifts ) 
Total  Error  (T,™  to  T™)4 


Gain 

Including  Internal  Reference 
Excluding  Internal  Reference 

Unipolar  Offset 

Bipolar  Offset 


CONVERSION  SPEED 
Voltage  Model  (V)* 
Settling  Time  to  ±0.01%ofFSRfor 
FSR  change(2knl|500pF  load) 
with  lOkfl  Feedback 
with  SkOFced back 
For  LSB  Change 

Slew  Rate 
Current  Model  (I) 

Settling  Time  to  ±0.01%ofFSR 
for  FSR  Change  10  to  100ft  Load 
for  I  kll  Load 


ANALOG  OUTPUT 
Voltage  Models 
Ranges-CBI 

-CCD 
Output  Current 
Output  Impedance  (dc) 
Short  Circuit  Duration 
Current  Models 
Ranges -Unipolar 

Output  Ii 


Internal  Reference  Voltage(Va) 
Output  Impedance 
Max  External  Current6 
Tempco  of  Drift 


POWER  SUPPLY  SENSITIVITY 

-  1 5  V  ±  1 0% ,  5  V  supply  when  appl  ic  able 


POWERSUPPLY  REQUIREMENTS 
Rated  Voltages 


Analog  Supplies 
Logic  Supplies 
Supply  Drain7 
+  15V 
-I5V 
+  5V 


TEMPERATURE  RANGE 


AD  DACSO 
Typ 


Mm 


=  1/2 
±1/4 


±0.1 
±0.05 


±0.08 
±0.06 

=  15 
±5 
±1 
±5 



±1/2 
±1/4 
±1/2 

±3/4 

±1/2 

±1 

±0.) 

±0.15 


±0.15 
±0.10 

±30 

±7 
±3 
±10 


±2.5,  ±5,  ±10, 


0.05 

te  to  Common 


1«J 


-A- 

+  6.3 


+  6.43 
+  2.5 


±16 
+  16 


0 

-25 
-55 


+  15 

♦  130 


AD  DAC85C 
Typ 


Hybrid 


+  5.5 
+  0,1 


±1/4 


±1/2 
±  1/2 


±0.1 
±0.05 


±1/2 
±1/4 
±1/2 


+  70 


±1 


±2.5, ±5, ±10, 
+  5, +  10 


0.05 

Indefinite  to  Common 


-2.0 
±  1.0 





+  2.5 
±20 


±15.5 

+  15.5 

15 

20 

25 

30 

15 

20 

+70 
+  «5 
+  150 


+  5.5 
+  0.8 


±1/2 

LSB1 

±1/4 

LSB 

±1/2 

±1/2 

LSB 

±1/2 

LSB 

±1/2 

LSB 

±1 

LSB 

±0.1 

%FSR 

±0.05 

%FSR» 

+  85 

•C 

±1 


±20 
±10 


0.05 

Indefinite  toCommon 


-2.5,  +  10 
+  6.3 


±14.5 
+  4.5 


±15,5 

±15.5 

V 
V 

+  15.5 

V 

15 

20 

25 

30 

15 

20 

»k  Range"  and  u  20V  foe  the  ±  10V  range  and  10V  for  the  ±5V  range. 
%  adjusted  to  «ro  at  +  25°C. 


'CF  =  0,  sec  Figure  la. 
'Maximum  with  no  degradation  of 
'Including  5mA  load. 
*  +  5V  supply  required  only  for  CCD 


Bits 
Digits 


%  of FSR 
%  of FSR 


ppmofFSR/°C 
ppmofFSR/°C 
ppmofFSR/°C 


V/ys 





11 

mA 

ppmofVR/°C 


■ 

■ 


■ 

_ 


CCD  veraions. 
without  notice. 
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(T,  =  +25°C,  rated  power 
supplies  unless  otherwise 

) 


TECHNOLOGY 


DIGITAL  INPUT 
Binary -CB1 
BCD -CCD 

Logic  Levels  (TTL Compatible) 

VnilUfic"!") 
V„.(Lo«k:"0") 
1,„(V,„  -  5.5V) 
III  (V„.  -  0  «V) 


TRANSFER  CHARACTERISTICS 
ACCURACY 
Linearity  Error  (c  +  2S°C 
CBI 
CCD 

Ta(»  TminloT™, 

Differeniial  Linearity  Error  (it  +  25"C 
CBI 
CCD 

T»«l  Taun toTqu 

Gain  Error1 
Offset  Error1 


DRIFT{Tm,ntoTm„) 
Total  Bipolar  Drift,  t 

offset,  and  linearity  drifts) 
Total  Error(Tmln  toT™,)' 

Unipolar 


CONVERSION  SPEED 
Voltage  ModcKV)' 
Settling  Time  to  -  0.01%  of  FSR  tor 
FSR  change  (2kni|500pF  load) 
with  lOkflFeedback 
withSkriFeedback 
For  LSB  Change 

Slew  Rale 
Current  Model  (I) 

Sealing  Time  to  =  0.01%ofFSR 
for  FSR  Change  10  to  10011  Load 
for  lk!l  Load 


ANALOG  OUTPUT 
Voltage  Models 
Ranges-CBI 

-CCD 
Output  Current 
Output  Impedance  (do 
Short  Circuit  Duration 
Current  Models 
Ranges- Unipolar 


=  1SV  =  1«'.,SV  supply  when  applicable 


POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 


Analog  Supplies 


Supply  Drain7 
+  15V 
-15V 
♦  5V 


TEMPERATURE  RANGE 


Storage 


AD  DAC85LD 
Min  Typ 


20 

■ 


=  1/2 


=  1/2 


=  0.1 
=  0.0! 


-2! 


=  2.S,=i,  =  10, 
+  5,  +  10 


0.05 

Indefinite  to  Common 


±1.0 

3.2 

66 


♦  6.3 
IS 


♦  2.5 
20 


=  15.5 
+  15.5 


+  S5 
+  125 


AD  DACB5MIL 

Min    _  Typ 


♦  2S0 
-100 


=  1/2 
=  3/4 


=  0.05 


=  2.5,  =  5,  =  10, 
♦  5,  + 10 


0.03 
Indefinite  to 


XtalS 
♦  4.5 


=  15.5 
♦  15.5 


-5, 
55 


-55 


+  125 
+  125 


+  120 


AD  DACI7 
Typ 


u-i". 


+5.5 
+0.8 


=  1/4 

=  1/2 

LSB1 
LSB 

=  3/4 

■ 

=  1/2 

LSB 

*> 

LSB 

LSB 

=  0.1 

=0.2 

%FSR^ 

m.  til  >tp>3*  nMNO^enl 

=  0.05 

=0.1 

T 

+  125 

■ 

=  0.13 
=0.12 

=  10 
=  5 


=  0.30 
=  0.24 


=  25 
=  10 


=  2.5,  =5,  =  10, 
+  5, +  10 


0.05 
Indefinite  to 


-2.0 

-2.0 

=  1.0 

=  1.0 

3.2 

2.5 

3.2 

4.1 

6.6 

5.0 

6.6 

S.2 

-2.5,  +10 

- 1.5,  + 10 

+  6.3 

4.5, 

+  6.43 

-+2. J. — 

+  6.17 

+  6.3 

+  6.43 
 +1.5  - 

10 

20 

=  5 

10 

±15,5 


±16.5 
+  16.5 


+  125 
+  125 
+  150 





%  of  FSR 
%  of  FSR 

ppmofFSRTC 
ppcnof  FSR/*C 
ppmofFSRTC 
ppmofFSRTC 


■ 


.  ■  ■ 

L 

1 

■ 

■ 


wmtt  Kfmf I 

■ 


3fFSR/-SV; 

rti«na  KVi^ 


i 


NOTES 

'Lcut  Signifitanl  Bil. 


*[  tmm^  *» 

•C-0,«eFir.rel.. 
'Maximum  with  no  dej 
*  SV  range         'including  5mA  loud. 

1  +  5V  supply  rtquircd  only  for  CCD  vtrswni 
(eel  10  change  wiihoui  noiice. 


be.  con.Itnt  lc*d. 
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,v|v,  :  iytqmuM  J»*  ::    ? 1      AD  DAC80/AD  DAC85/AD  DAC87 


ABSOLUTE  MAXIMUM  RATINGS 

+  VS  to  Power  Ground   OV  to  +  18V 

-Vs  to  Power  Ground  OV  to  -18V 

Digital  Inputs  (Pins  1  to  12)  to  Power  Ground   ...  -l.OVto 

I     VVW  +HL 




M  i  rU-^f9*  -  3  v..,  „ 

irsnE  


va± 


■"En 

BIT  3  [T  - 
BIT  4  |T 
BITS  [T 
BIT  t  \T 
BfT  7  fT  - 
BTTB  [T  - 
BIT  9  |~b"  ■ 
BIT  10  ^0  - 

bit  n  QT  — r 

(lM,  BIT  12   


'12-BIT 
RESISTOR 
LADDER 
NETWORK 

AND 
CURRENT 
SWITCHES 


?  

>  Skit 


♦  "  14]  -V, 

"l3|  NCtV,' 


=1.  OUT 
23]  GAIN  ADJUST 

»]  COMMON 
20  SUMMINCJU 

0<  —  ' 

ItV  RANGE 

3 


10V  RANGE 


Ref  In  to  Reference  Ground  ±  12V 

Bipolar  Offset  to  Reference  Ground  ±  12V 

10V  Span  R  to  Reference  Ground  ±  12V 

20V  Span  R  to  Reference  Ground   ±24V 

Ref  Out  Indefinite  short  to  power  ground  or  +  Vs 


»)  V..  GOT 
—        GAIN  ADJUST 
»].». 
57]  COMMON 
T^J  SCALING  NElV/ORK 
I9l  SCAUNG  NETWORK 
=i 

18]  SCALING  NETWORK 
Tt]  BIPOLAR  OFFSET 

3  SHU, 

d 

IS  |  Lou. 
=j 

=^ 

— J""*"' 


l/o/fase  Model  Functional  Diagram  and  Pin  Configuration        Current  Model  Functional  Diagram  and  Pin  Configuration 

ORDERING  GUIDE 


Model 


ADDAC80N-CBI-V 
AD  DAC80D-CBI-V 

AD  DAC85D-CBI-V 

AD  DAC87D-CBI-V 

AD  DAC80-CBI-V 
AD  DAC80-CBI-I 
AD  DAC80-CCD-V 
AD  DAC80-CCD-I 
AD  DAC80Z-CBI-V** 
ADDAC80Z-CBI-I" 
AD  DAC80Z-CCD-V** 
AD  DAC80Z-CCD-I** 

AD  DAC85C-CBI-V 
AD  DAC85C-CBI-I 
AD  DAC85-CBI-V 
AD  DAC85-CBI-I 
ADDAC85LD-CBI-V 
AD  DAC85LD-CBI-I 
AD  DAC85MIL-CBI-V 
AD  DAC85MIL-CBI-I 
AD  DAC85C-CCD-V 
AD  DAC85C-CCD-I 
AD  DAC85-CCD-V 
AD  DAC85-CCD-I 

AD  DAC87-CBI-V 
AD  DAC87-CBI-I 


Input 
Code 




Output 
Mode 


Binary 

Binary 

Binary 

Binary 
Binary 

Binary  Coded  Decimal 
Binary  Coded  Decimal 
Binary 
Binary 

Binary  Coded  Decimal 
Binary  Coded  Decimal 


Binary 
Binary 
Binary 

Rinarv 


Binary 
Binary 
Binary 
Binary 
Binary 

Binary  Coded  Decimal 
Binary  Coded  Decimal 
Binary  Coded  Decimal 
Binary  Coded  Decimal 

Binary 
Binary 


■ 


Voltage 
Voltage 

Voltage 

Voltage 

Voltage 
Current 
Voltage 
Current 
Voltage 
Current 
Voltage 
Current 

Voltage 
Current 
Voltage 
Current 
Voltage 
Current 
Voltage 
Current 
Voltage 
Current 
Voltage 
Current 

Voltage 
Current 


Technology 


Monolithic 
Monolithic 

Monolithic 

Monolithic 

Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 

Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 

Hybrid 
Hybrid 


Temperature 
Range 


0to+70°C 
Oto  +  70°C 

-25°Cto+85°C 

-55°Cto  +  125°C 

Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
Oto  +70°C 
Oto  +  70°C 
0to+70°C 
Oto  +70°C 
Oto  +70°C 

Oto  +70°C 
0to+70°C 
-25°Cto+85°C 
-25°Cto  +85°C 
-25°Cto+85°C 
-25°Cto+85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 
Oto  +70°C 
Oto  +  70°C 
-25°Cto  +85°C 
-25°Cto+85°C 

-55°Cto  +  125°C 
-55°Cto  +  125°C 


Linearity 
Error 


Sfi  1/2LSB 
±  1/2LSB 

±1/2LSB 

±  1/2LSB 

±  1/2LSB 
±  1/2LSB 
±  1/4LSB 
±  1/4LSB 
±  1/2LSB 
±  1/2LSB 
±  1/4LSB 
±  1/4LSB 

±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/2LSB 
±  1/4LSB 
±  1/4LSB 
±  1/4LSB 
±1/4LSB 

±  1/2LSB 
±  1/2LSB 


Package 
Option* 


N-24A 
D-24 

D-24 

D-24 

DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 

DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 

DH-24A 


**Z-Suffix  devices 


of  Oto  +  5V»nd  ±5V 


1  supply  voltages  of  ±  11.4V. 


REV.  B 


DIGITAL-TO-ANALOG  CONVERTERS  3-289 


□ 


ANALOG  8-Bit,  High  Speed,  Multiplying  D/A  Converter 
DEVICES  (Universal  Digital  Logic  Interface) 





■ 

FEATURES 

•  Fast  Settling  Output  Current  85ns 

•  Full-Scale  Current  Prematched  to  ±1  LSB 

•  Direct  Intertace  to  TTL,  CMOS,  ECL,  HTL,  PMOS 

•  Nonlinearity  to  0.1  %  Maximum  Over  Temperature  Range 

•  High  Output  Impedance  and 

Compliance    -10V  to  +  18V 

•  Complementary  Current  Outputs 

•  Wide  Range  Multiplying  Capability  ...  1  MHz  Bandwidth 

•  Low  FS  Current  Drift  ±10ppm/°C 

•  Wide  Power  Supply  Range   ±4.5V  to  ±  18V 

•  Low  Power  Consumption    33mW@±5V 

•  Low  Cost 

•  Available  in  Die  Form 

GENERAL  DESCRIPTION 

The  DAC-08  series  of  8-bit  monolithic  digital-to-analog 
converters  provide  very  high-speed  performance  coupled 
with  low  cost  and  outstanding  applications  flexibility. 

Advanced  circuit  design  achieves  85ns  settling  times  with 
very  low  "glitch"  energy  and  at  low  power  consumption. 
Mohotonic  multiplying  performance  is  attained  over  a  wide 
20  to  1  reference  current  range.  Matching  to  within  1  LSB 
between  reference  and  full-scale  currents  eliminates  the 
need  for  full-scale  trimming  in  most  applications.  Direct 


interface  to  all  popular  logic  families  with  full  noise  immunity 
is  provided  by  the  high  swing,  adjustable  threshold  logic 
input. 

High  voltage  compliance  complementary  current  outputs  are 
provided,  increasing  versatility  and  enabling  differential 
operation  to  effectively  double  the  peak-to-peak  output 
swing.  In  many  applications,  the  outputs  can  be  directly 
converted  to  voltage  without  the  need  for  an  external  op  amp. 

All  DAC-08  series  models  guarantee  full  8-bit  monotonicity, 
and  nonlinearities  as  tight  as  ±0.1  %  over  the  entire  operating 
temperature  range  are  available.  Device  performance  is 
essentially  unchanged  over  the  ±4.5  to  ±  18V  power  supply 
range,  with  33mW  power  consumption  attainable  at  ±5V 
supplies. 

The  compact  size  and  low  power  consumption  make  the 
DAC-08  attractive  for  portable  and  military/aerospace  appli- 
cations; devices  processed  to  MIL-STD-883,  Level  B  are 
available. 

DAC-08  applications  include  8-bit,  1  /is  A/D  converters,  servo 
motor  and  pen  drivers,  waveform  generators,  audio  encoders 
and  attenuators,  analog  meter  drivers,  programmable  power 
supplies,  CRT  display  drivers,  high-speed  modems  and  other 
applications  where  low  cost,  high  speed  and  complete  input/ 
output  versatility  are  required. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature  -~  ~  ■       '      —  - 

DAC-08AQ,  Q  -55°Cto  +125°C 

Junction  Temperature  (T  )  -65°C  to  +150°C 

Storage  Temperature  Q  Package  -65°C  to  +150°C 

Storage  Temperature  P  Package  -65°C  to  +125°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 

V+  Supply  to  V- Supply  36V 

Logic  Inputs  V-  to  V-  plus  36V 

V,c   V-toV+ 


nOS-  iaftl .vet  •  =8Vte80IT«Mfl3TOAflAH; 
Reference  Input  Differential  Voltage 
(V14toV15)  


.*18V 
i.OmA 


PACKAGE  TYPE  e|A(N0TE2) 

INITS 

16-Pin  Hermetic  DIP  (Q)  100 

16 

'CM 

16-Pin  Plastic  DIP  (P)  82 

39 

'CM 

20-ContactLCC<RC)  76 

36 

'CM 

1 6-Pin  SO  (S)  111 

35 

•CM 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


2.  ©. v  is  specified  for  worst  case  mounting  conditions,  i.e.,  eIA  is  specified  for 
device  in  socket  for  CerDIP.  P-DIP,  and  LCC  packages;  e  A  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  I  REF  =  2.0m  A,  -55°  C  <  TA<  + 125°  C  forDAC-08/08A,  0°  C  <  TA<  +  70°  C  for 

DAC-08C,  E  &  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  I0ut  and  Iqut- 


PARAMETER                   SYMBOL  CONDITIONS 

DAC-08A/H                 DAC-08E  DAC-08C 
MIN      TYP     MAX           MIN      TYP     MAX           MIN      TYP     MAX  UNITS 



Resolution 

■  . 

8         -          -                8                                       8  Bits 

Monotonicity 

8                                       8                                       8         -         -  Bits 

Nonlmeanly  NL 

-      ±0.1               -          -     20  19               -          -     1039  %FS 

Settling  Time  ts 

To  ±1/2  LSB.  all  bits  switched 
ON  orOFF,TA  =  25-C.  Note 

85        135               —         85        150               —         85        150  ns 

Propagation  Delay 
Each  bit  tP 
All  bits  switched  iP 

H            TA  =  2S°C 
<L  .Note. 

- 

■    '  , 

35         60               —         35         60               —         35  60 
-         35         60               —         35         60               —         35  60 

Full-Scale 
i  Note 

p  TC 

fi  DAC-08E 



±10       ±50               -       ±10       ±80               -       ±10       ±60  ppm/„c 

Output  Voltage 
True  Compliance 


Full-Scale  current  change 
<  1/2  LSB,  R0UT  >  20M11  typical 


Full  Flange  Current 

'FH4 

VREF=  10.000V 
R,4,  RI5  =  5.000k!! 
TA  =  +25»C 

1  984 

1.992 

2.000 

1.94 

1.99 

2.04 

1.94 

1.99 

2.04 

mA 

Full  Range  Symmetry 

Ifrs 



WfFB 

±0.5 

±4 

:  1 

±8 

±2 

±16 

MA 

Zero-Scale  Current 

<2S 

0.1 

1 

0.2 

2 

0.2 

„A 

Output  Current  Range 

IOR, 
IOR2 

R,4.  R15=  5.000k!l 
VREF  = +15.0V,  V-  =  -10V 
VREF  = +25.0V.  V-  =  -12V 

2.1 

\ 

2.1 
4.2 

2.1 
4.2 

mA 

Output  Current  Noise 

'ref  -  2mA 

25 

25 

25 

nA 

Logic  Input  Levels 
Logic  "0" 
Logic  Input  "1" 

V 

VLC  =  OV 

2 

0.8 

2 

08 

2 

0.8 

V 

Logic  Input  Current 
Logic  ■  0" 
Logic  Input  "1" 

llH 

VLC  =  OV 

VIN  =  -10V  1O+0.8V 
V,N  =  2.0V  tp  18V 

-2 
0.002 

-10 
10 

-2 
0002 

-10 
10 

-2 
0.002 

-10 
10 

„A 

Logic  Input  Swing 

v,s 

V-  =  -15V 

-10 

+  18 

-10 

+  18 

-10 

+  18 

V 

Logic  Threshold  Range 

Vthr 

Vs  =  ±15v.  Note, 

-10 

+  13.5 

-10 

+  13.5 

-10 

+  13.5 

V 

Reference  Bias  Current 

lis 

-1 

-3 

-1 

-3 

-1 

-3 

MA 

Reference  Input  Slew  Rate 

dl/dt 

REQ  =  20011  See  fast  pulsed 

RL=  10011    ref.  info. 

Cc  =  OpF     following,  i  Note* 

4 

8 

4 

8 

4 

8 

mA/^s 

Power  Supply  Sensitivity 

PSSIFSt 
PSSIFS- 

V+  =  4.5V  to  18V 
v-  =  -4.5V  to -18V 
I  rEf  =  1.0mA 

—  ±0.0003 

-  ±0.002 

±0.01 
±0.01 

—  ±0.0003 

-  ±0.002 

±0.01 
±0.01 

-  ±0.0003 

—  +0.002 

±0.01  *AI0/%JV+ 
±0.01  %JID/%iV- 

NOTE:  Guaranteed  by  design. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  I REF  =  2.0m A,  -55" C  <  TA <  + 125°  C  for  DAC-08/08A,  0° C  < TA<  +  70°  C  tor 

DAC-08C,  E  &  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  loin-arid  I0Ut-  (Continued) 


PARAMETER 


SYMBOL  CONDITIONS 


1+ 

VS  =  ±5V,IREF=  1.0mA  - 

1- 

Power  Supply  Current 

1+ 

h- 

VS  =  +SV.-15V.  lHEf  =  2  0mA  - 

1+ 

VS  =  ±15V.IREF  =  2.0mA  - 

DAC-08A/H 
IN      TYP  MAX 


DAC-08E  DAC-08C 
MIN      TYP     MAX  MIN      TYP     MAX  UNITS 


2.3 

3.8 

2.3 

-4.3 

-5.8 

- 

-4.3 

2.4 

38 

2.4 

-6.4 

-7.8 

-6.4 

2.5 

3.8 

2.5 

-6.5 

-7.8 

-6.5 

33 

48 

33 

108 

136 

103 

135 

174 

135 

3.8 
-5.8 

38 
-7.8 

38 
-7.8 


—  2.3  3.8 

-  -4.3  -5.8 

-  2.4  3.8 

—  -6.4  -7.8 

—  2.5  3.8 

-  -6.5  -7.8 


mA 


Power  Dissipation 


±6V.  IREF  =  1.0mA 
+5V, -15V.  lHEF  =  2  0mA 
±15V.IREF  =  2.0mA 


48 
136 


-  33  46 

-  108  136 

-  135  174 


NOTE:  Guaranteed  by  design. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


16-PIN  DUAL-IN-LINE  PACKAGE  OPERATING 

TEMPERATURE 

NL 

HERMETIC 

PLASTIC             LCC  RANGE 

0.1% 

DAC08AQ- 

—                    -  MIL 

DAC08HQ 

DAC08HP                —  COM 

0.19% 

DAC08Q- 

—            DAC08RC/883  MIL 

DAC08EQ 

DAC08EP                -  COM 

0.39% 

DAC08CQ 

DAC08CP  —   

COM 

DACOBCStt  — 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  B83  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP.  plastic  DIP,  and  TO-can  packages, 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 
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16-Bit  High  Speed 
Current-Output  DAC 


— 


— 


DAC  16 


FEATURES 

±1  LSB  Differential  Linearity  (max) 
Guaranteed  Monotonic  Over  Temperature  Range 
±2  LSB  Integral  Linearity  (max) 
500  ns  Settling  Time 
5  mA  Full-Scale  Output 
TTL/CMOS  Compatible 
Low  Power:  190  mW  (typ) 
Available  in  Die  Form 


tions 
ATE 

Data  Acquisition  Systems 
High  Resolution  Displays 


FUNCTIONAL  BLOCK  DIAGRAM 


REF  GND  6- 


Vcc< 
AGND  ( 


DAC  16 


1 


>4 


DBO(LSB)  DB15(MSB) 


GENERAL  DESCRIPTION 

The  DAC  16  is  a  16-bit  high  speed  current-output  digital-to- 
analog  converter  with  a  settling  time  of  500  ns.  A  unique  combi- 
nation of  low  distortion,  high  signal-to-noise  ratio,  and  high 
speed  make  the  DAC  16  ideally  suited  to  performing  waveform 
synthesis  and  modulation  in  communications,  instrumentation, 
and  ATE  systems.  Input  reference  current  is  buffered,  with  full- 
scale  output  current  of  5  mA.  The  16-bit  parallel  digital  input 
bus  is  TTL/CMOS  compatible.  Operating  from  +5  V  and 
- 15  V  supplies,  the  DAC16  consumes  190  mW  (typ)  and  is 
available  in  a  24-pin  epoxy  DIP,  epoxy  surface-mount  small  out- 
line (SOL),  ceramic  side  brazed  DIP,  28-pin  leadless  ceramic 
chip  carrier  (LCC)  packages,  and  in  die  1 


0        100       200       300       400       500       600       700  300 
SETTLING  TIME  -  ns 

Figure  1.  DAC16  Settling  Time  Accuracy  vs.  Percent  of 
Full  Scale 


ORDERING  GUIDE 

Model 

Grade  DNL  (max) 

Temperature  Range 

Package  Description 

Package  Option1 

DAC16EP 

-40°C  to  +85°C 

24-Pin  PDIP 

M-?4 

DAC16ES 

±1 

-40°C  to  +85°C 

24-Pin  SOL 

R-24 

DAC16FP 

±2 

-40°C  to  +85°C 

24-Pin  PDIP 

N-24 

DAC16FS 

±2 

-40°C  to  +85°C 

24-Pin  SOL 
Die 

R-24 

DAC16BVB2 
DAC16BTC2 
DAC16GBC 

±2 
±2 
±1 

-55°Cto  +125-C 
-55°Cto  +125°C 
+25°C 

D-24A 
E-28A 

NOTES 

'For  package  outline  information  see  Package  Information 
2Consult  factory  for  availability. 

section. 
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ELECTRICAL  CHARACTERISTICS  - 


(@  Vcc  =  +5.0  V,  VEE  =  -15.0  V,  lREF  =  0.5  mA,  CC0MP  =  47  iaF, 


40°C 


+85°C  unless  otherwise  noted.  See  Note  1  for  supply  variations.) 


Parameter 




Conditions 


Min      Typ  Max 


Units 


Integral  Linearity  "E" 
Integral  Linearity  "E" 
Differential  Linearity  "E" 
Differential  Linearity  "E" 
Integral  Linearity  "F" 
Integral  Linearity  "F" 
Differential  Linearity  "F" 
Differential  Linearity  "F" 
Zero  Scale  Error 
Zero  Scale  Drift 
Gain  Error 
Gain  Drift 





INL 

INL 

DNL 

DNL 

INL 

INL 

DNL 

DNL 

ZSE 


TA  =  +25°C 
TA  =  +25°C 
TA  =  +25°C 
TA  =  +25°C 


-2  ±1.2  +2 

-4  ±1.6  +4 

-1  ±0.5  +1 

-1  ±0.7  +1.5 

-4  ±1.4  +4 


-6 
-1 
-1.5 


fc2  +6 
±0.5  +1.5 
±0.6  +2 

4Vt)  Wni  l?f  n 
0.025 

fcO.225 

5 


3M! 



LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

ppm/°C 

%  FS 

ppm/°C 


REFERENCE2 
Reference  Input  Current 


Iref 


Note  2 


350 


625 


u-A 


OUTPUT  CHARACTERISTICS 
Output  Current 
Output  Capacitance 
Settling  Time 


Iout 
Cout 
ts 


Note  2 


0.003%  of  Full  Scale 


2.8 


5.0 

10 
500 


mA 
pF 





M3d 


LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 
Logic  Input  Current 
Logic  Input  Current 
Input  Capacitance 


vIN„ 

TA  = 

vINL 

TA  = 

IlN'H 

vIN  = 

IlNH 

vIN  = 

vIN  = 

+25°C 
+25°C 

5.0  V,  DB0-DB10 
5.0  V,  DB11-DB15 
0  V,  DB0-DB15 


2  4 

g 




0.8 
7.5 
100 
1 





V 
V 

U.A 

uA 
uA 
PF 





SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 


PSS 
Ice 
Ice 
Iee 


Vcc  =  4.5  V  to  5.5  V,  VEE  w  -13  V  to  -17  V 
All  Bits  HIGH 
All  Bits  LOW 


20 

15  22 
6  7.5 
7.5  10 
188  260 


ppm/V 

mA 

mA 

mA 

mW 


NOTES 

'All  supplies  can  be  varied  ±5%  and  operation  is  guaranteed.  Device  is  tested  with  nominal  supplies. 

2Operauon  is  guaranteed  over  this  reference  range,  but  linearity  is  neither  tested  nor  guaranteed  (see  Figures  7  and  8). 

Specifications  subject  to  change  without  notice. 


WAFER  TEST  LIMITS 


(@  Vcc  =  +5.0  V,  VEE  =  -15.0  V,  lREF  =  0.5  mA,  CCuMP  =  47  ji'F,  T(  =  +25°C  unless  otherwise  noted.) 


Parameter 

Symbol 

Conditions 

DAC16G 
Limit 

Units 

Integral  Nonlinearity 
Differential  Nonlinearity 
Zero  Scale  Error 
Gain  Error 

INL 
DNL 
ZSE 
GE 

±3 
±1 
±1 

+0.12 

LSB  max 
LSB  max 

Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 

vINL 

IIN 

Ice 
Iee 
Pdiss 

2.4 

0.8 

75 

20 

10 

250 

V  min 

V  max 
u.A  max 
mA  max 
mA  max 
mW  max 

NOTE 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guar- 
anteed for  standard  product  dice,  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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DAC16 


- 

DB15  (MSB) 


lour  AGND 

z 


PACKAGE  PINOUTS 


DB7  I 


DBS  DB4 


Die  Size  0. 129  x  0. 153  inch,  19,737  sq.  mils 
(3.277  x  3.886  mm,  12.73  sq.  mm) 
The  DAC16  Contains  330  Transistors. 


ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C  unless  otherwise  noted) 
Vcc  to  VEE  .  . 
Vcc  to  DGND 


::::::::::::::: 


DGND  to  AGND  .  .  . 
REF  GND  to  AGND 

Iref   

Analog  Output  Current 

Digital  Input  Voltage  to  DGND  

Operating  Temperature  Range 

EP,  FP,  ES,  FS   

BTC,  BVB  

Dice  Junction  Temperature  

Storage  Temperature  

Power  Dissipation  

Lead  Temperature  (Soldering,  60  sec)  . 


-0.3  V,  +25.0  V 
-0.3  V,  +7.0  V 
+0.3  V,  -18.0  V 
-0.3  V,  +0.3  V 
-0.3  V,  +1.0  V 
1  mA 
8  mA 


.  -40°C  to  +85°C 
-55°Cto  +125°C 

 +150°C 

-65°C  to  +  150°C 

  1000  mW 

 +300°C 




Package  Type 

V 

9jc 

Units 

24-Pin  Plastic  DIP  (P) 

62 

32 

°C/W 

24-Lead  Plastic  SOL  (S) 

70 

22 

°c/w 

24-Lead  Size  Brazed  DIP  (VB) 

50 

26 

°c/w 

28-Lead  Hermetic  LCC  (TC) 

78 

30 

°c/w 

2  3  i 

a    a  c 
NC  r  NO  CONNECT 


PIN  DESCRIPTION 


NOTE 

'6JA  is  specified  for  worst  case  mounting  conditions,  i.e.,  6JA  i 
device  in  socket. 

CAUTION 

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings" 
may  cause  permanent  damage  to  the  device.  This  is  a  stress 
rating  only  and  functional  operation  at  or  above  this  specifica- 
tion is  not  implied.  Exposure  to  the  above  maximum  rating 
conditions  for  extended  periods  may  affect  device  reliability. 

2.  Digital  inputs  and  outputs  are  protected;  however,  permanent 
damage  may  occur  on  unprotected  units  from  high  energy 
electrostatic  fields.  Keep  units  in  conductive  foam  or  packaging 
at  all  times  until  ready  to  use.  Use  proper  antistatic  handling 
procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their 
sockets. 


Pin 

(P,  S,  VB) 

(TC) 

Name 

Description 

1 

1 

Iref 

Reference  Current  Input 

2 

2 

DGND 

Digital  Ground 

3 

3 

Vcc 

+5  V  Digital  Supply 

4-19 

5-23 

DB15-DB0 

16-Bit  Digital  Input  Bus. 

DB15  Is  the  MSB. 

20 

24 

VEE 

-15  V  Analog  Supply 

21 

25 

REF  GND 

Reference  Current  Return 

22 

26 

AGND 

Analog  Ground/Output 

Reference 

23 

27 

loUT 

Current  Output 

24 

28 

CcOMP 

Current  Ladder  Compensation 

4,  11, 

NC 

No  Connects 

19,  22 
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Figure  2.  Burn-In  Diagram 

OPERATION 

Novel  DAC  Architecture 

The  DAC  16  was  designed  with  a  compound  DAC  architecture 
to  achieve  high  accuracy,  excellent  linearity,  and  low  transition 
errors.  As  shown  in  Figure  3,  the  DAC's  five  most-significant 
bits  utilize  31  identical  segmented  current  sources  to  obtain  opti- 
mal high  speed  settling  at  major  code  transitions.  The  lower 
nine  bits  utilize  an  inverted  R-2R  ladder  network  which  is  laser- 
trimmed  to  ensure  excellent  differential  nonlinearity.  The  mid- 
dle two  bits  (DB9  and  DB10)  are  binary-weighted  and  scaled 
from  the  MSB  segments.  Note  that  the  flow  of  output  current  is 
into  the  DAC  16— there  is  no  signal  inversion.  As  shown,  the 
switches  for  each  current  source  are  essentially  diodes.  It  is  for 
this  reason  that  the  output  voltage  compliance  of  the  DAC  16  is 
limited  to  a  few  millivolts.  The  DAC  16  was  designed  to  operate 
with  an  operational  amplifier  configured  as  an  I-V  converter; 
therefore,  the  DAC16's  output  must  be  connected  to  the  sum 
node  of  an  operational  amplifier  for  proper  operation.  Exceeding 
the  output  voltage  compliance  of  the  DAC  16  will  introduce  lin- 
earity errors.  The  reference  current  buffer  assures  full  accuracy 


unbuffered,  minimizing  the  deleterious  effects  of  digital  leed- 
through  while  allowing  the  used  to  tailor  the  digital  interface  to 
the  speed  requirements  and  bus  configuration  of  the  application. 

Equivalent  Circuit  Analysis 

An  equivalent  circuit  for  static  operation  of  the  DAC16  is  illus- 
trated in  Figure  4.  IREF  is  the  current  applied  to  the  DAC16 
and  is  set  externally  to  the  device  by  VREF  and  RREF.  The  out- 
put capacitance  of  the  DAC  16  is  approximately  10  pF  and  is 
code  independent.  Its  output  resistance  RQ  is  code  dependent 
and  is  given  by: 


1 

8*n 


DB9 


DB\0 


288  kSl  T  144  Ml  +  72  kd 


X 


where 

DB9  =  State  of  Data  Bit  9  =  0  or  1; 

DB10  =  State  of  Data  Bit  10  =  0  or  1;  and 

X  =  Decimal  representation  of  the  5  MSBs  (DB11-  DB15)  =  0 
to  31. 


[  65,535  -  Dlgnal  Coda  1 
l  65336  J 


Figure  4.  Equivalent  Circuit  for  the  DAC16 

Table  I  provides  the  relationship  between  the  input  digital  code 
and  the  output  resistance  of  the  DAC16. 

Table  I.  DAC16  Output  Resistance  vs.  Digital  Code 


Hex  Digital  Code 

Scale 

Output  Resistance 

FFFF 

Zero 

8  kn 

BFFF 

1/4 

4.2  kn 

7FFF 

1/2 

2.9  kfi 

3FFF 

3/4 

2.2  kO 

0 

Full  -  1  LSB 

1.8  kO 

31  CURRENT  SOURCES 
125|iA  EACH 


62.5,iA  | 

31.25(.A 


: 


6  cC0M1, 





■ 


Figure  3.  DAC16  Architecture 
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Typical  Performance  Characteristics- DAC1 6 


Digital  Input  Considerations 

The  threshold  of  the  DAC16's  digital  input  circuitry  is  set  at 
1.4  V,  independent  of  supply  voltage.  Hence,  the  digital  inputs 
can  interface  with  any  type  of  5  V  logic.  Illustrated  in  Figure  5 
is  the  equivalent  circuit  of  the  digital  inputs.  Note  that  the  indi- 


vidual input  capacitance  is  approximately  7  pF. 


This  input  capacitance  can  be  used  in  conjunction  with  an  exter- 
nal R-C  circuit  for  digital  signal  deskewing,  if  required.  In 
applications  where  some  of  the  DAC16's  digital  inputs  are  not 
used,  the  recommended  procedure  to  turn  off  one  or  more 


u, 


inputs  is  to  connect  each  input  line  to  +5  V  as  shown  in  Fig- 

Ure  6'  .  ...... 


o*sv 


TODAC 
SWITCH 


- 


DAC16 


Figure  5.  Equivalent  Circuit  of  a  DAC16  Digital  Input 


Figure  6.  Handling  Unused  DAC16  Digital  Inputs 





2.0 

§  1.5 
I 

£  1.0 

3  0.5 
Z 

|  » 

|  -0.5 

S  -i.o 


 '  -2.0 


VCC  = 

♦5V 

-15V  - 
►25°C 

r-    VE£  = 

T«  = 

♦D 

NL 

-UHL 



0.2  0.3         0.4         0.5         0.6  0.7 

REFERENCE  CURRENT  -  mA 

Figure  7.  Integral  Nonlinearity  vs. 
Iref 


0.3  0.4  0.5  0.6  0.7 
REFERENCE  CURRENT  -  mA 

Figure  8.  Differential  Nonlinearity 
vs.  IREF 


!      I  I 

Vcc  =  +5V 

VEE  =  -15V 

£>.5m^ 

1 

-40   -20     0      20     40     60  80 
TEMPERATURE  -  "C 

Figure  9.  Zero  Scale  Output  vs. 
Temperature 


TEMPERATURE  -  -C  TEMPERATURE  -  "C  TEMPERATURE  -  X 

Figure  10.  Gain  Error  vs.  Figure  1 1.  Integral  Nonlinearity  Figure  12.  Differential  Non- 

Temperature  vs.  Temperature  linearity  vs.  Temperature 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  3-297 


DAC1 6— Typical  Performance  Characteristics 


I10 

I 


lcc,  LOGIC  BITS  =  HIGH 


I  lEE  I ,  LOGIC  BITS  =  LOW  " 


lEE  I ,  LOGIC  BITS  =  HIGH 


lcc,  LOGIC  BITS  =  LOW 
-I  I  I  I  L_ 


-40   -20     0      20     40     60  80 
TEMPERATURE  - "C 

Figure  13.  Supply  Current  vs. 
Temperature 


I  I 

VK=-15V 
VCC  =  *5V 

LOGIC  INPUT  VOLTAGE  -  V 
ALL  DATA  BITS 

Figure  14.  Vcc  Supply  Current  vs. 
Logic  Input  Voltage,  All  Data  Bits 
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Figure  15.  Digital  Input  Current  vs. 
Temperature 
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Figure  16.  Differential  Nonlinearity 
vs.  Time  Accelerated  by  Burn-In. 

APPLICATIONS 

Power  Supplies,  Bypassing,  and  Grounding 

All  precision  converter  products  require  careful  application  of 
good  grounding  practices  to  maintain  full-rated  performance.  As 
is  always  the  case  with  analog  circuits  operating  in  digital  envi- 
ronments, digital  noise  is  prevalent;  therefore,  special  care  must 
be  taken  to  ensure  that  the  DAC16's  inherent  precision  is  main- 
tained. This  means  that  particularly  good  engineering  judgment 
should  be  exercised  when  addressing  the  power  supply,  ground- 
ing, and  bypassing  issues  using  the  DAC16. 

The  DAC16  was  designed  to  operate  from  +5  V  and  -15  V 
supplies.  The  +5  V  supply  primarily  powers  the  digital  portion 
of  the  DAC16  and  can  consume  20  mA,  maximum.  Although 
very  little  +  5  V  supply  current  is  used  by  the  reference  ampli- 
fier, large  amounts  of  digital  noise  present  on  the  +5  V  supply 
can  introduce  analog  errors.  It  is  therefore  very  important  that 
the  +5  V  supply  be  well  filtered  and  regulated.  The  - 15  V  sup- 
ply provides  most  of  the  current  for  the  reference  amplifier  and 
all  of  the  current  for  the  internal  DAC.  Although  the  maximum 
current  in  this  supply  is  10  mA,  it  must  provide  a  low  imped- 
ance path  for  the  DAC  switch  currents.  Therefore,  it  too  must 
be  well  filtered  and  regulated. 

The  DAC  16  includes  two  ground  connections  in  order  to  mini- 
mize system  accuracy  degradation  arising  from  grounding  errors. 
The  two  ground  pins  are  der--~ 


[  DGND  (Pin  2)  and  AGND 


Figure  17.  Integral  Nonlinearity  vs. 
Time  Accelerated  by  Bum-In 


Vcc^tSV.V^-ISiV 
T„  -  <25  C,  lREF  =  0.5mA 


WORST  CASE  *  GAIN  ERROR 


TYPICAL  GAIN  ERROR 


400  600  800  1000  1200 
BURN-IN  TIME  -  Hours 


Figure  18.  Gain  Error  vs.  Time 
Accelerated  by  Burn-In 

.  .  . 


(Pin  22).  The  DGND  pin  is  the  return  for  the  digital  circuit 
sections  of  the  DAC  and  serves  as  their  input  threshold  refer- 
ence point.  Thus,  DGND  should  be  connected  to  the  same 
ground  as  the  circuitry  that  drives  the  digital  inputs. 

Pin  22,  AGND,  serves  as  the  reference  point  for  the  9-bit  lower- 
order  DAC  as  well  as  the  common  for  the  reference  amplifier, 
REFGND  (Pin  21).  This  pin  should  also  serve  as  the  reference 
point  for  all  analog  circuitry  associated  with  the  DAC16.  There- 
fore, to  minimize  any  errors,  it  is  recommended  that  AGND 
connection  on  the  DAC  16  be  connected  to  a  high  quality  analog 
ground.  If  the  system  contains  any  analog  signal  path  carrying  a 
significant  amount  of  current,  then  that  path  should  have  its 
own  return  connection  to  Pin  22. 

.■ 

It  is  often  advisable  to  maintain  separate  analog  and  digital 
grounds  throughout  a  complete  system,  tying  them  common  to 
one  place  only.  If  the  common  tie  point  is  remote  and  an  acci- 
dental disconnection  of  that  one  common  tie  point  were  to  occur 
due  to  card  removal  with  power  on,  a  large  differential  voltage 
between  the  two  commons  could  develop.  To  protect  devices  that 
interface  to  both  digital  and  analog  parts  of  the  system,  such  as 
the  DAC  16,  it  is  recommended  that  common  ground  tie  points 
be  provided  at  each  such  device.  If  only  one  system  ground  can 
be  connected  directly  to  the  DAC16,  it  is  recommended  that  the 
analog  common  be  used.  If  the  system's  AGND  has  suitable  low 
e,  then  the  digital  signal  currents  flowing  in  it  should 
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not  seriously  affect  the  ground  noise.  The  amount  of  digital 
noise  introduced  by  connecting  the  two  grounds  together  at  the 
device  will  not  adversely  affect  system  performance  due  to  loss 
of  digital  noise  immunity. 

Generous  bypassing  of  the  DAC's  supplies  goes  a  long  way  in 
reducing  supply-line  induced  errors.  Even  with  well-filtered, 
well-regulated  supplies,  local  bypassing  consisting  of  10  u.F  tan- 
talum electrolytic  shunted  by  a  0.1  u.F  ceramic  is  recommended. 
The  decoupling  capacitors  should  be  connected  between  the 
DAC's  supply  pins  (Pin  3  for  +5  V,  Pin  20  for  - 15  V)  and  the 
analog  ground  (Pin  22).  Figure  19  shows  how  the  DGND, 
AGND,  and  bypass  connections  should  be  made  to  the  DAC16. 



WWUJU  ruiicn 
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Figure  19.  Recommended  Grounding  and  Bypassing 
Scheme  for  the  DAC16 

Using  the  Right  Capacitors 

Probably  the  most  important  external  components  associated 
with  high  speed  design  are  the  capacitors  used  to  bypass  the 
power  supplies  and  to  provide  compensation.  Both  selection  and 
placement  of  these  capacitors  can  be  critical  and,  to  a  large 
extent,  dependent  upon  the  specifics  of  the  system  configura- 
tion. The  dominant  consideration  in  selection  of  bypass  and 
compensation  capacitors  for  the  DAC16  is  minimization  of  series 
resistance  and  inductance.  Many  capacitors  begin  to  look  induc- 
tive at  20  MHz  and  above— the  very  frequencies  where  rejection 
of  interference  is  needed.  Ceramic  and  film-type  capacitors  gen- 
erally feature  lower  series  inductance  than  tantalum  or  electro- 
lytic types.  A  few  general  rules  are  of  universal  use  when 
approachmg  the  1Ssue  of  compensation  or  bypassing. 

Bypass  capacitors  should  be  installed  on  the  printed  circuit 
board  with  the  shortest  possible  leads  consistent  with  reliable 
construction.  This  helps  to  minimize  series  inductance  in  the 
leads.  Chip  capacitors  are  optimal  in  this  respect.  Where  illus- 
trated in  the  applications  section,  large  tantalum  electrolytic 
capacitors  are  shunted  by  low  self-inductance  ceramic  capacitors. 
This  technique  reduces  the  self -resonance  of  the  electrolytii 
while  shifting  the  resonant  frequency  of  the  ceramics  out-of- 

Some  series  inductance  between  the  DAC  supply  pins  and  the 
power  supply  plane  often  helps  to  filter  out  high  frequency 
power  supply  noise.  This  inductance  can  be  generated  using  a 
small  ferrite  bead  as  shown  in  Figure  20. 

Reference  Amplifier  Considerations 

The  reference  input  current  buffer  is  a  high  performance  ampli- 
fier optimized  for  high  accuracy  and  linearity.  The  design  of  the 
reference  amplifier  ensures  fast  settling  times  by  tightly  control- 


ling the  node  common  to  all  the  current  sources  internal  to  the 
DAC  with  an  external  compensation  capacitor  (CCOMP).  Since 
the  primary  design  goal  of  the  DAC  16  is  to  achieve  16-bit  per- 
formance, proper  operation  of  the  reference  amplifier  requires  a 


Figure  20.  Using  a  Ferrite  Bead  as  a  High  Frequency  Filter 

.-_!   _l  


47  u.F  tantalum  electrolytic  capacitor  shunted  by  a  0.1  (xF 
ceramic  capacitor,  as  shown  in  Figure  21.  Increasing  the  capaci- 
tance at  this  node  above  the  recommended  values  does  not  fur- 
ther reduce  the  analog  transition  current  noise  spikes  at  the 
output  of  the  reference  amplifier.  Reducing  the  value  of  com- 
pensation, however,  is  not  recommended  as  DAC  linearity  will 
degrade  as  a  result.  In  most  systems,  the  VEE  supply  offers  suf- 
ficiently low  impedance  to  maintain  a  quiet  return  point  for  the 
reference  amplifier.  If  this  is  not  the  case,  the  AGND  point  can 
also  be  used  for  the  compensation  capacitor  return,  as  shown  in 
Figure  21. 

|  s. 
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Figure  21a.  Recommended  Compensation  Scheme  to  VEE 


V 

Figure21b.  Recommended  Compensation  SchemetoAGND 


In  applications  where  16-bit  multiplying  j 
required,  the  DAC16  might  appear  to  be  i 
However,  the  compensation  capacitor  network  would  have  to  be 
removed  in  these  applications.  The  DAC16's  reference  amplifier 
was  specifically  designed  for  low  frequency  operation,  with  a 
compensation  canacitor  network.  In  fact,  this  network  serves  not 
only  as  a  charge  reservoir  for  the  DAC's  internal  current  sources 
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duce  large  linearity  errors,  reference  amplifier  instability, 
wideband  reference  amplifier  noise,  and  poor  settling  time. 

Because  the  DAC  exhibits  an  internal  current  scaling  factor  of 
eight  times  (8  x ),  the  reference  amplifier  requires  only  500  uA 
input  current  from  the  user-supplied  precision  reference  for  a 
4  mA  full-scale  output  current.  In  applications  that  do  not 
require  such  high  output  currents,  good  accuracy  can  be 
achieved  with  input  reference  currents  in  the  range  of  350  uA 
s  Iref  —  625  uA.  The  best  signal-to-noise  ratios,  of  course,  will 
be  achieved  with  a  625  uA  reference  current  which  yields  a 
maximum  5  mA  output  current.  Figure  22  illustrates  how  to 
form  the  reference  input  current  with  a  REF02  and  a  10  kfi 
precision  resistor. 
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Figure  22.  Generating  the  DAC16's  Reference  Input 
Current 

Reducing  Voltage  Reference  Noise 

In  data  converters  of  16-bit  and  greater  resolution,  noise  is  of 
critical  importance.  Surprisingly,  the  integrated  voltage  refer- 
ence circuit  used  may  contribute  the  dominant  share  of  a  sys- 
tem's noise  floor,  thereby  degrading  system  dynamic  range  and 
signal-to-noise  ratio.  To  maximize  system  dynamic  range  and 
SNR,  all  external  noise  contributions  should  be  effectively  much 
less  than  1/2  LSB.  For  example,  in  a  5  V  DAC16  application, 
one  LSB  is  equivalent  to  76  uV.  This  means  that  the  total  wide- 
band noise  contribution  due  to  a  voltage  reference  and  all  other 
sources  should  be  less  than  38  jjlV  rms.  These  noise  levels  are  not 
easy  targets  to  hit  with  standard  off-the-shelf  reference  devices. 
For  example,  commercially  available  references  might  exhibit 
5  (iV  rms  noise  from  0.1  Hz  to  10  Hz;  but,  over  a  100  kHz 
bandwidth,  its  300  u.V  rms  of  noise  can  easily  swamp  out  a 
16-bit  system.  Such  noisy  behavior  can  degrade  a  DAC's  effec- 
tive resolution  by  increasing  its  differential  nonlinearity  which, 
in  turn,  can  lead  to  nonmonotonic  behavior  or  analog  errors. 

The  easiest  way  to  reduce  noise  in  the  reference  circuit  is  to 
band-limit  its  noise  before  feeding  it  to  the  converter.  In  the 
case  of  the  DAC16,  the  reference  is  not  a  voltage,  but  a  current. 
Illustrated  in  Figure  23  is  a  simple  way  of  band-limiting 


^7 

Figure  23.  Filtering  a  Reference's  Wideband  Noise 


thermally  induced  errors,  Rl  and  R2  must  be  electrically  and 
thermally  well-matched.  Thin-film  resistor  networks  work  well 
here.  In  this  circuit,  the  parallel  combination  of  Rl  and  R2 
forms  a  3  Hz  low  pass  filter  with  CI.  The  only  noise  source  that 
remains  is  the  thermal  noise  of  R2  which  can  be  a  significantly 
lower  noise  generator  than  the  voltage  reference. 

Input  Coding 

The  unipolar  digital  input  coding  of  the  DAC  16  employs  nega- 
tive logic  to  control  the  output  current;  that  is,  an  all  zero  input 
code  (0000H)  yields  an  output  current  1  LSB  below  full  scale. 
Conversely,  an  all  Is  input  code  (FFFFH)  yields  a  zero  analog 
current  output.  An  expression  for  the  DAC16's  transfer  equa- 
tion can  be  expressed  by: 

"65,535 -Digital  Code 


=  8  x  IR 


65,536 


Table  II  provides  the  relationship  between  the  digital  input 
codes  and  the  output  current  of  the  DAC  16. 

Table  II.  Unipolar  Code  Table 


Digital  Input 
Word  (Hex) 

DAC16  Output 
Current  Iqut 

Comment 

0000 

8  x  (216  -  l)/216 

x  Iref 

Full  Scale 

7FFE 

8  x  (215  +  l)/216 

x  Iref 

Midscale  + 

1  LSB 

7FFF 

8  x  (2I5/216)  x  I^p 

Midscale 

8000 

8  x  (2IS  -  l)/216 

xIref 

Midscale  - 

1  LSB 

FFFF 

0 

Zero  Scale 

Since  the  DAC  16  exhibits  a  small  output  voltage  compliance  on 
the  order  of  a  few  millivolts,  a  high  accuracy  operational  ampli- 
fier must  be  used  to  convert  the  DAC's  output  current  to  a  volt- 
age. Refer  to  the  section  on  selecting  operation  amplifiers  for  the 
DAC  16.  The  circuit  shown  in  Figure  24  illustrates  a  unipolar 


output  configuration.  In  symbolic  form,  the  transfer  equation 


for  this  circuit  can  be  expressed  by 

V0  -  K5  X  jj  XI rep  - 


65,535 -Digital  Code 


65,536 

In  this  example,  the  reference  input  current  was  set  to  500  uA 
which  produces  a  full-scale  output  current  of  4  mA  -  1  LSB.  The 
DAC's  output  current  was  scaled  by  R3,  a  1.25  kfl  resistor,  to 
produce  a  5  V  full-scale  output  voltage.  Bear  in  mind  that  to 
ensure  the  highest  possible  accuracy,  matched  thin-film  resistor 
networks  are  almost  a  necessity,  not  an  option.  The  resistors  used 
in  the  circuit  must  have  close  tolerance  and  tight  thermal  track- 
ing. Table  III  illustrates  the  relationship  between  the  input  digi- 
tal code  and  the  circuit's  output  voltage  for  the  component 
values  shown. 

Table  III.  Unipolar  Output  Voltage  vs.  Digital  Input  Code 


Digital  Input  Word 
(Hex) 

Decimal  Number  in 
in  DAC  Decoder 

Analog  Output 
Voltage  (V) 



0000 

7FFE 

7FFF 

8000 

65,535 
32,769 
32,768 
32,767 
0 

4.999924 
2.500076 
2.500000 
2.499924 
0 

FFFF 
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Figure  24.  Unipolar  Circuit  Configuration 


RESISTORS:  CADDOCK  T912-5K-010-02  (OR  EQUIVALENT) 
0-1 SV  5kS3,  0.01%,  TC  TRACK  =  2ppm/°C 


■ 

CLK 

♦5V„EF 

<; 


DIGITAL  INPUT  WORD 
DB0-DB7  DB8-DB15 


*5VREF 


6  -15V 


Bipolar  Configuration 

For  applications  that  require  a  bipolar  output  voltage,  the  circuit 
in  Figure  24  can  be  modified  slightly  by  adding  a  resistor  from 
the  reference  to  the  inverting  sum  node  of  the  output  amplifier 
to  level  shift  the  output  signal.  The  transfer  equation  for  the 
circuit  now  becomes: 


RESISTORS:  CADDOCK  T912-5K-O1O-02  (OR  EQUIVALENT) 
5kti,  0.01%.  TC  TRACK  =  2ppiWC 

Figure  25.  Bipolar  Circuit  Configuration 

Table  TV.  Bipolar  Output  Operation  vs.  Digital  Input  Code 


65,535- 


Code 


65,536 


~  Vref  X   I  £3  I 


The  circuit  has  the  form  shown  in  Figure  25,  and  Table  IV  pro- 
vides the  relationship  between  the  digital  input  code  and  the 
circuit's  output  voltage  for  the  component  values  shown. 


Digital  Input 
Word  (Hex) 

Decimal  Number  in 
DAC  Decoder 

Analog  Output 
Voltage  (V) 

0000 

65,535 

4.999848 

7FFE 

32,769 

152E-6 

7FFF 

32,768 

0 

8000 

32,767 

-152E-6 

FFFF 

0 

-5.00000 

- 
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Figure  26.  DAC16  Noise  Measurement  Test  Circuit 


RESISTORS:  CADDOCK  T91 2-5K-01 0-02  (OR  EQUIVALENT) 
0-15V  5kS2, 0.01%,  TC  TRACK  =  Jppm/"C 


DAC16  Noise  Performance 

The  novel  architecture  employed  in  the  DAC16  yields  very  low 
wideband  noise.  Figure  26  illustrates  the  circuit  configuration 
for  evaluating  the  DAC16's  noise  performance.  An  OP27  is  used 
as  the  DAC16's  output  I-V  converter  which  is  configured  to 
produce  a  5  V  full-scale  output  voltage.  The  output  of  the  OP27 
was  then  capacitively  coupled  to  an  OP37  stage  configured  in  a 
gain  of  101.  Note  that  the  techniques  for  reducing  wideband 
noise  of  the  voltage  reference  and  the  DAC's  internal  reference 
amplifier  were  used.  As  a  result  of  these  techniques,  the  DAC16 
exhibited  a  full-scale  output  noise  spectral  density  of  3 1 
pA/VHz  at  1  kHz. 

Digital  Feedthrough  and  Data  Skew 

The  DAC16  features  a  compound  DAC  architecture  where  the  5 
most  significant  bits  utilize  31  identical,  segmented  current 
sources  to  obtain  optimal  high  speed  settling  at  major  code  tran- 
sitions. Although  every  effort  has  been  made  to  equalize  the 
speeds  at  which  the  DAC  switches  operate,  there  exists  finite 
skew  in  the  MSB  DAC  switches. 

As  with  any  converter  product,  a  high  speed  digital-to-analog 
converter  is  forced  to  exist  on  the  frontier  between  the  noisy 
environment  of  high  speed  digital  logic  and  the  sensitive  analog 
domain.  The  problems  of  this  interface  are  particularly  acute 
when  demands  of  high  speed  (greater  than  10  MHz  switching 
times)  and  high  precision  are  combined.  No  amount  of  design 
effort  can  perfectly  isolate  the  analog  portions  of  a  DAC  from 
the  spectral  components  of  a  digital  input  signal  with  a  2  ns  rise 
time.  Inevitably,  once  this  digital  signal  is  brought  onto  the 
chip,  some  of  its  higher  frequency  components  will  find  their 
way  to  the  sensitive  analog  nodes,  producing  a  digital  feed- 
through  glitch.  To  minimize  the  exposure  to  this  effect,  the 
DAC  16  was  designed  to  omit  intentionally  the  on-board  latches 
that  are  usually  included  in  many  slower  DACs.  This  not  only 
reduces  the  overall  level  of  digital  activity  on  chip,  it  also  avoids 
bringing  a  latch  clock  pulse  onto  the  IC,  whose  opposite  edge 
inevitably  produces  a  substantial  glitch,  even  when  the  DAC  is 
not  supposed  to  be  changing  codes. 


The  DAC16  uses  each  digital  input  line  to  switch  each  current 
segment  in  the  DAC  between  the  output  diode-connected  tran- 
sistor and  the  logic  control  transistor.  If  the  input  bits  are  not 
changed  simultaneously,  or  if  the  different  DAC  bits  switch  at 
different  speeds,  then  the  DAC  output  current  will  momentarily 
take  on  some  incorrect  value.  This  effect  is  particularly  trouble- 
some at  the  "carry  points,"  where  the  DAC  output  is  to  change 
by  only  one  LSB,  but  several  of  the  larger  current  sources  must 
be  switched  to  realize  this  change.  Data  skew  can  allow  the 
DAC  output  to  move  a  substantial  amount  towards  full  scale  or 
zero  (depending  upon  the  direction  of  the  skew)  when  only  a 
small  transition  is  desired.  The  glitch-sensitive  user  should  be 
equally  diligent  about  minimizing  the  data  skew  at  the  DAC16's 
inputs,  particularly  the  five  most  significant  bits.  This  can  be 
achieved  by  using  the  proper  logic  family  and  gate  to  drive  the 
DAC  inputs,  and  keeping  the  interconnect  lines  between  the 
latches  and  the  DAC  inputs  as  short  and  as  well  matched  as  pos- 
sible. Logic  families  that  were  empirically  determined  to  operate 
well  with  the  DAC  16  are  devices  from  the  74AC11XXX  and 
74ACT11XXX  advanced  CMOS  logic  families.  These  devices 
riave  been  purposely  designed  with  improved  layout  and  tailored 
rise  times  for  minimizing  ground  bounce  and  digital  feedthrough. 

Deglitching 

The  output  glitch  of  the  DAC  16  at  the  major  carry  (7FFEH  to 
7FFFH)  is  a  not-insignificant  360  pA-sec,  manifested  as  a 
momentary  output  transition  to  the  negative  rail  for  approxi- 
mately 200  ns.  Due  to  the  inherent  low-pass  or  time-sampled 
nature  of  many  systems,  this  behavior  in  the  DAC16  is  not 
noticeable  and  does  not  detract  from  overall  performance.  Some 
applications  however  may  prove  so  sensitive  to  glitch  impulse 
that  reduction  by  an  order  of  magnitude  or  more  is  required.  In 
order  to  realize  low  glitch  impulses,  some  sort  of  sample-and- 
hold  amplifier-based  deglitching  scheme  must  be  used. 
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There  are  high  speed  SHAs  available  with  specifications  suffi- 
cient to  deglitch  the  DAC16;  however,  most  are  hybrid  in 
topology  at  costs  which  can  be  prohibitive.  A  high  performance, 
low  cost  alternative  shown  in  Figure  27  is  a  discrete  SHA  utiliz- 
ing a  high  speed  monolithic  op  amp  and  high  speed  DMOS 
FET  switches. 

This  SHA  circuit  uses  the  inverting  integrator  structure.  A 
300  MHz  gain-bandwidth  product  op  amp,  the  AD841,  is  the 
heart  of  this  fast  SHA.  The  time  constant  formed  by  the  200  fl 
resistor  and  the  100  pF  capacitor  determines  the  acquisition 
time  and  also  band  limits  the  output  signal  to  eliminate  slew- 
induced  distortion. 

A  discrete  drive  circuit  is  used  to  achieve  the  best  performance 
from  the  SD5000  quad  DMOS  switch.  This  switch-driving  cell 
is  composed  of  MPS571  RF  NPN  transistors  and  an  MC10124 
TTL-to-ECL  translator.  Using  this  technique  provides  both 
high  speed  and  highly  symmetrical  drive  signals  for  the  SD5000 
switches.  The  switches  are  arranged  in  a  single-pole,  double- 
throw  (SPDT)  configuration.  The  500  pF  "flyback"  capacitor  is 
switched  to  the  op  amp  summing  junction  during  the  hold  mode 
to  keep  switching  transients  from  feeding  to  the  output.  This 
capacitor  is  grounded  during  sample  mode  to  minimize  its  effect 
on  acquisition  time. 

Careful  circuit  layout  of  the  high  speed  SHA  section  is  almost  as 
important  as  the  design  itself.  Double-sided  printed  circuit  board, 
a  compact  layout,  and  short  critical  signal  paths  all  ensure  best 
performance. 

Op  Amp  Selection 

When  selecting  the  amplifier  to  be  used  for  the  DAC16's  I-V 
converter,  there  are  two  main  application  areas;  those  requiring 
high  accuracy,  and  those  seeking  high  speed.  In  high  accuracy 
applications,  three  parameters  are  of  prime  importance:  (1) 
input  offset  voltage,  Vos;  (2)  input  bias  current,  -IB;  and  (3) 
offset  voltage  drift,  TCVos.  In  these  applications  where  16-bit 


performance  must  be  maintained  with  an  external  reference  at 
+  5  V,  an  op  amp's  input  offset  voltage  must  be  less  than  15  U.V 
(~0.1  LSB)  with  a  bias  current  less  than  6  nA.  The  op  amp 
must  also  exhibit  high  open-loop  gain  to  keep  the  offset  voltage 
below  this  limit  over  the  specified  full-scale  output  range.  Thus, 
for  an  maximum  output  of  5  V,  the  op  amp's  open  loop  gain 
must  be  greater  than  1300  V/mV. 

For  low  frequency,  high  accuracy  applications,  Table  IV  lists 
selected  compatible  operational  amplifiers  available  from  Analog 
Devices.  These  operational  amplifiers  satisfy  all  the  above  require- 
ments and  in  most  all  cases  will  not  require  offset  voltage  nulling. 


Table  V.  Precision  Operational  Amplifiers  for  the  DAC16 


Model 

TCVos 

h 

OP177 
OP77 
OP27 
OP97 

10  uV 
25  uV 

25  u-V 
25  u.V 

0.3  U.V/-C 

o.6  nvrc 

0.2  uV/°C 
2  u.V/°C 

2  nA 
2.8  nA 
80  nA 
0.15  nA 

12000  V/mV 
2000  V/mV 
1500  V/mV 
2000  V/mV 

In  high  speed  applications  where  resolution  is  more  important 
than  absolute  accuracy,  operational  amplifiers  such  as  the 
AD843  offer  the  requisite  settling  time.  Although  these  amplifi- 
ers are  not  specified  for  16-bit  performance,  their  settling  times 
are  two  to  three  times  faster  than  the  DAC16  and  will  introduce 
negligible  error  to  the  overall  circuit's  settling  time.  It  is  possi- 
ble to  estimate  the  16-bit  settling  time  of  an  operational  ampli- 
fier if  its  12-bit  settling  time  is  known.  Assuming  that  the  op 
amp  can  be  modeled  by  a  single-pole  response,  then  the  ratio  of 
the  op  amp's  16-bit  settling  time  to  its  12-bit  settling  can  be 
expressed  as: 

ts  (12-fctt) 


Figure  27.  A  High  Performance  Deglitching  Circuit 
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Since  many  operational  amplifier  data  sheets  provide  charts 
illustrating  0.01%  settling  time  versus  output  voltage  step  size, 
all  that  is  required  to  estimate  an  op  amp's  16-bit  settling  time  is 
to  multiply  the  12-bit  settling  time  for  the  required  full-scale 
voltage  by  1.33.  The  circuit's  overall  settling  time  can  then  be 
approximated  by  the  root-sum-square  method: 


ts  =  VW)2  +  (fa,)2 

where 

tDAC  =  DAC16's  specified  full-scale  settling  time 
tcA  =  Op  amp  full-scale  settling  time 

As  a  design  aid,  Table  VI  illustrates  a  high  speed  operational 
amplifier  selector  guide  for  devices  compatible  with  the  DAC16 
for  high  speed  applications.  All  these  devices  exhibit  the  requi- 
site settling  time,  input  offset  voltage,  and  input  bias  current 
consistent  with  maximum  performance. 

Table  VI.  High  Speed  Operational  Amplifiers  for  the  DAC16 


Model 

ts  to  % 

TCVos 

Ib 

AVol 

OP467 

200  ns 

-0.01 

0.5  mV 

3.5  uV/°C 

0.5  m-A 

20  V/mV 

AD817 

70  ns  - 

0.01 

2mV 

10  uV/°C 

6.6  |xA 

6  V/mV 

AD829 

90  ns  - 

0.1 

0.5  mV 

0.3  u.V/°C 

7  (jlA 

100  V/mV 

AD841 

110  ns 

-0.01 

1  mV 

35  uV/°C 

5  m-A 

45  V/mV 

AD843 

135  ns 

-0.01 

1  mV 

12  |xV/°C 

0.001  aA 

25  V/mV 

AD845 

350  ns 

-0.01 

0.25  mV 

5  nV/°C 

0.001  (xA 

500  V/mV 

AD847 

120  ns 

-0.01 

1  mV 

15  uV/°C 

5  uA 

5.5  V/mV 

In  using  high  speed  op  amps,  the  output  capacitance  of  the 
DAC16  appears  across  the  inputs  of  the  op  amp  where  it  and 
the  op  amp's  input  capacitance  will  set  an  additional  pole  in  the 
op  amp's  loop  gain  response.  The  pole  is  formed  with  the  feed- 
back resistance  and  the  output  resistance  of  the  DAC.  This 
additional  pole  may  adversely  affect  the  transient  response  of  the 
circuit  due  to  the  added  phase  shift.  Placing  a  small  capacitor 
across  the  feedback  resistance,  as  shown  in  Figure  28,  compen- 
sates for  the  additional  pole.  The  value  of  the  capacitor  can  be 
determined  by  setting  RFBCFB  =  Rq  (Cq  +  CIN)  and  should  be 
adjusted  for  optimum  transient  response. 

The  choice  of  amplifier  depends  entirely  on  the  required  system 
accuracy,  the  required  temperature  range,  and  the  operating 
frequency. 

DAC16 


Figure  28.  Compensating  for  the  Feedback  Pole 
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FEATURES 


•  Differential  Nonlinearity    •  1/2LSB 

•  Nonlinearity    ,   0.05% 

•  Fast  Settling  Time  , . . .  250ns 

•  High  Compliance    -5Vto+10V 

•  Differential  Outputs   0  to  4mA 

•  Guaranteed  Monotonicity  12  Bits 

•  Low  Full-Scale  Tempco    10ppm/°C 

•  Circuit  Interface  to  TTL,  CMOS,  ECL,  PMOS/NMOS 

•  Low  Power  Consumption    225mW 

•  Industry  Standard  AM6012  Pinout 

•  Available  In  Die  Form 

ORDERING  INFORMATION  ?  


Based  on  the  segmented  design  approach  pioneered  by  PMI 
with  the  COMDAC®  line  of  data  converters,  the  DAC-312 
combines  a  9-bit  master  D/A  converter  with  a  3-bit  (MSB's) 
segment  generator  to  form  an  accurate  12-bit  D/A  converter 
at  low  cost.  This  technique  guarantees  a  very  uniform  step 
size  (up  to  ±1/2  LSBfrom  the  ideal),  monotonicity  to  12  bits 
and  integral  nonlinearity  to  0.05%  at  its  differential  current 
outputs.  In  order  to  provide  the  same  performance  with  a 
12-bit  R-2R  ladder  design,  an  integral  nonlinearity  over 


temperatun 


would  be  required. 


- 


DNL 


CERDIP 
20-PIN 


PACKAGE 

PLASTIC 


 ' 





OPERATING 
TEMPERATURE 
RANGE 


The  250ns  settling  time  with  low  glitch  energy  and  low  power 
consumption  are  achieved  by  careful  attention  to  the  circuit 
design  and  stringent  process  controls.  Direct  interface  with 
all  popular  logic  families  is  achieved  through  the  logic 
threshold  terminal. 


±1/2LSB  DAC312ER* 
±1LSB  DAC312FR 
±1LSB  DAC312HR 


±1LSB 


DAC312HP 
DAC312HS 


COM 
XIND 
XIND 
XIND 
XIND 


PIN  CONNECTIONS 


*    For  devices  processed  In  total  compliance  to  MIL  STD  883.  add  /8S3  alter  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 

GENERAL  DESCRIPTION 

The  DAC-312  series  of  12-bit  multiplying  digital-to-analog 
converters  provide  high  speed  with  guaranteed  performance 
to  0.012%  differential  nonlinearity  over  the  full  commercial 
operating  temperature  range. 

■ 

FUNCTIONAL  DIAGRAM 


MSB  Bl  (T 

BZ  [T 

33  'o 

83  [T 

51  'b 

«E 

33  v(-> 

B5  [T 

"l6l  COMP 

B6  m 

3vrefW 

B7  f£ 

B8  [V 

Jl]  VLC/AGND 

B9  (T 

"iTI  B12  LSB 

B10  Ho" 

u]  B11 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  PLASTIC  DIP 
(P-Suffix) 


20-PIN  SOL 

(S-Suffix) 


LSB 
B12 


LOGIC  SWITCHES 


9-BIT  R-2R 
D/A  CONVERTER 


-O  'o 


6  6 

COMP  V(-| 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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excellent  power  supply  rejection  ratio  of  +.001%  FS/%AV. 
Operating  over  a  power  supply  range  of  +5/-11V  to  ±18V  the 
device  consumes  225mW  at  the  lower  supply  voltages  with  an 
absolute  maximum  dissipation  of  375mW  at  the  higher  supply 
levels. 

With  their  guaranteed  specifications,  single  chip  reliability 
and  low  cost,  the  DAC-312  device  makes  excellent  building 
blocks  for  A/D  converters,  data  acquisition  systems,  video 
display  drivers,  programmable  test  equipment  and  other 
applications  where  low  power  consumption  and  complete 
input/output  versatility  are  required, 
e  ntlw  83nsrmofai8q  err.  6£  ortt  dbtvcoq  ot  "sebio  nl  sfuqtuo 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature 

DAC-312E  0°C  to  +70°C 

DAC-312F,  DAC-312H  -40°C  to +85°C 

Junction  Temperature  -65°C  to  +150°C 

Storage  Temperature  (T.)  -65°Cto  +125°C 

1  .lemrme?  tiiodewH) 


•  unci  supply  wviiayc  ....xiwv 

Logic  Inputs  -5Vto  +18V 

Analog  Current  Outputs  -8Vto  +12V 

Reference  Inputs  V,  4,  V,  5  V-  to  V+ 

Reference  Input  Differential  Voltage  (VM,  V15)  ±18V 

Reference  Input  Current  (l14)  1 .25mA 


PACKAGE  TYPE 

e|A  (Note  2) 

8!C 

UNITS 

20-Pin  Hermetic  DIP  (H) 

76 

11 

•c/w 

20-Pin  Plastic  DIP  (P) 

69 

27 

°c/w 

20-Pin  SOL  (S) 

88 

26 

°c/w 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  other- 
wisenoted. 

2    e.A  is  specified  tor  worst  case  mounting  conditions,  i.e.,  8|A  is  specified  for  device 
in  socket  for  CerDIP  and  P-DIP  p — 


printea  circuii  Doara  tor 


©1A  is  specified  for  device  soldered  to 

•  -        '  -fjy.  jt>fil  • 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V,  lHEF 
31 2F,  DAC-31 2H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  l0UT  and  lQUf 


3ir8AJ<!  SK1R30 
1 .0mA,  0°C  sT.j  70°C  for  DAC-31 2E  and  -40°C  jT.s  +85°C  for  DAC- 


DAC-312E 


DAC-31 2F 


PARAMETER 

SYMBOL 

CONDITIONS 

IAIN  Tl 

P 

MAX 

MIN         TYP  MAX 

MIN        TYP  MAX 

UNITS 

Resolution 

12  — 

12           —  — 

Bits 


 !  1  

Monotonicity 

12 

—             12           —           —             12           —  — 

Bits 

Differential  . 
Nonlinearity 

DNL 

Deviation  from  ideal 
step  size  (Note  2) 

: 

+  0  0125             -           -   +0  0250             -           -   +0  0250 

+0  5             —                        +  1    '    -.             tHWjSlC  ■'  +1 

%FS 
LSB 

jot  w  o* 

Nonlinearity  INL 

Deviation  from  ideal 
straight  line  (Note  2) 

_ 

±0.05 

—           —  ±0.05 

mojtsiromo^ 

%FS 

VBEF=  10,000V 

Full-scale 

4031 

3.935       3.999  4.063 

3.935       3.999  4.063 

■ 

mA 

Current 

Ifs 

"14=  "15=  10-OOOkil  3.967 
(Note  2) 

3.999 

Full-Scale 
Tempco 

TCIfs 

±5 
±0.005 

±20 
±0.002 

-  ±10  ±40 

—  ±0.001  ±0.004 

—  ±80           —  ppm/°C 

-  +0.006           -  %FS/°C 

Output  Voltage 
Compliance 

Voc 

DNL  Specification 
guaranteed  over 
compliance  range 

•  -5 

I 

+  10 



- 

-s      <t-  V  +io' 

*i       Sl  .  ..r|      tfj.     °*  I 

-5           —  +10 

V 

Full-Scale 

Symmetry 

'fss 

UfsI-UfsI 

±0.4 

±1 



— .**     ±6.4 1   .  ±2 



—        ±0.4  ±2 

MA 

Zero-Scale 

'zs 

n  m 

_          —        n  m 

—           —  0.10 

fA 

Current 

Settling  Time 

To  +1/2  LSB.  all  bits 
switched  ON  or  OFF 

!   i    Tl    III  1  T 
250  500 

-          250  500 

250  500 

ns 

Note  1) 


Propagation 
Delay  — 
all  bits 


(PLH 
lPHL 


All  bits  switched 
50%  point  logic  swing 
to  50%  point  output 
(Notep  


25 


Output 
Resistance 


>10 


Output 
Capacitance 


COUT 


20 


20 


PF 
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ELECTRICAL  CHARACTERISTICS  at  Vg  =  *1 5V,  lREF  =  1  .OmA,  O'C  *  TA  *  70°C  for  DAC-31 2E  and  -40"C  *  TA  *  +85'C  for  DAC- 
31 2F,  DAC-31 2H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  lOUT  and  lour  Continued 




PARAMETER      SYMBOL  CONDITIONS 


DAC-312E 

MIN  TYP 


DAC-31 2F 


DAC-312H 

TYP 


MAX  UNITS 


Logic  Input 
Levels  "0" 


0.6 



Logic  Input 
Levels  "1" 


VLC  =  GND 


Logic  Input 
Current 


-  40 


Logic  Input 
Swing 


+  18 


Referi 


ence  Bias 


Current 


0  -0.5 


0        -0.5  -2  pA 




4  8 




4  8  -  mA/„s 


Reference  Input  R,4(eQ)  =  80011 

Slew  Rate  Cc  =  OpF  (Note  1) 




-  ±0.0005     +  0.001 

-  ±0.00025  ±0.001 


-  ±0.0005  ±0.001 

%FS/%AV 

-  ±0.00025  ±0.001 


V+  =  +13.5Vto+l6.5V.  _   ±00()05  +0()01 

Power  Supply     PSSIFS,  V-=-15V 
Senattivtty         PSSIFS_     V      -mv  to -16.5V.  _  ±0.00025  +0.001 




V 


Power  Supply  V  + 
Range  V- 


4.5 
-18 


18 

-10.8 


4.6 
-18 


4.5 
-18 


18 


Power  Supply  I- 
Current  l+  V+ =  +  15V,  V- = -15 


V+  =  +5V.  V-  =  -15V 
15V 


3.3 
-13.9 

4i 


7  -  3.3  7 

-18  -  -13.9  -18 

7  -  3.9  7' 

-18  -  -13.9  -18 


-  -13^9  -18 

-  39  7 
-13.9  -18 


mA 


Power 
Dissipation 


V+  =  +5V,  V-  =  -15V 
V+  =  +15V,  V-  =  -15V 


225         305  -  225  305 

267  375  -  267  375 


-  225  305 

-  267  375 





NOTES: 

1.  Guaranteed  by  design. 

2.  TA  =  25°C  for  DAC-312H  grade  only. 
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FEATURES 

•  1 2-Bit  Accuracy  in  an  8-Pin  Mini-Dip 

•  Fast  Serial  Data  Input 

•  Double  Data  Buffers 

•  Low  ±1/2  LSB  Max  INL  and  DNL 

•  Max  Gain  Error:  ±1  LSB 

•  Low  5ppm/°C  Max  Tempco 

•  ESD  Resistant 

•  Low  Cost 

•  Available  in  Die  Form 

APPLICATIONS 

•  Auto-Calibration  Systems 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers  and  Attenuators 

•  Digitally-Controlled  Filters 


ORDERING  INFORMATION' 


PACKAGE 


MILITARY- 
RELATIVE  TEMPERATURE 
ACCURACY  -55°CTO*12S"C 


EXTENDED 
INDUSTRIAL 
TEMPERATURE 
-40-CTO  +as°c 


COMMERCIAL 
TEMPERATURE 
0°CTO*70°C 


/2LSB  DAC8043AZ 

72  LSB  DAC8043AZ/883 
±1  LSB 
±1  LSB 


±U 

±u 


DAC8043EZ 


DAC8043FZ 
DAC8043FP 


DAC8043GP 


*    For  devices  processed  in  total  compliance  to  MIL  STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    All  commercial  and  Industrial  temperature  range  parts  are  available  with  burn- 


PIN  CONNECTIONS 


Vref  d 

I  OUT  [T 
QND  [7 


ZKo 

T|CLK 
T)SRI 

T)lo 


8-PIN  EPOXY  DIP 
(P-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 


BURN-IN  CIRCUIT 


R,  .100 
C,  - 10*F 

Dt  ■  1N4001  OR  EQUIVALENT 

MAXIMUM  POWER  SUPPLY  CURRENT  PER 

POWER-UP  SEQUENCE:  *5V.  +10V 

!:  »10V,  .5V 


GENERAL  DESCRIPTION 

The  DAC-8043  is  a  high  accuracy  12-bit  CMOS  multiplying 
DAC  in  a  space-saving  8-pin  mini-DlP  package.  Featuring 
serial  data  input,  double  buffering,  and  excellent  analog  per- 
formance, the  DAC-8043  is  ideal  for  applications  where  PC 
board  space  is  at  a  premium.  Also,  improved  linearity  and  gain 
error  performance  permit  reduced  parts  count  through  the 
elimination  of  trimming  components.  Separate  input  clock  and 
load-DAC  control  lines  allow  full  user  control  of  data  loading 
and  analog  output. 

The  circuit  consists  of  a  1 2-bit  serial-in,  parallel-out  shift  regis- 
ter, a  12-bit  DAC  register,  a  12rbit  CMOS  DAC,  and  control 
logic.  Serial  data  is  clocked  into  the  input  register  on  the  rising 
edge  of  the  CLOCK  pulse.  When  the  new  data  word  has  been 
clocked  in,  it  is  loaded  into  the  DAC  register  with  the  LD  input 
pin.  Data  in  the  DAC  register  is  converted  to  an  output  current 

by  the  D/A  converter. 

- 

The  DAC-8043's  fast  interface  timing  may  reduce  timing  design 
considerations  while  minimizing  microprocessor  wait  states. 
For  applications  requiring  an  asynchronous  CLEAR  function  or 
more  versatile  microprocessor  interface  logic,  refer  to  the  PM- 
7543. 

Operating  from  a  single  +5V  power  supply,  the  DAC-8043  is  the 
ideal  low  power,  small  size,  high  performance  solution  to  many 
application  problems.  It  is  available  in  plastic  and  cerdip  pack- 
ages that  are  compatible  with  auto-insertion  equipment. 

FUNCTIONAL  BLOCK  DIAGRAM 


This  is  an  abridged  data  sheet.  To  obtain 
complete  data  sheet,  call  our  fax  retrieval 


system  at  1-800-M6-6212. 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA  ■  +250C  unless  otherwise  noted.) 
V„„toGND. 


:VO  =  Qvh 


REF 

VHFBtoGND 
Digital  Input  Voltage  Range 

Output  Voltage  (Pin  3)  

Operating  Temperature 

AZ  Versions  

EZ/FZ/FP  Versions  





.  +17V 
±25V 
...  ±25V 


-0.3V  to  V, 


-0.3V  to  V„ 


DD 


-55°cto+i25<,c 

...  -40°C  to  +85°C 


GP  Version  0°Cto+70°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  tlSO^ 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 


«)A(NOTE1) 


UNITS 


 134  12  °C/W 


8-Pin  Plastic  DIP  (P) 


37 


■  ■  ■ 


°C/W 


NOTE: 

1 .  ejA  is  specified  for  worst  case  mounting  conditions,  i.e.,  8jA  is  specified  for 

device  in  socket  for  CerDIP  and  P-DIP  packages. 
CAUTION: 

1 .  Do  not  apply  voltages  higher  than  VD_  or  less  than  GND  potential  on  any  ter- 
minal except  VREF  (Pin  1)  and  RFB  (Pin  2). 

2.  The  digital  control  inputs  are  zener  protected;  however,  permanent  damage  \ 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep[ 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  I 
Stresses  above  those  listed  under  Absolute  I 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  -  +5V;  VREF  -  +1 0V;  lQUT  -  GND  -  OV;  TA  -  Full  Temperature  Range  specified  under 
Absolute  Maximum  Ratings  unless  otherwise  noted. 


DAC-8043 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN           TYP  MAX 

UNITS 

STATIC  ACCURACY 


N  12  -  -  Bits 

 —  —  :  


'  Nonlinearity 

— i — 

INL 

DAC-8043A/E/G 

_ 

±1/2 

LSB 

(Note  1) 

DAC-8043F 

1 

Differential  Nonlinearity 

DNL 

DAC-8043A/E 

_ 

±1/2 

LSB 

(Note  2) 

DAC-8043F/G 

Gain  Error 
(Note3) 

TA.+25°C 
DAC-8043A/E 

1 

GFSE 

DAC-8043F/G 

„''=  «fuo<-;  '  y' 

2 

LSB 

TA- Full  Temper. 
All  Grades 

_ 

2 

Gain  Tempco 

(A  Gain/A  Temp) 
(Note  5) 

TCGFS 

±5 

ppnVC 







Power  Supply 
Rejection  Ratio 

PSRR 

-  ±0.0006 

±0.002 

(A  Gain/A  VD0) 

... 

Output  Leakage  Current 

0 

'lkq 

TA.+2S"C 

TA  .  Full  Temperature  Range 

±S 

nA 

DAC-8043A 
DAC-8043E/F/G 

±100 
±25 

TA.+25°C 

- 

0.03 

Zero  Scale  Error 
(Notes  7, 12) 

CM 

'ZSE 

TA.  Full  Temperature  Range 
DAC-8043A 
DAC-8043E/F/G 

- 

0.61 
0.15 

LSB 

Input  Resistance 
(Note  8) 

IN 

7  11 

15 

kQ 

AC  PERFORMANCE 

Si      :        ■  ■ 

 1  

Output  Current 
Settling  Time 
(Notes  5,  6) 

.werttf  S*fT  X*\  *  ne 

 1 — —  

■V  'C 

0.25 

1 

us 

\H  ..■fl«Xwi>-vl  »  a       .W%*«TVI  WMM1  ■  T 

■ 
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PARAMETER 


s  unigss  uifittrwist?  nuisu.  ksOfiwiut/u 


SYMBOL 


CONDITIONS 


Digital  to  Analog 
Glitch  Energy 
(Note  5,10) 


DAC-8043 
MIN  TYP  MAX  UNITS 

. 

2  20  nV» 



0.7  1  mV„ . 

p.p 







r=13pF 

DAC  register  loaded  alternately  with 
alios  and  all  1s  


Feedthrough  Error 
(Note  5. 11) 


FT 


VREFi20Vp.0@,=  10kH2 
Digital  Input  =  0000  0000  0000 

T. =  +25"C 


:  THD  W6VRMS@1kHz 

 DAC  register  loaded  with  all  1s 


Total  Harmonic  _  - 
(Note  5) 


Output  Noise 
Voltage  Density 
(Notes  5. 13) 


10Hz  to  100kHz  between  Rc„  and  I- 


nV/VH? 


DIGITAL  INPUTS 


Digital  Input 
HIGH 


2.4 




0.8  V 


Digital  Input 
LOW 


Input  Leakage  Current 
(Note  9) 


V,u  =  0Vto+5V 


uA 


Input  Capacitance 
(Note  5, 11) 


V,„  =  0V 


PF 


ANALOG  OUTPUTS 


Output  Capacitance 
(Note  5) 


Digital  Inputs  =  V,h 


110 


Digital  Inputs  =  V,L 


PF 




TIMING  CHARACTERISTICS  (NOTES  5, 14) 


Data  Setup  Time  iDS  TA  =  Full  Temperature  Range  40  -  -  na 


Data  Hold  Time 

km 

TA  =  Full  Temperature  Range 

80 

ns 

Clock  Pulse  Width  High 

TA  ■  Full  Temperature  Range 

<CH 

90 

na 

Clock  Pulse  Width  Low 

'CL 

TA  -  Full  Temperature  Range 

120 

ns 

Load  Pulse  Width 

'lo 

TA  =  Full  Temperature  Range 

120 

n* 

LSB  Clock  Into  Input  Register 
to  Load  DAC  Register  Time 

'ass 

TA  =  Full  Temperature  Range 

0 

n* 



POWER  SUPPLY 

Supply  Voltage 

V0D 

4.7S 

S 

5.25 

V 

Supply  Current 

'do 

Digital  Inputs  =  V|H  or  V|L 
Digital  Inputs -OV or  VD0 


500 
100 

uAMAX 

1.  ±1/2  LSB  =  ±0.012%  of  Full  Scale. 

2.  All  grades  are  monotonic  to  1 2-bits  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  l0UTi  All  digital  inputs  •  OV. 

5.  Guaranteed  by  design  and  not  tested. 

6.  lOUT  Load  =  1 00Q,  CEXT  =  1 3pF,  digital  input  -  OV  to  V„D  or  VQ0  to  OV. 
Extrapolated  to  1/2  LSB:  ts  •  propagation  delay  (tP0)  +  9t  where t  =  meaa 
ured  time  constant  of  the  final  RC  decay. 

7.  VREF  =  +10V,  all  digital  Inputs  =  OV. 

8.  Absolute  temperature  coefficient  Is  less  than  +300ppm/-C. 


8.  Digital  Inputs  are  CMOS  gates:  l|N  Is  typically  1  nA  at  eeVft 

10.  VREF  =  OV,  all  digital  inputs  *  OV  to  VDD  or  VDD  to  OV. 

11.  All  digital  Inputs  =  OV. 

12.  Calculated  from  worst  case  RREF: 

lZSE  (in  LSBS)  .  (HREF  «lLKa«4096)/VHEF. 

1 3.  Calculations  from  en  *  V4K  TRB  where: 

K  •  Boltzmann  constant,  J/*K,  R  •  resistance,  a 
T  =  resistor  temperature,  *K,  B  ■  bandwidth,  Hz 

14.  Tested  at  V|N-0V  or  V„D. 
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ANALOG 
DEVICES 


Dual  12-Bit  Buffered 
Multiplying  CMOS  D/A  Converter 


DAC8221 


1  


FEATURES 

•  Two  Matched  12-Bit  DACs  on  One  Chip 

•  Packaged  in  a  Narrow  0.3"  24-Pin  DIP 

•  Direct  Parallel  Load  of  All  12  Bits  for  High  DataThroughput 

•  On-Chip  Latches  for  Both  DACs 

•  12-Bit  Endpont  Linearity  (±1/2  LSB)  Over  Temperature 

•  +5V  to  +15V  Single  Supply  Operation 

•  DACs  Matched  to  0.2%  Typically 

•  Four-Quadrant  Multiplication 

•  Improved  ESD  Resistance 

•  Available  in  Die  Form 


APPLICATIONS 

•  Automatic  Test  Equipment 

•  Industrial  Automation 

•  Robotics/Process  Control 

•  Programmable  Instrumentation  Equipment 

•  Digital  Gain/Attenuation  Control 

•  Ideal  for  Battery-Operated  Equipment 


and  a  +5V  supply  is  less  than  0.5mW.  The  DAC-8221  Is  manu- 
factured using  PMI's  highly-stable,  thin-film  resistors  on  an 
advanced  oxide-isolated,  silicon-gate,  CMOS  process.  PMI's 
improved  latch-up  resistant  design  eliminates  the  need  for 
external  protective  Schottky  diodes. 

A  common  12-bit  (TTL/CMOS  compatible)  input  port  is  used  to 
load  a  12-bit-wide  word  into  either  of  the  two  DACs.  This  port, 
whose  data  loading  is  similar  to  that  of  a  RAM's  write  cycle, 
interfaces  directly  with  most  12-bit  or  wider  bus  systems.  With 
WR  and  CS  lines  at  logic  LOW,  the  input  data  registers  are  trans- 
parent. This  allows  direct  unbuffered  data  to  flow  directly  to  the 
DAC  output  selected  by  DAC  A/DAC  B  control  input.  For 
applications  requiring  double-buffering,  seethe  DAC-8222. 


PIN  CONNECTIONS 


ORDERING  INFORMATION 


PACKAGE 


RELATIVE  GAIN         MILITARY*         INDUSTRIAL  COMMERCIAL 

ACCURACY  ERROR   TEMPERATURE  TEMPERATURE  TEMPERATURE 
(+5Vor+15V)        -55°Cto+125°C    -40°C  to +B5°C  0°Clo*70°C 

±1/2  LSB  ±1LSB 

±1/2  LSB  ±2  LSB 

±1  LSB  ±4  LSB 

±1LSB  ±4  LSB 


DAC6221 GP 
DAC8221FW  DAC8221  HP 
DAC8221FP  DAC8221HStt 


*  For  devices  processed  in  total  compliance  to  MIL-SDT-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP.  plastic  DIP,  and  TO-can  packages, 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


24-PIN 
0.3"  CERDIP 
(W-Suffix) 

24-PIN 
EPOXY  DIP 
(P-Suffix) 

24-PIN  SOL 
(S-Suffix) 


FUNCTIONAL  DIAGRAM 


GENERAL  DESCRIPTION 

The  DAC-8221  combines  two  identical  12-bit,  multiplying,  digital- 
to-analog  converters  into  a  single  CMOS  chip.  This  device  is 
electrically  similar  to  DAC-8212  with  improved  microprocessor 
interface  timing  and  is  packaged  in  a  narrow  0.300"  DIP.  Mono- 
lithic construction  offers  excellent  DAC-to-DAC  matching  and 
tracking  over  the  full  operating  temperature  range.  The  DAC- 
8221  consists  of  two  thin-film  R-2R  resistor-ladder  networks, 
two  12-bit  data  latches,  one  12-bit  input  buffer,  and  control 
logic.  The  DAC-8221  operates  on  a  single  supply  from  +5V  to 
+15V.  Maximum  power  dissipation  with  0V  and  +5V  logic  levels 


vD0 

DB0 
DATA 
INPUTS 

DB11 


DAC  A, 
DAC  Bo- 

C~So- 


WRO- 
DGND< 


INPUT 
BUFFER 


CONTROL 
LOGIC 


 t 


KTdaTK]  v 

/  REGISTER     /       DAC  B  J 

i — /I       h/l  A1 

 -4— 
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DAC8221     i-sr  mm 

tttHtxutttil  A\ft  9fl|f0  nflfulnHiiiM 

ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C,  unless  otherwise  noted.) 

VDDto  AGND  OV,  +17V 

VDDtoDGND  OV, +17V 

AGND  to  DGND  -0.3V,  VDD  +0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  VD0  +0.3V 

'out  a*  "out  b  *°  AGND  "°-3V.  V0D  +0.3V 

vnEF*VREFBt°AGND  *25V 

VRFBAVRFBBtoAGND  *25V 

Operating  Temperature  Range 

AW  Version  -55°C  to  +1 25°C 

EW,  FW,  FP  Versions  -40°C  to  +85°C 

GP.  HP,  HS  Versions  -0°C  to  +70°C 

Junction  Temperature  +1 50C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

81A(N0TE1) 

eic 

UNITS 

24-Pin  Hermetic  DIP  (W) 

69 

10 

•c/w 

24-Pin  Plastic  DIP  (P) 

62 

32 

•c/w 

24-Pin  SOL  (S) 

72 

24 

NOTE: 

1 .  ©,» Is  specified  for  worst 


9  mounting  conditions,  i.e. 


8, »  is  specified  for 


device  in  socket  for  CerDIP,  and  P-OIP  packages;  e|A  Is 
soldered  to  printed  circuit  board  for  SOL  package. 
CAUTION: 

1 .  Do  no  apply  voltages  higher  than  VD  D  or  less  than  GND  potential  on  any  termi- 
nal except  VREF  and  RF  B 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before  insertion 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  = 


■■  + 1 0V,  V0UT  A  =  V0UT  B  =  OV;  AGND  =  DGND  =  OV; 


TA  =  Full  Temp.  Range  specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


PARAMETER                    SYMBOL  CONDITIONS 

DAC-B221 
MIN          TYP         MAX  UNITS 

STATIC  ACCURACY 



Resolution  N 

12  Bits 

Relative  Accuracy             INL             Endpoint  Linearity  Error 

)AC-8221A/E/6                                    -         ±0.2  ±1/2 
)AC-8221B/F/H                                  -         ±0.4  ±1 

Differential  Nonlinearity       DNL            All  Grades  are  Monotonic                                                           -        ±0.2          ±1  LSB 

■  ,-i 

DAC-8221A/E 

Full  Scale  Gain  Error  L~ 
(NoteD                      G™  DAC-8221G 
1         '  DAC-8221B/F/H 

>- -■'iM.v'       w.  vrvaOA.       38J;»  BBJAt* 
±0.1  ±1 

±0.4            ±2  LSB 
±0.6  ±4 

Gain  Temperature                                                                                                               <oi«wwilpmc3.rioi  nibttssociqtuweeiul  • 
Coefficient                   TCGFS          (Notes  2, 7)                                                                          -          ±2          ±5  ppnVC 
AGain/ATemperature 

Output  Leakage  Current                       All  Digital  Inputs  =  1 

'ouTA<Pm2>'                 'lko             0000  0000  0000  1 
lOUTB(Pin24) 

w  "<acr             WW  llUMttciq.^KMG 
rA  =  *25'C                                           -            ±1  ±10 
rA  =  Full  Temp.  Range                        -          ±2  ±50 

Input  Resistance 

(R            R          )                   REF  <N0te9> 
"REF  A'  "REF  B> 

8            22            15  kQ 

Input  Resistance  Match  ARREF 

lRREF  A  RHEF  b'  RHEF 



-.-■iigo- .y.-nyioi  iurn,j,t;     ,  .-        ±ftfi.; „>    .  »1    ;         .  ..* 

DIGITAL  INPUTS 

Digital  Input  High 

v 

VDD  =  +5V 
V0D  =  +15V 

24            "            "  V 

-0A«S»9!l9o*9«i9no  noHoi 11  . 



Digital  Input  Low 

v 

INL 

VDD  =  *5V 
VDD  =  +15V 



0.8 

U       Hm    ••enoo  rSSB 

V,N  =  °V°rV0D 
andV,NLorV|NH 

TA.+25'C 

TA  =  Full  Temp.  Range 

-      ±0.006            ±1  ^ 

 Z  —  —  

Input  Current 

Input  Capacitance 

DB0-DB11 

10  PF 

-             -            15  P 

(Note  2) 

WR,  CS,  DACA/DAC  B 

1 
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DAC8221 


ELECTRICAL  CHARACTERISTICS  at  VpD 

T.  =  Full  Temp  Range  specified  in  Absolute 
Continued 


:15V,V_  = 
Mings;  u 


rB  =  0V;AGND  =  DGND  =  0V; 
apply  for  DAC  A  and  DAC  B. 


SYMBOL 

DAC-8221 

MIN          TYP         MAX  UNITS 

! 

- 

— n — i  

All  Digital  Inputs 

 ;  

°'ViNH 

-            1            2  mA 

All  Digital  Inputs  OV  or  VDD 


DC  Power  Supply 
Rejection  Ratio 
(4Gain/4VD0) 


PSRR 


— 




(Note  2) 


c.tl 


%/% 


AC  PERFORMANCE 


Propagation  Delay 
(Notes  4,  5) 


'p. 


— 





■ 

350 





Current  Settling  Time 
(Notes  5,  6) 





0.4S  1 



Chip  Select  to 
Write  Set-Up  Time 


ns  MIN 


Chip  Select  to 
Write  Hold  Time 





DAC  Select  to 
Write  Set-Up  Time  '*» 

DAC  Select  to 
Write  Hold  Time 





120 

 It 


■ah 


8  JJA1 
0 


ns  MIN 




•os 

.  


Valid  to 
Write  Set-Up  Time 


Datavali, 
JA^eH 


220 


Idto 

Hold  Time 


ns  MIN 


Write 


Pulse 


— 


NOTES: 


ites: 

Measured  using  internal  RFB  A  and  RFB  B.  Both  DAC  digital 
1111 1111  1111. 

2.  Guaranteed  and  not  tested.  L  

3.  See  timing  diagram. 

4.  From  50%  of  digital  input  to  90%  of  final  analog  output  current.  VREF  A 


6.  Settling  time  Is  measured  from  50%  of  the  digital  Input  change  to  where  the 
output  voltage  settles  within  1/2  LSB  of  full  scale. 

7.  Gain  TC  is  measured  from  +25"C  to  TM|N  or  from  +25*C  to  TMAX. 

8.  These  limits  apply  for  the  commercial  and  Industrial  grade  products. 


VREF  B  =  +10V;  OUT  A,  OUT  B  load  =  100Q,  CEXT  =  13pF. 
5.  WR.  CS  =  0V;  DB0  -  DB1 1  =  0V  to  V„D  or  VD0  to  0V. 


9.  Absolute  temperature  coefficient  Is  approximately  +50ppm/'C. 
1 0.  These  limits  also  apply  as  typical  values  for  V    =  +1 2V  with  +5V  CMOS 
logic  levels  and  T  = +25*C. 


DIGITAL-TO-ANALOG  CONVERTERS  3-313 


DAC8221 


CHANNEL-TO-CHANNEL  DIFFERENTIAL  DIFFERENTIAL 

MATCHING  (DAC  A  &  B  NONLINEARITY  NONLINEARITY 

ARE  SUPERIMPOSED)  v*  Vref  vs  VREF 


0.75 
0.50 


"I  1  

VDD  -  +15V 
-T.  =  +25'C 


0.25 

s 

(A 

d  0 


-0.50 
-0.75 


-2  0  2  4  6  a  10 
V„€F  (VOLTS) 


NONLINEARITY 
vs  VREF 


1    -4    -2     0      2  4 
V„„  (VOLTS) 


NONLINEARITY 
vs  VREF 


- 1 — I- 

V00-+15V 


£  -0.25 
O 

z 

-0.50 
-0.7S 


-1.00 

-10  -8 


IP 


IMF 


Vref  (VOLTS) 


0.075 
0.750 

S 

d  0.625 

> 

H 

£  0.500 

111 

z 

J  0.375 

z 

O 

Z  0.250 
0.125 


NONLINEARITY 
vsVDD 


5  10  15 

SUPPLY  VOLTAGE  (VOLTS) 


NONLINEARITY  vs  CODE 
(DAC  A  &  B  ARE 
SUPERIMPOSED) 


NONLINEARITY  vs  CODE  AT 
TA  =  -55°C,  +25°C, 
+125°C  FOR  DAC  A  &  B 
(ALL  SUPERIMPOSED) 


ABSOLUTE  GAIN  ERROR 
CHANGE  vs  VREF 


1.00 

1 

Vdd  -  +5V 

1.00 

I 

Vnn  =  +15V 

0.8 

I  I 
VD0  =  +15V 

0.75 
0.50 

-V„„-+1 
T.-+25- 

IV  

f 

0.75 
0.50 

-Vfi6F  =  +1C 

V  

0.6 
0.4 

5°C 

0.25 

LSB) 

s 

3  0.2 

g  _ 

If****** 

>T 

K 

t 

0 

NEAR 

J  ERR' 
e 

-0.25 
-0.50 

^  -0.25 

.  O 
Z 

=  -0.2 

o 

-0.4 
-0.6 
-0.8 

-0.75 
-1.00 

-0.50 
-0.75 
-1.00 



0  1024  2048  M72  40M  0  1024  204S  3072  40M 

DIGITAL  INPUT  CODE  (DECIMAL)  DIGITAL  INPUT  CODE  (DECIMAL) 


1    -0    -6    -4    -2      0      2  4 
VMF  (VOLTS) 

.%'U.  "I'  iK  \ 
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Dual  1 2-Bit  Double-Buffered 
Multiplying  CMOS  D/A  Converter 


DAC8222 


FEATURES 

•  Two  Matched  12-Bit  DACs  on  One  Chip 

•  Direct  Parallel  Load  of  All  12  Bits  for  High  Data  Throughput 

•  Double-Buffered  Digital  Inputs 

•  12-Bit  Endpont  Linearity  (±1/2  LSB)  Over  Temperature 

•  +5V  to  +15V  Single  Supply  Operation 

•  DACs  Matched  to  1%  Max 

•  Four-Quadrant  Multiplication 

•  Improved  ESD  Resistance 

•  Packaged  in  a  Narrow  0.3'  24-Pin  DIP  and  0.3"  24-Pin  SOL 
package 

•  Available  in  Die  Form 


APPLICATIONS 

*  Automatic  Test  Equipment 

*  Robotics/Process  Control/Automation 

*  Digital  Gain/Attenuation  Control 

*  Ideal  for  Battery  -Operated  Equipment 

ORDERING  INFORMATION '  


PACKAGE 





RELATIVE        GAIN         MILITARY"  INDUSTRIAL 

ACCURACY  ERROR    TEMPERATURE  TEMPERATURE  TEMPERATURE 
(»5Vor+1SV)         -S5'CtO»125'C    -WCtO+85'C  <rCtO*70"C 

*1/ZLSB  ±1  LSB 

11/2LSB  ±2  LSB 

±1  LSB  ±4  LSB 

±1  LSB  ±4  LSB 


GENERAL  DESCRIPTION 

The  DAC-8222  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  a  12-bit  wide  data  port  that  allows  a 
12-bit  word  to  be  loaded  directly.  This  achieves  faster  through- 
put time  in  stand-alone  systems  or  when  interfacing  to  a  16-bit 
processor.  A  common  12-bit  input  TTL/CMOS  compatible  data 
port  is  used  to  load  the  12-bit  word  into  either  of  the  two  DACs. 
This  port,  whose  data  loading  is  similar  to  that  of  a  RAM's  write 
cycle,  interfaces  directly  with  most  12-bit  and  16-bit  bus 
systems.  (See  PMI's  DAC-8248  for  a  complete  8-bit  data  bus 
interface  product.)  A  common  bus  allows  the  DAC-8222  to  be 
packaged  in  a  narrow  24-pin  0.3"  DIP  and  save  PCB  space. 


24-PIN 
0.3"  CERDIP 
(W-Suffix) 

24-PIN 
EPOXY  DIP 
(P-Suffix) 




DAC8222AW  DAC8222EW 


DAC8222GP 
□AC8222FW  DAC8222HP 
DAC8222FP  0AC8222HSft 


PIN  CONNECTIONS 

AQNO  |T 

a  ^ — 

2  >outb 

'***! 

W.5 

DQND  fs~ 

»]  WH 

(MSB)  DB„  [T 

32  LDAC 

°»,.E 

3s]  DACMJAC  b 

IE  Di,  Mil 

Sob, 

ill  OB, 

01,01 

53  ob, 

ob,G» 

HI  OB, 

c 

24-PIN  SOL 
(S-Suffix) 


*  For  devices  processed  in  total  compliance  to  MIL-SDT-883,  add  /883  alter  part 

number.  Consult  factory  for  6B3  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 

cerdip,  plastic  dip,  and  TO-can  packages, 
tt  For  availability  and  burn-in  Information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


28-CONTACT  LCC 
(TC-Sufflx) 


0OMD  7] 


FUNCTIONAL  DIAGRAM 


o»io  a 

OB,  g 

OB,  3 

sis' is  is 


E  Vjo 

[m  wn 

(m  LDAC 

Hi  K.C. 

[*i  DAC  A/DAC  ■ 


OB,  (LSI) 


(MSB)  O- 
12-BIT  DATA  BUS  ■  , 
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r 

This  is  an  abridged  data 


sheet.  To  obtain  the  most  recent  version  or 
retrieval  system  at  1-800-446-6212. 
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The  DAC  is  controlled  with  two  signals,  WR  and  LDAC.  With 
logic  low  at  these  inputs,  the  DAC  registers  become  transparent. 
This  allows  direct  unbuffered  data  to  flow  directly  to  either  DAC 
output  selected  by  DAC  A/DAC  B.  Also,  the  DAC's  double- 
buffered  digital  inputs  will  allow  both  DACs  to  be  updated 
simultaneously. 

DAC-8222's  monolithic  construction  offers  excellent  DAC-to- 
DAC  matching  and  tracking  over  the  full  operating  temperature 
range.  The  chip  consists  of  two  thin-film  R-2R  resistor  ladder 
networks,  four  12-bit  registers,  and  DAC  control  logic  circuitry. 
The  device  has  separate  reference-input  and  feedback  resistors 
for  each  DAC  and  operates  on  a  single  supply  from  +5V  to 
+15V.  Maximum  power  dissipation  at  +5V  using  zero  or  VDD 
logic  levels  is  less  than  0.5mW. 

The  DAC-8222  is  manufactured  with  PMI's  highly  stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottky  diodes. 

, 

ABSOLUTE  MAXIMUM  RATINGS 

(T  -  +25°C,  unless  otherwise  noted.) 

VBd  to  AGND  0V.+17V 

V-.toDGND  0V.+17V 

AGND  to  DGND  -0.3V,  VDD  +0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD  +0.3V 

'out  a.  'out  b  »  AGND  -°-3V-  Vdo  +0  3V 


VREFVVREFB,0AGND  J.  

VRFBA-VRFBB,0AGND 

Operating  Temperature  Range 

AW  Version  -55°Cto  +125°! 

EW,  FW,  FP  Versions  -40"C  to  +85°C 

GP,  HP,  HS  Versions  -0°Cto+70°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to '+150*0 

Lead  Temperature  (Soldering,  60  sec.)  +300°C 


PACKAGE  TYPE 

e|A  (NOTED 

®|C 

UNITS 

24-Pin  Hermetic  DIP  (W) 

69 

10 

°c/w 

24- Pin  Plastic  DIP  (P) 

62 

32 

•aw 

24-Pin  SOL  (S) 

72 

24 

•c/w 

NOTES: 

1 .  e  it  specified  for  worst  case  mounting  conditions,  i.e.,  e  is  specified  for 
device  in  socket  for  CerDIP,  and  P-DIP  packages;  e  is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

CAUTION: 

1 .  Do  no  apply  voltages  higher  than  VD0  or  less  than  GND  potential  on  any  termi- 
nal except  VREF  and  RF  B. 

2.  The  digital  control  inputs  are  zener- protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  tl 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Devices  can  suffer  permanent  damage  and/or  reliability  degradation  if  stressed 
above  the  limits  listed  under  Absolute  Maximum  Ratings  for  extended  periods. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  =  VREF  B  =  +  10V,  V0Ut  a  =  V0ut  b  =  0V;  AGND  =  DGND  =  0V; 

TA=  Full  Temp  Range  Specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DACB. 
^  


i  - 





■  >  , 


PARAMETER 


SYMBOL 


MIN 


DAC-8222 
TYP 


MAX 


UNITS 


STATIC  ACCURACY 


00J  TDATi'OD-Si 



Endpoint  Linearity  Error 


 1 


Relative 


DNL 


DAC-8222A/E/G 


tl/2 


.  —  —  ±1 


Differential  Nonlinearity 


All  Grades  are  Guaranteed  Monotonic 


LSB 


Full  Scale  Gain  Error 
(Note  1) 


i  t  St 


Gfse 


DAC-B222A/E 
DAC-8222G 
7H 


±1 

+2 
±4 


Gain  Temperature  Coefficient 
AGain/ATemperature 


(Notes  2,  7) 


±5  ppm/°C 


Output  Leakage  Current 
l0UTA<Pin2). 
l0uTB<Pin  2«) 


Input  Current 


V,N  =  0VorVDD 
and  V|NLorV|NH 


Input  Capacitance 
(Note  2) 


C|N 


DB0-DB11 


WR,  LDAC.  DAC  A/DAC  B 


m  .  ■<**■  rt  m-j39i  hneli  mxvtc  "  r  .m  it  ■  .i>  iu-.!*idE 
SIJe-«»*-0M-!  n,  <as»r«  '.s  siay.  r&  mo       ,)•>«<  a*i> 


PF 
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20M0  M8-8  !6uO 

ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V.  VRE 

DAC8222 

T  =  Full  Temp  Range  specified  in  Absolute  Maximum  Ratings'  unlc 
Continued 

ss  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 

PARAMETER                   SYMBOL  CONDITIONS 

DAC-8222 

MIN          TYP         MAX  UNITS 

 1  :  

POWER  SUPPLY 

■ 

 !  

Supply  Current 




All  Digital  Inputs  V|NL  or  VINH 


mA 


All  Digital  Inputs  OV  or  V0D 


DC  Power  Supply 
Rejection  Ration 
(AGain/AV0D) 


4V, 




0  D 




eflov  3+  10  2.S+  01 

±5% 



10           100  uA 


-        0.002  %/% 




AC  PERFORMANCE  CHARACTERISTICS  (Note  2)  


 !  :  


Propagation  Delay 
(Notes  4.  S) 


,V  rtiiw  VOf  +  bns  VP  nMWrt 

«PD  TA  =  t25'C 

t,  TA  * t25"C 




-Mn»i«vC  aviid  rtmOu* 


pF 




Digital  Inputs  ■  All  Os 


uOUT 


A'  C0 


Digital  Inputs  =  All  1  s 

COUT  *■  COUT  B 





AC  Feedthrough  at 

Vrefa'o'outa^ref^zov,, 
1=  100kHz;  TA  =  t25*C 

-70 

'out  a  or  'out  b 

^B 

VREFe'OlOUTa:VREFB  =  20Vp 
f=  100kHz;  TA  =  +25'C 

-70 

: 

SWITCHING  CHARACTERISTICS 

(Notes  2,  3) 

V00-15V 

1  Sr0 

+25"C      -40-C  TO  ♦BS'C 

-55°C  TO  +125X 

ALL  TEMPS 

(Note  S) 

(Note  10) 

DAC  Select  to 
Write  Set-Up  Time 


150 


180 


210 


60  nsr, 


DAC  Select  to 
Write  Hold  Time 


0  0  0  0  ns  MIN 


LDAC  to 
Write  Set-Up  Time 


60 


ns  MIN 


LDAC  to 
Write  Hold  Tin 


Data  Valid  to 
Write  Set-Up  Time 


'os 


220 


240 


Data  Valid  to 
Write  Hold  Time 


"J 


Write  Pulse  Width 


*WR 


LDAC  Pulse  Width 


LWD 


60 


ns  MIN 


NOTES: 

1 .  Measured  using  internal  RFB  A  and  RF B  B.  Both  DAC  digital  inputs  ■ 
1111  1111  1111. 

2.  Guaranteed  and  not  tested. 


3.  See  timing  diagram. 

4.  From  50%  of  d 

v 

5.  WR, 


i  timing  diagram. 
ti  50%  of  digital  Input  to  90%  of  I 
F  B  =  +10V;  OUT  A.  OUT  B  load 
,LDAC  =  0V;DB0-DB11  =0V< 


90%  of  final  analog  output  current.  VREF , 
~  ^EXT=13pF. 
orVDDto0V. 


100O,  C, 
OVtoV. 


6.  Settling  time  is  measured  from  50%  of  the  digital  input  change  to 
output  voltage  settles  within  1  /2  LSB  of  full  scale 

7.  Gain  TC  is  measured  from  +25'C  to  TM|N  or  from  +25'C  to  TMAX. 
6.  These  limits  apply  for  the  commercial  and  Industrial  grade  products. 
9.  Absolute  temperature  coefficient  is  approximately  +50ppnV'C. 

1 0.  These  limits  also  apply  as  typical  values  for  V. 


DD 


These  limits  also  apply  as  typical  values  foi 
logic  levels  and  TA  =  +25-C. 


=  +12Vwtth+5VCMOS 


M  ratiir  uaacn  M  «U  mmAo  oT  .i,  m>>  sub  bw.Vidi  H  i  «urT 

.t.-aeH-uw-i  >■  ami  i 


i  Isw-tWi  -ail  no       .!»••*.<  mtb  i 
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ANALOG 


Dual  8-Bit  CMOS 


FEATURES 

•  Two  8-Bit  Voltage  Out  DACs  in  a  Single  Chip 

•  Fits  7528/7628  Sockets 

•  Adjustment  Free  Internal  CMOS  Op  Amps 

•  Single  +12V  to  +15V  Operation 
TTL  Compatible  Over  Full  VDD  Range 

Fast  Interface  Timing  TWR  =  50ns 

Improved  Resistance  to  ESD 

Available  in  Small  Outline  Package 

CerOIP  and  Epoxy  Packages  Come  in  the  Extended 

Industrial  Temperature  Range  of  -40  "C  to  +85°C 

Available  in  Die  Form 


APPLICATIONS 

*  Disk  Drive  Systems 

*  Automatic  Test  Equipment 

*  Process/Industrial  Controls 

*  Energy  Controls 

*  Programmable  Instrumentation 

*  Multi-Channel  Microprocessor-Controlled  Systems 

*  Servo  Control  Systems 


GENERAL  DESCRIPTION 

The  DAC-8228  is  a  dual  8-bit,  voltage  output,  ( 
verier  in  a  single  chip.  It  was  designed  to  drop  into  t 
sockets  eliminating  two  external  op  amps  in  applications  such 
as  hard  disk  drives.  These  applications  generally  operate  the 
AD7528/7628  with  zero  volts  applied  to  VREF  and  offset  AGND 
to  +2.5  or  +5  volts.  The  DAC-8228  is  tested  under  both  these 
conditions. 

The  DAC-8228  can  also  be  used  in  those  applications  requiring 
a  unipolar  output  voltage.  It  can  deliver  an  output  voltage  be- 
tween 0V  and  +1 0V  with  VDD  =  +14V  (maximum  output  voltage 
is  VDD  -4V).  The  DAC-8228's  reference  input  can  accept  a 
negative  voltage  from  0V  to  -1 0V  (the  DACs  internal  unity-gain 
inverting  amplifier  inverts  the  input  signal).  Choose  the  DAC- 
8229  for  bipolar  operation. 

Continued 

PIN  CONNECTIONS  


ORDERING  INFORMATION 


PACKAGE:  20-PIN  DIP/SOL 


RELATIVE 
ACCURACY 


GAIN 
ERROR 


EXTENDED 
INDUSTRIAL 
TEMPERATURE 
-40°CtO+B5-C 


±1/2  LS8 
.1/2  LSB 
±1/2  LSB 


±2LSB 
±2  LSB 
±2  LSB 


DAC8228FR 


20-PIN 
0.3"  CERDIP 
(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 

20-PIN 
EPOXY  DIP 
(P-Sufflx) 




t   All  commercial  and  industrial  temperature  range  parts  are  available  with  burn- 
in. 

FUNCTIONAL  DIAGRAM 


Vdo 


OB, 




WRO- 

csc- 

DACA/DAC  BO- 


CONTROL 
LOGIC 


5 


■1 


hH~S — nJ 

 )        o»c*  >  Z>~»  OV„« 


3 


-OV0UT* 


-OYt 


BM  HI  BMI 

-OV0UTB 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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GENERAL  DESCRIPTION  Continued 

The  DAC-8228  offers  CerDIP  and  plastic  packaged  devices  in 
the  extended  industrial  temperature  range  of  -40°C  to  +85°C. 
Applications  requiring  the  military  temperature  range  should 
use  the  DAC-8229.  To  make  the  DAC-8229  pin  and  functionally 
compatible  with  the  DAC-8228,  AGND  A  and  AGND  B  should  be 
tied  together  to  function  as  V2,  and  Vss  connected  to  GND. 

The  DAC-8228  consists  of  two  CMOS  voltage  output  amplifiers, 
two  high-accuracy  R-2H  resistor  ladder  networks,  interface 
control  logic,  and  two  8-bit  registers.  An  internal  regulator  main- 
tains TTL  logic  compatibility  and  fast  mi 
timing  over  the  full  VDD  range. 

The  DAC-8228  dissipates  only  90mW  in  the  space  saving  20-  package  type 
pin  0.3"  DIP  or  the  20-lead  SO  surface  mount  package.  Its 
compact  size,  low  power,  and  economical  cost  per  channel, 
makes  it  attractive  for  applications  requiring  multiple  D/A  con- 
verters without  sacrificing  circuit-board  space.  Reduced  parts 
count  also  improves  system  reliability. 

Using  PMI's  advanced  oxide-isolated,  silicon-gate  CMOS  proc- 
ess, coupled  with  its  highly-stable  thin-film  resistor  ladder,  al- 
lows the  DAC-8228  to  offer  superior  matching  and  temperature 


ABSOLUTE  MAXIMUM  RATINGS 

(TA  ■  +25°C,  unless  otherwise  noted.) 


V00  to  V,  or  GND  -0.3V,  +1 7V 

Vz  to  GND  -0.3V,  VDD 

Digital  Input  Voltage  to  GND  -0.3V,  VDD 

VREFA.VREFBtoGND  "17V.vz 

V0UTA.V0UTB«°Vz(N<><«1) -0-3V,VDD 

Operating  Temperature  Range 

FR/FP/FS  Versions  -40"C  to  +85"C 

Junction  Temperature   +150"C 

Storage  Temperature  -65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  60  sec)  +300"C 


e,A  (NOTES) 


20-Pin  Hermetic  DIP  (R) 


— : 


UNITS 


•c/w 


20-Pin  Plastic  DIP  (P) 


•C/W 


20-Pin  SOL  (S) 


•C/W 


NOTES: 

1 .  Outputs  may  be  shorted  to  any  terminal  provided  the  package  power  dissipa- 
tion is  not  exceeded.  Typical  output  short-circuit  current  to  GND  is  50mA 

2.  Use  proper  anti-static  handling  procedures  when  handling  these  devices. 

3.  6..  is  specified  for  worst  case  mounting  conditions,  I.e.,  e|A  Is  specified  for 


'ja  " 

device  in  socket  for  CerDIP  and  P-DIP  packages;  e|A  is  specri 
soldered  to  printed  circuit  board  for  SOL  package. 


+1SV±5%,VREF  = 

TA  =  Full  Temperature  Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +1 2V  ±5%,  VREF  =  OV,  Vz  =  +2.5V  and  VDD 


DAC-8228 


PARAMETER 


 : 


OV.  Vz  =  +5V. 



MAX 




STATIC  ACCURACY 
(Note  1) 


Resolution 


Bits 





Relative  Accuracy 
(Note  2)  


LSB 




Differential  Nonlinearity 
(Note  3) 





DNL 


±1  LSB 


Gain  Error 


°F8E 


DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 


 ±2  LSB_ 


±0.0003       ±0.002  %rc 


Gain  Error 
Temperature  Coefficient 
(Note  4) 


Zero  Code  Error 


its  mV 


Zero  Code  Error 
Temperature 
(Note  4) 


TCV, 


±10 


l»WC 


REFERENCE  INPUT 

(Note  8) 


Input 
(Note  5) 


Pin  4  and  Pin  18 


15 


kQ 


Input  Resistance  Match 


AR, 


±0.1 


Input  Capacitance 
(Note  4) 


(Note  10) 


"vz 


Digital  Inputs  =  OV 


REV.  A 
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imm 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +12V  ±5%,  VREF  =  OV,  Vz  =  +2.5V  and  VDD  =  +15V±5%,  VREF  =  OV,  Vz  =  +5V. 
TA  =  Full  Temperature  Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continued 

■   

DAC-8228 

PARAMETER  SYMBOL  CONDITIONS   MIN  TYP  MAX  UNITS 

DIGITAL  INPUTS   -   

Digital  Input  High  V|NH  2.4  -  -  V 

Digital  Input  Low  V|NL        .  -  -  0.8  V 

Input  Current  l1N  VjN.0VorVDD  90f  M  til-flS-H  Y3b«l-j.iS-rl(}ir.  <j*T 

Input  Capacitance 

(Note4p'3    •»  ■         <-.-iw»qm»T»t3»iw8       eo«h»jnl  io«*«ooiqoi=<nr;efit  b't*  fjfrdiieqmoo 3%oi  JTT stri 

 i — 

POWER  SUPPLIES 

Supply  Current  \  *  

-J^l  °2  . 

HZ.  2  _J*  jmt&S£??2L       -noo  A\<3  *Qi*um  enhMsr  enotjeoituq,!  10,  ft  M*M 

Power  12,7mA  - 

Dissipation  «  VD0-15V..  _  _ 

m«Mj  luuuoa  inrtnt-MlMiliwmlMfrlUM  mMMilh      f  I 

~z — ; — ;  ■  — — :  ;  :  

DC  Power  Supply 

Reiection  Ratio  PSRR  AVDD  =  ±5%  -  -  0.01  %/% 

(AGaih/AV  >  tjnifnuom  m»  t'-ir    '.  hp     t.  A1a  «       siutt  uqfnaS  bna  prurtotem  vi  ,t>que  ioP  3  ot  8SS3-OAO  ortf  swol 

 DD  1  g  „  .  ,  1  

DYNAMIC  PERFORMANCE 


Slew  Rate  (VQUT) 
(Note  4) 

SR 

TA  =  +25°C 

Digital  Inputs  =  OV  to+5V 

2.5 

V/|is 

Settling  Time  (VQUT) 
Positive  or  Negative 

«.  t 

Digital  Inputs  •  OV  to  +5V 

bnutadteqE  »&Hn 

■ 

s-.;-;  us 

Channel-to-Channel 
Isolation  (Note  4) 

asss- 

TA  .  +25°C 

VREFB"'vouTA°'VREFAtoVOUTB 

MM| 

-80 

-  H-T?t***^ 

VREFB  =  VREfA.20Vp.p@t=  10kHz 

T  -4.7f.-r. 

Digital  Crosstalk 
(Notes  4.  9) 

Q 

«  

For  Code  Transition 

4 

10  nVs 

0000  0000  (0  1111  1111 

Digital  Charge 
Injection 

TA  =  +25°C 



(S  MOM) 

Q 

For  Code  Transition 

100 

nVs 

0000  0000  to  11 11  1111 

au  t-eeotnrougn 
(Notes  4, 11) 

FT 

-70  dB 

Harmonic  Distortion 

■  THD 

TA«+25°C 

V|N  =  6VRMS@f  =  1kHz 

-85 

-  .  dB 

■ 

I*'.-  ■'-  »*cO  •t1.ttf>.it(y'*6j 
(►  jM 

7VHM  i->*3R3**n 

(8  atoM) 

ft      Cxn  tiniS 

rlJMM  *3nalai*0P  tuqn> 

»etoH) 

S 

(»t  MCM)' 
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ELECTRICAL  CHAF 


:  =  0V,Vz  =  +2.5VandVDD  =  +15Vd 
Ratings,  unless  otherwise  r 


1 

DAC-8228 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWITCHING  CHARACTERISTICS  (Note  4) 


 — !  :  i — ; — i  


Chip  Select  to 
Write  Set-Up  Time 


Chip  Select  to 
Write  Hold  Time 


10  ■  ,  »3f- 


DAC  Select  to 
Write  Set-Up  Time 


as  m» 


 1  

»miT 


60 


pf8  tnarQ  10  algn.ts 






 !  


2  JnoassoioiM  jfe  • 


10      Q83  el  torn  isitBfl  b'tvo^qn'iL  • 
.  '  ■-■  -  .    -  -  ' 


DAC  Select  to 
Write  Hold  Time 

 !  *  !  1 

Data  Valid  to 
Write  Set-Up  Time 


utoal  »«fl3uO  llsfflS  .  li  ■  dstisvA  * 


Data  Valid  to 
Write  Hold  Time 


«Miv«J>  Wga/Usq  vxo<i«  £>na  ;'tiii»0  tl 



10 


Write  Pulse  Width 


'wr 





50 


8.  VREF  voltage  range  is  0V  to  -10V;  the  absolute  maximum  negative  value  is: 

'VHEf'  =  V0D-4V- 

9.  Digital  crosstalk  is  a  measure 
the  analog  output  of  the  unselecti 
of  the  other  DAC 

10.  Resistance  looking  into  the  Vz  terminal. 

11.  VREFA,VREFB  =  20V  Sinewave@f=10kHz;VREFAtoVOUTAorVREFBto 


NOTES: 

1 .  Specifications  apply  to  both  DAC  A  and  DAC  B. . 

2.  This  is  an  endpoint  linearity  specification. 

3.  All  devices  are  guaranteed  to  be  monotpnic  over  the  full  operating  temperature 
range. 

4.  These  characteristics  are  for  design  guidance  only  and  not  subject  to  produc- 
tion test. 

5.  Input  resistance  temperature  coefficient  =  +300ppm/°C. 
6-  vin  "  vinl or  vinh;  outPu,s  unloaded. 
7.  VREF  =  ±2.5V;  to  where  output  settles  to  ±1/2  LSB. 


:  a...  a  ;j  v. 


B,  both  DAC  latches  loaded  with  0000  0000. 


BURN-IN  CIRCUIT 


— 


NOTES: 

1.  Ci  =10kF 

2.  C2  =  0.1||F 


I 


0-5V 

1  c2 


X 


-0,15V 


]c= 





— 


30MD8n.\lqi)ium,Juqi;joegf9tio"  fid-S'subi.  ai3SS8  OAO  s/iT 

i 

': 

lawkjquB  Isuu  rtiiw  sJeiuqo  c;  fcinjiyt  saw  WM  QMHT\ 


MAflOA-C!  jAKOitOHlR 


L_ 


(  IM  If 


w  uwnv  n-ntn  Mom  iiij  dcMo  jT  >*Mtt  *k(i  t-»>>i,.4*  u  «  «i»T 
.JJ»  VJs  30!"  I  :«  JWS---73  IjifL'  - >g»t  aw  Il»  Mub  mljWU'i 


REV.  A 


ANALOG 
DEVICES 


Dual  8-Bit  CMOS 


■ 


DAC8229 


FEATURES 

•  Two  8-Bit  DACs  In  A  Single  Chip 

Adjustment-Free  Internal  CMOS  Amplifiers 
Single  or  Dual  Supply  Operation 
TTL  Compatible  Over  Full  V00  Range 
5  Microsecond  Settling  Time 
Fast  Interface  Timing . 


ORDERING  INFORMATION* 


*WR  = 


Improved  Resistance  to  ESD 
Fits  AD/PM-7528  And  AD/PM-7628  Sockets 
Available  In  Small  Outline  Package 
-40°C  to  +85-C  for  the  Extended  Industrial  Temperature 
Range 

Available  In  Die  Form 


PACKAGE:  20-PIN  DIP/SOL 

RELATIVE 
ACCURACY 

GAIN 
ERROR 

MILITARY* 
TEMPERATURE 
-55*Cto»12S'C 

EXTENDED" 
INDUSTRIAL 
TEMPERATURE 
-40°Cto+85X 

±1/2LSB 

*2LSB 

DAC8229AR 

DAC8229ER 

*1/2LSB 
±1/2LSB 

±2LSB 
±2LSB 

DAC8229FP 
DAC8229FS 

*  FordevicesprocessedintotalcompliancetoMIL-STD-883,add  /883 atter part 

number.  Consult  factory  lor  883  data  sheet, 
t  All  commercial  and  industrial  temperature  range  parts  are  available  with  burn- 

tt  Cerdip  and  epoxy  packaged  devices  available  in  the  extended  industrial  tem- 


perature  range. 


APPLICATIONS 
•  Automatic  Test  Equipment 
• 


Process/Industrial  Controls 
Energy  Controls 
Programmable  Instri 
Disk  Drive  Systems 
Multi-Channel  Microprocessor-Controlled  Systems 


GENERAL  DESCRIPTION 

The  D  AC-8229  is  a  dual  8-bit,  voltage  output,  multiplying  CMOS 
D/A  converter.  Its  reference  input  accepts  a  ±2.5V  signal,  in- 
verts and  delivers  it  to  the  output  with  an  internal  amplifier.  It  can 
also  accept  -1 OV  at  VREF  with  a  corresponding  +1 OV  output  (the 
maximum  positive  input  signal  that  it  can  accept  is  +2.5V). 
The  DAC-8229  was  designed  to  operate  with  dual  supplies; 
however,  it  can  be  operated  with  a  single  supply  by  connecting 

Continued 

FUNCTIONAL  DIAGRAM  v„ 


PIN  CONNECTIONS 

acndaQ 

m]  agnd  b 

v..[7 

53  vogTB 

V0UTA[T 

53  VMFB 

HhfA[7 

7t)  v„, 

OOHD  [J 

«]  wS 

DACA.DACB  [7 

ni  cb 

(MSB)  Da,  Q 

u]  DB.  (LSB) 

DB.L1 

m  db, 

os.LT 

m  db, 

ID  »»3 

20-PIN 
0.3-CERDIP 
(R-Sufflx) 

20-PIN  SOL 
(S-Sufflx) 

20-PIN  EPOXY  DIP 
(P-Suffix) 


DB,  ^L-^ 


3 


LATCH  A 

> 
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— O  AGND  B 


This  is  aa  abridged  data  sheet.  To 
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ELECTRICAL  CHARACTERISTICS  at  VD0  =  +1 1  4V  or  +1 5.75V;  Vss  =  -5V  ±10%;  VREF  =  ±2.5V;  AGND  =  0V;  TA 
perature  Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continued 


■■  Full  Tern- 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8229 

MIN  TYP 



MAX  UNITS 

DIGITAL  INPUTS 

lata 

Digital  Input  High 


V 

INH 

2.4                   -                   -  V 

Diaital  Inout  Low 

V 

INL 

0.8  V 

Input  Current 

'in 

V,N  =  °V°'V00 

±1  uA 

Input  Capacitance 
(Note  4) 

C,N 

 ,  

- 

4 



8  pF 



POWER  SUPPLIES 

Positive  Supply  Current 
(Note  6) 

'do 

6  mA 

Negative  Supply  Current 

5  mA 

(Note  6) 

'ss 

DC  Power  Supply 

8T 

■ 

d'oi  %/% 

Heiection  Haiio  P5HH 
(a  Gain/A VQD)  (Note  10) 

AVnn  =  *5% 

 1  1  

■,                :v         -  " 
Slew  Rate  (VQUT) 

(Note  4) 

SR 

TA=25'C 
VREF"25V 

 !  1  

2.5                   -  V/uS 

Digital  Inputs  =  0V  to +5V 

Settling  Time  (V0UT) 
Positive  or  Negative  L. 
(Notes  4,7) 

VREF  =  -2.5V 

Digital  Inputs  =  0V  to +5V 

2 

5  us 

Channel-to-Channel 
Isolation  (Note  4) 

CIMPA  CCI  1 

VrefB'oVoutAo'Vre^'oVoutB                  '              _               _80                   -  dB 
VREFB  7  VREF*  =  20Vp.p  ®  '  '  1 0kHz 

(Notes  4. 9) 

Q 



0000  0000  to  11 11  1111 



4 

10  nVs 

- 

AC  Feedthrough 
(Notes  4, 11) 

TA  =  25°C 

TA  =  Full  Temp.  Range 

"70  dB 
-65 

SWITCHING  CHARACTERISTICS  (Note  4) 

Chip  Select  to 
Write  Set-Up  Time 

<cs 

60 

—  ns 

Chip  Select  to 
Write  Hold  Time 

10               ,r  - 

-  ns 

DAC  Select  to 
Write  Set-Up  Time 

'as 

60 

ns 

DAC  Select  to 

Write  Hold  Time 

'ah 

10 

ns 

Data  Valid  to 

Write  Set-Up  Time 

'ps 

60 

ns 

Data  Valid  to 

Write  Hold  Time 

<DH 

10 

-  -  -  ns 

Write  Pulse  Width 

*WR 

50 

J-  ns 


NOTES: 

1  Specifications  apply  to  both  DAC  A  and  DAC  B. 

2.  This  is  an  endpoint  linearity  specification. 

3.  All  devices  are  guaranteed  to  be  monotonic  over  the  full  operating  temperature  range. 

4.  These  characteristics  are  for  design  guidance  only  and  are  not  subject  to  production 


5.  Input  resistance  temperature  coefficient  =  +300  ppm/°C. 

6.  V^V.^V^OUtputS unloaded. 


8.  V...  voltage  range  is  +3V  to-10V;  the  absolute  maximum  negative  value  is: 
IV     l-v  -4V 

9.  Digital  crosstalk  is  a  measure  of  the  amount  of  digital  input  pulse  appearing  at  the 
analog  output  of  the  unselected  DAC  while  applying  it  to  the  digital  inputs  of  the 
other  DAC. 

10.  VREF  =  +2.5V,  RPULLOOWN  =  20kQ  (a  pulldown  resistor  to  Vss  is  used  for  these 


1 1 '  VRErA  VREFB  -  ^.p  Sin8Wa«  @ 1 
VRE^'oVREFBorV^BtoV^. 


:10kHz; 
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GENERAL  DESCRIPTION  Continued 

Vss,  AGND  A,  and  AGND  B  to  ground.  Its  operating  character- 
istics will  then  be  similar  to  that  of  the  DAC-8228  (whose  pin-out 
allows  it  to  drop  into  the  AD/PM-7528  and  AD/PM-7628  sock- 
ets). 

An  internal  regulator  provides  TTL  logic  compatibility  and  fast 
microprocessor  interface  timing  over  the  full  VDD  range.  Also, 
each  DAC  input  latch  is  addressable  for  easy  microprocessor 
interfacing. 

The  D  AC-8229  dissipates  less  than  1 09m  W  in  the  space-saving 
20-pin  0.3"  DIP  or  the  20-lead  SO  surface-mount  package.  Its 
compact  size,  low  power,  and  economical  cost  per  channel, 
make  it  attractive  for  applications  requiring  multiple  D/A  convert- 
ers without  sacrificing  circuit-board  space.  Reduced  parts 
count  also  improves  system  reliability. 

PMl's  advanced  oxide-isolated,  silicon-gate  CMOS  process, 
coupled  with  PMl's  highly-stable  thin-film  R-2R  resistor  ladder, 
offers  superior  matching  and  temperature  tracking  between 
DACs. 

The  DAC-8229  offers  cerdip  or  epoxy  packaged  devices  in  the 
extended  industrial  temperature  range  of  -40°C  to  +85°C. 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C,  unless oth- 
erwise  noted.) 

VDD  to  AGND  or  DGND  -0.3V,  +17 

Wss  to  AGND  or  DGND  -7V,  VDD 

Vdd  t0  vss  -°-3V'  +24V 

AGND  to  DGND  -0.3V,  VDD 

Digital  Input  Voltage  to  GND  -0.3V,  VDD 

VREF  to  AGND  -17V,  +4V 

VOUJtoAGND  (Notel)  VSS,V0D 

Operating  Temperature  Range 

DAC-8229AR  Version  -55°C  to  +125°C 

DAC-8229ER/FP/FS  Versions  -40°C  to  +85"C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

S|A(NOTE3) 

eic 

UNITS 

20-Pin  Hermetic  DIP  (R) 

76 

11 

•c/w 

20-Pin  Plastic  DIP  (P) 

69 

27 

•c/w 

20-Pin  SOL  (S) 

88 

25 

•c/w 

 1  

NOTES: 


1 .  Outputs  may  be  shorted  to  any  terminal  provided  the  package  power  dissipa- 
tion is  not  exceeded.  Typical  output  short-circuit  current  to  AGND  is  50mA. 

2.  Use  proper  antistatic  handling  procedures  when  handling  these  devices. 

3.  is  specified  for  worst  case  mounting  conditions,  i.e.,  ©iA  is  specified  for 
device  in  socket  for  CerDIP  and  P-DIP  packages;  e,A  Is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  VpD  =  +1 1  4V  or  +1 5.75V;  Vss  =  -5V  ±1 0%;  VREF  =  ±2.5V;  AGND  =  0V;  TA  =  Full  Tem- 
perature Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted. 


DAC-8229 

PARAMETER 

SYMBOL  CONDITIONS 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 
(Notel) 



Resolution 

N 

8 

Bits 

Relative  Accuracy 
(Note  2,10) 

INL 

±1/2 

LSB 

Umerennai  NOfiiineaniy 
(Note3, 10) 

DNL 

±1 

LSB 

Gain  Error 
(Note  10) 

G 

"fse 

±2 

LSB 

Gain  Error 

Temperature  Coefficient 

TCGFS 

±0  0008 

±0.002 

%rc 

(Note  4, 10) 

Zero  Gain  Error 



v 

(Note  10) 



±10 

mV 

Zero  Code  Error 

Temperature  Coefficient 

TCVZS 

±5 

uvrc 

(Note  4, 10) 


REFERENCE  INPUT 

(Note  8) 

Input  Resistance 

R|N 

(no  e  o) 

7 

15 

kQ 

"in 

Input  Resistance  Match 
<Vref>vVhefB) 

±0.1 

±1 

% 

Input  Capacitance 
(Note  4) 

9 

20 

pF 
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Dual  12-Bit  (8-Bit  Byte) 
Double-Buffered  CMOS  D/A  Converter 





DAC8248 


FEATURES 

*  Two  Matched  12-Bit  DACs  on  One  Chip 

*  12-Bit  Resolution  with  an  8-Bit  Data  Bus 

*  Direct  Interface  with  8-Bit  Microprocessors 

*  Double-Buffered  Digital  Inputs 

*  RESET  to  Zero  Pin 

*  12-Bit  Endpont  Linearity  (±1/2  LSB)  Over  Temperature 

*  +5V  to+i5V  Single  Supply  Operation 

*  Latch-Up  Resistant 

*  Improved  ESD  Resistance 

*  Packaged  in  a  Narrow  0.3"  24-Pin  DIP  and  0.3"  24-Pin 
SOL  package 

*  Available  in  Die  Form 


interfaces  directly  with  8-bit  microprocessors.  It  loads  a  12-bit 
word  in  two  bytes  using  a  single  control;  it  can  accept  either  a 
least  significant  byte  or  most  significant  byte  first.  For  designs 
with  a  12-bit  or  16-bit  wide  data  path,  choose  the  DAC-8222  or 
DAC-8221. 

The  DAC-8248's  double-buffered  digital  inputs  allow  both 
DACs  analog  output  to  be  updated  simultaneously.  This  is 
particularly  useful  in  multiple  DAC  systems  where  a  common 
LDAC  signal  updates  all  DACs  at  the  same  time.  A  single  RESET 
pin  resets  both  outputs  to  zero. 

ORDERING  INFORMATION! 


APPLICATIONS 

*  Multi-Channel  Microprocessor-Controlled 

*  Robotics/Process  Control/Automation 

*  Automatic  Test  Equipment 

*  Programmable  Attenuator,  Power  Supplies,  Window 
Comparators 

*  Instrumentation  Equipment 

*  Battery  Operated  Equipment 


PACKAGE 

RELATIVE  GAIN 
ACCURACY  ERROR 
(+5V  or  +15V) 

MILITARY'  INDUSTRIAL 
TEMPERATURE  TEMPERATURE 

-55'C  to  +125°C  -40°C  to  +85"C 

COMMERCIAL 
TEMPERATURE 

0°C  to  +70°C 

±1/2  LSB 
±1/2  LSB 

±1  LSB 
±2  LSB 
±4  LSB 
±4  LSB 

DAC8248AW  DAC8248EW 

—  DAC8248FW 
DAC8248FP 

DAC8248GP 
DAC8248HP 
DAC8248HStt 

,  add /883  after  part 


GENERAL 

The  DAC-8248  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  an  8-bit  wide  input  data  port  that 

i 

FUNCTIONAL  DIAGRAM 


6-11 
(MSB)O- 
6-8IT  DATA  BUS 


For  devices  processed  in  total  compliance  to  MIL-STD-i 
number.  Consult  factory  for  883  data  sheet. 
Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 


O  "fba 
'out  a 


23  Q  Rfbb 


li 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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The  DAC-8248's  monolithic  construction  offers  excellent  DAC- 
to-DAC  matching  and  tracking  over  the  full  operating  temper- 
ature range.  The  DAC  consists  of  two  thin-film  R-2R  resistor 
ladder  networks,  two  12-bit,  two  8-bit,  and  two  4-bit  data 
registers,  and  control  logic  circuitry.  Separate  reference  input 
and  feedback  resistors  are  provided  for  each  DAC.  The  DAC- 
8248  operates  on  a  single  supply  from  +5V  to  +15V,  and  it 
dissipates  less  than  0.5mW  at  +5V  (using  zero  or  VDD  logic 
levels).  The  device  is  packaged  in  a  space-saving  0.3",  24-pin 
DIR 

The  DAC-8248  is  manufactured  with  PMI's  highly-stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottky  diodes. 

PIN  CONNECTIONS 


ABSOLUTE  MAXIMUM  RATINGS 

(TA  -  +25°C,  unless  otherwise  noted.) 

VDQ  to  AGND  0V.+17V 

VDD  to  DGND  0V.+17V 

AGND  to  DGND  -0.3V,  VDD+0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD  +0.3V 

'out  *  'out  Bt0  AGND  -°-3V.  vdd  +0  3V 

VREFA.VREFBtoAGND  ±25V 

VRFBA-VRFPB,0AGND ^ 

Operating  Temperature  Range 

AW  Version  -55°C  to  +125°C 

EW,  FW,  FP  Versions  -40°C  to  +85°C 

GP,  HP,  HS  Versions   -0°C  to  +70°C 

Junction  Temperature  +150C 

Storage  Temperature  -650C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


*gnd[T 

El  'our  a 

'out  a  [T 

13  "FB  B 

Rfba  [J 

VREF  A  E 

dgndQT 

(MSB)  DB7  [± 
DBS  [J 
OB5[T 

U\  V«EF  B 

EKo 

a]BR 
ii]C5AC 
1£]d*CVOAC  B 
IjjLSBfMSB 

DB4|T 
DB3Qo 
DB2[TT 

N.C.Qi 

Preset 

W\  DBO  (LSB) 
m]dB1 

13]n.C. 

24-PIN 
0.3"  CERDIP 
(W-Sufflx) 

24-PIN 
EPOXY  DIP 
(P-Suffix) 

24-PIN  SOL 
(S-Suffix) 








PACKAGE  TYPE 

eJA(Noui) 

eic 

UNITS 

24-Pin  Hermetic  DIP(W) 

69 

10 

°C/W 

24-Pin  Plastic  DIP(P) 

62 

32 

°C/VV 

24-Pin  SOL  (S) 

72 

24 

°c/w 

■ 

ELECTRICAL  CHARACTER!: 

1  Absolute 


NOTE: 

1 .  e  A  is  specified  for  worst  case  mounting  conditions,  i.e.,  e.A  is  specified  tor 
device  in  socket  for  CerDIP  and  P-DIP  packages:  e,A  is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

CAUTION: 

1 .  Do  no  apply  voltages  higher  than  VD0  or  less  than  GND  potential  on  any  termi- 
nal except  VRE  F  and  RF  B. 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before  insertion 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Devices  can  suffer  permanent  damage  and/or  reliability  degradation  if  stressed 
above  the  limits  listed  under  Absolute  Maximum  Ratings  for  extended  periods. 
This  is  a  stress  rating  only  and  functional  operation  at  or  above  this  specifica- 
tion is  not  implied. 


+5V  or  +15V;  VREF  A  =  VREF  q=  +10V;  V0UT  A  =  V0UT B  =  0V;  AGND  =  DGND  =  0V; 


PARAMETER                           SYMBOL  CONDITIONS 

MIN 

DAC-8248 

TYP              MAX  UNITS 

STATIC  ACCURACY 

j  .    i-its  >.  .i  ft»i 

Resolution  N 

12 

—  Bits 

Relative  Accuracy  INL 

DAC-8248A/E/G 
DAC-8248F/H 

-  ±1/2 

LSB 

-  ±1 

Differential  Nonlinearity  DNL 

All  Grades  are  Guaranteed  K 

onotonic 

±1  LSB 

Full  Scale  Gain  Error 
(NoteD  Gfse 

DAC-8248A/E 

DAC-8248G 

DAC-8248F/H 

—  ±1 

—  ±2  LSB 
±4 

Gain  Temperature  Coefficient  jq(< 
(AGain/ATemperature)  1 

-S             (Notes  2,  6) 

±2                +5  ppnVC 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V;  VREF  A  =  VBEF  B  =  +10V;  VOUT  A  =  VOUT  B  =  OV;  AGND  =  DGND  =  OV; 
TA  =  Full  Temp  Range  specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 
(Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8248 

TYP 

MAX 

UNITS 

Output  Leakage  Current 

'lkg 

All  Digital  Inputs  *  Os 
TA  =  +25°C 

±5               +50  "A 

louTA<Pin2).  louTB(Pin2«) 



T    —  Pull  Tom n  Qanno 

iA —  run  iemp.  nange 

Input  Resistance  (Vpgp  ^  ref  b) 

"REF 

(Note  91 

s 

11 

15 

kfl 

Input  Resistance  Match 

ARref 

- 

±0.2 

+1 

% 

niftlT&l    IMDI ITQ 

wiui  i  ml  inru  l  3 

 ,  

VDD=+5V 

2.4 



Digital  Input  High 



V,NH 

VDD=+15V 

13.5 

 =  

V 



VDD  =  +5V 

0.8 

Digital  Input  Low 

VINL 

VDD  =  +15V 

 =  

1.5 

V 

Input  Current  (V,N  =  OV 

TA  =  +25°C 

±0.001 

±1 

orVDDand  V,NLorV|NH) 

■in 

TA=  Full  Temp.  Range 

 =  

±10 

fff 

Input  Capacitance 



DB0-DB11 

10 

(Note  2) 

WR,  LDAC,  DAC  A/DAC  B,  LSB/MSB.  RESET 

15 

pr 

POWER  SUPPLY 

Supply  Current 

Idd 

Digital  Inputs  =  V,NL  or  V,NH 
Digital  Inputs  =  OV  or  VDD 

2  mA 
100  mA 

DC  Power  Supply 
Rejection  Ratio 

PSRR 

AVDD  =  ±5% 

si 

0.002 

%/% 

Uliam/dVoo) 

AC  PERFORMANCE  CHARACTERISTICS  (Note  2) 

Propagation  Delay  (Notes  3, 4) 

350 

TA=+25"C 

ns 

Output  Current  Settling  Time 



(Notes  4.  5) 

t. 

TA=+25»C 

1 

MS 

Digital  Inputs  =  all  Os 

90 

Output  Capacitance  CQ 

COUTA.  COUTB 

  pF 

Digital  inputs  =  all  Is 

CouTfc  C0UTB 

120 

AC  Feedthrough  at 

FTA 

Vref  A  >°  1  OUT  ti  Vref  A  =  20VP.P 
f=  100kHz;  TA  =  +25°C 

70 



louTA°rl0UTB 

PTB 

Vref  b  to  'out  &  VflEF  a  =  20Vp.p 
f  =  100kHz;  TA  =  +25°C 

-70 

  dB 

REV.  B 


DIGITAL-TO-ANALOG  CONVERTERS  3-327 





PARAMETER 

SYMBOL  CONDITIONS 

DAC-8248 

UNITS 

SWITCHING  CHARACTERISTICS 

/MntAft  9  7\ 

VDD»**V 

VDD-*15V 

♦25'C 

-40°CTO+85°C 

-SS°C  TO  +125°C 

ALL TEMPS 

\             '  ' 

(Note  6) 

(Note  10) 

LSB/MSB  Select  to 
Write  Set-Up  Time 

t 

"CBS 

130 

170 

180 

80 

no  MIN 
list  nniif 

LSB/MSB  Select  to 

o 

Q 

0 

0 

ns  MIN 

Write  Hold  Time 

'CBH 

DAC  Select  to 

'»S 

180 

210 

220 

80 

ns  MIN 

Write  Set-Up  Time 

DAC  Select  to 

•ah 

o 

o 

0 

0 

ns  MIN 

Write  Hold  Time 

LDACto 

*L8 

120 

150 

160 

80 

ns  MIN 

Write  Set-Up  Time 

LDACto 

: 

Writa  UnlH  Tinu 

write  nolo  i  ime 

S.H 

0 

0 

ns  MIN 

Data  Valid  to 
Write  Set-Up  Time 

•ds 

160 

210 

■ 

220 

70 

ns  MIN 

Data  Valid  to 
Write  Hold  Time 

'dh 

0 

0 

0 

10 

ns  MIN 

Write  Pulse  Width 

VlR 

130 

150 

170 

90 

ns  MIN 

 !  

LDAC  Pulse  Width 

■two 

100 

110 

130 



60 



ns  MIN 

Reset  Pulse  Width 

60 

90 

90 



60 



ns  MIN 

■hwd 

NOTES: 

1 


Measured  using  internal  RFB  Aand  Rfbb.  Botn  DAC  digital  inputs  = 
1111  1111  1111. 
Guaranteed  and  not  tested. 

From  50%  of  digital  input  to  90%  of  final  analog  output  current.  VREFA  = 

Vref  b  =  +10V;  OUT  A,  OUT  B  load  =  1001!,  CEXT  =  13pF. 

WR,  LDAC  =  0V;  DB0-DB7  =  0V  to  VDD  or  VDD  to  0V. 

Settling  time  is  measured  from  50%  of  the  digital  input  change  to  where 

the  output  settles  within  1/2  LSB  of  full  scale. 


6.  Gain  TC  is  measured  from  +25CC  to  TM)N  or  from  +25°C  to  T^ax- 

7.  See  Timing  Diagram. 

8.  These  limits  apply  for  the  commercial  and  industrial  grade  products. 

9.  Absolute  Temperature  Coefficient  is  approximately  +50  ppm/°C. 

10.  These  limits  also  apply  as  typical  values  for  VDD  =  +12V  with  +5V  CMOS 
logic  levels  and  TA  =  +25»C. 


BURN-IN  CIRCUIT 


+15V±0.5V 
Q 


1.  CI  =  C2  4.7jiF  TANTALUM,  50V  DC;  EVERY  10TH  DEVICE. 

2.  C3  =  C4  O.OVF  CERAMIC,  50V  DC;  EVERY  10TH  DEVICE. 

3.  ALL  MATERIAL  TO  WITHSTAND  150°C. 
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DAC8408 


FEATURES 

•  Four  DACs  in  a  28  Pin,  0.6  Inch  Wide  DIP  or  28  Pin  JEDEC 


Plastic  Chip  Carrier 
±1/4  LSB  End-Point  Linearity 


DACs  Matched  to  Within  1% 
Microprocessor  Compatible 
Read/Write  Capability  (with  Memory) 
TTL/CMOS  Compatible 


•  Four-Quadrant  Multiplication 

•  Single-Supply  Operation  (+5V) 

•  Low  Power  Consumption 

•  Latch-Up  Resistant 

•  Available  in  Die  Form 

APPLICATIONS 

•  Voltage  Set  Points  in  Automatic  Test  Equipment 

•  Systems  Requiring  Data  Access  for  Self-Diagnostics 

•  Industrial  Automation 

•  Multi-Channel  Microprocessor-Controlled  Systems 

•  Process  Control 

•  Digital  Attenuators 

GENERAL  DESCRIPTION 

The  DAC-8408  is  a  monolithic  quad  8-bit  multiplying  digital-to- 
analog  CMOS  converter.  Each  DAC  has  its  own  reference  input, 
feedback  resistor,  and  on-board  data  latches  that  feature 
read/write  capability.  The  readback  function  s 
for  those  systems  requiring  self-diagnostics. 


FUNCTIONAL  DIAGRAM 


A  common  8-bit  TTL/CMOS  compatible  input  port  is  used  to 
load  data  into  any  of  the  four  DAC  data-latches.  Control  lines 
DS1,  DS2,  and  A/B  determine  which  DAC  will  accept  data.  Data 
loading  is  similar  to  that  of  a  RAM's  write  cycle.  Data  can  be 
read  back  onto  the  same  data  bus  with  control  line  R/W.  The 
DAC-8408  is  bus  compatible  with  most  8-bit  microprocessors, 
including  the  6800,  8080,  8085,  and  Z80.  The  DAC-8408 
operates  on  a  single  +5  volt  supply  and  dissipates  less  than 
20mW.  The  DAC-8408  is  manufactured  using  PMI's  highly 
stable,  thin-film  resistors  on  an  advanced  oxide-isolated, 
silicon-gate,  CMOS  process.  PMI's  improved  latch-up  resistant 
design  eliminates  the  need  for  external  protective  Schottky 


ORDERING  INFORMATION  ' 


INL  DNL 

PACKAGE 

COMMERCIAL 
TEMPERATURE 
0Xto*70°C 

EXTENDED 

INDUSTRIAL  MILITARY* 
TEMPERATURE  TEMPERATURE 
-40°Cto*85°C  -55°Cto+125°C 

±1/4LSB  ±1/2LSB 
±1/2LSB  ±1LSB 
±1/2LSB  ±1LSB 
±1/2LSB  ±1LSB 
±1/2LSB  ±1LSB 

DAC8408GP 

DAC8408ET  DAC8408AT 

DAC8408FT  DAC8408BT 

DAC8408FPCtt 

DAC8408FS 

DAC8408FP 

•    FordevicesproeessedintotalcompliancetoMIL-S  _ 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt   For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


This  is  an  abridged  data  sheet.  To  obtain  the  i 
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PIN 


CONNECTIONS 


Voo[T 

"outia/io«t»[x 
IoutkJT 

■Ult 

—  E 

(LSB)  DM  [T 

omQi 




a]  DGND 

»*1  'outic 

i*1  louric/louTa 

HJloor.o 

3<»« 

H}5»2 
»]oii 

]t)  R/W 
IT]  A/B 

087  (MSB) 

3d« 


28-PIN 
HERMETIC  DIP 
(T-Suffix) 


'out  m  •] 
««>• 

(LSB)  OBO 


I  if  J  J  1  i  £ 

'liJUJliJLJlalliJW 


28-PIN  SOL 
(S-Sullix) 


[3*  'OUTlo"0UTJ© 
fjj  'OUT  10 
E  »,.D 

Hi  w> 

^  g  Eli 

u]  [tt  DT? 

I  i  §  I  |  5  1 
S 


28-PIN 
PLASTIC  LEADED 
CHIP  CARRIER 
(PC-Suffix) 


ABSOLUTE  MAXIMUM  RATINGS 

otherwise  noted.) 

VDD  ,0  'OUT  2A'  'oUT  2B'  'oUT  2C  'out  20  1 


(TA  -  +25«C,  unless 


Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 


V00toDGND. 
'outia1  'outib 





.  0,  +7V 
0,  +7V 


3,  RFBC,  RFBD  to  loor  

'OUT  2A-  'oUT  2B- 

'oUT2C-'oUT20t0DGND 

DBO  through  DB7  to  DGND  

Control  Logic 

Input  Voltage  to  DGND  

VREFA.VREFB.VREFC.VH6FDto 


to  DGND  ... 


-0.3V  to  VD0  + 0.3V 
 ±25V 


PACKAGE  TYPE 

eJA(No»i) 

e,e  UNITS 

26^  Hermetic  DIP  (T) 

55 

10  «C/W 

28-Pin  Plastic  DIP  (P) 

53 

27  -C/W 

28-Pin  SOL  (S) 

68 

23  "CAV 

28-Contact  PLCC  (PC) 

88 

29  -CAV 

.-0.3V  to  VDD  + 0.3V 
.-0.3V  to  VDD  + 0.3V 


1.  e.Ai»tp. 

a  ©vice  in 


is  8pocifk)d  lor  worst  c 


mounting  conatDoris,  i.e.,  w..  is  speoneo  ror 
is  speaneo  ror  oevtoe 


-0.3V  +  V0D  +  0.3V 


'OUT  2A"  'oUT  2B'  'OUT  2C  'oUT  2D" 


.±25V 


Operating  Temperature  Range 

Commercial  Grade  (GP)  

Industrial  Grade  (ET.  FT,  FP,  FPC,  FS) 

Military  Grade  (AT,  BT)  

Junction  Temperature  


 o'Cto+zo-c 

 -4o*cto+85*c 

 -55<,cto+i25,,c 

 +150"C 


•ottered  to  printed  circuit  board  for  SOL  and  PLCC 
CAUTION: 

1 .  Do  not  apply  voltages  higher  than  V00  +  0.3V  or  let*  than  -0.3V  potential  on 

any  terminal  except  VREF  and  RFB. 
2..  The  digital  control  inputs  are  diode-protected:  however,  permanent  damage 

may  occur  on  unconnected  input*  from  high-energy  electrostatic  fields.  Keep 

in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ra 


under ) 


ELECTRICAL  CHARACTERISTICS  at  VDD  -  +5V;  VnEF  -  ±10V;  VOUTA.  B.  C,  D  -  0V;  TA  -  -55«C  to  +125"C  apply  for  DAC- 
8408AT/BT,  TA  -  -40°C  to  +85"C  apply  for  DAC-8408ET/FT/FP/FPC/FS;  TA  -  0oC  to  +70°C  apply  for  DAC-8408GP,  unless  otherwise 
noted.  Specifications  apply  for  DAC  A,  B,  C,  &  D. 


PARAMETER 


CONDITIONS 


DAC-8408 


STATIC  ACCURACY 


Bits 


Nonllnearity 
(Notes  1,  2) 


DAC-8408A/E/G 
DAC-8408B/F/H 


- 


-  ±1/4 

-  ±1/2 


Differential 
Nonllnearity 


DAC-8408A/E/G 
DAC-8408B/F/H 





+  1/2 
±1 


LSB 


Gain  Error 


Gfse 


(Using  Internal  RFB) 


Gain  Tempco  (Notes  3.  6) 


ppm/°C 


Power  Supply  Rejection 
(AVDD  =  ±10%) 


— 


0  00! 


%FSR/% 


'out  1A.  b.  c.  d 
Leakage  Current 
(Note  13) 


y  • 

TA  =  +25'I 
TA  =  Full  Temp.  Range 


5"C 


±30 
±100 


ii 
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ELECTRICAL  CHARACTERISTICS  at  VDD  .  +5V;  VREF  -  ±10V;  VOUTA,  B,  C,  D  -  OV;  TA  -  -55°C  to  +125"C  apply  for  DAC- 
8408AT/BT,  TA  -  -40"C  to  +85°C  apply  for  DAC-8408ET/FT/FP/FPC/FS;  TA  -  0°C  to  +70"C  apply  for  DAC-8408GP,  unless  otherwise 
noted.  Specifications  apply  for  D AC  A,  B,  C,  &  D.  Continued 


PARAMETER 


SYMBOL 


CONDITIONS 


DAC-8408 

MIN  TYP 


UNITS 


REFERENCE  INPUT 


Input  Voltage  Range 


Input  Resistance  Match 
{Note  41 


ra.  b.  c.  o 


Input  Resistance 


"in 


10 


14  kfl 


DIGITAL  INPUTS 


0.8 


Digital  Input  High 


Input  Current 
{Note  5) 





TA  -  +25°C 

TA  =  Full  Temp.  Range 


-  ±0.01 


Input  Capacitance 
(Note  6) 


8  pF 


DATA  BUS  OUTPUTS 




0.4  V 


Digital  Output  Low 


1.6mA  Sink 





- 


Digital  Output  High 


Vqh 


400jiA  Source 


Output 
Current 


Ilkg 


TA  =  +25»C 

TA  =  Full  Temp.  Range 


-  ±0.006  ±1.0 

-  ±0.075  ±10.0 


DAC  OUTPUTS  I  Note  6) 








Propagation  Delay 
(Note  71 




-  150  180 


Settling  Time 
(Notes  11, 12) 


Output  Capacitance 


C0UT 


DAC  Latches  All  w 
DACUtchesAII  Ts" 


30 
50 


PF 


AC  Feedthrough 


l20Vp.p@F=  100kHz) 


SWITCHING  CHARACTERISTICS  (Notes  6.  10) 





Write  to 
Data  Strobe  Time 


S1  or  JA  =  +25°C 

TA  =  Full  Temp. 


90 
145 


_ 


Data  Valid  to 
Strobe  Set-Up  Time 


=  +25°C 
■Full 


150 
175 


Data  Valid  to 
Strobe  Hold  Time 





 l 


7 


DAC  Select  to 
Strobe  Set-Up  Time 


DAC  Select  to 
Strobe  Hold  Time 


•ah 


Write  Select  to 
Strobe  Set-Up  Time 


'wsu 




- 


Write  Select  to 
Strobe  Hold  Time 
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PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8408 

MIN          TYP  MAX 

UNITS 

Read  lo 
Data  Strobe  Width 

RDS 

TA=  +25-C 

220            —  ™**93l 
 MO            —  — 

ns 

TA  =  Full  Temp  Range 

Data  Strobe  to 

TA  -  +25°C 

.  330  

Output  Valid  Time 

tco 

TA  -  Full  Temp.  Range 

430           —  taiaM  mnmti 

ns 

Output  Data  to 
Deselect  Time 

TA=+25°C 

TA  *  Full  Temp.  Range 

 200   

'OTD 

270             —  — 

ns 

Read  Select  to 

•rsu 

0 

ns 

Strobe  Set-Up  Time 



Head  belect  to 
Strobe  Hold  Time 

'bh 

0             —  — 

ns 

POWER  SUPPLY 

Voltage  Range 

Vdd 

 43  —  S3  

V 

Supply  Current 

■dd 

—           —  50 

«A 

(Note  8) 

TA=+25"C 

TA  —  Full  Temp.  Range 



—  1  —                        1,>  it, 

—             —  1.5 

Supply  Current 
(Note  9) 

I  DO 

mA 

NOTES: 

7.  From  Digital  Input  to  90%  of  final  analog  output  current. 

t  This  is  an  end-point  linearity  specification. 

2.  Guaranteed  to  be  monotonic  over  the  full  operating  temperature  range. 

3.  ppm/°C  of  FSR  (FSR  =  Full  Scale  Range  =  VfleF  -  1  LSB.) 

4.  Input  Resistance  Temperature  Coefficient  =  +300ppm/°C. 

8.  All  Digital  Inputs  "0"  or  VDD. 

9.  All  Digital  Inputs  VIH  or  V,L. 
10.  See  Timing  Diagram. 

11.  Digital  Inputs  =  0V  to  VDD  or  VDD  to  0V. 

5.  Logic  Inputs  are  MOS  gates.  Typical  input  current  at  +25°C  is  less  than 
10nA. 

6.  Guaranteed  by  design. 


12.  Extrapolated:  ts  (1/2  LSB)  =  tpD  +  6.2r  where  r  =  the  measured  first  time 


constant  of  the  final  RC  decay. 
13.  All  Digital  Inputs  =  0V;  VREF  =  +10V. 


BURN-IN  CIRCUIT 


»5V 
O 


T2 


Vdd 
VrefA 
Rfb* 
■out  u 

'out  2a/iout2b 

■OUT  IB 

RfbB 

VhefB 

(LSB)  DB0 

DB1 

DB2 

DB3 

DB4 


DGNO 
VrefC 
RfbC 
•out  1C 
'out  jc"0ut  2d 
■out  id 
RfbD 
VrcfD 
DS2 
DS1 
R/W 
A/B 
DB7  (MSB) 


+10V 
Vrff 
O 


_  _C2  l 

"I 


0.0VF  -|-4.7(iF 


- 


■ 
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FEATURES 

+5  to  ±15  Volt  Operation 
Unipolar  or  Bipolar  Operation 
True  Voltage  Output 
Double-Buffered  Inputs 
Reset  to  Min  or  Center  Scale 
Fast  Bus  Access  Time 
Readback 

APPLICATIONS 
Automatic  Test  Equipment 
Digitally  Controlled  Calibration 
Servo  Controls 
Process  Control  I 

GENERAL  DESCRIPTION 

The  DAC-8412  and  DAC-8413  are  quad,  12-bit,  voltage  output 
DACs  with  readback  capability.  Built  using  a  complementary 
BiCMOS  process,  these  monolithic  DACs  offer  the  user  very 
high  package  density. 

Output  voltage  swing  is  set  by  the  two  reference  inputs  VREFH 
and  VREPL.  By  setting  the  VREFL  input  to  0  volts  and  VREFH  to 
a  positive  voltage,  the  DAC  will  provide  a  unipolar  positive  out- 
put range.  A  similar  configuration  with  VREFH  at  0  volts  and 
VREFL  at  a  negative  voltage  will  provide  a  unipolar  negative  out- 
put range.  Bipolar  outputs  are  configured  by  connecting  both 
Vrefh  and  VREFL  to  nonzero  voltages.  This  method  of  setting 
output  voltage  range  has  advantages  over  other  bipolar  offsetting 
methods  because  it  is  not  dependent  on  internal  and  external 
resistors  with  different  temperature  coefficients. 

Digital  controls  allow  the  user  to  load  or  read  back  data  from 
any  DAC,  load  any  DAC  and  transfer  data  to  all  DACs  at  one 
time. 



An  active  low  RESET  loads  all  DAC  output  registers  to  mid- 
scale  for  the  DAC-8412  and  zero  scale  for  the  DAC-8413. 

The  DAC-8412/DAC-8413  are  available  in  28vPin  plastic  DIP, 
cerdip,  PLCC  and  LCC  packages.  They  can  be  operated  from  a 





FUNCTIONAL  BLOCK  DIAGRAM 


VLOGIC 

JL 

I/O 
PORT 


1536  2048  2560 
DIGITAL  INPUT  CODE 

INL  VS.  CODE  OVER  TEMPERATURE 


This  is  an  abridged  data  sheet.  To  obtain  the  m< 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


T 

DGND 


INPUT 
REG  A 


OUTPUT 
REG  A 


INPUT 
REG  B 


OUTPUT 
REG  B 


INPUT 

■H 

OUTPUT 

REG  C 

REG  C 

RESET  » 


Vbefl 


Vss 


wide  variety  of  supply  and  reference  voltages  with  supplies  rang 
ing  from  single  +5  volt  to  ±15  volts,  and  references  from  +2.5 


15 


to  ±  10  volts.  Power  dissipation  is  less  than  330  mW  with 
volt  supplies  and  only  60  mW  with  a  +5  volt  supply. 

For  MIL-STD-883  applications,  contact  your  local  ADI  sales 
office  for  the  DAC-8412/DAC-8413/883  data  sheet  which  speci- 
fies operation  over  the  -55°C  to  +125°C  temperature  range.  All 
883  parts  are  also  available  as  Standard  Military  Drawings  5962- 
91-76401MXA  through  -76404M3A. 

ORDERING  INFORMATION1 


Extended 

Military2 

Industrial2 

INL 

Temperature 

Temperature 

Package 
Option3 

(LSB) 

-55°C  to  +125°C 

-40°C  to  +85°C 

Package 

±1 

DAC8412FPC 

PLCC 

P-28A 

±1.5 

DAC8412BTC/883 

LCC 

E-28A 

±0.5 

DAC8412ET 

Cerdip 

Q-28 

±0.75 

DAC8412AT/883 

Cerdip 

Q-28 

±1 

DAC8412FT 

Cerdip 

Q-28 

±1.5 

DAC8412BT/883 

Cerdip 

Q-28 

±0.5 

DAC8412EP 

Plastic 

N-28 

±1 

DAC8412FP 

Plastic 

N-28 

±1 

DAC8412GBC 

Dice 
PLCC 

±1 

DAC8413FPC 

P-28A 

±1.5 

DAC8413BTC/883 

■ 

LCC 

E-28A 

±0.5 

DAC8413ET 

Cerdip 

Q-28 

±0.75 

DAC8413AT/883 

Cerdip 

Q-28 

±1 

DAC8413FT 

Cerdip 

Q-28 

±1.5 

DAC8413BT/883 

Cerdip 

Q-28 

±0.5 

DAC8413EP 

Plastic 

N-28 

±1 

DAC8413FP 

Plastic 

N-28 

±1 

DAC8413GBC 

Dice 

NOTES 

'Burn-in  is  available  on  extended  industrial  temperature  range  parts  in  cerdip. 
2A  complete  /883  data  sheet  is  available.  For  availability  and  burn-in  informa- 
tion, contact  your  local  sales  office. 
'For  outline  information  see  Package  Information  section. 

■ 

■ 
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DAC841 2/DAC841 3 — SPECIFICATIONS 

nCPTDIPAl  PUADftPTCDICTIPQ  (@  Vdo  = +15.0  V,Vss  = -15.0  V.V^  = +5.0  V,VREFH  = +10.0  V,VREFL  =  -10.0  V, 
LLtUKIUAL  UHAKAUtKlollLo  -40°C  s  TA  <  +S5°C  unless  otherwise  specified.  See  Note  1  for  supply  variations.) 


Parameter 


Symbol  Conditions 


Min 


Typ  Max 


Integral  Linearity  "E" 
Integral  Linearity  "F" 
Differential  Linearity 
Min  Scale  Error 
Full-Scale  Error 
Min  Scale  Tempco 
Full-Scale  Tempco 


INL 
INL 
DNL 

VzSE 
VFSE 

TCVZSE 
TCVpcc 


0.25  ±0.5 
±1 


Monotonic  Over  Temperature 
RL  =  2  kn 
RL  =  2  kO 
RL  =  2  kfl 
R,  =  2  kn 


±2 
±2 


15 
20 


MATCHING  PERFORMANCE 
Linearity  Matching 


±1 


REFERENCE 
Positive  Reference  Input  Range 
Negative  Reference  Input  Range 
Reference  High  Input  Current 
Reference  Low  Input  Current 


Note  2 
Note  2 


Vrefl  +  2.5 
-10 
-2.75 
0 


VDD  -  2.5 

V 

Vrefh  "  2.5 

V 

+2.75 

mA 

+2.75 

mA 

AMPLIFIER  CHARACTERISTICS 
Output  Current 
Settling  Time 
Slew  Rate 


'out 


to  0.01% 
10%  to  90% 


-5 


+  5 

6 

2.2 


mA 


LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Output  High  Voltage 
Logic  Output  Low  Voltage 
Logic  Input  Current 
Input  Capacitance 
Crosstalk 

Large  Signal  Bandwidth 


vINH 

TA  = 

+25°C 

V,NL 

TA  = 

+25°C 

VoH 

IoH  = 

+0.4  mA 

VOL 

w  = 

-1.6  mA 

I.n 

2.4 
2.4 


0.8 


0.4 
1 


-3dB, 

Vrefh  —  0  to  + 10  V  p-p 


>72 
160 


LOGIC  TIMING  CHARACTERISTICS 
WRITE 
Chip  Select  Write  Pulse  Width 


Write  Setup 
Write  Hold 
Address  Setup 
Address  Hold 
Load  Setup 
Load  Hold 
Write  Data  Setup 
Write  Data  Hold 
Load  Pulse  Width 
Reset  Pulse  Width 


twcs 

tAS 
tAH 
tLS 
tLH 

Wds 
Wdh 

lLWD 

Ireset 


Note  3 


twcs  -  80  ns 
twrc  —  80  ns 


=  80  ns 
=  80  ns 




Wcs 
Wcs 


80 
0 

0 

0 

0 

70 

30 

20 

0 

170 
140 


40 


30 
10 


130 
100 


READ 

Chip  Select  Read  Pulse  Width 
Read  Data  Hold 
Read  Data  Setup 
Data  to  Hi  Z 
Chip  Select  to  Data 


lRCS 

•rdh 
Irds 

tcSD 


tRCS  =  13°  ns 
tRCS  =  130  ns 
CL  =  10  pF 
CL  =  100  pF 


130 

0 

0 


100 


150 
120 


160 


SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 


PSS 


14.25  VsVDDsl5.75  V 
Vrefh  =  +2.5  V 


-10 


8.5 
-6.5 


150 
12 

330 


NOTES 

'AH  supplies  can  be  varied  ±5%,  and  operation  is  gi 
Operation  is  guaranteed  over  this  reference  range,  t 
3A11  input  control  signals  are  specified  with  tr  =  tf  = 
Specificauons  subject  to  change  without  notice. 


aranteed.  Device  is  tested  with  nominal  supplies, 
it  linearity  is  neither  tested  nor  guaranteed. 

5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
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(@  VDD  =  Vu.j.c  =  +5.0  V  ±5%,  Vss  =  0.0  V,  VREFH  =  2.5  V,  VBEFL  =  0.0  V,  and 


ELECTRICAL 


Parameter 


ISTICS 


Vss  =  -5.0  V  ±5%,  V„EFL  =  -2.5  V,  -40°C 
specified.  See  Note  1  for  supply  variations.) 


+85°C  unless  otherwise 


Symbol 


Conditions 


Min 




Typ  Max 


Units 


Integral  Linearity  "E" 
Integral  Linearity  "F" 
Integral  Linearity  "E" 
Integral  Linearity  "F" 
Differential  Linearity 
Min  Scale  Error 
Full-Scale  Error 
Min  Scale  Error 
Full-Scale  Error 
Min  Scale  Tempco 
Full-Scale  Tempco 


INL 

INL 

INL 

INL 

DNL 

Vzse 

VFSE 

Vzse 
Vfse 
TCVZSE 
TCVFSE 


Vss  =  0.0  V;  Note  2 
Vss  =  0.0  V;  Note  2 
Monotonic  Over  Temp 
Vss  =  -5.0  V 
Vss  =  -5.0  V 
Vss  =  0.0  V 
Vss  =  0.0  V 


-1 


1/2  ±1 
±2 
±2 
±4 

±4 
±4 
±8 
±8 

100 
100 


LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

ppm/°C 

ppm/°C 










LSB 


MATCHING  PERFORMANCE 
Linearity  Matching 


±1 


REFERENCE 
Positive  Reference  Input  Range 
Negative  Reference  Input  Range 
Negative  Reference  Input  Range 
Reference  High  Input  Current 


Note  3 

vss  =  o.ov 

Vss  =  -5.0  V 
Code  000H 


— 


-2.5 
-1.0 




VDD  -  2.5 
Vrefh  —  2. 
Vrefh  —  2. 
+  1.0 


V 
V 
V 

mA 




-1.25  +1.25 
6 

2.2 


AMPLIFIER  CHARACTERISTICS 
Output  Current 
Settling  Time 
Slew  Rate 


'out 


SR 


to  0.01% 
10%  to  90% 


mA 

U.S 

V/u,s 


LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Output  High  Voltage 
Logic  Out] 
Logic  Input  Current 
Input  Capacitance 


v  rNL 

VOH 

VOL 

Iik 

On 


TA  =  +25°C 
TA  =  +25°C 
W  =  +0-4  mA 


2.4 
2.4 

8 


LOGIC  TIMING  CHARACTERISTICS 
WRITE 

Chip  Select  Write  Pulse  Width 

Write  Setup 


Address  Hold 
Load  Setup 
Load  Hold 
Write  Data  Setup 
Write  Data  Hold 
Load  Pulse  Width 
Reset  Pulse  Width 





UoteT 


twcs  =  150  ns 
twcs  =  150  ns 

■ 

twcs  =  150  ns 
twcs  =  150  ns 




150 

0 

0 

0 

0 

70 
50 
20 
0 

180 
150 





90 


30 
20 


0.8 

0.45 
1 




V 
V 
V 

iiA 
pF 


V 


ns 
ns 
ns 
ns 
ns 
ns 


lws 

lWH 

tAS 

tAH 

tLS 

tLH 

twDS 

twDH 


130 
110 


READ 
Chip  Select  Read  P 
Read  Data  Hold 
Read  Data  Setup 
Data  to  Hi  Z 
Chip  Select  to  Data 


SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Negative  Supply  Current 


tRCS 

tRDH 

tRDS 

tDZ 

lCSD 


tRCs  =  170  ns 
1rcs  =  170  ns 
CL  =  10  pF 
CL  =  100  pF 


170 

20 

0 


120 


200 
220 


320 


ns 
ns 
ns 


PSS 
tss 


-5.0  V 


-10 


NOTES 

'All  supplies  can  be  varied  ±5%,  and  operation  is  guaranteed.  Device  is  tested  with  VDD  -  +4.75  V. 

JFor  single  supply  operation  only  (VREFL  =  0.0  V,  Vss  =  0.0  V):  Due  to  internal  offset  errors,  INL  and  DNL  are  measured 
'Operation  is  guaranteed  over  this  reference  range,  but  linearity  is  neither  tested  nor  guaranteed. 

4AU  input  control  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
Specifications  subject  to 


ppm/V 
mA 


code  2  (I 
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*SS  LU  'DD  ">  TJJ.U  V 

Vss  to  VLOGIC  -0.3  V,  +33.0  V 

Vlogic  to  DGND  -0.3  V,  +18.0  V 

Vss  to  VKEFL  -0.3  V,  +Vss-2.0  V 

VrEFh  to  Vdd  +2.0  V,  +33.0  V 

Vrefh  to  VREFL   +2.0  V,  VSS-VDD 

Current  into  Any  Pin4  ±15  mA 

Digital  Input  Voltage  to  DGND  ....  -0.3  V,  VLOGIC  +0.3  V 

Digital  Output  Voltage  to  DGND   -0.3  V,  +7.0  V 

Operating  Temperature  Range 

ET,  FT,  EP,  FP,  FPC  -40°C  to  +85°C 

AT,  BT,  BTC  -55°C  to  +125°C 

Dice  Junction  Temperature   +  150°C 

Storage  Temperature    -65°C  to  +  150°C 

Power  Dissipation  Package    1000  mW 

Lead  Temperature  (Soldering,  60  sec)   +  300°C 

Thermal  Resistance 


'hds  "~ *1. 


^ — 


A0/A1 


DATA 
OUT 


iw  k- 

5c 


■ 

— 


-j^DATA  VALID  ^  


Data  Output  (Read)  Timing 


Package  Type 

V 

8JC 

Units 

28-Pin  Hermetic  DIP  (T) 
28-Pin  Plastic  DIP  (P) 

28-Lead  Hermetic  Leadless  Chip  Carrier  (TC) 
28-Lead  Plastic  Leaded  Chip  Carrier  (PC) 

50 
48 
70 
63 

7 
22 
28 
25 

"C/W 
°C/W 

°c/w 
°c/w 

NOTE 

'eJA  is  specified  for  worst  case  mounting  conditions,  i.e.,  0JA  i 
device  in  socket. 

specified  for 

- 


LDAC 


DATA  IN 


\ 

r.„es^ 

^ —            — *WH 

> 

tAS  -»» 

I  J 

i 

h 

tLS  -* 

\ 

1 

F  

*I_WD 

i 

 1  ' 

—     — —  *dh 

> 

i 


r 


Data  WRITE  (Input  and  Output  Registers)  Timing 

■ 


CAUTION  

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to 
the  device.  This  is  a  stress  rating  only  and  functional  operation  at  or  above  this  specification  is  not 
implied.  Exposure  to  the  above  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

2.  Digital  inputs  and  outputs  are  protected,  however,  permanent  damage  may  occur  on  unprotected 
units  from  high-energy  electrostatic  fields.  Keep  units  in  conductive  foam  or  packaging  at  all 
times  until  ready  to  use.  Use  proper  antistatic  handling  procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their  sockets. 

4.  Analog  outputs  are  protected  from  short  circuit  to  ground  or  either  supply. 


PIN  CONFIGURATIONS 

■ 

PLCC 

(A    3    I    i    &    i  5 


RESET 
LDAC 


DGND  [T 

E 
E 

(LSB)  [T 

DB1  £7 

DB2  Qo 

DB3  [iT 


DAC-8412PC 
DAC-8413PC 

TOP  VIEW 
(Not  to  Scale) 


ID  *dd 

3  VLOGlC 

23]  cs 
S]ao 

2l]  A1 

a)]  R/W 

]7]  DB11  (MSB) 


r 

DGND 

3 

RESET 

3 

LDAC 

3 

060  (LSB) 

3 

DB1 

3 

DB2 

1 

DB3 

3 

LCC 

9  I  1  i  < 
>s  >°  >°  =?  >" 

LILdLd 





DAC-8412TC 
DAC-8413TC 

TOP  VIEW 
{Not  to  Sola) 


HEREIN 

E  v°° 
E  w 

[23  c? 

[22  AO 
\n  A1 
[20  R/W 

DB11  {MSB) 


UULHJuULl=JU?J 

S    m     m  m 

Q      Q       Q  □ 


\ElElEElEieEl7 
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DEVICES 


Quad  12-Bit  Serial 
  Voltage-Output  DAC 


DAC8420 







FEATURES 

Guaranteed  Monotonic  Over  Temperature 
Excellent  Matching  Between  DACs 
Unipolar  or  Bipolar  Operation 
Buffered  Voltage  Outputs 
High  Speed  Serial  Digital  Interface 
Reset  to  Zero-  or  Center-Scale 
Wide  Supply  Range,  +5  V-Only  to  ±15  V 
Low  Power  Consumption  (35  mW  max) 
Available  in  16-Pin  DIP  and  SOL  Packages 

APPLICATIONS 
Software  l 
Servo  Controls 


FUNCTIONAL  BLOCK  DIAGRAM 

VREFHI  VDD 


Process  Control  and 
ATE 


GENERAL  DESCRIPTION 

The  DAC-8420  is  a  quad,  12-bit  voltage-output  DAC  with 
serial  digital  interface,  in  a  16-pin  package.  Utilizing  BiCMOS 
technology,  this  monolithic  device  features  unusually  high 
circuit  density  and  low  power  consumption.  The  simple, 
easy-to-use  serial  digital  input  and  fully  buffered  analog  voltage 
outputs  require  no  external  components  to  achieve  specified 
performance. 

The  three-wire  serial  digital  input  is  easily  interfaced  to  micro- 
processors running  at  10  MHz  rates,  with  minimal  additional 
circuitry.  Each  DAC  is  addressed  individually  by  a  16-bit  serial 
word  consisting  of  a  12-bit  data  word  and  an  address  header. 
The  user-programmable  reset  control  CLR  forces  all  four  DAC 
outputs  to  either  zero-  or  midscale,  asynchronously  overriding 
the  current  DAC  register  values.  The  output  voltage  range, 
determined  by  the  inputs  VREFHI  and  VREFLO,  is  set  by  the 
user  for  positive  or  negative  unipolar  or  bipolar  signal  swings 
within  the  supplies  allowing  considerable  design  flexibility. 


CLSEL  CLR 


VREFLO  VSS 


The  DAC-8420  is  available  in  16-pin  epoxy  DIP,  cerdip,  and 
wide-body  SOL  (small-outline  surface  mount)  packages.  Opera- 
tion is  specified  with  supplies  ranging  from  +  5  V-only  to 
±15  V,  with  references  of  +2.5  V  to  ±10  V  respectively.  '. 
dissipation  when  operating  from?  ±15  V  supplies  is  less  than 
255  mW  (max),  and  only  35  mW  (max)  with  a  +5  V  supply. 

For  applications  requiring  product  meeting  MIL-STD-883,  con- 


tact your  local  sales  office  for  the  DAC-8420/883  data  sheet, 
which  specifies  operation  over  the  -55°C  to  +125°C  tempera- 


ture range. 


DIGITAL-TO-ANALOG  CONVERTERS  3-337 


DAC8420— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS 

V«  =  -5.0  V  ±  5%,  VVBEFL0  =  -2.5  V,  -40°C 


(at  VDD  =  +5.0  V  ±  5%,  Vss  =  0.0  V,  Vv„EFHI  =  +2.5  V,  VVBEFL0  =  0.0  V,  and 
s  Tt  s  +85°C  unless  otherwise  noted.  See  Note  1  for  supply  variations.) 


Parameter 


Symbol 


Min 


Typ  Max 


STATIC  ACCURACY 
Integral  Linearity  "E" 
Integral  Linearity  "E" 
Integral  Linearity  "F" 
Integral  Linearity  "F" 
Differential  Linearity 
Min-Scale  Error 
Full-Scale  Error 
Min-Scale  Error 
Full-Scale  Error 
Min-Scale  Tempco 
Full-Scale  Tempco 


INL 

INL 

INL 

INL 

DNL 

ZSE 

FSE 

ZSE 

FSE 

TCZSE 

TCFSE 


Note  2,  Vss  =  0  V 


±1/4  ±1 


Note  2,  Vo 


0  V 


Monotonic  Over  Temperature 
RL  =  2kfl,  Vss  =  -5  V 
RL  =  2  kfl,  Vss  =  -5  V 
Note  2,  RL  =  2  kfl,  Vss  =  OV 
Note  2,  RL  =  2  kfl,  Vss  =  0  V 
Note  3,  RL  =  2  kfl,  Vss  =  -5  V 
Note  3,  RL  =  2  kfl,  Vss  =  -5  V 


±1/2 
±3/4 
±1 
±1/4 


±10 
±10 


±3 
±2 
±4 
±1 
±4 
±4 
+  8 
±8 


MATCHING  PERFORMANCE 
Linearity  Matching 


REFERENCE 
Positive  Reference  Input  Range 
Negative  Reference  Input  Range 
Negative  Reference  Input  Range 
Reference  High  Input  Current 
Reference  Low  Input  Current 

AMPLIFIER  CHARACTERISTICS 
Output  Current 
Settling  Time 
Slew  Rate 


Note  4 
Note  4 

Note  4,  Vss  =  0  V 
Codes  000„,  555H 
Codes  000„,  555H,  1 


-5  V 


noite.-vjott 

VvREFLO  +  2-5 

Vss 
0 

-0.75 
-1.0 


±0.25 
-0.6 


VDD  -2.5 

V 

VyREFHI  ~~ 

2.5 

V 

VyREFHI 

2.5 

V 

+  0.75 

mA 

mA 

loUT 
tS 

SR 


Vss  =  -5  V 
to  0.01%,  Note  5 
10%  to  90%,  Note  5 


-1.25 


+  1.25 





1.5 


 '  


LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 
Input  Capacitance 


'  INH 
'iNL 


v,, 




2.4 


Note  3 




0.8 
10 


13 


LOGIC  TIMING  CHARACTERISTICS3'  6 
Data  Setup  Time 
Data  Hold 

Clock  Pulse  Width  HIGH 
Clock  Pulse  Width  LOW 
Select  Time 
Deselect  Delay 
Load  Disable  Time 
Load  Delay 
Load  Pulse  Width 
Clear  Pulse  Width 


tDH 
•CH 
to. 

•ess 

tcSH 

tLDl 

tLT>2 

*LDW 

tc-LRW 


25 

55 

90 

120 

90 

5 

130 
35 
80 
150 


SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 


PSRR 

Iss 

PnTss 


vss  =  0  V 


0.002  0.01 

4  7 

-3 

20  35 


NOTES 

'All  supplies  can  be  varied  ±5%  and  operation  is  guaranteed.  Device  is  tested  with  VDD  =  +4.75  V. 
2For  single-supply  operation  (Vv,,^,,  =  0  V,  Vss  =  0  V),  due  to  internal  offset  errors  INL  and  DNL  are  measured 
Guaranteed  but  not  tested. 
4Operation  is  guaranteed  over  this  reference  range,  but  linearity  is  neither  tested  nor  guaranteed. 
Svotrr  swing  between  +2.5  V  and  -2.5  V  with  VDD  =  5.0  V. 

6AU  input  control  signals  are  specified  with  tr  =  rf  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
Typical  values  indicate  performance  measured  at  +25°C. 
Specifications  subject  to  change  without  notice. 


ing  at  code  003H. 
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Parameter 





Symbol  Condition 


Min 


Typ  Max 


Units 


STATIC  ACCURACY 
Integral  Linearity  "E" 
Integral  Linearity  "F" 
Differential  Linearity 
Min-Scale  Error 
Full-Scale  Error 
Min-Scale  Tempco 
Full-Scale  Tempco 

MATCHING  PERFORMANCE 
Linearity  Matching 


INL 
INL 

DNL 

Monotonic  Over  Temperature 

ZSE 

RL  =  2  kfl 

FSE 

RL  =  2  kfl 

TCZSE 

Note  2,  RL  =  2  kfl 

TCFSE 

Note  2,  RL  =  2  Ml 

±1/4  ±1/2 
±1/2  ±1 
±1/4  ±1 
±2 
±2 

±4 
±4 


LSB 

LSB 

LSB 

LSB 

LSB 

ppm/C 

ppm/°C 


±1 


REFERENCE 
Positive  Reference  Input  Range 
Negative  Reference  Input  Range 
Reference  High  Input  Current 
Reference  Low  Input  Current 


Note  3 
Note  3 

Code  000H,  555H 
Code  000„,  555 


■ 


H 


' VREFLO 

-10 
-2.0 
-3.5 


+2.5 


VvREFHI  2.5 

±1.0  +2.0 
-2.0 


V 
V 

mA 
mA 








AMPLIFIER  CHARACTERISTICS 
Output  Current 
Settling  Time 
Slew  Rate 


.!fV. 


loUT 

SR 


+5 


to  0.01%,  Note  4 

10%  to  90%,  Note  4 



13 
2 


mA 

U.S 

V/u-s 


DYNAMIC  PERFORMANCE 
Analog  Crosstalk 
Digital  Feedthrough 
Large  Signal  Bandwidth 

Glitch  Impulse 


Note  2 
Note  2 

-3  dB,  VVREFHj  =  5  V  +  10  V p-p, 
Vvreflo  =  - 10  V,  Note  2 
Code  Transition  =  7FFH  to  800H,  Note  2 


>64 
>72 
90 





dB 
dB 
kHz 

nV-s 


LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 
Input  Capacitance 


V,N„ 
VINL 

IlN 


2.4 


Note  2 


0.8 
10 

13 


V 
V 
u.A 
pF 


LOGIC  TIMING  CHARACTERISTICS2' 
Data  Setup  Time 
Data  Hold 

Clock  Pulse  Width  HIGH 
Clock  Pulse  Width  LOW 
Select  Time 
Deselect  Delay 
Load  Disable  Time 
Load  Delay 
Load  Pulse  Width 
Clear  Pulse  Width 
SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 


lDS 
lDH 

k:H 

tcL 

tcss 

tcSH 

lLDl 

lLD2 

rLDW 

tCLRW 


25 
20 
30 
50 
55 
15 
40 
15 
45 
70 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


PSRR 
Idd 
Iss 
Pdiss 


 1  


6  9 
8  -5 

255 


%/% 
mA 
mA 
mW 


—  


NOTES 

'All  supplies  can  be  varied  ±5%  and  operation  is  guaranteed, 
guaranteed  but  not  tested. 

'Operation  is  guaranteed  over  this  reference  range,  but  linearity  is  neither  tested  nor  guaranteed. 
*VOUT  swing  between  +10  V  and  -10  V. 

'All  input  control  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
Typical  values  indicate  performance  measured  at  +25°C. 
Specifications  subject  to  change  without  notice. 
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DAC8420 


WAFER  TEST  LIMITS  unless  otherwise  noted.) 


Parameter 


Symbol 


V,  V,Efl0  =  -10.0  V,  T,  =  +25°C, 




DAC-8420G 





Units 





Integral  Linearity 
Differential  Linearity 
Min-Scale  Offset 
Max-Scale  Offset 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 
Positive  Supply  Current 
Negative  Supply  Current 


INL 
DNL 


MNH 

vINL 

'dd 


1 

±1 
±1 
±1 

2.4 
0.8 

i 


low  "jj< 


LSB  max 
LSB  max 
LSB  max 
LSB  max 

V  min 

V  max 
u.  A  max 
mA  max 
mA  max 


NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guar- 
anteed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  25°C  unless  otherwise  noted) 

VDD  to  GND   -0.3  V,  + 18.0  V 

VSStoGND  +0.3  V,  -18.0  V 

VSS  to  VDD  -0.3  V,  +36.0  V 

Vss  to  VVREFLO  -0.3  V,  Vss  -  2.0  V 

VyREFHI  t0  VvREFLO  +  2-0  V)  VDD  -  VSS 

Vvrefhi  w  VDD  +2.0  V,  +33.0  V 

IvREFHU  IvREFLO  ■"A 

Digital  Input  Voltage  to  GND  -0.3  V,  VDD  +0.3  V 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

EP,  FP,  ES,  FS,  EQ,  FQ  -40°C  to  +85°C 

Dice  Junction  Temperature   +150°C 

Storage  Temperature  -65°C  to  +150°C 

Power  Dissipation   1000  mW 

Lead  Temperature  (Soldering,  60  sec)   300°C 


3.  Remove  power  before  inserting  or  removing  units  from  their 

sockets.  "?itt?is;t- usau'i  aar-H  rau« 

4.  Analog  Outputs  are  protected  from  short  circuits  to  ground  or 
either  supply. 

CHARACTERISTICS 


iir/nl, 


(SUBSTRATE) 
VOUTD     VDD    CLSEL  CLR 
2  1        16  IS 


hnrS  Isngtf  ay«J 


ioui?ftril  St 


Package  Type 


Thermal  Resistance 

OlA  0|f- 


Units 


16-Pin  Plastic  DIP  (P) 

701 

27 

°C/W 

16-Pin  Hermetic  DIP  (Q) 

82' 

9 

°C/W 

16-Lead  Small  Outline 

Surface  Mount  (S) 

862 

22 

°C/W 

NOTES 

'6,A  is  specified  for  worst  case  mounting  conditi 
device  in  socket. 

28jA  is  specified  for  device  on  board. 


i  i.e.,  8JA  is  specified  for 


CAUTION 

1.  Stresses  above  those  listed  under  "Absolute  Maximum 
Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a 
stress  rating  only  and  functional  operation  at  or  above  this 
specification  is  not  implied.  Exposure  to  the  above  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2.  Digital  inputs  and  outputs  are  protected,  however,  permanent 
damage  may  occur  on  unprotected  units  from  high-energy 
electrostatic  fields.  Keep  units  in  conductive  foam  or  packag- 
ing at  all  times  until  ready  to  use.  Use  proper  antistatic  han- 
dling procedures. 


7  8  s 
VOUTA     VSS  GND 


NC  =  NO  CONNECT 


Die  Size  0.119  x  0.283  inch,  33,677  sq.  mils 
(3.023  X  7. 188  mm,  21.73  sq.  mm) 
Transistor  Count  2,207 

For  additional  DICE  ordering  information,  refer  to  databook. 
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DATA  LOAD  SEQUENCE 


avion- A.puonnoa  \m 


'ess 


tM  'loi  f*-  //  "*"  1Li>2r*- 


DATA  LOAD  TIMING 


DC 


XI 


CLEAR  TIMING 
CLSEL 


•cshI^- 


woiTwazna  hoitdmoh  API 


 y  

■ 

izf- 

-'s — H  .1 





vJTT  Mjqci  JxiO  slsO  lihr>?  tat 


.'AJZ 


.25  rbrw  !/>flv>  v;li..isoi  ji  iuq-i  aidT  .*wblo  3jba  Hiiiai  ad)  no  -raurjiji  wqni  taluriiiqliroi  'oma'.ii  -jrir 

Timing  Diagram 


ORDERING  GUIDE 


Package 

Model1  Range  (±LSB)  Description 


NC  =  NO  CONNECT 

Burn-In  Diagram 


Temperature 


DAC8420EP  -40°C  to  +85°C 

DAC8420EQ  -40°C  to  +85°C 

DAC8420ES  -40°C  to  +85°C 

DAC8420FP  -40«C  to  +  85°C 
DAC8420FQ 
DAC8420FS 

DAC8420GBC  -40°C  to  +85°C 


INL 


0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
1.0 


Plastic  DIP 

Cerdip 

SOIC 

Plastic  DIP 

Cerdip 

SOIC 


Dice3 


Package 
Option2 


N-16 

Q-16 

SOL-16 

N-16 

Q-16 

SOL-16 


iwil  lit  h-M.iv  nr  btjK I   mmi!  ftimCl  1ari+>?  'XCi'/ 
NOTES 

'A  complete  /883  data  sheet  is  available.  For  availability  and  burn-in  informa- 
tion,  contact  your  local  sales  office. 

2PMI  division  letter  designator.  For  outline  information  see  Package  Informa- 
tion section. 

3Dice  tested  at  25°C  only. 
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voo 

VOUTD  |T 
VOOTC  [7 
VREFLO  [*_ 
VREFHI  [7 
VOUTB  {t_ 
VOUTA  [7 
VSS  (7 


DIP 

 ^  l—i 

>  iTJ  < 

l7|  CLR 
ijTJ  LD 

DAC-8420    ]7J  NC 

TOP  VIEW  — 1  _ 
(NOIIOSCK)     111  08 

«]  cut 
iTJ  six 
JJ  ONO 


SOL 


voo  [7_ 

VOUTD  ^ 


VREFLO  [7  DAC-8420 

STOP  VIEW 
(Hol  to  Sola) 

VOUTB  [»_ 
VOUTA 
VSS  (7 


3 

3 
I] 


CLSEL 
CLR 
LD 
NC 

cs 
cue 

SDI 


NC  =  NO  CONNECT 


PIN  FUNCTION  DESCRIPTION 





Power  Supplies      VDD:  Positive  Supply,  +5  V  to  +15  V. 

VSS:  Negative  Supply,  0  V  to  -15  V. 
GND:  Digital  Ground. 

Clock  CLK:  System  Serial  Data  Clock  Input,  TTL/CMOS  levels.  Data  presented  to  the  input  SDI  is  shifted  jnto 

the  internal  serial-parallel  input  register  on  the  rising  edge  of  clock.  This  input  is  logically  ORed  with  CS. 

Control  Inputs       (All  are  CMOS/TTL  compatible.) 

CLR:  Asynchronous  Clear,  active  low.  Sets  internal  data  registers  A-D  to  zero  or  midscale,  depending  on  current 
state  of  CLSEL.  The  data  in  the  serial  input  shift  register  is  unaffected  by  this  control. 

CLSEL:  Determines  action  of  CLR.  If  HIGH,  a  Clear  command  will  set  the  internal  DAC  registers  A-D  to 
midscale  (800H).  If  LOW,  the  registers  are  set  to  zero  (000H). 

CS:  Device  Chip  Select,  active  low.  This  input  is  logically  ORed  with  the  clock  and  disables  the  serial  data 
register  input  when  HIGH.  When  LOW,  data  input  clocking  is  enabled.  See  the  Control  Function  Table. 

LD:  Asynchronous  DAC  Register  Load  Control,  active  low.  The  data  currently  contained  in  the  serial  input  shift 
register  is  shifted  out  to  the  DAC  data  registers  on  the  falling  edge  of  LD,  independent  of  CS.  Input  data  must 
remain  stable  while  LD  is  LOW. 

Data  Input  (All  are  CMOS/TTL  compatible.) 

-  -  .        .  .  . —  •,  "jv<  ^  f  .w — *:  *  »  y* . 

SDI:  Serial  Data  Input.  Data  presented  to  this  pin  is  loaded  into  the  internal  serial-parallel  shift  register,  wl 
shifts  data  in  beginning  with  DAC  address  Bit  Al.  This  input  is  ignored  when  CS  is  HIGH. 

The  format  of  the  16-bit  serial  word  is: 

(FIRST)  (LAST) 


BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BIO 

Bll 

B12 

B13 

B14 

B15 

Al 

AO 

NC 

NC 

Dll 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

Dl 

DO 

(MSB) 


—DAC  Data  Word— 


(LSB) 


Reference  Inputs 


Analog  Outputs 


-Address  Word- 
NC  =  Don't  Care. 

VREFHI:  Upper  DAC  ladder  reference  voltage  input.  Allowable  range  is  (VDD  -2.5  V)  to  (VVREFi.o  +2-5  V). 
VREFLO:  Lower  DAC  ladder  reference  voltage  input,  equal  to  zero  scale  output.  Allowable  range  is  Vss  to 
(Vvrefhi  -2-5  V). 

VOUTA  through  VOUTD:  Four  buffered  DAC  voltage  outputs. 
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Table  I.  Control  Function  Logic  Table 


CLK1 

cs1 

LD 

CLR 

CLSEL 

Serial  Input  Shift  Register 

DAC  Registers  A-D 

NC 

H 

H 

L 

H 

No  Change 

Loads  Midscale  Value  (800H) 

NC 

H 

H 

L 

L 

No  Change 

Loads  Zero-Scale  Value  (000„) 

NC 

H 

H 

T 

H/L 

No  Change 

Latches  Value 

t 

L 

H 

H 

NC 

Shifts  Register  One  Bit. 

No  Change 

L 

t 

H 

H 

NC 

Shifts  Register  One  Bit. 

No  Change 

H 

NC(T) 

i 

H 

NC 

No  Change 

Loads  the  Serial  Data  Word2 

H 

NC 

L 

H 

NC 

No  Change 

Transparent3 

NC 

H 

H 

H 

NC 

No  Change 

No  Change 

NC  =  Don't  Care. 

NOTES 

'CS  and  CLK  are  interchangeable 


„K_are  interchangeable. 

CS  HIGH  while  CLK  jsHIGH  avoids  an  additional  "false  clock"  of  serial  input  data.  See  Note  1. 


sDo  not  clock  in  serial  data  while  LD  is  LOW 

OPERATION 
Introduction 

The  DAC-8420  is  a  quad,  voltage-output  12-bit  DAC  with  serial 
digital  input,  capable  of  operating  from  a  single  +5  V  supply. 
The  straightforward  serial  interface  can  be  connected  directly  to 
most  popular  microprocessors  and  microcontrollers,  and  can 
accept  data  at  a  10  MHz  clock  rate  when  operating  from  ±  15  V 
supplies.  A  unique  voltage  reference  structure  assures  maximum 
utilization  of  DAC  output  resolution  by  allowing  the  user  to  set 
the  zero-  and  full-scale  output  levels  within  the  supply  rails.  The 
analog  voltage  outputs  are  fully  buffered,  and  are  capable  of 
driving  a  2  kft  load.  Output  glitch  impulse  during  major  code 


asynchronous  and  is  totally  independent  of  CS.  When  CLR 
returns  HIGH,  the  DAC  outputs  remain  latched  at  the  reset 
value  until  LD  is  strobed,  reloading  the  individual  DAC  data 
word  registers  with  either  the  data  held  in  the  serial  input  register 
prior  to  the  reset,  or  new  data  loaded  through  the  serial  interface. 

Table  II.  DAC  Address  Word  Decode  Table 


Al 


transitions  is  a  very  low  64  i 


AO 


DAC  Ad 


DAC  A 
DAC  B 
DACC 


1  Interface  Operation 

ut  of  the  DAC-8420,  consisting  of  CS,  SDI,  and  LD, 
1  to  a  wide  variety  of  microprocessorserial 
As  shown  in  Table  I  and  the  Timing  Diagram,  while  CS  is  LOW 
the  data  presented  to  the  input  SDI  is  shifted  into  the  internal 
serial/parallel  shift  register  on  the  rising  edge  of  the  clock,  with  the 
address  MSB  first,  data  LSB  last.  The  data  format,  shown  above, 
is  two  bits  of  DAC  address  and  two  "don't  care"  fill  bits,  followed 
by  the  12-bit  DAC  data  word.  Once  all  16  bits  of  the  serial  data 
word  have  been  input,  the  load  control  LD  is  strobed  and  the  word 
is  parallel-shifted  out  onto  the  internal  data  bus.  The  two  address 
bits  are  decoded  and  used  to  route  the  12-bit  data  word  to  the 
appropriate  DAC  data  register.  See  the  Applicati* 

Correct  Operation  of  CS  and  CLK 

As  mentioned  in  Table  I,  the  control  pins  CLK  and  CS  require 
some  attention  during  a  data  load  cycle.  Since  these  two  inputs 
are  fed  to  the  same  logical  "OR"  gate,  their  operation  is  in  fact 
:  care  to  operate  them  accordingly 
in  false  data  bits.  As  shown  in  the 
:  either  halted  HIGH,  or  CS 


ations  Informatior 


Programming  the  Analog  Outputs 

The  unique  differential  reference  structure  of  the  DAC-8420 
allows  the  user  to  tailor  the  output  voltage  range  precisely  to  the 
needs  of  the  application.  Instead  of  spending  DAC  resolution  on 
an  unused  region  near  the  positive  or  negative  rail,  the  DAC- 
8420  allows  the  user  to  determine  both  the  upper  and  lower  lim- 
its of  the  analog  output  voltage  range.  Thus,  as  shown  in  Table 
III  and  Figure  1,  the  outputs  of  DACs  A  through  D  range 
between  VREFHI  and  VREFLO,  within  the  limits  specified  in 
the  Electrical  Characteristics  tables.  Note  also  that  VREFHI 
t  be  greater  than  VREFLO. 


identical 
in  order  to  avoii 
Timing  Diagram,  CU 

brought  HIGH  during  the  last  HIGH  portion  of  the  CLK  fol- 
lowing the  rising  edge  which  latched  in  the  last  data  bit.  Other- 
wise, an  additional  rising  edge  is  generated  by  CS  rising  while 
CLK  is  LOW,  causing  CS  to  act  as  the  clock  and  allowing  a 
false  data  bit  into  the  serial  input  register.  The  same  issue  must 
be  considered  in  the  beginning  of  the  data  load  sequence  also. 

Using  CLR  and  CLSEL 

The  CLEAR  (CLR)  control  allows  the  user  to  perform  an  asyn- 
chronous reset  function.  Asserting  CLR  loads  all  four  DAC  data 
word  registers,  forcing  the  DAC  outputs  to  either  zero-scale 
(000H)  or  midscale  (800„),  depending  on  the  state  of  CLSEL  as 
shown  in  the  Digital  Function  Table.  The  CLEAR  function  is 


"ss  — — 


Figure  1.  Output  Voltage  Range  Programming 
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Table  III,  Analog  Output  Code 


FFF 

(H000>  villi;'/  '.l£>"oS  >t*jj 


801 








\6  sw  ic*o.'. 
"lav:  r 



7FF 


000 


re  MM) 


VREFLO  +  V**™^™   1  m5 


VREFLO  4  x  2049 


m„„A  (VREFHI-VREFLO) 

VREFLO  +   1  x  2048 

■  4096 


(VREFHI-VREFLO) 

VREFLO  +   —   x  2047 

4096 


(VREFHI-VREFLO) 
VREFLO  +   x  0 


Full-Scale  Output 




Midscale  +  1 


■ 

t 


Midscale 


Midscale  -  1 


Zero-Scale 


Typical  Performance  Characteristics  era™ 
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Figure  2.  Differential  Linearity  vs. 
VREFHI(±15V) 


0.05 


0 

i 

-0.05 

t\ 
-J 

-0.10 

z 

a 

-0.15 

-0.20 

-0.25 

-0.30 

~n — r~ 

T,  =  *25X 

V„„  =  »5V,V„i.0V 


3 


S — tr~^ 


.5       2.0  2.5 

VVREFHI~V 

,  HBMB  •xti  M 

Figure  3.  Differential  Linearity  vs. 
VREFHI  (+5  V) 
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Figure  4.  INL  vs.  VREFHI  (±15  V) 
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Figure  5.  INL  vs.  VREFHI  (+5  V) 
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Figure  7.  Zero-Scale  Error  vs. 
Time  Accelerated  by  Burn-In 
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Figure  8.  Full-Scale  Error  vs.  Figure  9.  Zero-Scale  Error  vs.  Figure  10.  Channel-to-Channel 

Temperature  Temperature  Matching  ±15/±  10 


Figure  11.  Channel-to-Channel  Figure  12.  IDD  vs.  VVREFHI,  All  Figure  J3.  /NL  vs.  Code±15/±10 

Matching  +51+2.5  DACs  HIGH 


I  *0.5 


Figure  14.  IVREFHI  vs.  I 
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figure  75.  Settling  time  (+)(±5  V)  Figure  16.  Settling  Time  (-)(±5  V) 
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figure  17.  Settling  Time  (+)(±15  V)         Figure  18.  Settling  Time  (-)(±15  V) 


sbrbe  =  1 .65  i  mZu-w^ 
Figure  19.  Slew  Rate  (±5  V) 


Figure  20.  Slew  Rate  (±  15  V)  Figure  21.  Small-Signal  Response  Figure  22.  PSRR  vs.  Frequency 
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Figure  23.  Power  Supply  Current  Figure  24.  DAC  Output  Current  vs.  Figure  25.  Output  Swing  vs. 

vs.  Temperature  VOUTX  Load  Resistance 
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VREFHI  Input  Requirements 

The  DAC-8420  utilizes  a  unique,  patented  DAC  switch  driver 
circuit  which  compensates  for  different  supply,  reference  volt- 
age, and  digital  code  inputs.  This  ensures  that  all  DAC  ladder 
switches  are  always  biased  equally,  ensuring  excellent  linearity 
under  all  conditions.  Thus,  as  indicated  in  the  specifications,  the 
VREFHI  input  of  the  DAC-8420  will  require  both  sourcing  and 
sinking  current  capability  from  the  reference  voltage  source. 
Many  positive  voltage  references  are  intended  as  current  sources 
only,  and  offer  little  sinking  capability.  The  user  should  con- 
sider references  such  as  the  AD584,  AD586,  AD587,  AD588, 
AD780,  and  REF-43  in  this  application. 

APPLICATIONS 

Power  Supply  Bypassing  and  Grounding 

In  any  circuit  where  accuracy  is  important,  careful  consideration 
of  the  power  supply  and  ground  return  layout  helps  to  ensure 
the  rated  performance.  The  DAC-8420  has  a  single  ground  pin 
that  is  internally  connected  to  the  digital  section  as  the  logic  ref- 
erence level.  The  first  thought  may  be  to  connect  this  pin  to  the 
digital  ground;  however,  in  large  systems  the  digital  ground  is 
often  noisy  because  of  the  switching  currents  of  other  digital 
circuitry.  Any  noise  that  is  introduced  at  the  ground  pin  could 
couple  into  the  analog  output.  Thus,  to  avoid  error  causing  digi- 
tal noise  in  the  sensitive  analog  circuitry,  the  ground  pin  should 
be  connected  to  the  system  analog  ground.  The  ground  path 
(circuit  board  trace)  should  be  as  wide  as  possible  to  reduce  any 
effects  of  parasitic  inductance  and  ohmic  drops.  A  ground  plane 
is  recommended  if  possible.  The  noise  immunity  of  the 
on-board  digital  circuitry,  typically  in  the  hundreds  of  millivolts, 
is  well  able  to  reject  the  common-mode  noise  typically  seen 
between  system  analog  and  digital  grounds.  Finally,  the  analog 
and  digital  ground  should  be  connected  together  at  a  single 
point  in  the  system  to  provide  a  common  reference.  This  is  pref- 
erably done  at  the  power  supply. 

Good  grounding  practice  is  essential  to  maintaining  analog  per- 
formance in  the  surrounding  analog  support  circuitry  as  well. 
With  two  reference  inputs,  and  four  analog  outputs  capable  of 
moderate  bandwidth  and  output  current,  there  is  a  significant 
potential  for  ground  loops.  Again,  a  ground  plane  is  recom- 
mended as  the  most  effective  solution  to  niinimizing  errors  due 
to  noise  and  ground  offsets. 


-vsO 


1 0il  F  =  TANTALUM 
0.1  nF  =  CERAMIC 


Figure  26.  Recommended  Supply  Bypassing  Scheme 


The  DAC-8420  should  have  ample  supply  bypassing,  located  as 
close  to  the  package  as  possible.  Figure  26  shows  the  recom- 
mended capacitor  values  of  10  p.F  in  parallel  with  0.1  u.F.  The 
0.1  (iF  cap  should  have  low  "Effective  Series  Resistance"  (ESRj 
and  "Effective  Series  Inductance"  (ESI),  such  as  the  common 
ceramic  types,  which  provide  a  low  impedance  path  to  ground  at 
high  frequencies  to  handle  transient  currents  due  to  internal  logic 
switching.  In  order  to  preserve  the  specified  analog  performance 
of  the  device,  the  supply  should  be  as  noise  free  as  possible.  In 
the  case  of  5  V  only  systems  it  is  desirable  to  use  the  same  5  V 
supply  for  both  the  analog  circuitry  and  the  digital  portion  of  the 
circuit.  Unfortunately,  the  typical  5  V  supply  is  extremely  noisy 
due  to  the  fast  edge  rates  of  the  popular  CMOS  logic  families 
which  induce  large  inductive  voltage  spikes,  and  busy  microcon- 
troller or  microprocessor  busses  which  commonly  have  large  cur- 
rent spikes  during  bus  activity.  However,  by  properly  filtering  the 
supply  as  shown  in  Figure  27,  the  digital  5  V  supply  can  be  used. 
The  inductors  and  capacitors  generate  a  filter  that  not  only  rejects 
noise  due  to  the  digital  circuitry,  but  also  filters  out  the  lower 
frequency  noise  of  switch  mode  power  supplies.  The  analog  sup- 
ply should  be  connected  as  close  as  possible  to  the  origin  of  the 
digital  supply  to  minimize  noise  pick-up  from  the  digital  section. 

FERRITE  BEADS: 
2  TURNS,  FAIR-RITE 


♦5V 

POWER  SUPPLY 


Figure  27.  Single-Supply  Analog  Supply  Filter 


Analog  Outputs 

The  DAC-8420  features  buffered  analog  voltage  outputs  capable 
of  sourcing  and  sinking  up  to  5  mA  when  operating  from  ±15  V 
supplies,  eliminating  the  need  for  external  buffer  amplifiers  in 
most  applications  while  maintaining  specified  accuracy  over  the 
rated  operating  conditions.  The  buffered  outputs  are  simply  an 
op  amp  connected  as  a  voltage  follower,  and  thus  have  output 
characteristics  very  similar  to  the  typical  operational  amplifier. 
These  amplifiers  are  short-circuit  protected.  The  designer 
should  verify  that  the  output  load  meets  the  capabilities  of  the 
device,  in  terms  of  both  output  current  and  load  capacitance. 
The  DAC-8420  is  stable  with  capacitive  loads  up  to  2  nF  typi- 
cal. However,  any  capacitive  load  will  increase  the  settling  time, 
and  should  be  minimized  if  speed  is  a  concern. 

The  output  stage  includes  a  p-channel  MOSFET  to  pull  the  out- 
put voltage  down  to  the  negative  supply.  This  is  very  important  in 
single  supply  systems,  where  VREFLO  usually  has  the  same 
potential  as  the  negative  supply.  With  no  load,  the  zero-scale  out- 
put voltage  in  these  applications  will  be  less  than  500  typically, 
or  less  than  1  LSB  when  VVREFHI  =  2.5  V.  However,  when  sink- 
ing current  this  voltage  does  increase  because  of  the  finite  imped- 
ance of  the  output  stage.  The  effective  value  of  the  pull-down 
resistor  in  the  output  stage  is  typically  320  ft.  With  a  100  kft 
resistor  connected  to  +5  V,  the  resulting  zero-scale  output  voltage 
is  16  mV.  Thus,  the  best  single  supply  operation  is  obtained 
with  the  output  load  connected  to  ground,  so  the  output  stage 
does  not  have  to  sink  current. 
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Like  all  amplifiers,  the  I3AC-8420  output  buffers  do  generate 
voltage  noise,  52  nV/VHz  typically.  This  is  easily  reduced  by 
adding  a  simple  RC  low-pass  filter  on  each  output. 

Reference  Configuration 

The  two  reference  inputs  of  the  DAC-8420  allow  a  great  deal  of 
flexibility  in  circuit  design.  The  user  must  take  care,  however, 
to  observe  the  minimum  voltage  input  levels  on  VREFHI  and 
VREFLO  to  maintain  the  accuracy  shown  in  the  data  sheet. 
These  input  voltages  can  be  set  anywhere  across  a  wide  range 
within  the  supplies,  but  must  be  a  minimum  of  2.5  V  apart  in 
any  case.  See  Figure  1.  A  wide  output  voltage  range  can  be 
obtained  with  ±5  V  references,  which  can  be  provided  by  the 
AD588  as  shown  in  Figure  28.  Many  applications  utilize  the 
DACs  to  synthesize  symmetric  bipolar  wave  forms,  which 


requires  an  accurate,  low  drift  bipolar  reference.  The  AD588 
provides  both  voltages  and  needs  no  external  components.  Addi- 
tionally, the  part  is  trimmed  in  production  for  12-bit  accuracy 
over  the  full  temperature  range  without  user  calibration.  Per- 
forming a  Clear  with  the  reset  select  CLSEL  HIGH  allows  the 
user  to  easily  reset  the  DAC  outputs  to  midscale,  or  zero  volts 
in  these  applications. 

When  driving  the  reference  inputs  VREFHI  and  VREFLO,  it  is 
important  to  note  that  VREFHI  both  sinks  and  sources  current, 
and  that  the  input  currents  of  both  are  code  dependent.  Many 
voltage  reference  products  have  limited  current  sinking  capabil- 
ity and  must  be  buffered  with  an  amplifier  to  drive  VREFHI,  in 


order  to  maintain  overall  system  accuracy.  The  input  VREFLO, 


however,  has  no  such  requirement. 


Figure  28.  ±10  V  Bipolar  Reference  Configuration  Using  the  AD588 


■ 
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For  a  single  5  V  supply,  VVREfhi  >s  limited  to  at  most  2.5  V, 
and  must  always  be  at  least  2.5  V  less  than  the  positive  supply 
to  ensure  linearity  of  the  device.  For  these  applications,  the 
REF-43  is  an  excellent  low  drift  2.5  V  reference  that  consumes 
only  450  uA  (max).  It  works  well  with  the  DAC-8420  in  a  single 
5  V  system  as  shown  in  Figure  29. 


♦5V  SUPPLY 


o.iiiF : 


One  opto-isolated  line  (LD)  can  be  eliminated  from  this  circuit 
by  adding  an  inexpensive  4-bit  TTL  Counter  to  generate  the 
Load  pulse  for  the  DAC-8420  after  16  clock  cycles.  The  counter 
is  used  to  count  of  the  number  of  clock  cycles  loading  serial  data 
to  the  DAC-8420.  After  all  16  bits  have  been  clocked  into  the 
converter,  the  counter  resets,  and  a  load  pulse  is  generated  on 
clock  17.  In  either  circuit,  the  DAC-8420's  serial  interface  pro- 
vides a  simple,  low  cost  method  of  isolating  the  digital  control. 


DIGITAL  INPUTS 


Figure  29.  +5V  Single  Supply  Operation  Using  REF-43 

Isolated  Digital  Interface 

Because  the  DAC-8420  is  ideal  for  generating  accurate  voltages 
in  process  control  and  industrial  applications,  due  to  noise, 
safety  requirements,  or  distance,  it  may  be  necessary  to  isolate  it 
from  the  central  controller.  This  can  be  easily  achieved  by  using 
opto-isolators,  which  are  commonly  used  to  provide  electrical 
isolation  in  excess  of  3  kV.  Figure  30  shows  a  simple  3- wire 
interface  scheme  to  control  the  clock,  data,  and  load  pulse.  For 
normal  operation,  CS  is  tied  permanently  LOW  so  that  the 
DAC-8420  is  always  selected.  The  resistor  and  capacitor  on  the 
CLR  pin  provide  a  power-on  reset  with  10  ms  time  constant. 
The  three  opto-isolators  are  used  for  the  SDI,  CLK,  and  LD 
lines. 


VREFHI  VDD 

) CLR  (7)— 

-OvOUTA 

)  CLSEL 

-OVOUTB 

DAC-8420  1 

)  CS  (3)— 

-OVOUTC 

)  CLK  1 

-OVOUTD 

V  RE  FLO  VSS  GND  | 

Figure  30.  Opto-lsolated  3-Wire  Interface 


Dual  Window  Comparator 

Often  a  comparator  is  needed  to  signal  an  out-of-range  warning. 
Combining  the  DAC-8420  with  a  quad  comparator  such  as  the 
CMP-04  provides  a  simple  dual  window  comparator  with  adjust- 
able trip  points  as  shown  in  Figure  31.  This  circuit  can  be  oper- 
ated with  either  a  dual  or  a  single  supply.  For  the  A  input 
channel,  DAC  B  sets  the  low  trip  point  and  DAC  A  sets  t 
upper  trip  point.  The  CMP-04  has  open-collector  outputs  I 
are  connected  together  in  "Wired-OR"  configuration  to  f 
an  out-of-range  signal.  For  example,  when  VINA  goes 
trip  point  set  by  DAC  B,  comparator  C2  pulls  the  output  down, 
i  LED  on.  The  output  can  also  be  used  as  a  logic 
"*r  processing. 


signal  for  1 
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Figure  37.  Dual  Programmable  Window  Comparator 
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MC68HC11  Microcontroller  Interfacing 

Figure  32  shows  a  serial  interface  between  the  DAC-8420  and 
the  MC68HC11  8-bit  microcontroller.  The  SCK  output  of  the 
68HC11  drives  the  CLK  input  of  the  DAC,  and  the  MOSI  port 
outputs  the  serial  data  to  load  into  the  SDI  input  of  the  DAC. 
The  port  lines  PD5,  PCO,  PCI,  and  PC2  provide  the  controls  to 
the  DAC  as  shown. 


PC2 
PCI 
PCO 


(PD5)  SS 
SCK 
MOSI 


DAC-8420* 


LD 
CLK 


■ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  32.  MC68HC1 1  Microcontroller  Interface 


For  correct  operation,  the  68HC11  should  be  configured  such 
that  its  CPOL  bit  and  CPHA  bit  are  both  set  to  1.  In  this  con- 
figuration, serial  data  on  MOSI  of  the  68HC11  is  valid  on  the 
rising  edge  of  the  clock,  which  is  the  required  timing  for  the 
DAC-8420.  Data  is  transmitted  in  8-bit  bytes  (MSB  first),  with 
only  eight  rising  clock  edges  occurring  in  the  transmit  cycle.  To 
load  data  to  the  DAC-8420's  input  register,  PCO  is  taken  low 
and  held  low  during  the  entire  loading  cycle.  The  first  8  bits  are 
shifted  in  address  first,  immediately  followed  by  another  8  bits 
in  the  second  least-significant  byte  to  load  the  complete  16-bit 
word.  At  the  end  of  the  second  byte  load,  PCO  is  then  taken 
high.  To  prevent  an  additional  advancing  of  the  internal  shift 
register,  SCK  must  already  be  asserted  before  PCO  is  taken 
high.  To  transfer  the  contents  of  the  input  shift  register  to  the 
DAC  register,  PD5  is  then  taken  low,  asserting  the  LD  input  of 
the  DAC  and  completing  the  loading  process.  PD5  should 
return  high  before  the  next  load  cycle  begins.  The  DAC-8420's 
CLR  input,  controlled  by  the  output  PCI,  provides  an  asyn- 
chronous clear  function. 
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DAC-8420  to  M68HC11  Interface  Assembly  Program 
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»  M68HCU  Register  Definitions 

PORTC  EQU  $1003  Port  C  control  register 

*  "0,0,0,0;0,CLSEL,CLR,CS" 
DDRC  EQU  $1007  Port  C  data  direction 
PORTD  EQU  $1008  Port  D  data  register 

"0,0,LD,SCLK;SDI,0,0,0" 

[  D  data  direction 
[  control  register 
"SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPRl,SPR0" 
SPSR  EQU  $1029  SPI  status  register 

"SPIF(WCOL,0,MODF;0,0)0,0" 
SPDR  EQU  $102A  SPI  data  register;  Read-Buffer;  Write-Shifter 

*  SDI  RAM  variables;  SDI1  is  encoded  from  0  ("- 


DAC  A  -  Set  SDI1  to  $0X 
Z  B  -  Set  SDI1  to  $4X 
3AC  C  -  Set  SDI1  to  $8X 
DAC  D  -  Set  SDI1  to  $CX 

*  SDI2  is  encoded  from  00  (Hex)  to  FF  (Hex) 

*  DAC  requires  two  8-bit  loads  -  Address  +  12  bits 

SDI1  EQU  $00  SDI  packed  byte  1  "A1,A0,0,0;MSB,DB10,DB9,DB8" 
SDI2  EQU  $01  SDI  packed  byte  2 
"DB7,DB6,DB5,DB4;DB3,DB2,DB1,DB0" 


*  Main 


ORG  $0000  Start  of  user's  RAM  i 
INIT  LDS  #$CFFF  Top  of  C  j 

*  Initialize  Port  C  Outputs 

LDAA  #$07  0,0,0,0;0,1»1,1 

*  CLSEL-Hi,  CLR-Hi,  CS-Hi 

*  To  reset  DAC  to  ZERO-SCALE,  set  CLSEL-Lo  ($03) 

*  To  reset  DAC  to  MID-SCALE,  set  CLSEL-Hi  ($07) 
STAA  PORTC  Initialize  Port  C  Outputs 

LDAA  #$07  0,0,0,0;0,1^1_  _ 

STAA  DDRC  CLSEL,  CLR,  and  CS  are  now  enabled  as  outputs 

*  Initialize  Port  D  Outputs 

LDAA  #$30  0,0,1,1;0,0,0,0 

*  LD-Hi,SCLK-Hi,SDI-Lo 

STAA  PORTD  Initialize  Port  D  Outputs 
LDAA  #$38  0,0,1, 1;1, 0,0,0 

STAA  DDRD  LD.SCLK,  and  SDI  are  now  enabled  as  outputs 


DAC8420 


LDAA  #$5F 

STAA  SPCR  SPI  is  Master,CPHA=l,CPOL=l,Clk  rate=E/32 

*  Call  update  subroutine 

BSR  UPDATE  Xfer  2  8-bit  words  to  DAC-8420 
JMP  $E000  Restart  BUFFALO 

*  Subroutine  UPDATE 
UPDATE  PSHX    Save  registers  X,  Y,  and  A 


PSHY 
PSHA 

*  Enter  Contents  of  SDI1  Data  Register  (DAC#  and  4  MSBs) 
LDAA  #$80  1,0,0,0;0,0,0,0 
STAA  SDI1  SDI1  is  set  to  80  (Hex) 


i  of  SDI2  Data  Register 
LDAA  #$00  0,0,0,0;0,0,0,0 
STAA  SDI2  SDI2  is  set  to  00  (Hex) 
LDX  #SDI1  Stack  pointer  at  1st  byte  to  send  via  SDI 
LDY  #$1000  Stack  pointer  at  on-chip  registers 

*  Clear  DAC  output  to  zero 

BCLR  PORTC.Y  $02  Assert  CLR 
BSET  PORTC.Y  $02  Deassert  CLR 

*  Get  DAC  ready  for  data  input   

BCLR  PORTQY  $01  Assert  CS 
TFRLP  LDAA  0,X    Get  a  byte  to  transfer  via  SPI 

STAA  SPDR  Write  SDI  data  reg  to  start  xfer 
WAIT  LDAA  SPSR  Loop  to  wait  for  SPIF 

BPL  WAIT  SPIF  is  the  MSB  of  SPSR 

*  (when  SPIF  is  set,  SPSR  is  negated) 
INX  Increment  counter  to  next  byte  for  xfer 


CPX  #SDI2+1  Are  we  done  yet  ? 
BNE  TFRLP  If  not,  xfer  the  second  byte 
*  Update  DAC  output  with  contents  of  DAC  register 
BCLR  PORTD,Y  $20  Assert  LD 
BSET  PORTD, Y  $20  Latch  DACregister 
BSET  PORTC.Y  $01  De-assert  CS 
PULA  When  done,  restore  registers  X,  Y  &  A 
PULY 
PULX 

RTS         **  Return  to  Main  Program  ** 
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Quad  8-Bit  Voltage  Out  CMOS  DAC 
Complete  with  Internal  10V  Reference 
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FEATURES 

•  No  Adjustments  Required,  Total  Error  ±  1 LSB  Max 
Over  Temperature 

•  Four  Voltage-Output  DACs  on  a  Single  Chip 

•  Internal  10V  bandgap  Reference 

•  Operates  from  Single  +1 5 V  Supply 

•  Fast  50ns  Data  Load  Time,  All  Temperatures 

•  Pln-for-Pin  Replacement  for  PM-7226  and  AD7226, 
Eliminates  External  Reference 


I 


APPLICATIONS 

•  Process  Controls 

•  Multi-Channel  Microprocessor  Controlled: 

-  System  Calibration 

-  Op  Amp  Offset  and  Gain  Adjust 

-  Level  and  Threshold  Setting 


GENERAL  DESCRIPTION 

The  DAC-8426  is  a  complete  quad  voltage  output  D/A  converter 
with  internal  reference.  This  product  fits  directly  into  any  exist- 
ing 7226  socket  where  the  user  currently  has  a  10V  external 
reference.  The  external  reference  is  no  longer  necessary.  The 
internal  reference  of  the  DAC-8426  is  laser-trimmed  to  ±0.4% 
offering  a  25ppm/°C  temperature  coefficient  and  5mA  of  exter- 
nal load  driving  capability. 

■ 

SIMPLIFIED  SCHEMATIC 


The  DAC-8426  contains  four  8-bit  voltage-output  CMOS  D/A 
converters  on  a  single  chip.  A  10V  output  bandgap  reference 
sets  the  output  full-scale  voltage.  The  circuit  also  includes  four 
input  latches  and  interface  control  logic. 

One  of  the  four  latches,  selected  by  the  address  inputs,  is  loaded 
from  the  8-bit  data  bus  input  when  the  write  strobe  is  active  low. 
All  digital  inputs  are  TTL/CMOS  (5V)  compatible.  The  on-board 
amplifiers  can  drive  up  to  10mA  from  either  a  single  or  dual 
supply.  The  on-board  reference  that  is  always  connected  to  the 
internal  DACs  has  5mA  available  to  drive  external  devices. 

Continued 


ORDERING  INFORMATION1 


TOTAL 

UNADJUSTED 

ERROR 

MIL  TEMP 

XINDTEMP 

(LSB) 

-55°Cto+125°C 

-40°C  to  +8S°C 

±1 

DAC8426AR 

DAC8426ER 

±1 

_ 

DAC8426EP 

±2 

DAC8426BR 

DAC8426FR 

±2 

DAC8426FP 

±2 

DAC8426FStf 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


3-352   DIGITAL-TO-ANALOG  CONVERTERS  REV  c 


GENERAL  DESCRIPTION  Continued 

Its  compact  size,  low  power,  and  econon 
make  the  DAC-8426  attractive  for  applications  requiring  mul- 
tiple D/A  converters  without  sacrificing  circuit-board  space. 
System  reliability  is  also  increased  due  to  reduced  parts  count. 

PMI's  advanced  oxide-based,  silicon-gate,  CMOS  process  al- 
lows the  DAC-8426's  analog  and  digital  circuitry  to  be  manufac- 
tured on  the  same  chip.  This,  coupled  with  PMI's  highly  stable 
thin-film  R-2R  resistor  ladder,  aids  in  matching  and  temperature 
tracking  between  DACs. 

62  J  „ 


ABSOLUTE  MAXIMUM  I 

V  to  AGND  or  DGND  . 
Vgg  to  AGND  or  DGND  . 
VDD,oVss   


-0.3V,  +17V 
....  -7V,  V 
-0.3V,  +24$ 


AGND  to  DGND  -0.3V,  +5V 


Digital  Input  Voltage  to  DGND 
VR„OUTtoAGND  (Notel)  


-0.3V,  V, 
....  -0.3V,  V, 


DD 
DD 


PIN  CONNECTIONS 


VoutBLT 

VoutaE 
VssE 

AGND  |T 
DGND  [6* 
(MSB)  DB7  [7 
DBjtl 

^vOUTD         20-PIN  CERDIP 
jjjj^  (R-Sufflx) 
IDA,          20-PIN  EPOXY  DIP 

53  wr  (P-Sufflx) 

Tg  dBq  (lsbi 

20-PIN  SOL 

DBsd 
DB<Qo 

HOB,  (S-Sufflx) 
EIDB3 

V0UT  to  AGND  (Notel)  Vss,  VDD 

Operating  Temperature 

Military  AR/BR  -55°C  to  +125°C 

Extended  Industrial  ER/EP/FR/FP/FS  -40°C  to  +850C 

Maximum  Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150"C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

THERMAL  RESISTANCE 

PACKAGE  TYPE 


9^(^10  2)  ejc  UNITS 
—  


20-Pin  CerDIP  (R) 

70 



°c/w 

20-Pin  Plastic  DIP  (P) 

61 

24 

=c/w 

20-Pin  SOL  (S) 

80 

22 

°c/w 

NOTES: 

1 .  Outputs  may  be  shorted  to  any  terminal  provided  the  package  power  dissipa- 
tion is  not  exceeded.  Typical  output  short-circuit  current  to  AGND  is  50mA. 

2.  s  is  specified  (or  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  tor  CerDIP  and  P-DIP  packages;  is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

CAUTION: 

1 .  Do  not  apply  voltages  higher  than  VDD  or  less  than  Vss  potential  on  any 
terminal. 

2.  The  digital  control  inputs  are  zener-protected:  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  Into  powered  sockets.  Remove  power  before  inser- 
tion or  removal. 

4.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  device. 
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ELECTRICAL  CHARACTERISTICS:  VD0  -  +15V  ±10%.  AGND  -  DGND  -  0V,  -  OV,  TA  -  -55°C  to  +125-C  applies  for 
DAC-8426AR/BR.  T.  -  -40°C  to  +85°C  applies  for  DAC-8426ER/EP/FR/FP/FS,  unless  otherwise  noted. 


DAC-8426 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP* 

MAX  UNITS 

STATIC  PERFORMANCE 

Resolution 

N 

8 

— 

Bits 

TUE 

Includes  Reference 

A.E 

— 

±1 

LSB 

(Notel) 

±2 

Relative  Accuracy 

INL 

A.E 

_ 

±1/2 

LSB 

-  I 

B.F 



— 

±1 

Differential  Nonlinearity 

DNL 



LSB 

(Note  2) 

±1 

run  o'rfdit?  r  ctiuw 

Coefficient 


TCGFS 

Includes  Reference 

25 

ppm/°C 

Zero  Scale  Error 

w 

VZSE 



_ 

20 

mV 

Zero  Scale  Error 

(iV/°C 

Temperature  Coefficient 

TCVZS 

Dual  Supply 

Vss-"5V 

10 

— 

REFERENCE  OUTPUT 



Output  Voltage 



No  Load 



A,  E 

B.  F 

9  96 
9.92 

— 

10.04 
10.08 

V 

Temperature  Coefficient 

TCVREFOUT 

20 

ppm/°C 

Load  Regulation 

LD„„ 

A  lL-  5mA 

0.02 

0.1 

KffllA 



REG 

Line  Regulation 

4VD0  ±10% 

0.008 

0.04 

%/v 



Output  Noise 
(Note  3) 



a 

NRMS 

/-0.1  to  10Hz 

3 

10 

Output  Current 

'ref°ut 

aVREFouT<40mV 

S 

7 

>mo  mi 

mA 

DIGITAL  INPUTS 

Logic  Input -0- 

0.8 

V 

Logic  Input  "1" 

VINH 

2.4 

V 

Input  Current 

',N 

v,n-0VmVod 

0.1 

10 

HA 

Input  Capacitance 
(Note3) 

cm 

4 

8 

POWER  SUPPLIES 

Positive  Supply  Current 
(Note  4) 

'do 

6 

14 

mA 

Negative  Supply  Current 
(Note  4) 

'ss 

Dual  Supply 

vss— sv 

4 

10 

mA 

Power  Dissipation 

p 

90 

210 

mW 

(Note  5) 

rDISS 

Power  Supply  Sensitivity 

p 

AVDD-±5% 

0.0002 

0.01 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


1.00 
0.75 
0.50 
0.25 
0 

-0.25 
-0.50 


CHANNEL-TO-CHANNEL 
MATCHING  (DACsA,  B,  C, 
D,  SUPERIMPOSED) 


TA  -  +25°C 
V00-+15V 
VSS  -  -5V 
-  VREF.+10V 


32  64  96  128  160  192  224  256 
DIGITAL  INPUT  CODE  (DECIMAL) 


0.75 


0.25 


A  0.50 
1 

5 

S  0 

S  -0.25 
g  -0.50 


■  i    r  ■ 

VDD-+15V 
"  VSS--5V 
VHEF.t10V 

32  64  96  126  160  192  224  256 
DIGITAL  INPUT  CODE  (DECIMAL) 


DAC8426 


RELATIVE  ACCURACY  vs  CODE 
AT  TA  =  -55°C,  +25»C,  +1 25»C 
(ALL! 


4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0 

-0.5 
-1.0 


ZERO  CODE  ERROR 
vs  TEMPERATURE 




 1  1  

Voo-+15V  ; 

ss 

I 

DAC 

8 

-DACA- 

-DA 

3  C 

^DACD, 

-75  -50  -25    0    25   50    75  100  125  150 
TEMPERATURE  (°C, 


LONG  TERM  DRIFT 
ACCELERATED  BY  BURN-IN 

20 


E 


Vout  NOISE  DENSITY 
vs  FREQUENCY 


READINGS  NORMALIZED  TO  I  -  0 
NOTE:  1  LSB  .  39mV 
X  ■  AVERAGE 
R  -  RANGE  OF  READINGS 
-I  I  L 


0       100     200     300     400     500  600 
I  -  HOURS  OF  OPERATION  AT  1 50°C 


urn  ■inn  mm  ■tun  ■inn 


■  ■■■III:  ■■■■llll  ■MIIIIIJMIIIII  HBIIIIII 

urn  ■inn  ■urn  ■mn  ■nm 


100  1k  10k  100k 
FREQUENCY  (Hz) 


POWER  SUPPLY  CURR 
vs  TEMPERATURE 

1 — r 

VD0-+15V 
VSS  -  -5V 


PSRR  vs  FREQUENCY 


-75  -50  -25    0    25   50    75  100  125  150 
TEMPERATURE  (X) 


BROADBAND  NOISE 
(DC  TO  200kHz) 


TIME  (1ms/DIV) 


PSRR«+„-20LOg(V-^), 
V00»+15V±1Vp,  Vss-0V 
PSRR,-,. -20  LOG  (M). 
VDD»+15V.Vss--4V±1Vp 


1k  10k 
FREQUENCY  {Hz, 
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FEATURES 

Space  Saving  SO-8  or  Mini-DIP  Packages 
Complete,  Voltage  Output  with  Internal  Reference 
1  mV/Bit  with  4.095  V  Full  Scale 
Single  +5  Volt  Operation 
No  External  Components 

3-Wire  Serial  Data  Interface,  20  MHz  Data  Loading  Rate 
Low  Power:  2.5  mW 

APPLICATIONS 

Portable  Instrumentation 

Digitally  Controlled  Calibration 

Servo  Controls 

Process  Control  Equipment 

PC  Peripherals 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  DAC-8512  is  a  complete  serial  input,  12-bit,  voltage  output 
digital-to-analog  converter  designed  to  operate  from  a  single 
+  5  V  supply.  It  contains  the  DAC,  input  shift  register  and 
latches,  reference  and  a  rail-to-rail  output  amplifier.  Built  using 
a  CBCMOS  process,  these  monolithic  DACs  offer  the  user  low 
cost,  and  ease  of  use  in  +5  V  only  systems. 

Coding  for  the  DAC-8512  is  natural  binary  with  the  MSB 
loaded  first.  The  output  op  amp  can  swing  to  either  rail  and  is 
set  to  a  range  of  0  V  to  +4.095  V— for  a  one-millivolt-per-bit 
resolution.  It  is  capable  of  sinking  and  sourcing  5  mA.  An 
on-chip  reference  is  laser  trimmed  to  provide  an  accurate  full- 
scale  output  voltage  of  4.095  V. 


Serial  interface  is  high  speed,  three-wire,  DSP  compatible  with 
data  in  (SDI),  clock  (CLK)  and  load  strobe  (LD).  There  is  also 
a  chip-select  pin  for  connecting  multiple  DACs. 

A  CLR  input  sets  the  output  to  zero  scale  at  power  on  or  upon 
user  demand. 

The  DAC-8512  is  specified  over  the  extended  industrial  (-40°C 
to  +85°C)  temperature  range.  DAC-8512s  are  available  in  plastic 
DIPs  and  SO-8  surface  mount  packages. 


0  1  

5   

■ 

5   

5  ^ta 

0   ™ 
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fin 
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1024  2048  3072 

DIGITAL  INPUT  CODE  -  Decimal 


Linearity  Error  vs.  Digital  Input  Code 
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Parameter 


Symbol  Condition 


Min      Typ      Max  Units 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 

Differential  Nonlinearity 
Zero-Scale  Error 
Full-Scale  Voltage 

Full-Scale  Tempco 


N 

INL 


NL 

ZSE 

VFS 
TCVFS 


Note  2 


No  Missing  Codes 
Data  =  000„ 
Data  =  FFFH3 

Notes  3,  4 


E  Grade 
F  Grade 


E  Grade 
F  Grade 


12 
-1 
-2 
-1 

4.087 
4.079 


±1/4 
±3/4 
±3/4 
+  1/2 
4.095 
4.095 
16 


+  1 

+2 

+  1 

+3 

4.103 

4.111 


Bits 

LSB 

LSB 

LSB 

LSB 

V 

V 

ppm/°C 


ANALOG  OUTPUT 
Output  Current 
Load  Regulation  at  Full  Scale 
Capacitive  Load 


xOUT 

Lreg 


Data  =  800„ 

RL  =  402  CI  to  °°,  Data  =  800H 
No  Oscillation4 





±7 
1 

500 


mA 
LSB 
pF 


LOGIC  INPUTS 
Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Input  Leakage  Current 
Input  Capacitance 


Vn. 
V,„ 
Iil 
C„. 


0.8 

2.4 

10 
10 

 '  


V 
V 
(iA 
pF 


INTERFACE  TIMING  SPECIFICATIONS1- 
Clock  Width  High 
Clock  Width  Low 
Load  Pulse  Width 
Data  Setup 
Data  Hold 
Clear  Pulse  Width 


tcL 

*DS 
lDH 

tl.Dl 
tLD2 

tcss 

tcSH 


30 

10 

• 

30 

10 

20 

15 

10 

15 

5 

30 

20 

15 

10 

30 

20 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


AC  CHARACTERISTICS4 
Voltage  Output  Settling  Time 
DAC  Glitch 
Digital  Feedtl 




To  ±1  LSB  of  Final  Value5 


16 
15 
15 


SUPPLY ( 
Positive  Supply  Current 


Vm  =  2.4  V,  VIL  =  0.8  V,  No  Load 
VDD  =  5  V,  VIL  =  0  V,  No  Load 


1.5 
0.5 
7.5 
2.5 





2.5 
1 

12.5 
5 

0.004 


U.S 

nVs 
nVs 


mA 
mA 
mW 
mW 

%/% 


*  of  1.6  V. 


NOTES 

'All  input  control  signals  are  specified  with  t,  =  t,  =  5  ns  (10%  to  90%  of  +5  > 
21  LSB  =  1  mV  for  0  V  to  +4.095  V  output  range, 
includes  internal  voltage  reference  error. 
*These  parameters  are  guaranteed  by  design  and  not  subject  to  production  testing. 

5The  settling  time  specification  does  not  apply  for  negative  going  transitions  within  the  last  6  LSBs  of  ground.  Some  devices  exhibit  double  the  typical  settling 
time  in  this  6  LSB  region. 
Specifications  subject  to  change  without  notice. 
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WAFER  TEST  LIMITS  0 


u  _ 

'DD  — 


+5.0  V  ±  5%,  T,  =  +25°C,  applies  to  part  number  DAC8512GBC  only,  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min 

Typ 

Max 

Units 

STATIT  PFRFORMAMPF 
Rplativp  Appiimpv 

Differential  Nonlinearity 
Zero- Scale  Error 
Full- Scale  Voltage 

INL 
DNL 

VzSE 

vFS 

No  Missing  Codes 
Data  =  000H 
Data  =  FFFH 

-2 
-1 

4.085 

±3/4 
±0.7 
+  1/2 
4.095 

+2 
+  1 
+  3 
4.105 

LSB 
LSB 
LSB 

V 

LOGIC  INPUTS 

Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 

vIL 

v 

VIH 

2.4 

0.8 

V 
v 

V 

Input  Leakage  Current 

IE 

10 

u.A 

SUPPLY  CHARACTERISTICS 
Positive  Supply  Current 

V,„  =  2.4  V,  VIL 

^DD  =  5  V,  VjL  = 

=  0.8  V,  No  Load 
=  0  V,  No  Load 

1.5 
0.5 

2.5 

lioJ  IV 

mA 
mA 

Power  Dissipation 
Power  Supply  Sensitivity 

Pdiss 
PSS 

VIH  =  2.4V,  VIL 
VDD  =  5  V,  VIL  = 
AVDD  =  ±5% 

=  0.8  V,  No  Load 
=  0  V,  No  Load 

7.5 
2.5 
0.002 

12.5 
5 

0.004 

mW 
mW 

%/% 

NOTE 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guar- 

1  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 


anteed  for  standard  product  dice.  Consult  factory  t 
ABSOLUTE  MAXIMUM  RATINGS 


Logic  Inputs  to  GND   -0.3  V,  VDD  +  0.3  V 

VOUT  to  GND  -0.3  V,  VDD  +  0.3  V 

Iout  Short  Circuit  to  GND  50  mA 

Package  Power  Dissipation   (T,  max  -  TA)/8JA 

Thermal  Resistance  9JA 

8-Pin  Plastic  DIP  Package  (P)   103°C/W 

8-Lead  SOIC  Package  (S)   158°C/W 

Maximum  Junction  Temperature  (T,  max)   +150°C 

CAUTION   


"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 


reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted.   


ORDERING  GUIDE 


■ 


Model 

INL  (LSB) 

Temperature  Range 

Package  Description 

Package  Option* 

DAC8512EP 

±1 

-40°Cto  +  85°C 

8-Pin  P-DIP 

N-8 

DAC8512FP 

±2 

-40°C  to  +85°C 

8-Pin  P-DIP 

N-8 

DAC8512FS 

±2 

-40°C  to  +85°C 

8-Lead  SOIC 

SO-8 

DAC8512GBC 

±2 

+25°C 


Dice 

 1 

*For  outline  information  see  Package  Information  section. 


■ 

■ 
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D11  X  010    X  OS 


D7     X    0«    X    05    X    04    X     03    X    D2     X  01 
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LO  / 
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 ■ 

ta 


Jr 
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lo 
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...        '  _.  .  _. 
F,ffUre  7.  Tuning  Diagram 

^ESD  PROTECTION  DIODE 


cs  c— 
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u 


.  f  £       f\.  I 

soi  o  ^  f  p>o-p>o  1 


3> 


SHIFT 
REGISTER 


■ 


Figure  2.  Equivalent  Clock  Input  Logic 


I.  Control-Logic  Truth  Table 


cs* 

CLK2 

CLR 

LD 

H 

X 

H 

H 

No  Effect 

L 

L 

H 

H 

No  Effect 

L 

H 

! 

H 

No  Effect 

L 

T  + 

H 

Shift-Register-Data  Advanced  One  Bit 

T  + 

L 

H 

H 

Shift-Register-Data  Advanced  One  Bit 

H 

X 

H 

i- 

No  Effect 

H 

X 

H 

L 

No  Effect 

H 

X 

L 

X 

No  Effect 

H 

X 

T  + 

H 

No  Effect 

DAC  Register  Function 


Latched 
Latched 
Latched 
Latched 
Latj 
Up 

Transparent 
Loaded  with  All  Zeros 
Latched  All  Zeros 


Contents 


NOTES 

'!_+  positive  logic  transition;  j  -  negative  logic  transition;  X  =  Don't  Care. 
KS  and  CLK_are  interchangeable. 

'Returning  CS  HIGH  avoids  an  additional  "false  clock"  of  serial  data  input. 
"Do  not  clock  in  serial  data  while  LD  is  LOW. 
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TOP  VIEW 
(Not  to  Seals) 

Hvout 
7]  GND 
6]  CLR 

|]lo 

PIN  DESCRIPTIONS 


Pin   Name  Description 


1  VDD     Positive  Supply.  Nominal  value  +5  V,  ±  5%. 

2  CS       Chip  Select.  Active  low  input. 

3  CLK     Clock  input  for  the  internal  serial  input  shift 

register. 

4  SDI      Serial  Data  Input.  Data  on  this  pin  is  clocked  into 

the  internal  serial  register  on  positive  clock  edges 
of  the  CLK  pin.  The  Most  Significant  Bit  (MSB) 
is  loaded  first. 

Active  low  input  which  writes  the  serial  register 
data  into  the  DAC  register.  Asynchronous  input. 
Active  low  digital  input  that  clears  the  DAC 
register  to  zero,  setting  the  DAC  to  minimum 
scale.  Asynchronous  input. 
Analog  ground  for  the  DAC.  This  also  serves  as 
the  digital  logic  ground  reference  voltage. 
Voltage  output  from  the  DAC.  Fixed  output 
voltage  range  of  0  V  to  4.095  V  with  1  mV/LSB.  An 
internal  temperature  stabilized  reference  maintains 
a  fixed  full-scale  voltage  independent  of  time, 
temperature  and  power  supply  variations. 

DICE  CHARACTERISTICS 


LD 


CLR 


GND 


OPERATION 

The  DAC-8512  is  a  complete  ready  to  use  12-bit  digital-to- 
analog  converter.  It  contains  a  voltage-switched,  12-bit,  laser- 
trimmed  DAC,  a  curvature-corrected  bandgap  reference,  a  rail- 
to-rail  output  op  amp,  a  DAC  register,  and  a  serial  data  input 
register.  The  serial  data  interface  consists  of  a  CLK,  serial  data 
in  (SDI),  and  a  load  strobe  (LD).  This  basic  3-wire  interface 
offers  maximum  flexibility  for  interface  to  the  widest  variety  of 
serial  data  input  loading  requirements.  In  addition  a  CS  select  is 
provided  for  multiple  packaging  loading  and  a  power  on  reset 
CLR  pin  to  simplify  start  or  periodic  resets. 

D/A  CONVERTER  SECTION 

The  DAC  is  a  12-bit  voltage  mode  device  with  an  output  that 
swings  from  GND  potential  to  the  2.5  volt  internal  bandgap 
voltage.  It  uses  a  laser  trimmed  R-2R  ladder  which  is  switched 
by  N  channel  MOSFETs.  The  output  voltage  of  the  DAC  has  a 
constant  resistance  independent  of  digital  input  code.  The  DAC 
output  is  internally  connected  to  the  rail-to-rail  output  op  amp. 

AMPLIFIER  SECTION 

The  DAC's  output  is  buffered  by  a  low  power  consumption  pre- 
cision amplifier.  This  amplifier  contains  a  differential  PNP  pair 
input  stage  which  provides  low  offset  voltage  and  low  noise,  as 
well  as  the  ability  to  amplify  the  zero-scale  DAC  output  volt- 
ages. The  rail-to-rail  amplifier  is  configured  in  a  gain  of  1.6384 
(=  4.095  V/2.5  V)  in  order  to  set  the  4.095  volt  full-scale  output 
(1  mV/LSB).  See  Figure  3  for  an  equivalent  circuit  schematic  of 
the  analog  section. 


VOLTAGE  SWITCHED  12-BIT 

R-2R  D/A  CONVERTER  RAIL-TO-RAIL 
  OUTPUT 


CLK 


LD 

SUBSTRATE  IS  COMMON  WITH  VDD. 

NUMBER  OF  TRANSISTORS:  642 

DIE  SIZE:  0.055  Inch  *  0.106  Inch;  5830  sq  mils 


Figure  3.  Equivalent  DAC-8512  Schematic  of  Analog 
Portion 

The  op  amp  has  a  16  p.s  typical  settling  time  to  0.01%.  There 

slight  differences  in  settling  time  for  negative  slewing 
vs.  positive.  See  the  oscilloscope  photos  in  the  typical  perfor- 
mances section  of  this  data  sheet. 


■ 
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to  provide ) 


i  performance  while  operating  near  either 


Figure  4.  Equivalent  Analog  Output  Circuit 


Figure  4  shows  an  equivalent  output  schematic  of  the  rail-to-rail 
amplifier  with  its  N  channel  pull  down  FETs  that  will  pull  an 
output  load  directly  to  GND.  The  output  sourcing  current  is 
provided  by  a  P  channel  pull  up  device  that  can  supply  GND 
terminated  loads,  especially  at  the  low  supply  tolerance  values  of 
4.75  volts.  Figures  5  and  6  provide  information  on  output  swing 
performance  near  ground  and  full-scale  as  a  function  of  load.  In 
addition  to  resistive  load  driving  capability  the  amplifier  has  also 
been  carefully  designed  and  characterized  for  up 
capacitive  load  driving  capability. 

POWER  SUPPLY 

The  very  low  power  consumption  of  the  DAC-8512  is  a  direct 
result  of  a  circuit  design  optimizing  use  of  the  CBCMOS  pro- 
cess. By  using  the  low  power  characteristics  of  the  CMOS  for 
the  logic,  and  the  low  noise,  tight  matching  of  the  complemen- 
tary bipolar  transistors  good  analog  accuracy  is  achieved. 

For  power  consumption  sensitive  applications  it  is  important  to 
note  that  the  internal  power  consumption  of  the  DAC-85 12  is 
strongly  dependent  on  the  actual  logic  input  voltage  levels 
present  on  the  SDI,  CS,  LD,  and  CLR  pins.  Since  these  inputs 
are  standard  CMOS  logic  structures  they  contribute  static  power 
dissipation  dependent  on  the  actual  driving  logic  VOH  and  VOL 
voltage  levels.  The  graph  in  Figure  9  shows  the  effect  on  total 
DAC-8512  supply  current  as  a  function  of  the  actual  value  of 
input  logic  voltage.  Consequently  use  of  CMOS  logic  vs.  TTL 
minimizes  power  dissipation  in  the  static  state.  A  V,L  =  0  V  on 
the  SDI,  CS  and  CLR  pins  provides  the  lowest  standby  power 
dissipation  of  2.5  mW  (500  uA  x  5  V). 


imm  ^uww  suppi;  uc  u.jjoMvu  on  me  same  r\*  cam  tnat  con- 
tains the  chip.  Figure  10  shows  the  power  supply  rejection 
versus  frequency  performance.  This  should  be  taken  into 
account  when  using  higher  frequency  switched  mode  power  sup- 
plies with  ripple  frequencies  of  100  kHz  and  higher. 

One  advantage  of  the  rail-to-rail  output  amplifier  used  in  the 
DAC-85 12  is  the  wide  range  of  usable  supply  voltage.  The  part 
is  fully  specified  and  tested  over  temperature  for  operation  from 
+4.75  V  to  +5.25  V.  If  reduced  linearity  and  source  current 
capability  near  full  scale  can  be  tolerated,  operation  of  the  DAC- 
85 12  is  possible  down  to  +4.3  volts.  The  minimum  operating 
supply  voltage  versus  load  current  plot,  in  Figure  1 1 ,  provides 
information  for  operation  below  VDD  =  +4.75  V. 

TIMING  AND  CONTROL 

The  DAC-85 12  has  a  separate  serial  input  register  from  the 
12-bit  DAC  register  that  allows  preloading  of  a  new  data  value 
into  the  serial  register  without  disturbing  the  present  DAC  out- 
put voltage.  After  the  new  value  is  fully  loaded  in  the  serial 
input  register  it  can  be  asynchronously  transferred  to  the  DAC 
register  by  strobing  the  LD  pin.  The  DAC  register  uses  a  level 
sensitive  LD  strobe  that  should  be  returned  high  before  any 
new  data  is  loaded  into  the  serial  input  register.  At  any  time  the 
contents  of  the  DAC  register  can  be  reset  to  zero  by  strobing 
the  CLR  pin  which  causes  the  DAC  output  voltage  to  go  to  zero 
volts.  All  of  the  timing  requirements  are  detailed  in  Figure  1 
1  the  Table  I  Control-Logic  Truth  Table. 
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DAC851 2— Typical  Performance  Characteristics 


10 


\  DAI 


i  i  1 1 — i — r 

VD0  •  *5V 

mi  i  i 

RL  TIED  TO  AQND 
DATA  =  FFFH 


RL  TIED  TO  »SV 
DATA  -  OOOH 


III    I  111 


100  Ik  10k 
LOAD  RESISTANCE  -Q 


100k 
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Figure  10.  Power  Supply  Rejection 
vs.  Frequency 
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Power  Supplies,  Bypassing,  and  Grounding 

All  precision  converter  products  require  careful  application  of 
good  grounding  practices  to  maintain  full  rated  performance. 
Because  the  DAC-8512  has  been  designed  for  +5  V  applica- 
tions, it  is  ideal  for  those  applications  under  microprocessor  or 
microcomputer  control.  In  these  applications,  digital  noise  is 
prevalent;  therefore,  special  care  must  be  taken  to  assure  that  its 
inherent  precision  is  maintained.  This  means  that  particularly 
good  engineering  judgment  should  be  exercised  when  addressing 
the  power  supply,  grounding,  and  bypassing  issues  using  the 
DAC-8512. 

The  power  supply  used  for  the  DAC-8512  should  be  well  fil- 
tered and  regulated.  The  device  has  been  completely  character- 
ized for  a  +5  V  supply  with  a  tolerance  of  ±5%.  Since  a  +5  V 
logic  supply  is  almost  universally  available,  it  is  not  recom- 
mended to  connect  the  DAC  directly  to  an  unfiltered  logic  sup- 
ply without  careful  filtering.  Because  it  is  convenient,  a  designer 
might  be  inclined  to  tap  a  logic  circuit's  supply  for  the  DAC's 
supply.  Unfortunately,  this  is  not  wise  because  fast  logic  with 
nanosecond  transition  edges  induce  high  current  pulses.  The 
high  transient  current  pulses  can  generate  glitches  hundreds  of 
millivolts  in  amplitude  due  to  wiring  resistances  and  induc- 
tances. This  high  frequency  noise  will  corrupt  the  analog  cir- 
cuits internal  to  the  DAC  and  cause  errors.  Even  though  their 
spike  noise  is  lower  in  amplitude,  directly  tapping  the  output  of 
a  +5  V  system  supply  can  cause  errors  because  these  supplies 
are  of  the  switching  regulator  type  that  can  and  do  generate  a 
great  deal  of  high  frequency  noise.  Therefore,  the  DAC  and  any 
associated  analog  circuitry  should  be  powered  directly  from  the 
system  power  supply  outputs  using  appropriate  filtering.  Figure 
23  illustrates  how  a  clean,  analog-grade  supply  can  be  generated 
from  a  +5  V  logic  supply  using  a  differential  LC  filter  with  sep- 
arate power  supply  and  return  lines.  With  the  values  shown, 
this  filter  can  easily  handle  100  mA  of  load  current  without  satu- 
rating the  ferrite  cores.  Higher  current  capacity  can  be  achieved 
with  larger  ferrite  cores.  For  lowest  noise,  all  electrolytic  capaci- 
tors should  be  low  ESR  (Equivalent  Series  Resistance)  type. 
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Figure  23.  Properly  Filtering  a  +5V  Logic  Supply  Can 
Yield  A  High  Quality  Analog  Supply 

In  order  to  fit  the  DAC-8512  in  an  8-pin  package,  it  was  neces- 
sary to  use  only  one  ground  connection  to  the  device.  The 
ground  connection  of  the  DAC  serves  as  the  return  path  for 
supply  currents  as  well  as  the  reference  point  for  the  digital 
input  thresholds.  The  ground  connection  also  serves  as  the  sup- 
ply rail  for  the  internal  voltage  reference  and  the  output  ampli- 
fier. Therefore,  to  minimize  any  errors,  it  is  recommended  that 
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quality  analog  grouna,  sucn  as  tne  one  aescricea  aoove.  uener- 
ous  bypassing  of  the  DAC's  supply  goes  a  long  way  in  reducing 
supply  line-induced  errors.  Local  supply  bypassing  consisting  of 
a  10  uF  tantalum  electrolytic  in  parallel  with  a  0.1  uF  ceramic 
is  recommended.  The  decoupling  capacitors  should  be  con- 
nected between  the  DAC's  supply  pin  (Pin  1)  and  the  analog 
ground  (Pin  7).  Figure  24  shows  how  the  ground  and  bypass 
connections  should  be  made  to  the  DAC-8512. 


Figure  24.  Recommended  Grounding  and  Bypassing 
Scheme  for  the  DAC-8512 

Unipolar  Output  Operation 

This  is  the  basic  mode  of  operation  for  the  DAC-8512.  As 
shown  in  Figure  24,  the  DAC-8512  has  been  designed  to  drive 
loads  as  low  as  2  kfl  in  parallel  with  500  pF.  The  code  table  for 
this  operation  is  shown  in  Table  II. 


Figure  25.  Unipolar  Output  Operation 
Table  II.  Unipolar  Code  Table 


Hexadecimal  Number 
in  DAC  Register 

Decimal  Number 
in  DAC  Register 

Analog  Output 
Voltage  (V) 

FFF 

801 

800 

7FF 

000 

 1 

4095 
2049 
2048 
2047 
0 



+4.095 

+2.049 

+2.048 

+2.047 

0 
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gic,  T3  v  supply,  a  single  +5  v  supply  may  not  be  available  in 
many  applications.  Since  the  DAC-8S 12  consumes  no  more  than 
2.5  mA,  maximum,  then  an  integrated  voltage  reference,  such  as 
the  REF-02,  can  be  used  as  the  DAC-8512  +5  V  supply.  The 
configuration  of  the  circuit  is  shown  in  Figure  26.  Notice  that 
the  reference's  output  voltage  requires  no  trimming  because  of 
the  REF-02's  excellent  load  regulation  and  tight  initial  output 
voltage  tolerance.  Although  the  maximum  supply  current  of  the 
DAC-8512  is  2.5  mA,  local  bypassing  of  the  REF-02's  output 
with  at  least  0.1  u.F  at  the  DAC's  voltage  supply  pin  is  recom- 
mended to  prevent  the  DAC's  internal  digital 
affecting  the  DAC's  internal  voltage  reference. 

,12V  OR  .15V 

9  o.iid= 


can  now  be  read  at  zero  code.  This  configuration  forces  the  out- 
put p-channel  MOSFET  to  source  current  to  the  negative  sup- 
ply thereby  allowing  the  designer  to  determine  in  wh 
direction  the  offset  error  appears.  The  value  of  the  1 
should  be  such  that,  at  zero  code,  current  through  the  1 
200  uA,  maximum. 

Bipolar  Output  Operation 

Although  the  DAC-8512  has  been  designed  for  single-supply 
operation,  bipolar  operation  is  achievable  using  the  c 
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Figure  26.  Operating  the  DAC-8512  on  +12  V  or  +  15  V 
Supplies  Using  a  REF-02  Voltage  Reference 

Measuring  Offset  Error 

One  of  the  most  commonly  specified  end-point  errors  associated 
with  real  world  nonideal  DACs  is  offset  error. 

In  most  DAC  testing,  the  offset  error  is  measured  by  applying 
the  zero-scale  code  and  measuring  the  output  deviation  from  0 
volt.  There  are  some  DACs  where  offset  errors  may  be  present 
but  not  observable  at  the  zero  scale  because  of  other  circuit  limi- 
tations (for  example,  zero  coinciding  with  single-supply  ground). 
In  these  DACs,  nonzero  output  at  zero  code  cannot  be  read  as 
the  offset  error.  In  the  DAC-8512,  for  example,  the  zero-scale 
error  is  specified  to  be  ±3  LSBs.  Since  zero  scale  coincides  with 
zero  volt,  it  is  not  possible  to  measure  negative  offset  error. 


VOUT 


the  -2.5  V  reference  was  generated  without  the  use  of  precision 
resistors.  The  circuit  has  been  configured  to  provide  an  output 
voltage  in  the  range  -SV<  VOUT  <+5V  and  is  coded  in 
complementary  offset  binary.  Although  each  DAC  LSB  corre- 
sponds to  1  mV,  each  output  LSB  has  been  scaled  to  2.44  mV. 
Table  III  provides  the  relationship  between  the  digital  codes  and 

function  of  the  circuit  is  given  by: 

R4  R4 

V0=  -  I  mV  x  Digital  Code  x-  +  2.Sx- 
and,  for  the  circuit  values  shown,  becomes: 

V0  =  -2.44  mV  x  Digital  Code  +  5  V 


Figure 
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Figure  27.  Measuring  Zero-Scale  or  Offset  Error 
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Table  III. 


Code  Table 


Number 


iDAC 


Analog  Output 
Voltage  (V) 


FFF 

801 

800 

7FF 

000 


To  maintain  monotonicity  and  accuracy,  Rl,  R2,  and  R4  should 
be  selected  to  match  within  0.01%  and  must  all  be  of  the  same 
(preferably  metal  foil)  type  to  assure  temperature  coefficient 
matching.  Mismatching  between  Rl  and  R2  causes  offset  and 
gain  errors  while  an  R4  to  Rl  and  R2  mismatch  yields  gain 
errors. 

For  applications  that  do  not  require  high  accuracy,  the  circuit 
illustrated  in  Figure  29  can  also  be  used  to  generate  a  bipolar 
output  voltage.  In  this  circuit,  only  one  op  amp  is  used  and  no 
potentiometers  are  used  for  offset  and  gain  trim.  The  output 
voltage  is  coded  in  offset  binary  and  is  given  by: 

V0  =  1  tnV  x  Digital  Code  x  ( „,^4„,^  x  ( 1  +  R 


- "  x  Si 


R4     \      /  R2\ 

Tr-*)*{1  +  Ti) 


Ri 


VOUT  RANGE 

Rl 

R2 

R3 

R4 

»2.5V 

10k 

10k 

10k 

15.4k*  274 

.5V 

10k 

20k 

10k 

43.2k  *  409 

Figure  29.  Bipolar  Output  Operation  without  Trim 

For  the  ±2.5  V  output  range  and  the  circuit  values  shown  in 
the  table,  the  transfer  equation  becomes: 


Generating  a  Negative  Supply  Voltage 

Some  applications  may  require  bipolar  output  configuration  but 
only  have  a  single  power  supply  rail  available.  This  is  very  com- 
mon in  data  acquisition  systems  using  microprocessor-based  sys- 
tems. In  these  systems,  +12  V,  +15  V,  and/or  +5  V  are  only 
available.  Shown  in  Figure  30  is  a  method  of  generating  a  nega- 
tive supply  voltage  using  one  CD4049,  a  CMOS  hex  inverter, 
operating  on  +12  V  or  +15  V.  The  circuit  is  essentially  a 
charge  pump  where  two  of  the  six  are  used  as  an  oscillator.  For 
the  values  shown,  the  frequency  of  oscillation  is  approximately 
3.5  kHz  and  is  fairly  insensitive  to  supply  voltage  because  Rl  > 
2  x  R2.  The  remaining  four  inverters  are  wired  in  parallel  for 
higher  output  current.  The  square  wave  output  is  level  trans- 
lated by  C2  to  a  negative-going  signal,  rectified  using  a  pair  of 
lN4001s,  and  then  filtered  by  C3.  With  the  values  shown,  the 
charge  pump  will  provide  an  output  voltage  of  -5  V  for  current 
loadings  in  the  range  0.5  mA  <  Iqut  s  10  mA  with  a  + 15  V 
supply  and  0.5  mA  S  IOUT     7  mA  with  a  + 12  V  supply. 


INVERTERS  -  CD4049 


Figure  30.  Generating  a 
+  15  Vis  Available 


tpply  When  Only  +12Vor 


Al 

Source 

The  circuit  in  Figure  31  shows  the  DAC-8512  controlling  a 
high-compliance  precision  current  source  using  an  AMP-05 
instrumentation  amplifier.  The  AMP-05's  reference  pin  becomes 
the  input,  and  the  "old"  inputs  now  monitor  the  voltage  across  a 
precision  current  sense  resistor,  RcS.  Voltage  gain  is  set  to  unity, 
so  the  transfer  function  is  given  by  the  following  equation: 

,      _  v"< 

'OUT  ~  If— 

If  RcS  equals  100  CI,  the  output  current  is  limited  to  + 10  mA 
with  a  1  V  input.  Therefore,  each  DAC  LSB  corresponds  to 
2.4  iiA.  If  a  bipolar  output  current  is  required,  then  the  circuit 
in  Figure  28  can  be  modified  to  drive  the  AMP-05's  reference 
pin  with  a  ±  1  V  input  signal. 

Potentiometer  PI  trims  the  output  current  to  zero  with  the 
input  at  0  V.  Fine  gain  adjustment  can  be  accomplished  by 
adjusting  Rl  or  R2. 


V0  =  1.22  mV  x  Digital  Code  -  2.5  V 
Similarly,  for  the  ±5  V  output  range,  the  transfer  equation 


V,  =  2.44  mV  x  Digital  Code  -  5  V 
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OP-295's  feedback  loop.  For  the  circuit  values  shown,  the  full- 
scale  output  current  is  1  mA  which  is  given  by  the  following 
equation: 

r         DW  x  4.095  V 

IOUT  =   ±1  


where  DW  =  DAC-8512's  binary  digital  input  code. 

♦5V 

■ 


~  A1  =  1/2  OP-295 


200Q 
FULL-SCALE 
ADJUST 


Figure  31.  A  High-Compliance,  Digitally  Controlled  Preci- 
sion Current  Source 

A  Single-Supply,  Programmable  Current  Source 

The  circuit  in  Figure  32  shows  how  the  DAC-8512  can  be  used 
with  an  OP-295  single-supply,  rail-to-rail  output  op  amp  to  pro- 
vide a  digitally  programmable  current  sink  from  VSOURCE  that 
consumes  less  than  3.8  mA,  maximum.  The  DAC's  output  volt- 
age is  applied  across  Rl  by  placing  the  2N2222  transistor  in  the 
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Figure  32.  A  Single-Supply,  Programmable  Current  Source 

The  usable  output  voltage  range  of  the  current  sink  is  +5  V  to 
+60  V.  The  low  limit  of  the  range  is  controlled  by  transistor 
saturation,  and  the  high  limit  is  controlled  by  the  collector-base 
breakdown  voltage  of  the  2N2222. 

A  Digitally  Programmable  Window  Detector 

A  digitally  programmable,  upper/lower  limit  detector  using  two 
DAC-8512s  is  shown  in  Figure  33.  The  required  upper  and 
lower  limits  for  the  test  are  loaded  into  each  DAC  individually 
by  controlling  HDAC/LDAC.  If  a  signal  at  the  test  input  is  not 
within  the  programmed  limits,  the  output  will  indicate  a  logic 
zero  which  will  turn  the  red  LED  on. 

- 


HDAC/LDAC  O- 


33.  A  Digitally  Programmable  Window  Detector 
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Opto-Isolated  Interfaces  for  Process  Control  Environments 

In  many  process  control  type  applications,  it  is  necessary  to  pro- 
vide an  isolation  barrier  between  the  controller  and  the  unit 
being  controlled.  Opto-isolators  can  provide  isolation  in  excess 
of  3  kV.  The  serial  loading  structure  of  the  DAC-8512  makes  it 
ideal  for  optoisolated  interfaces  as  the  number  of  interface  lines 
is  kept  to  a  minimum 

Illustrated  in  Figure  34  is  an  opto-isolated  interface  using  the 
DAC-8512.  In  this  circuit,  the  CS  line  is  always  LOW  to  enable 
the  DAC,  and  the  10  kfl/1  u.F  combination  connected  to  the 
DAC's  CLR  pin  sets  a  turn-on  time  constant  of  10  ms  to  reset 
the  DAC  upon  application  of  power.  Three  opto-couplers  are 
then  used  for  the  SDI,  SCLK,  and  LD  lines. 

Oftentimes  reducing  the  number  of  interface  lines  to  two  lines  is 
required  in  many  control  environments.  The  circuit  illustrated 
in  Figure  35  shows  how  to  convert  a  two-line  interface  into  the 
three  control  lines  required  to  control  the  DAC-8512  without 
using  one  shots.  This  technique  uses  a  counter  to  keep  track  of 
the  clock  cycles  and,  when  all  the  data  has  been  input  to  the 
DAC,  the  external  logic  generates  the  LD  pulse. 


HIGH  VOLTAGE 
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Figure  34.  An  Opto-Isolated  DAC  Interface 
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Figure  35.  A  Two-Wire,  Opto-Isolated  DAC  Interface 
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Figure  36.  Opto-lsolated  Two-Wire  Serial  Interface  Timing  Diagram 


0Su0  t 

The  timing  diagram  of  Figure  36  can  be  used  to  understand  the 
operation  of  the  circuit.  Only  two  opto-couplers  are  used  in  the 
circuit;  one  for  SCLK  and  one  for  SDL  The  74HC161  counter 
in  incremented  on  every  rising  edge  of  the  clock.  Additionally, 
the  data  is  loaded  into  the  DAC-8512  on  the  falling  edge  of  the 
clock  by  inverting  the  serial  clock  using  gate  "Y."  The  timing 
diagram  shows  that  after  the  twelfth  bit  has  been  clocked  the 
output  of  the  counter  is  binary  1011.  On  the  very  next  rising 
clock  edge,  the  output  of  the  counter  changes  to  binary  1 100 
upon  which  the^utput  of  gate  "X"  goes  LOW  to  generate  the 
LD  pulse.  The  LD  signal  is  connected  to  both  the  DAC's  LD 
and  the  counter's  LOAD  pins  to  prevent  the  thirteenth  rising 
clock  edge  from  advancing  the  DAC's  internal  shift  register. 
This  prevents  false  loading  of  data  into  the  DAC-8512.  Inverting 
the  DAC's  serial  clock  allows  sufficient  time  from  the  CLK  edge 
to  the  LD  edge,  and  from  the  LD  edge  to  the  next  clock  pulse 
all  of  which  satisfies  the  timing  requirements  for  loading  the 

After  loading  one  address  of  the  DAC,  the  entire  process  can 
repeated  to  load  another  address.  If  the  loading  is  complete, 
then  the  clock  must  stop  after  the  thirteenth  pulse  of  the  final 
load.  The  DAC's  clock  input  will  be  pulled  high  and  the 
counter  reset  to  zero.  As  was  shown  in  Figure  35,  both  the 
74HC161's  and  the  DAC-8512's  CLR  pins  are  connected  to  a 
simple  R-C  timing  circuit  that  resets  both  ICs  when  the  power 
in  turned  on.  The  circuit's  time  constant  should  be  set  longer 
than  the  power  supply  turn-on  time  and,  in  this  circuit,  is  set  to 
10  ms,  which  should  be  adequate  for  most  systems.  This  same 
two-wire  interface  can  be  used  for  other  three-wire  serial  input 
DACs. 

Decoding  Multiple  DAC-8512s 

The  CS  function  of  the  DAC-8512  can  be  used  in  applications  to 
decode  a  number  of  DACs.  In  this  application,  all  DACs  receive 
the  same  input  data;  however,  only  one  of  the  DAC's  CS  input 
is  asserted  to  transfer  its  serial  input  register  contents  into  the 
destination  DAC  register.  In  this  circuit,  shown  in  Figure  37, 
the  CS  timing  is  generated  by  a  74HC139  decoder  and  should 
follow  the  DAC-8512's  standard  timing  requirements.  To  pre 
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it,  Rl  and  CI,  connected  to  the  DACs'  CLR 
AC  outputs  to  zero  during  power-up. 
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Figure  37.  Decoding  Multiple  DAC-8512s  Using  the 
CS  Pin 
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figure  38.  A  Digitally  Controlled,  Ultralow  Noise  VCA 


A  Digitally  Controlled,  Ultralow  Noise  VCA 

The  circuit  in  Figure  38  illustrates  how  the  DAC-8S12  can  be 
used  to  control  an  ultralow  noise  VCA,  using  the  AD600/ 
AD602.  The  AD600/AD602  is  a  dual,  low  noise,  wideband, 
variable  gain  amplifier  based  on  the  X-AMP  topology.*  Both 
channels  of  the  AD600  are  wired  in  parallel  to  achieve  a  wide- 
band VCA  which  exhibits  an  RTI  (Referred  To  Input)  noise 
voltage  spectral  density  of  approximately  1  nV/VHz.  The  out- 
put of  the  VCA  requires  an  AD844  configured  in  a  gain  of  4  to 
account  for  signal  loss  due  to  input  and  output  50-fl  termina- 
tions. As  configured,  the  total  gain  in  the  circuit  is  40  dB. 

Since  the  output  of  the  DAC-8S12  is  single  quadrant,  it  was 
necessary  to  offset  the  AD600's  gain  control  voltage  so  that  the 
gain  of  the  circuit  is  0  dB  for  zero  scale  and  40  dB  at  full  scale. 
This  was  achieved  by  setting  C1LO  and  C2LO  to  +  625  mV 
using  Rl  and  R2.  Next,  the  output  of  the  DAC-8512  was  scaled 
so  that  the  gain  of  the  AD600  equalled  20  dB  when  the  digital 
input  code  equaled  800H.  The  frequency  response  of  the  VCA 
as  a  function  of  digital  code  is  shown  in  Figure  39. 

•For  more  details  regarding  the  AD600  or  AD602,  please  consult  the  AD600/ 
AD602  data  sheet. 
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Figure  39.  VCA  Frequency  Response  vs.  Digital  Code 
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A  Serial  DAC,  Audio  Volume  Control 

The  DAC-8512  is  well  suited  to  control  digitally  the  gain  or 
attenuation  of  a  voltage  controlled  amplifier.  In  professional 
audio  mixing  consoles,  music  synthesizers,  and  other  audio  pro- 
cessors, VCAs,  such  as  the  SSM-2018,  adjust  audio  channel  gain 
and  attenuation  from  front  panel  potentiometers.  The  VCA  pro- 
vides a  clean  gain  transition  control  of  the  audio  level  when  the 
slew  rate  of  the  analog  input  control  voltage,  Vc,  is  properly 
chosen.  The  circuit  in  Figure  40  illustrates  a  volume  control 
application  using  the  DAC-8512  to  control  the  attenuation  of  the 
SSM-2018. 


SDI 
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Figure  40.  A  Serial  DAC,  Audio  Volume  Control 

Since  the  supply  voltage  available  in  these  systems  is  typically 
±15  V  or  ±18  V,  a  REF-02  is  used  to  supply  the  +5  V 
required  to  power  the  DAC.  No  trimming  of  the  reference  is 
required  because  of  the  reference's  tight  initial  tolerance  and  low 
supply  current  consumption  of  the  DAC-8512.  The  SSM-2018  is 
configured  as  a  unity-gain  buffer  when  its  control  voltage  equals 
0  volt.  This  corresponds  to  a  000„  code  from  the  DAC-8512. 
Since  the  SSM-2018  exhibits  a  gain  constant  of  -28  mV/dB 
(typical),  the  DAC's  full-scale  output  voltage  has  to  be  scaled 
down  by  R6  and  R7  to  provide  80  dB  of  attenuation  when  the 
digital  code  equals  FFFH.  Therefore,  every  DAC 
sponds  to  0.02  dB  of  attenuation.  Table  IV  illustrates  the  a 
uation  vs.  digital  code  of  the  volume  control  circuit. 


Table  IV.  SSM-2018  VCA  Atten 
DAC-8512  Input  Code 

uation  vs. 

Hexadecimal  Number 
in  DAC  Register 

Voltage  (V) 

VCA 

Attenuation  (dB) 

000 
400 
800 
COO 
FFF 

0 

+0.56 
+  1.12 
+  1.68 
+2.24 

0 

20 

40 

60 

80 

To  compensate  for  the  SSM-2018's  gain  constant  temperature 
coefficient  of  -3300  ppm/°C,  a  1  kfl,  temperature-sensitive 
resistor  (R7)  manufactured  by  the  Precision  Resistor  Company 
with  a  temperature  coefficient  of  +3500  ppm/°C  is  used.  A 
CCON  of  1  |iF  provides  a  control  transition  time  of  1  ms  which 
yields  a  click-free  change  in  the  audio  channel  attenuation.  Sym- 
metry and  offset  trimming  details  of  the  VCA  can  be  found  in 
the  SSM-2018  < 


i  regarding  the  PT146  1  kfl  "Compensator"  can  be 
r  contacting: 

Precision  Resistor  Company,  Incorporated 
10601  75th  Street  North 
Urgo.Fl  34647 
(813)  541-5771 

An  Isolated,  Programmable,  4-20  mA  Process  Controller 

In  many  process  control  system,  applications,  two-wire  current 
transmitters  are  used  to  transmit  analog  signals  through  noisy 
environments.  These  current  transmitters  use  a  "zero-scale"  sig- 
nal current  of  4  mA  that  can  be  used  to  power  the  transmitter's 
signal  conditioning  circuitry.  The  "full-scale"  output  signal  in 
these  transmitters  is  20  mA.  The  converse  approach  to  process 
control  can  also  be  used;  a  low-power,  programmable  current 
source  can  be  used  to  control  remotely  located  sensors  or  devices 
in  the  loop. 

A  circuit  that  performs  this  function  is  illustrated  in  Figure  41. 
Using  the  DAC-8512  as  the  controller,  the  circuit  provides  a 
programmable  output  current  of  4  mA  to  20  mA,  proportional 
to  the  DAC's  digital  code.  Biasing  for  the  controller  is  provided 
by  the  REF-02  and  requires  no  external  trim  for  two  reasons: 

(1)  the  REF-02's  tight  initial  output  voltage  tolerance  and  (2) 
the  low  supply  current  consumption  of  both  the  OP-90  and  the 
DAC-8512.  The  entire  circuit,  including  opto-couplers,  con- 
sumes less  than  3  mA  from  the  total  budget  of  4  mA.  The 
OP-90  regulates  the  output  current  to  satisfy  the  current  sum- 
mation at  the  noninverting  node  of  the  OP-90.  The  KCL  equa- 
tion at  Pin  3  is  given  by: 

li 

Iout  =  _Lx  /lmVxIXgitalCodexR}  + 
R7     \  Rl 
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F/gure  4?.  4n  Isolated,  Programmable,  4-20  mA  Process  Controller 

For  the  values  shown  in  Figure  41,  mc^hch- 

Iout  =  3.9  uA  x  D^ita/  C«fe  +  4  mA 
giving  a  full-scale  output  current  of  20  mA  when  the  DAC 


8512's  digital  code  equals  FFFH.  Offset  trim  at  4  mA  is  pro- 
vided by  P2,  and  PI  provides  the  circuit's  gain  trim  at  20  mA. 
These  two  trims  do  not  interact  because  the  noninverting  input 
of  the  OP-90  is  at  virtual  ground.  The  Schottky  diode,  Dl,  is 
required  in  this  circuit  to  prevent  loop  supply  power-on  tran- 
sients from  pulling  the  noninverting  input  of  the  OP-90  more 
than  300  mV  below  its  inverting  input.  Without  this  diode,  such 
transients  could  cause  phase  reversal  of  the  OP-90  and  possible 
latchup  of  the  controller.  The  loop  supply  voltage  compliance  of 
the  circuit  is  limited  by  the  maximum  applied  input  voltage  to 
the  REF-02  and  is  from  + 12  V  to  +40  V. 

MICROPROCESSOR  INTERFACING 
DAC-8512-MC68HC11  Interface 

The  circuit  illustrated  in  Figure  42  shows  a  serial  interface 
between  the  DAC-8512  and  the  MC68HC11  8-bit  microcontrol- 
ler. SCK  of  the  68HC11  drives  SCLK  of  the  DAC-8512,  while 
the  MOSI  output  drives  the  serial  data  line,  SDI,  of  the  DAC- 
8512.  The  DAC's  CLR,  LD,  and  CS  signals  are  derived  from 
port  lines  PCI,  PD5,  and  PC0,  respectively,  as  shown. 

For  correct  operation  of  the  serial  interface,  the  68HC11  should 
be  configured  such  that  its  CPOL  bit  is  set  to  1  and  its  CPHA 
bit  is  also  set  to  1.  When  the  serial  data  is  to  be  transmitted  to 
the  DAC,  PC0  is  taken  low,  asserting  the  DAC's  CS  input. 
When  the  68HC11  is  configured  in  this  manner,  serial  data  on 


ss 


■ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  42.  DAC-8512-MC68HC1 1  Interface 

MOSI  is  valid  on  the  rising  edge  of  SCLK.  The  68HC11  trans- 
mits its  serial  data  in  8-bit  bytes  (MSB  first),  with  only  eight 
rising  clock  edges  occurring  in  the  transmit  cycle.  To  load  data 
to  the  DAC-85 12's  input  serial  register,  PC0  is  left  low  after  the 
first  eight  bits  are  transferred,  and  a  second  byte  of  data  is  then 
transferred  serially  to  the  DAC-8512.  During  the  second  byte 
load,  the  first  four  most  significant  bits  of  the  first  byte  are 
pushed  out  of  the  DAC's  input  shift  register.  At  the  end  of  the 
second  byte  load,  PC0  is  then  taken  high.  To  prevent  an  acci- 
dental advancing  of  the  internal  shift  register,  SCLK  must 
already  be  asserted  before  PC0  is  taken  high.  To  transfer  the 
contents  of  the  input  shift  register  to  the  DAC  register,  PD5  is 
taken  low,  asserting  the  DAC's  LD  input.  The  DAC's  CLR 
input,  controlled  by  the  68HCll's  PCI  port,  provides  an  asyn- 
chronous clear  function,  setting  the  DAC  output  to  zero. 
Included  in  this  section  is  the  source  code  for  operating  the 
DAC-8512-M68HC11  interface. 
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DAC-8512-M68HC11  Interface  Program  Source  Code 


* 

PORTC 

EQU 

$1003 

Port  C  control  register 

* 

"0,0,0,0;0,0,CLR/,CS/" 

DDRC 

EQU 

$1007 

Port  C  data  direction 

PORTD 

EQU 

$1008 

Port  D  data  register 

"0,0,LD/,SCLK;SDI,0,0,0 

DDRD 

EQU 

$1009 

Port  D  data  direction 

SPCR 

EQU 

$1028 

SPI  control  register 

* 

"SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPRl,SPR0" 

SPSR 

EQU 

$1029 

SPI  status  register 

* 

"SPIF,WCOL,0,MODF;0,0,0,0" 

SPDR 
* 

EQU 

$102A 

SPI  data  register;  Read-Buffer;  Write-Shifter 

■ 

*  SDI  RAM  variables 

SDI1  is  encoded  from  0  (Hex)  to  F  (Hex) 

* 

SDK  is  encoded  from  00  (Hex)  to  FF  (Hex) 

* 

DAC  requires  two  8-bit  loads;  upper  4  bits  of  SDI1 

» 

are  ignored. 

* 

■ 

JUL  L 

FOTT 

$00 

SDI  Dacked  bvte  1  "0  0  0  0-MSB  DB10  DB9  DB8" 

SDK 
* 

EQU 

$01 

SDI  oacked  bvte  2  "DB7  DB6  DBS  DB4DB3  DB2  DB1  DB0" 

KJIWJ 

$C000 

Start  of  user's  RAM  in  EVB 

TWIT 
1XN1 1 

* 

t  ns 

#$CFFF 

Top  of  C  page  RAM 

LDAA 

#$03 

0,0,0,0;0,0,1,1 

* 

CLRZ-Hi,  CS/-Hi 

STAA 

PORTC 

Initialize  Port  C  Outnuts 

xxxxixaxix^  1  vji  t  \_>  vuipuis 

LDAA 

#$03 

o,o,o,o;o,o,i,i 

* 

STAA 

■J  1 

DDRC 

CLR/  and  CS/  are  now  enabled  as  outputs 

LDAA 

#$30 

0  0  1  1-0  0  0  0 

* 

LD/-Hi,SCLK-Hi,SDI-Lo 

STAA 

PORTD 

Initialize  Port  D  Outputs 

LDAA 

#$38 

001  1*1000 

* 

STAA 

DDRD 

LD/.SCLK,  and  SDI  are  now  enabled  as  outputs 

LDAA 

#$5F 

* 

STAA 

SPCR 

SPI  is  Master,CPHA=l,CPOL=l,Clk  rate=E/32 

BSR 

UPDATE 

Xfer  2  8-bit  words  to  DAC-8512 

* 

JMP 

$E000 

Restart  BUFFALO 

UPDATE 

PSHX 

Save  registers  X  Y  and  A 

PSHY 

* 

PSHA 

LDAA 

#$0A 

0,0,0,0;1,0,1,0 

* 

STAA 

SDI1 

SDI1  is  set  to  OA  (Hex) 

LDAA 

#$AA 

1,0,1,051,0,1,0 

* 

STAA 

SDK 

SDK  is  set  to  AA  (Hex) 

LDX 

#SDI1 

Stack  pointer  at  1st  byte  to  send  via  SDI 

* 

LDY 

#$1000 

Stack  pointer  at  on-chip  registers 

BCLR 

PORTC.Y 

$02   Assert  CLR/ 

* 

BSET 

PORTC.Y 

$02    De-assert  CLR/ 

BCLR 

PORTC.Y 

$01    Assert  CS/ 

* 
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W7  A  TT 

I  r\  A  A 

Loop  to  wait  for  SPIF 

nnr 

15rL 

WAIT 

SPIF  is  the  MSB  of  SPSR 

* 

(when  SPIF  is  set,  SPSR  is  negated) 

INX 

Increment  counter  to  next  byte  for  xfer 

CPX 

#SDI2+1 

Are  we  done  yet  ? 

BNE 

TFRLP 

If  not,  xfer  the  second  byte 

•Update  DAC  output 
* 

with  contents  of  DAC  register 

BCLR 

PORTD,Y 

$20   Assert  LD/ 

BSET 

PORTD,Y 

$20   Latch  DAC  register 

* 

BSET 

PORTC.Y 

$01    De-assert  CS/ 

PULA  When  done,  restore  registers  X,  Y  &  A 

PULY 

PULX 

RTS                           **  Return  to  Main  Program  ** 

- 

■ 

■ 
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+5  Volt,  Parallel  Input 
Complete  12-Bit  DAC 


DAC8562 
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FEATURES 
Complete  12-Bit  OAC 
No  External  Components 
Single  +5  Volt  Operation 
1  mV/Bit  with  4.095  V  Full  Scale 
True  Voltage  Output,  ±5  mA  Drive 
Very  Low  Power  -3  mW 

APPLICATIONS 

Digitally  Controlled  Calibration 
Servo  Controls 
Process  Control  Equipment 
PC  Peripherals 


FUNCTIONAL  BLOCK  DIAGRAM 


i 


GENERAL  DESCRIPTION 

The  DAC-8562  is  a  complete,  parallel  input,  12-bit,  voltage  out- 
put DAC  designed  to  operate  from  a  single  +  5  volt  supply. 
Built  using  a  CBCMOS  process,  these  monolithic  DACs  offer 
the  user  low  cost,  and  ease-of-use  in  +5  volt  only  systems. 

Included  on  the  chip,  in  addition  to  the  DAC,  is  a  rail-to-rail 
amplifier,  latch  and  reference.  The  reference  (REFOUT)  is 
trimmed  to  2.5  volts,  and  the  on-chip  amplifier  gains  up  the 
DAC  output  to  4.095  volts  full  scale.  The  user  needs  only  sup- 
ply a  +5  volt  supply. 

The  DAC-8562  is  coded  straight  binary.  The  op  amp  output 
swings  from  0  to  +4.095  volts  for  a  one  millivolt  per  bit  resolu- 
tion, and  is  capable  of  driving  ±5  mA.  Built  using  low  tempera- 


ture-coefl 

kient  silicon-chrome 

linearity  error  over  temperature  has  been  achieved  as  shown 
below  in  the  linearity  error  versus  digital  input  code  plot. 

Digital  interface  is  parallel  and  high  speed  to  interface  to  the 
fastest  processors  without  wait  states.  The  interface  is  very  sim- 
ple  requiring  only  a  single  CE  signal.  An  asynchronous  CLR 
input  sets  the  output  to  zero  scale. 

The  DAC-8562  is  available  in  two  different  20-pin  packages, 
plastic  DIP  and  SOL-20.  Each  part  is  fully  specified  for  opera- 
tion over  -40°C  to  +85°C,  and  the  full  +5  V  ±  5%  power 
supply  range. 

For  MIL-STD-883  applications,  contact  your  local  ADI  sales 
office  for  the  DAC-8562/883  data  sheet  which  specifies  operation 
over  the  -55°C  to  +125°C  temperature  range. 


Figure  I.  Linearity  Error  vs.  Digital  Input  Code  Plot 
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DAC8562— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS 


(@  VD0  =  +5.0  V  ±  5%,  RL  =  No  Load.  -40°C  <I,  <  +85°C,  unless  otherwise  noted.) 


Parameter 


Symbol 


Condition 


Min  Typ 


Max 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 

Differential  Nonlinearity 
Zero-Scale  Error 
Full-Scale  Voltage 


Full-Scale  Tempco 


N 

INL 
DNL 

VzSE 


TCVF 


Note  2 
E  Grade 
F  Grade 

No  Missing  Codes 
Data  =  000H 
Data  =  FFF„3 
E  Grade 
F  Grade 
Notes  3,  4 


12 


-1/2 
-1 

-1 


4.087 
4.079 


±1/4  +1/2 

±3/4  +1 

±3/4  +1 

+  1/2  +3 


4.095 
4.095 
±16 


4.103 
4.111 


ANALOGOUTPUT 
Output  Current 
Load  Regulation  at  Half  Scale 
Capacitive  Load 


•out 

LDREG 

CL 


Data  =  800„ 

RL  =  402  0  to  x,  Data  =  800H 
No  Oscillation4 


±5  ±7 

in*mc}ibp3  Iv 
500 


3 


REFERENCE  OUTPUT 
Output  Voltage 
Output  Source  Current 
Line  Rejection 
Load  Regulation 


LNR 
LDB 


Note  5 

Iref  =  0  to  5  mA 


2.484  2.500 
5  7 


2.516 

0.08 
0.1 


LOGIC  INPUTS 

Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Input  Leakage  Current 
Input  Capacitance 


■ 


2.4 


Note  4 


0.8 

10 
10 


INTERFACE  TIMING  SPECIFICATIONS1-  4 
Chip  Enable  Pulse  Width 
Data  Setup 
Data  Hold 
Clear  Pulse  Width 


lDS 

'dh 

lCLRW 


30 
30 
10 
20 


AC  CHARACTERISTICS4 
Voltage  Output  Settling  Time6 
Digital  Feedthrough 


I        to!  : 


To±lLSB  of  Final  Value 


16 

35 


SUPPLY  CHARACTERISTICS 
Positive  Supply  Current 

Power  Dissipation 

Power  Supply  Sensitivity 


Pdis; 
PSS 


V,„  =  2.4  V,  VIL  =  0.8  V 
V,L  =  0V,VDD=  +5V 
V,„  =  2.4  V,  VIL  =  0.8  V 
V,L  =  0V,  VDD=  +5V 


AV 


dd 


±5% 





3 

0.6 

15 

3 

0.002 


6 
1 

30 
5 

0.004 


tr  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  1 


NOTES 

'AH  input  control  signals  are  specified  with  tr 
21  LSB=1  mV  for  0  to  +4.095  V  output  rang 
'Includes  internal  voltage  reference  error. 
■These  parameters  are  guaranteed  by  design  and  not  subject  to  production  testing. 

'Very  little  sink  current  is  available  at  the  REFOUT  pin.  Use  external  buffer  if  setting  up  a  virtual  ground. 

The  settling  time  specification  does  not  apply  for  negative  going  transitions  within  the  last  6  LSBs  of  ground.  Some  devices  exhibit  double  the  typical  settling 
time  in  this  6  LSB  region. 
Specifications  subject  to  change  without  notice. 
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STATIC  PERFORMANCE 
Relative  Accuracy 
Differential  Nonlinearity 
Zero-Scale  Error 
Full-Scale  Voltage 
Reference  Output  Voltage 


INL 
DNL 

VZSE 

vFS 

VREF 


No  Missing  Codes 
Data  =  000H 
Data  =  FFF„ 


-1 
-1 

4.085 
2.490 


±3/4 
±3/4 
+  1/2 
4.095 
2.500 


+  1 
+  1 
+  3 
4.105 
2.510 


LSB 

LSB 

LSB 

V 

V 


LOGIC  INPUTS 
Logic  Input  Low  Voltage 
Logic  Input  High  Voltage 
Input  Leakage  Current 


V,„ 
Iu. 


2.4 


0.8 


10 


V 
V 
M-A 


SUPPLY  CHARACTERISTICS 
Positive  Supply  Current 

Power  Dissipation 

r  Supply  Sensitivity 


P  DISS 

PSS 


V,„  =  2.4V,  VIL 
VIL  =  0  V,  VDD  = 
VIH  =  2.4V,  VIL 
VIL  =  0  V,  VDD  = 
AVDD  =  ±5% 


=  0.8  V 
+  5  V 
=  0.8  V 
+5  V 


3 

0.6 
15 
3 


0.002  0. 


004 


mA 
mA 
mW 
mW 

%/% 


NOTE 

'Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  lo  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  DGND  and  AGND  -0.3 

Logic  Inputs  to  DGND  -0.3  V,  V 

Voux  to  AGND  -0.3  V,  V, 

Vrefout  »  AGND   -0.3  V,  V, 

AGND  to  DGND  -0.3  V,  VDD 

Ioux  Short  Circuit  to  GND  50  mA 

Package  Power  Dissipation   (Tj  max-TA)/8,A 

Thermal  Resistance  9, 


■«-»DS- 


0.3  V 


20-Pin  Plastic  DIP  Package  (P)   74°C/W 

20-Lead  SOIC  Package  (S)   89°C/W 

Maximum  Junction  Temperature  (Tj  max)  150°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range    .   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 


CAUTION 


i 


DATA  VALID 


IK  [_ 


LSB 
ERROR  BAND 


7L_ 


Figure  2.  Timing  Diagram 
Table  I.  Control  Logic  Truth  Table 


CE 

CLR 

DAC  Register  Function 

H 

H 

Latched 

L 

H 

Transparent 

T  + 

H 

Latched  with  New  Data 

X 

L 

Loaded  with  All  Zeros 

H 

t  + 

Latched  All  Zeros 

t  +  Positive  Logic  Transition;  X  Don't  Care. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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PIN  CONFIGURATIONS 
20-Pin  P-DIP  SOL-20 


(N-20) 


(R-20) 


DAC-8S62 

TOP  VIEW 
(Not  to  Scale) 


=1 
=1 


=1 

Zl 


NC  =  NO  CONNECT 

ORDERING  GUIDE 


INL 

Temperature 

Package 

Model 

(LSB) 

Range 

Option* 

DAC8562EP 

±1/2 

-40°C  to  +85°C 

N-20 

DAC8562FP 

±1 

-40°C  to  +85°C 

N-20 

DAC8562FS 

±1 

-40°C  to  +85°C 

R-20 

DAC8562GBC 

±1 

+25°C 

Dice 

•For  outline  information  see  Package 
DICE 


AGND       DGND  DB11 


DBS 


SUBSTRATE  IS  COMMON  WITH  V„D. 

>  INCH;  7350  SQ  MILS 


Table  II.  Nominal  Output  Voltage  vs.  Input  Code 


Binary 


0000 

0000 

0000 

0000 

0000 

0001 

0000 

0000 

0010 

0000 

0000 

1111 

0000 

0001 

0000 

0000 

1111 

1111 

0001 

0000 

0000 

0001 

1111 

mi 

0010 

0000 

0000 

0011 

1111 

mi 

0100 

0000 

0000 

0111 

1111 

mi 

1000 

0000 

0000 

1100 

0000 

0000 

1111 

1111 

mi 

Hex 


000 

001 

002 

OOF 

010 

OFF 

100 

IFF 

200 

3FF 

400 

7FF 

800 

COO 

FFF 


Decimal 


0 

1 

2 

15 

16 

255 

256 

511 

512 

1023 

1024 

2047 

2048 

3072 

4095 


Output  (V) 


0.000 
0.001 
0.002 
0.015 
0.016 
0.255 
0.256 
0.511 
0.512 
1.023 
1.024 
2.047 
2.048 
3.072 
4.095 


Zero  Scale 


Half  Scale 


Full  Scale 





Pin 


13 


14 


11 


Name 


REFOUT 


NC 


PIN  DESCRIPTIONS 




Description 








20      VDD  Positive  supply.  Nominal  value  +5  volts, 

5%. 

1-9    DB0-DB11  Twelve  Binary  Data  Bit  inputs.  DB11  is  the 
17-19  MSB  and  DB0  is  the  LSB. 

16      CE  Chip  Enable.  Active  low  input. 

15      CLR  Active  low  digital  input  that  clears  the  DAC 

register  to  zero,  setting  the  DAC  to  minimum 
scale. 

8        DGND       Digital  ground  for  input  logic. 
12      AGND       Analog  Ground.  Ground  reference  for  the 

internal  bandgap  reference  voltage,  the  DAC, 
and  the  output  buffer. 

Voltage  output  from  the  DAC.  Fixed  output 
voltage  range  of  0  V  to  4.095  V  with 
1  mV/LSB.  An  internal  temperature  stabilized 
reference  maintains  a  fixed  full-scale  voltage 
independent  of  time,  temperature  and  power 
supply  variations. 

Nominal  2.5  V  reference  output  voltage.  This 
node  must  be  buffered  if  required  to  drive 
external  loads. 

No  Connection.  Leave  pin  floating. 
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^j-L.aLiun.  it  cunuuii^  a  vouage-swucneu,  iz-ou,  iaser-irunmea 
digital-to-analog  converter,  a  curvature-corrected  bandgap  refer- 
ence, a  rail-to-rail  output  op  amp,  and  a  DAC  register.  The  par- 
allel data  interface  consists  of  12  data  bits,  DBO-DB  1 1 ,  and  a 
active  low  CE  strobe.  In  addition,  an  asynchronous  CLR  pin 
will  set  all  DAC  register  bits  to  zero  causing  the  VOUT  to 
become  zero  volts.  This  function  is  useful  for  power  on  reset  or 
system  failure  recovery  to  a  known  state. 


D/A  CONVERTER  SECTION 

The  internal  DAC  is  a  12-bit  voltage-mode  device  with  an  out- 
put that  swings  from  AGND  potential  to  the  2.5  volt  internal 
bandgap  voltage.  It  uses  a  laser  trimmed  R-2R  ladder  which  is 
switched  by  N  channel  MOSFETs.  The  output  voltage  of  the 
DAC  has  a  constant  resistance  independent  of  digital  input 
code.  The  DAC  output  (not  available  to  the  user)  is  internally 
connected  to  the  rail-to-rail  output  op  amp. 


supply  tolerance  value  ot  4./ 5  volts. 


Figure  4.  Equivalent  Analog  Output  Circuit 


AMPLIFIER  SECTION 

The  internal  DAC's  output  is  buffered  by  a  low  power  con- 
sumption precision  amplifier.  This  low  power  amplifier  contains 
a  differential  PNP  pair  input  stage  which  provides  low  offset 
voltage  and  low  noise,  as  well  as  the  ability  to  amplify  the  zero- 
scale  DAC  output  voltages.  The  rail-to-rail  amplifier  is  config- 
ured in  a  gain  of  1.6384  (=  4.095  V/2.5  V)  in  order  to  set  the 
4.095  volt  full-scale  output  (1  mV/LSB).  See  Figure  3  for  an 
equivalent  circuit  schematic  of  the  analog  section. 



BANDGAP  9 
REFERENCE 


VOLTAGE  SWITCHED  12-BIT 
R-2R  D/A  CONVERTER 


RAIL-TO-RAIL 
OUTPUT 
AMPLIFIER 


Figure  3.  Equivalent  DAC-8562  Schematic  of 
Analog  Portion 

The  op  amp  has  a  16  u.s  typical  settling  time  to  0.01%.  There 
are  slight  differences  in  settling  time  for  negative  slewing  signals 
versus  positive.  See  the  oscilloscope  photos  in  the  Typical  Per- 
formances section  of  this  data  sheet. 

OUTPUT  SECTION 

The  rail-to-rail  output  stage  of  this  amplifier  has  been  designed 
to  provide  precision  performance  while  operating  near  either 
power  supply.  Figure  4  shows  an  equivalent  output  schematic  of 
the  rail-to-rail  amplifier  with  its  N  channel  pull  down  FETs  that 


Figures  5  and  6  in  the  typical  performance  characteristics  sec- 
tion provide  information  on  output  swing  performance  near 
ground  and  full  scale  as  a  function  of  load.  In  addition  to  resis- 
tive load  driving  capability,  the  amplifier  has  also  been  carefully 
designed  and  characterized  for  up  to  500  pF  capacitive  load 
driving  capability. 

REFERENCE  SECTION 

The  internal  2.5  V  curvature-corrected  bandgap  voltage  refer- 
ence is  laser  trimmed  for  both  initial  accuracy  and  low  tempera- 
ture coefficient.  The  voltage  generated  by  the  reference  is 
available  at  the  REFOUT  pin.  Since  REFOUT  is  not  intended 
to  drive  external  loads,  it  must  be  buffered— refer  to  the  appli- 
cations section  for  more  information.  The  equivalent  emitter 
follower  output  circuit  of  the  REFOUT  pin  is  shown  in 
Figure  3. 

Bypassing  the  REFOUT  pin  is  not  required  for  proper  opera- 
tion. Figure  7  shows  broadband  noise  performance. 

i 

POWER  SUPPLY 

The  very  low  power  consumption  of  the  DAC-8562  is  a  direct 
result  of  a  circuit  design  optimizing  use  of  the  CBCMOS  pro- 
cess. By  using  the  low  power  characteristics  of  the  CMOS  for 
the  logic,  and  the  low  noise,  tight  matching  of  the  complemen- 
tary bipolar  transistors,  good  analog  accuracy  is  achieved. 

For  power-consumption  sensitive  applications  it  is  important  to 
note  that  the  internal  power  consumption  of  the  DAC-8562  is 
strongly  dependent  on  the  actual  logic-input  voltage-levels 
present  on  the  DB0-DB11,  CE  and  CLR  pins.  Since  these 
inputs  are  standard  CMOS  logic  structures,  they  contribute 
static  power  dissipation  dependent  on  the  actual  driving  logic 
VOH  and  VOL  voltage  levels.  The  graph  in  Figure  9  shows  the 
effect  on  total  DAC-8562  supply  current  as  a  function  of  the 
actual  value  of  input  logic  voltage.  Consequently  for  optimum 
dissipation  use  of  CMOS  logic  versus  TTL  provides  minimal 
dissipation  in  the  static  state.  A  VINL  =  0  V  on  the  DB0-DB11 
pins  provides  the  lowest  standby  dissipation  of  600  u.A  with  a 
+5  V  power  supply. 
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As  with  any  analog  system,  it  is  recommended  that  the  DAC- 
8562  power  supply  be  bypassed  on  the  same  PC  card  that  con- 
tains the  chip.  Figure  10  shows  the  power  supply  rejection 
versus  frequency  performance.  This  should  be  taken  into 
account  when  using  higher  frequency  switched-mode  power  sup- 
plies with  ripple  frequencies  of  100  kHz  and  higher. 

One  advantage  of  the  rail-to-rail  output  amplifier  used  in  the 
DAC-8562  is  the  wide  range  of  usable  supply  voltage.  The  part 
is  fully  specified  and  tested  over  temperature  for  operation  from 
+4.75  V  to  +5.25  V.  If  reduced  linearity  and  source  current 
capability  near  full  scale  can  be  tolerated,  operation  of  the  DAC- 
8562  is  possible  down  to  +4.3  volts.  The  minimum  operating 
supply  voltage  versus  load  current  plot,  in  Figure  11,  provides 
information  for  operation  below  VDD  =  +4.75  V. 


Typical  Performance  Characteristics 


TIMING  AND  CONTROL 

The  DAC-8562  has  a  12-bit  DAC  register  that  simplifies  inter- 
face to  a  12-bit  (or  wider)  data  bus.  The  latch  is  controlled  by 
the  Chip  Enable  (CE)  input.  If  the  application  does  not  involve 
a  data  bus,  wiring  CE  low  allows  direct  operation  of  the  DAC. 

The  data  latch  is  level  triggered  and  acquires  data  from  the  data 
bus  during  the  time  period  when  CE  is  low.  When  CE  goes 
high,  the  data  is  latched  into  the  register  and  held  until  CE 
returns  low.  The  minimumtime  required  for  the  data  to  be 
present  on  the  bus  before  CE  returns  high  is  called  the  data 
setup  time  (tDS)  as  seen  in  Figure  2.  The  data  hold  time  (tDH)  is 
the  amount  of  time  that  the  data  has  to  remain  on  the  bus  after 
CE  goes  high.  The  high  speed  timing  offered  by  the  DAC-8562 
provides  for  direct  interface  with  no  wait  states  in  all  but  the 
fastest  microprocessors. 

 :   
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RL  TIED  TO  AGND 
DATA  =  FFFH 
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Figure  5.  Output  Swing  vs.  Load 
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Figure  6.  Pull-Down  Voltage  vs. 
Output  Sink  Current  Capability 
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Figure  7.  lOUT  vs.  Vour 
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Figure  8.  Broadband  Noise 
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Figure  9.  Supply  Current  vs.  Logic 
Input  Voltage 
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Figure  10.  Power  Supply  Rejection 
vs.  Frequency 
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Figure  11.  Minimum  Supply 
Voltage  vs.  Load 
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Figure  12.  Midscale  Transition 
Performance 
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Figure  13.  Large  Signal  Settling 
Time 
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Figure  14.  Output  Voltage  Rise 
Time  Detail 
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Figure  15.  Output  Voltage  Fall 
Time  Detail 
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Figure  16.  Linearity  Error  vs. 
Digital  Code 
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Figure  17.  Total  Unadjusted  Error 
Histogram 
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Figure  18.  Full-Scale  Voltage 
vs.  Temperature 
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Figure  19.  Zero-Scale  Voltage  vs. 
Temperature 
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Figure  20.  Output  Voltage  Noise 
Density  vs.  Frequency 
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Figure  21.  Long-Term  Drift  Acceler- 
ated by  Burn-In 
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Figure  22.  Supply  Current  vs. 
Temperature 
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Figure  23.  Reference  Startup  vs. 
Time 
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Figure  24.  Digital  Feedthrough  vs. 

Time 
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Figure  25.  Reference  Error  vs. 
Temperature 
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Figure  26.  Reference  Load  Regula- 
tion vs.  Temperature 
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Figure  27.  Reference  Line  Regula- 
tion vs.  Temperature 
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APPLICATIONS  SECTION 

Power  Supplies,  Bypassing,  and  Grounding 

All  precision  converter  products  require  careful  application  of 
good  grounding  practices  to  maintain  full-rated  performance. 
Because  the  DAC-8562  has  been  designed  for  +5  V  applica- 
tions, it  is  ideal  for  those  applications  under  microprocessor  or 
microcomputer  control.  In  these  applications,  digital  noise  is 
prevalent;  therefore,  special  care  must  be  taken  to  assure  that  its 
inherent  precision  is  maintained.  This  means  that  particularly 
good  engineering  judgment  should  be  exercised  when  addressing 
the  power  supply,  grounding,  and  bypassing  issues  using  the 
DAC-8562. 

The  power  supply  used  for  the  DAC-8562  should  be  well  fil- 
tered and  regulated.  The  device  has  been  completely  character- 
ized for  a  +5  V  supply  with  a  tolerance  of  ±5  %.  Since  a  +5  V 
logic  supply  is  almost  universally  available,  it  is  not  recom- 
mended to  connect  the  DAC  directly  to  an  unfiltered  logic  sup- 
ply without  careful  filtering.  Because  it  is  convenient,  a  designer 
might  be  inclined  to  tap  a  logic  circuit's  supply  for  the  DAC's 
supply.  Unfortunately,  this  is  not  wise  because  fast  logic  with 
nanosecond  transition  edges  induces  high  current  pulses.  The 
high  transient  current  pulses  can  generate  glitches  hundreds  of 
millivolts  in  amplitude  due  to  wiring  resistances  and  induc- 
tances. This  high  frequency  noise  will  corrupt  the  analog  cir- 
cuits internal  to  the  DAC  and  cause  errors.  Even  though  their 
spike  noise  is  lower  in  amplitude,  directly  tapping  the  output  of 
a  +5  V  system  supplies  can  cause  errors  because  these  supplies 
are  of  the  switching  regulator  type  that  can  and  do  generate  a 
great  deal  of  high  frequency  noise.  Therefore,  the  DAC  and  any 
associated  analog  circuitry  should  be  powered  directly  from  the 
system  power  supply  outputs  using  appropriate  filtering.  Figure 
28  illustrates  how  a  clean,  analog-grade  supply  can  be  generated 
from  a  +5  V  logic  supply  using  a  differential  LC  filter  with  sep- 
arate power  supply  and  return  lines.  With  the  values  shown, 
this  filter  can  easily  handle  100  mA  of  load  current  without  satu- 
rating the  ferrite  cores.  Higher  current  capacity  can  be  achieved 
with  larger  ferrite  cores.  For  lowest  noise,  all  electrolytic  capaci- 
tors should  be  low  ESR  (Equivalent  Series  Resistance)  type. 
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Figure  28.  Properly  Filtering  a  +5  V  Logic  Supply 
Can  Yield  a  High  Quality  Analog  Supply 

■ 


The  DAC-8562  includes  two  ground  connections  in  order  to 
minimize  system  accuracy  degradation  arising  from  grounding 
errors.  The  two  ground  pins  are  designated  DGND  (Pin  10)  and 
AGND  (Pin  12).  The  DGND  pin  is  the  return  for  the  digital 
circuit  sections  of  the  DAC  and  serves  as  their  input  threshold 
reference  point.  Thus  DGND  should  be  connected  to  the  same 
ground  as  the  circuitry  that  drives  the  digital  inputs. 

Pin  12,  AGND,  serves  as  the  supply  rail  for  the  internal  voltage 
reference  and  the  output  amplifier.  This  pin  should  also  serve  as 
the  reference  point  for  all  analog  circuitry  associated  with  the 
DAC-8562.  Therefore,  to  minimize  any  errors,  it  is  recom- 
mended that  the  AGND  connection  of  the  DAC-8562  be  con- 
nected to  a  high  quality  analog  ground.  If  the  system  contains 
any  analog  signal  path  carrying  a  significant  amount  of  current, 
then  that  path  should  have  its  own  return  connection  to  Pin  12. 

-' 1  digital 
them  common  to 
and  an  acci- 
tie  point  were  to  occur 
je  differential  voltage 
develop.  To  protect  devices 
that  interface  to  both  digital  and  analog  parts  of  the  system, 
such  as  the  DAC-8562.  it  is  recommended  that  the  common 
ground  tie  points  be  provided  at  each  such  device.  If  only  one 
system  ground  can  be  connected  directly  to  the  DAC-8562,  it 
recommended  that  the  analog  common  be  used.  If  the  system's 
AGND  has  suitably  low  impedance,  then  the  digital  signal  cur- 
rents flowing  in  it  should  not  seriously  affect  the  gi 
The  amount  of  digital  noise  introduced  by  connecting  the  i 
grounds  together  at  the  device  will  i 
performance  due  to  loss  of  digits 

Generous  bypassing  of  the  DAC's  supply  goes  a  long  way  in 
reducing  supply  line-induced  errors.  Local  supply  bypassing 
consisting  of  a  10  u.F  tantalum  electrolytic  in  parallel  with  a 
0.1  u.F  ceramic  is  recommended.  The  decoupling  capacitors 
should  be  connected  between  the  DAC's  supply  pin  (Pin  20) 
and  the  analog  ground  (Pin  12).  Figure  29  shows  how  the 
DGND,  AGND,  and  bypass  connections  should  be  made  to  the 
DAC-8562. 


It  is  often  advisable 
grounds  throughout  a 
one  place  only.  If  the  common  tie 
dental  disconnection  of  that  one 
due  to  card  removal  with  power  on,  a 


not  adversely  affect  system 
:  immunity. 
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Figure  29.  Recommended  Grounding  and  Bypassing 
Scheme  for  the  DAC-8562 
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Unipolar  Output  Operation 

This  is  the  basic  mode  of  operation  for  the  DAC-8562.  As 
shown  in  Figure  30,  the  DAC-8562  has  been  designed  to  drive 
loads  as  low  as  820  fl  in  parallel  with  500  pF.  The  code  table 
for  this  operation  is  shown  in  Table  III. 

+5V 


Figure  30.  Unipolar  Output  Operation 


Table  III.  Unipolar  Code  Table 


Hexadecimal  Number 
in  DAC  Register 

Decimal  Number 
in  DAC  Register 

Analog  Output 
Voltage  (V) 

FFF 

801 

800 

7FF 

000 



4095 
2049 

$ 

0 

'  

+4.095 
+2.049 
+2.048 
+2.047 

o 

'  

Operating  the  DAC-8562  on  +12  V  or  +15  V  Supplies  Only 

Although  the  DAC-8562  has  been  specified  to  operate  on  a  sin- 
gle, +  5  V  supply,  a  single  +  5  V  supply  may  not  be  available  in 
many  applications.  Since  the  DAC-8562  consumes  no  more  than 
6  mA,  maximum,  then  an  integrated  voltage  reference,  such  as 
the  REF-02,  can  be  used  as  the  DAC-8562  +5  V  supply.  The 
configuration  of  the  circuit  is  shown  in  Figure  31.  Notice  that 
the  reference's  output  voltage  requires  no  trimming  because  of 
the  REF-02's  excellent  load  regulation  and  tight  initial  output 
voltage  tolerance.  Although  the  maximum  supply  current  of  the 
DAC-8562  is  6  mA,  local  bypassing  of  the  REF-02's  output  with 


at  least  0.1  |xF  at  the  DAC's  voltage  supply  pin  is 
to  prevent  the  DAC's  internal  digital  circuits  from 
DAC's  internal  voltage  reference. 


<12VOR*15V 

2     ©  1  0.1.F 

itsbi  21  ti  ,8HOU 


n  ntugns  fco»g 
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IT  .bsislujpi  bras  bora 
■ 

Figure  31.  Operating  the  DAC-8562  on  +  12  V  or  +  15  V 
Supplies  Using  a  REF-02  Voltage  Reference 

Measuring  Offset  Error 

One  of  the  most  commonly  specified  endpoint  errors  associated 
with  real-world  nonideal  DACs  is  offset  error. 

In  most  DAC  testing,  the  offset  error  is  measured  by  applying 
the  zero-scale  code  and  measuring  the  output  deviation  from  0 
volt.  There  are  some  DACs  where  offset  errors  may  be  present 
but  not  observable  at  the  zero  scale  because  of  other  circuit  limi- 
tations (for  example,  zero  coinciding  with  single  supply  ground). 
In  these  DACs,  nonzero  output  at  zero  code  cannot  be  read  as 
the  offset  error.  In  the  DAC-8562,  for  example,  the  zero-scale 
error  is  specified  to  be  +3  LSBs.  Since  zero  scale  coincides  with 
zero  volt,  it  is  not  possible  to  measure  negative  offset  error. 

By  adding  a  pull-down  resistor  from  the  output  of  the  DAC- 
8562  to  a  negative  supply  as  shown  in  Figure  32,  offset  errors 
can  now  be  read  at  zero  code.  This  configuration  forces  the  out- 
put P-channel  MOSFET  to  source  current  to  the  negative  sup- 
ply thereby  allowing  the  designer  to  determine  in  which 
direction  the  offset  error  appears.  The  value  of  the  resistor 
should  be  such  that,  at  zero  code,  current  through  the  resistor  is 


v" 

0  rtp\M  a  bWY  n&O 
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Figure  32.  Measuring  Zero-Scale  or  Offset  Error 
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A1,A2  =  1/2  OP-295 

Figure  33.  Bipolar  Output  Operation 


Bipolar  Output  Operation 

Although  the  DAC-8562  has  been  designed  for  single  supply 
operation,  bipolar  operation  is  achievable  using  the  circuit  illus- 
trated in  Figure  33.  The  circuit  uses  a  single  supply,  rail-to-rail 
OP-295  op  amp  and  the  DAC's  internal  +2.5  V  reference  to 
generate  the  -2.5  V  reference  required  to  level-shift  the  DAC 
output  voltage.  The  circuit  has  been  configured  to  provide  an 
output  voltage  in  the  range  -5  V  s  VOUT  <  +3  V  and  is  coded 
in  complementary  offset  binary.  Although  each  DAC  LSB  corre- 
sponds to  1  mV,  each  output  LSB  has  been  scaled  to  2.44  mV. 
Table  IV  provides  the  relationship  between  the  digital  codes  and 
output  voltage. 

The  transfer  function  of  the  circuit  is  given  by: 

V0  =  -  1  mV  x  Digital  Code  x  (^j  +  2.5  x  (^j 

and,  for  the  circuit  values  shown,  becomes: 

V0  =  -2.44  mV  x  Digital  Code  +  5  V 

^UrwqyJ  ei  .  msKv-'  M»r*i  in  afiJisRvS  affilov  flqqiij  adi  sonic 

; 


Table  IV. 


Hexadecimal  Number 
in  DAC  Register 

Decimal  Number 
in  DAC  Register 

Analog  Output 
Voltage  (V) 



FFF 

801 

800 

7FF 

000 

 1  ■ 

4095 
2049 
2048 
2047 
0 



-4.9976 

-2.44E-3 

0 

+2.44E-3 
+  5 

To  maintain  monotonicity  and  accuracy,  Rl,  R2,  R4,  R5,  and 
R6  should  be  selected  to  match  within  0.01%  and  must  all  be  of 
the  same  (preferably  metal  foil)  type  to  assure  temperature  coef- 
ficient matching.  Mismatching  between  Rl  and  R2  causes  offset 
and  gain  errors  while  an  R4  to  Rl  and  R2  mismatch  yields  gain 
errors  -  * ,  . 

For  applications  that  do  not  require  high  accuracy,  the  circuit 
illustrated  in  Figure  34  can  also  be  used  to  generate  a  bipolar 
output  voltage.  In  this  circuit,  only  one  op  amp  is  used  and  no 
i  are  used  for  offset  and  gain  trim.  The  output 


voltage  is  coded  in  offset  binary  and  is  given  by: 

/     R4     \       /  R2\ 
V0  =  1  mV  x  Digital  Code  x  /       +       \  x  h  +  —  j 


-REFOUT  x 


For  the  ±2.5  V  output  range  and  the  circuit  values  shown  in 
the  table,  the  transfer  equation  becomes: 

V0  =  1.22  mV  x  Digital  Code  -  2.5  V 

Similarly,  for  the  ±5  V  output  range,  the  transfer  equation 
becomes: 

V0  =  2.44  mV  x  Digital  Code  -  5  V 

Note  that,  for  ±5  V  output  voltage  operation,  R5  is  required 
as  a  pull-down  for  REFOUT.  Or,  REFOUT  can  be  buffered  by 
an  op  amp  configured  as  a  follower  that  can  source  and  sink 

•• 

a 

^  DATA  REFOUT  fo-J  WV- 


A1  = 

1/2  OP-295 

VOUT 
RANGE 

R1 

R2 

R3 

R4 

10k 

10k 

10k 

15.4k  +  274 

>5V 

10k 

20k 

10k 

43.2k  •  499 
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Figure  34.  Bipolar  Output  Operation  Without 
Trim  Version  1 


Alternatively,  the  output  voltage  can  be  coded  in  complementary 
offset  binary  using  the  circuit  in  Figure  35 .  This  configuration 
eliminates  the  need  for  a  pull-down  resistor  or  an  op  amp  for 
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REFOUT.  The  transfer  equation  of  the  circuit  is  given  by: 


V0  =  - 1  mV  X  Digital  Code  x  (^^J 

x  {-RrrRi)  X{1  +  ^) 

and,  for  the  values  shown,  becomes: 
V0  =  -IMmV  x 


+  REFOUT 


+  5V 


DAC-8562 

REFOUT 


R2 

— vw- 


R1=R3,10kS! 


v0 

RANGE 

R2 

R4 

±5V 

23.7k  +  715 

13.7k  +  169S2 

Figure  35.  Bipolar  Output  Operation  Without  Trim 
Version  2 

Generating  a  Negative  Supply  Voltage 

Some  applications  may  require  bipolar  output  configuration,  but 
only  have  a  single  power  supply  rail  available.  This  is  very  com- 
mon in  data  acquisition  systems  using  microprocessor-based  sys- 
tems. In  these  systems,  only  +12  V,  +15  V,  and/or  +5  V  are 
available.  Shown  in  Figure  36  is  a  method  of  generating  a  nega- 
tive supply  voltage  using  one  CD4049,  a  CMOS  hex  inverter, 
operating  on+12Vor+15V.  The  circuit  is  essentially  a 
charge  pump  where  two  of  the  six  are  used  as  an  oscillator.  For 
the  values  shown,  the  frequency  of  oscillation  is  approximately 
3.5  kHz  and  is  fairly  insensitive  to  supply  voltage  because 
Rl  >  2  x  R2.  The  remaining  four  inverters  are  wired  in  paral- 
lel for  higher  output  current.  The  square-wave  output  is  level 
translated  by  C2  to  a  negative-going  signal,  rectified  using  a  pair 
of  lN4001s,  and  then  filtered  by  C3.  With  the  values  shown, 
the  charge  pump  will  provide  an  output  voltage  of  -5  V  for  cur- 
rent loading  in  the  range  0.5  mA  s  IOUT  S  10  mA  with  a  + 15  V 
supply  and  0.5  mA  s  IOUT  <  7  mA  with  a  + 12  V  supply. 


INVERTERS  =  CD4049 


Figure  36.  Generating  a  -5V  Supply  When  Only  +  12  V  or 
+  15  V  Are  Available 

Audio  Volume  Control 

The  DAC-8562  is  well  suited  to  control  digitally  the  gain  or 
attenuation  of  a  voltage  controlled  amplifiers.  In  professional 
audio  mixing  consoles,  music  synthesizers,  and  other  audio  pro- 
cessors, VCAs,  such  as  the  SSM-2018,  adjust  audio  channel  gain 


and  attenuation  from  front  panel  potentiometers.  The  VCA  pro- 
vides a  clean  gain  transition  control  of  the  audio  level  when  the 
slew  rate  of  the  analog  input  control  voltage,  Vc,  is  properly 
chosen.  The  circuit  in  Figure  37  illustrates  a  volume  control 
application  using  the  DAC-8562  to  control  the  attenuation  of  the 
SSM-2018. 


•  -  PRECISION  RESISTOR  PT146 
IkQ  COMPENSATOR 


Figure  37.  Audio  Volume  Control 

Since  the  supply  voltage  available  in  these  systems  is  typically 
±  15  V  or  ±  18  V,  a  REF-02  is  used  to  supply  the  +5  V 
required  to  power  the  DAC.  No  trimming  of  the  reference  is 
required  because  of  the  reference's  tight  initial  tolerance  and  low 
supply  current  consumption  of  the  DAC-8562.  The  SSM-2018  is 
configured  as  a  unity-gain  buffer  when  its  control  voltage  equals 
0  volt.  This  corresponds  to  a  000H  code  from  the  DAC-8562. 
Since  the  SSM-2018  exhibits  a  gain  constant  of  -28  mV/dB 
(typical),  the  DAC's  full-scale  output  voltage  has  to  be  scaled 
down  by  R6  and  R7  to  provide  80  dB  of  attenuation  when  the 
digital  code  equals  FFFH.  Therefore,  every  DAC  LSB  corre- 
sponds to  0.02  dB  of  attenuation.  Table  V  illustrates  the  attenu- 
ation versus  digital  code  of  the  volume  control  circuit. 

Table  V.  SSM-2018  VCA  Attenuation  vs. 
DAC-8562  Input  Code 


Hexadecimal  Number 
in  DAC  Register 

Control  Voltage 

(V) 

VCA  Attenuation 
(dB) 

000 
400 
800 
COO 
FFF 

0 

+0.56 
+  1.12 
+  1.68 
+2.24 

0 

20 

40 

60 

80 

3-386    DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


DAC8562 


To  compensate  for  the  SSM-2018's  gain  constant  temperature 
coefficient  of  -3300  ppm/°C,  a  1  kfl,  temperature-sensitive  resis- 
tor (R7)  manufactured  by  the  Precision  Resistor  Company  with 
a  temperature  coefficient  of  +3500  ppm/°C  is  used.  A  CCON  of  1 
liF  provides  a  control  transition  time  of  1  ms  which  yields  a 
click-free  change  in  the  audio  channel  attenuation.  Symmetry 
and  offset  trimming  details  of  the  VCA  can  be  found  in  the 
SSM-2018  data  sheet. 

Information  regarding  the  PT146  1  kfl  "Compensator"  can  be 
obtained  by  contacting: 

Precision  Resistor  Company,  Incorporated 
10601  75th  Street  North 

A  High-Compliance,  Digil 
Source 

The  circuit  in  Fi; 


Largo,  Fl  34647 
(813)  541-5771 


Controlled  Precision 

trollir 


the  DAC-8562  controlling  a 
source  using  an  AMP-05 
P-05's  reference  pin  becomes 
inputs  now  monitor  the  voltage  across 
resistor,  Res.  Voltage  gain  is  set  to 
:tion  is  given  by  the  following 

,   _  m 

'OUT  -  p 

If  RcS  equals  100  ft,  the  output  current  is  limited  to  + 10  mA 
with  a  1  V  input.  Therefore,  each  DAC  LSB  corresponds  to 
2.4  u.A.  If  a  bipolar  output  current  is  required,  then  the  circuit 
in  Figure  33  can  be  modified  to  drive  the  AMP-05's  reference 
pin  with  a  ±  1  V  input  signal. 

Potentiometer  PI  trims  the  output  current  to  zero  with  the 
input  at  0  V.  Fine  gain  adjustment  can  be  accomplished 
adjusting  Rl  or  R2. 

A  Digitally  Programmable  Window  Detector 

A  digitally  programmable,  upper/lower  limit  detector  using  two 
DAC-8562s  is  shown  in  Figure  39.  The  required  upper  and 


lower  limits  for  the  test  are  loaded  into  each  DAC  i 
by  controlling  HDAC/LDAC.  If  a  signal  at  the  t< 
within  the  programmed  limits,  the  output  will  indicate  a  logic 
zero  which  will  turn  the  red  LED  on. 

■ 


0"lA  «  10UT  «  10mA 
2.4),  A/  LSB 


38.  A  High-Compliance,  Digitally  Controlled 
ision  Current  Source 


HDAC/LDAC  O- 
CLR  O- 


DATA 
'  — 


Figure  39.  A  Digitally  Programmable  Window  Detector 
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Decoding  Multiple  DAC-8S62s 

The  CE  function  of  the  DAC-8562  can  be  used  in  applications 
to  decode  a  number  of  DACs.  In  this  application,  all  DACs 
receive  the  same  input  data;  however,  only  one  of  the  DACs' 
CE  input  is  asserted  to  transfer  its  parallel  input  register  con- 
tents into  the  DAC.  In  this  circuit,  shown  in  Figure  40,  the 
CE  timing  is  generated  by  a  74HC139  decoder  and  should  fol- 
low the  DAC-8562's  standard  timing  requirements.  To  prevent 
timing  errors,  the  74HC139  should  not  be  activated  by  its 
ENABLE  input  while  the  coded  address  inputs  are  changing. 
A  simple  timing  circuit,  Rl  and  CI,  connected  to  the  DACs' 
CLR  pins  resets  all  DAC  outputs  to  zero  during  power-up. 

MICROPROCESSOR  INTERFACING 
DAC-8562-MC68HC11  Interface 

The  circuit  illustrated  in  Figure  41  shows  a  parallel  interface 
between  the  DAC-8562  and  a  popular  8-bit  microcontroller,  the 
M68HC11,  which  is  configured  in  a  single-chip  operating  mode. 
The  interface  circuit  consists  of  a  pair  of  74ACT11373  transpar- 
ent latches  and  an  inverter.  The  data  is  loaded  into  the  latches 
in  two  8-bit  bytes;  the  first  byte  contains  the  four  most  signifi- 
cant bits,  and  the  lower  8  bits  are  in  the  second  byte.  Data  is 
taken  from  the  microcontroller's  port  B  output  lines,  and  three 
interface  control  lines,  CLR,  CE,  and  MSB/LSB,  are  controlled 
by  the  M68HCll's  PC2,  PCI,  and  PCO  output  lines,  respec- 
tively. To  transfer  data  into  the  DAC,  PCO  is  set,  enabling  Ul's 
outputs.  The  first  data  byte  is  loaded  into  Ul  where  the  four 
least  significant  bits  of  the  byte  are  connected  to  MSB-DB8. 
PCO  is  then  cleared;  this  latches  Ul's  inputs  and  enables  U2's 
outputs.  U2s  outputs  now  become  DB7-DB0.  The  DAC  output 
is  updated  with  the  contents  of  Ul  and  U2  when  PCI  is 


cleared.  The  DACs  CLR  input,  controlled  by  the  M68HCll's 
PC2  output  line,  provides  an  asynchronous  clear  function  that 
sets  the  DACs  output  to  zero.  Included  in  this  section  is  the 
source  code  for  operating  the  DAC-8562-M68HC11  interface. 


Figure  40.  Decoding  Multiple  DAC-8562s  Using  the  CE  Pin 


•M6BHC11 


74ACT11373 


P84 
PB3 
PB2 
PB1 


-•-CE 

MSB  Cii 


c 

10 

10 

20 

20 

3D 

3Q 

40 

Ul 

5D 

4Q 
50 

6D 
7D 

60 
70 

80 

80 

OC 

)  NC 
)  NC 
>  NC 
)  NC 


DAC-8562* 


PC2  • 
PC1  < 


3 

 1_ 

4 

19 

9 

18 

10 

17 

CLR 

CE 

MSB 


DB10 


DBS 
DB7 
DB6 
DBS 
DB4 
0B3 
DB2 
DB1 
LSB 


'ADDITIONAL  PINS  OMITTED 

Figure  41.  DAC-8562  to  MC68HC11  Interface 
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Interface  Program  Source  Code 


1  DAC-8562  to  M68HC11  Interface  Assembly  Program 
lfo  A.  Garcia 

,  1992 


Port  C  control  register 
"0,0,0,0;0,CLR/,CE/,MSB-LSB/" 


DDRC      EQU  $1007  Port  C  data  direction 

* 

*  RAM  variables:  MSBS  are  encoded  from  0  (Hex)  to  F  (Hex) 

*  I  SRS  arp  pnrrvitvt  frnm  00.  iHp«I  m  FT 


LSBS  are  encoded  from  00  (Hex)  to  I 
DAC  requires  two  8-bit  loads 


ex) 


MSBS 
LSBS 


EQU  $00 
EQU  $01 


Hi-byte:  "0,0,0.0;MSB,DB10,DB9,DB8" 
Lo-byte:  "DB7,DB6,DB5,DB4;DB3,DB2, 
DB1,DB0" 


'  Main  Program 


ORG     $C000  Start  of  user's  RAM  in  EVB 

INIT        LDS     #$CFFF         Top  of  C  page  RAM 


>  Initialize  Port  C  Outputs 


DAC-8562-M68HC11  Interface  I 

*  Update  DAC  output  with  contents  of  input  registers 

DUMP      BCLR  PORTCY  $02  Assert  CEI 

BSET   PORTC,Y  $02  Latch  DAC  register 


PULA 
PULY 
PULX 
RTS 


When  done,  restore  registers  X,  Y  &  A 
**  Return  to  Main  Program  ** 


LDAA  #$07 
STAA  DDRC 


0,0,0,0;0,1,1,1 
CLR/  ,CWj  and  M! 
as  outputs 
0,0,0,0;( 


LDAA  #$06 

STAA   PORTC  Initialize 


CLRAHi,  CEAHi,  MSB-LSB/-Lo 
„pu,s 


*  Call  update  subroutine 

BSR  UPDATE  Xfer  2  8-bit  words  to  DAC-8562 
IMP     $E000  Restart  BUFFALO 

* 

*  Subroutine  UPDATE 
* 

UPDATE  PSHX  Save  registers  X,  Y,  and  A 

PSHY 
PSHA 


'  Enter  contents  of  the  Hi-byte  input 


LDAA  #$0A 
STAA  MSBS 


LDAA  #$AA 
STAA  LSBS 

LDX  #MSBS 
LDY  #$1000 
* 

*  Clear  DAC  output  to  zero 


0,0,0,0:1,0,1,0 

MSBS  are  set  to  OA  (Hex) 


1,0,1,0;1,0; 
LSBS  are 


Stack  pointer  at  1st  b; 
Stack  pointer  at  on-chi 


BCLR  PORTC,Y  $04  Assert  CLR/ 
BSET   PORTCY  $04  De-assert  CLR/ 


j 


*  Loading  input  buffer  latches 


BSET  PORTC.Y  $01  Set  hi-byte  register  load 

LDAA  0,X  Get  a  byte  to  transfer  via  Port  B 

STAA  PORTB  Write  data  to  input  register 

INX  Increment  counter  to  next  byte  for  transfer 

CPX  #LSBS+1  Are  we  done  yet  ? 

BEQ  DUMP  If  yes,  update  DAC  output 

BCLR  PORTCY  $01  Latch  ni-byte  register  and  set  lo-byte  register  load 

BRA  TFRLP 


l 
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FEATURES 

•  ±1/2  LSB  Total  Unadjusted  Error 

•  2u.s  Settling  Time 

•  Serial  Data  Input 

•  ±Full-Scale  Output  Set  by  VREFH  and  VREFL 

•  Unipolar  and  Bipolar  Operation 

•  TTL  Input  Compatible 

•  20-Pin  DIP  or  SOL  Package 

•  Low  Cost 


APPLICATIONS 

*  Voltage  Set  Point  Control 

*  Digital  Offset  &  Gain  Adjustment 

*  Microprocessor  Controlled  Calibration 

*  General  Purpose  Trimming  Adjustments 


GENERAL  DESCRIPTION 

The  DAC-6800  TrimDAC™  is  designed  to  be  a  general  purpose 
digitally  controlled  voltage  adjustment  device.  The  output 
voltage  range  can  be  independently  set  for  each  set  of  four  D/A 
converters.  In  addition,  both  unipolar  and  bipolar  output  voltage 
ranges  are  easy  to  establish  by  external  reference  input  high  and 
low  terminals.  The  digitally-programmed  output  voltages  are 
ideal  for  op  amp  trimming,  voltage-controlled  amplifier  gain 
setting  and  any  general  purpose  trimming  tasks. 

A  three-wire  serial  digital  interface  loads  the  contents  of  eight 
internal  DAC  registers  which  establish  the  output  voltage  levels. 
An  asynchronous  Clear  (CLR)  input  places  all  DACs  in  a  zero 
code  output  condition,  very  handy  for  system  power-up.  An 
internal  regulator  provides  TTL  input  compatibility  over  a  wide 
range  of  VDD  supply  voltages.  Single  supply  operation  is 
available  by  connecting  V..  to  GND. 


FUNCTIONAL  DIAGRAM 


cue 

CLK 


«01> 

1. 


V„«L,  v«tH, 

9  9 


DECODED 
ADDRESS, 


ADDRESS 
DATA 


So 


»OUT» 

^  "out" 


CH        >  O 


*•  v«n» 


6  6 

CIS  V„,L,  ««fH, 


ORDERING  INFORMATION' 





PACKAGE 


CERDIP 
20-PIN 


PLASTIC 
20-PIN 


SO 
20-PIN 


OPERATING 
TEMPERATURE 
RANGE 


DAC8800BR* 
DAC8800FR 


DAC8800FP 


DAC8800FS" 


-55'CtO+125X 
-40'C  to  +85°C 


*    For  devices  processed  In  total  compliance  to  M I L-STD-883,  add  /883  after  pan 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP  and  plastic  DIP  packages 
tt  For  availability  and  burn-in  information  on  SO  package,  contact  your  local  sales 

office. 


PIN  CONNECTIONS 


wf,E 

"OUT*  [I 

V(WT»Lt 

VoutCLT 

wE 
vboE 

SDI  (T 
CLKfT 

cue  \To 


Si  VwL, 

3v,„«, 
13  Wt 
jEvourO 

S3  Vou,e 

111  Vj, 
1l]  LO 

HI  cln 

l7J  QND 


20-PIN  CERDIP 
(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 

20-PIN  EPOXY  DIP 
(P-Suffix) 


This  is  an  abridged  data  sheet.  To  obtain  the  mi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-4464212. 
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ELECTRICAL  CHARACTERISTICS:  (Note  1)  Unless  otherwise  noted,  SINGLE  SUPPLY:  VDD  =  +1 2V,  Vss  =  OV,  VREFH  =  +5V, 
VREFL  =  OV;  or  DUAL  SUPPLY:  VDD  =  +1 2V,  Vss  =  -5V,  VREFH  =  +2.5V,  VREFL  =  -2.5V;  F  GRADE:  -40°C  sTjS  +85°C;  B  GRADE: 


-55°CsTAs+125"C. 


PARAMETER 


SYMBOL 


DAC-8800 

I  TYP 


STATIC  ACCURACY       All  specifications  apply  lor  DACs  A,  8,  C,  D,  E,  F,  G,  H 


Resolution 


N 


1 


•  - 


Total  Unadjusted  Error 
(Note  2) 


TUE 


_ 


»1/2 


LSB 


DNL 


- 


LSB 


Full  Scale  En 


GFSE 


±1/2 

~m — 


LSB 
LSB 


Zero  Code  En 


DAC  Output  Resistance 


OAC  Output  Resistance  Match  arout"'out 


REFERENCE  INPUT 


VREFH  Pin,  2  &  19 


Voltage  Range  (Note  5) 


REF  ("DO  *' 


Pins  1  &  20 


Input  Resistance 


Digital  Inputs  =  55H, 


2 


3  — 




kQ 


Input  Resistance  Match 


AfWH^EpH        Digital  Inputs  =  SSH 


0.5 


Reference  Input 
Capacitance  (Note  4) 


Digital  Inputs  All  Zeros 
Digital  Inputs  All  Ones 


50 
75 


75 
100 


pF 
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*  HEF—     -  -  ■  —  •  00 

-55°C  <  TA  S  +125°C.  Continued 

■    t>b          ■  «ei- 

Iter 

r\ 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8800 

TYP  1 

IAX  UNITS 

SWfTCHING  CHARACTERISTICS  (Notes  4.  8) 

Input  Clock  Pulse  Width 

W'CL 

Clock  Level  High  or  Low 

60 

ns 

Data  Setup  Time 

•os 

30 

— 

—  ns 

Data  Hold  Time 

'oh 

30 

ns 

DAC  Register  Load  Pulse  Width 

■ld 

50 

ns 

Clear  Pulse  Width 

'CLH 

SO 

ns 

Clock  Edge  to  Load  Time 

"CKLD 

50 

ns 

Load  Edge  to  Next  Clock 
Edge  Time 

'ldck 

50 

- 

ns 



NOTES: 


which  are  tested  in  DUAL  SUPPLY  ri 

2.  Includes  Full  Scale  Error,  Relative  Accuracy,  and  Zero  Code  Error. 

3.  All  devices  guaranteed  monotonic  over  the  lull  operating  temperature  range. 

4 .  Guaranteed  by  design  and  not  subject  to  production  lest. 


6.  Digital  Input  voltages  V|N  -  V,  NL  or  V|NH  for  TTL  condition;  V|N  .  OV  or  +5V  for 
CMOS  condition.  DAC  outputs  unloaded.  PD|SS  is  calculated  from  (lQ  D  x  VDD) 

♦  <iss*vss). 


5.  V. 


DD 


■  4  volts  is  the  maximum  reference  voltage  for  the  above  specifications. 


AlsoVREFH,VREFL. 


7.  Measured  at  VOUT  pin  where  an  adjacent  VQ(JT  pin 
age  change. 

8.  See  timing  diagram  for  location  of  measured  values. 


volt- 


DETAILED  DAC-8800  BLOCK  DIAGRAM 
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FEATURES 

Replaces  8  Potentiometers 
1  MHz  4-Quadrant  Multiplying  Bandwidth 
No  Signal  Inversion 
Low  Zero  Output  Error 
Eight  Individual  Channels 
3-Wire  Serial  Input 
500  kHz  Update  Data  Loading  Rate 
±3  Volt  Output  Swing 
Midscale  Preset,  Zero  Volts  Out 


FUNCTIONAL  BLOCK  DIAGRAM 


APPUCATIONS 
Automatic  Adjustment 
Trimmer  Replacement 
Dynamic  Level  Adjustment 
Special  Waveform  Generation  and  Modulation 

GENERAL  DESCRIPTION 

The  DAC-8840  provides  eight  general  purpose  digitally  con- 
trolled voltage  adjustment  devices.  The  TrimDAC®  capability 
allows  replacement  of  the  mechanical  trimmer  function  in  new 
designs.  The  DAC-8840  is  ideal  for  ac  or  dc  gain  control  of  up 
to  1  MHz  bandwidth  signals.  The  4-quadrant  multiplying  capa- 
bility is  useful  for  signal  inversion  and  modulation  often  found 
in  video  convergence  circuitry. 

Internally  the  DAC-8840  contains  eight  voltage  output  CMOS 
digital-to-analog  converters,  each  with  separate  reference  inputs. 
Each  DAC  has  its  own  DAC  register  which  holds  its  output 
state.  These  DAC  registers  are  updated  from  an  internal  serial- 
to-parallel  shift  register  which  is  loaded  from  a  standard  3-wire 
serial  input  digital  interface.  Twelve  data  bits  make  up  the  data 
word  clocked  into  the  serial  input  register.  This  data  word  is 
decoded  where  the  first  4  bits  determine  the  address  of  the  DAC 
register  to  be  loaded  with  the  last  8  bits  of  data.  A  serial  data 
output  pin  at  the  opposite  end  of  the  serial  register  allows  sim- 
ple daisy-chaining  in  multiple  DAC  applications  without  addi- 


The  DAC-8840  consumes  only  190  mW  from  ±5  V  power  sup- 
plies. For  single  5  V  supply  applications  consult  the  DAC-8841. 

The  DAC-8840  is  available  in  24-pin  plastic  DIP,  cerdip,  and 
SOIC-24  packages. 


I 


tional  external  decoding  logic. 

TrimDAC  is  a  registered  trademark  of 

ces,  Inc. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DAC8840 — SPECIFICATIONS 


(VDD  =  +5  V,  Vjs  =  -5  V,  All  V,NX  =  +3  V,  T(  =  -40°C  to  +85°C  apply 
for  OAC-8840F.  unless  otherwise  noted) 


Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Output  Offset 
Output  Offset  Drift 


Symbol 




to . 

N 

INL 
DNL 

Vbze 
TCVE 


Conditions  |   Min  Typ 

All  Specifications  Apply  for  DACs  A,  B,  C,  D,  E,  F,  G,  H 


Max 


All  Devices  Monotonic 
PR  =  0,  Sets  D  =  80H 
PR  =  0,  Sets  D  =  80H 


-A/4 


±1 
±1 
25 


10 


Units 


Bits 
LSB 
LSB 
mV 
uV/°C 


REFERENCE  INPUTS 
Voltage  Range 
Input  Resistance 
Input  Capacitance 


IVR 

ClKT 


Applies  to  All  Inputs  V,NX 
Note  1 

D  =  2BH,  Code  Dependent 
D  =  FFH,  Code  Dependent 


±3 

3  6 
19 


30 


V 

kn 


DAC  OUTPUTS 
Voltage  Range 
Output  Current 
Capacitive  Load 


OVR 

"out 
C, 


Applies  to  All  Outputs  VOUTX 
RL  =  10  kn 

AVqut  <1  LSB 
No  Oscillation 


±5  ±10 

200 


V 

mA 
pF 


DYNAMIC  PERFORMANCE 
Multiplying  Gain  Bandwidth 
Slew  Rate 
Positive 
Negative 


Total  Harmonic  Distortion 

Spot  Noise  Voltage 
Output  Settling  Time 
Channel-to-Channel  Crosstalk 

Digital  Feedthrough 


GBW 
SR+ 


THD 

ls 
Ct 


Applies  to  All  DACs 
VINX  =  100  mV  p-p 
Measured  10%  to  90% 

AVOUTX=  +6  V 

AVOUTX  =  -6  V 
VINX  =  4  V  p-p,  D  =  FF„, 

f  =  1  kHz,  fLP  =  80  kHz 
f =  1  kHz 

1 1  LSB  Error  Band,  D  =  0  to  FF„ 
Measured  Between  Adjacent  Channels, 

f  =.  100  kHz 
VINX  =  0  V,  D  =  0  to  255l0 


H  UTI! 

1  2.5 

1.3  4.0 
1.3  2.5 
0.01 


60 


0.17 
3.5 


80 
6 


6 

t.  nJ .  •• 


MHz 

V/w 
V/u-s 

% 

■  _' 
uV/VHz 

(AS 

dB 
nVs 


POWER  SUPPLIES 
Power  Supply  Current 
Negative  Supply  Current 
Power  Dissipation 
DC  Power  Supply  Rejection  Ratio 
Power  Supply  1 


'dd 

Iss 

Pdiss 

PSRR 

PSR 


PR  =  0V 
PR  =  0V 


PR  =  0  V,  AVDD  =  ±5% 
V™ 


4.75 


19 

26 

mA 

19 

26 

mA 

190 

260 

mW 

0.0002 

0.01 

%/% 

5.00 

5.25 

V 

V 

0.8 

V 

±10 

|iA 

7 

10 

pF 

DIGITAL  INPUTS 
Logic  High 
Logic  Low 
Input  Current 
Input  Capacitance 
Input  Coding 


V,„ 
h 

cIL 


2.4 


Offset  Binary 




V 

_Y  


DIGITAL  OUTPUT 
Logic  High 
Logic  Low 


IOH  =  -0.4  mA 
IOL  =  1-6  ™A 


NOTE 

'Maximum  input  voltage  is  always  2  V  less  than  VD 
Specifications  subject  to  change  without  notice. 


3.5 




0,4 


IIIVIINb  OrtUNLAIIUNo  to  +85°C  apply  for  DAC-8840F,  unless  otherwise  noted) 


Parameter 

Symbol 

Min 

Max 

Units 

Input  Clock  Pulse  Width 

*CH>  tel. 

80 

ns 

Data  Setup  Time 

tDs 

40 

ns 

Data  Hold  Time 

lDH 

20 

ns 

CLK  to  SDO  Propagation  Delay 

tpD 

120 

ns 

DAC  Register  Load  Pulse  Width 

tLD 

70 

ns 

Preset  Pulse  Width 

tpR 

50 

ns 

Clock  Edge  to  Load  Time 

tcKLD 

30 

ns 

Load  Edge  to  Next  Clock  Edge 

'ldck 

60 

ns 
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PIN  DESCRIPTION 


PIN  CONFIGURATION 


DIN 

MMEMDUir 
NIN  CIVlWnl  1 1# 

1 

VoutC 

DAC  C  Output 

2 

VoutB 

DAC  B  Output 

3 

VOUTA 

DAC  A  Output 

4 

V,NB 

DAC  B  Reference  Input 

5 

VWA 

DAC  A  Reference  Input 

6 

GND 

Ground 

7 

PR 

Preset  Input,  Active  Low, 
All  DAC  Registers  =  80„ 

8 

V,«E 

DAC  E  Reference  Input 

9 

V,»F 

DAC  F  Reference  Input 

10 

VoutE 

DAC  E  Output 

11 

VOUTF 

DAC  F  Output 

12 

VourG 

DAC  G  Output 

13 

VOUTH 

DAC  H  Output 

14 

V,NG 

DAC  G  Reference  Input 

15 

V,„H 

DAC  H  Reference  Input 

16 

LD 

Load  DAC  Register  Strobe,  Active  High  Input 
That  Transfers  the  Data  Bits  from  the 
Serial  Input  Register  into  the  Decoded 
DAC  Register.  See  Table  1. 

17 

CLK 

Serial  Clock  Input,  Positive  Edge  Triggered 

18 

SDO 

Serial  Data  Output,  Active  Totem  Pole  Output 

19 

Vss 

Negative  5  V  Power  Supply 

20 

SDI 

Serial  Data  Input 

21 

VDD 

Positive  5  V  Power  Supply 

22 

VmD 

DAC  D  Reference  Input 

23 

v1Nc 

DAC  C  Reference  Input 

24 

VoutD 

DAC  D  Output 

ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C,  unless  otherwise  noted) 

VDD  to  GND   -0.3,  +7  V 

Vss  to  GND  +0.3,  -7  V 

VINXtoGND   VDD)VSS 

VOUTX  to  GND  VDD,  Vss 

Short  Circuit  Iout"  t0  GND  Continuous 

Digital  Input  &  Output  Voltage  to  GND  VDD,  Vss 

Operating  Temperature  Range 

Extended  Industrial:  DAC8840F  -40°C  to  +85°C 

Maximum  Junction  Temperature  (Tj  max)   +  150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Package  Power  Dissipation   (Tj  Max  -TA)/8JA 

Thermal  Resistance  8JA 

Cerdip  64°C/W 

P-DIP   57°C/W 

SOIC-24    70°C/W 

ORDERING  GUIDE 


Tempe 

ra 

ture 

Package 

Package 

Model 

Range 

Description 

Option* 

DAC8840FP 

-40°C 

to 

+  85°C 

Plastic  DIP 

N-24 

DAC8840FW 

-40°C 

to 

+85°C 

Cerdip 

Q-24 

DAC8840FS 

-40°C 

to 

+  85°C 

SOL-24 

R-24 

DAC8840GBC 

25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


CAUTION 


DICE  CHARACTERISTICS 

DIE  SIZE  0.117  x  0.185  inch,  21,645  sq.  mils 
(2.9718  x  4.699  mm,  13.964  sq.  mm) 
The  die  backside  is  electrically  common  to  VDD. 
The  DAC8840  contains  3236  transistors. 


VinE 


V,NF 


VoutE 


V,nD 
SDI 


Vss 

SDO 


GND  PADS  (6a,  6b)  ARE 
TO  PIN  6  OF  PACKAGE. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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V/F  AND  F/V  CONVERTERS 


AD537    (50  kHz) 
AD654    (500  kHz) 
AD650    (1  MHz) 


Synchronous 


AD652  (2  MHz) 


:> 

mJU 


z 


Selection  Guides— V/F  and  F/V  Converters 


Voltage-to-Frequency  Converters 


FS 

Calib 

Full-Scale 

Linearity 

Error 

Input 

Frequency 

% 

% 

Output 

Range 

Package 

Temp 
Ranges2 

Model 

MHz 

max 

typ 

Format 

V 

Options' 

Page3 

AD652 

2 

0.005-0.05 

0.25-0.5 

Pulse  Train 

0  to  10,  ±5 
0  to  -10 

E,P,Q 

C,  I,  M/ 

4-10 

AD650 

1 

0.005-0.1 

5-10 

Pulse  Train 

0  to  10,  ±5 
0  to  -10 

D,  N,  P 

C,  I,  M 

4-7 

AD654 

0.5 

0.1-0.4 

10 

Square  Wave 

0  to  (Vs) 

N,  R 

C 

4-14 

AD537 

0.15 

0.07-0.25 

5 

Square  Wave 

-Vsto(+Vs^) 

D,H 

C,M/ 

4-5 

Comments 

Synchronous,  Multiple  Input  Ranges, 

Low  Linearity,  Single  Supply 

Low  Nonlinearity,  Multiple  Input  Ranges 

Single  Supply,  Low  Cost 
Single  Supply,  Military  Grade 


Frequency-to-Voitage  Converters 


Linearity 

Response  Time 

Input  Range 

% 

ms 

Package 

Temp 

Model 

kHz 

max 

typ 

Options' 

Page3 

Comments 

451 

0  to  10 

0.03-0.008 

4 

Module 

I 

D 

Complete,  No  Exterr 

al  Components 

453 

Oto  100 

0.03-0.008 

0.8 

Module 

I 

D 

Complete,  No  Exterr 

al  Components 

AD650 

0  to  1000 

0.005-0.1 

D,  N,P 

C,  I,M/ 

4-14 

Low  Nonlinearity 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  ]  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40"C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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ANALOG 


■ 


■ 


Voltage-to-Frequency  Converter 





AD537' 


FEATURES 

Low  Cost  A-D  Conversion 
Versatile  Input  Amplifier 

Positive  or  Negative  Voltage  Modes 
Negative  Current  Mode 
High  Input  Impedance,  Low  Drift 
Single  Supply,  5  to  36  Volts 
Linearity:  ±0.05%  FS 
Low  Power:  1.2mA  Quiescent  Current 
Full  Scale  Frequency  up  to  100kHz 
1.00  Volt  Reference 
Thermometer  Output  (ImV/K) 
F-V  Applications 
F-V  Applications 


MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD537  is  a  monolithic  V-F  converter  consisting  of  an  in- 
put amplifier,  a  precision  oscillator  system,  an  accurate  inter- 
nal reference  generator  and  a  high  current  output  stage.  Only 
a  single  external  RC  network  is  required  to  set  up  any  full 
scale  (F.S.)  frequency  up  to  100kHz  and  any  F.S.  input  vol- 
tage up  to  +30V.  Linearity  error  is  as  low  as  ±0.05%  for  10kHz 
F.S.,  and  operation  is  guaranteed  over  an  80dB  dynamic  range. 
The  overall  temperature  coefficient  (excluding  the  effects  of 


PIN  CONFIGURATIONS 


"D"  Package  -TO-1 16 


'H"  Package  -  TO-100 


is  typically  ±30ppm/°C.  The  AD537 
operates  from  a  single  supply  of  5  to  36V  and  consumes  only 
1.2mA  quiescent  current. 

A  temperature-proportional  output,  scaled  to  l.OOmV/K, 
enables  the  circuit  to  be  used  as  a  reliable  temperature-to- 
frequency  converter;  in  combination  with  the  fixed  reference 
output  of  1.00V,  offset  scales  such  as  0°C  or  0°F  can  be 


The  low  drift  (l/iV/°C  typ)  input  amplifier  allows  operation 
directly  from  small  signals  (e.g.,  thermocouples  or  strain  gages) 
while  offering  a  high  (250MI2)  input  resistance.  Unlike  most 
V-F  converters,  the  AD537  provides  a  square-wave  output,  and 
can  drive  up  to  12  TTL  loads,  LEDs,  very  long  cables,  etc. 

The  excellent  temperature  characteristics  and  long-term  stabil- 
ity of  the  AD537  are  guaranteed  by  the  primary  band-gap 
reference  generator  and  the  low  T.C.  silicon  chromium  thin 
film  resistors  used  throughout. 

The  device  is  available  in  either  a  TO-1 16  ceramic  DIP  or  a 
TO-100  metal  can;  both  are  hermetically  sealed  packages. 


(CONNECTED  TO  CASE) 


The  AD537  is  available  in  three  performance/temperature 
grades;  the  J  and  K  grades  are  specified  for  operation  over  the 
0  to  +70°C  range  while  the  AD537S  is  specified  for  operation 
over  the  extended  temperature  range,  -55°C  to  +125  C. 

PRODUCT  HIGHLIGHTS 

1.  The  AD537  is  a  complete  V-F  converter  requiring  only  an 
external  RC  timing  network  to  set  the  desired  full  scale 
frequency  and  a  selectable  pull-up  resistor  for  the  open- 
collector  output  stage.  Any  full-scale  input  voltage  range 
from  lOOmV  to  10  volts  (or  greater,  depending  on  +Vg)  can 
be  accommodated  by  proper  selection  of  timing  resistor. 
The  full  scale  frequency  is  then  set  by  the  timing  capacitor 
from  the  simple  relationship,  f  =  V/10RC. 

2.  The  power  supply  requirements  are  minimal,  only  1.2mA 
quiescent  current  is  drawn  from  a  single  positive  supply 
from  4.5  to  36  volts.  In  this  mode,  positive  inputs  can  vary 
from  0  volts  (ground)  to  (+V§  -  4)  volts.  Negative  inputs  can 
easily  be  connected  for  below  ground  operation. 

•  • 


3.  F-V  converters  with  excellent  characteristic  are  also  easy  to 
build  by  connecting  the  AD537  in  a  phase-locked  loop.  Ap- 
plication particulars  are  shown  in  Figure  6. 

4.  The  versatile  open-collector  NPN  output  stage  can  sink  up 
to  20mA  with  a  saturation  voltage  less  than  0.4  volts.  The 
Logic  Common  terminal  can  be  connected  to  any  level  be- 
tween ground  (or  -Vs)  and  4  volts  below  +VS.  This  allows 
easy  direct  interface  to  any  logic  famil 
or  negative  logic  levels. 

5.  The  AD537  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Product  Databook 
or  current  AD537/883B  data  sheet  for  detailed  specifications. 


•Protected  by  Patent  Not.  3,887,963  and  RE  30,386. 


■ 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
ta  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD537— SPECIFICATIONS 


(typical  @  +2S°C  with  Vs  (total)  =  5  to  36V,  unless  otherwise  noted.) 


MODEL 


AD537JH 


AD537JD 


AD537KD 
AD537KH 


ADS37SD1 
AD537SH' 


CURRENT-TO-FREQUENCY  CONVERTER 
Frequency  Range 
Nonlinearity1 

fm„  -  10kHz 

fmlx  -  100kHz 
Full  Scale  Calibration  Error 

C  ■  O.OluF,  Ifm  =  l.OOOmA 

V5.  Supply  (fmlx  <  100kHz) 

vs.  Temp.  <Tmta  to  Tmax) 


Oto  150kHz 

0.15%  max  (0.1%  typ) 
0.25%  max  (0.15%  typ) 


±10%  max 

3S 


%typ> 
50ppm  typ) 


±7%  max 


0.07%  max 
0.1%  max 


±5%  max 


50ppm/°C  max  (30ppm  typ)2    250ppm/X  max 


ANALOG  INPUT  AMPLIFIER 
(Voltage-to-Current  Converter) 
Voltage  Input  Range 

Single  Supply 

Dual  Supply 
Input  Bias  Current 

(Either  Input) 
Input  Resistance  (Non-Inverting) 
Input  Offset  Voltage 

(Trimmable  in  "D"  Package  Only) 

vs.  Supply 

vs.  Temp.  (T^  toTmix> 
Safe  Input  Voltage3 


MM 


0  to  (+VS  -  4)  Volts  (min) 
-Vs  to  (+VS  -  4)  Volts  (min) 

100  nA 
250Mfi 


5mV  max 
200/iV/V  max 
5jlV/°C 
±VS 


ioonv/v , 


■ 

* 


2mV  max 
lOOjiV/V  max 
1HV/°C 


10«lV/°C  max 
*  


REFERENCE  OUTPUTS 
Voltage  Reference 

Absolute  Value 

vs.  Temp.  (T„,«,  to  Tmtt) 

vs.  Supply 

Output  Resistance4 
Absolute  Temperature  Reference5 

Nominal  Output  Level 

Initial  Calibration  &  *25°C 

Slope  Error  from  l.OOmV/K 

Slope  Nonlinearity 

Output  Resistance' 


1.00  Volt  ±5%  max 
50ppm/°C 
±0.03%/V  max 
380ft 

l.OOmV/K 
298mV  (±5mV) 
±0.02mV/K 
±0.1K 

won 


t  ■>...■     ■  -    ■■  •  •■(.-•■'   ,  '■.■j"(V- 


100ppm/°C  max 


298mV  (±5mV  max) 


OUTPUT  INTERFACE  (Open  Collector  Output) 
(Symmetrical  Square  Wave) 

Output  Sink  Current  in  Logic  "0" 

V0UT  "  0  4  V  max.  7mm  to  Tm„) 
Output  Leakage  Current  in  Logic  "1" 

(Tm<,  to  Tm„) 
Logic  Common  Level  Range 
Rise/Fall  Times  (CT  =  O.OlpF) 
Ing  ■  1mA 


20mA  min 


200nA  max 

-Vs  to  (*VS  -  4)  Volts 

0.2ms 


10mA  min 
2;jA  max 


UN      "  r—  - 

POWER  SUPPLY 

Voltage,  Rated  Performance 

Single  Supply 

Dual  Supply 
Quiescent  Current 

4.5V  to  36V 

±5  tot  18V 

1.2mA  (2.5mA  max) 

■  •  ' 

OttlLFyjulTTUtI 

• 

■ 

• 
• 

TEMPERATURE  RANGE 

Rated  Performance 

0  to  +70°C 

• 

• 

-55°Cto-H25°C 

Storage 

-o5°Cto+lS0°C 


* 

* 

PACKAGE  OPTIONS*' 7 

AD537JH 

AD537JD 

 -  

AD537KD 
AD537KH 

■ 

AD537SD 
AD537SH 

•Specifications  lime 
"Specifications  same  as  AD537K. 
Specifications  subject  to  change  without  notice. 
'  Nonlinearity  is  specified  for  a  current  input  level  (Ijjm)  to  the 
converter  from  0.1  to  lOOOuA.  Converter  has  100%  overraoge 
capability  up  to  Ijn  -  2000iiA  with  slightly  reduced  linearity. 
Nonlinearity  is  defined  as  deviation  from  a  straight  line  from 
dasap 


n  voltage  input  level  is  equal  to  the  supply  on  either 
input  terminal.  However,  large  negative  voltage  levels  can  be 
applied  to  the  negative  terminal  if  the  input  is  scaled  to  a  nominal 
1mA  full  scale  through  an  appropriate  value  resistor  (see  Figure  2). 
4  Loading  the  1 .0  volt  or  1  m V/K  outputs  can  cause  a  significant  change 
in  overall  circuit  performance,  as  indicated  in  the  applications  section. 
To  maintain  normal  operation,  these  outputs  should  be  operated 
into  the  external  buffer  or  an  external  amplifier. 

'Temperature  reference  output  performance  is  specified  from  0  to  +70»C 

for  "J"  and  "K"  devices,  -35°C  to  +123°C  for  "S"  model. 
4  D  -  Ceramic  DIPi  H  -  Hermetic  Metal  Can.  For  outline  information 

see  Package  Information  section. 
'For  AD537/B83B  specifications,  refer  to  Analog  Devices  Military 
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ANALOG 
DEVICES 


Voltage-to-Frequency  and 
Frequency-to-Voltage  Converter 


AD650 





FEATURES 

V/F  Conversion  to  1MHz 
Reliable  Monolithic  Construction 
Very  Low  Nonlinearity 

0.002%  typ  at  10kHz 

0.005%  typ  at  100kHz 

0.07%  typ  at  1MHz 
Input  Offset  Trimmable  to  Zero 
CMOS  or  TTL  Compatible 
Unipolar,  Bipolar,  or  Differential  V/F 
V/F  or  F/V  Conversion 
Available  in  Surface  Mount 


ant  Versions  Available 

i 


\  COMPARATOR 
JCOMP  V  INPUT 

)Foutput 


PRODUCT  DESCRIPTION 

The  AD650  V/F/V  (voltage-to-frequency  or  frequency-to-voltage 
converter)  provides  a  combination  of  high  frequency  operation 
and  low  nonlinearity  previously  unavailable  in  monolithic  form. 
The  inherent  monotonicity  of  the  V/F  transfer  function  makes 
the  AD650  useful  as  a  high-resolution  analog-to-digital  converter. 
A  flexible  input  configuration  allows  a  wide  variety  of  input 
voltage  and  current  formats  to  be  used,  and  an  open-collector 
output  with  separate  digital  ground  allows  simple  interfacing  to 
either  standard  logic  families  or  opto-couplers. 

The  linearity  error  of  the  AD650  is  typically  20ppm  (0.002%  of 
full  scale)  and  50ppm  (0.005%)  maximum  at  10kHz  full  scale. 
This  corresponds  to  approximately  14-bit  linearity  in  an  analog-to- 
digital  converter  circuit.  Higher  full-scale  frequencies  or  longer 
count  intervals  can  be  used  for  higher  resolution  conversions. 
The  AD650  has  a  useful  dynamic  range  of  six  decades  allowing 
extremely  high  resolution  measurements.  Even  at  1MHz  full 
scale,  linearity  is  guaranteed  less  than  lOOOppm  (0.1%)  on  the 
AD650KN,  KP,  BD  and  SD  grades. 

In  addition  to  analog-to-digital  conversion,  the  AD650  can  be 
used  in  isolated  analog  signal  transmission  applications,  phased- 
locked-loop  circuits,  and  precision  stepper  motor  speed  controllers 
In  the  F/V  mode,  the  AD650  I 
and  FM  demodulator  circuits. 

The  input  signal  range  and  full-scale  output  frequency  are  user- 
programmable  with  two  external  capacitors  and  one  resistor. 
Input  offset  voltage  can  be 
potentiometer 

The  AD650JN  and  AD650KN  are  offered  in  a  plastic  14-pin 


20-pin  plastic 
versions  of  th 


d  chip  carrier  (PLCC).  Both  plastic  packaged 
550  are  specified  for  the  commerical  (0  to 
+  70°C)  temperature  range.  For  industrial  temperature  range 
(-25°C  to  +  85°C)  applications,  the  AD650AD  and  AD650BD 
are  offered  in  a  ceramic  package.  The  AD650SD  is  specified  for 
the  full  -  55°C  to  +  125°C  extended  temperature  range. 


PRODUCT 

j.  In  addition  to  very  high  linearity,  the  AD650  can  operate  at 
full  scale  output  frequency  up  to  1MHz.  The  combination  of 
these  two  features  makes  the  AD650  an  inexpensive  solution 
for  applications  requiring  high  resolution  monotonic  A/D 
conversion. 


The  AD650  has  a  very  versatile  architecture  that  can  be 
configured  to  accommodate  bipolar,  unipolar,  or  differential 
input  voltages,  or  unipolar  input  currents. 


DIP  package.  The  AD650JP  and  AD650KP  are  available  in  a 


3 .  TTL  or  CMOS  compatibility  is  achieved  using  an  open  collector 
frequency  output.  The  pullup  resistor  can  be  connected  to 
voltages  up  to  +  30V,  or  +  15V  or  +  5V  for  conventional 
CMOS  or  TTL  logic  levels. 

4.  The  same  components  used  for  V/F  conversion  can  also  be 
i  tachometer  use<*  *°r       conversion  by  adding  a  simple  logic  biasing 

network  and  reconfiguring  the  AD650. 

The  AD650  provides  separate  analog  and  digital  grounds. 
This  feature  allows  prevention  of  ground  loops  in  real-world 
applications. 

The  AD650  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD650/883B  data  sheet  for  detailed  specifications. 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD650- SPECIFICATIONS 


(@  +25°C  with  Vs  =  ±  15V  unless  otherwise  noted) 


Model 

AD650J/AD650A 
Min        Typ  Max 

AIX.S0K/AD6S0B 
Min        Typ  Mai 

AMMS 
Min        Typ  Ms 



DYNAMIC  PERFORMANCE 

Full  Scale  Frequency  Range 

1 

0.002  0.005 
0.005  0.02 

1 

0.002  0.005 
O.OOS  0.02 

0.002  O.OOS 
0.005  0.02 

MHz 

% 

% 

500kHz 

Full  Scale  Calibration  Error2, 100kHz 
1MHz 

vs.  Supply3 
vs.  Temperature 
A,  B,  and  S  Grades 

at  KlitUy 
dl  1UK.11/ 

at  100kHz 
J  and  K  Grades 
at  10kHz 
at  100kHz 

0.02  0.05 

 .xie 

-0.015  +0.015 
1150 

.  ±75 
±150 

0.02  0.05 
0.05  0.1 

±5 

±10 

-0.015  +0.015 

±75 
±150 

±75 
±150 

0.02  0.03 
0.05  0.1 

±5 

*$  shMr  o.»  not 

% 
* 
% 
% 

-0.015  +0.015 

±75 
±150 

%ofFSR/V 

1  woj  V-«V 

ppnVC 

ppmTC 
ppm/°C 

BIPOLAR  OFFSET  CURRENT 
Activated  by  1 .24kll  between  pins4  and  5 

0.45        0.5  0.55 

0.45        0.5  0.55 

0.45        0.5  0.55 

mA 

DYNAMIC  RESPONSE 
Maximum  Settling  Time  for  Full  Scale 

Step  Input 
Overload  Recovery  Time 

Step  Input 

1  Pulse  ofNew  Frequency  Plus  l^s 
1  Pulse  of  New  Frequency  Plus  1  (is 

1  Pulse  ofNew  Frequency  Plus  Ifxs 
1  Pulse  ofNew  Frequency  Plus  Ijjls 

1  Pulse  of  New  Frequency  Plus  1  (is 
1  Pulse  ofNew  Frequency  Plus  Ifis 

are- JIM 

ANALOG  INPUT  AMPLIFIER  (V/F  Conversion) 
Current  Input  Range(Figure  1) 
Voltage  Input  Range  (Figure  5) 
Differential  Impedance 
Common  Mode  Impedance 
Input  Bias  Current 

Nonin verting  Input 

Inverting  Input 
Input  Offset  Voltage 

(Trimmable  to  Zero) 

vs.  Temperature  (Tmjn  to  Tm„) 
Safe  Input  Voltage 

0  +0.6 
-  10  0 
2Mil||10pF 
1000MH|10pF 

40  100 

±8  ±20 

±  30 

0  +0.6 
-10  0 

2Mfl||10pF 

lOOOMfllllOpF 

40  100 

±8  ±20 

±4 

±  30 

±vs 

0  +0.6 
-  10  0 

2Mll||10pF 

lOOOMnlllOpF 

40  100 

±8  ±20 

  ±4 

j.            '<      ,           ±30  , 
=  v> 

mA 

nA 
nA 

mV 
u-VrL, 

c 

COMPARATOR  (F/V  Conversion) 
Logic  "0"  Level 
Logic"!"  Level 
rutse  wtain  Kangc 
Input  Impedance 

-Vs  -1 

0  +vs 

250 

-Vs  -1 
0  +Vj 
0.1  (0.3*los) 
250 

ItR&okio  10  »» uaSt  Jiaoi 
0                      t  vs 

O.l  (UJXttB) 

250 

V 
s*i 

m 

OPEN  COLLECTOR  OUTPUT  (V/F  Conversion) 
Output  Voltage  in  Logic  "0" 

'SINK  ft  »mA,  1  mm  10  1  mall 

Output  Leakage  Current  in  Logic  "1" 
Voltage  Range3 

100  ' 

0  +36 

100 

0  +36 

9jsoe-!h.,i  ja.-fst)  I  .liumn  i: 

100 

0  +36 

1 

MHOJM  Ujijjib 

nA 

V 

AMPLIFIER  OUTPUT  (F/V  Conversion) 
Voltage  Range  ( 1 50011  min  load  resistance) 
Source  Current  (75011  max  load  resistance) 
Capacitive  Load  (Without  Oscillation) 

0  +10 
10 

100 

 !  

o          •  •  '  ■    +'ion'  : 

10 

100 

0                       '    + 10 

10   iitimi  OZ  bat  G8 

100 

V 

mA 

pF 

POWER  SUPPLY 
Voltage,  Rated  Performance 
Quiescent  Current 

r9  ±18 
8 



±9  ±1> 
I 



±9  ±18 
8 

V 
mA 

TEMPERATURE  RANGE 
Rated  Performance -N  Package 
D  Package 

Storage                 -N  Package 
D  Package 

0  +70 
,  -25'  ■  +85" 

-25   «olui  ruia"'**ii . 
-  65                        +  150 

0  +70 

~ls  -vmsj  "it-,  vai'itr&ii 
-25  +85 

-65  +150 

-55  +125 
-65  +150 

•c 

Jj           .  _ 

•c 

PACKAGE  OPTIONS6 
PLCC(P-20A) 
Plastic  DIP(N-H) 
Ceramic  DIP(D-14) 

AD650JP 
AD650JN 
AD650AD 

AD650KP 
AD650KN 
AD650BD 



AD650SD 

NOTES 

'Nonlinearity  is  defined  as  deviation  from  a  straight  line  from  zero 
to  full  scale,  expressed  as  a  fraction  of  full  scale. 
2Full  scale  calibration  error  adjustable  to  zero. 
'Measured  at  full  scale  output  frequency  of  100kHz. 
4Rcfer  to  F/V  conversion  section  of  the  text. 
'Referred  to  digital  ground. 

6D  =  Ceramic  DIP;  N  =  Plastic  DIP;  P  -  Plastic  Leaded  Chip  Carrier. 
For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test .  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 
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Unipolar  Operation 

ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  +VS  to  -Vs  36V 

Storage  Temperature  Ceramic  —  55°C  to  +  165°C 

Plastic   -25°Cto  +  125°C 

Differential  Input  Voltage  (Pins  2  &  3)  ±  10V 

Maximum  Input  Voltage   ±  Vs 

Open  Collector  Output     Voltage  Above  Digital  GND  .  .  36V 

Current   50mA 

Amplifier  Short  Ckt  to  Ground   Indefinite 

•  Input  Voltage  (Pin  9)  ±VS 


ORDERING  GUIDE 


AD650 


__ 

VOUT 


Gain 



Tempco 

Specified 

ppm/°C 

1MHz 

Temperature 

Model1 

100kHz 

Linearity 

Range °C 

Package 

AD650JN 

ISOtyp 

0.1%  typ 

Oto  +70 

Plastic  DIP 

AD650KN 

150  typ 

0.1%  max 

Oto  +70 

Plastic  DIP 

AD650JP 

ISOtyp 

0.1%typ 

Oto  +70 

PLCC 

AD650KP 

ISOtyp 

0.1%  max 

Oto  +70 

PLCC 

AD650AD 

ISO  max 

0.1%  typ 

-25  to +85 

Ceramic 

AD650BD 

ISOmax 

0.1%  max 

-25  to +85 

Ceramic 

AD650SD 

150  max 

0.1%  max 

-55  to +  125 

Ceramic 

NOTE 

1  For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook  or 
,tAD650/883B  data  sheet. 


\  COMPARATOR 
I  INPUT 

FOUTPUT 


Pin  Configuration 

TT*ivii/o!ciiicm  <  nsuwini  •  boa  .'VA  *.  ji'' 


■ 

■ 







CIRCUIT  OPERATION 

UNIPOLAR  CONFIGURATION 

The  AD650  is  a  charge  balance  y 
In  the  connection  diagram  shown  in  Figure  1,  or  I 

!  input  signal  is  converted  into  an 

equ 


source.  These  bursts  of  current  may  be  thought 
defined  packets  of  charge . 
each  producing  one  pulse  of  the  output  transistor,  depends 
upon  the  amplitude  of  the  input  signal.  Since  the  number  of 
charge  packets  delivered  per  unit  time  is  dependent  on  the 
input  signal  amplitude,  a  linear  voltage-to-frequency  transforma- 
tion will  be  accomplished.  The  frequency  output  is  furnished 
via  an  open  collector  transistor. 


Figure  1.  Connection  Diagram  for  V/F  Conversion,  Positive 
Input  Voltage 
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DEVICES 


Voltage-to-Frequency  Converter 





AD652 


FEATURES 

Full-Scale  Frequency  (Up  to  2MHz)  Set  by  External 

System  Clock 
Extremely  Low  Linearity  Error  (0.005%  max  at  1MHz 

FS,  0.02%  max  at  2MHz  FS) 
No  Critical  External  Components  Required 
Accurate  5V  Reference  Voltage 
Low  Drift  (25ppm/°C  max) 
Dual  or  Single  Supply  Operation 
Voltage  or  Current  Input 
MIL-STD-883  Compliant  Versions  Available 


■ 


PRODUCT  DESCRIPTION 

The  AD652  Synchronous  Voltage-to-Frequency  Converter  (SVFC) 
is  a  powerful  building  block  for  precision  analog-to-digital  con- 
version, offering  typical  nonlinearity  of  0.002%  (0.005% 
maximum)  at  a  100kHz  output  frequency.  The  inherent 
monotonicity  of  the  transfer  function  and  wide  range  of  clock 
frequencies  allows  the  conversion  time  and  resolution  to  be 
optimized  for  specific  applications. 

The  AD652  uses  a  variation  of  the  popular  charge-balancing 
technique  to  perform  the  conversion  function.  The  AD652  uses 
an  external  clock  to  define  the  full-scale  output  frequency,  rather 
than  relying  on  the  stability  of  an  external  capacitor.  The  result 
is  a  more  stable,  more  linear  transfer  function,  with  significant 
application  benefits  in  both  single-  and  multi-channel  systems. 

Gain  drift  is  minimized  using  a  precision  low-drift  reference  and 
low-TC  on-chip  thin-film  scaling  resistors.  Furthermore,  the 
initial  gain  error  is  reduced  to  less  than  0.5%  by  the  use  of 
laser-wafer-trimming . 

The  analog  and  digital  sections  of  the  AD652  have  been  designed 
to  allow  operation  from  a  single-ended  power  source,  simplifying 
its  use  with  isolated  power  supplies. 

The  AD652  is  available  in  five  performance  grades.  The  20-pin 
PLCC  packaged  JP  and  KP  grades  are  specified  for  operation 
over  the  0  to  +70°C  commercial  temperature  range.  The  16-pin 
cerdip-packaged  AQ  and  BQ  grades  are  specified  for  operation 
over  the  —  40°C  to  +  85°C  industrial  temperature  range,  and  the 
AD652SQ  is  available  for  operation  over  the  full  -  55°C  to 
+  125°C  extended  temperature  range. 


PRODUCT  HIGHLIGHTS 

1 .  The  use  of  an  external  clock  to  set  the  full-scale  frequency 
allows  the  AD652  to  achieve  linearity  and  stability  far  superior 
to  other  monolithic  VFCs.  By  using  the  same  clock  to  drive 
the  AD652  and  (through  a  suitable  divider)  also  set  the  counting 
period,  conversion  accuracy  is  maintained  independent  of 
variations  in  clock  frequency. 

2.  The  AD652  Synchronous  VFC  requires  only  a  single  external 
component  (a  noncritical  integrator  capacitor)  for  operation. 

3.  The  AD652  includes  a  buffered,  accurate  5V  reference  which 
is  available  to  the  user. 

4.  The  clock  input  of  the  AD652  is  TTL  and  CMOS  compatible 
and  can  also  be  driven  by  sources  referred  to  the  negative 
power  supply.  The  flexible  open-collector  output  stage  provides 
sufficient  current  sinking  capability  for  TTL  and  CMOS 
logic,  as  well  as  for  optical  couplers  and  pulse  transformers. 
A  capacitor-programmable  one-shot  is  provided  for  selection 
of  optimum  output  pulse  width  for  power  reduction. 

5.  The  AD652  can  also  be  configured  for  use  as  a  synchronous 
F/V  converter  for  isolated  analog  signal  transmission. 

6.  The  AD652  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD652/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


(typical  @  T,  =  +25°C,  Vs  =  ±15V,  unless  otherwise  noted) 


VOLTAGE-TO-FREQUENCY  MODE 
Gain  Error 
<clock  =  200kHz 
f<:i.(x:K  1MHz 
£clock  =  4MHz 
Gain  Temperature  Coefficient 
fcLOCK  =  200kHz 
^clock  =  1MHz 

fcLOCK  =  4MHz 

Power  Supply  Rejection  Ratio 
Linearity  Error 
<clock  =  200kHz 

fCLOCK=lMHz 

fcLOCK  =  2MHz 

Iclock  =  4MHz 
Offset  (Transfer  Function,  RTI) 
Offset  Temperature  C 
Response  Time 

FREQUENCY-TO-VOLTAGE  MODE 
Gain  Error 

fIN  =  100kHzFS 


— 


Linearity  Error 
fiN=100kHzFS 


INPUT  RESISTORS 
Cerdip  (Figure  la.)  (0  to  +  10V  FS  Range) 
PLCC  (Figure  lb.) 
Pin  8  to  Pin  7 

Pin  7  to  Pin  5  (0  to  +  5V  FS  Range) 
Pin  8  to  Pin  5  (0  to  +  10V  FS  Range) 
Pin  9  to  Pin  5  (0  to  +  8V  FS  Range) 
Pin  10  to  Pin  5  (Auxiliary  Input) 
Temperature  Coefficient  (All) 


,.) 

)to+5 


INTEGRATOR  OP/ 
Input  Bias  Current 
Inverting  Input  (Pin  5) 
Noninverting  Inpt 
Input  Offset  Current 
Input  Offset  Current  Drift 
Input  Offset  Voltage 
Input  Offset  Voltage  Drift 
Open  Loop  Gain 
Common-Mode  Input  Range 
CMRR 
Bandwidth 

Output  Voltage  Range 

(Referred  to  Pin  6,  R,  >  =  5k) 


COMPARATOR 
Input  Bias  Current 
Common-Mode  Voltage 


CLOCK  INPUT 

Maximum  Frequency 
Threshold  Voltage  (Referred  to  Pin  12) 
T  -T 

4  min  *  max 

Input  Current 

(-VS<VCLK<  +  VS) 
Voltage  Range 
Rise  Time 


AD652JP/AQ/SQ 
Min        Typ  Max 


Min 


±0.5 

±1 

±0.5 

±1 

±0.5 

±1.5 

±25 

±50 

±25 

±50 

±10 

±50 

±25 

±75 

0.001 

0.01 

±0.002 

±0.02 

±0.002 

±0.02 

±0.01 

±0.02 

±0.02 

±0.05 

±1 

±3 

±10 

±50 

AD652KP/BQ 

Typ  Max 


±0.25  ±0.5 
±0.25  ±0.5 
±0.25  ±0.75 


One  Period  of  New  Output  Frequency  Plus  One  Clock  Period 





±0.5 


±1 


±0.002  ±0.02 


20.2 

10.1 
10.1 
20.2 
16.2 
20.2 
±100 





±15 
±15 
±10 
±15 
0.001 

±0.002 
±0.002 
±0.002 
±0.01 
±  1 
±10 


±25 
±25 
±30 
±50 
0.01 

±0.005 

±0.005 

±0.005 

±0.02 

±2 

±25 


±0.25  ±0.5 
±0.002  ±0.01 


19.8  20 


9.9 

9.9 

19.8 

15.8 

19.8 


10 
10 
20 
16 


20 
1 

±1 

±10 

86 

-Vs+5 

95 


80 
14 
-1 


±20 

50 

70 

3 

±3 

±25 

+  Vs-5 


(  +  Vs-4) 


0.5 


-Vs  +  4 


+  Vs-4 


4  5 

1.2 

0.8  2.0 

5  20 

-Vs  +VS 
2 


20.2 

10.1 
10.1 
20.2 
16.2 
20.2 
±100 


±5  ±20 

20  50 

20  70 

1  2 

±1  ±2 

±10  ±15 


86 


-Vs+5 


80 
14 


+  VS  -5 


95 


-1  (  +  Vs-4) 


0.5 


-Vs  +  4 


+  Vs-4 


4 

0.8 


5 

1.2 


-Vs 


2.0 

20 

+  VS 
2 


Units 


% 
% 
% 

ppm/°C 
ppm/°C 
ppm/°C' 
ppm/°C 
%/V 

% 

% 

% 

% 

mV 

uV/°C 


% 
% 


kn 
kft 

kn 
kn 
kn 
kn 

ppm/°C 


nA 
nA 
nA 

nA/°C 
mV 
uV/°C 
dB 

v 
dB 
MHz 
V 


uA 
V 


MHz 

V 
V 

HA 
V 
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OUTPUT STAGE 
VoL(Iotrr=  10mA) 
Iol 
VOL<0.8V 

VOL<0.4V,Tmil,-Tm„ 
Ioh  (Off  Leakage) 
Delay  Time,  Positive  Clock  Edge  to 

Output  Pulse 
Fall  Time  (Load  =  500pF  and  Isink  =  5mA) 
Output  Capacitance 


OUTPUT  ONE-SHOT 
Pulse  Width 
Cos  =  300pF 
Cos=1000pF 


REFERENCE  OUTPUT 
Voltage 
Drift 

Output  Current 
Source 
Sink 

Power  Supply  Rejection 

(Supply Range=  ±  12.5V to  ±  17.5V) 
Output  Impedance  (Sourcing  Current) 


POWER  SUPPLY 
Rated  Voltage 
Operating  Range 

Dual  Supplies 

Single  Supply  ( —  Vs  =  0) 
Quiescent  Current 
Digital  Common 
Analog  Common 


TEMPERATURE  RANGE 
Specified  Performance 
JP.KP  Grade 
AQ.BQ  Grade 
SQ  Grade 


AD652JP/AQ/SQ 
Min  Typ 


150 


0.01 
200 


100 


0.4 

15 
8 
10 
250 


1.5 
5 


4.950  5.0 


10 

100  500 


0.3 


5.050 
100 


0.015 
2 


±6 
+  12 

-VS 
-Vs 


:15 
:15 
:11 


±18 
+  36 
±15 
+Vs-4 
+  VS 


0 

-40 
-55 


+  70 
+  85 
+  125 


Min 


AD652KP/BQ 
Typ 


Max 


150 


0.4 

V 

15 

mA 

8 

mA 

0.01 

10 

u,A 

200 

250 

ns 

100 

ns 

5 

pF 

1.5 
5 


4.975 


10 
100 


5.0 


500 


0.3 


5.025 
50 

0.015 
2 


+  6 
+  12 

-Vs 
-Vs 


:15 
:15 
:11 


±18 
+  36 
±15 

+  Vs-4 
+  VS 


0 

-40 


+  70 
+  85 


— 


Units 


(IS 


V 

ppm/°C 


mA 
□.A 


tj 


%/V 

n 


v 
v 

mA 

V 

V 


°c 
°c 
°c 


NOTES 

'Referred  to  internal  Vref-  In  PLCC  package,  tested  on  10V  input  range  only. 

Specifications  in  boldface  are  100%  tested  at  Gnal  test  and  are  used  to  measure  outgoing  quality  levels. 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  +VS  to  -Vs  36V 

Maximum  Input  Voltage  (Figure  6)  36V 

Maximum  Output  Current  (Open  Collector  Output)   .  .  50mA 

Amplifier  Short  Circuit  to  Ground    Indefinite 

Storage  Temperature  Range:  Cerdip   ....  -65°Cto  +  150°C 
PLCC    ....  -65-Cto  +150°C 


DEFINITIONS  OF  SPECIFICATIONS 

GAIN  ERROR  -  The  gain  of  a  voltage-to-frequency  converter 
is  that  scale  factor  setting  that  provides  the  nominal  conversion 
relationship,  e.g.  1MHz  full  scale.  The  "gain  error"  is  the  dif- 
ference in  slope  between  the  actual  and  ideal  transfer  functions 
for  the  V-F  convener. 

LINEARITY  ERROR  -  The  "linearity  error"  of  a  V-F  is  the 
deviation  of  the  actual  transfer  function  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function. 

GAIN  TEMPERATURE  COEFFICIENT  -  The  gain  temperature 
coefficient  is  the  rate  of  change  in  full-scale  frequency  as  a  function 
of  the  temperature  from  +  25°C  to  T^  or  T^. 
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Part 

Number1 


AD652JP 
AD652KP 
AD652AQ 
AD6521 
AD652SQ 


Gain 
Drift 
ppmTC 
100  kHz 


50  max 
25  max 
50  max 
BQ  25  max 
50  max 


1  MHz 
Linearity  % 


0.02  max 
0.005  ma; 
0.02  max 
0.005  max 
0.02  max 


Specified 
Temperature 
Range  °C 


0  to  +70 
0  to  +70 

to  +85 
-40  to  +85 
-55  to  +125 


Package 
Options2 


PLCC  (P-20A) 
PLCC  (P-20A) 
Cerdip  (Q-16) 
Cerdip  (Q-16) 
Cerdip  (Q-16) 


NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook  c 
current  AD652/883  data  sheet. 

2P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip.  For  outline  information  see 
Package  Information  section. 
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PIN  CONFIGURATIONS 


PIN 

"Q"  CERDIP 

"P"  PLCC 

1 

+  VS 

NC 

2 

TRIM 

+vs 

3 

TRIM 

NC 

4 

OP AMP OUT 

OP  AMP  OUT 

5 

OP AMP"-" 

OPAMP"-" 

6 

OPAMP"+" 

OPAMP"+" 

7 

10  VOLT  INPUT 

5  VOLT  INPUT 

8 

-vs 

10  VOLT  INPUT 

9 

Cos 

8  VOLT  INPUT 

10 

CLOCK  INPUT 

OPTIONAL  10V  INPUT 

11 

FREQ  OUT 

-Vs 

12 

DIGITAL  GND 

Cos 

13 

ANALOG  GND 

CLOCK  INPUT 

14 

COMP"-" 

FREQ  OUT 

15 
16 

COMP"  +  " 
COMP  REF 

DIGITAL  GROUND 
ANALOG  GND 

17 

COMP"-" 

18 

COMP-  +  " 

19 
20 

NC 

COMP  REF 

THEORY  OF  OPERATION 

A  synchronous  VFC  is  similar  to  other  voltage-to-frequency 
converters  in  that  an  integrator  is  used  to  perform  a  charge-balance 
of  the  input  signal  with  an  internal  reference  current.  However, 
rather  than  using  a  one-shot  as  the  primary  timing  element 
which  requires  a  high  quality  and  low  drift  capacitor,  a  synchronous 
voltage-to-frequency  converter  (SVFC)  uses  an  external  clock; 
this  allows  the  designer  to  determine  the  system  stability  and 
drift  based  upon  the  external  clock  selected.  A  crystal  oscillator 
may  also  be  used  if  desired. 

The  SVFC  architecture  provides  other  system  advantages  besides 
low  drift.  If  the  output  frequency  is  measured  by  counting 
pulses  gated  to  a  signal  which  is  derived  from  the  clock,  the 
clock  stability  is  unimportant  and  the  device  simply  performs  as 
a  voltage  controlled  frequency  divider,  producing  a  high  resolution 
A/D.  If  a  large  number  of  inputs  must  be  monitored  simultaneously 
in  a  system,  the  controlled  timing  relationship  between  the 
frequency  output  pulses  and  the  user  supplied  clock  greatly 
simplifies  this  signal  acquisition.  Also,  if  the  clock  signal  is 
provided  by  a  VFC,  then  the  output  frequency  of  the  SVFC 
will  be  proportional  to  the  product  of  the  two  input  voltages. 
Hence,  multiplication  and  A-to-D  conversion  on  two  signals  are 
performed  simultaneously. 

The  pinouts  of  the  AD652  SVFC  are  shown  in  Figure  1. 

■   .      ■'  ■ 


AD652 

□ SYNCHRONOUS 
VOLTAGE-TO- 
FREQUENCY 

,  I  CONVERTER 

TRIM  \2 


REFERENCE 


1T\  c 
"iT|  c 





"L.  77]  COMP-'-" 

0- 
3    ANALOG  GND 

77]  DIGITAL  GND 


CLOCK  INPUT 


Figure  la.  AD652  Cerdip  Pin  Configuration 

NC  +V,  NC       COMP  REF  NC 

m  m  m  m 


T7j  c 


L — x  r°  y 

I  AND)—  d  FLO 


I 


FLOP 
CLK 


A 

»j  D 

"iTj  f 


LU  1A1  Lid  lAJ  lAl 

>V       OPTIONAL      -V,  C„  CLOCK 

INPUT  10V  INPUT 

INPUT 

Figure  lb,  AD652  PLCC  Pin  Configuration 
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FEATURES 
Low  Cost 

Single  or  Dual  Supply,  5  to  36  Volts,  ±  5V  to  ±  18V 
Full  Scale  Frequency  Up  to  500kHz 
Minimum  Number  of  External  Components  Needed 
Versatile  Input  Amplifier 

Positive  or  Negative  Voltage  Modes 

Negative  Current  Mode 

High  Input  Impedance,  Low  Drift 
Low  Power:  2.0mA  Quiescent  Current 
Low  Offset:  ImV 


I  *******  "rafljjflf^ 

FUNCTIONAL  BLOCK  DIAGRAM 


♦  V,  CT  CT  -Vs 


PRODUCT  DESCRIPTION 

The  AD654  is  a  monolithic  V/F  convener  consisting  of  an  input 
amplifier,  a  precision  oscillator  system,  and  a  high  current  output 
stage.  A  single  RC  network  is  all  that  is  required  to  set  up  any 
full  scale  (F.S.)  frequency  up  to  500kHz  and  any  F.S.  input 
voltage  up  to  ±30V.  Linearity  error  is  only  0.03%  for  a  250kHz 
F.S.,  and  operation  is  guaranteed  over  an  80dB  dynamic  range. 
The  overall  temperature  coefficient  (excluding  the  effects  of 
external  components)  is  typically  ±  50ppm/°C.  The  AD654 
operates  from  a  single  supply  of  5  to  36V  and  consumes  only 
2.0mA  quiescent  current. 

The  low  drift  (4uV/°C  typ)  input  amplifier  allows  operation 
directly  from  small  signals  such  as  thermocouples  or  strain 
gauges  while  offering  a  high  (250Mft)  input  resistance.  Unlike 
most  V/F  converters,  the  AD654  provides  a  square-wave  output, 
and  can  drive  up  to  12  TTL  loads,  opto-couplers,  long  cables, 
or  similar  loads. 


PRODUCT  HIGHLIGHTS 

1.  Packaged  in  both  an  8-pin  mini-DIP  and  an  8-pin  SOIC 
package,  the  AD654  is  a  complete  V/F  converter  requiring 
only  an  RC  timing  network  to  set  the  desired  full  scale  frequency 
and  a  selectable  pull-up  resistor  for  the  open-collector  output 
stage.  Any  full  scale  input  voltage  range  from  lOOmV  to  10 
volts  (or  greater,  depending  on  +  Vs)  can  be  accommodated 
by  proper  selection  of  the  timing  resistor.  The  full  scale 
frequency  is  then  set  by  the  timing  capacitor  from  the  simple 
relationship,  f  =  V/10RC. 

2.  A  minimum  number  of  low  cost  external  components  are 
necessary.  A  single  RC  network  is  all  that  is  required  to  set 
up  any  full  scale  frequency  up  to  500kHz  and  any  full  scale 
input  voltage  up  to  ±  30V. 

3.  Plastic  packaging  allows  low  cost  implementation  of  the 
standard  VFC  applications:  A/D  conversion,  isolated  signal 
transmission,  F/V  conversion,  phase-locked  loops,  and  tuning 
switched-capacitor  filters. 

4.  Power  supply  requirements  are  minimal;  only  2.0mA  of 
quiescent  current  is  drawn  from  the  single  positive  supply 
from  4.5  to  36  volts.  In  this  mode,  positive  inputs  can  vary 
from  0  volts  (ground)  to  (  +  VS  -4)  volts.  Negative  inputs 
can  easily  be  connected  for  below  ground  operation. 

5.  The  versatile  open-collector  output  stage  can  sink  more  than 
10mA  with  a  saturation  voltage  less  than  0.4  volts.  The  Logic 
Common  terminal  can  be  connected  to  any  level  between 
ground  (or  -  Vs)  and  4  volts  below  +Vs.  This  allows  easy 
direct  interface  to  any  logic  family  with  either  positive  or 
negative  logic  levels. 


i  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
plete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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¥s  (total)  =  5  to  16.5V,  unless 
VS=+5V). 


AD654 


Model 


Min 


AD654JN/JR 

Typ 


Max 


UniU_ 


CURRENT-TO-FREQUENCY  CONVERTER 
Frequency  Range 
Nonlineariry1 
U«  =  250kHz 
=  500kHz 
Full  Scale  Calibration  Error 
C  =  390pF,IIN  =  1.000mA 
vs.  Supply  (f™,  £  250kHz) 
Vs=  +  4.75  to  +  5.25V 
Vs=  +5.25  to  +  16.5V 
vs.Temp(0to70°C) 


0.06 
0.20 


-10 


500 

0.1 

0.4 

10 


0.20  0.40 
0.05  0.10 
50 


kHz 

% 
% 

% 

%/V 
%/V 
ppm/°C 




y 

nA 
nA 

mV 

mV/V 

mlV/°c 


ANALOG  INPUT  AMPLIFIER 
(Voltage-to-Current  Converter) 
Voltage  Input  Range 
Single  Supply 
Dual  Supply 
Input  Bias  Current 

(Either  Input) 
Input  Offset  Current 
Input  Resistance  (Non-Inverting) 
Input  Offset  Voltage 
vs.  Supply 
Vs=  +  4.75  to  +  5.25V 
Vs=  +5.25  to  +  16.5V 
vs.Temp(0to70°C) 


0 


■ 

( +  Vs  -  4) 
( +  Vs  -  4) 


30 
5 

250 
0.5 

0.1 

0.03 

4 


1.0 

0.25 
0.1 


100 

500 

(  +  Vs-4) 


OUTPUT  INTERFACE  (Open  Collector  Output) 
(Symmetrical  Square  Wave) 
Output  Sink  Current  in  Logic  "0"2 

V0ut  =  0.4V  max,  25°C 

Voirr  =  0.4Vmax,0to70°C 
Output  Leakage  Current  in  Logic ' 

0to70°C 
Logic  Common  Level  Range 
Rise/Fall  Times  (CT  =  O.OluF) 

I  in  =  1mA 

'in  =  iM-A  


T 


10 

5 

-Vs 





20 
10 
10 

50 


0.2 
1 


mA 
mA 
nA 
nA 
V 

(IS 

M-s 


POWER  SUPPLY 

Voltage,  Rated  Performance 
Voltage,  Operating  Range 

Single  Supply 

Dual  Supply 
Quiescent  Current 

Vs  (Total)  =  5V 

Vs  (Total)  -  30V 


4.5 

4.5 
±5 


1.5 
2.0 


16.5 

36 
±18 

2.5 
3.0 


V 
V 

mA 
mA 


TEMPERATURE 
Operating  Range 


-40 


85 


°C 


PACKAGE  OPTIONS3 
SOIC(R-8) 
Plastic  DIP  (N-8) 


AD654JR 
AD654JN 


NOTES 

'Atf„„  =  250kHz;  RT  =  lkfl,CT  =  390pF,I,N  =  0-lmA. 

f„„  =  500kHz;  RT  =  lkfl.Cr  =  200pF,I,N  =  0-lmA. 
2Tbc  sink  current  is  the  amount  of  current  that  can  flow  into  Pin  1  of  the  AD654  while  n 
5N  -  Plastic  DIP;R  =  SOIC.  For  outline  information  sec  Package  Information  section. 
Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


a  voltage  of  0.4V  between  Pin  1  a 
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AD654 


ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  +VS  to  -Vs  .  .  . 
Maximum  Input  Voltage 
(Pins  3,  4)  to  -Vs  


Maximum  Output  Current 

Instantaneous  50mA 

 •  •  Sustained  25mA 

Logic  Common  to  -Vs  .........   -500mVto(  +  Vs  -4) 

-  300mV  to  +  Vs      Storage  Temperature  Range   -65°C  to  +  150°C 

■ 


CIRCUIT  OPERATION 

The  AD654's  block  diagram  appears  in  Figure  I.  A  versatile 
operational  amplifier  serves  as  the  input  stage;  its  purpose  is  to 
convert  and  scale  the  input  voltage  signal  to  a  drive  current  in 
the  NPN  follower.  Optimum  performance  is  achieved  when,  at 
the  full  scale  input  voltage,  a  1mA  drive  current  is  delivered  to 
the  current-to-frequency  convener  (an  astable  multivibrator). 
The  drive  current  provides  both  the  bias  levels  and  the  charging 
current  to  the  externally  connected  timing  capacitor.  This  "adap- 
tive" bias  scheme  allows  the  oscillator  to  provide  low  nonlinearity 
over  the  entire  current  input  range  of  lOOnA  to  2mA.  The  square 
wave  oscillator  output  goes  to  the  output  driver  which  provides 
a  floating  base  drive  to  the  NPN  power  transistor.  This  floating 
drive  allows  the  logic  interface  to  be  referenced  to  a  level  other 
than  -Vs. 


f  +  5V  TO  -Vs  +30) 


Figure  1.  Standard  V-F  Connection  for  Positive  Input 
Voltages 

V/F  CONNECTION  FOR  POSITIVE  INPUT  VOLTAGES 

In  the  connection  scheme  of  Figure  1,  the  input  ampUfier  presents 
a  very  high  (250Mfl)  impedance  to  the  input  voltage,  which  is 
converted  into  the  proper  drive  current  by  the  scaling  resistors 
at  pin  3.  Resistors  Rl  and  R2  are  selected  to  provide  a  1mA  full 
scale  current  with  enough  trim  range  to  accommodate  the  AD654's 
10%  FS  error  and  the  components'  tolerances.  Full  scale  currents 
other  than  1mA  can  be  chosen,  but  linearity  will  be  reduced; 
2mA  is  the  maximum  allowable  drive.  The  AD654's  positive 
input  voltage  range  spans  from  -Vs  (ground  in  single  supply 
operation)  to  four  volts  below  the  positive  supply.  Power  supply 


rejection  degrades  as  the  input  exceeds  (  +  VS  -  3.75V)  and  at 
(  +  VS  -  3.5V)  the  output  frequency  goes  to  zero. 

As  indicated  by  the  scaling  relationship  in  Figure  1,  a  0.01  (iF 
timing  capacitor  will  give  a  10kHz  full  scale  frequency,  and 
0.001n.F  will  give  100kHz  with  a  1mA  drive  current.  Good  V/F 
linearity  requires  the  use  of  a  capacitor  with  low  dielectric  ab- 
sorption (DA),  while  the  most  stable  operation  over  temperature 
calls  for  a  component  having  a  small  tempco.  Polystyrene,  poly- 
propylene, or  Teflon*  capacitors  are  preferred  for  tempco  and 
dielectric  absorption;  other  types  will  degrade  linearity.  The 
capacitor  should  be  wired  very  close  to  the  AD654.  In  Figure  1, 
Schottky  diode  CR1  (MBD101)  prevents  logic  common  from 
dropping  more  than  500mV  below  -Vs.  This  diode  is  not 
required  if  -  Vs  is  equal  to  logic  common. 

V/F  CONNECTIONS  FOR  NEGATIVE  INPUT  VOLTAGE 
OR  CURRENT 

The  AD654  can  accommodate  a  wide  range  of  negative  input 
voltages  with  proper  selection  of  the  scaling  resistor,  as  indicated 
in  Figure  2.  This  connection,  unlike  the  buffered  positive  con- 
nection, is  not  high  impedance  because  the  signal  source  must 
supply  the  1mA  F.S.  drive  current.  However,  large  negative 
voltages  beyond  the  supply  can  be  handled  easily  by  modifying 
the  scaling  resistors  appropriately.  If  the  input  is  a  true  current 
source,  Rl  and  R2  are  not  used.  Again,  diode  CR1  prevents 
latch-up  by  insuring  Logic  Common  does  not  drop  more  than 
500mV  below  -  Vs.  The  clamp  diode  (MBD101)  protects  the 
AD654  input  from  "below  -Vs"  inputs. 


10VTO-15V) 

Figure  2.  V-F  Connections  for  Negative  Input  Voltages  or 
Current 


♦Teflon  is  a  trademark  of  E.  I.  Du  Pont  de  Nemours  &  Co. 


■ 
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Data  Acquisition  Subsystems 

Contents 


Selection  Tree   

Selection  Guide   

AD1B60  -  Intelligent  Digitizing  Signal  Conditioner   a  

AD1382- 16-Bit  500  kHz  Sampling  ADC   

AD1385  -  16-Bit  500  kHz  Wide  Temperature  Range  Sampling  ADC  


■  ■  •  ■  






Page 

5-2 
5-3 
5-5 
5-20 
.  5-24 

AD7715  -  3  V/5  V,  Low  Cost,  Low  Power,  16-Bit,  Sigma-Delta  ADC    5-28 

AD77 1 6  -  LC2MOS  22-Bit  Data  Acquisition  System   5^10 

AD7776/AD7777/AD7778  -  LC2MOS,  High  Speed  1-,  4-  &  8-Channel  10-Bit  ADCs   5-54 

AD7824/AD7828  -  LC2MOS  High  Speed  4-  &  8-Channel  8-Bit  ADCs   •   5-64 

AD7868  -  LC2MOS  Complete,  12-Bit  Analog  I/O  System    5-68 

AD7869  -  LC2MOS  Complete,  14-Bit  Analog  I/O  System    5-72 

AD7890  -  LC2MOS  8-Channel,  12-Bit  Serial,  Data  Acquisition  System   

AD7891  -  LC2MOS  8-Channel,  12-Bit  High  Speed  Data  Acquisition  System   

AD8401  -  8-Bit,  4-Channel  Data  Acquisition  System  


■ 





5-76 
92 


5" 

5-102 
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Selection  Tree  —  Data  Acquisition  Subsystems 


DATA  ACQUISITION 
SUBSYSTEMS 


8-BIT 


AD7824 
AD7828 
AD8401 


10-BIT 


AD7776 
AD7777 
AD7778 


12-BIT 


AD7890 
AD7891 


SIGNAL 
CONDITIONER 


AD1B60  (4  Channel 

Thermocouple 
or  RTD) 


INPUT/OUTPUT 
PORT 


AD7868  (12-Bit,  83  kSPS) 
AD7869  (14-Bit,  100  kSPS) 


HIGH  RESOLUTION 
SIGMA-DELTA 


AD7715  (16-Bit) 

AD7716  (4  Channel,  20-Bit) 


16-BIT 


 1 


AD1382 

AD1385  (Autocalibration  Mode) 


Selection  Guide— Data  Acquisition  Subsystems 


Throughput 

Resolution 

Rate 

No. 

Bus 

Package 

Temp 

Model 

Bits 

kHz 

Channels 

Interface 

Options' 

Ranges2 

Comments 

Page3 

Ar»771  f. 
i\U  / 1 10 

n  an 

j 

4 

serial 

p  c 
P,  s 

1 

f\-m-m  r»  A    11    D;*    P;,,,.,i,    r\a|ln                         T    nur  Dnma* 

vjuad  ll-oil  Mgma-Lielta  ALll.,  low  rower 

A  I VI 
ALII  DOZ 

lo 

1 

6  ..p 

o>  |ir 

r\ 
u 

Mign  speed  sampling  auk. 

S-2il 

AJLMjoj 

lo 

enn 

1 

8,  U.F 

n 

u 

Antnnnlik«nta/1             J _  T.__  Cninnlina  AIVi*> 

Autocall orated,  wiue  lemp  sampling  t\U\^ 

3—il 

AIJ7/13 

16 

-in  inn  ll- 

ZO-ZUU  Hz 

1 

Serial,  11P 

KT  P 

N,  K 

1 

sigma-Delta  AJJC,  rtjA  Oain  1— llo,  5  V  or  5  V  supply 

J— LO 

AD1B60 

16 

100  Hz 

4 

Serial  ilP 

I  S 

I 

Cnmnlete  Sensor-tn-Dieilal  Conditioning  and  Conversion 

5-5 

AD7869 

14 

83 

1 

Serial,  uP 

N,  Q.R 

C,I 

Complete  Analog  I/O  with  DAC 

5-72 

AD7891 

12 

600 

8 

8/12,  Serial,  uT 

P,S 

I 

5  V  Supply,  CMOS,  High  Speed 

5-92 

AD1341 

12 

150 

16/8 

16 

Z 

C,M/ 

Complete,  Programmable  DAS  with  Fast  Bus  Interface 

CH  7-5 

AD7890 

12 

inn 

1UU 

8 

Serial 

N,  Q,R 

I,  M 

5  V  Supply,  CMOS,  Sampling  ADC 

5-76 

AD7868 

12 

83 

1 

Serial,  (iP 

N,  Q,R 

I 

Complete  Analog  I/O  with  DAC 

5-68 

AD363R 

12 

25 

16/8 

12 

D 

C,  M 

16-Channel  12-Bit  DAS 

CII  7-5 

AD364R 

12 

20 

16/8 

12 

D 

C,M 

High  Speed  16-Channel  12-Bit  DAS 

CH  7-5 

AD7850 

12 

10 

1 

Serial 

N,P 

C 

Small  Signal  DAS  with  Instrumentation 
Amplifiers  and  Reference 

D 

AD7776 

10 

400 

1 

10,  jxP 

R 

I 

Single  Supply,  CMOS,  Offset  Reference 

5-54 

AD7777 

10 

400 

4 

10,  |iP 

N,  R 

I 

Single  Supply,  CMOS,  Dual  Sampling 

5-54 

AD7778 

10 

400 

8 

10,  (iP 

S 

I 

Single  Supply,  CMOS,  Dual  Sampling 

5-54 

AD8401 

8 

500 

4 

8,  uP 

R 

I 

5  V  Complete  I/O  Subsystem  with  DAC 

5-102 

AD7824 

8 

400 

4 

8,  uP 

N,  Q,  R 

C,  I,  M 

CMOS,  4-Channel  Sampling  ADC 

5-44 

AD7828 

8 

400 

8 

8,  nP 

E,  N,  P,  Q 

C,  I,  M 

CMOS,  8-Channel  Sampling  ADC 

5-64 

s 

5 
55 

3 
o 

2 
M 

I 
5 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  '-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70"C;  I  =  Industrial,  — (0°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  „  for  SMD,  and  s  for  space  level. 

BCII  =  Data  Converter  Reference  Manual,  Volume  II;  D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Intelligent  Digitizing 
Signal  Conditioner 


FEATURES 

•  Complete  Sensor-to-Digital  Signal  Conditioning  and 
Data  Conversion 

•  Multiple  Input  Ranges 
Thermocouples:  J,  K,  T,  E,  R,  S,  and  B 
RTDs:  100  il  Platinum  (a  =  385  and  392) 
Voltage:  Ten  Ranges  from  ±10  mV  to  ±10  V 
Two  Custom  Ranges  (User  Defined) 

•  High  Resolution:  ±0.15°C  (Typical,  Temperature 
Input)  or  ±0.0015%  (Typical,  Voltage  Input) 

•  High  Accuracy:  ±0.2°C  (Typical,  RTD  Input)  or 
±0.005%  (Typical,  Voltage  Input) 

•  Cold  Junction  Compensation  for  Thermocouples 

•  Open  Thermocouple  Detection 

•  RTD  Excitation 

•  Lead  Resistance  Compensation  for  RTDs 

•  Autozeroing,  Data  Scaling,  and  Linearization 

•  Data  Output  in  Engineering  Units 

•  2-Wire  Asynchronous  Communication  I/O  Port 

•  High  Speed  Synchronous  Data  Output  Port 

•  Eight  Integration  Times:  2  ms 

•  Internal  EEPROM  Stores 
Configuration  Parameters 

APPLICATIONS 

Industrial  Temperature  Measurement  Systems 
Process  Control  Systems 
Multichannel  Thermocouple/RTD  Systems 
Analytical  Instruments 

GENERAL  DESCRIPTION 

The  AD1B60  is  an  intelligent,  microcontroller-based  device 
that  performs  signal  conditioning,  excitation,  compensation,  lin- 
earization, and  analog-to-digital  conversion  for  a  variety  of  low 
bandwidth  industrial  and  analytical  signals.  Due  to  its  highly 
integrated,  mixed-signal  design,  the  AD1B60  is  small  and  inex- 
pensive, offering  designers  increased  flexibility  and  performance. 

The  AD1B60  is  suited  primarily  for  use  with  thermocouples 
and  resistance  temperature  detectors  (RTDs),  but  also  accepts  a 
broad  range  of  low  and  high  level  voltage 
converts  sensor  inputs  to 
autozeroed  outputs  represented  in 
Celsius  or  volts. 


FUNCTIONAL  BLOCK  DIAGRAM 


RESETO  - 

SVANA    -5VANA      AGND      +SVDIG      OGNO      flESETI  ■* 


AD1B60 


XTAL    CH/BH  R/ADD 
IN  OUT    0  1      0  12  3  4 


The  AD1B60 
scaled,  and 
degrees 


Four  modes  of  cold  junction  compensation  (CJC)  are  supported 
for  thermocouple  applications.  The  AD1B60  also  provides  lead 
resistance  compensation  for  3-wire  or  4-wire  RTD  connections. 

Data  is  transmitted  serially  to  simplify  use  of  external  optical 
and/or  magnetic  isolation  devices.  The  AD1B60  has  a  bidirec- 
tional asynchronous  communications  port  for  control  and  for 
data  output.  Data  is  also  available  via  a  l 
data  output  port. 

Configuration  parameters  such  as  the  input  range  and  integra- 
tion time  of  the  AD1B60  can  be  programmed,  both  prior  to 
installation  and  in  the  application.  The  AD1B60  incorporates 
EEPROM  to  store  default  and  user-specified  configuration  and 
calibration  values.  No  battery  backups,  potentiometers,  or  user- 
developed  calibration  software  routines  are  required  and  no  reca- 
libration  is  necessary  when  the  input  range  is  changed. 
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(@  T,  =  -25°C  to  +85°C  and  power  i 


1 5  V  ±  5%  unless  otherwise 




Parameter 


AD1B60BS,  AD1B60BJ 
Min         Typ  Max 


Unit 


ACCURACY  (ERROR) 
Range  0  (±10  mV) 
Range  1  (±20  mV) 
Range  2  (±50  mV) 
Range  3  (±100  mV) 
Range  4  (±200  mV) 
Range  5  (±500  mV) 
Range  6  (±1  V) 
Range  7  (±2  V) 
Range  8  (±5  V) 
Range  9  (±10  V) 
Range  A  (Type  J,  0°C  to  760°C) 
Range  B  (Type  K,  0°C  to  1000°C) 
Range  C  (Type  T,  -  100°C  to  +400°C) 
Range  D  (Type  E,  0°C  to  1000°C) 
Range  E  (Type  R,  500°C  to  1750°C) 
Range  F  (Type  S,  500°C  to  1750°C) 
Range  10  (Type  B,  500°C  to  1800°C) 
Range  11  (Pt  385,  -200°C  to  800°C) 
Range  12  (Pt  392,  -200°C  to  800°C) 





±0.06 

±0.03 

±0.015 

±0.008 

±0.005 

±0.005 

±0.005 

±0.005 

±0.007 

±0.005 

±0.25 

±0.55 

±0.25 

±0.20 

±1.00 

±1.15 

±1.15 

±0.20 

+  0.20 


±0.11 

±0.06 

±0.03 

±0.015 

±0.008 

±0.007 

±0.007 

±0.007 

±0.010 

±0.010 

±0.45 

±0.75 

±0.45 

±0.35 

±1.75 

±2.05 

±2.15 

±0.40 

±0.40 


%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
°C 
°C 
°C 
°C 

°c 

°C 

°c 
°c 

—  


Notes  1  and  2  (All  Ranges);  at  +25°C 

Note  3  (Temperature  Ranges) 

■ 




ACCURACY  (ERROR)  DRIFT 
Range  0  (±  10  mV) 
Range  1  (±20  mV) 
Range  2  (±50  mV) 
Range  3  (±  100  mV) 
Range  4  (±200  mV) 
Range  5  (±500  mV) 
Range  6  (±  IV) 
Range  7  (±2  V) 
Range  8  (±5  V) 
Range  9  (±10  V) 
Range  A  (Type  J,  0°C  to  760°C) 
Range  B  (Type  K,  0°C  to  1000°C) 
Range  C  (Type  T,  -100°C  to  +400°C) 
Range  D  (Type  E,  0°C  to  1000°C) 
Range  E  (Type  R,  500°C  to  1750°C) 
Range  F  (Type  S,  500°C  to  1750°C) 
Range  10  (Type  B,  500°C  to  1800°C) 
Range  11  (Pt  385,  -200°C  to  800°C) 
:  12  (Pt  392,  -200°C  to  800°C) 


-40 

-20 

-10 

-5 

-5 

-5 

-5 

-5 

-5 

-5 

-10 

-10 

-20 

-10 

-20 

-40 

-40 

±10 

±10 


t25 
t25 


ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppmTC 
ppmTC 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppmTC 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 


Notes  4  and  5  (All  Ranges) 

■ 

■ 


Note  6  (RTD  Ranges) 


RESOLUTION 
Range  0  (±10  mV) 
Range  1  (±20  mV) 
Range  2  (±50  mV) 
Range  3  (±100  mV) 
Range  4  (±200  mV) 
Range  5  (±500  mV) 
:6(±1V) 
S  7  (±2  V) 
Range  8  (±5  V) 
Range  9  (±10  V) 
Range  A  (Type  J,  0°C  to  760°C) 
Range  B  (Type  K,  0"C  to  1000°C) 
Range  C  (Type  T,  -100°C  to  +400°C) 
Range  D  (Type  E,  0°C  to  1000°C) 
Range  E  (Type  R,  500°C  to  1750X) 
Range  F  (Type  S,  500°C  to  1750°C) 
Range  10  (Type  B,  500°C  to  1800°C) 
Range  11  (Pt  385,  -200°C  to  +800°C) 
Range  12  (Pt  392,  -200°C  to  +800°C) 


±0.035 

±0.02 

±0.01 

±0.004 

±0.002 

±0.0015 

±0.0015 

±0.0015 

±0.0015 

±0.0015 

±0.15 

±0.2 

±0.15 

±0.1 

±0.55 

±0.6 

±0.7 

±0.15 

±0.15 


%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%  FSR 
%FSR 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 

°c 


Notes  2  and  5  (All  Ranges) 

■ 
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AD1B60 


Parameter 

AD1B60BS,  AD1B60BJ 
Min        Typ  Max 

Unit 

Notes 

INPUT  CHARACTERISTICS 
Normal  Mode  Rejection  (@  50  Hz  or  60  Hz) 

Input  Bias  Current 

Input  Impedance 
Channel  0-3 
Attenuator  Input 

66 
50 

-0.5  -3 
-0.5 

10 

3^  <tft 

OD                   D\J  OJ 

dB 
dB 
nA 
nA 

Mfl 
to 

At  Integration  Time  a  100  ms 
Note  2 

At  TA  =  +25°C 

At  -25°C  s  TA  s  +85°C 

RTD  &  THERMOCOUPLE  CHANNELS 
RTD  Excitation  Current  Output  (EXCIT) 

vs.  Temperature 
Open  Thermocouple  Detection  Current  (EXCIT) 
I^JL.  excitation  current  uutput  (vJ^J 

-150       -200  -250 
±75  ±300 
-10 

—  1 J                 ZU  Zj 

uA 

ppm/°C 
nA 

■  >  4 
U.A 

Note  7;  at  TA  -  +25°C 
Note  6 

fjote  5,  at  tA  —  +zj  \j 

REFERENCE 
Internal  Reference  Output  Voltage 

vs.  Temperature 
Internal  Reference  Voltage  Noise 
Ref  In  Current 

2.360       2.500  2.640 
+25  +50 
0.01 
350 

V 

ppm/°C 

%  p-p 

uA 



TIMING 
Conversion  Throughput  Rate 
Integration  Time  (User  Configurable) 
Integration  Capacitor 
Oscillator  Frequency 
Integration  Latency 

CLK-to-DATA  Delay,  Synchronous  Port 

Minimum  CS  High  Time 

Reset  Input  Pulse  Width  (RESETI) 

2.5  100 
2  200 
1            2.2  3 
11.0592 

100 

30 

400 
wo 

conv/sec 
ms 
nF 
MHz 

z 

ns 
as 

Note  9 

See  Table  IV 

Note  10 

Notes  10  and  11 
See  Figure  2B 
See  Figure  4 
See  Figure  4 

DIGITAL  LEVELS 
Inputs 
Logic  0  Voltage 

Logic  1  Voltage  (Except  RESETI) 
Logic  1  Voltage  (RESETI) 
Outputs 

Logic  0  Voltage  (ISINK  =  1.6  mA) 
Logic  1  Voltage  (ISOurce  =  -60  uA) 
Input  Current  (CC,  RXD,  CH/BR0-1,  ACM,  PMODE) 
Logic  0 

Logic  l-to-0  Transition 
Input  Current  (R/ADD0-4,  CLK,  CS) 
Input  Pulldown  Resistor  (RESETI) 

0.8 

2.0 

0.7*  (+5VDIG)  +  0.1 

0.45 

2.4 

-75 

-750 

±10 

50  150 

V 
V 
V 

V 
V 

uA 
aA 
aA 

kn 

At  +25-C 

At  V^  =  0.45  V 

AtVIN  =  2.0V 

At  0.45  £  V,„  s  +5VDIG 

POWER  REQUIREMENTS 



At  +25°C 

+V  Analog  (+5VANA) 
-V  Analog  (-5VANA) 
tv  uigitai  ^+jvuiljj 
Power  Supply  Rejection  Ratio 

4.75         5.00  5.25 
7  15 

-5.25       -5.00  -4.75 
-7  -15 

4./D           3.UU  j.ij 

5.  " 

V 

mA 

V 

mA 

V 

mA 
dB 

At  +5  VAN  A  =  5.0  V 

At  -5VANA  =  -5.0  V 
Note  12 

At  +5VDIG  =  5.0  V 

BROWNOUT  DETECTOR 
±V  Analog  Threshold 
+V  Digital  Threshold 

±3.9 

 1*  

V 
V 

TEMPERATURE  RANGE 
Rated  Performance 
Operating 
torage 



-25  +85 
-40  +85 
-40  +85 

°C 
"C 
°C 
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AD1B60— SPECIFICATIONS 


NOTES 

'Accuracy  specifications  include  factory  calibration  errors  but  do  not  include  reference  noise.  Also,  accuracy  specifications  for  thermocouple  ranges  do  not 
include  CJC  calculation  errors,  which  depend  on  the  calculation  method  chosen.  To  calculate  total  measurement  error,  add  reference  noise  expressed  as  a  per- 
centage of  the  reference  voltage  to  the  specified  accuracy  error.  Because  reference  noise  results  in  a  gain  error,  its  effect  is  a  percentage  of  reading.  For  exam- 
ple, a  measurement  made  using  the  ±1  V  input  range  and  a  reference  with  ±0.01%  maximum  noise  would  have  a  maximum  error  of  ±0.007%  FSR  ±  0.01% 
of  reading.  FSR  =  Full-Scale  Range,  i.e.,  span  of  input  values.  For  thermocouple  ranges,  also  add  to  the  measurement  error  the  values  in  Table  A  corre- 
sponding to  the  selected  CJC  type.  For  example,  a  measurement  made  with  a  Type  J  thermocouple,  downloaded  CJC  temperature,  and  a  reference  with 
±0.01%  maximum  noise  would  have  a  maximum  error  of  ±0.456  °C  ±  0.01  %  of  reading. 
2At  integration  time  ^  33.3  ms  and  equal  to  an  integral  number  of  power-line  cycles. 

'Temperature  ranges  use  the  International  Practical  Temperature  Scale  of  1968  (IPTS-68).  Thermocouple  accuracy  specifies  conformance  to  NIST  Monograph 
125.  RTD  accuracy  specifies  conformance  to  JIS  C  1604,  DIN  43760,  and  IEC  751. 
4Errors  expressed  as  ppm  (parts  per  million)  of  reading. 
'Excluding  reference  noise  and  drift. 

6RTD  measurement  drift  is  digitally  compensated  to  25  ppm/°C  of  reading  (maximum),  including  effects  of  reference,  excitation  current,  and  gain  drift. 
7RTD  measurement  accuracy  is  digitally  compensated  to  values  shown  on  first  page  of  specification  table. 
8CJC  excitation  current  is  enabled  only  when  the  "Thermistor"  CJC  mode  is  selected;  see  Table  V. 

"Minimum  throughput  occurs  at  TINT  =  200  ms  for  any  range  selection.  Maximum  throughput  occurs  at  TINT  =  2ms  for  voltage  ranges  (ranges  0  through  9) 
only;  see  Table  IV. 
l0User-supplied. 

"Specified  performance  obtained  with  frequency  of  11.0592  MHz  ±  0.1%. 
l2-0.2  V  <  (+5VANA  -  +5VDIG)  <  0.5  V  for  specified  performance. 

''Typical  values  are  not  tested  or  guaranteed.  Operation  which  is  specified  without  explicit  reference  to  variation  in  operating  conditions  may  differ  as  these  con- 
ditions are  altered. 

Table  A.  Maximum  Thermocouple  CJC  Calculation  Error 


CJC  Calculation 

Thermistor 

1  mV/K 

Downloaded 

Disabled 

CJC  Mode 

00 

01 

10 

11 

Thermocouple 
Type 

Ambient  Temperature  of  AD1B60 

-25°C  to  +85°C 

25°C 

-25°C  to  +85°C 

25°C 

-25°C  to  +85°C 

-25°C  to  +85°C 

J 
K 

T 

0.6°C 
0.6°C 
0.8°C 

o.rc 
o.rc 

0.2°C 

0.4°C 
0.4°C 
0.6°C 

0.3°C 
0.3°C 
0.4°C 

0.006°C 
0.012°C 
0.028°C 

o°c 
o°c 
o°c 

E 
R 
S 
B 

0.6°C 
0.4°C 
0.4°C 
0.3°C 

o.rc 
o.rc 
o.rc 

0.3°C 

0.4"C 
0.3°C 
0.3°C 
0.3°C 



0.3°C 
0.2°C 
0.2°C 
0.3°C 

0.024°C 
0.007°C 
0.007°C 
0.250°C 

o°c 
o°c 
o°c 
o°c 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  stated) 

+5VDIG  to  DGND   -0.3  V  to  +6  V 

+5  VAN  A  to  AGND  -0.3  V  to  +6  V 

-5  VAN  A  to  AGND  -6  V  to  +0.3  V 

+5VDIG  to  +5  VAN  A  -6  V  to  +0.3  V 

+5  VAN  A  to  -5VANA   0  V  to  12  V 

AGND  to  DGND   ±0.3  V 

Analog  Inputs  to  AGND  (Exc.  ATTEN)  .  .  ±5VANA  ±  0.3  V 

ATTEN  Input  to  AGND   ±15  V 

REFOUT,  EXCIT  to  AGND    .  .  -0.3  V  to  +5VANA  +  0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  +5VDIG  +  0.3  V 

Digital  Outputs  to  DGND  -0.3  V  to  +5VDIG  +  0.3  V 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

Power  Dissipation  to  75"C    1,000  mW 

Derate  Above  +75°C  by   10  mW/°C 


♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  These  are  stress  ratings  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Absolute  Maximum  Ratings  apply  individually  only,  not  in  combination. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

AD1B60BS 

-40°C  to  +85°C 

S-64 

AD1B60BJ 

-40°C  to  +85°C 

J-44 

AD1B60/EB 

-40°C  to  +85°C 

Printed  Circuit  Board 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD1B60  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


NOTES 

*S  -  Plastic  Quad  Flat  Pack  (PQFP),  J  =  J-leaded  Ceramic  Chip  Carrier, 
/EB  =  Evaluation  Board  with  AD1B60BJ  &  Software.  Consult  factory  for 
availability.  For  outline  information  see  Package  Information  section. 
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Table  I.  Pin  Functions 


AD1B60 


BS  # 

BJ  # 

Name 

Connection 

4 

18 

RESETI 

Reset  input;  active  high.  Initializes 
the  AD1B60  to  the  pin-strapped  and 
EEPROM  default  values.  Connect  to 
RESETO. 

5 

19 

RXD 

Receive  data  input  for  asynchronous 
port. 

6 

20 

TXD 

Transmit  data  output  for 
asynchronous  port. 

7 

cc 

Continuous  Conversion  input. 
Enables  synchronous  signal 
integration  or  continuous  conversion. 
While  low,  the  AD1B60  waits  in 
".Hip  mnHp  "  Whpn  CC  o-nps  hio-h 

1U1C  111UUC.       W  I1C11            gUCO  lllgll, 

the  AD1B60  starts  converting.  While 
held  high,  the  AD1B60  continuously 

converts  input  data. 

8 

22 

DGND 

Digital  ground. 

12 

23 

+5VANA 

+5  V,  ±  5%  analog  power  supply. 

13 

24 

REFOUT 

Output  from  internal  reference 
(+2.5  V). 

14 

25 

REFIN 

Reference  input;  may  be  connected 
directly  to  REFOUT. 

15 

26 

-5VANA 

-5V,  ±  5%  analog  power  supply. 

16 

27 

AGND 

Analog  ground. 

17 

28 

ATTEN 

5:1  attenuator  input  for  ±5  V  and 
±  10  V  input  voltages. 

21 

29 

C2 

External  integration  capacitor 
(nominally  2.2  nF). 

22 

30 

CI 

External  integration  capacitor. 

23 

31 

NC 

Make  no  connection  (factory  test). 

24 

32 

CJC 

External  CJC  sensor  input.  Also 
outputs  20  uA  excitation  current  in 
thermistor  CjC  mode. 

25 

33 

EXCIT 

Excitation  Output:  provides  10  nA 
for  open  thermocouple  detection  if  a 
thermocouple  range  is  selected,  or 
200  |xA  excitation  if  an  RTD  range  is 
selected. 

26 

34 

GNDSNS 

Npn^p  innnf  fni"  tyronnH  n-itpn.  ml 

OK.ll.M_    111     11  L  1111    glULlllLl   L'U  1C11 1  111  1  . 

Connect  to  AGND  (typical). 

27 

35 

CH3 

Channel  3  signal  input. 

28 

36 

CH2 

Channel  2  signal  input. 

29 

37 

CHI 

Channel  1  signal  input. 

30 

38 

CHO 

Channel  0  signal  input. 

31 

39 

NC 

Make  no  connection  (factory  test). 

34 

40 

RESETO 

Output  from  the  power-on 
reset/brownout  detect/watchdog  timer 
circuit;  active  high.  Connect  to 
RESETI. 

35 

41 

+  5VDIG 

 .  

+5  V,  ±  5%  digital  power  supply; 
connect  also  to  other  +5  VDIG  pins. 

36 

42 

CS 

Chip  select  input  (low  to  select). 
Connect  to  DGND  if  not  used. 

37 

43 

CLK 

Synchronous  serial  shift  clock  input. 
Connect  to  DGND  if  not  used. 

38 

44 

DATA 

Synchronous  serial  data  output. 

BS  # 

BJ# 

Name 

Connection 

39 

1 

XTLOUT 

External  crystal  (11.0592  MHz). 

40 

2 

XTL1N 

External  crystal  (11.0592  MHz)  or 
external  logic- level  clock  input. 

41 

3 

+5VANA 

+5  V,  ±  5%  analog  power  supply. 

45,46 

4,5 

CH/BR0-1 

Channel  select  inputs  when  PMODE 
is  low  at  reset.  Baud  rate  select 
inputs  when  PMODE  is  high  at 
reset. 

47 

6 

+  5VDIG 

+  5  V,  ±  5%  digital  power  supply; 
connect  also  to  other  +5  VDIG  pins. 

53-57 

7-11 

R7ADD4-0 

Range  select  inputs  if  PMODE  is  low 
at  reset.  Address  select  inputs  if 
PMODE  and  ACM  are  high  at  reset. 
External  pull-ups  are  required. 

58 

12 

+5  VDIG 

+5  V,  ±  5%  digital  power  supply; 
connect  also  to  other  +5  VDIG  pins. 

59 

13 

STATUS 

Computation  status  output.  If  Status 
is  high,  results  from  the  previous 
signal  integration  are  being 

...m-  m  .  I  -,.1  ■     if   C'T'AT'TTC     ...  In...  

computed,  it  MAlUo  is  low,  results 
are  available. 

60 

14 

PMODE 

Mode  select  input  for  CH/BR  and 
R/ADDR  pins;  high  or  low  state 
sensed  at  power-up  and  reset. 
Specifies  whether  input  range,  input 
channel,  device  address,  and  baud 
rate  are  determined  by  external  pins 
or  by  values  in  EEPROM. 

61 

15 

ACM 

Addressed  Communication  Mode 
mput.  When  ACM  is  nigh,  address 
and  CRC  are  enabled. 

62 

16 

RDY 

Ready  (integration  status)  output.  If 
RDY  is  high,  the  AD1B60  is 
integrating  the  signal;  if  RDY  is  low, 
the  AD1B60  is  integrating  a 
background  input. 

63 

17 

NC 

Make  no  connection  (factory  test). 

H 

RM0D4  [1 
R/ADD3  0* 
R/ADD2  |]a 


III  liilSsli 


R/ADDO  [si 

,WDIQ  d 

STATUS  [F  (NMBSi.i.) 

 i  [« 

,  |« 

RDY  H 

NC  H 

[F 


AD1 

{« 


liJliJIiJIiJIiJIiJliJliJliJWHl^tilHhiltilHliilH 


NC  -  NO  CONNECT  JSSSS 

NOTES:  cc 
PIN  23.  31 ,  63  -  DO  NOT  CONNECT. 

PINS  WITHOUT  LABELS  ARE  NOT  INTERNALLY  CONNECTED. 
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+5VANA      -5VANA       AGND  *5V0IG 


<|X«) — <|) — <«)— ^X») — (•)  ^X|X|> 


AD1B60 


REFIN  (14)  a  

Y        I  JH 


MICROPROCESSOR 


CI     C2         CC        IN  OUT        0      1  0      12      3  4 

XTL  CH/BR  R/ADD 


F/gure  J.  Functional  Block  Diagram 


FUNCTIONAL  DESCRIPTION 

The  AD1B60  is  a  complete  data  acquisition  subsystem  in  a  sin- 
gle package  which  interfaces  directly  to  a  sensor  and  a  host  pro- 
cessor (see  Figure  1).  The  sensor  is  applied  to  one  or  more  of 
the  multiplexer  inputs  and  amplified  by  the  programmable  gain 
amplifier.  Excitation  currents  for  RTDs,  open  thermocouple 
input  detection,  and  cold  junction  compensation  sensors  are 
provided. 

The  AD1B60  has  an  input  multiplexer  with  four  channels  for 
low  level  input  signals  and  one  channel  with  an  attenuator  for 
high  level  inputs.  There  are  also  reference  and  zero  inputs,  a 
cold  junction  compensation  channel,  and  an  internal  tempera- 
ture sense  channel  on  the  multiplexer.  Voltage  input  ranges  are 
±  10  mV  full  scale  to  ±  10  V  full  scale. 


The  multiplexer  feeds  a  programmable  gain  amplifier  (PGA), 
which  has  a  gain  range  of  1  to  128.  The  output  of  the  PGA  is 
applied  to  an  integrating  voltage-to-frequency  converter,  which 
is  resolved  by  the  microprocessor.  The  microprocessor  controls 
the  input  multiplexer  and  PGA  alternately  selecting  an  input 
channel,  voltage  reference,  ground,  or  other  signal  channel  nec- 
essary for  an  accurate  measurement. 

For  a  voltage  measurement,  the  AD1B60  will  measure  the  input 
voltage,  measurement  ground  and  reference  voltage,  and  will 
calculate  the  value  of  the  input  voltage  ratiometrically  to  the  ref- 
erence and  then  generate  an  output  value  in  volts. 

For  thermocouple  measurements,  the  AD1B60  will  also  read  a 
cold  junction  sensor,  calculate  the  required  CJC  correction  volt- 
age, apply  it  to  the  voltage  reading  of  the  thermocouple,  and 
generate  an  output  in  degrees  Celsius. 

For  RTD  measurements,  the  AD1B60  will  perform  3-  or  4-wire 
lead  resistance  compensation,  compensate  for  internal  excitation 
and  gain  drifts  and  generate  an  output  in  degrees  Celsius. 

The  ADlB60's  standard  input  ranges  include  the  seven  NIST 
thermocouple  standards,  two  platinum  RTD  ranges,  and  ten 
voltage  ranges. 


In  addition,  the  AD1B60  can  use  two  ranges  stored  in  internal 
EEPROM.  These  "custom"  ranges  are  easily  created  by  the  user 
through  use  of  the  AD1B60  Custom  Range  Generation  Software 
included  with  every  Evaluation  Board.  Several  example  files, 
such  as  a  Type  N  thermocouple  range,  are  also  included  with 
the  software. 

With  each  conversion,  the  AD1B60  reports  status  information, 
input  channel,  and  an  overflow  flag.  The  AD1B60  communi- 
cates via  one  or  both  of  its  serial  pons:  a  2-wire  asynchronous 
I/O  port  up  to  19.2  kbaud,  and  a  3-wire  synchronous  data  out- 
put  port  up  to  5  Mbps. 

The  AD1B60  contains  a  brownout  detector  and  watchdog  moni- 
tor circuit.  If  any  of  the  power  supplies  falls  below  a  threshold, 
or  if  the  internal  microprocessor  fails  to  trigger  the  watchdog 
timer,  this  circuit  will  generate  a  reset  output. 

CONFIGURABLE  PARAMETERS 

You  can  set  the  following  parameters  of  the  AD1B60: 

•  Device  Address 

•  Baud  Rate 

•  Channel  Selection 

•  Input  Range 

•  Integration  Time 

•  Cold  Junction  Compensation  Mode 

•  RTD  Connection  Mode 

Depending  on  the  parameter,  you  can  change  values  in  the  fol- 
lowing ways: 

to  change  values  in  EEPROM. 


•  Execute  AD  1B60 

•  Set  specified  pins  on 

•  Execute  AD1B60  commands  t 


values  in  RAM. 
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The  factory-programmed  default  values  of  the  configurable 
parameters  are  listed  in  Table  II. 

If  the  default  values  for  the  device  address  and  baud  rate  do  not 
match  those  in  your  application,  you  must  reset  the  AD1B60 
with  the  PMODE  pin  high  and  the  desired  device  address  and 
baud  rate  set  by  AD1B60  pins.  Using  AD1B60  commands,  you 
can  change  the  EEPROM-based  defaults,  and  then  power  up  the 
AD1B60  with  PMODE  low  to  use  the  new  default  values  from 
EEPROM. 

The  following  section  describes  the  configurable  parameters. 
The  COMMAND  SET  section  describes  the  commands  used  to 
change  parameter  settings. 

Table  II.  Configurable  Parameters  and  their  Default  Values 


Configurable 
Parameter 

Factory  Default 
Value 

For  Details, 
See 

Device  Address 

0 

9600 

Table  I 

Baud  Rate 

Table  VII 

Channel  Selection 

0 

Figure  5 

Input  Range 

Type  J  Thermocouple 

Table  III 

Integration  Time 

100  ms 

Table  IV 

Cold  Junction  Com- 
pensation Mode 

Direct  Connection 
of  a  Thermistor 

Table  V 

RTD  Connection  Mode 

3-Wire 

Figure  6 

la 

CONFIGURATION  PARAMETER  DESCRIPTIONS 
Device  Address 

In  Addressed  Communication  Mode  (ACM  pin  high),  you  can 
connect  a  cluster  of  up  to  32  ADlB60s  to  a  single  communica- 
tion port.  Each  AD1B60  in  a  cluster  must  have  a  unique  address 
from  0  to  31  (0  to  IF  hex). 

When  the  AD1B60  is  reset  with  PMODE  high,  the  address  is 
read  from  R/ADD  4-0  pins.  Refer  to  Table  I  for  more  informa- 
tion on  using  the  pins  of  the  AD1B60. 

When  the  AD1B60  is  reset  with  PMODE  low,  the  address  is 
read  from  EEPROM.  You  can  change  the  default  address  stored 
in  EEPROM  by  executing  the  WR.EPM_PARS  command. 

Baud  Rate 

You  can  set  one  of  the  following  baud  rates  for  the  AD1B60: 
2400,  4800,  9600  (the  factory  default),  or  19200. 

When  the  AD1B60  is  reset  with  PMODE  low,  the  baud 
rate  is  read  from  EEPROM.  You  can  change  the  default  baud 
rate  stored  in  EEPROM  by  executing  the  WR_EPM.PARS 
imand. 


check  ADSTAT's  Valid  Data  flag  after  changing  channels.  You 
may  have  to  wait  up  to  two  integration  times  for  valid  data 
when  changing  channels  on  the  same  input  range.  Refer  to  the 
COMMAND  SET  section  for  more  information  on  SEL_CH. 

If  the  AD1B60  is  reset  with  PMODE  low,  the  input  channel  is 
determined  by  the  CH/BR  0-1  pins. 

Input  Ranges 

The  AD1B60  supports  the  input  ranges  listed  in  Table  III. 

If  the  standard  input  ranges  (numbered  00  through  12  hex)  do 
not  meet  the  requirements  of  your  application,  you  can  down- 
load up  to  two  additional  user  defined  custom  input  ranges  into 
the  AD1B60.  Custom  ranges  are  generated  by  the  user  with  the 
Custom  Range  Generation  Software.  Refer  to  the  following  sub- 
section for  more  information  on  downloading  input  ranges. 

The  input  range  is  determined  by  the  R/ADD  4-0  pins  when 
the  AD1B60  is  reset  with  PMODE  low. 

Table  III.  Input  Ranges 


Input  Range 


±10mV 
±20  mV 
±50  mV 
±100  mV 
±200  mV 
±500  mV 
±1  V 


■ 

■ 


±2  V 

±5  V  (ATTEN  Input) 
±  10  V(ATTEN  Input) 
Type  J  Thermocouple,  0°C  to  760°C* 
Type  K  Thermocouple,  0°C  to  1000°C 
Type  T  Thermocouple,  -  100°C  to  +400°C 
Type  E  Thermocouple,  0°C  to  1000°C 
Type  R  Thermocouple,  500°C  to  1750°C 
Type  S  Thermocouple,  500°C  to  1750°C 
Type  B  Thermocouple,  500°C  to  1800°C 
Platinum  RTD,  100  ft,  a  =  0.00385, 
-200°C  to  +800°C 

Platinum  RTD,  100  fi,  a  =  0.00392, 
-200°C  to  +800°C 
Not  Used 
User  Range  1 
User  Range  2 


Range  Code 
(In  Hex) 


00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA* 
0B 
0C 
0D 
0E 
OF 
10 
11 

12 

13  to  ID 

IE 

IF 


~  


When  the  AD1B60  is  reset  with  PMODE  high,  the  baud  rate  is 
read  from  the  CH/BR  0-1  pins. 

Channel  Selection 

Although  the  AD1B60  is  optimized  for  single-channel  applica- 
tions, you  can  use  up  to  five  input  channels  on  one  device.  The 
AD1B60  checks  the  input  channel  selection  before  each  conver- 
sion. Note  that  selecting  an  RTD  or  high  voltage  input  range 
also  determines  the  channel(s). 

If  the  AD1B60  is  powered  up  with  PMODE  high,  Channel  0  is 
selected.  For  thermocouple  and  low  level  voltage  ranges,  you 
can  select  an  input  channel  using  the  SELXH  command.  Check 
the  channel  address  in  the  ADSTAT  byte  returned  with  the 
data  to  ensure  that  the  data  represents  the  correct  channel.  Also 


NOTE 

*Default  Configuration 


The  input  range  is  read  from  EEPROM  when  the  AD1B60 
is  reset  with  PMODE  high.  To  change  the  input  range  stored  in 
EEPROM,  execute  the  WR_EPM_PARS  command.  You  can 
also  change  the  input  range  by  using  the  WR_RAM_PARS 
command.  This  command  changes  the  range  immediately  and 
does  not  affect  values  in  EEPROM.  You  can  issue  the 
RD.RAM_PARS  command  to  read  the  current  configuration. 

You  can  use  only  one  input  range  at  a  time.  When  you  change 
the  input  range,  you  may  have  to  wait  up  to  13  integration 
times  to  ensure  that  the  output  data  is  valid,  as  indicated  by 
the  Valid  Data  flag  in  the  ADSTAT  byte.  Therefore,  you 
should  only  change  the  input  range  in  applications  having  very 
low  bandwidth. 
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to  uowniuau  lnio  me  auidou  s  nnrrvwm  at  any  umc.  a  range 
is  typically  generated  by  a  user  in  order  to  accept  a  sensor  or 
input  signal  not  supported  by  the  standard  AD1B60  internal 
ranges  or  to  provide  a  range  that  optimizes  the  output  data  for 
easier  calculations  or  other  considerations. 

Ranges  can  be  simply  made  by  using  the  IBM  PC  compatible, 
Windows  version  "AD1B60  Custom  Range  Generation  Soft- 
ware." All  AD1B60  software  is  included  free  of  charge  with 
each  Evaluation  Board. 

To  download  an  input  range  to  EEPROM,  execute  the 
LOAD.RNG  command.  You  must  execute  LOAD.RNG  eight 
times  to  download  the  entire  input  range  to  EEPROM.  Refer  to 
the  COMMAND  SET  section  for  more  information  on  this 
command. 

Reading  User-Downloaded  Input  Ranges 

To  verify  a  user-downloaded  input  range,  execute  the  GET_RNG 
command.  You  must  execute  GET.RNG  eight  times  to  read  the 
entire  input  range  from  EEPROM. 

Integration  Time 

You  can  set  the  integration  time  used  by  the  ADlB60's  A/D 
converter.  The  integration  time  and  the  input  range  affect  the 
overall  conversion  rate.  Table  IV  shows  available  integration 
times  and  the  range  of  corresponding  conversion  rates,  as  well  as 
line  frequencies  that  have  high  normal  mode  rejection  (NMR). 
Voltage  ranges  have  the  fastest  conversion  rates.  Because  of  the 
extensive  calculation  required  for  linearization  and  compensa- 
tion, the  conversion  rate  for  Type  K  thermocouples  is  the  slow- 
est of  the  ADlB60's  standard  ranges. 

Setting  the  integration  time  equal  in  duration  to  an  integral 
number  of  power  line  cycles  will  cause  high  normal  mode  rejec- 
tion at  the  line  frequency.  The  fastest  available  integration  times 
for  50  Hz  and  60  Hz  are  40  ms  and  33.3  ms,  respectively;  each 
time  is  equal  to  two  power  line  cycles.  The  default  integration 
time,  100  ms,  is  an  integral  multiple  of  both  power  line  periods. 

You  can  change  the  default  integration  time  stored  in  EEPROM 
by  executing  the  WR_EPM_PARS  command.  You  can  change  the 
integration  time  without  changing  values  in  EEPROM  by  executing 


Cold  Junction  Compensation  Mode 

The  AD1B60  provides  four  different  CJC  modes  for  thermocou- 
ple ranges,  described  in  Table  V. 

You  can  change  the  default  CJC  mode  stored  in  EEPROM  by 
executing  the  WR_EPM.PARS  command. 

■ 

You  can  change  the  CJC  mode  without  changing  the  EEPROM 
default  by  executing  the  WR_RAM_PARS  command.  To  read 
the  current  CJC  mode  from  RAM,  execute  the  RD.RAM.PARS 
command.  To  read  the  current  value  of  the  CJC  temperature 
from  RAM,  execute  the  RD.CJC  command. 

RTD  Connection  Mode 

The  AD1B60  supports  3- wire  and  4-wire  RTD  connection 
modes  (see  Figures  10,  11,  and  12);  3-wire  is  the  default 
configuration. 

You  can  change  the  default  RTD  connection  mode  stored  in 
EEPROM  by  executing  the  WR_EPM_PARS  command. 

You  can  change  the  RTD  connection  mode  without  changing 
the  EEPROM  default  by  executing  the  WR_RAM.PARS  com- 
mand. To  read  back  the  current  configuration  stored  in  RAM, 
execute  the  RD_RAM_PARS  command. 

Table  IV.  Integration  Times 


Integration 

Conversion 

High  NMR 

AUX  Byte 

Time 

Rate 

Frequency 

Bits  B2-B0 

200  ms 

2.5  per  second 

50  or  60  Hz 

000 

100* 

5* 

50  or  60 

001* 

60 

8.3 

50 

010 

50 

9.9 

60 

on 

40 

12.3 

50 

100 

33.3 

14.8 

60 

101 

5 

44f  to  87.5t 

110 

2 

48f  to  100* 

111 

NOTES 

*Default  Configuration 

tType  K  thermocouple  with  thermistor  CJC  (mode  00) 
tVoltage  range  with  CJC  disabled  (Mode  11) 


Table  V.  Cold  Junction  Compensation  Modes 


CJC 

Sensor 

Type 

CJC  Mode 
Description 

CJC 

Excitation 
Current 

Cold  Junction 
Temperature 
Range 

AUX  Byte 
Code, 
Bits  B6-B5 

Thermistor* 



Direct  connection  of  a  10K3A1  thermistor  made  by  Betatherm  (Shrewsbury, 

Massachusetts,  and  Galway,  Ireland).  At  +25°C,  this  thermistor's  R  =  10  kfl, 

alpha  =  -4.4%/°C,  and  beta  =  3892. 

Enabled 

-25°C  to  +70°C 

00* 

1  mV/K 

A  1  mV/K  external  sensor  is  connected  at  the  input.  This  mode  allows  the  use 
of  silicon  sensors,  such  as  the  Analog  Devices  AD592  with  a  1  kO  resistor 
(see  Figure  9). 

Disabled 

-25°C  to  +85°C 

01 

Downloaded 

A  user-defined  value  of  an  externally  derived  cold  junction  temperature  is 
downloaded  over  the  asynchronous  communication  port  using  the  WR  CJC 
command. 

Disabled 

-25°C  to  +85°C 

10 

CJC 

Calculation 
Disabled 

No  CJC  calculations  are  performed  by  the  AD1B60.  An  analog  CJC,  such  as 
the  Analog  Devices  AC1226,  is  connected  at  the  input.  This  type  of  sensor 
must  be  externally  configured  for  the  specific  thermocouple  type. 

Disabled 

User-defined; 
must  be  in  —  25°C 
to  +85°C  range 

11 

NOTE 
•Default  Configuration 
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CONVERSION  TIMING  AND  CONTROL 

In  normal  operation,  the  Continuous  Conversion  (CC)  Pin  is 
high,  and  the  AD1B60  performs  continuous  conversions,  alter- 
nating between  signal  conversions  and  background  conversions, 
such  as  autozero  or  cold  junction  compensation  (see  Figure  2a). 

The  RDY  pin  and  the  Ready  flag  in  the  ADSTAT  byte  are  high 
while  the  AD1B60  integrates  the  input  signal.  The  STATUS  pin 
and  Status  flag  in  the  ADSTAT  byte  are  high  while  the 
AD1B60  computes  the  result  of  the  signal  integration.  When 
STATUS  goes  low,  the  data  is  available  at  the  Asynchronous 
Communication  Port.  When  RDY  goes  high  again  for  the  next 
signal  integration,  the  data  from  the  prior  conversion  is  available 
at  the  Synchronous  Data  Output  Port. 

When  CC  is  low,  signal  conversions  are  suspended.  After  CC 
goes  high,  a  signal  conversion  will  start.  This  allows  synchroniz- 
ing the  conversions  to  external  events,  or  synchronizing  multiple 
ADlB60s  (see  Figure  2b).  If  you  communicate  with  the 
AD1B60  using  the  Asynchronous  Communications  Port,  the 
time  spent  in  communications  service  may  increase  the  latency 
between  the  trigger  and  the  signal  conversion. 


CC 


CONVERSIONS  , 

OCCUR  \  CONVERSIONS 

CONTINUOUSLY  \  ARE  SUSPENDED 

WHILE  CC  IS  HIGH  \  WHILE  CC  IS  LOW 


STATUS 


A SIGNAL  / \  1  I 
COMPU-  /  \l 
TTr*i  \ ' 


DATA  AVAILABLE  AT 
ASYNC  PORT  WHEN 


A 


DATA  AVAILABLE  AT 
SYNC  PORT  WHEN 


STATUS  GOES  LOW   »,  RDY  GOES  HIGH 

Figure  2a.  Continuous  Conversion 


RDY  INTEGRATION 
LATENCY! 

INTEGRATION 
INTEGRATION 

STATUS 




STATUS  GOES 
HIGH  BEFORE 
3  LOW 


DATA 

AVAILABLE 
AT  ASYNC 
PORT 


SIGNAL 
COMPUTATION 


Figure  2b.  Synchronizing  Conversion 

SERIAL  COMMUNICATION  PORTS 
Asynchronous  Communication  Port 

The  asynchronous  communication  port  is  a  two-wire,  half- 
duplex,  input/output  port.  You  can  connect  the  asynchronous 
port  to  host  systems  either  at  +5  V  logic  levels  or  by  using 
external  level  translation  to  communication  standards  such  as 
RS-232  and  RS-422.  The  AD1B60  responds  to  the  commands 
listed  in  the  COMMAND  SET  section. 


The  asynchronous  port  operates  at  2400,  4800,  9600,  or  19200 
baud  using  eight  data  bits,  no  parity,  and  one  stop  bit.  Bytes  are 
transmitted  least  significant  bit  first. 

In  Addressed  Communications  Mode  (ACM),  the  asynchronous 
port  supports  device  addressing  and  CRC  error  checking. 
Device  addressing  enables  clusters  of  up  to  32  ADlB60s  to 
share  a  single  communication  line  (see  Figure  3).  Cyclic  Redun- 
dancy Codes  (CRC)  improve  communication  reliability  in  noisy 
environments.  The  AD1B60  uses  CRC-16  (x16  +  x15  +  x2  +  1) 
as  a  generator  polynomial. 

ACM  is  active  when  the  ACM  pin  is  high.  When  ACM  is  active, 
the  address  and  CRC  are  required  to  accompany  commands  to 
the  AD1B60,  which  will  include  address  and  CRC  in  its 
response.  See  the  COMMAND  PARAMETERS  section  for 
details  on  the  format  of  address  and  CRC.  The  address  and 
baud  rate  are  read  from  either  EEPROM  or  external  pins  at 
reset,  depending  on  the  state  of  the  PMODE  pin. 

When  the  PMODE  pin  is  low  at  reset,  device  address  and  async 
port  baud  rate  are  read  from  EEPROM,  and  input  range  and 
channel  are  read  from  R/ADD  and  CH/BR  pins  at  reset.  When 
PMODE  is  high  at  reset,  address  and  baud  rate  are  read  from 
these  pins,  input  range  is  read  from  EEPROM,  and  input  chan- 
nel is  set  to  0. 


I  


FROM  PROCESSOR 


Figure  3.  Connecting  a  Cluster  of  AD1B60s  to  a  Communi- 
cation Port 

If  you  intend  to  use  the  AD1B60  with  a  device  address  or  baud 
rate  different  from  the  values  in  EEPROM,  reset  the  device 
with  PMODE  high  and  the  desired  address  and  baud  rate 
selected  through  the  R/ADD  and  CH/BR  pins.  You  may  then 
load  the  desired  values  of  device  address  and  baud  rate  into 
EEPROM  to  free  these  pins  for  selecting  input  range  and 
channel. 

If  a  message  with  an  invalid  address,  command  code,  or  CRC  is 
received  by  an  AD1B60,  it  will  not  respond  to  that  message. 
The  host  may  use  a  time-out  to  detect  an  AD1B60  that  does  not 
respond.  If  the  host  detects  an  error  from  an  AD1B60,  whether 
by  invalid  response  or  lack  of  response,  it  may  issue  a  Break  and 
retry  the  command. 

The  AD1B60  will  detect  Breaks  to  allow  recovery  from  commu- 
nications errors.  The  AD1B60  recognizes  a  Break  when  it 
receives  a  character  with  a  zero  (space)  where  the  stop  bit 
should  be.  The  AD1B60  then  resets  its  communications  pro- 
cesses, and  is  ready  to  receive  the  next  command.  All  ADlB60s 
on  a  line  will  recognize  a  Break. 


REV.  A 


DATA  ACQUISITION  SUBSYSTEMS  5-13 


AD1B60 


Asynchronous  communications  with  the  AD1B60  are  half- 
duplex.  If  a  character  is  sent  to  an  AD1660  while  it  is  transmit- 
ting, it  ignores  the  character  and  continues  transmitting.  After 
its  transmission  is  complete,  the  AD1B60  is  ready  to  receive  the 
next  character. 

Synchronous  Data  Output  Port 

The  synchronous  port  is  a  3-wire  data  output  port.  It  is  inde- 
pendent of  the  asynchronous  port,  and  both  can  be  accessed 
simultaneously,  if  desired. 

Using  the  CS  (chip  select),  CLK  (clock  input),  and  DATA  (data 
output)  pins  of  the  AD1B60,  you  can  read  data  at  speeds  up  to 
5  Mbps  (see  Figure  4).  When  RDY  goes  high  at  the  beginning 
of  a  conversion  cycle,  the  MSB  of  the  previous  data  word 
appears  at  the  DATA  output  (see  Figures  2a  and  2b).  Bringing 
CS  low  freezes  the  data  in  the  synchronous  port  buffer.  Results 
of  other  conversions  won't  be  transferred  to  the  synchronous 
port  buffer  while  CS  is  low.  15  CLK  pulses  will  read  out  the 
remaining  bits  of  the  word  in  the  synchronous  port  buffer.  Fur- 
ther CLK  pulses  will  continue  to  read  out  the  same  data  bits 
from  this  circular  buffer. 

After  all  16  bits  are  read,  CS  must  be  brought  high  and  then 
low  again  to  read  the  next  word.  CS  must  stay  high  for  a  mini- 
mum of  400  u.s  to  allow  the  data  buffer  to  be  updated. 

The  synchronous  port  sends  integer  data  only,  in  16-bit  twos 
complement  or  offset  binary  format,  depending  on  the  input 
range  (see  Table  VI). 

If  you  don't  use  the  synchronous  output  port,  ground  the  CS 
and  CLK  pins  to  minimize  digital  noise. 


J"  V.I 


CS 


MINCS 
HIGH  TIME 


A. 


15  CLOCK  PULSES 


CLK      !         \]  \f 
|  — "<  I-"—  CLK-TO- 

|  |      OATA  DELAY 


DATA 


\     BIT     V   BfT  V    BIT  BIT  V  BIT    V    BIT  V  BIT    V  BIT 

A  15  A  »  A  "       *  A  i  A  o  A  «  A  « 


LAST)  SSE  SSS, 


Figure  4.  Reading  Data  from  the  Synchronous  Port 
Table  VI.  Integer  Data  Output  Formats 


Voltage  Ranges 
(Twos  Complement,  in  Hex) 

Temperature  Ranges 
(Offset  Binary,  in  Hex) 

+Full  Scale 
Zero 

Zero  -1  LSB 

7FFF 

0000 

FFFF 

Top  of  Span 

FFFF 

-Full  Scale 

 ,  1 

8000 

Bottom  of  Span 

0000 
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COMMAND  PARAMETERS 

This  section  describes  the  parameters  of  the  AD1B60  com- 
mands, which  are  described  in  the  next  section.  All  values  in 
<angle  brackets>  and  [square  brackets]  are  8-bit  bytes;  values 
in  [square  brackets]  are  used  only  when  ACM  is  active.  Num- 
bers followed  by  H  are  expressed  in  hexadecimal  (hex)  notation. 

[Addr]  represents  the  address  of  the  AD1B60.  It  is  required  in 
the  command  and  generated  in  the  response  only  if  ACM  is 
active.  Values  for  [addr]  range  from  00H  to  1FH  (0  to  31  deci- 
mal). The  factory  default  value  is  00H. 

<ADSTAT>,  shown  in  Figure  5,  represents  the  status  of  the 
AD1B60.  Values  of  ADSTAT  range  from  00H  to  FFH. 
ADSTAT's  Valid  Data  flag  and  Input  Channel  should  be 
checked  on  every  measurement  reading. 

<Aux>,  shown  in  Figure  6,  represents  the  RTD  connection 
mode,  CJC  mode,  and  integration  time  of  the  AD1B60.  Values 
of  <aux>  range  from  00H  to  FFH  and  may  be  read  via  the 
RD_RAM_PARS  command. 


86  |  B5 

B4 

B3 

B2 

B1 

BO 

TC  OR  LOW-LEVEL 
VOLTAGE  INPUT  CHANNEL 
11  =  CHANNEL  3 
10  =  CHANNEL  2 
01  •  CHANNEL  1 
00  =  CHANNEL  0 


I— VALID  DATA  FLAG 

1  =  CONVERSION  OATA  VALID 
0  =  DATA  INVALID 

■STATUS  FLAG 

1  -  COMPUTATION  IN  PROGRESS 
0  =  COMPUTATION  RESULT  AVAILABLE 

I—  READY  FLAG 

1  •  SIGNAL  INTEGRATION  IN  PROGRESS 
0  ■  BACKGROUND  INTEGRATION  IN  PROGRESS 

-  CALIBRATION  FLAG 
1  =  CALIBRATION  IN  PROGRESS 
0  =  NO  CALIBRATION 

OVERFLOW  FLAG 
1  =  OVERFLOW 
0  =  NO  OVERFLOW 


Figure  5.  The 
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B0 

-  CJC  MODE 
1 1  =  CJC  DISABLED 
10  =  USER-DOWNLOADED  VALUE 
01  =  1  MV/K  SENSOR 
00  =  THERMISTOR 

-  RTD  CONNECTION  MODE 
1  =  4-WIRE 
0  •  3-WIRE 


Figure  6.  The  Aux  Byte 


INTEGRATION  1 
111  -  2  MS 
110  =  5  MS 

33.3  MS 
100  =  40  MS 
011  =  50  MS 
010  =  60  MS 
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Table  VII.  Baud  Rate  Codes 




Baud  Rate 



Baud  Code  (in  Hex) 

2400 

00 

4800 

01 

9600* 

02* 

19200 

03 

<Baud>  represents  the  baud  rate  code  of  the  AD1B60.  Table 
VII  lists  the  codes  associated  the  available  baud  rates. 

<C0>  through  <C3>  are  four  bytes  that  represent  the  CJC 
temperature,  in  ANSI/IEEE  754-single-precision  floating-point 
format,  and  in  degrees  C.  Values  ranges  from  -25°C  to  +85°C. 
For  example,  in  this  format,  a  25°C  is  expressed  as  41  C8  00  00 
(hexadecimal).  <C0>  contains  the  least  significant  byte  of  the 
mantissa,  or  00H  in  this  example;  <C3>  contains  the  sign  bit 
and  the  7  most  significant  bits  of  the  exponent,  or  41H  in  this 
example. 

[CRC1]  and  [CRC2]  represent  the  CRC-16  error  checking  value. 
These  arguments  are  required  in  the  command  and  generated  in 
the  response  only  if  ACM  is  active.  [CRC1]  is  the  LSB;  [CRC2] 
is  the  MSB. 

<Device_addr>  represents  the  new  default  address  for  the 
AD1B60.  Values  for  <device_addr>  range  from  OOH  to  1FH  (0 
to  31  decimal). 

<D0>  through  <D7>  comprise  an  8-byte  segment  of  the  user- 
selected  input  range  in  EEPROM.  <D0>  is  the  low  order  byte; 
<D7>  is  the  high  order  byte. 

<F0>  through  <F3>  are  four  bytes  that  represent  the  floating- 
point data,  in  IEEE  754  standard  format.  See  the  description  of 
<C0>  through  <C3>,  above,  for  information  on  this  format. 

<INT_LO>  and  <INT_HI>  represent  the  lower  and  upper 
eight  bits,  respectively,  of  the  16-bit  integer  representation  of 
the  data.  Values  range  from  OOH  to  FFH;  see  Table  VI  for  data 


<Range>  represents  the  input  range  code.  Refer  to  Table  III 
for  a  list  of  the  available  input  range  codes.  The  current  range 
may  be  read  via  the  RDJtAM .PARS  command. 

<Range.addr>  represents  the  address  of  the  8-byte  segment  of 
the  64-byte  input  range  in  EEPROM.  Range  addresses  OOH  to 
07H  correspond  to  the  eight,  8-byte  segments  of  User  Range  1 
(code  1EH);  range  addresses  08H  to  0FH  correspond  to 
eight,  8-byte  segments  of  User  Range  2  (code  1FH). 


COMMAND  SET 

The  AD1B60  commands  allow  you  to  configure  the  AD1B60, 
read  converted  data  and  status  information,  and  calibrate  input 
ranges  over  the  asynchronous  port.  This  section  describes  the 
commands  in  detail. 

Configuration  Commands 

The  AD1B60  Command  Set  provides  the  configuration  com- 
mands listed  below.  Note  that  the  data  written  into  RAM  by 
WR.RAM.PARS,  WR.CJC,  and  SEL.CH  will  be  cleared  at 
power-up  and  reset. 

•  RD  RAM  PARS 

Reads  back  the  current  value  of  the  configuration  parameters 
from  RAM. 

Command  Syntax 
[addr]  <02H>  [CRC1]  [CRC2] 

Response  Syntax 

[addr]  <02H>  <range>  <aux>  [CRC1]  [CRC2] 

bnawb  t>ii  ntHttt  one  OoHiQA  sdi  no  kiinsrfo  lufta  la  a)  io!s2 

•  WR  RAM  PARS 

Writes  new  values  of  the  configuration  parameters  in  RAM. 
These  values  take  effect  immediately  and  do  not  change  the 
default  values  in  EEPROM. 

Command  Syntax 
[addr]  <04H>  <range>  <aux>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <04H>  [CRC1]  [CRC2] 

•  WR  EPM  PARS 

Writes  new  values  of  the  configuration  parameters  in  EEPROM. 
The  new  values  do  not  change  currently  selected  values  in  RAM 
and  only  take  effect  when  the  AD1B60  is  powered  up  or  reset. 

Command  Syntax 
[addr]  <05H>  <range>  <aux>  <device-addr>  <baud> 
[CRC1]  [CRC2] 

Response  Syntax 
[addr]  <05H>  [CRC1]  [CRC2] 


•  GET.RNG 

Reads  an  8-byte  segment  of  a  downloadable  input  range  from 
EEPROM.  See  LOAD.RNG,  below. 

Command  Syntax 
[addr]  <07H>  <range-addr>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <07H>  <D0>  <D1>  <D2>  <D3>  <D4>  <D5> 
<D6>  <D7>  [CRC1]  [CRC2] 

•  LOAD.RNG 

Writes  an  8-byte  segment  of  a  downloadable  input  range  into 
EEPROM.  LOAD.RNG  and  GET.RNG  must  be  executed  8 
times  to  write  or  read  an  entire  64-byte  range.  Each  successive 
time,  <range-addr>  must  increment  by  1  to  address  the  next 
segment. 

Command  Syntax 
[addr]  <08H>  <range-addr>  <D0>  <D1>  <D2>  <D3> 
<D4>  <D5>  <D6>  <D7>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <08H>  [CRC1]  [CRC2] 
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sensor,  or  loaded  via  a  WR.CJC  command. 

Command  Syntax 
[addr]  <03H>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <03H>  <C0>  <C1>  <C2>  <C3>  [CRC1]  [CRC2] 

•  WR.CJC 

Downloads  to  RAM  a  CJC  temperature  in  °C,  obtained  from  an 
external  source.  Only  used  in  Downloaded  CJC  mode  (mode  10). 

Command  Syntax 
[addr]  <06H>  <C0>  <C1>  <C2>  <C3>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <06H>  [CRC1]  [CRC2] 

•  SEL.CH 

Selects  an  input  channel  on  the  AD  IB 60  and  stores  the  channel 
address  in  RAM.  This  command  is  not  meaningful  if  the 
PMODE  pin  is  low,  or  if  the  input  range  is  RTD  or  attenuator; 
for  these  ranges,  the  channel  is  selected  automatically. 

Command  Syntax 
[addr]  <0AH>  <chan>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <0AH>  <chan>  [CRC1]  [CRC2] 

Read  Data  Commands 

The  AD1B60  Command  Set  includes  the  following  read  data 
commands: 

•  RD.INTDATA 

Reads  converted  data,  in  16-bit  integer  format  (see  Table  VI), 
and  the  conversion  status. 

Command  Syntax 
[addr]  <00H>  [CRC1]  [CRC2] 

Response  Syntax 

[addr]  <00H>  <INT_LO>  <INT_HI>  <ADSTAT>  [CRC1] 
[CRC2] 

•  RD  FPDATA 

Reads  converted  data,  in  IEEE  754  floating  point  format  and 
engineering  units,  and  the  conversion  status. 

Command  Syntax 
[addr]  <01H>  [CRC1]  [CRC2] 

Response  Syntax 
[addr]  <01H>  <F0>  <F1>  <F2>  <F3>  <ADSTAT> 
[CRC1]  [CRC2] 

Calibration  Command 

•  CAL 

Performs  a  calibration  cycle  for  parameters  related  to  the  config- 
ured input  range.  See  the  Calibration  section  below. 

Command  Syntax 
[addr]  <09H>  <09H>  [CRC1]  [CRC2] 


■  u 
Response  Syntax 
[addr]  <09H>  <09H>  [CRC1]  [CRC2] 
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your  application,  if  desired.  You  should  calibrate  the  AD1B60  if 
you  use  an  external  reference. 

Calibrating  the  AD1B60  requires  a  precision  reference  excitation 
source  for  different  input  ranges.  The  accuracy  of  the  AD1B60 
depends  on  the  accuracy  of  the  calibration  source.  For  best  per- 
formance, calibrate  the  AD1B60  using  the  maximum  integration 
time  of  200  ms. 

Note  that  calibrating  certain  input  ranges,  such  as  thermocouple 
ranges,  depends  on  the  prior  calibration  of  one  or  more  voltage 
ranges.  Therefore,  to  properly  calibrate  all  the  input  ranges  and 
channels  of  the  AD1B60,  perform  the  following  procedure  for 
each  step  of  the  calibration  sequence: 

1.  Using  the  WR_RAM_PARS  command,  configure  the 
AD1B60  for  the  appropriate  range  listed  in  Table  VIII.  For 
example,  in  the  first  step  of  the  calibration  sequence,  set  the 
input  range  to  ±2  V. 

2.  Apply  the  reference  excitation  specified  for  the  input  range, 
listed  in  Table  VIII.  For  example,  in  the  first  step  of  the  cal- 
ibration sequence,  apply  a  +2.00000  V  excitation  to  channel  0. 

3.  Issue  RD_FPDATA  or  RDJNTDATA  commands  and 
observe  the  readings.  Allow  the  excitation  source  to  stabilize, 
and  check  that  the  Valid  Data  flag  in  the  ADSTAT  byte  is 
high. 

4.  Execute  the  CAL  command. 

5.  Wait  until  the  CAL  flag  in  ADSTAT  goes  low. 

6.  Repeat  operations  1  through  5  above,  using  the  input  ranges 
and  reference  excitations,  listed  in  Table  VIII,  for  the  next 
step  of  the  calibration  sequence. 

Note  that  you  must  complete  Steps  I  through  8  in  Table  VIII. 
However,  if  your  application  does  not  require  the  attenuator 
input,  you  can  skip  Step  9.  If  your  application  does  not  require 
thermocouples,  you  can  skip  Step  10.  If  your  application  does 
not  require  RTDs,  you  can  skip  Step  11. 

RESETTING  THE  AD1B60 

The  AD1B60  generates  a  reset  signal  (RESETO)  at  power-up, 
on  detecting  a  low  supply  voltage  (brown-out),  or  on  missing  an 
internal  watchdog  pulse.  In  normal  operation,  RESETO  is  tied 
to  the  reset  input  (RESETI).  An  external  active-high  reset  signal 
may  be  used  instead  of,  or  in  addition  to,  RESETO.  Figure  7 
shows  how  to  OR  internal  and  external  signals  to  control 
RESETI. 


EXTERNAL  - 
RESET 

Figure  7.  Resetting  the  AD1B60 
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Table  VIII.  Input  Ranges  and  Reference  Excitations  for  Each  Iteration  of  the  Calibration  Sequence 


Input  Range 


Range  Code 


Reference  Excitation 

+2.00000  V 
+  1.00000  V 
+0.50000  V 
+0.20000  V 
+0.10000  V 
+  50.000  mV 
+20.000  mV 
+  10.000  mV 
+  10.00000  V 
100.000  kfl 
250.000  a 


Channel  to  Which  Reference 
Excitation  Is  Applied 

CH0  to  Analog  Gnd 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


±2V 
±1  V 
±500  mV 
±200  mV 
±100  mV 
±50  mV 
±20  mV 
+  10  mV 
±10  V 

Type  J  Thermocouple 
100  n  Pt.  RTD, 
a  =  0.00385 




07 
06 
05 


03 
02 
01 
00 
09 
OA 
11 


CH0  to  Analog  Gnd 
CH0  to  Analog  Gnd 
CH0  to  Analog  Gnd 
CH0  to  Analog  Gnd 
CH0  to  Analog  Gnd 
CH0  to  Analog  Gnd 
CHO  to  Analog  Gnd 
Attenuator  Input  to  Analog  Gnd 
CJC  Input  to  Analog  Gnd 
250  fi  Reference  Resistor  Substituted 
for  4-Wire  RTD  (See  Figure  10) 


TYPICAL  INPUT  CONNECTIONS 
Thermocouple  Input  Connections 

Figure  8  shows  the  AD1B60  connections  required  for  a  typical, 
single  thermocouple  input.  In  this  example,  a  thermistor  CJC 
sensor  is  used;  the  AD1B60  provides  the  CJC  sensor  excitation 
current.  The  EXCIT  output  can  be  used  to  source  current, 
nominally  10  nA,  for  open-circuit  detection. 

Figure  9  shows  how  four  thermocouples  may  be  connected, 

using  a  1  mV/K  CJC  sensor.  All  thermocouple  inputs  must 

share  a  common  ground. 

6 


THERMOCOUPLE 


THERMISTOR 
CJC  SENSOR 


Figure  8.  Typical  Single-Channel  Thermocouple 
Connection  (with  Thermistor  CJC) 
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Figure  9.  Typical  Four-Channel  Thermocouple 
Connection  (with  AD592  CJC) 


Using  the  CJC  Pin  as  a  Digital  Output 

The  CJC  pin  is  normally  used  as  an  analog  input  for  cold- 
junction  compensation  of  thermocouples.  When  thermistor  CJC 
mode  is  selected,  this  pin  also  outputs  an  excitation  current 
(nominally  20  u-A)  for  the  CJC  sensor.  In  other  CJC  modes,  this 
output  is  switched  off. 

If  thermocouples  are  not  being  used,  the  CJC  pin  may  serve  as  a 
digital  output.  This  may  be  especially  useful  if  the  AD1B60  is 
isolated,  since  providing  an  isolated  control  line  by  other  means 
would  be  costly. 

By  placing  a  330  kfl  resistor  to  AGND  from  this  pin,  a  logic 
voltage  can  be  generated  (see  Figure  11).  The  level  can  be 
switched  from  high  (about  +4  V)  to  low  (AGND)  by  changing 
the  CJC  mode  from  thermistor  (00)  to  any  other,  using  the 
WR_RAMJPARS  command. 

RTD  Input  Connections 

Typical  3-wire  and  4-wire  RTD  input  connections  are  shown  in 
Figure  10.  The  EXCIT  output  supplies  200  p.A  excitation  to  the 
RTD.  To  maintain  high  accuracy,  lead  resistances  must  match 
and  be  less  than  20  O  for  3-wire  RTDs,  and  must  be  less  than 
40  fl  for  4-wire  RTDs.  The  10  kfl  resistor  in  series  with  the 
excitation  current  source  is  not  required,  but  will  reduce  power 
dissipation  and  self-heating  errors  in  the  AD1B60. 

Two  RTDs  can  be  multiplexed  using  the  CJC  pin  as  a  control 
line  to  select  between  them,  as  described  in  the  previous  subsec- 
tion. Figures  1 1  and  12  show  multiplexed  3-wire  and  4-wire 
RTDs. 
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Figure  10.  Typical  Single-Channel  RTD  Connection 
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Figure  1 1.  Typical  Multiplexed  3-Wire  RTD  Connection 


AD1B60 


Figure  12.  Typical  Multiplexed  4-Wire  RTD  Connection 
Low  Level  Voltage  Input  Connections 

Single  channel  input  connections  for  low  level  voltages  of  up  to 
±2  V  are  similar  to  those  of  thermocouple  input  connections, 
except  that  no  CJC  sensor  is  required.  When  connecting 
multiple-channel,  low  level  voltage  inputs,  all  four  inputs  must 
share  a  common  ground,  as  shown  in  Figure  13.  For  fastest 
response  when  switching  between  channels,  all  inputs  must 
share  the  same  input  range. 

High  Level  Voltage  Input  Connections 

High  level  voltages  must  be  connected  to  the  Attenuator  pin.  An 
internal  5:1  attenuator  scales  down  high  level  voltage  inputs  of 
±5  V  or  ±  10  V  to  levels  compatible  with  the  ADlB60's  front- 
end  circuitry.  Figure  14  shows  a  typical  connection  for  a  high 
level  voltage  input. 

Input  Protection 

Inputs  that  are  subject  to  large  transient  voltages  require  protec- 
tion. For  example,  inputs  should  be  protected  if  they  connect  to 
sensors  through  several  hundred  feet  of  wiring  that  may  pick  up 
electrical  noise  or  if  they  may  be  connected  accidentally  to 
power  lines.  Such  inputs  should  use  series  resistors  to  limit 
input  currents  and  diodes  to  clamp  transient  voltages  (see 
Figure  15). 

The  EXCIT,  CH0-CH3,  and  GNDSNS  pins  may  be  subject  to 
large  transients  and  hence  may  require  protection.  The  ATTEN 


Figure  13.  Typical  Multiple-Channel  Low  Level  Voltage 
Input 


Figure  14.  Typical  High  Level  Voltage  Input  Connection 

pin  has  an  internal  40  kfi  resistor,  and  does  not  require  an 
external  resistor;  however,  clamp  diodes  may  be  required.  Gen- 
erally, the  CJC,  AGND,  and  other  pins  are  connected  only 
locally  and  don't  require  protection. 

Any  mismatch  in  input  resistance  between  an  input  channel  and 
GNDSNS  will  be  multiplied  by  the  input  bias  current  (3  nA 
max)  and  create  an  apparent  input  offset  voltage.  For  example, 
50  kfi,  1  %  resistors  may  mismatch  by  as  much  as  1  kfi,  result- 
ing in  a  3  ^.V  input  offset.  The  resistor  used  to  protect  the 
EXCIT  pin  may  be  much  larger,  since  the  thermocouple  open- 
circuit  detection  current  is  only  10  nA.  A  1  Mfl  resistor  will 
cause  a  drop  of  10  mV. 
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Figure  15.  Typical  Input  Protection  Circuitry 
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rent will  flow  through  the  protection  resistors  and  create  an  off- 


AD1B60 


The  resistors  must  be  able  to  withstand  the  worst-case  expected 
fault  voltage,  the  clamp  diodes  must  be  able  to  pass  the  worst- 
case  fault  current,  and  the  clamp  voltages  (e.g.,  the  power  sup- 
plies) must  be  able  to  absorb  the  fault  current. 

For  a  fully  protected  system,  you  must  isolate  the  AD1B60  from 
ground.  You  may  do  so  by  using  optoisolators  on  the  communi- 
cations port  (RXD  and  TXD  pins)  and  a  dc-to-dc  converter  for 
the  power  supplies. 


GENERAL  CIRCUIT  CONSIDERATIONS 


In  any  system  including  logic  and  low 


TIONS 

level  analog 


must  be  taken  in  the  layout  and  bypassing  of  the  components. 
Bypass  the  analog  and  digital  supplies  close  to  the  package  pins, 
with  a  1.0  (jlF  or  4.7  jjlF  tantalum  capacitor  in  parallel  with  a 
0. 1  u.F  ceramic  capacitor.  Keep  analog  and  digital  grounds  sepa- 
rate except  at  a  single  common  point.  Minimize  stray  capaci- 
tance between  digital  signals  and  any  analog  signal,  including 
analog  common.  All  analog  grounds  should  be  connected  in  a 
star  pattern  to  a  single  point. 

The  integrating  capacitor,  CINT,  should  be  ceramic  and  of  good 
quality  (X7R  dielectric  or  better).  If  the  synchronous  output 
port  is  not  used,  connect  CS  and  CLK  to  DGND  to  minimize 
digital  noise. 

Figure  16  shows  a  typical  hookup  for  the  default  configuration 
parameters:  Type  J  thermocouple  with  thermistor  CJC  and 
device  address  0.  The  AD232  translates  between  the  TTL  levels 
of  the  AD1B60  and  RS-232  levels  for  the  asynchronous  I/O 
port. 


S 


0.1nF  -r- 


—  Ci> 


■  DIGITAL 
GROUND 


+5VANA 
EXCIT 


AGND  *5VDIG 


NC  (TEST) 


EXCITATIONS 


AD1B60 

BROWNOUT, 

RESETO  , 

WATCHDOG 

ATTENUATOR  \- 


C|NT 
2.2nF 
X7R  DIELECTRIC 


-0*5V 


10|iF 
10V 


11.0592  MHz 
E.G.,  SARONIX  NYMPH  NMP111 


Figure  16.  Typical  Input  and  Output  Connections  for  Thermocouple  Application 


EVALUATION  BOARD 

The  AD1B607EB  evaluation  board  contains  an  AD1B60  and 
support  circuitry  which  allows  you  to  evaluate  its  functionality 
and  performance  using  an  IBM  PC  via  an  asynchronous  RS-232 
communications  port  (COM1  or  COM2  only). 

Included  with  the  evaluation  board  is  an  AD1B60BJ  device, 
Evaluation  Board  User's  Manual,  3.5"  diskette  with  the  AD1B60 
Demonstration  Program  for  PC-DOS  and  a  free  copy  of  the 
AD1B60  Custom  Range  Generation  Software  for  Windows. 


The  menu-driven  Demonstration  Program  allows  you  to  config- 
ure and  read  data  from  the  AD1B60.  The  Custom  Range  Gener- 
ation Software  allows  generation  of  user  defined  ranges  specific 
to  your  application  without  additional  assistance  required  from 
Analog  Devices.  These  range  files  may  be  downloaded  into  the 
EEPROM  of  the  AD1B60  as  required  to  optimize  its  perfor- 
mance in  your  specific  application. 
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PRODUCT  FEATURES 
Single  Package 
16-Bit  Resolution 
500  kHz  Sampling  Rate 
SNR  90  dB  @  100  kHz  (min) 
THD  -88  dB  @  100  kHz  (min) 
0.0015%  FSR  INL  (typ) 
±5,  ±10  V  Bipolar  Input 
Zero  Offset  Autocalibration 

APPLICATIONS 
Medical  Imaging 
CAT 

Magnetic  Resonance 
Vibration  Analysis 
Parametric  Measurement  Unit  (ATE) 
Waveform/Transient  Recorders 
Analytical  Instruments 
Sonar 


FUNCTIONAL  BLOCK  DIAGRAM 

CLOCK  &  CONTROL 

REFtqut  REF|N 


SIGNALS 


HOLD 


[reference] 


AD1382 


|dac|C 


i  '  1_/flash 


•  DATA 


IN      OUT   V!NA  V!NB 


PRODUCT  DESCRIPTION 

The  AD1382  is  a  complete  500  kHz,  16-bit,  sampling  analog- 
to-digital  convener  contained  in  a  single  package.  This  high  res- 
olution, high  speed  converter  offers  outstanding  noise  and  dis- 
tortion performance  along  with  excellent  INL  and  DNL 
performance,  all  in  a  single  dual-in-line  package. 

The  AD1382  guarantees  outstanding  noise  and  distortion  perfor- 
mance for  both  ±5  V  and  ±  10  V  input  ranges.  The  AD  1382 
architecture  includes  a  low  noise  and  low  distortion  track/hold 
with  a  three-pass  digitally  corrected  subranging  ADC.  Precision 
thin  film  resistors  and  a  new  proprietary  DAC  provide  for  out- 
standing dynamic  and  static  performance.  Output  data  is  multi- 
plexed over  an  eight-bit  CMOS/TTL  compatible  data  bus. 


The  AD1382  uses  four  power  supplies,  ±5  V  and  ±15  V,  and 
an  external  10  MHz  clock.  Power  dissipation  is  nominally 
2.8  W.  Two  user  selectable  bipolar  input  ranges,  ±5  V  and 
±  10  V  are  provided.  Careful  attention  to  grounding  and  a  single 
package  make  it  easy  to  design  PCBs  to  achieve  specified 
performance. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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CDCr  ICIP  ATIHKIC  (Ta  =  +25°C'  V*  =  ±15  v-  vdd  =  +5  V,  Vss  =  -5  V,  10  MHz  External  Clock,  AniOOO 
Or  CUiriUHl  lUHO  5  Minute  Warm-up,  unless  otherwise  noted)  AUlOOZ 


Parameter 

Min                  Typ  Max 

Units 

RESOLUTION 

16 

Bits 

ANALOG  INPUT 
Input  Ranges 
Input  Impedance 

±5,  ±10 

2.45                    2.5  2.55 

V 

kn 

TRANSFER  CHARACTERISTICS 
(Combined  ADC/Track/Hold) 
Integral  Nonlinearity1 
Differential  Nonlinearity1 

ivilsslllg  LUUCs 

Gain  Error3 
Bipolar  Zero3 
PSRR 
Noise 

±0.0015 

±0.0006  ±0.0015 

±0.07  ±0.15 
±0.03  ±0.10 
±0.006  ±0.10 
55 

%  FSR2 
%  FSR 

%  FSR 
%  FSR 
%  FSR/V 
u.V  RMS 

DYNAMIC  CHARACTERISTICS 
±5  V  FSR,  VIN  =  -0.4  dB 

kHz 

dB 
dB 
dB 

dB 
dB 

OLD 

Sample  Rate 
Signal-to-Noise  Ratio5 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 
Peak  Distortion 

f  =  5  kHz 

f  =  100  kHz 

f  -  ?no  vw-r 

1  —  LW  P\l  It. 

Total  Harmonic  Distortion6 

90 
90 
88 

-90 
-88 
-82 

93 
92 
91 

-98 
-93 
-85 

f  =  5  kHz 
f  =  100  kHz 
f  =  200  kHz 

-90  -96 
-88  -92 
-82  -85 

dB 
dB 
dB 

DYNAMIC  CHARACTERISTICS 
±10VFSR,  VIN  =  -0.4  dB 
Sample  Rate 
Signal-to-Noise  Ratio5 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 
Peak  Distortion 

f  =  5kHz 

f  =  100  kHz 

f  —  900  tH-7 
I  —  Knz 

Total  Harmonic  Distortion6 
f  =  5  kHz 
f  =  100  kHz 
f  =  200  kHz 

90 
90 
88 

-90 
-80 
-74 

-90 
-80 
-74 

500 

95 
94 
93 

-98 
-87 
-81 

-96 
-87 
-81 

kHz 

dB 
dB 
dB 

dB 
dB 

AH 

dB 
dB 
dB 

DIGITAL  INPUTS* 
Input  Voltage 

ML 

Vm 
Input  Current 
Input  Capacitance 
Start  Command 

Setup  Time,  tscs 

Hold  Time,  tSCH 
Autozero 

oCLup  i  line,  l^2S 

Hold  Time,  tAZH 
Clock 

Frequency 
Duty  Cycle 

O.o 

2.0 

±200 

2 

■  it 

10  3 
10  0 

10  0 
20  6 

2.5  10 
40  60 

v 
V 
uA 
pF 

ns 
ns 

ns 
ns 

MHz 

% 
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AD1382 


Parameter 


AD1382KD 
Typ 


Max 


DIGITAL  INPUTS  (Continued) 
Aperture  Delay7 


DIGITAL  OUTPUTS8-  9 
Output  Voltage 
VOL  @  Iql  = 
Voh  @  Ioh  =  -3.2  mA 
Output  Capacitance 
Leakage,  Outputs  ] 
Data  Valid 
Setup  Time,  tDVS 
Hold  Time,  tDVH 
Hold  Command  Time,  tM 
Hold  Command  Delay,  tHD 
Data  Strobe  Pulse  Width,  tDS 
Data  Strobe  Delay,  tDSD 




2.4 


75 
25 


0.2 
4.5 
10 


150 
50 
1300 
6 

200 
1650 


0.4 


±200 


OUTPUT  CODING 


Complementary  Offset  Binary  or 
Complementary  Twos  Complement 


PERFORMANCE  OVER  TEMPERATURE8- 
Operating  Temperature  Range 
Specified  Temperature  Range 
Missing  Codes 
Gain  Drift 
Offset  Drift 
Differential  Linearity 


0 
10 


■ 


8 
5 

0.3 


70 
40 

None 

15 

15 


INTERNAL  REFERENCE 
Voltage 
Current 


9.990 
2 


10.010 


10 


POWER  REQUIREMENTS 
Operating  Range 

±VS 
+VDD 
— Vss 
Current  Drains 
+VS 
-Vs 
+VDD 

-VSs 
Power  Dissipation 


14.25 

4.75 

-5.25 


50 

45 

115 

160 

2.8 


15.75 

5.25 

-4.75 

73 

65 

160 

200 

3.9 


NOTES 

'Integral  linearity  is  inferred  from  FFT.  Differential  linearity  is  derived  from  histogram. 
2FSR,  full-scale  range. 
'Adjustable  to  zero. 

'Noise  based  on  small  signal  FFT  excluding  quantization  noise. 
'SNR  fundamental  to  noise  minus  harmonics  2-9. 
6THD  includes  harmonics  2-9  of  the  fundamental. 

'Aperture  delay  is  the  time  from  the  rising  edge  on  the  Hold  Command  Input  to  the  opening  of  the  switch  in  the  Track/Hold. 

'Guaranteed  but  not  100%  production  tested. 

Timing  based  on  10  MHz  clock.  Refer  to  Figures  13  and  14. 

'"Case  to  ambient  temperature  is  assumed  to  be  30°C.  The  AD1382  case  temperature  will  stabilize  about  30°C  above  ambient  while  operating  in  free  air  without 

a  heat  sink.  Factory  calibration  is  done  in  this  condition.  See  the  application  section  for  further  information. 
Specifications  subject  to  char 


0* 
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ABSOLUTE  MAXIMUM  RATINGS 

+VS  to  AGND  

-Vs  to  AGND 


18  V 
-18  V 


,  to  PGND  7  V 


AGND  to  PGND  ±0.3  V 

Analog  Inputs  ±VS 

Digital  Inputs  -0.3  V  to  VDD  +  0.3  V 


Output  Short  Circuit  Duration 


Reference  Output  Indefinite 

Track/Hold  Output  1  sec 

Digital  Outputs   1  sec  for  Any  One  Output 

Ambient  Temperature  (Operating)  0°C  to  +70°C 

Storage  Temperature  -65°C  to  +  150°C 

•Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 

those 


may 


operation  of  the  device  at  these  or  any 
in  the  operational  section  of  this  specification  i: 
to  absolute  I — : 
:-  reliability. 


!  maximum  ratine  conditions 

a 


CAUTION 


AD1382 


AD1382  PIN  CONNECTIONS 

The  AD  13  82  is  housed  in  a  48-pin  bottom-brazed  ceramic  bath 
tub  package.  The  pinout  is  as  follows: 


PIN 

PIN 

PI  I NPTION 

f*t  CiCV  IIU 

48 

vdd2        v  "uwcnj 

2 

POWER  GROUND 

47 

POWcH  (jHOUNL) 

3 

(11  /  PQ  MOD 

 ' 

AC 

•SS2  I     **  •  rWVCHJ 

4 

[->  >  (Hi* 

_B2/B10  

45 

B3/B11 

44 

B^SELECT  

6 

B4/D1£ 

43 

rUVVEn  UnUUNU 

7 

B5/B13 

42 

rUWtn  unUUIMU 

8 

B6/B14 

41 

DNC 

g 

B7/B15 

40 

fiAIN  An  III<5T 

Unllv  MUJVO  ■ 

10 

B8/B16  LSB 

39 

+  10  V  REFERENCE  OUT 

11 

VDD,  (+5  V  SIGNAL) 

38 

-VS1  (-15  V) 

12 

POWER  GROUND 

37 

SIGNAL  GROUND 

13 

Vss,  (-5  V  SIGNAL) 

36 

+VS,  (+15  V) 

14 

SIGNAL  GROUND 

35 

SIGNAL  GROUND 

15 

DATA  STROBE 

34 

DNC 

16 

HI/LO  BYTE  SELECT 

33 

DNC 

17 

OE  DATA  ENABLE 

32 

+10  V  REFERENCE  IN 

18 

START  CONVERT 

31 

V,NB 

19 

HOLD  COMMAND  OUT 

30 

V,NA 

20 

SIGNAL  GROUND 

29 

OFFSET  ADJUST 

21 

+VS2(+15  V) 

28 

DNC 

22 

HOLD  COMMAND  IN 

27 

TRACK/HOLD  OUTPUT 

23 

-VM(-15V) 

26 

SIGNAL  GROUND 

24 

POWER  GROUND 

25 

TRACK/HOLD  INPUT 

DNC  =  DO  NOT  CONNECT 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Option* 

AD1382KD 

10°C  to  40°C  Ambient 

DH-48A 

(40°C  to  70°C  Case) 

*DH-48A  =  Hermetic  Ceramic  DIP.  For  outline  information  see  Package 
Information  section. 
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ANALOG 
DEVICES 


i 







16-Bit  500  kHz 
Range  Sampling  ADC 


AD1385 


PRODUCT  FEATURES 
16-Bit  Resolution 
500  kHz  Sampling  Rate 
Differential  Linearity  Autocalibration 
Specified  over  -55°C  to  +125X  Range 
SNR  90  dB  @  100  kHz  (min) 
THD  -88  dB  @  100  kHz  (min) 
0.0006%  FSR  DNL  (typ) 
0.0015%  FSR  INL  (typ) 
No  Missing  Codes 
±5,  ±10  V  Bipolar  Input  Ranges 
Zero  Offset  Autocalibration 

APPLICATIONS 
Medical  Imaging 
CAT 

Magnetic  Resonance 
Radar 

Vibration  Analysis 

Parametric  Measurement  Unit  (ATE) 

Digital  Storage  Oscilloscopes 

Waveform  Recorders 

Analytical  Instruments 

PRODUCT  DESCRIPTION 

The  AD1385  is  a  complete  500  kHz,  16-bit,  sampling  analog-to- 

jle  package.  Its  differential 
linearity  autocalibration  feature  allows  this  high  resolution,  high 
speed  converter  to  offer  outstanding  noise  and  distortion  perfor- 
mance, as  well  as  excellent  INL  and  DNL  specifications,  over 
the  full  military  temperature  range.  Autocalibration  effectively 
eliminates  DNL  drift  over  temperature. 

The  AD1385  architecture  includes  a  low  noise,  low  distortion 
track/hold,  a  three  pass  digitally  corrected  subranging  ADC,  and 
linearity  calibration  circuitry.  A  complete  linearity  calibration 
requires  only  15  ms.  Precision  thin-film  resistors  and  a  propri- 
etary DAC  contribute  to  the  pan's  outstanding  dynamic  and 
static  performance. 


FUNCTIONAL  BLOCK  DIAGRAM 


REF 
IN 


REF 
OUT 


CAL 

MAIN 

DAC 

DAC 

LOGIC 
ARRAY 


°~1        |  _/flash  I 

-cJl        \«  I 


-Ja^-o-c- 


AD1385 


OUT  »INA  V|NB 


The  AD1385  uses  four  power  supplies,  ±5  V  and  ±15  V,  and 
an  external  10  MHz  clock.  Power  dissipation  is  nominally 
2.76  W.  Two  user  selectable  bipolar  input  ranges,  ±5  V  and 
±  10  V,  are  provided.  Careful  attention  to  grounding  and  a  sin- 
gle package  make  it  easy  to  design  PCBs  to  achieve  specified 
performance. 

The  AD1385's  pinout  is  nearly  identical  to  that  of  the  AD1382, 
a  factory  calibrated  16-bit,  500  kHz  SADC.  Just  two  additional 
connections,  to  enable  and  monitor  autocalibration,  are 
required.  This  commonality  provides  an  easy  upgrade  path  to 
extend  system  performance  and  operating  temperature  range. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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CDCfHCIP ATinMC  (T« =  +25°c'  vs =  ±15  Vi  v°°  =  +5  v-  vss =  "5  v' 10  MHz  External  Cl0ck- 
Or  CUiriUnl  lUllO  unless  otherwise  noted) 


AD1385 


Parameter 

AD1385KD 
Min         Typ  Max 

AD1385TD 
Min          Typ  Max 

Units 

RESOLUTION 

16 

16 

Bits 

ANALOG  INPUT 

2.55 


V 
kfl 


\CTERISTICS 
I  ADC/Track/Hold) 
Integral  Nonlineariry1' 2,  TMIN  to  THAX 
Differential  Nonlinearity1 

Drift,  TMIN  to  TMAX 
Missing  Codes,  TMIN  to  T^x 
Gain  Error4 

Drift,  TMIN  to  TMAX 
Bipolar  Zero" 
Drift,  TM1N  to  Tmax 

NoS 


±0.0015 

±0.0015 

±0.0006 

±0.0015 

±0.0006 

±0.0015 

0.3 

None 

0.3 

None 

±0.05 

±0.15 

±0.05 

±0.15 

8 

15 

8 

15 

±0.05 

±0.10 

±0.05 

±0.10 

5 

15 

5 

15 

±0.10 

±0.006 

±0.10 

±0.006 

70 

70 

%  FSR3 
%  FSR 
ppnVC 

%  FSR 
ppm/°C 
%  FSR 


(tV  RMS 


DYNAMIC  CHARACTERISTICS2 

±5  V  FSR,  VIN  =  -0.4  dB,  TMIN  to  TMAX 
Sample  Rate 
Signal-to-Noise  Ratio3 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 
Peak  Distortion 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 
Total  Harmonic  Distortion6 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 


90 
90 


93 
92 
91 


500 


500 


-90 
-88 
—82 

-90 
-88 
-82 


-107 
-95 




90 
90 
88 

-90 
-80 
-74 

-90 
-80 
-74 


-105 
-95 
—88 




90 
90 
88 

-90 
-88 
-82 


-90 
-88 
-82 




93 
92 
91 

-107 
-95 


-105 
-95 


kHz 

dB 
dB 
dB 

dB 
dB 
dB 

dB 
dB 





—  


DYNAMIC  CHARACTERISTICS2 

±  10  V  FSR,  VIN  =  -0.4  dB,  TMIN  to  T, 


Sample  Rate 
Signal-to-Noise  Ratio5 

f  =  5kHz 

f  =  100  kHz 

f  =  200  kHz 
Peak  Distortion 

f  =  5  kHz 

f  =  100  kHz 

f  =  200  kHz 
Total  Harmonic  Distortion6 

f  =  5kHz 

f  =  100  kHz 

f  =  200  kHz 


500 


500 


95 
94 


90 
90 


95 
94 
93 


-108 

-87 

-82 

-105 

-87 

-82 


-90 
-80 
-74 

-90 
-80 
-74 


-108 

-87 

-82 

-105 

-87 

-82 


kHz 

dB 
dB 

dB 

(  ... 

dB 
dB 
dB 

dB 
dB 

_^  


DIGITAL  INPUTS 
Input  Voltage 

VIL 

V,„ 
Input  Current 
Input  Capacitance 
Clock 

Frequency 

Duty  Cycle 
Aperture  Delay7 


2.25 


0.8 
±200 


2.25 


0.8 
±200 


2.5-10 
40-60 


2.5-10 
40-60 

7 


V 

v 

M.A 
pF 

MHz 

% 




V 

V 

PF 
HA 


DIGITAL  OUTPUTS 

Output  Voltage 
Vol  @  Iol  =  3-2  mA 
VOH  @  Ioh  =  -3-2  mA 

Output  Capacitance 

Leakage,  Outputs  Disabled 


0.2 

2.4  4.5 
4 


0.4 


±200 


2.4 


0.2  0.4 

4.5 

4 

±200 
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OUTPUT  CODING 


Complementary  unset  Binary  or  lAmipicuicmaij 


INTERNAL  REFERENCE 
Voltage 
Current 
Drift 


9.990 
2 


10.010 
15 


9.990 

2  5 
5 


10.010 
15 


V 

mA 

ppm/°C 


TEMPERATURE  RANGE,  CASE 
Specified 


POWER  REQUIREMENTS 
Specified  Operating  Range 

±VS 
+VDD 

-Vss 
Current  Drains 

+  VS 

-vs 
+vDD 

-Vss 
Power  Dissipation 





-65 


+70 
+  150 


-55 
-65 


+  125 
+  150 


°C 
°C 


14.25 

4.75 

-5.25 


52 
48 
104 
148 

2.76 


15.75 

5.25 

-4.75 

80 

75 

160 

200 

4.125 


14.25 

4.75 

-5.25 


52 
48 
104 
148 

2.76 


15.75 

5.25 

-4.75 

80 
75 
160 
200 
4.125 



mA 
mA 
mA 
mA 
Watts 


NOTES 

'Integral  linearity  is  inferred  from  FFTs.  Differential  linearity  is  derived  from  histograms. 
Performance  over  temperature  is  specified  at  the  temperature  at  which  the  last  calibration  was  performed. 
JFSR  =  Full-Scale  Range. 
4Adjustable  to  zero. 

5SNR  excludes  harmonics  2-9  of  the  fundamental. 
^HD  includes  harmonics  2-9  of  the  fundamental. 

7Aperture  delay  is  the  time  from  the  rising  edge  on  the  Hold  Command  Input  to  the  opening  of  the  switch  in  the  Track/Hold. 
Specifications  subject  to  change  without  notice. 


- 


TIMING  SPECIFICATIONS 


1.  2 


(T.  =  -55°C  to  +125°C,  Vs  =  ±15  V,  V„D  =  +5  V,      =  -5  V) 


Parameter 

Design  Minimum 

Typ 

Unit 

Description 

START  COMMAND 

tscs 

10 

ns 

Setup  Time 

lSCH 

10 

ns 

Hold  Time 

AUTOZERO 

Uzs 

10 

ns 

Setup  Time 

lAZH 

20 

ns 

Hold  Time 





1  

DATA  VALID 

^DVS 

1.5 

CP3 

Setup  Time 

lDVH 

0.5 

CP3 

Hold  Time 

HOLD  COMMAND 

tH 

13 

CP3 

Hold  Time 

tD 

7 

ns 

Delay  Time 

DATA  STROBE 



lDS 

2 

CP3 

Pulse  Width 

lDSD 

16.5 

CP3 

Delay 

CALIBRATE  PULSE  WIDTH 

20 

ns 

CALIBRATION  STATUS 

15 

ms 

Duration 

NOTE 

'Refer  to  Figures  17,  18  and  24. 

2Design  minimums  are  derived  from  worst  case  design  analysis  and/or  simulation  results.  Typical  values  are  based  on 
characterization  data.  These  specifications  are  not  guaranteed  or  tested. 

!The  time  duration  for  this  parameter  varies  in  direct  proportion  to  the  width  of  the  Clock  Pulse  (CP). 
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^&^mT.  i,v 

— Vs  to  AGND  -18  V 

VDD  to  PGND  7  V 

Vss  to  PGND   -7  V 

AGND  to  PGND  ±0.3  V 

Analog  Inputs  ±VS 

Reference  Input  0  V  to  +11  V 

Digital  Inputs  -0.3  V  to  VDD  +  0.3  V 

Output  Short  Circuit  Duration 

Reference  Output  Indefinite 

Track/Hold  Output  1  sec 

Digital  Outputs   1  sec  for  Any  One  Output 

Case  Temperature  (Operating)  -55°C  to  +125°C 

Storage  Temperature  -65°C  to  +150°C 

•Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


ORDERING  GUIDE 


AD1385  PIN  CONNECTIONS 

The  AD1385  is  housed  in  a  48-pin  bottom-brazed  ceramic  bath- 
tub package.  The  pinout  is  as  follows: 


Model 

Temperature 
Range  (Case) 

Package  Option* 

AD1385KD 

0°C  to  +70°C 

DH-48A 

AD1385TD 

-55°Cto  +125°C 

DH-48A 

AD1385TD/883B 

-55°C  to  +125°C 

DH-48A 

*DH-48A  =  Bottom  Brazed  Ceramic  DIP.  For  outline  information  see 
i  Information  section. 


Pin 

Function 

Pin 

Function 

1 

CLOCK  IN 

48 

VDD2(+5  V  POWER) 

2 

POWER  GROUND 

47 

POWER  GROUND 

3 

B1/B9  (MSB) 

46 

VSS2(-5  V  POWER) 

4 

B2/B10 

45 

AUTOZERO 

5 

B3/B11 

44 

Bl SELECT 

6 

B4/B12 

43 

POWER  GROUND 

7 

B5/B13 

42 

POWER  GROUND 

8 

B6/B14 

41 

CAL 

9 

B7/B15 

40 

GAIN  ADJUST 

10 

B8/B16  (LSB) 

39 

+  10  V  REFERENCE  OUT 

11 

VDdi  (+5  V  SIGNAL) 

38 

-VS1  (-15  V) 

12 

POWER  GROUND 

37 

SIGNAL  GROUND 

13 

VSS1  (-5  V  SIGNAL) 

36 

+VS1  (+15  V) 

14 

SIGNAL  GROUND 

35 

SIGNAL  GROUND 

15 

DATA  STROBE 

34 

DNC 

16 

HI/LO  BYTE  SELECT 

33 

DNC 

17 

OE  DATA  ENABLE 

32 

+ 10  V  REFERENCE  IN 

18 

START  CONVERT 

31 

VINB 

19 

HOLD  COMMAND  OUT 

30 

VINA 

20 

SIGNAL  GROUND 

29 

OFFSET  ADJUST 

21 

+VS2(+15V) 

28 

CAL  STATUS 

22 

HOLD  COMMAND  IN 

27 

TRACK/HOLD  OUTPUT 

23 

-VS2  (-15  V) 

26 

SIGNAL  GROUND 

24 

POWER  GROUND 

25 

TRACK/HOLD  INPUT 

DNC  =  DO  NOT  CONNECT 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 

•••               To  the  < 



ation  socket  before  devices  are  removed. 
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DEVICES 


3  V/5  V,  Low  Cost,  Low  Power, 
16-Bit,  Sigma-Oelta  ADC 


FEATURES 

Charge-Balancing  ADC 

16  Bits  No  Missing  Codes 

0.0015%  Nonlinearity 
Programmable  Gain  Front  End 

Gains  of  1,  2,  32  and  128 

Differential  Input  Capability 
Three-Wire  Serial  Interface 
Ability  to  Buffer  the  Analog  Input 
3  V  or  5  V  Single  Supply  Operation 
Low  Supply  Current:  500  |iA  max  @  3  V  Supplies 
Low-Pass  Filter  with  Programmable  Output  Update 
16-Pin  SOIC/DIP 


FUNCTIONAL  BLOCK  DIAGRAM 


I 

GENERAL  DESCRIPTION 

The  AD77 1 5  is  a  complete  analog  front  end  for  low  frequency 
measurement  applications.  The  part  can  accept  low  level  input 
signals  directly  from  a  transducer  and  outputs  a  serial  digital 
word.  It  employs  a  sigma-delta  conversion  technique  to  realize 
up  to  16  bits  of  no  missing  codes  performance.  The  input  signal 
is  applied  to  a  proprietary  programmable  gain  front  end  based 
around  an  analog  modulator.  The  modulator  output  is  pro- 
cessed by  an  on-chip  digital  filter.  The  first  notch  of  this  digital 
filter  can  be  programmed  via  the  on-chip  control  register  allow- 
ing adjustment  of  the  filter  cutoff  and  output  update  rate. 

The  AD77 1 5  features  a  differential  analog  input  as  well  as  a  dif- 
ferential reference  input.  It  operates  from  a  single  supply  (+3  V 
or  +5  V).  It  can  handle  unipolar  input  signal  ranges  of  0  mV  to 
+20  mV,  0  mV  to  +80  mV,  0  V  to  +1.25  V  and  0  V  to  +2.5  V. 
It  can  also  handle  bipolar  input  signal  ranges  of  ±20  mV, 
+80  mV,  ±  1 .25  V  and  +2.5  V.  These  bipolar  ranges  are  refer- 
enced to  the  negative  input  of  the  differential  analog  input.  The 
AD7715  thus  performs  all  signal  conditioning  and  conversion 
for  a  single-channel  system. 

The  AD7715  is  ideal  for  use  in  smart,  microcontroller  or  DSP 
based  systems.  It  features  a  serial  interface  which  can  be  config- 
ured for  three-wire  operation.  Gain  settings,  signal  polarity  and 
update  rate  selection  can  be  configured  in  software  using  the  in- 
put serial  port.  The  part  contains  self-calibration  and  system 
calibration  options  to  eliminate  gain  and  offset  errors  on  the 
part  itself  or  in  the  system. 

CMOS  construction  ensures  very  low  power  dissipation  and  the 
power-down  mode  reduces  the  standby  power  consumption  to 
50  |xW  typ.  The  part  is  available  in  a  16-pin,  0.3  inch-wide, 
plastic  and  hermetic  dual-in-line  package  (DIP)  as  well  as  a  16- 
lead  small  outline  (SOIC)  package. 

"Protected  by  U.S.  Patent  No.  5,134,401. 
This  is  a  preliminary  data  sheet.  To  obtain  the  r 


jHLIGHTS 

The  AD77 15  consumes  less  than  500  uA  in  total  supply  cur- 
rent at  3  V  supplies  and  1  MHz  master  clock,  making  it  ideal 
for  use  in  low-power  systems.  Standby  current  is  less  than 
10  flA. 

The  programmable  gain  input  allows  the  AD7715  to  accept 
input  signals  directly  from  a  strain  gage  or  transducer  remov- 
ing a  considerable  amount  of  signal  conditioning. 

The  AD77 1 5  is  ideal  for  microcontroller  or  DSP  processor 
applications  with  a  three-wire  serial  interface  reducing  the 
number  of  interconnect  lines  and  reducing  the  number  of 
opto-couplers  required  in  isolated  systems.  The  part  con- 
tains an  on-chip  registers  which  allow  software  control  over 
output  update  rate,  input  gain,  signal  polarity  and  calibration 
modes. 

The  part  features  excellent  static  performance  specifications 
with  16-bit  No  Missing  Codes,  +0.0015%  accuracy  and  low 
rms  noise  (<450  nV).  Endpoint  errors  and  the  effects  of 
temperature  drift  are  eliminated  by  on-chip  self-calibration, 
which  removes  zero-scale  and  full-scale  errors. 


complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD771 5-5— SPECIFICATIONS  (AV0D  =  +5  V,  DVqd  =  +3  V  or  +5  V,  REF  IN(+)  =  +2.5  V;  REF  IN(-)  =  AGND; 
f clk  in  =  2.4576  MHz  unless  otherwise  noted.  All  specifications  T„,N  to  TMAX  unless  otherwise  noted.) 


STATIC  PERFORMANCE 
No  Missing  Codes 
Output  Noise 
Integral  Nonlinearity 
Unipolar  Offset  Error2 
Unipolar  Offset  Drift4 

Bipolar  Zero  Error2 
Bipolar  Zero  Drift4 

Positive  Full-Scale  Error2' 5 

Full-ScaleDrift4'6 

Gain  Error2' 7 
Gain  Drift4' 8 

Bipolar  Negative  Full-Scale  Error2 
Bipolar  Negative  Full-Scale  Drift4 


16 

See  Tables  III  &  IV 

±0.0015 

See  Note  3 

2.5/GAIN 

0.3 

See  Note  3 
2.5/GATN 
0.3 

See  Note  3 

3/GAIN 
0.35 

See  Note  3 

2 

±0.0015 
4/GAIN 
0.5 


Units 



Condilions/Comr 


%  of  FSRmax 

uV/°C  typ 
uV/°C  typ 


uV/°Ct_ 
uV/°C  typ 


uV/°C  typ 
uWCtyp 

ppm  of  FSR/°C  typ 
%  of  FSR  max 
uV/°C  typ 

uV/°C  typ  


Guaranteed  by  Design,  for  Filter  Notches  of  50,  60  Hz 
Depends  on  Filter  Cutoffs  and  Selected  Gain 
Filter  Notches  <  60  Hz 

For  Gains  of  1  and  2 
For  Gains  of  32  and  128 

For  Gains  of  1  and  2 
For  Gains  of  32  and  128 


For  Gains  of  1  and  2 
For  Gains  of  32  and  128 


Typically  ±0.0004% 
For  Gains  of  1  and  2 
For  Gains  of  32  and  128 


ANALOG  INPUTS/REFERENCE  INPUTS 
Common-Mode  Rejection  (CMR) 
Absolute/Common-Mode  Range' 
Absolute/Common-Mode  Range' 

Normal-Mode  50  Hz  Rejection'0 
Normal-Mode  60  Hz  Rejection10 
Common-Mode  50  Hz  Rejection10 
Common-Mode  60  Hz  Rejection10 
Input  Current'0 
DC  Input  Leakage  Current10 

@  +25°C 

Tmtn  to  Tmax 
Sampling  Capacitance10 
Analog  Inputs11 

Input  Voltage  Range12 

Input  Sampling  Rate,  fs 

Reference  Inputs 

REF  IN(+)  -  REF  IN(-)  Voltage 

■ 

Input  Sampling  Rate,  fs  


100 

AGND  to  AVDD 
AGND  +  50  mV  to 
AVDD-1.5V 


dB  min 

V  min  to  V  max 

V  min  to  V  max 

dBmirj^^^ 
dBrBiri 


At  DC 


0  to  +VrbF/GAIN" 
±VREF/GAIN 
GAINxfCLK,N/128 

fcLK  In'  1 6 

+2.5 

fcLK  in/128 


Vnon 


' 

with  BUF  Bit  of  Setup  Register  =  1 

Filter  Notch  =  50  Hz  (or  25  Hz  with  fCLK  m  =  1  MHz) 
Filter  Notch  =  60  Hz  (or  20  Hz  with  fCLK  in  =  1  MHz) 
Filter  Notch  =  50  Hz  (or  25  Hz  with  fcm  in  =  1  MHz) 
Filter  Notch  =  60  Hz  (or  20  Hz  with  fcm  in  =  1  MHz) 
BUF  Bit  of  Setup  Register  =  1 
BUF  Bit  of  Setup  Register  =  0 


Unipolar  Input  Range  (B/U  Bit  of  Setup  I 
Bipolar  Input  Range  (B/U  Bit  of  Sew 
For  Gains  of  1  and  2 
For  Gains  of  32  and  128 

±5%  for  Specified  Performance.  Part  Functions  with 
Lower  VreF  Voltages 


LOGIC  INPUTS 
Input  Current 

All  Inputs  Except  MCLK  IN 
Vinl,  Input  Low  Voltage 
VrnH,  Input  High  Voltage 

MCLK  IN  Only 

Vinl,  Input  Low  Voltage 
Vinl,  Input  Low  Voltage 
Vinh.  Input  High  Voltage 
VmH,  Input  High  Voltage 


±10 

0.8 
2.0 

0.8 
0.4 
3.5 
2.5 


uA  m 

Vmax 
Vmin 

V  max 
Vmax 

V  min 

V  min 


DVDD  =  +5  V 
DVDD  =  +3  V 
DVDD  =  +5  V 
DVDD  =  +3  V 


LOGIC  OUTPUTS 

V0d  Output  Low  Voltage 
V0hj  Output  High  Voltage 
V0hj  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance1* 


0.4 

4.0 

DVD 

±10 

9 


,-0.4 


V  max 

V  min 

V  min 
uA  max 

pFtyp 


Isink  =  800  uA 

Isource  =  200  uA.  DVDD  =  +5  V 
Isource  =  200  uA.  DVDD  =  +3  V 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Parameter 

A,  S  Versions 

Units 

■ 

Conditions/Comments 

STATIC  PERFORMANCE 

No  Missing  Codes 

16 

Bits  min 

Guaranteed  by  Design  for  Filter  Notches  of  50,  60  Hz 

Output  Noise 

See  Tables  V  &  VI 

Depends  on  Filter  Cutoffs  and  Selected  Gain 

Integral  Nonlinearity 

±0.003 

%  of  FSR  max 

Filter  Notches  <  60  Hz 

Unipolar  Offset  Error2 

See  Note  3 

; 

Unipolar  Offset  Drift4 

2.5/GAIN 

|iV/°C  typ 

For  Gains  of  1  and  2 

0.3 

uV/°C  typ 

For  Gains  of  32  and  128 

Bipolar  Zero  Error2 

See  Note  3 

Bipolar  Zero  Drift4 

2.5/GAIN 

uV/°C  typ 

For  Gains  of  1  and  2 

0.3 

uV/°C  typ 

For  Gains  of  32  and  128 

Positive  Full-Scale  Error2' 5 

See  Note  3 

For  System  Calibration  @  All  Gains  and  Self-Calibration 

@  Gains  of  1  and  2 

Positive  Full-Scale  Error2'5 

±0.01 

%  of  FSR  max 

For  Self-Calibration  @  Gains  of  32  and  128 

Full-Scale  Drift4' 6 

3/GALN 

uV/°C  typ 

For  Gains  of  1  and  2 

0.35 

|iV/°C  typ 

For  Gains  of  32  and  128 

Gain  Error2' 7 

See  Note  3 

Gain  Drift4' 8 

2 

ppm  of  FSR/°C  typ 

Bipolar  Negative  Full-Scale  Error2 

±0.003 

%  of  FSR  max 

Typically  ±0.0004% 

Bipolar  Negative  Full-Scale  Drift4 

4/GALN 

uV/°C  typ 

For  Gains  of  1  and  2 

0.5 

|tV/°C  typ 

For  Gains  of  32.  and  1 28 

ANALOG  INPUTS/REFERENCE  INPUTS 

— _ ^ — .  

Common-Mode  Rejection  (CMR) 

94 

dB  min 

At  DC 

Absolute/Common-Mode  Range" 

AGND  to  AVDD 

V  min  to  V  max  . 

Absolute/Common-Mode  Range6 

AGND  +  50  mV  to 

_  . 

Analog  Inputs  with  BUF  Bit  of  Setup  Register  =  1 

AVbb-I.SV 

V  min  to  V  max 

Normal-Mode  50  Hz  Rejection' 

100 

dB  min 

Filter  Notches  =  50  Hz  (or  25  Hz  with  fcuc  in  =  1  MHz) 

Normal-Mode  60  Hz  Rejection7 

100 

dBmin 

Filter  Notches  =  60  Hz  (or  20  Hz  with  fcuc  .n  =  1  MHz) 

Common-Mode  50  Hz  Rejection7 

150  *%\ 

dB  min 

Filter  Notches  =  50  Hz  (or  25  Hz  with  fCLK  in  =  1  MHz) 

Common-Mode  60  Hz  Rejection7 

150  ^%V*\J 

dB  min  < 

Filter  Notches  =  60  Hz  (or  20  Hz  With  tut  in  =  1  MHz) 

Input  Current7 

i 

nA  max 

BUF  Bit  of  Setup  Register  =  1 

DC  Input  Leakage  Current7 

m         _  == 

BUF  Bit  of  Setup  Register  =  0 

@  +25°C 

10  ^ 

pA  max 

:.,  % 

Tmin  to  Tmax 

1 

s  nA  max 

Sampling  Capacitance7 

10 

pF  max 

Analog  Inputs8 

Input  Voltage  Range9 

0  to  +Vref'GAIN10 

nom 

Unipolar  Input  Range  (B/U  Bit  of  Setup  Register  =  1) 

±Vref/GAIN 

nom 

Bipolar  Input  Range  (B/U  Bit  of  Setup  Register  =  0) 

Input  Sampling  Rate,  fs 

GAINxfCLKIN/128 

For  Gains  of  1  and  2 

fcLKIN'lo 

For  Gains  of  32  and  128 

Reference  Inputs 

REF  IN(+)  -  REF  IN(-)  Voltage 

+  1.25 

V  nom 

±5%  for  Specified  Performance.  Part  Functions  with 

Lower  VreF  Voltages 

Input  Sampling  Rate,  fs 

fcLK  n»/l  28 

LOGIC  INPUTS 

Input  Current 

±10 

uA  max 

All  Inputs  Except  MCLK  IN 

VINL,  Input  Low  Voltage 

0.8 

V  max 

V1NH,  Input  High  Voltage 

2.0 

V  min 

MCLK  IN  Only 

Vinl,  Input  Low  Voltage 

0.4 

V  max 

VINH,  Input  High  Voltage 

2.5 

V  min 

LOGIC  OUTPUTS 

Vol,  Output  Low  Voltage 

0.2 

V  max 

Isink  =  800  uA 

V0H,  Output  High  Voltage 

DVDD-0.4 

V  min 

■source  =  200  pA 

Floating  State  Leakage  Current 

±10 

uA  max 

Floating  State  Output  Capacitance" 

9 

pFtyp 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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(AVDB  =  +3  V  to  +5  V,  DVgo  =  +3  V  to  +5  V,  REF  IN(+)  =  +1 .25  V  (AD7715-3)  or 
+2.5  V  (AD7715-5);  REF  IN(-)  =  A6ND;  MCLK  IN  =1  MHz  to  2.4576  MHz  unless  otherwise  noted. 
All  specifications  TMIN  to  TM4X  unless  otherwise  noted.) 


AD7715 

■  


Parameter 


A  Version 


Units 


Conditions/Comments 


GAIN  Is  the  Selected  PGA  Gain  (Between  1,  2,  32  or  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1,  2,  32  or  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1,  2,  32  or  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1,  2,  32  or  128) 
GAIN  Is  the  Selected  PGA  Gain  (Between  1,  2,  32  or  128) 


SYSTEM  CALIBRATION 

Positive  Full-Scale  Calibration  Limit" 
Negative  Full-Scale  Calibration  Limit15 
Offset  Calibration  Limit16 
Input  Span16 


(1.05  xVrefVGAIN 
-(1.05  xVrefVGAIN 
-(1.05  xVrefVGAIN 
0.8  x  Vref/GAIN 
(2.1  xVrefVGAIN 


V  max 

V  max 

V  max 

V  min 

V  max 


POWER  REQUIREMENTS 
Power  Supply  Voltages 

AVDD  Voltage  (AD7715-3) 

AVDD  Voltage  (AD7715-5) 

DVDD  Voltage 
Power  Supply  Currents 

AVDD  Current 


+2.7  to  +3.6 
+5 


+2.7  to  +5.25 


V  nom 

V  nom 

V  nom 


0.3 
0.6 


0.5 
1 


DVDD  Current 


Power  Supply  Rejection  18  (AVDD) 
Normal  Mode  Power  Dissipation 


0.2 
0.4 
0.5 

1  ; 

See  Note  19 


Normal  Mode  Power  Dissipation 


Standby  (Power-Down)  Dissipation 



1.5 
2.4 

3 

4.5 

3.5 
5 
7.5 
10 
100 




u  i 


mA  max 
mA  max 

mA  max 
mA  max 

mA  max 
mA  max  .: 
mA  max 
mA  max 
dB  typ 

mW  max 
mW  max 
mW  max 
mW 


For  Specified  Performance 

±5%  for  Specified  Performance 

For  Specified  Performance.  AVDD  must  be  >  DVDD 

AVDD  =  3  V  or  5  V.  Gain  =  1  to  128  (fcLKlN  =  1  MHz)  or  Gain  = 

or  2  (fCLKiN  =  2.4576  MHz) 

Typically  0.2  mA.  BUF  Bit  of  Setup  Register  =  0 

Typically  0.4  mA.  BUF  Bit  of  Setup  Register  =  1 

AVdd  =  3  V  or  5  V.  Gain  =  32  or  128  (fcuciN  =  2.4576  MHz)17 

Typically  0.3  mA.  BUF  Bit  of  Setup  Register  =  0 


Typically  0.: 
Digital 
Typically 
Typicalh  0.2 


_ 





mW  max 
mW  max 
mW  max 
uVC  max 



F  Bit  of  Setup  Register  =  1 

'VDD 

DVDD  =  3  V.  fCLK  IN  =  1  MHz 
WDD  =  5  V.  fcuoN  =  1  MHz 

3  V.  fCLKIN  =  2.4576  MHz 
dd  =  5  V.  fcuciN  =  2.4576  MHz 


AVO0  =  DVDD  =  +3  V.  Digital  I/Ps  =  0  V  or  DVDD 
BUF  Bit  =  0.  All  Gains  1  MHz  Clock,  Gain  1  and  2  @  2.4576  MHz 
BUF  Bit  =  1,  Alt  Gains  1  MHz  Clock,  Gain  1  and  2  @  2.4576  MHz 
BUF  Bit  =  0.  Gain  =  32  or  128  @  fCLKIN  =  2.4576  MHz 
Sit  =  1.  Gain  =  32  or  128  @  fCLKiN  =  2.4576  MHz 
AVDD  =  DVDD  =  +5  V.  Digital  I/Ps  =  0  V  or  DVDD 
BUF  Bit  =  0.  All  Gains  1  MHz  Clock,  Gain  1  and  2  @  2.4576  MHz 
BUF  Bit  =  1.  All  Gains  1  MHz  Clock,  Gain  1  and  2  @  2.4576  MHz 
BUF  Bit  =  0.  Gain  =  32  or  128  @  fcuciN  =  2.4576  MHz 
BUF  Bit  =  1.  Gain  =  32  or  128  @  fCLK]N  =  2.4576  MHz 
Typically  50  uW.  STBY  Bit  of  Setup  Register  =  1 






iad  which  varies  with  clock  frequency  and  input  sample  rate.  The  maximum  recommended  source  resistance  de- 


'Temperature  ranges  are  as  follows:  A  Version,  -40°C  to  +85°C. 
2Applies  after  calibration  at  the  temperature  of  interest. 

'These  errors  will  be  of  the  order  of  the  output  noise  of  the  part  as  shown  in  Tables  III  to  VI. 
4Recalibration  at  any  temperature  will  remove  these  drift  errors. 

'Positive  Full-Scale  Error  includes  Zero-Scale  Errors  (Unipolar  Offset  Error  or  Bipolar  Zero  Error)  and  applies  to  both  unipolar  and  bipolar  input  ranges. 
6Full-Scale  Drift  includes  Zero-Scale  Drift  (Unipolar  Offset  Drift  or  Bipolar  Zero  Drift)  and  applies  to  both  unipolar  and  bipolar  input  ranges. 

'Gain  Error  does  not  include  Zero-Scale  Errors.  It  is  calculated  as  Full-Scale  Error— Unipolar  Offset  Error  for  unipolar  ranges  and  Full  Scale  Error— Bipolar  Zero  Error  for 
bipolar  ranges. 

sGain  Drift  does  not  include  Unipolar  Offset  Drift/Bipolar  Zero  Drift.  It  is  effectively  the  drift  of  the  part  if  zero  scale  calibrations  only  were  performed. 
9This  common-mode  voltage  range  is  allowed  provided  that  the  input  voltage  on  AIN(+)  or  AIN(-)  does  not  go  more  positive  than  AVDD  +  30  mV  or  go  more  negative  than 
AGND  -30  mV. 

10These  numbers  are  guaranteed  by  design  and/or  characterization. 
nThe  analog  inputs  present  a  very  high  impedance  dynamic  1 
pends  on  the  selected  gain. 

l2The  analog  input  voltage  range  on  AIN(+)  is  given  here  with  respect  to  the  voltage  on  AIN(-).  The  absolute  voltage  on  the  analog  inputs  should  go  more  positive  than  go  more 

positive  than  AVDD  +  30  mV  or  go  more  negative  than  AGND  -  30  mV. 
"Vjkf  =  REFIN(+)  -  REFIN(-). 
HSample  tested  at  +25°C  to  ensure  compliance. 

,5After  calibration,  if  the  analog  input  exceeds  positive  full  scale,  the  converter  will  output  all  Is.  If  the  analog  input  is  less  than  negative  full  scale  then  the  device  will  output 
all  0s. 

lbThese  calibration  and  span  limits  apply  provided  the  absolute  voltage  on  the  analog  inputs  does  not  exceed  AVDD  +  30  mV  or  go  more  negative  than  AGND  -  30  mV.  The  off- 
set calibration  limit  applies  to  both  the  unipolar  zero  point  and  the  bipolar  zero  point. 
''Assumes  CLK  bit  of  Setup  Register  is  set  to  correct  status  corresponding  to  the  master  clock  frequency. 

"Measured  at  dc  and  applies  in  the  selected  passband.  PSRR  at  50  Hz  will  exceed  120  dB  with  filter  notches  of  5,  10,  25  or  50  Hz.  PSRR  at  60  Hz  will  exceed  120  dB  with  filter 

notches  of  6,  10,  30  or  60  Hz. 
I9PSRR  depends  on  gain:  Gain  of  1:  70  dB  typ;  Gain  of  2:  75  dB  typ;  Gains  of  32  and  128:  85  dB  typ. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TIMING  CHARACTERISTICS12 


(DVD0  =  +3  V  to  +5  V  ±  5%;  AVpg  =  +3  V  or  +5  V  +  5%;  AGND  =  DGND  =  0  V;  fcl 
2.4576  MHz;  Input  Logic  0  =  0  V,  Logic  1  =  DVDD  unless  otherwise  noted) 


iit.     •"  . 


Parameter 


Limit  at  TMrN,  TMAX 
(A  Version) 


Units 


Conditions/Comments 


3,  4 


tcLK  IN  LO 

tcLK  IN  HI 

tr5 

tf? 

tl 

Read  Operation 

u 


.  .. 


k 

k 

t9' 


Write  Operation 
tn 

tu 
(a 

tl4 

tl5  .  .  , 
tl6 


400 
2.5 

0.4XtCLKIN 
0.4xtCLKIN 

50 
50 

500xtCLKIN 

1000 


0 

20 

0 

20 

40 

200 

200 

20 

10 

50 

100 

50 


20 

30 

20 

200 

200 

20 


kHz  min 
MHz  max 
ns  min 
ns  min 
ns  max 
ns  max 
ns  nom 
ns  min 

ns  min 
ns  min 
ns  min 
ns  max 
ns  max 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  max 
ns  max 


ns 
ns  mi 
ns : 
ns  min 
ns  min 
ns  min 


Master  Clock  Frequency:  Crystal  Oscillator  or  Externally  Supplied 
for  Specified  Performance 

Master  Clock  Input  Low  Time.  Iclkin  =  1/fcuciN 
Master  Clock  Input  High  Time 
Digital  Output  Rise  Time.  Typically  20  ns 
Digital  Output  Fall  Time.  Typically  20  ns 
DRDY  High  Time 
:  Width 


DRDY  to  CS  Setup  Time 

CS  Falling  Edge  to  SCLK  Falling  Edge  Setup  Time 
SCLK  Falling  Edge  to  Data  Valid  Delay 
DVDD  =  +5  V 
DVDD  =  +3  V 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width  ^**nJ 
CS  Rising  Edge  to  SCLK  Rising  Edge  Hold  Time 
Bus  Relinquish  Time  after  SCLK  Rising  Edge. 

DVDD  =  +5#VT 

DVDD  =  +3  V 
SCLK  Rising  Edge  I 

Falling  Edge  to  SCLK 
Data  Valid  to  SCLK  Falli 
Data  Valid  to  SCLK  Fallit 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

CS  Rising  Edge  to  SCLK  Rising  Edge  Hold  Time 


igh8 

palling  Edge  Setup  Time 
Edge  Setup  Time 
tig  Edge  Hold  Time 


— 
NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  DVDD)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  2  and  3. 

3CLKIN  Duty  Cycle  range  is  45%  to  55%.  CLKIN  must  be  supplied  whenever  the  AD7715  is  not  in  Standby  mode.  If  no  clock  is  present  in  this  case,  the  device 
can  draw  higher  current  than  specified  and  possibly  become  uncalibrated. 

"The  AD7715  is  production  tested  with  Iclkin  at  2.4576  MHz  (1  MHz  for  some  IDD  tests).  It  is  guaranteed  by  characterization  to  operate  at  400  kHz. 
Specified  using  10%  and  90%  points  on  waveform  of  interest. 

^hese  numbers  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  the  V  0l  or  V()H  limits. 
7These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is 
then  extrapolated  back  to  remove  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are  the  true 


bus  relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 
8DRDY  returns  high  after  the  first  read  from  the  device  after  an  output  update.  The  same  data  can  t 
should  be  taken  that  subsequent  reads  do  not  occur  close  to  the  next  output  update. 


'  is  high  although  care 


ORDERING  GUIDE 


AVDD 

Temperature 

Package 

Model 

Supply 

Range 

Option* 

AD7715AN-5 

5V 

-40°C  to  +85°C 

N-16 

AD7715AR-5 

5  V 

-40°C  to  +85°C 

R-16 

AD7715AN-3 

3  V 

-40°C  to  +85°C 

N-16 

AD7715AR-3 

3  V 

-40°C  to  +85°C 

R-16 

Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish 


*N  -  Plastic  DIP;  R  =  SOIC.  For  outline  information  see  Package  Information 
section. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

AVDD  to  AGND  -0.3  V  to  +7  V 

AVDDtoDGND   -0.3  V  to +7  V 

DVDDtoAGND   -0.3  V  to +7  V 

DVDDtoDGND   -0.3  V  to +7  V 

Analog  Input  Voltage  to  AGND   -0.3  V  to  AVDD  +  0.3  V 

Reference  Input  Voltage  to  AGND  .  .  .  -0.3  V  to  AVDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  DVDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  -0.3  V  to  DVDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (A  Version)   -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature   +150°C 


Plastic  DIP  Package,  Power  Dissipation   450  mW 

8JA  Thermal  Impedance   105°C/W 

Lead  Temperature  (Soldering,  10  sec)   +260°C 


SOIC  Package,  Power  Dissipation  45 

8jA  Thermal  Impedance   

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 

Power  Dissipation  (Any  Package)  to  +75°C  450  mW 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


■ 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality,  j 


WARNING! 


ESD  SENSITIVE  DEVICE 


TERMINOLOGY 
INTEGRAL  NONLINEARITY 

This  is  the  maximum  deviation  of  any  code  from  a  straight  lim 
passing  through  the  endpoints  of  the  transfer  function.  The 
endpoints  of  the  transfer  function  are  zero  scale  (not  to  be  con- 
fused with  bipolar  zero),  a  point  0.5  LSB  below  the  first  code 
transition  (000  ...  000  to  000  ...  001)  and  full-scale,  a  point 
0.5  LSB  above  the  last  code  transition  (111  .  . :  1 10  to  111 
111).  The  error  is  expressed  as  a  percentage  of  full  sc; 

POSITIVE  FULL-SCALE  ERROR 

Positive  full-scale  error  is  the  deviation  of  the  last  code  transi- 
tion (1 1 1  ...  1 10  to  1 1 1  ...  1 1 1)  from  the  ideal  AIN(+)  volt- 
age (AIN(-)  +  Vref/GAIN  -  3/2  LSBs).  It  applies  to  both 
unipolar  and  bipolar  analog  input  ranges. 


UNIPOLAR  OFFSET  ERROR 

Unipolar  offset  error  is  the  deviation  of  the  first  code  transition 
from  the  ideal  AIN(+)  voltage  (fi. 
ating  in  the  unipolar  mode. 


-SCALE  OVERRANGE 

Tange  is  the  amount  of  overhead  available 
ages  on  AIN(+)  input  greater  than  AIN(-)  + 
fer  example,  noise  peaks  or  excess  voltages  due  to 
system  gain  errors  in  system  calibration  routines)  without  intro- 
ducing errors  due  to  overloading  the  analog  modulator  or  over- 
flowing the  digital  filter. 

NEGATIVE  FULL-SCALE  OVERRANGE 

This  is  the  amount  of  overhead  available  to  handle  voltages  on 
AIN(+)  below  AIN(-)  -  Vref/GAIN  without  overloading  the 
analog  modulator  or  overflowing  the  digital  filter.  Note  that  the 
analog  input  will  accept  negative  voltage  peaks  even  in  the  uni- 
polar mode  provided  that  AIN(+)  is  greater  than  AIN(-)  and 
greater  than  AGND  -  30  mV. 


BIPOLAR  ZERO  ERROR 

This  is  the  deviation  of  the  midscale  transition  (01 1 1  ...  1 1 1  to 
1000  .  .  .  000)  from  the  ideal  AIN(+)  voltage  (AIN(-)  - 
0.5  LSB)  when  operating  in  the  bipolar  mode. 


OFFSET  CALIBRATION  RANGE 

In  the  system  calibration  modes,  the  AD7715  calibrates  its  off- 
set with  respect  to  the  analog  input.  The  offset  calibration 
range  specification  defines  the  range  of  voltages  that  the 
AD7715  can  accept  and  still  calibrate  offset  accurately. 

FULL-SCALE  CALIBRATION  RANGE 

This  is  the  range  of  voltages  that  the  AD77 1 5  can  accept  in  the 
system  calibration  mode  and  still  calibrate  full  scale  correctly. 


GAIN  ERROR 

This  is  a  measure  of  the  span  error  of  the  ADC.  It  includes  full- 
scale  errors  but  not  zero-scale  errors.  For  unipolar  input  ranges 
it  is  defined  as  (full-scale  error— unipolar  offset  error)  while  for 
bipolar  input  ranges  it  is  defined  as  (full-scale  error— bipolar 
zero  error). 

BIPOLAR  NEGATIVE  FULL-SCALE  ERROR 

This  is  the  deviation  of  the  first  code  transition  from  the  ideal 
AIN(+)  voltage  (AIN(-)  -  VreF/GAIN  +  0.5  LSB)  when  operat- 
ing in  the  bipolar  mode. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


INPUT  SPAN 

In  system  calibration  schemes,  two  voltages  applied  in  sequence 
to  the  AD7715's  analog  input  define  the  analog  input  range. 
The  input  span  specification  defines  the  minimum  and  maxi- 
mum input  voltages  from  zero  to  full  scale  that  the  AD7715  can 
accept  and  still  calibrate  gain  accurately. 
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Serial  Clock.  Logic  Input.  An  external  serial  clock  is  applied  to  this  input  to  access  serial  data  from  the 
AD7715.  This  serial  clock  can  be  a  continuous  clock  with  all  data  transmitted  in  a  continuous  train  of  pulses. 
Alternatively,  it  can  be  a  noncontinuous  clock  with  the  information  being  transmitted  to  the  AD7715  in 
smaller  batches  of  data. 

Master  Clock  signal  for  the  device.  This  can  be  provided  in  the  form  of  a  crystal  or  external  clock.  A  crystal 
can  be  tied  across  the  MCLK  IN  and  MCLK  OUT  pins.  Alternatively,  the  MCLK  IN  pin  can  be  driven  with 
a  CMOS-compatible  clock  and  MCLK  OUT  left  unconnected.  The  clock  input  frequency  is  nominally  either 
2.5  MHz  or  1  MHz. 

When  the  master  clock  for  the  device  is  a  crystal,  the  crystal  is  connected  between  MCLK  IN  and 
MCLK  OUT.  Note,  the  on-chip  clock  signal  is  not  available  at  this  pin. 

Logic  Input.  Active  low  input  which  resets  the  control  logic,  interface  logic,  digital  filter  and  analog  modulator 
of  the  part  to  power-on  status. 

Analog  Input.  Positive  input  of  the  programmable  gain  differential  analog  input  to  the  AD7715. 
Analog  Input.  Negative  input  of  the  programmable  gain  differential  analog  input  to  the  AD7715. 
Analog  Positive  Supply  Voltage,  +3  V  nominal  (AD7715-3)  or  +5  V  nominal  (AD7715-5). 
Reference  Input.  Negative  input  of  the  differential  reference  input  to  the  AD7715.  The  REF  IN(-)  can  lie 
anywhere  between  AVDD  and  AGND  provided  REF  IN(+)  is  greater  than  REF  IN(-). 


eAD7715.  The  reference  input  is 
iFIN{-).  REF  IN(+)  can  lie 


Reference  Input.  Positive  input  of  the  differential  reference  i 
differential  with  the  provision  that  REF  IN(+)  must  be  greatei 
anywhere  between  AVDD  and  AGND.  t^SK* ' 

Ground  reference  point  for  analog  circuitry. 

Chip  Select.  Active  low  Logic  Input  used  to  select  the  AD7715.  With  this  input  hard-wired  low,  the  AD7715 
can  operate  in  its  three-wire  interface  mode  with  SCLK,  DIN  and  DOUT  used  to  interface  to  the  device.  CS 
can  be  used  to  select  the  device  in  systems  with  more  than  one  device  on  the  serial  bus  or  as  a  frame  synchro- 
nization signal  in  communicating  with  the  AD7W5.    <^^k  \r** 

Logic  Output.  A  logic  low  on  this  output  indicates  that  a  new  output  word  is  available  from  the  AD7715  data 
register.  The  DRDY  pin  will  return  high  upon  completion  of  a  read  operation  of  a  full  output  word.  If  no  data 
read  has  taken  place,  after  an  output  update,  the  DRDY  line  will  return  high  for  500  x  tCix  in  cycles  prior  to 
the  next  output  update.  This  gives  an  indication  of  when  a  read  operation  should  not  be  attempted  to  avoid 
reading  from  the  data  register  as  it  is  being  updated.  DRDY  is  also  used  to  indicate  when  the  AD7715  has 
completed  its  on-chip  calibration  sequence. 

Serial  Data  Output  with  serial  data  being  read  from  the  output  shift  register  on  the  part.  This  output  shift  reg- 
ister can  contain  information  from  the  calibration  registers,  mode  register,  communications  register,  filter  se- 
lection registers  or  data  register  depending  on  the  register  selection  bits  of  the  communications  register. 
Serial  Data  Input  with  serial  data  being  written  to  the  input  shift  register  on  the  part.  Data  from  this  input 
shift  register  is  transferred  to  the  calibration  registers,  mode  register,  communications  register  or  filter  selec- 
tion registers  depending  on  the  register  selection  bits  of  the  communications  register. 
Digital  Supply  Voltage,  +3  V  or  +5  V  nominal. 
Ground  reference  point  for  digital  circuitry. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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On-Chip  Registers 

The  part  contains  four  on-chip  registers  that  can  be  accessed  via 
the  serial  port  on  the  part.  The  first  of  these  is  a  communica- 
tions register  that  decides  whether  the  next  operation  is  a  read 
or  write  operation  and  also  decides  which  register  the  read  or 
write  operation  accesses  The  communication  register  also  con- 
trols  the  standby  mode  and  calibration  modes  of  the  part.  The 
DRDY  status  is  also  available  by  reading  from  the  communica- 
tions register.  All  communication  to  any  register  on  the  device 
(including  the  data  register)  begins  with  a  write  to  the  commu- 
nications register.  The  second  register  is  a  setup  register  that 
determines  filter  selection,  gain  setting  and  bipolar/unipolar  op- 
eration. The  third  register  is  the  data  register  from  which  the 
output  data  from  the  part  is  accessed.  The  final  register  is  a  test 
register  which  is  accessed  when  testing  the  device.  It  is  advised 
that  the  user  does  not  attempt  to  access  or  change  the  contents 


of  the  test  register  as  it  may  lead  to  unspecified  operation  of  the 
device.  The  registers  are  discussed  in  mode  detail  in  the  follow- 
ing sections. 

Communications  Register  (RSI,  RSO  =  0,  0) 

The  communications  register  is  an  8-bit  register  from  which 
data  can  either  be  read  or  to  which  data  can  be  written.  On 
power-up  or  after  a  RESET,  the  part  is  waiting  for  a  write  op- 
eration to  the  communications  register.  When  the  part  has  fin- 
ished communicating  with  any  of  the  other  registers  (either  a 
read  or  write  operation),  it  returns  to  the  position  of  expecting  a 
write  to  the  communications  register.  This  is  the  default  state  of 
the  interface  and  in  situations  where  the  interface  sequence  is 
lost,  if  enough  writes  to  the  device  (at  least  four  bytes)  take 
place  with  DIN  high  the  part  returns  to  its  default  state.  Table  I 
outlines  the  bit  designations  for  the  communications  register. 


Table  I.  Communications  Register 


0/DRDY 

0 

RSI 

RSO 

R/W 

STBY 

MD1 

MDO 



0/DRDY  For  a  read  operation,  this  bit  provides  the  status  of  the  DRDY  f 

as  the  DRDY  output  pin.  For  a  write  operation,  a  0  must  be  written  to  this  bit  so  that  the  write  operation  will  be 


» the  part.  The  status  of  this  bit  is  the  same 


0 


RS1-RS0 


recognized  by  the  register.  If  a  1  is  written  to  the  bit,  the  interface  does  not  clock  itself  on  and  the  part  continues  to 
sample  this  bit  location,  effectively  waiting  for  a  0  before  it  will  proceed  to  write  any  data  to  the  communications 
register.  ,  %^4» 

For  a  write  operation,  a  0  must  be  written  to  this  bit  for  correct  operation  of  the  part.  Failure  to  do  this  will  result 
in  unspecified  operation  of  the  device.  For  a  read  operation,  a  0  will  be  read  back  from  this  bit  location. 
Register  Selection  Bits.  These  bits  select  to  which  one  of  four  on-chip  registers  the  next  read  or  write  operation 
takes  place  as  follows.  When  the  read  or  write  to  the  se 
waiting  for  a  write  operation  to  the  communicati 


access  the  selected  register. 


anonsr, 


scted  register  is  complete,  the  part  returns  to  where  it  is 
ister.  It  does  not  remain  in  a  state  where  it  will  continue  to 


RSI 

RSO 

Register 

Register  Size 

0 

0 

Communications  Register 

8  Bit 

0 

1 

Setup  Register 

8  Bit 

1 

0 

Test  Register 

8  Bit 

1 

I 

Data  Register 

16  Bit 

R/W 
STBY 

MD1 

0 


MDO 
0 

1 


Read/Write  Select.  This  bit  selects  whether  the  next  operation  is  a  read  or  write  operation  to  the  selected  register. 
A  0  indicates  a  write  cycle  for  the  next  operation  to  the  appropriate  register,  while  a  1  indicates  a  read  operation 
from  the  appropriate  register. 

Standby.  Writing  a  1  to  this  bit  puts  the  pan  in  its  standby  or  power-down  mode.  In  this  mode,  the  part  consumes 
only  50  (iW  of  power.  The  part  retains  its  calibration  and  control  word  information  when  in  STANDBY.  Writing 
a  0  to  this  bit  places  the  part  in  its  normal  operating  mode. 
Operating  Mode 

Normal  Mode;  this  is  the  normal  mode  of  operation  of  the  device  whereby  the  device  is  performing  normal  conver- 
sions. This  is  the  default  condition  of  these  bits  after  power-on  or  RESET. 

Self-Calibration;  this  activates  self-calibration  on  the  part.  This  is  a  one  step  calibration  sequence  and  when  com- 
plete the  part  returns  to  normal  mode.  The  DRDY  output  or  bit  indicates  when  this  self-calibration  is  complete 
and  a  valid  word  is  available  in  the  data  register.  For  this  calibration  type,  the  zero-scale  calibration  is  done  inter- 
nally on  shorted  (zeroed)  inputs  and  the  full-scale  calibration  is  done  internally  on  Vref. 

Zero-Scale  System  Calibration;  this  activates  zero-scale  system  calibration  on  the  analog  input.  Calibration  is  per- 
formed on  the  analog  input  voltage  provided  at  the  analog  input  during  this  calibration  sequence.  The  DRDY  out- 
put or  bit  indicates  when  this  zero-scale  calibration  is  complete  and  the  pan  returns  to  normal  mode. 
1  1  Full-Scale  System  Calibration;  this  activates  full-scale  system  calibration  on  the  analog  input.  Calibration  is  per- 

formed  on  the  analog  input  voltage  provided  at  the  analog  input  during  this  calibration  sequence.  Once  again, 
DRDY  indicates  when  this  full-scale  calibration  is  complete.  When  this  calibration  is  complete,  the  part  returns  to 
normal  mode. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Setup  Register  (RSI,  RSO  =  0,1) 

The  setup  register  is  an  8-bit  register  from  which  data  can  either 
be  read  or  to  which  data  can  be  written.  This  register  controls 
the  setup  which  the  device  is  to  operate  in  such  as  the  gain,  out- 
put rate,  unipolar/bipolar  operation  etc.  Table  II  outlines  the  bit 
designations  for  the  mode  register. 


Table  II.  Setup  Register 


I 


G2 

0 

0 

1 

1 


Gl 

GO 

CLK 

FS1 

FSO 

B/U 

BUF 

FSYNC 

Gl 
0 


Gain  Setting 
I 


1  2 


■ 


32 
128 


CLK 
FS1,  FSO 


CLK 
0 

0 
0 

0 

1 

1 

i 

_ 

B/U 
FSYNC 


Clock  Bit.  This  bit  should  be  set  in  accordance  with  the  operating  frequency  of  the  AD7715.  If  the  device  has  a 
master  clock  frequency  of  2.4576  MHz,  then  this  bit  should  be  set  to  a  0.  If  the  device  has  a  master  clock  fre- 
quency of  1  MHz,  then  this  bit  should  be  set  to  a  1 .  This  bit  sets  up  the  correct  scaling  currents  for  a  given  master 
clock  and  also  chooses  (along  with  FS1  and  FSO)  the  output  update  rate  for  the  device.  If  this  bit  is  not  set  cor- 


operate  to  specification. 

lut  update  rate,  filter  first  notch  and 
Sinx/x)3 )  filter  response.  In  association 
effective  resolution)  of  the  device, 
solution.  Tables  III  through  VI  show 
'ective  resolution  of  the  part.  The  out- 
:o  the  frequency  selected  for  the  first  notch  of 
50  Hz,  then  a  new  word  is  available  at  a  50  Hz 


rectly  for  the  master  clock  frequency  of  the  device, 
Filter  Selection  Bits.  Along  with  the 
-3  dB  frequency  as  below.  The  on-chip 
with  the  gain  selection,  it  also  deti 
Changing  the  filter  notch  frequeni 
the  effect  of  the  filter  notch  frequeni 
put  data  rate  (or  effective  conversion  time)  tor  the  devi, 
the  filter.  For  example,  if  the  first  notch  of  the  filter  is  si 

rate  or  every  20  ms.  If  the  first  notch  is  at  500  Hz,  a  new  word  is  available  every  2  ms 
The  settling  time  of  the  filter  to  a  full-scale  step  input  change  is  worst  case  4  x  1 /(output  data  rate).  For  example, 
with  the  first  filter  notch  at  50  Hz,  the  settling  time  of  the  filter  to  a  full-scale  step  input  change  is  80  ms  max.  If 
the  first  notch  is  at  500  Hz,  the  settling  time  of  the  filter  to  a  full-scale  input  step  is  8  ms  max.  This  settling-time 
can  be  reduced  to  3  x  1 /(output  data  rate)  by  synchronizing  the  step  input  change  to  a  reset  of  the  digital  filter.  In 
other  words,  if  the  step  input  takes  place  with  the  RESET  input  low,  the  settling  time  will  be  3  x  1 /(output  data 
rate)  from  when  RESET  returns  high. 

FS1       FSO       Output  Update  Rate         -3  dB  Filte: 
0  0  50  Hz  13.1Hz 


0 
1 
1 
0 
0 
1 
1 


Output  Update  Rate 
50  Hz 
60  Hz 
250  Hz 
500  Hz 
20  Hz 
25  Hz 
100  Hz 
200  Hz 


15.7  Hz 
65.5  Hz 
121  Hz 
5.24  Hz 
6.55  Hz 
26.2  Hz 
52.4  Hz 




Bipolar/Unipolar  Operation.  A  0  in  this  bit  selects  bipolar  operation.  This  is  the  default  (Power-On  or  RESET) 
status  of  this  bit.  A  1  in  this  bit  selects  unipolar  operation. 

Filter  Synchronization.  When  this  bit  is  high,  the  nodes  of  the  digital  filter,  the  filter  control  logic  and  the  calibra- 
tion control  logic  are  reset  and  the  analog  modulator  is  also  held  in  its  reset  state.  When  this  bit  goes  low,  valid 
data  is  available  in  3  x  l/(output  update  rate),  i.e.,  the  settling  time  of  the  filter. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Test  Register  (RSI,  RSO  =  1,  0) 

The  part  contains  a  test  register  which  is  used  in  testing  the 
device.  The  user  is  advised  not  to  change  the  status  of  any 
of  the  bits  in  this  register  from  the  default  (Power-On  or 
RESET)  status  of  all  0s  as  the  part  will  be  placed  in  one  of 
its  test  modes  and  will  not  operate  correctly.  If  the  part  en- 
ters one  of  its  test  modes,  exercising  RESET  will  exit  the 
part  from  the  mode. 

Data  Register  (RSI,  RSO  =  1,  1) 

The  data  register  on  the  part  is  a  read-only  register  which 
contains  the  most  up-to-date  conversion  result  from  the 
part.  The  register  is  16  bits  wide.  If  an  attempt  is  made  to 
write  to  this  register,  the  data  will  not  actually  be  written  to 
any  location  of  the  part. 


AD7715 


OUTPUT  NOISE 
AD7715-5 

Table  III  shows  the  AD7715-5  output  rms  noise  for  the  select- 
able notch  and  -3  dB  frequencies  for  the  part,  as  selected  by 
FS1  and  FSO  (see  above).  The  numbers  given  are  for  the  bipo- 
lar input  ranges  with  a  Vref  of  +2.5  V.  These  numbers  are  typi- 
cal and  are  generated  at  an  analog  input  voltage  of  0  V  and  for 
the  BUF  bit  of  the  setup  register  =  0.  Noise  numbers  for  the 
two  lower  notch  settings  will  typically  be  10%  higher  than  those 
in  Table  III  for  BUF  Bit  =  1. 

Table  IV  meanwhile  shows  the  output  peak-to-peak  noise  for  the 
selectable  notch  and  -3  dB  frequencies  for  the  part.  It  is  impor- 
tant to  note  that  these  numbers  represent  the  resolution  for  which  there 
will  be  no  code  flicker.  They  are  not  calculated  based  on  rms  noise  but 
on  peak-to-peak  noise.  The  numbers  given  are  for  the  bipolar  in- 
put ranges  with  a  Vref  of  +2.5  V  and  for  the  BUF  bit  of  the  set- 
up register  =  0.  These  numbers  are  typical,  are  generated  at  an 
analog  input  voltage  of  0  V  and  are  rounded  to  the  nearest  LSB. 

sH*.«  .vHitl  MM 


Table  III.  Output  RMS  Noise  vs.  Gain  and  Output  Update  Rate  for  AD7715-5 
Filter  First  Notch  &  OIP  Data  Rate  -3  dB  Frequency 


Typical  Output  RMS  Noise  in  uV 


MCLK  IN  = 
2.4576  MHz 


MCLK  IN: 
1  MHz 


MCLK  IN  = 
2.4576  MHz 


MCLK  IN: 
1  MHz 


GAIN  =  1     GAIN  =  2 


GAIN  =  32     GAIN  =  128 


50  Hz 
60  Hz 
250  Hz 
500  Hz 


20  Hz 
25  Hz 
100  Hz 
200  Hz 


13.1  Hz 
15.72  Hz 
65.5  Hz 
131  Hz 


5.24  Hz 
6.55  Hz 


7. '5 
8.5 


— 


26.2  Hz  130 
52.4  Hz  |  600 


3.8 

0.5 

0.45 

4.1 

0.5 

0.45 

^  75 

4.0 

1.7 

260 

25 

8 

Table  IV.  Effective  (Peak-to-Peak)  Resolution  vs.  Gain  and  Output  Update  Rate  for  AD7715-5 
Filter  First  Notch  &  OIP  Data  Rate  -3  dB  Frequency  Typical  Effective  Resolution  in  Bits 


MCLK  IN  =              MCLK  IN  = 
2.4576  MHz               1  MHz 

MCLK  IN  =      MCLK  IN  = 
2.4576  MHz       1  MHz 

GAIN  =  1     GAIN  =  2       GAIN  =  32    GAIN  =  128 

50  Hz                        20  Hz 
60  Hz                        25  Hz 
250  Hz                     100  Hz 
500  Hz                      200  Hz 

13.1Hz            5.24  Hz 
15.72  Hz           6.55  Hz 
65.5  Hz             26.2  Hz 
131  Hz             52.4  Hz 

16                16                  16  14 

I'l                jj                 II  It 
10                 10                   10  10 

  _  _  

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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OUTPUT  NOISE 
AD7715-3 

Table  V  shows  the  AD7715-3  output  rms  noise  for  the  select- 
able notch  and  -3  dB  frequencies  for  the  part,  as  selected  by 
FS1  and  FSO  (see  above).  The  numbers  given  are  for  the  bipo- 
lar input  ranges  with  a  Vref  of  + 1 .25  V  and  for  the  BUF  bit  of 
the  setup  register  =  0.  These  numbers  are  typical  and  are  gen- 
erated at  an  analog  input  voltage  of  0  V.  Noise  numbers  for  the 
two  lower  notch  settings  will  typically  be  10%  higher  than  those 
in  Table  V  for  BUF  Bit  =  1. 


Table  VI  meanwhile  shows  the  output  peak-to-peak  noise  for  the 
selectable  notch  and  -3  dB  frequencies  for  the  part.  It  is  impor- 
tant to  note  that  these  numbers  represent  the  resolution  for  which  there 
will  be  no  code  flicker.  They  are  not  calculated  based  on  rms  noise  but 
on  peak-to-peak  noise.  The  numbers  given  are  for  the  bipolar  in- 
put ranges  with  a  Vref  of  +  1 .25  V  and  for  the  BUF  bit  of  the 
setup  register  =  0.  These  numbers  are  typical,  are  generated  at 
an  analog  input  voltage  of  0  V  and  are  rounded  to  the  nearest 
LSB. 


Table  V.  Output  RMS  Noise  vs.  Gain  and  Output  Update  Rate  for  AD7715-3 
Filter  First  Notch  &  OIP  Data  Rate  -3  dB  Frequency  Typical  Output  RMS  Noise  in  u V 


MCLK  IN  = 

MCLK  IN  = 

MCLK  IN  = 

MCLK  IN  = 

2.4576  MHz 

1  MHz 

2.4576  MHz 

1  MHz 

GAIN  = 

1     GAIN  =  2 

GAIN  =  32 

GAIN  =  128 

50  Hz 

20  Hz 

13.1  Hz 

5.24  Hz 

7.0 

3.5 

0.5 

0.4 

60  Hz 

25  Hz 

15.72  Hz 

6.55  Hz 

8.2 

4.1 

0.5 

0.4 

250  Hz 

100  Hz 

65.5  Hz 

26.2  Hz 

53 

28 

3.5 

1.4 

500  Hz 

200  Hz 

131  Hz 

52.4  Hz 

240 

150 

14 

8 

Table  VI.  Effective  (Peak-to-Peak)  Resolution  vs 
Filter  First  Notch  &  O/P  Data  Rate  -3  dB  Frequency  ^ 





F  ,t  Update  Rate  for  AD7715-3 
Typical  Effectiv 


tive  Resolution  in  Bits 


MCLK  IN  = 
2.4576  MHz 


MCLK  IN  = 
1  MHz 


50  Hz 
60  Hz 
250  Hz 
500  Hz 


20  Hz 
25  Hz 
100  Hz 
200  Hz 


MCLK  IN 

2. 


MCLK  IN  = 
z 


2.4576  MHz  1  MM 
13.1Hz  5.241- 


15.72  Hz 
65.5  Hz 
131  Hz 


^AIN  =  1 


26 
52.4  Hz 


 iJ 


GAIN  =  2      GAIN  ■ 


11 


14 
14 
12 
10 


32  GAIN  =  128 




13 
13 
13 
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CIRCUIT  DESCRIPTION 

The  AD77 1 5  is  a  sigma-delta  A/D  converter  with  on-chip  digital 
filtering,  intended  for  the  measurement  of  wide  dynamic  range, 
low  frequency  signals  such  as  those  in  industrial  control  or  pro- 
cess control  applications.  It  contains  a  sigma-delta  (or  charge- 
balancing)  ADC,  a  calibration  microcontroller  with  on-chip 
static  RAM,  a  clock  oscillator,  a  digital  filter  and  a  bidirectional 
serial  communications  port.  The  part  consumes  only  500  uA  of 
power  supply  current,  making  it  ideal  for  battery-powered  or 
loop-powered  instruments.  The  part  comes  in  two  versions,  the 
AD7715-5  which  is  specified  for  operation  from  a  +5  V  analog 
supply  (AVDD)  and  the  AD7715-3  which  is  specified  for  opera- 
tion from  a  +3  V  analog  supply.  The  AD7715-5  can  be  operated 
with  a  digital  supply  (DVDD)  voltage  of  +3  V  or  +5  V. 

The  part  contains  a  programmable  gain  fully  differential  analog 
input  channel.  The  selectable  gains  on  this  input  are  1,  2,  32 
and  128  allowing  the  part  to  accept  unipolar  signals  of  between 
0  mV  to  +20  mV  and  0  V  to  +2.5  V  or  bipolar  signals  in  the 
range  from  ±20  mV  to  ±2.5  V  when  the  reference  input  voltage 
equals  +2.5  V.  With  a  reference  voltage  of  +1.25  V,  the  input 
ranges  are  from  0  mV  to  +10  mV  to  0  V  to  +1.25  V  in  unipolar 
mode  and  from  ±  1 0  mV  to  ±  1 . 25  V  in  bipolar  mode. 


The  input  signal  to  the  analog  input  is  continuously  sampled 
at  a  rate  determined  by  the  frequency  of  the  master  clock, 
MCLK  IN,  and  the  selected  gain.   A  charge-balancing  A/D  con- 
verter (Sigma-Delta  Modulator)  converts  the  sampled  signal  into 
a  digital  pulse  train  whose  duty  cycle  contains  the  digital  infor- 
mation. The  programmable  gain  function  on  the  analog  input  is 
also  incorporated  in  this  sigma  delta  modulator  with  the  input 
sampling  frequency  being  modified  to  give  the  higher  gains.  A 
sine3  digital  low-pass  filter  processes  the  output  of  the  sigma- 
delta  modulator  and  updates  the  output  register  at  a  rate  deter- 
mined by  the  first  notch  frequency  of  this  filter.  The  output  data 
can  be  read  from  the  serial  port  randomly  or  periodically  at  any 
rate  up  to  the  output  register  update  rate.  The  first  notch  of  this 
digital  filter  (and  hence  its  -3  dB  frequency)  can  be  programmed 
via  the  mode  register  bits  FSO  and  FS 1 .  With  a  master  clock  fre- 
quency of  2.4576  MHz,  the  programmable  range  for  this  first 
notch  frequency  is  from  50  Hz  to  500  Hz  giving  a  programmable 
range  for  the  -3  dB  frequency  of  13. 1  Hz  to  131  Hz.  With  a 
master  clock  frequency  of  1  MHz,  the  programmable  range  for 
this  first  notch  frequency  is  from  20  Hz  to  200  Hz  giving  a  pro- 
grammable range  for  the  -3  dB  frequency  of  5.24  Hz  to  52.4  Hz. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DIGITAL  INTERFACE 

iput  low.  In  t 

used  to  communicate  with  the  part  and  the  status  of 
be  obtained  by  interrogating  the  MSB  of  the  corn- 
register.  CS  can  be  used  to  decode  the  part  in  sys- 
>  where  a  number  of  parts  are,  connected  to  the  serial  bus. 
Figures  2  and  3  show  timing  diagrams  for  interfacing  to  the  part 
with  CS  used  to  decode  the  part.  Figure  2  is  for  a  read  opera- 
write  operation  to  the  input  shift  register. 


DOUT  _ 







_  — 


Figure  2.  Read  Cycle  Timing  Diagram 
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Figure  3.  Write  Cycle  Timing  Diagram 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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FEATURES 

22-Bit  Sigma-Delta  ADC 

Dynamic  Range  of  105  dB  (146  Hz  Input) 

±0.003%  Integral  Nonlinearity 
On-Chip  Low-Pass  Digital  Filter 

Cutoff  Programmable  from  584  Hz  to  36.5  Hz 

Linear  Phase  Response 
Five  Line  Serial  I/O 
Twos  Complement  Coding 
Easy  Interface  to  DSPs  and  Microcomputers 
Software  Control  of  Filter  Cutoff 
±5  V  Supply 

Low  Power  Operation:  50  mW 

APPLICATIONS 

Biomedical  Data  Acquisition 

ECG  Machines 

EEG  Machines 
Process  Control 
High  Accuracy  Instrumentation 
Seismic  Systems 


FUNCTIONAL  BLOCK  DIAGRAM 
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GENERAL  DESCRIPTION 

The  AD7716  is  a  signal  processing  block  for  data  acquisition 
systems.  It  is  capable  of  processing  four  channels  with  band- 
widths  of  up  to  584  Hz.  Resolution  is  22  bits  and  the  usable 
dynamic  range  varies  from  1 1 1  dB  with  an  input  bandwidth  of 
36.5  Hz  to  99  dB  with  an  input  bandwidth  of  584  Hz. 

The  device  consists  of  four  separate  A/D  converter  channels  that 
are  implemented  using  sigma-delta  technology.  Sigma-delta 
ADCs  include  on-chip  digital  filtering  and,  thus,  the  system 
filtering  requirements  are  eased. 

Three  address  pins  program  the  device  address.  This  allows  a 
data  acquisition  system  with  up  to  32  channels  to  be  set  up  in  a 
simple  fashion.  The  output  word  from  the  device  contains  32 
bits  of  data.  One  bit  is  determined  by  the  state  of  the  DinI  in- 
put and  may  be  used,  for  example,  in  an  ECG  system  with  an 
external  pacemaker  detect  circuit  to  indicate  that  the  output 
word  is  invalid  because  of  the  presence  of  a  pacemaker  pulse. 


There  are  22  bits  of  data  corresponding  to  the  analog  input. 
Two  bits  contain  the  channel  address  and  3  bits  are  the  device 
address.  Thus,  each  channel  in  a  32-channel  system  would  have 
a  discrete  5-bit  address.  The  device  also  has  a  CASCOUT  pin 
and  a  CASCIN  pin  that  allow  simple  networking  of  multiple 
devices. 

The  on-chip  control  register  is  programmed  using  the  SCLK, 
SDATA  and  TFS  pins.  Three  bits  of  the  Control  Register  set 
the  digital  filter  cutoff  frequency  for  the  device.  Selectable  fre- 
quencies are  584  Hz,  292  Hz,  146  Hz,  73  Hz  and  36.5  Hz.  A 
further  2  bits  appear  as  outputs  D0url  and  D0ur2  and  can  be 
used  for  controlling  calibration  at  the  front  end.  The  device  is 
available  in  a  44-pin  PQFP  (Plastic  Quad  Flatpack)  and  44-pin 
PLCC. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS"  (fciKiN  =  8  MHz;  MODE  Pin  Is  High  (Slave  Mode  Operation);  AV0D  =  DVnD=  +5  V 

±  5%;  AVss  =  -5  V  ±  5%;  AGND  =  DGND  =  0  V;  VBEf  =  2.5  V;  Filter  Cutoff  =  146  Hz;  Noise  Measurement  Bandwidth  =  146  Hz; 
A|N  Source  Resistance  =  750  Q2  with  1  nF  to  AGND  at  each  AIN.  T,  =  TMIN  to  TMU ,  unless  otherwise  noted.) 


AD771B 


Parameter 

B  Version 

Units 

Test  Conditions/Comments 



STATIC  PERFORMANCE 
Resolution 

Integral  Linearity  Error 
Gain  Error 

frtiin  \4nfr"Vi  Rprwppn  (""rmnnpls 



0.003 
0.006 
1 

0.5 



Bits 

%  FSR  typ 
%  FSR  max 
%  FSR  max 
%  FSR  max 



Guaranteed  No  Missed  Codes  to  21  Bits3 

Gain  TC 
Offset  Error 

Offset  Match  Between  Channels 

Offset  TC 

Noise 

30 

0.2 

0.1 

4 

11 

HV/°C  typ 
%  FSR  max 
%  FSR  max 
uV/°C  typ 
uV  rms  max 

See  Table  I  for  Typical  Noise  Performance  vs.  Programmed 
Cutoff  Frequency 

DYNAMIC  PERFORMANCE 

Sampling  Rate 
Output  Update  Rate 
Filter  Cutoff  Frequency 

Sprrlinp  Timp 
iiiing  i  uiic 

Usable  Dynamic  Range4 
Total  Harmonic  Distortion 

Absolute  Group  Delay3 
Differential  Group  Delay3 
Channel-to-Channel  Isolation 

fcLKIN/14 

fcLK!N'(14  X  256  X  2N) 
fCLKiN/(3.81  X  14  X  256  X  2N) 

n  X  14  X  256  X  2N/£~,  .™1 

See  Table  I 

-90 

-100 

(3  X  14  X  256  X  2N)/2fCLKIN 

10 

-85 

dB  typ 
dB  typ 

ns  typ 
dB  typ 

570  kHz  for  (cum  =  8  MHz 

N  Is  Decimal  Equivalent  of  FC2,  FC1,  FC0  in  Control  Register 

Input  Frequency  =  35  Hz 
AiN  =  ±10mVp-p 

Feedthrough  from  Any  One  Channel  to  the  Other  Three,  with 
35  Hz  Full-Scale  Sine  Wave  Applied  to  that  Channel 

ANALOG  INPUT 
Input  Range 
Input  Capacitance 
Input  Bias  Current 

±2.5 

10 

1 

Volts 
pFtyp 
nA  typ 

LOGIC  INrU  1  a 

VnjH,  Input  High  Voltage 
Vinl>  Input  Low  Voltage 
IIN,  Input  Current 

SDATA,  RFS 

TFS 
All  Other  Inputs 
CIN,  Input  Capacitance3 

2.4 
0.8 

+  10/-130 
+  10/-650 
+  10 
10 

V  min 

V  max 

flA  max 
uA  max 
uAmax 
pF  max 

Internal  50  HI  Pull-Up  Resistors 
Internal  10  Id!  Pull-Up  Resistor 

LOGIC  OUTPUTS 

Voh.  Output  High  Voltage 
V0L>  Output  Low  Voltage 

2.4 
0.4 

V  min 

V  max 

IIoutI  S40uA 
IIoutI  S  1.6  mA 

POWER  SUPPLIES 
Reference  Input 
AVDD 
DVDD 
AVss 
Idd 
Iss 

Power  Consumption 
Power  Supply  Rejection5 

2.4/2.6 

4.75/5.25 

4.75/5.25 

-4.7S/-5.25 

7.5 

2.5 

50 

-70 

V  min/V  max 

V  min/V  max 

V  min/V  max 

V  min/V  max 
mAmax 
mA  max 
mW  max 
dBtyp 

4.8  mA  typ 
1.8  mA  typ 
35mWtyp 

'Operating  temperature  ranges  as  follows  :  B  Version;  -40°C  to  +85°C. 
2The  A1N  pins  present  a  very  high  impedance  dynamic  load  which  varies  with  clock  frequency. 
^Guaranteed  by  design  and  characterization.  Digital  filter  has  linear  phase. 

4Usable  dynamic  range  is  guaranteed  by  measuring  noise  and  relating  this  to  the  full-scale  input  range. 
5100  mV  p-p,  120  Hz  sine  wave  applied  to  each  supply. 
Specifications  subject  to  change  without  notice. 


■ 
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Table  I.  Typical  Usable  Dynamic  Range,  RMS  Noise  and  Filter  Settling  Time  vs.  Filter  Cutoff  Frequency 


N 

Programmed  Cutoff 
Frequency  (Hz) 

Output  Update 
Rate  (Hz) 

Usable  Dynamic 
Range  (dB) 

RMS  Noise 
(HV) 

Filter  Settling  Time  to 

±0.0007%  FS  (ms) 

Absolute  Group 
Delay  (ms) 

0 

584 

2232 

99 

21 

1.35 

0.675 

1 

292 

1116 

102 

14 

2.7 

1.35 

2 

146 

558 

105 

10 

5.4 

2.7 

3 

73 

279 

108 

7 

10.8 

5.4 

4 

36.5 

140 

111 

5 

21.6 

10.8 

NOTE 

Usable  Dynamic  Range  is  defined  as  the  ratio  of  the  rms  full-scale  reading  (sine  wave  input)  to  the  rms  noise  of  the  converter. 

CONTROL  REGISTER  TIMING  CHARACTERISTICS1,2  <avdd=  dvdd  =  +5v±5%;  avss=-5v±5%;aGnd= 

DGND  =  0  V;  fcum  =  B  MHz;  Input  Levels:  Logic  0  =  0  V,  Logic  1  =  DVD0;  unless  otherwise  noted) 


Limit  at  TMIN,  Tmax 



Parameter 

(B  Version) 

Units 

Conditions/Comments 

ti 

1/fcLKIN 

ns  min 

SCLK  Period 

ti 

77 

ns  min 

SCLK  Width 

t3 

30 

ns  min 

TPS  Setup  Time 

t. 

20 

ns  min 

I 

SDATA  Setup  Time 

t5 

10 

ns  min 

SDATA  Hold  Time 

U 

20 

ns  min 

TFS  Hold  Time 

NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figure  2. 

'CLKIN  Duty  Cycle  range  is  40%  to  60%. 

+2.1V 


! 


200^  U  Ioh 

Figure  7.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 


SCLK  (I) 


SDATA  (I) 


I  f»  

XDB1  y  DB2  W  DBS  W  DEM  W  DBS  V  DB6  V  ™7  N  
(db9)  a  (°B10>  A  <PB11>  A  (°B12>  A  <DB13>  A  (pB14i  A  <DB15>  / 


DB0 
(DM) 


Figure  2.  Control  Register  Timing  Diagram 
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MASTER  MODE  TIMING  CHARACTERISTICS1-2  (avdd=  dvm  =  +5v±5%;  avss=-5v±5%:agnd  =  dGnd=ov: 

fcLKiM  =  8  MHz;  Input  Levels:  Logic  0  =  0  V,  Logic  1  =  DVDD;  unless  otherwise  noted) 


Parameter 


Limit  at  Tminj  Tmax 
(B  Version) 


Units 


Conditions/Comments 





fcLKIN3' 

t,5 

tf5 

t7 

t8 

t9 

tlO 

til 

tl2 

t,3 

tl4 

tu 

t!77 

tl8 
tl9 

t20 
t21 


400 
8 

40 
40 

1/fcuoN 

1/fcLKIN 
l/2fCLKIN  +  30 

50 
40 
50 

•/fcLKIN 
40 

1/fcLKIN 
45 

l/2fCLKIN+  50 
l/2fCLKlN+  10 
l/2fCLKIN  +  60 

50 
20 

l/2fCLKIN+50 
2/£cLKIN 


_L 


kHz  min 
MHz  max 
ns  max 
ns  max 
ns  min 
ns  min 
ns  max 
ns  max 
ns  max 
ns  min 
ns 

ns  max 
ns 

ns  max 
ns  max 
ns  min 
ns  max 
ns  max 
ns  min 
ns  max 
ns 


CLKIN  Frequency 

Digital  Output  Rise  Time.  Typically  20  ns 

Digital  Output  Fall  Time.  Typically  20  ns 

CASCIN  Pulse  Width 

CASCIN  to  DRDY  Setup  Time 

DRDY  Low  to  SCLK  Low  Delay 

CLKIN  High  to  DRDY  Low,  SCLK  Active, 

CLKIN  High  to  SCLK  High  Delay 

SCLK  Width 

SCLK  Period  < 

SCLK  High  to  RFS  High  Delay 

RFS  Pulse  Width 

SCLK  High  to  SDATA  Valid  Delay 

SCLK  Low  to  SDATA  High  Impedance  Delay 


Active 


CLKIN  High  to  DRDY  High  Delay 

CLKIN  High  to  RFS  High  Impedance,  SCLK  High  Impedance 


SCLK  Low  to  CASCOUT  1 
CASCOUT  Pulse  Width 


■ 


ure  compliance.  All  inpul  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 


nd  8  MHz  in  master  mode. 


NOTES 

'Sample  tested  at  +25°C  to  a 
2See  Figures  1  and  3. 
'CLKIN  duty  cycle  range  is  40%  to  60%. 

4The  AD7716  is  production  tested  with  fcuciN  at  8  MHz  in  the  slave  mode.  It  is  guaranteed  by  characterization  to  operate  at  40( 
'Specified  using  10%  and  90%  points  on  waveform  of  interest. 

6t,s  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 
7t,7  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then  extrapolated 
back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time  quoted  in  the  timing  characteristics  is  the  true  bus  relinquish 
time  of  the  part  and  as  such  is  independent  cf~  1  '—- "  :  


CASCIN  (I) 


CLKIN  (I) 


OHDY  (O) 


SCLK(O) 
RFS(O) 
SDATA  (O) 


~n  *12  p~  »15  -*■ 


twxwmmmmmxwxw^ 


CASCOUT  (O) 


T7—.t.  "  .I 

3=1 


Figure  3.  Master  Mode  Timing  Diagram 
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fcLMN  =  8  MHz;  Input  Levels:  Logic  0  =  0  V,  Logic  1  =  DVDD;  unless  otherwise  noted) 


Parameter 

(B  Version) 

Units 

Conditions/Comments 

f  3,4 

400 

kHz  min 

CLKIN  Frequency 

8 

MHz  max 

tr5 

40 

ns  max 

Digital  Output  Rise  Time.  Typically  20  ns 

tf5 

40 

ns  max 

Digital  Output  Fall  Time.  Typically  20  ns 

l23 

1/fcLKIN 

ns  min 

CASCIN  Pulse  Width 

t24 

50 

ns  min 

SCLK  Width 

t25 

125 

ns  min 

SCLK  Period 

t26 

1/fcLKIN  +30 

ns  min 

CASCIN  High  to  RFS  Setup  Time 

hi 

30 

ns  min 

RFS  Low  to  SCLK  High  Setup  Time 

t28 

50 

ns  max 

SCLK  High  to  SDATA  Valid  Delay 

t29 

50 

ns  min 

RFS  Hold  Time  After  SCLK  High 

t30 

50 

ns  max 

SCLK  High  to  SDATA  High  Impedance  Delay 

0        ftbO  fVH  Z'i 

ns  min 

t3l 

60 

ns  max 

SCLK  High  to  CASCOUT  High  Delay. 

t32 

2/fcLKIN 

ns  max 

CASCOUT  Pulse  Width 

NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

2See  Figures  1  and  4. 

3CLKIN  duty  cycle  range  is  40%  to  60%. 

4The  AD7716  is  production  tested  with  fCLKiN  at  8  MHz  in  the  slave  mode.  It  is  guaranteed  by  characterization  to  operate  at  400  kHz. 
Specified  using  1 0%  and  90%  points  on  waveform  of  interest. 

6t28  is  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

7tJ0  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then  extrapolated 
back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time  quoted  in  the  timing  characteristics  is  the  true  bus  relinquish 
time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances. 


CASCIN  (I) 


SCLK  (1) 


SDATA (O) ■ 


CASCOUT  (O) 


t2a-H  j»-  

 /    0831    V  DB30  V  DB29    V   DB24  V 

\  chi   A  Chi  a  cm    A  cm  A 


DB23 
CH1 


DB2 
CH4 


XDB1  V  DB0  V  
CH4    A    CH4  I 


tai-*) 


 $5- 


Figure  4.  Slave  Mode  Timing  Diagram 
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PQFP  Package,  Power  Dissipation 

8JA  Thermal  Impedance   

 -0.3  V  to  +7  V         Lead  Temperature,  Soldering 

 +0.3  V  to -7  V  Vapor  Phase  (60  sec)   

AGND  to  DGND   -0.3  V  to  +0.3  V  Infrared  (15  sec) 


ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted) 
AVDD  to  A 
AVSS  to . 





AD7716 


.450  mW 

.  95°C/W 


.  .  +215°C 
.  .  +220°C 
.  .  500  mW 
.  .  55°C/W 


AVDD  to  DVDD   -0.3  V  to  +0.3  V      PLCC  Package,  Power  Dissipation  

Analog  Inputs  to  AGND   AVSS  -  0.3  V  to  AVDD  +  0.3  V         9JA  Thermal  Impedance   

Vref  to  AGND                       AVSS  -  0.3  V  to  AVDD  +  0.3  V  Lead  Temperature,  Soldering 

Digital  Inputs  to  DGND2   -0.3  V  to  DVDD  +  0.3  V  Vapor  Phase  (60  sec)   

Digital  Outputs  to  DGND  -0.3  V  to  DVDD+  0.3  V  Infrared  (15  sec)  

Operating  Temperature  Range  NOTES 

Commercial  Plastic  (B  Versions)   -40°C  to  +85°C  'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 

n  _op         )c.or         permanent  damage  to  the  device.   This  is  a  stress  rating  only  and  functional 

Storage  I  emperature  Range   -65  C  to  + 1 50  C        operation  of  the  device  at  these  0r  any  other  conditions  above  those  listed  in  the 

operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


+215°C 
+220°C 


^Transient  currents  of  up  to  100  mA  will  not  cause  SCR  latch-up. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


PQFP  PINOUT 


PLCC  PINOUT 


nc  1  r~r~ 

2 
3 
4 

NC  5 
RFS  6  r~T~ 
SCLK  7 
RESET  6 
AGND  9 
AVdd  10 
A,N1  11 


O-IU-I     O    &GU  tEQO 

zozualt-azlacnz 


■ 


AD7716 

TOP  VIEW 
(Not  to  Scale) 


zozooli-azlacfiz 


33  MODE 
~~l     I  32  NC 
— 1—1  31  NC 

30  DVdo 
29  D,N1 
29  NC 
27  CASCIN 
26  CASCOUT 
25  Vref 
24  AVss 
23  AGND 


zjz  *  z  <  z  S 
O  <    ID  <    O         O  < 


NC 
NC 
Dout1 
DGND 
NC 
RFS 
SCLK 
RESET 
AGND 
AVdd 
a,n1 


AD7716 

TOP  VIEW 
(Not  to  Scale) 


[l£j[!£j[20j|2lj[^[23j[^[^[26j[27j[28j 


§  a 

3 
< 

NC  =  NO  CONNECT 


a  <  q 


ii]  MODE 
38]  NC 
37]  NC 
3S\  DVdd 
35]  D,n1 
34]  NC 
33]  CASCIN 
32]  CASCOUT 

ii]  VREF 
30]  AVss 

29]  AGND 


NC  =  NO  CONNECT 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Output  Noise 
(Filter:  146  Hz) 

Package 
Option* 

AD7716BP 
AD7716BS 

-40°C  to  +85°C 
-40°C  to  +85°C 

1 1  |XV  rms 
1 1  uV  rms 

P-44 
S-44 

*P  =  PLCC  (Plastic  Leaded  Chip  Carrier);  S  =  PQFP  (Plastic  Quad  Flatpack).  For  outline 
information  see  Package  Information  section. 
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PIN  DESCRIPTION 


Pin 


Description 


AVDD 

DVDD 

AVSS 

RESET 

A0-A2 

CLKIN 
CLKOUT 

MODE 

CASCIN 

CASCOUT 

RFS 


SDATA 
SCLK 

DRDY 


TFS 

DoutIj  Dqut2 

Vref 
AGND 
DGND 
AiNl-A,N4 


the  output  data  stream  from  the  device. 
Clock  Input  for  External  Clock. 


Analog  Positive  Supply,  +5  V  Nominal.  This  supplies  +ve  power  to  the  analog  modulators.  AVDD  &  DVDD 
must  be  tied  together  externally. 

Digital  Positive  Supply,  +5  V  Nominal.  This  supplies  +ve  power  to  the  digital  filter  and  input/output  registers. 
Analog  Negative  Supply,  -5  V  nominal.  This  supplies  -ve  power  to  the  analog  modulators. 
A  high  pulse  on  this  input  pin  synchronizes  the  sampling  point  on  the  four  input  channels.  It  can  be  used  in  a 
multichannel  system  to  ensure  simultaneous  sampling.  This  also  resets  the  digital  interface  to  a  known  state. 
The  three  address  input  pins,  AO,  Al  and  A2  give  the  device  a  unique  address.  This  information  is  contained  in 

Clock  Output  which  is  used  to  generate  an  internal  master  clock  by  connecting  a  crystal  between  C 
CLKIN.  If  an  external  clock  is  used  then  CLKOUT  is  not  connected. 

This  digital  input  determines  the  device  interface  mode.  If  it  is  hardwired  low,  then  the  Master  Mode  interface  is 
enabled  whereas  if  it  is  high,  the  Slave  Mode  interface  is  enabled. 

This  is  an  active-high,  level-triggered  digital  input  which  is  used  to  enable  the  output  data  stream.  This  input 
may  be  used  to  cascade  several  devices  in  a  multichannel  system. 

Digital  output  which  goes  high  at  the  end  of  a  complete  4-channel  data  transfer.  This  can  be  connected  to  the 

CASCIN  of  the  next  device  in  a  multichannel  system  to  ensure  proper  control  of  the  data  transfer. 

Receive  Frame  Synchronization  signal  for  the  serial  output  data  stream.  This  can  be  an  input  or  output  depending 

on  the  interface  mode. 

Serial  Data  Input/Output  Pin. 

Serial  Clock  Input/Output.  The  SCLK  pin  is  configured  as  an  input  or  output,  depending  on  the  state  of  the 
Mode  pin. 

Data  Ready  Output.  A  falling  edge  indicates  that  a  new  word  is  available  for  transmission.  It  will  return  high 
when  4,  32-bit  words  have  been  transmitted.  It  also  goes  high  for  one  clock  cycle,  when  a  new  word  is  being 
loaded  into  the  output  register.  Data  should  not  be  read  during  this  period. 
Transmit  Frame  Sync  input  for  programming  the  on-chip  Control  Register. 
Digital  Data  Input.  This  is  contained  in  the  digital  data  stream  sent  from  the  device. 
Digital  Outputs.  These  two  digital  outputs  can  be  prog 
be  used  to  control  calibration  signals  at  the  front  end. 
Reference  Input,  Nominally  2.5  V. 
Analog  Ground.  Ground  reference  for  analog  circuitry. 
Digital  Ground.  Ground  return  for  digital  circuitry. 
Analog  Input  Pins.  The  analog  input  range  is  ±2.5  V. 


i  the  on-chip  Control  Register.  They  can 


- 


1 
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TERMINOLOGY 
LINEARITY  ERROR 

This  is  the  maximum  deviation  of  any  code  from  a  straight  line 
passing  through  the  endpoints  of  the  transfer  function.  The 
endpoints  of  the  transfer  function  are  zero  scale  (not  to  be  con- 
fused with  Bipolar  Zero),  a  point  0.5  LSB  below  the  first  code 
transition  (000  ...  000  to  000  ...  001)  and  full  scale,  a  point 
0.5  LSB  above  the  last  code  transition  (1 1 1  ...  1 10  to 
1 1 1  ...  1 1 1).  The  error  is  expressed  as  a  percentage  of  full 
scale. 

DIFFERENTIAL  LINEARITY  ERROR/NO  MISSED  CODES 

This  is  the  difference  between  any  code's  actual  width  and  the 
ideal  (1  LSB)  width.  Differential  Linearity  Error  is  expressed  in 
LSBs.  A  differential  linearity  specification  of  ±  1  LSB  or  less 
guarantees  no  missed  codes  to  the  full  resolution  of  the  device. 
The  AD7716  has  no  missed  codes  guaranteed  to  21  bits  with  a 
cutoff  frequency  of  146  Hz. 

■ 

GAIN  ERROR 

Gain  Error  is  the  deviation  of  the  last  code  transition 

(111  ...  110  to  111  ...  1)  from  the  ideal  (VreF-3/2  LSBs).  It 

is  expressed  as  a  percentage  of  full  scale. 

GAIN  TC 

This  is  the  variation  of  gain  error  with  temperature  and  is  ex- 
pressed in  nV/°C. 

OFFSET  ERROR 

Offset  Error  is  the  deviation  of  the  first  code  transition  from  the 
ideal  (-Vref  +  0.5  LSB).  It  is  expressed  as  a  percentage  of  full 


scale. 


OFFSET  TC 

This  is  the  vari; 
pressed  in  nV/°C. 


NOISE 

This  is  the  converter  rms  noise  expressed  in  uV.  Because  of  the 
digital  filtering  in  the  sigma  delta  converter,  the  noise  perfor- 
mance is  a  function  of  the  programmed  filter  cutoff. 

SAMPLING  RATE 

This  is  the  modulator  sampling  rate.  For  the  AD7716,  it  is 

fcLKiN/14. 


OUTPUT  UPDATE  RATE 

This  is  the  rate  at  which  the  digital  filter  updates  the  output  shift 
register.  It  is  a  function  of  the  master  clock  frequency  and  the 
programmed  filter  cutoff  frequency. 

FILTER  CUTOFF  FREQUENCY 

The  digital  filter  of  the  AD7716  can  be  programmed,  in  binary 
steps,  to  5  discrete  cutoff  frequencies,  ranging  from  584  Hz  to 
36.5  Hz  (for  a  CLKIN  frequency  of  8  MHz). 

SETTLING  TIME 

This  is  the  settling  time  of  the  on-chip  digital  filter,  to  0.0007% 
of  FSR,  in  response  to  a  full-scale  step  at  the  input  of  the  ADC. 
It  is  proportional  to  the  master  clock  frequency  and  the  filter 
cutoff  frequency. 

USABLE  DYNAMIC  RANGE 

The  usable  dynamic  range  is  the  ratio  of  the  rms  full-scale 
reading  (sine  wave  input)  to  the  rms  noise  of  the  converter, 
expressed  in  dBs.  It  determines  the  level  to  which  it  is  possible 
to  resolve  the  input  signal.  For  example,  at  a  bandwidth  of 
146  Hz,  the  rms  noise  of  the  converter  is  1 1  |iV.  The  full-scale 
rms  is  1.77  volts.  So,  the  usable  dynamic  range  is  104  dB.  Any 
signal  below  this  level  will  be  indistinguishable  from  noise  unless 
extra  post-filtering  techniques  are  employed. 

TOTAL  HARMONIC  DISTORTION 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum 
of  the  harmonics  to  the  fundamental.  For  the  AD7716,  it  is 
defined  as: 


THD  (dB)  =  20  log^- 


where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through 
sixth  harmonics. 

ABSOLUTE  GROUP  DELAY 

Absolute  group  delay  is  the  rate  of  change  of  phase  versus  fre- 
quency, d0/df  and  is  expressed  in  seconds.  For  the  AD7716, 
it  is  dependent  on  master  clock  frequency  and  filter  cutoff 
frequency. 

DIFFERENTIAL  GROUP  DELAY 

Differential  group  delay  is  the  total  variation  in  absolute  group 
delay  in  the  specified  bandwidth.  Since  the  digital  filter  in  the 
AD7716  has  perfectly  linear  phase,  the  differential  group  delay 
is  almost  zero.  This  is  important  in  many  signal  processing  ap- 
plications where  excessive  differential  group  delay  can  cause 
phase  distortion. 
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rafTge^TOW'Trequcin.y  .iiguaii  sum  as  must  it^n-siuiing  a^^vj, 
EEG,  chemical,  physical  or  biological  processes.  It  contains 
four  sigma  delta  ADCs,  a  clock  oscillator  and  a  serial  communi- 
cations port. 

Each  of  the  analog  input  signals  to  the  AD77 1 6  is  continuously 
sampled  at  a  rate  determined  by  the  frequency  of  the  master 
clock,  CLKTN.  Four  sigma-delta  modulators  convert  the 
sampled  signals  into  digital  pulse  trains  whose  duty  cycles  con- 
tain the  digital  information.  These  are  followed  by  low-pass  fil- 
ters to  process  the  output  of  the  modulators  and  update  the 
output  register  at  a  maximum  rate  of  2.2  kHz.  The  output  data 
can  be  read  from  the  serial  port  at  any  rate  up  to  this. 

THEORY  OF  OPERATION 

The  general  block  diagram  of  a  delta-sigma  ADC  is  shown  in 
Figure  5.  It  contains  the  following  elements. 

1 .  Continuously  Sampling  Integrator 

2.  A  Differential  Amplifier  or  Subtracter 

3.  A  1-Bit  A/D  Converter  (Comparator) 

4.  A  1-Bit  DAC 

5.  A  Digital  Low-Pass  Filter. 

In  operation,  the  sampled  analog  signal  is  fed  to  the  subtracter, 
along  with  the  output  of  the  1-bit  DAC.  The  filtered  difference 
signal  is  fed  to  the  comparator,  whose  output  samples  the  differ- 
ence signal  at  a  frequency  many  times  that  of  the  analog  signal 
frequency  (oversampling). 

Oversampling  is  fundamental  to  the  operation  of  delta-sigma 
ADCs.  Using  the  quantization  noise  formula  for  an  ADC: 

SNR  =  (6.02  X  number  of  bits  +  1.76)  dB, 

a  1-bit  ADC  or  comparator  yields  an  SNR  of  7.78  dB. 

When  operating  with  a  master  clock  of  8  MHz,  the  AD7716 
samples  the  input  signal  at  570  kHz,  which  spreads  the  quanti- 
zation noise  from  0  kHz  to  285  kHz.  Since  the  specified  analog 
input  bandwidth  of  the  AD7716  is  only  584  Hz  maximum  (it 
can  be  programmed  to  be  lower),  the  noise  energy  in  this  band- 
width would  be  only  1/488  of  the  total  quantization  noise,  as- 
suming that  the  noise  energy  was  spread  evenly  throughout  the 
spectrum.  This  very  high  sampling  with  respect  to  the  input 
bandwidth  is  known  as  oversampling,  and  the  ratio  of  488: 1  is 
called  the  oversampling  ratio.  The  noise  is  reduced  still  further 
by  analog  filtering  in  the  modulator  loop,  which  shapes  the 
quantization  noise  spectrum  to  move  most  of  the  noise  energy  to 
frequencies  above  584  Hz.  The  SNR  performance  in  the  0  Hz 
to  584  Hz  range  is  conditioned  to  the  99  dB  level  in  this  fashion 
(see  Table  I).  As  the  programmed  bandwidth  is  reduced,  the 
oversampling  ratio  increases  and  the  usable  dynamic  range  also 
increases.  Thus,  for  example,  with  a  programmed  bandwidth 
of  73  Hz,  the  oversampling  ratio  is  3904:1,  and  the  usable  dy- 
namic range  is  108  dB  which  corresponds  to  greater  than  17-bit 
resolution. 


train  appearing  at  the  output  of  the  comparator.  It  can  be  re- 
trieved as  a  parallel  binary  data  word  using  a  digital  filter. 


a,n0-^^ 


STROBED 
COMPARATOR 


/yO  +VHEF 
O -Vref 


_ 


Figure  5.  First  Order  Modulator 

Sigma-delta  ADCs  are  generally  described  by  the  order  of  the 
analog  low-pass  filter.  A  simple  example  of  a  first  order  sigma- 
delta  ADC  is  shown  in  Figure  5.  This  contains  only  a  first- 
order  low-pass  filter  or  integrator. 

The  AD7716  uses  a  second-order  sigma-delta  modulator  and  a 
digital  filter  that  provides  a  rolling  average  of  the  sampled  out- 
put. After  power-up  or  if  there  is  a  step  change  in  the  input 
voltage,  there  is  a  settling  time  before  valid  data  is  obtained. 

< 

DIGITAL  FILTERING 

The  AD7716's  digital  filter  behaves  like  an  analog  filter,  with  a 
few  minor  differences. 

First,  since  digital  filtering  occurs  after  the  A-to-D  conversion 
process,  it  can  remove  noise  injected  during  the  conversion  pro- 
cess. Analog  filtering  cannot  do  this. 

On  the  other  hand,  analog  filtering  can  remove  noise  super- 
imposed on  the  analog  signal  before  it  reaches  the  ADC.  Digital 
filtering  cannot  do  this  and  noise  peaks  riding  on  signals  near 
full  scale  have  the  potential  to  saturate  the  analog  modulator 
and  digital  filter,  even  though  the  average  value  of  the  signal  is 
within  limits.  If  noise  signals  cause  the  input  signal  to  exceed 
the  specified  range,  consideration  should  be  given  to  analog  in- 
put filtering,  or  to  reducing  the  gain  in  the  input  channel  to 
bring  the  combination  of  signal  and  noise  spike  within  the  speci- 
fied input  range. 

Filter  Characteristics 

The  cutoff  frequency  of  the  digital  filter  is  determined  by  bits 
FC2,  FC1  and  FCO  in  the  control  register  (See  Table  TV).  The 
cutoff  frequency  of  the  filter  is  fcuoN/(3.81  x  14  X  256  x  2N), 
where  N  is  the  decimal  equivalent  of  FC2,  FC1,  FCO.  At  the 
maximum  clock  frequency  of  8  MHz,  with  all  0s  loaded  to  FC2, 
FC1,  FCO,  the  cutoff  frequency  of  the  filter  is  584  Hz  and  the 
data  update  rate  is  2232  Hz. 

Since  the  AD7716  contains  low-pass  filtering,  there  is  a  settling 
time  associated  with  step  function  inputs,  and  data  will  be  in- 
valid after  a  step  change  until  the  settling  time  has  elapsed.  The 
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Figure  6.  Frequency  Response  ofAD7716  Filter 

Figure  6  shows  the  filter  frequency  response  for  a  cutoff  fre- 
quency of  73  Hz.   This  is  a  (sinx/x)3  response  (also  called  sine3) 
i  greater  than  100  dB  rejection  at  the  notch  fre- 
:  relationship  between  the  programmed  cutoff 
frequency  and  the  first  notch  is  constant  (fN0TCH  =  3.81  X 
^cutoff)-  The  first  notch  frequency  is  also  the  output  data  rate. 
The  settling  time  to  a  full-scale  step  input  is  four  times  the  out- 
put data  period.  Programming  a  different  cutoff  frequency  via 
FC0-FC2  does  not  alter  the  profile  of  the  filter  response,  it  sim- 
ply changes  the  frequency  of  the  notches. 

In  Figure  6,  the  first  notch  is  at  278  Hz.  This  is  also  the  output 
data  rate.  Settling  time  to  a  full-scale  step  input  is  10.8  ms. 

The  digital  filter  can  be  defined  by  the  following  equations. 


Post  Filtering 

In  the  AD7716,  the  on-chip  modulator  provides  the  digital  filter 
with  samples  at  a  rate  of  570  kHz.  The  filter  decimates  these 
samples  to  provide  data  at  an  output  rate  which  corresponds  to 
the  programmed  first  notch  frequency  of  the  filter. 

If  the  user  wants  to  reduce  the  output  noise  from  the  device  for 
bandwidths  less  than  36.5  Hz,  then  it  is  possible  to  employ  extra 
filtering  after  the  AD7716.  This  extra  digital  filtering  is  called 
post  filtering.  If  a  straight  averaging  filter  is  used,  for  example,  a 
reduction  in  bandwidth  by  a  factor  of  2  results  in  V2  reduction 
in  the  rms  noise.  This  additional  filtering  will  also  result  in  a 
longer  settling  time. 

Antialias  Considerations 

The  digital  filter  does  not  provide  any  rejection  at  integer  mul- 
tiples of  the  modulator  sampling  frequency  (n  x  570  kHz, 
where  n  =  1,  2,  3, .  .  .).  This  means  that  there  are  frequency 
bands,  +f3dB  wide  (f3<jB  is  the  cutoff  frequency  selected  by  FC0 
to  FC2)  where  noise  passes  unattenuated  to  the  output.  How- 
ever, due  to  the  AD7716's  high  oversampling  ratio,  these  bands 
occupy  only  a  small  fraction  of  the  spectrum  and  most  broad- 
band noise  is  filtered. 

In  spectral  analysis  applications,  it  is  important  to  note  that  at- 
tenuation at  half  the  output  update  rate  is  16  dB.  Extra  front- 
end  filtering  or  post  filtering  may  be  required  to  keep  aliases  in 
this  frequency  band  at  an  acceptable  level. 

USING  THE  AD7716 

SYSTEM  DESIGN  CONSIDERATIONS 

The  AD7716  operates  differently  from  successive  approxima- 
tion ADCs  or  other  integrating  ADCs.  Since  it  samples  the  sig- 
nal continuously,  like  a  tracking  ADC,  there  is  no  need  for  a 
start  convert  command.  The  output  register  is  updated  at  a  rate 
dependent  on  the  programmed  cutoff  frequency,  and  the  output 
can  be  read  at  any  time. 

Input  Signal  Conditioning 

The  input  range  for  the  AD7716  is  IVref,  where  Vr£F  =  2.5  V 
±  10%.  Other  input  ranges  can  be  accommodated  by  input  sig- 
nal conditioning.  This  may  take  the  form  of  gain  to  increase  a 
smaller  signal  range,  or  passive  attenuation  to  reduce  a  larger  in- 
put voltage  range. 


H(zY- 


i  y  \-z  N 

N  i_z> 


|H(/)|  = 


J_  sin  (N  x  ft  f/fs) 
NX     sin  (n  f/fs) 


where  N  =  Oversampling  Ratio 

fs  =  Modulator  Sampling  Rate 
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Source  Resistance 

If  passive  attenuators  are  used  in  front  of  the  AD7716,  care 
must  be  taken  to  ensure  that  the  source  impedance  is  suffi- 
ciently low.  The  dc  input  resistance  for  the  AD77 1 6  is  greater 
than  1  G-fl.  In  parallel  with  this  there  is  a  small  sampling  ca- 
pacitor. The  dynamic  load  presented  by  this  varies  with  the 
clock  frequency.  The  modulator  sampling  rate  determines  the 
amount  of  time  available  for  the  sampling  capacitor  to  be 
charged.  Any  extra  external  impedances  result  in  a  longer  over- 
all charge  time  resulting  in  extra  gain  errors  on  the  analog  input. 
The  AD7716  has  a  quite  large  gain  error  (1%  FSR)  due  to  the 
fact  that  there  is  no  on-chip  calibration.  Thus,  even  an  extra 
10  k£i  source  resistance  and  50  pF  source  capacitance  will  have 
no  significant  effect  on  this. 

Active  signal  conditioning  circuits  such  as  op  amps  generally  do 
not  suffer  from  problems  of  high  source  impedance.  Their 
open-loop  output  resistance  is  normally  only  tens  of  ohms  and, 
in  any  case,  most  modern  general  purpose  op  amps  have 
sufficiently  fast  closed-loop  settling  time  for  this  not  to  be  a 
problem. 

Accuracy 

Sigma-delta  ADCs,  like  VFCs  and  other  integrating  ADCs,  do 
not  contain  any  source  of  nonmonotonicity  and  inherently  offer 
no  missing  codes  performance. 

The  AD7716  achieves  excellent  linearity  by  the  use  of  high 
quality,  on-chip  silicon  dioxide  capacitors,  which  have  a  very 
low  capacitance/voltage  coefficient. 

Drift  Considerations 

The  AD7716  uses  autozeroing  techniques  to  minimize  input 
offset  drift.  Charge  injection  in  the  analog  switches  and  leakage 
currents  at  the  sampling  node  are  the  primary  sources  of  offset 
voltage  drift  in  the  converter.  Figure  7  indicates  the  typical  off- 
set due  to  temperature  changes.  Drift  is  relatively  flat  up  to 
85°C.  Above  this  temperature,  leakage  current  becomes  the 
main  source  of  offset  drift.  Since  leakage  current  doubles  ap- 
proximately every  10°C,  the  offset  drifts  accordingly.  The  value 
of  the  voltage  on  the  sample  capacitor  is  updated  at  a  rate  deter- 
mined by  the  master  clock,  therefore  the  amount  of  offset  drift 
which  occurs  will  be  proportional  to  the  elapsed  time  between 
samples. 

Gain  drift  within  the  converter  depends  mainly  upon  the  tem- 
perature tracking  of  the  internal  capacitors.  It  is  not  affected  by 
leakage  currents. 


40  50  60  70 

TEMPERATURE  -  C 

Figure  7.  Typical  Offset  Drift 
Voltage  Reference 

The  voltage  applied  to  the  V^p  pin  defines  the  analog  input 
range.  The  specified  reference  voltage  is  2.5  V±  10%. 

The  reference  input  presents  exactly  the  same  dynamic  load  as 
the  analog  input,  but  in  the  case  of  the  reference  input,  source 
resistance  and  long  settling  time  introduce  gain  errors  rather 
than  offset  errors.  Most  precision  references  however  have  suffi- 
ciently low  output  impedance  and  wide  enough  bandwidth  to 
settle  to  the  required  accuracy  in  the  time  allowed  by  the 
AD7716. 

The  reference  should  be  chosen  to  have  minimal  noise  in  the 
programmed  passband.  Recommended  references  are  the 
AD780  or  the  REF43  from  Analog  Devices.  These  low  noise 
references  have  typical  noise  spectral  densities  of  100  nV/Vrlz  at 
600  Hz.  This  corresponds  to  an  rms  noise  of  2.5  jlV  in  this 
band  and  is  more  than  adequate  for  the  AD7716. 

Clock  Generation 

The  device  operates  from  a  master  clock  which  must  be  pro- 
vided either  from  a  crystal  source  or  an  external  clock  source.  If 
a  crystal  is  used,  it  must  be  connected  across  the  CLKIN  and 
CLKOUT  pins.  Typical  loading  capacitors  of  1 5  pF  are  re- 
quired on  CLKIN,  CLKOUT.  The  crystal  manufacturers  data 
should  be  consulted  for  more  information.  An  external  clock 
can  also  be  used  to  drive  the  CLKIN  input  directly  with  a 
CMOS  compatible  clock.  In  this  case,  CLKOUT  is  left  uncon- 
nected. The  nominal  clock  frequency  for  the  device  is  8  MHz. 
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CONTROL  REGISTER  DESCRIPTION 

The  1 6-bit  control  register  is  programmed  in  two  8-bit  bytes; 
the  low  byte  is  programmed  first  and  the  high  byte  second.  The 
loading  format  is  LSB  first  (DBO  for  the  Least  Significant  Byte; 
DB8  for  the  Most  Significant  Byte).  Three  control  lines  are 
used:  TFS,  SCLK  and  SDATA.  On  initial  application  of 
power  to  the  AD7716,  the  control  register  will  come  up  in  an 
undetermined  state.  Programming  the  control  register  requires 
an  SCLK  input,  a  TFS  input  and  an  SDATA  input.  The 
MODE  pin  on  the  device  determines  whether  it  is  in  the  master 
interface  mode  or  the  slave  interface  mode.  In  either  mode,  a 
falling  edge  on  TFS  causes  the  part  to  relinquish  control  of  the 
SDATA  and  SCLK  lines.  When  TFS  goes  low,  data  on  the 
SDATA  line  is  clocked  into  the  control  register  on  each  suc- 
ceeding falling  edge  of  SCLK.  When  8  bits  have  been  clocked 
in,  the  transfer  automatically  stops.  Only  when  another  negative 
going  edge  is  detected  on  TFS  will  new  information  be  written 
into  the  control  register.  The  control  register  programming 
model  is  shown  in  Table  II.  Bits  DB8  and  DBO  allow  the  con- 
trol register  to  identify  whether  the  MS  Byte  or  the  LS  Byte  has 
been  programmed.  Only  when  DB8  is  a  1  and  DBO  is  a  0  will 
the  register  recognize  that  a  complete  valid  word  has  been 
programmed. 


Control  register  bit,  DB15  (A3),  acts  as  an  extra  address  bit 
which  must  always  be  set  to  1  to  enable  programming  of  the 
AD7716.  If  it  is  set  to  0,  then  the  programmed  word  is  ignored. 
This  allows  the  user  to  bypass  the  AD7716  control  register  and 
use  the  serial  stream  from  the  DSP  or  microcomputer  to  pro- 
gram other  serial  peripheral  devices. 

When  a  valid  word  has  been  received,  the  device  interrogates 
the  MO  bit.  If  this  is  0,  then  the  digital  filter  cutoff  frequencies 
are  programmed  to  the  appropriate  value  if  the  device  address 
pins  correspond  to  the  A2,  Al,  AO  bits  in  the  control  register.  If 
the  device  address  pins  do  not  correspond  to  the  A2,  Al,  AO 
bits  then  the  FC2,  FC1,  FCO  bits  are  ignored.  If  MO  is  1,  then 
the  digital  filter  cutoff  frequencies  are  programmed  to  the  FC2, 
FC1,  FCO  value  irrespective  of  the  address  bits.  In  a  multi- 
channel system  this  allows  the  user  to  either  program  all 
AD7716s  to  have  the  same  cutoff  frequency  or  else  to  give  each 
device  a  separate  cutoff  frequency. 

Control  register  bits  FC2,  FC1,  FCO  program  the  digital  filter 
cutoff  frequency,  see  Table  VI. 

Control  register  bits  D2,  D 1  control  the  digital  output  pins  D2 
and  Dl.  These  are  programmed  in  the  same  way  as  FC2,  FC1, 
FCO. 





Table  II.  Control  Register  Programming  Model 




Most  Significant  Byte 


Least  Significant  Byte 


DB15 

A3 

DB14 

A2 

DB13 

Al 

DB12 

AO 

DBll 

MO 

DB10 

FC2 

DB9 

FC1 

DBS 

1 

DB7 

FCO 

DB6 

DOUT2 

DB5 

DOUT1 

DB4 

X 

DB3 

X 

DB2 

X 

DBl 

X 

DBO 

0 

Table  III.  MO  Truth  Table 




Table  IV.  Cutoff  Frequency  Truth  Table 


MO 


Programming  Mode 


A2,  Al,  AO  determine  which  device  is  addressed  and 
programmed  with  cutoff  frequency  and  digital  output. 
A2,  Al,  AO  ignored.  All  devices  are  addressed  and 
programmed  with  common  cutoff  frequency  and  digital 


FC2 

FC1 

FCO 

Cutoff  Frequency  (Hz) 

0 

0 

0 

584 

0 

0 

1 

292 

0 

1 

0 

146 

0 

1 

1 

73 

1 

0 

0 

36.6 
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iTighToT  at  least  tour  i^lkiin  cycles,  trie  modulator  sampling 
points  and  digital  filter  starting  points  are  all  synchronized.  This 
synchronizes  all  devices  which  receive  the  RESET  pulse  and 
gives  simultaneous  sampling  of  all  channels.  It  does  not  affect 
the  control  register  but  restarts  the  interface.  Also,  it  is  necessary 
to  wait  the  requisite  settling  time  after  applying  Reset  to  get  valid 
data  from  the  device. 

CASCADING  DEVICES 

The  AD77 1 6  provides  a  facility  for  connecting  multiple  devices 
in  series.  The  CASCIN  and  CASCOUT  pins  allow  this.  Con- 
necting CASCOUT  to  CASCIN  of  the  succeeding  device  means 
that  the  SDATA  output  of  the  second  device  will  be  disabled  un- 
til the  output  register  of  the  first  device  is  empty. 

In  the  case  of  the  first  device  in  the  system,  it  is  possible  to  drive 
CASCIN  from  CASCOUT  of  the  last  device  or,  alternatively, 
invert  DRDY  to  drive  it.  If  CASCIN  is  driven  by  CASCOUT, 
then  a  reset  must  be  applied  after  every  write  to  the  control 
register.  This  also  applies  in  single  device  systems  that  use 
CASCOUT  to  drive  CASCIN 

DATA  OUTPUT  INTERFACE  MODES 

When  the  control  register  has  been  programmed,  the  device  be- 
gins conversion.  There  is  an  initial  delay  to  allow  the  digital  fil- 
ters to  settle.  As  already  stated,  these  filters  are  Sine3,  and  so  the 
filter  output  update  rate  is  directly  related  to  the  programmed 
cutoff  frequency.  The  ratio  between  these  is  3.81.  So,  for  a  filter 
cutoff  frequency  of  584  Hz,  the  output  update  is  2.22  kHz.  The 
falling  edge  of  the  DRDY  output  indicates  that  the  output  shift 
register  has  been  updated.  There  are  two  interface  modes.  One 
is  the  master  mode,  where  the  AD77 1 6  is  the  master  in  the  sys- 
tem and  the  processor  to  which  it  is  communicating  is  the  slave. 
The  other  mode  is  the  slave  mode,  where  the  AD7716  is  the 
slave  and  the  processor  is  the  system  master.  In  both  of  these 
modes  the  data  output  stream  contains  4  x  32  bits,  correspond- 
ing to  the  four  input  channels.  The  output  data  format  is  given 
in  Table  V.  The  conversion  result  DB21-DB0  occupies  location 
DB31-DB10  of  the  output  register.  DB21  is  the  MSB  and  is 
transmitted  first  as  shown  in  the  timing  diagrams.  The  channel 
address  is  given  by  CAO  and  CA1  which  occupy  DB9  and  DB8 
of  the  output  register.  The  channel  address  format  is  given  in 
Table  VI. 


AD7Y16  by  an  internally  generated  serial  clock  and  frame  syn- 
chronization pulse.  Two  signals  initiate  the  transfer.  These  are 
the  input  CASCIN  and  the  internally  generated  DRDY  signal. 
When  a  high  level  is  detected  on  CASCIN,  the  device  checks 
the  state  of  DRDY.  Note,  that  on  initial  power-up  or  after  a  re- 
set has  been  applied,  the  CASCIN  input  is  not  necessary  on  de- 
vice 000  for  the  first  data  transfer  but  is  required  thereafter.  If 
DRDY  is  low,  then  the  3-state  output,  RFS  goes  high  on  the 
next  rising  edge  of  CLKIN  and  stays  high  for  one  CLKIN  cycle 
before  going  low  again.  The  3-state  SCLK  output  is  also  acti- 
vated on  the  same  rising  edge.  As  RFS  goes  low,  DB31  is 
clocked  out  on  the  rising  edge  of  SCLK  and  is  valid  on  the  fall- 
ing edge  of  SCLK.  Data  is  transmitted  in  8-bit  bytes.  For  each 
A[N,  there  are  4,  8-bit  bytes  and  4  RFS  pulses.  When  DBO  of 
AIN  4  has  been  clocked  out,  SCLK  goes  back  into  3-state  and 
the  CASCOUT  output  goes  high  for  one  master  clock  cycle. 
DRDY  also  goes  high  at  this  point.  Successive  devices  can  be 
networked  together  by  tying  the  CASCOUT  of  one  device  to 
the  CASCIN  on  the  next  one. 

Note  that  on  device  0  (A2,  Al,  AO  tied  low),  the  CASCIN  input 
should  be  driven  by  the  inverse  of  the  DRDY  output.  This  is 
shown  in  the  interface  diagram  of  Figure  8. 

The  Master  Mode  interface  is  very  suitable  for  loading  data  into 
a  serial-to-parallel  shift  register  or  for  DSPs  which  can  accept  a 
continuous  stream  of  8-bit  bytes. 

Slave  Mode  Interface 

The  device  may  be  placed  in  the  slave  interface  mode  by  tying 
the  MODE  pin  high.  In  this  mode,  the  master  processor  con- 
trols the  transfer  of  data  from  the  signal  processing  block.  It 
starts  the  transfer  by  sending  a  frame  synchronizations  pulse  and 
serial  clock  to  the  AD7716.  This  could  be  in  response  to  an  in- 
terrupt generated  by  the  DRDY  output  on  the  AD7716.  If  the 
device  has  detected  a  high  level  on  CASCIN  or  is  device  000  on 
its  first  transfer,  it  starts  to  send  out  data  on  the  next  rising  edge 
of  SCLK.  This  data  is  then  valid  on  the  falling  edge  of  SCLK. 
When  all  the  data  bits  have  been  clocked  out,  the  CASCOUT 
pin  goes  high  for  one  CLKIN  cycle  and  DRDY  also  goes  high. 
The  slave  mode  interface  is  suited  to  both  microcomputers  like 
the  8051  and  68HC1 1  and  also  DSPs  like  the  TMS320C25, 
ADSP-2101  family  and  the  DSP56000  family. 


Table  V.  Output  Data  Word  Format 


DB31  .  .  .  DB10 

DB9  DB8 

DB7     DB6  DB5 

DB4 

DB3 

DB2     DB1  DBO 

DB21 .  . .  DBO 

CAO  CA1 

AO       Al  A2 

DinI 

OVFL 

XXX 

Conversion  Result 

Channel  Address 

Device  Address 

Pace  Detect 

Overflow 

Indeterminate 

Table  VI.  Channel  Address  Format 

Channel 

CA1  (DB8) 

CAO  (DB9) 

ArNl 

0 

0 

Ain  2 

0 

1 

An.  3 

1 

0 

Am  4 

1 

1 
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MICROPROCESSOR  INTERFACING 
Interfacing  the  AD7716  to  the  ADSP-2100  Family 

The  ADSP-2100  family  of  microcomputers  from  Analog  De- 
vices are  high  speed,  high  performance  digital  signal  processors. 
Many  members  of  the  family  have  serial  ports  (known  as 
SPORTs)  which  are  compatible  with  the  AD7716.  These  in- 
clude the  ADSP-2101,  ADSP-2105,  ADSP-21 1 1  and  ADSP- 
2115.  Full  details  of  these  are  available  in  the  ADSP-2100 
Family  User's  Manual  available  from  Analog  Devices. 

Figure  8  shows  the  hardware  interface  between  two  AD7716s 
and  SPORT  0  of  the  ADSP-2101  DSP.  This  yields  a  very  effi- 
cient 8-channel  data  acquisition  system.  The  AD7716  is  set  up 
for  slave  interface  mode  by  tying  the  MODE  pin  high.  This 
means  that  the  ADSP-2101  is  the  master  in  the  system  and  sup- 
plies the  necessary  frame  synchronization  and  SCLK  Signals  to 
the  AD7716s  when  writing  to  and  reading  from  the  device. 

On  power  up,  the  user  should  write  to  the  AD7716  control  reg- 
ister in  order  to  set  the  filter  cutoff  frequencies.  The  appropri- 
ate SPORT  0  Control  Register  (0  X  3FF6)  setting  is  "7EC7." 
This  sets  the  transmit  section  for  alternate  inverted  framing  with 
a  word  length  of  8  bits.  Two  8-bit  words  should  then  be  written 
to  each  AD77 1 6  to  program  the  filter  cutoff  frequencies.  The 
control  register  programming  model  is  given  in  Table  II.  Note 
that  the  LSB  (DBO)  must  be  loaded  first  as  in  the  timing  dia- 
gram of  Figure  2. 

When  the  write  operation  is  complete,  a  reset  pulse  should  be 
applied  to  both  devices.  This  ensures  that  the  sampling  and  in- 
terface timing  of  the  device  are  synchronized.  The  reset  can  be 
under  DSP  control,  in  which  case  a  flag  output  could  be  used. 

After  reset,  the  processor  should  jump  to  the  read  routine.  For 


this 


read  routine,  there  are  several 


I  to  be  set. 


AO 

A1  A2 

CASCIN 

AD7716#1 

DRDY 
RFS 

RESET 

SCLK 

TFS 

SDATA 

CASCOUT 

MODE 

AD7716 


The  SPORT0  Control  Register  setting  is  "7FCF."  This  sets  the 
receive  section  for  internal  SCLK,  continuous  receive  with  al- 
ternate inverted  framing. 

The  SPORT0  SCLKDIV  Register  (0  X  3FF5)  determines  the 
SCLK  frequency  from  the  ADSP-2101.  With  "0000"  loaded, 
the  SCLK  output  is  at  its  maximum  (1/2  the  master  clock  of 
12.5  MHz). 

In  normal  operation,  a  SPORT  generates  an  interrupt  when  it 
has  received  a  data  word.  Autobuffering  provides  a  mechanism 
for  receiving  or  transmitting  an  entire  block  of  serial  data  before 
an  interrupt  is  generated.  Service  routines  can  operate  on  the 
entire  block  of  data,  rather  than  on  a  single  word,  reducing  over- 
head significantly.  This  is  ideal  for  use  with  a  device  like  the 
AD7716  where  there  is  a  requirement  to  read  many  bits  of  data 
(256  in  this  case)  for  each  sampling  instant.  The  SPORT0 
Autobuffer  Control  Register  (0  X  3FF3)  is  loaded  with  "0001" 
to  enable  the  Receive  Autobuffering. 

The  SPORT0  RFSDIV  Register  (0  x  3FF4)  should  be  set  to 
the  minimum  value  of  "000F."  Finally  the  IRQ2  interrupt 
should  be  enabled. 

The  DSP  will  now  wait  for  an  interrupt  from  the  AD7716.  This 
interrupt  is  generated  by  the  AD7716  DRDY  line  going  low.  If 
the  interrupt  service  routine  is  set  for  autobuffered  mode  with  a 
length  of  16  (16-bit)  words,  then  the  DSP  will  read  in  the  256 
bits  from  the  two  AD7716s  in  one  continuous  stream  and  then 
stop.  The  data  from  the  two  devices  will  be  contained  in  the 
designated  data  memory  area  and  the  DSP  can  now  go  and  op- 
erate on  this  as  is  necessary.  Note  that,  because  of  the  ADSP- 
2101  framing,  a  one-bit  shift  left  will  be  necessary  on  the  data  in 
memory.  For  1 6  data  words,  this  will  require  22  instruction 
cycles. 

+5V 


A 

4.7M2  <    <  4- 


CASCIN 

AO 

A1  A2 

AD7716#2 

SCLK 
TFS 

RESET 

SDATA 
DRDY 
RFS 

CASCOUT 

MODE 

n 


ADSP-2101 

IR02  (-VE  EDGE  TRIGGERED) 


RFS 


SCLK 


TFS 
DT 


DR 







Figure  8.  8-Channel  Data  Acquisition  System  Using  the  ADSP-2101  Digital  Signal  Processor 
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ANALOG 
DEVICES 


LC2M0S,  High  Speed 
1-,  4-  &  8-Channel  10-Bit  ADCs 


AD7776/AD7777/AD7778* 


FEATURES 

AD7776:  Single  Channel 

AD7777:  4-Channel 

AD7778:  8-Channel 

Fast  10-Bit  ADC:  2.5  jus  Worst  Case 

+5  V  Only 

Half-Scale  Conversion  Option 
Fast  Interface  Port 
Power-Down  Mode 

APPLICATIONS 
HDD  Servos 
Instrumentation 

GENERAL  DESCRIPTION 

The  AD7776,  AD7777  and  AD7778  are  a  family  of  high  speed, 
multichannel,  10-bit  ADCs  primarily  intended  for  use  in  R/W 
head  positioning  servos  found  in  high  density  hard  disk  drives. 
They  have  unique  input  signal  conditioning  features  which  make 
them  ideal  for  use  in  such  single  supply  applications. 

By  setting  a  bit  in  a  control  register  within  both  the  four- 
channel  version,  AD7777,  and  eight-channel  version,  AD7778, 
the  input  channels  can  either  be  independently  sampled  or  any 
two  channels  of  choice  can  be  simultaneously  sampled.  For 
all  versions  the  specified  input  signal  range  is  of  the  form 


±  vs. 


However,  if  the  RTN  pin  is  biased  at,  say, 


2  V  then  the  analog  input  signal  range  becomes  0  V  to  +2  V  for 
all  input  channels.  This  is  dealt  with  in  more  detail  under  the 
section  Changing  the  Analog  Input  Voltage  Range.  The  voltage 
Vbias  ^  me  offset  of  the  ADC's  midpoint  code  from  ground 
and  is  supplied  either  by  an  onboard  reference  available  to  the 
user  (REFOUT)  or  by  an  external  voltage  reference  applied  to 
REFIN.  The  full-scale  range  (FSR)  of  the  ADC  is  equal  to 
2  VSWING  where  VSWING  is  nominally  equal  to  REFIN/2.  Addi- 
tionally, when  placed  in  the  half-scale  conversion  mode,  the 
value  of  REFIN  is  converted.  This  allows  the  channel  offset(s) 
to  be  measured. 

Control  register  loading  and  ADC  register  reading,  channel 
select  and  conversion  start  are  under  the  control  of  the  m-P-  The 
twos  complemented  coded  ADCs  are  easily  interfaced  to  a  stan- 
dard 16-bit  MPU  bus  via  their  10-bit  data  port  and  standard 
microprocessor  control  lines. 

They  are  fabricated  in  linear  compatible  CMOS  (LC2CMOS),  an 
advanced,  mixed  technology  process  that  combines  precision 
bipolar  circuits  with  low  power  CMOS  logic.  The  AD7776  is 
available  in  a  24-pin  SOIC  package;  the  AD7777  is  available  in 
both  28-pin  DIP  and  28-pin  SOIC  packages;  the  AD7778  is 
available  in  a  44-pin  PQFP  package. 

by  U.S.  Patent  No.  4,990,916. 
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SPECIFICATIONS  (Vcc  =  +5  V  ±  5%;  AGND  =  DGND  =  0  V;  CLKIN  =  8  MHz;  AD7776/AD7777/AD7778 

RTN  =  0  V;  Crefin  =  10  nF;  all  specifications  TMIK  to  TMAX  unless  otherwise  noted.) 


Parameter 

A  Versions1 

Units 

Conditions/Comments 

DC  ACCURACY 
Resolution2 
Relative  Accuracy 
Differential  Nonlinearity 
Bias  Offset  Error 
Bias  Offset  Error  Match 
Plus  or  Minus  Full-Scale  Error 
Plus  or  Minus  Full-Scale  Error  Match 

10 

±1 

±1 

±12 

10 

±12 

10 

Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 

See  Terminology 

No  Missing  Codes;  See  Terminology 
See  Terminology 

Between  Channels,  AD7777/AD7778  Only;  See  Terrninology 
See  Terminology 

Between  Channels,  AD7777/AD7778  Only;  See  Terminology 

ANALOG  INPUTS 
Input  Voltage  Range 
All  Inputs 
Input  Current 

Vbias  ±  V  swing 
+200 

V  min/V  max 
H-A  max 

Vin  =  VBIAS  ±  VSWING;  Any  Channel 


REFERENCE  INPUT 
REFIN 

REFIN  Input  Current 

1.9/2.1 
+200 

V  min/V  max 
M.A  max 

For  Specified  Performance 

REFERENCE  OUTPUT 
REFOUT 

DC  Output  Impedance 
Reference  Load  Change 

Short  Circuit  Current' 

1.9/2.1 
5 

±2 
±5 

20 

V  min/V  max 
Otyp 
mV  max 
mV  max 

mA  max 

Nominal  REFOUT  =  2.0  V 

For  Reference  Load  Current  Change  of  0  to  ■+■  500  u,A 
For  Reference  Load  Current  Change  of  0  to  ±1  mA 
Reference  Load  Should  Not  Change  During  Conversion 
See  Terminology 

LOGIC  OUTPUTS 
DBO-DB9,  BUSY/INT 
VOL,  Output  Low  Voltage 
VOH,  Output  High  Voltage 
Floating  State  Leakage  Current 
Floating  State  Capacitance3 
ADC  Output  Coding 

0.4 
4.0 
±10 
10 

Twos  Complement 

V  max 

V  min 
\lA  max 
pF  max 

^SOURCE  =  200  M-A 

LOGIC  INPUTS 
DB0-DB9,  CS,  WR,  RD,  CLKIN 
Input  Low  Voltage,  VINL 
Input  High  Voltage,  VINH 
Input  Leakage  Current 
Input  Capacitance3 

0.8 
2.4 
10 
10 

V  max 

V  min 

p.  A  max 
pF  max 

CONVERSION  TIMING 
Acquisition  Time 

Single  Conversion 

4-  5  tcLKIN 

5-  5tCLKIN  +  70 

14  tcLK1N 

ns  min 
ns  max 
ns  max 

See  Terminology 

Period  of  Input  Clock  CLKIN 
Minimum  High  Time  for  CLKIN 
Minimum  Low  Time  for  CLKIN 

Double  Conversion 

tcLKIN 

tcr.K>N  High 

^CLKIN  LOW 

28  tcLKIN 

125/500 

50 

40 

ns  max 

ns  min/ns  max 
ns  min 
ns  min 

POWER  REQUIREMENTS 
V,;;-  Range 
Ice,  Normal  Mode 
Icc,  Power-Down  Mode 
Power-Up  Time  to  Operational 
Specifications 

+4.75/+5.25 

15 

1.5 

500 

V  min/V  max 
mA  max 
mA  max 

(is  max 

For  Specified  Performance 
CS  =  RD  =  +5  V,  CR8  =  0 
CR8  =  1.  All  Linear  Circuitry  OFF 

From  Power-Down  Mode 

Signal  to  Noise  and  Distortion 

S/(N+D)  Ratio 
Total  Harmonic  Distortion  (THD) 
Intermodulation  Distortion  (IMD) 

Channel-to-Channel  Isolation 

-57 
-60 

-75 

-90 

dB  min 
dB  min 
dB  typ 

dB  typ 

oee  i  erminology 

V,N  =  99.88  kHz  Full-Scale  Sine  Wave  with  fSAMPUNO  =  380.95  kHz 
Vm  =  99.88  kHz  Full-Scale  Sine  Wave  with  f samp  ling  =  380-95  kHz 
fa  =  103.2  kHz,  fb  =  96.5  kHz  with  fSAMPUNO  =  380.95  kHz.  Both 
Signals  Are  Sine  Waves  at  Half-Scale  Amplitude 
VIN  =  100  kHz  Full-Scale  Sine  Wave  with  fSAMPUNO  =  380.95  kHz 

NOTES 

'Temperature  range  as  follows:  A  =  -40°C  to  +85°C. 

21  LSB  =  (2  x  VSWING)/1024  =  1.95  mV  for  VSW1NG  =  1.0  V. 

'Guaranteed  by  design,  not  production  tested. 

Specifications  subject  to  change  without  notice. 
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AD7776/AD7777/AD7778 
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TIMING  SPECIFICATIONS1' 2  55  +5  V  ±  5%:  MND  =  °GND  =  ° *  a"  spe"°ns  T",H  t0  Tmw  u"'ess  °thewise 


Parameter 




INTERFACE  TIMING 

CS  Falling  Edge  to  WR  or  RD  Falling  Edge 

WR  or  RD  Rising  Edge  to  CS  Rising  Edge 

WR  Pulse  Width 

CS  or  RD  Active  to  Valid  Data3 

Bus  Relinquish  Time  after  RD4 

Data  Valid  to  WR  Rising  Edge 

Data  Valid  after  WR  Rising  Edge 

WR  Rising  Edge  to  BUSY  Falling  Edge 


Label    Limit  at  TMIN  to  T,^    Units      Test  Conditions/Comments 




0 

0 

53 

60 

10 

45 

55 

10 

tcLKIN 
2-5  ^kin  +  70 

19-5  tcLKIN  +  70 
33.5  tcLKjN  +  70 
60 


 i  1 — 


Timed  from  Whichever  Occurs  Last 


WR  Rising  Edge  to  BUSY  Rising  Edge  or 
INT  FaUing  Edge 

WR  or  RD  Falling  Edge  to  INT  Rising  Edge 






ns  nun 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 
ns  max 

ns  max 
ns  max 
ns  max 


CR9  =  0 


Single  Conversion,  CR6  =  0 
Double  Conversion,  CR6  =  1 
CR9  =  1 







NOTES 

'See  Figures  1  to  3. 

zTiming  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  guaranteed  by  design,  not  production  tested.  All  input  signals  are  specified 
with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1 .6  V. 

?t4  is  measured  with  the  load  circuit  of  Figure  4  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 

4t5  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  4.  The  measured  time  is  then  extrapo- 
lated back  to  remove  the  effects  of  charging  or  discharging  the  100  pF  capacitor.  This  means  that  the  time  t,  quoted  above  is  the  true  bus  relinquish  time  of 
the  device  and,  as  such,  is  independent  of  the  external  bus  loading  capacitance. 
Specifications  subject  to  change  without  notice. 


- 


Kt,-H 


Figure  1.  Fteac 


i  Timing 


(CR8  =  1) 


r 


FIRST 
CONVERSION 
FINISHED 
(CR6  =  0) 


SECOND 
CONVERSION 
FINISHED  (CR6  =  1) 
AD7777/AD7778  ONLY 


J  


— ». 


Figure  3.  BUSY/INT  Timing 


WR 


P 

Figure  2.  Write  Cycle  Timing 


T  200nA 

Figure  4.  Load  Circuit  for  Bus  Timing  Characteristics 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc  to  AGND  or  DGND   -0.3  V,  +  7  V 

AGND,  RTN  to  DGND  -0.3  V,  Vcc  +  0.3  V 

CS,  RD,  WR,  CLKIN,  DB0-DB9, 

BUSY/INT  to  DGND  -0.3  V,  Vcc  +  0.3  V 

Analog  Input  Voltage  to  AGND  -0.3  V,  Vcc  +  0.3  V 

REFOUT  to  AGND   -0.3  V,        +  0.3  V 

REFIN  to  AGND  -0.3  V,  Vcc  +  0.3  V 

Operating  Temperature  Range 

All  Versions   -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature  +15U  L 

DIP  Package,  Power  Dissipation    875  mW 

6,A  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

CAUTION   


SOIC  Packages,  Power  Dissipation   875  mW 

6JA  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

PQFP  Package,  Power  Dissipation   500  mW 

8JA  Thermal  Impedance  95°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V,  which  readily 
accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection.  Although 


are  recommended  to  avoid  anygperforngnce  degradation  or  losf  of  functionality' 

l  .  ■  


24-Pin  SOIC 

DB0  fT  • 

DB1  [£ 

db2  rr 

DB3  [7 
DGND  (T 
DB4  |T 


DBS  [T 
DB7  f? 

DBS  Qjy 

(MSB)  DB9  Ql 
BUSY/INT  |l2 


01  CREFIN 
H]  AGND 
H]  RTN 
|l]  REFIN 
*|N 

6  tlU  AGND 


44-Pin  PQFP 


■ 

NC  [7 
NC  [7 


28-Pin  DIP  &  SOIC 


DB3  [7 
DGND  [7 
DB4  [7 
DB5  [7 
DB6  [7 
DB7  [7 
NC  [lO 
NC  [jj 


AD7778 

TOP  VIEW 
(Not  to  Scale) 


ll2j[l3jQ4jtl5j[l6jll7j[l8jll9jH[2lJ[22j 
z     z     8     §     z    |z    |g    lo    |§    |  z 


33] 

A|N8 

32] 

A,„7 

Jj 

*!»6 

30] 

A,N5 

A,N« 

E 

A|N» 

26] 

A|N1 

E 

AGND 

E 

REFOUT 

23] 

G 


NC  =  NO  CONNECT 


ORDERING  GUIDE 


Temperature 

No.  of 

Package 

Model 

Range 

Channels 

Option1' 1 

AD7776AR3 

-40°C  to  +85°C 

1 

R-24 

AD7777AN 

-40°C  to  +85°C 

4 

N-28 

AD7777AR3 

-40°C  to  +85°C 

4 

R-28 

AD7778AS3 

-40°C  to  +85°C 

8 

S-44 

NOTES 

'R  =  SOIC,  N  =  Plastic  DIP,  S  =  PQFP. 

2For  outline  information  see  Package  Information  section. 

'Analog  Devices  reserves  the  right  to  ship  devices  branded  with  a  J  in  place 

of  the  A,  e.g.,  AD7776JR  instead  of  AD7776AR.  Temperature  range 

remains  -40°C  to  +85°C. 
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vcc 
AGND 
DGND 
DB0-DB9 

BUSY/INT 


+  5  V  Power  Supply. 
Analog  Ground. 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Input/Output  Data  Bus.  This  is  a  bidirectional  data  port  from  which  ADC  output  data  may  be  read  and  to  which  con- 
trol register  data  may  be  written. 

Busy/Interrupt  Output.  Active  low  logic  output  indicating  A/D  converter  status.  This  logic  output  has  two  modes  of 
operation  depending  on  whether  location  CR9  of  the  control  register  has  been  set  low  or  high: 

If  CR9  is  set  low,  then  the  BUSY/INT  output  will  behave  as  a  BUSY  signal.  The  BUSY  signal  will  go  low  and  stay 
low  for  the  duration  of  a  single  conversion,  or  if  simultaneous  sampling  has  been  selected,  BUSY  will  stay  low  for  the 
duration  of  both  conversions. 


CS 
WR 


If  CR9  is  set  high,  then  the  BUSY/INT  output  behaves  as  an  INTERRUPT  signal.  The  INT  signal  will  go  low  and 
remain  low  after  either  a  single  conversion  is  completed  or  after  a  double  conversion  is  completed  if  simultaneous 
sampling  has  been  selected.  With  CR9  high,  the  falling  edge  of  WR  or  RD  resets  the  INT  line  high. 
Chip  Select  Input.  The  device  is  selected  when  this  input  is  low. 

Write  Input  (Active  Low).  It  is  used  in  conjunction  with  CS  to  write  data  to  the  control  register.  Data  is  latched  to  the 
registers  on  the  rising  edge  of  WR.  Following  the  rising  edge  of  WR,  the  analog  input  is  acquired  and  a  conversion  is 


e  data  outputs  from  the  ADC  registers. 


REFOUT 

CrefIN 

RTN 


Input  (Active  Low).  It  is  used  in  conjunction  witl 
Analog  Inputs  1-8.  The  analog  input  range  is  VBIAS  ±  VSWING  where  VBIAS  and  VSWING  are  defined  by  the  reference 
voltage  applied  to  REFIN.  Input  resistance  between  any  of  the  analog  input  pins  and  AGND  is  10  kfl  or  greater. 
Voltage  Reference  Input.  The  AD7776/AD7777/AD7778  are  specified  over  a  voltage  reference  range  of  1.9  V  to  2.1  V 
with  a  nominal  value  of  2.0  V.  This  REFIN  voltage  provides  the  VBIAS  and  VSWING  levels  for  the  input  channel(s). 
VBIAS  is  equal  to  REFIN  and  VSWING  is  nominally  equal  to  REFIN/2.  Input  resistance  between  this  REFIN  pin  and 
AGND  is  10  Idl  or  greater. 

Voltage  Reference  Output.  The  internal  voltage  reference,  which  is  nominally  2.0  V  and  can  be  used  to  provide  the  bias 
voltage  (VBIAS)  for  the  input  channel(s),  is  provided  at  this  pin. 

Reference  Decoupling  Capacitor.  A  10  nF  capacitor  must  be  connected  from  this  pin  to  AGND  to  ensure  correct  opera- 
tion of  the  high  speed  ADC. 

Signal  Return  Path  for  the  input  channel(s).  Normally  RTN  is  connected  to  AGND  at  the  package. 


CIRCUIT  DESCRIPTION 

ADC  Transfer  Function 

For  all  versions,  an  input  signal  of  the  form  VBIAS  ±VSWiNG  is 
expected.  This  VBIAS  signal  level  operates  as  a  psuedo  ground  to 
which  all  input  signals  must  be  referred.  The  VBIAS  level  is 
determined  by  the  voltage  applied  to  the  REFIN  pin.  This  can 
be  driven  by  an  external  voltage  source;  or,  alternatively,  the 
onboard  2  V  reference,  available  at  REFOUT,  can  be  used.  The 
magnitude  of  the  input  signal  swing  is  equal  to  VBIAS/2  (or 
REFIN/2)  and  is  set  internally.  With  a  REFIN  of  2  V,  the  ana- 
log input  signal  level  varies  from  1  V  up  to  3  V  i.e.,  2  ±  1  V. 
Figure  5  shows  the  transfer  function  of  the  ADC  and  its  rela- 
tionship to  VB1AS  and  VSWING.  The  half-scale  twos  complement 
code  of  the  ADC,  000  Hex  (00  0000  0000  Binary),  occurs  at  an 
input  voltage  equal  to  VBIAS.  The  input  full-scale  range  of  the 
ADC  is  equal  to  2  VSWING,  so  that  the  Plus  Full-Scale  transition 
(1FE  to  IFF)  occurs  at  a  voltage  equal  to  VBIAS  +  VSWING  - 
1.5  LSBs  and  the  minus  full-scale  code  transition  (200  to  201) 
occurs  at  a  voltage  VBIAS  -  VSWING  +  0.5  LSBs. 


ADC 
OUTPUT 
CODE 
(HEX)  X, 


202 
201 


"Tm  I 


-ft- 


7* 


VBIAS_VSWlNG 


ANALOG  INPUT,  VIN 


-»  H-+ 

♦ 

VBIAS*V, 


Figure  5.  ADC  Transfer  Function 
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CONTROL  REGISTER 

The  control  register  is  10-bits  wide  and  can  only  be  written  to. 
On  power-on,  all  locations  in  the  control  register  are  automati- 
cally loaded  with  Os.  For  the  single  channel  AD7776,  locations 
CRO  to  CR6  of  the  control  register  are  "don't  cares."  For  the 
quad  channel  AD7777,  locations  CR2  and  CR5  are  "don't 
cares."  Individual  bit  functions  are  described  below. 

CR0-CR2:  Channel  Address  Locations.  Determines  which  chan- 
nel will  be  selected  and  converted  for  single  channel  operation. 
For  simultaneous  sampling  operation  CR0-CR2  holds  the 
address  of  one  of  the  two  channels  to  be  sampled. 

AD7776 

CR2    CR1     CRO  Function 

X*      X        X        Select  A^l 

*X  =  Don't  Care 


AD7777 

CR2 

X* 
X 
X 
X 

*X  =  Don't  Care 


CR1 

0 
0 

1 

1 


AD7778 


Function 

Select  AJN1 
Select  AIN2 
Select  AIN3 
Select  AIN4 


CRO 

0 
1 
0 

1 


CR2     CR1     CRO  Function 


0  0 

0  0 

0  1 

0  1 

1  0 
1  0 

1 


Select  AIN1 
Select  AIN2 
Select  AIN3 
Select  A,N4 
Select  AIN5 
Select  AIN6 
Select  AIN7 


p 


CR3-CR5:  Channel  Address  Locations.  Only  applicable  for 
simultaneous  sampling  with  the  AD7777  or  AD7778  when  CR3- 
CR5  holds  the  address  of  the  second  channel  to  be  sampled. 

AD7777 


CR5  CR4 

CR3 

Function 

X*  0 

0 

Select  AIN1 

X  0 

1 

Select  AIN2 

X  1 

0 

Select  AIN3 

X  1 

1 

Select  AIN4 

*X  =  Don't  Care 

AD7778 


CR5    CR4    CR3  Function 

0        0        0        Select  A,w\ 


Select  AIN2 
Select  AIN3 
Select  AIN4 
Select  A,N5 
Select  AIN6 
Select  AIN7 


CR6:  Determines  whether  operation  is  on  a  single  channel  or 
simultaneous  sampling  on  two  channels.  Location  CR6  is  a 
"don't  care"  for  the  AD7776. 

CR6  Function 

0  Single  channel  operation.  Channel  select 
address  is  contained  in  locations  CR0-CR2. 

1  Two  channels  simultaneously  sampled 
and  sequentially  converted.  Channel 
select  addresses  contained  in  locations 
CR0-CR2  and  CR3-CR5. 

CR7:  Determines  whether  the  device  is  in  the  normal  operating 
mode  or  in  the  half-scale  test  mode. 

0  R?    Normal  Operating  Mode 

1  Half-Scale  Test  Mode 

In  the  half-scale  test  mode  REFIN  is  internally  connected  as  an 
analog  input(s).  In  this  mode  locations  CR0-CR2  and  CR3-CR5 
are  all  "don't  cares"  since  it  is  REFIN  which  will  be  converted. 
For  the  AD7777  and  AD7778,  the  contents  of  location  CR6  still 
determine  whether  a  single  or  a  double  conversion  is  carried  out 
on  the  REFIN  level. 

CR8:  Determines  whether  the  device  is  in  the  normal  operating 
mode  or  in  the  power-down  mode. 

/  1  ir-  t,  u  i  -nil  :u<tw  ."8  rry.' 

CR8  Function 

0  Normal  Operating  Mode 

1  Power-down  Mode 

In  the  power-down  mode  all  linear  circuitry  is  turned  off  and 
the  REFOUT  output  is  pulled  weakly  (5  kfl)  to  AGND.  The 
input  impedance  of  the  analog  inputs  and  of  the  REFIN  input 
remains  the  same  in  either  normal  mode  or  power-down  mode. 
See  under  Circuit  Description  -  Power-Down  Mode. 

BUSY/INT  output  flag  goes  low  a-J 
remains  low  during  conversion(s)  or  else  goes  low  and  i 
low  after  the  conversion(s)  is  (are)  complete. 


CR9     BUSY/INT  Functionality 

0  Output  goes  low  and  remains  low  during  conversion^ 

1  Output  goes  low  and  remains  low  after  conversion(s) 
is  (are)  complete. 

ADC  Conversion  Start  Timing 

Figure  6  shows  the  operating  waveforms  for  the  start  of  a  con- 
version cycle.  On  the  rising  edge  of  WR,  the  conversion  cycle 
starts  with  the  acquisition  and  tracking  of  the  selected  ADC 
channel,  AINl-8.  The  analog  input  voltage  is  held  40  ns  (typi- 
cally) after  the  first  rising  edge  of  CLKIN  following  four  com- 
plete CLKIN  cycles.  If  tD  in  Figure  6  is  greater  than  12  ns, 
then  the  falling  edge  of  CLKIN  as  shown  will  be  seen  as  the 
first  falling  clock  edge.  If  tD  is  less  than  12  ns,  the  first  falling 
clock  edge  to  be  recognized  will  not  occur  until  one  cycle  later. 

Following  the  "hold"  on  the  analog  input(s),  two  complete 
CLKIN  cycles  are  allowed  for  settling  purposes  before  the  MSB 
decision  is  made.  The  actual  decision  point  occurs  approxi- 
mately 40  ns  after  the  rising  edge  of  CLKIN  as  shown  in  Fig- 
ure 6.  A  further  two  CLKIN  cycles  are  allowed  for  the  second 
MSB  decision.  The  succeeding  bit  decisions  are  made  approxi- 
mately 40  ns  after  each  rising  edge  of  CLKIN  until  the  conver- 
sion is  complete.  At  the  end  of  conversion,  if  a  single  conversion 
has  been  requested  (CR6  =  0),  the  BUSY/INT  line  changes 
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state  (as  programmed  by  CR9),  and  the  SAR  contents  are  trans- 
ferred to  the  first  register  ADCREG1.  The  SAR  is  then  reset  in 
readiness  for  a  new  conversion.  If  simultaneous  sampling  has 
been  requested  (CR6  =  1),  no  change  occurs  in  the  status  of  the 
BUSY/INT  output  and  the  ADC  automatically  starts  the  second 
conversion.  At  the  end  of  this  conversion  the  BUSY/INT  line 
changes  state  (as  programmed  by  CR9)  and  the  SAR  contents 
are  transferred  to  the  second  register,  ADCREG2. 




40ns 
TYP 


-  CHANNEL  ACQUISITION  - 


'L,    40ns  _J 
 V~ 

•HOLD'  DB9  (MSB) 

*  TIMING  SHOWN  FOR  t[,  GREATER  THAN  12ns 

Figure  6.  ADC  Conversion  Start  Timing 
Track-and-Hold 

The  track-and-hold  (T/H)  amplifiers  on  the  analog  input(s)  of 
the  AD7776/AD7777/AD7778  allow  the  ADC  to  accurately  con- 
vert an  input  sine  wave  of  2  V  peak-peak  amplitude  up  to  a  fre- 
quency of  189  kHz,  the  Nyquist  frequency  of  the  ADC  when 
operated  at  its  maximum  throughput  rate  of  378  kHz.  This 
maximum  rate  of  conversion  includes  conversion  time  and  time 
between  conversions.  Because  the  input  bandwidth  of  the  track- 
and-hold  is  much  greater  than  189  kHz,  the  input  signal  should 
be  band  limited  to  avoid  folding  unwanted  signals  into  the  band 
of  interest. 

Power-Down 

The  AD7776/AD7777/AD7778  can  be  placed  in  a  power-down 
mode  simply  by  writing  a  logic  high  to  location  CR8  of  the  con- 
trol register.  The  following  changes  are  effected  immediately  on 
writing  a  "1"  to  location  CR8: 

•  Any  conversion  that  is  in  progress  is  terminated. 

•  If  a  conversion  is  in  progress,  then  the  leading  edge  of  WR 
immediately  drives  the  BUSY/INT  output  high. 

•  All  the  linear  circuitry  is  turned  off. 

•  The  REFOUT  output  stops  being  driven  and  is  pulled  weakly 
(5  kft)  to  analog  ground. 


Control  inputs  CS,  WR  and  RD  retain  their  purpose  while  the 
AD7776/AD7777/AD7778  is  in  power-down.  If  no  conversions 
are  in  progress  when  the  AD7776/AD7777/AD7778  is  placed 
into  the  power-down  modes,  the  contents  of  the  ADC  registers, 
ADCREG1  and  ADCREG2,  are  retained  during  power-down 
and  can  be  read  as  normal.  On  returning  to  normal  operating 
mode  a  new  conversion  (or  conversions,  dependent  on  CR6)  is 
automatically  started.  On  completion,  the  invalid  conversion 
results  are  loaded  into  the  ADC  registers  losing  the  previous 
valid  results. 

In  order  to  achieve  the  lowest  possible  power  consumption  in 
the  power-down  mode  special  attention  must  be  paid  to  the  state 
of  the  digital  and  analog  inputs  and  outputs: 

•  Because  each  analog  input  channel  sees  a  resistive  divider  to 
AGND,  the  input  resistance  of  which  does  not  change 
between  normal  and  power-down  modes,  driving  the  analog 
input  signals  to  0  V  or  as  close  as  possible  to  0  V  will  mini- 
mize the  power  dissipated  in  the  input  signal  conditioning 
circuitry. 

•  Similarly,  the  REFIN  input  sees  a  resistive  divider  to  AGND, 
the  input  resistance  of  which  does  not  change  between  normal 
and  power-down  modes.  If  an  external  reference  is  being 
used,  then  driving  this  reference  input  to  0  V  or  as  close  as 
possible  to  0  V  will  minimize  the  power  dissipated  in  the 
input  signal  conditioning  circuitry. 

•  Since  the  REFOUT  pin  is  pulled  to  AGND  via,  typically,  a 
5  kfl  resistor,  any  voltage  above  0  V  that  this  output  may  be 
pulled  to  by  external  circuitry  will  dissipate  unnecessary 
power. 

•  Digital  inputs  CS,  WR  &  RD  should  all  be  held  at  Vcc  or  as 
close  as  possible.  CLKIN  should  be  held  as  close  as  possible 
to  either  0  V  or  Vcc. 


•  Since  the  BUSY/INT  output  is  actively  driven  to  a  logic  high, 
any  loading  on  this  pin  to  0  V  will  dissipate  power. 

The  AD7776/AD7777/AD7778  comes  out  of  the  power-down 
mode  when  a  Logic  "0"  is  written  to  location  CR8  of  the  control 
register.  Note  that  the  contents  of  the  other  locations  in  the  con- 
trol register  are  retained  when  the  device  is  placed  in  power- 
down  and  are  valid  when  power  is  restored.  However  coming 
out  of  power-down  provides  an  opportunity  to  reload  the  com- 
plete contents  of  the  control  register  without  any  extra 
instructions. 


■ 
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AD7776/AD7777/AD7778 


Microprocessor  Interfacing  Circuits 

The  AD7776/AD7777/AD7778  family  of  ADCs  is  intended  to 
interface  to  DSP  machines  such  as  the  ADSP-2101,  ADSP-2105, 
the  TMS320  family  and  microcontrollers  such  as  the  80C196 
family. 

Figure  7  shows  the  AD7776/AD7777/AD7778  interfaced  to  the 
TMS320C10  @  20.5  MHz  and  the  TMS320C14  @  25  MHz. 
Figure  8  shows  the  interface  with  the  TMS320C25  @  40  MHz. 
Note  that  one  wait  state  is  required  with  this  interface.  The 
ADSP-2101-50  and  the  ADSP-2105-40  interface  is  shown  in  Fig- 
ure 9.  One  wait  state  is  required  with  either  of  these  machines. 


TMS320C10-20.5 
TMS320C14-25 


(C10)DEN  1 
(CM)  REN  J 

D15-00 


ADDRESS  BUS 


3_E 


ADDR 
DECODE 


 »- 





cs 

AD7776/7/8* 

WR 
RD 

DB9--DB0 





with  the  80C196KB  @  12  MHz 
and  the  80C196KC  (a  16  MHz.  One  wait  state  is  required  with 
the  16  MHz  machine.  The  80C196  is  configured  to  operate  with 
a  16-bit  multiplexed  address/data  bus. 

Table  I  gives  a  truth  table  for  the  AD7776/AD7777/AD7778  and 
summarizes  their  microprocessor  interfacing  features.  Note  that 
a  read  instruction  to  any  of  the  devices  while  a  conversation  is  in 
progress  will  immediately  stop  that  conversion  and  return  unre- 
liable data  over  the  data  bus. 


*  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 





WR 


ADSP-2101-50 
ADSP-2105-40 

D23-D6 


ADDRESS  BUS 


3_E 


ADDR 
DECODE 


EN 

 ' 





 to 


 __|  I 


cs 

AD7776/7/8* 

WR 
RD 

DB9-DB0 


DATA  BUS 


3 


*  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  7.  AD7776/AD7777/AD7778  to  TMS320CW  and 
TMS320C14  Interface 


Figure  9.  AD7776/AD7777/AD7778  to  ADSP-2101  and 
ADSP-2105  Interface 
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Figure  8.  AD7776/AD7777/AD7778  to  TMS320C25  Interface 
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ADDRESS  BUS 


IS 


373 
LATCH 


ADDR 
DECODER 


DATA  BUS  (10) 


AD7776/7/8* 

CS 

WR 


*  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  10.  AD7776/AD7777/AD7778  to  80C196  Interface 
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1 

X* 

X* 

0 

1 

• 

If 

0 

IT 

1 

High  Z 
CR  Data 
ADC  Data 


Data  Port  High  Impedance 

Load  control  register  (CR)  data  to  control  register  and  start  a  conversion. 

ADC  data  placed  on  data  bus.  Depending  upon  location  CR6  of  the  control  register,  one  or  two 
Read  instructions  will  be  required. 

If  CR6  is  low,  i.e.,  single  channel  conversion  selected,  a  read  instruction  returns  the  contents  of 
ADCREG1.  Succeeding  read  instructions  continue  to  return  the  contents  of  ADCREG1. 
If  CR6  is  high,  i.e.,  simultaneous  sampling  (double  conversion)  selected,  the  first  read  instruction 
returns  the  contents  of  ADCREG1  while  the  second  read  instruction  returns  the  contents  of 
ADCREG2.  A  third  read  instruction  returns  ADCREG1  again,  the  fourth  ADCREG2,  etc. 


*X  =  Don't  Care 

DESIGN  INFORMATION 
Layout  Hints 

Ensure  that  the  layout  for  the  printed  circuit  board  has  the  digi- 
tal and  analog  grounds  separated  as  much  as  possible.  Take  care 
not  to  run  any  digital  track  alongside  an  analog  signal  track. 
Guard  (screen)  the  analog  input(s)  with  RTN. 

Establish  a  single  point  analog  ground  separate  from  the  logic 
system  ground  and  as  close  as  possible  to  the  AD7776/AD7777/ 
AD7778.  Both  the  RTN  and  AGND  pins  on  the  AD7776/ 
AD7777/AD7778  and  all  other  signal  grounds  should  be 
connected  to  this  single  point  analog  ground.  In  turn,  this  star 
ground  should  be  connected  to  the  digital  ground  at  one  point 
only— preferably  at  the  low  impedance  power  supply  itself. 

Low  impedance  analog  and  digital  power  supply  common 
returns  are  important  for  correct  operation  of  the  devices,  so 
make  the  foil  width  for  these  tracks  as  wide  as  possible. 

In  order  to  ensure  a  low  impedance  +  5  V  power  supply  at  the 
actual  Vcc  pin,  it  will  be  necessary  to  employ  bypass  capacitors 
from  the  pin  itself  to  DGND.  A  4.7  u.F  tantalum  capacitor  in 
parallel  with  a  0.1  |xF  ceramic  capacitor  is  sufficient. 

ADC  Corruption 

Executing  a  read  instruction  to  the  AD7776/AD7777/AD7778 
while  a  conversion  is  in  progress  will  immediately  halt  the  con- 
version and  return  invalid  data  over  the  data  bus.  The  BUSY/ 
INT  output  pin  should  be  monitored  closely  and  all  read 
instructions  to  the  AD7776/AD7777/AD7778  prevented  while 
this  output  shows  that  a  conversion  is  in  progress. 

Executing  a  write  instruction  to  the  AD7776/AD7777/AD7778 
while  a  conversion  is  in  progress  immediately  halts  the  conver- 
sion, the  falling  edge  of  WR  driving  the  BUSY/INT  output 
high.  The  analog  input(s)  is  sampled  as  normal  and  a  new  con- 
version sequence  (dependent  upon  CR6)  is  started. 

ADC  Conversion  Time 

Although  each  conversion  takes  only  14  CLKIN  cycles,  it  can 
take  between  4.5  to  5.5  CLKIN  cycles  to  acquire  the  analog 
input(s)  after  the  WR  input  goes  high  and  before  any  conver- 


TERMINOLOGY 

Relative  Accuracy 

For  the  AD7776,  AD7777  and  AD7778,  relative  accuracy  or 
endpoint  nonlinearity  is  the  maximum  deviation,  in  LSBs,  of 
the  ADC's  actual  code  transition  points  from  a  straight  line 
drawn  between  the  endpoints  of  the  ADC  transfer  function. 

Differential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  maximum  differential  nonlinearity  of  ±  1  LSB 
ensures  no  missed  codes. 

Bias  Offset  Error 

For  an  ideal  10-bit  ADC,  the  output  code  for  an  input  voltage 
equal  to  VBIAS  should  be  midscale.  The  bias  offset  error  is  the 
difference  between  the  actual  midpoint  voltage  for  midscale  code 
and  VBIAS,  expressed  in  LSBs. 

Bias  Offset  Error  Match 

This  is  a  measure  of  how  closely  the  bias  offset  errors  of  all 
channels  track  each  other.  The  bias  offset  error  match  of  any 
channel  must  be  no  further  away  than  10  LSBs  from  the  bias 
offset  error  of  any  other  channel,  regardless  of  whether  the 
channels  are  independently  sampled  or  simultaneously  sampled. 

Plus  and  Minus  Full-Scale  Error 

The  input  channels  of  the  ADC  can  be  considered  as  having 
bipolar  (positive  and  negative)  input  ranges,  but  which  are 
referred  to  VBIAS  (or  REFIN)  instead  of  AGND.  Positive  full- 
scale  error  for  the  ADC  is  the  difference  between  the  actual 
input  voltage  required  to  produce  the  plus  full-scale  code  transi- 
tion and  the  ideal  input  voltage  (VBIAS  +  VSWING  -1.5  LSB), 
expressed  in  LSBs.  Minus  full-scale  error  is  similarly  specified 
for  the  minus  full-scale  code  transition,  relative  to  the  ideal 
input  voltage  for  this  transition  (VBIAS  -  VSWING  +  0.5  LSB). 
Note  that  the  full-scale  errors  for  the  ADC  input  channels  are 
measured  after  their  respective  bias  offset  errors  have  been 
adjusted  out. 

Plus  and  Minus  Full-Scale  Error  Match 

This  is  a  measure  of  how  closely  the  full-scale  errors  of  all  chan- 
nels track  each  other.  The  full-scale  error  match  of  any  channel 
must  be  no  further  away  than  10  LSBs  from  the  respective  full- 
scale  error  of  any  other  channel,  regardless  of  whether  the  chan- 
nels are  independently  sampled  or  simultaneously  sampled. 
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This  is  defined  as  the  maximum  current  which  will  How  either 
into  or  out  of  the  REFOUT  pin  if  this  pin  is  shorted  to  any 
potential  between  0  V  and  Vcc.  This  condition  can  be  allowed 
for  up  to  10  seconds  provided  that  the  power  dissipation  of  the 
package  is  not  exceeded. 

Signal-to-Noise  and  Distortion  Ratio,  S/(N+D) 

Signal-to-noise  and  distortion  ratio,  S/(N+D),  is  the  ratio  of  the 
rms  value  of  the  measured  input  signal  to  the  rms  sum  of  all 
other  spectral  components  below  the  Nyquist  frequency,  includ- 
ing harmonics  but  excluding  dc.  The  value  for  S/(N+D)  is 
given  in  decibels. 

THD 


Total  Harmonic  Distortion,  THD 

Total  harmonic  distortion  is  the  ratio  of  the  rms  sum  of  the  first 
five  harmonic  components  to  the  rms  value  of  a  full-scale  input 
signal  and  is  expressed  in  decibels.  For  the  AD7776/AD7777/ 
AD7778,  Total  harmonic  distortion  (THD)  is  defined  as: 

(V22  +  V32  +  V42  +  V52  +  V62)1'2 


where  V,  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  VS  and  V6  are  the  rms  amplitudes  of  the  individual 
harmonics. 

Intermodulation  Distortion,  IMD 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  active  device  with  nonlinearities  will  create  distortion 
products,  of  order  (m  +  n),  at  sum  and  difference  frequencies 
of  mfa  +  nfb,  where  m,  n  =  0,  1,  2,  3.  Intermodulation  terms 
are  those  for  which  m  or  n  is  not  equal  to  zero.  For  example, 
the  second  order  terms  include  (fa  +  fb)  and  (fa  —  fb)  and  the 
third  order  terms  include  (2  fa  +  fb),  (2  fa  -  fb),  (fa  +  2  fb) 
and  (fa  -  2  fb). 

Channel-to-Channel  Isolation 

Channel-to-channel  isolation  is  a  measure  of  the  level  of 
crosstalk  between  channels.  It  is  measured  by  applying  a  full- 
scale  100  kHz  sine  wave  signal  to  any  one  of  the  input  channels 
and  monitoring  the  remaining  channels.  The  figure  given  is  the 
worst  case  across  all  channels. 


the  AD7778  with  an  input  signal  ot  yy.SS  kHz.  The  SINK  is 
58.71  dB.  It  can  be  seen  that  most  of  the  harmonics  are  buried 
in  the  noise  floor.  It  should  be  noted  that  the  harmonics  are 
taken  into  account  when  calculating  the  S/(N+D). 


5  -40 
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99.88  kHz 
SAMPLE  FREQUENCY  = 

380.95  kHz 
SNR  =  58.7  dB 
Ta  =  *25°C 

FREQUENCY -kHz 


Figure  1 1.  ADC  FFT  Plot 


The  relationship  between  S/(N+D)  and  resolution  (n)  is 
expressed  by  the  following  equation: 

S/(N+D)  =  (6.02n  +  1.76)  dB 

This  is  for  an  ideal  part  with  no  differential  or  integral  linearity 
errors.  These  errors  will  cause  a  degradation  in  S/(N+D).  By 
working  backwards  from  the  above  equation,  it  is  possible  to  get 
a  measure  of  ADC  performance  expressed  in  effective  number  of 
bits  (n). 

SW+D)  (dB)  -  1.76 
n(effective)  =  

The  effective  number  of  bits  plotted  vs.  frequency  for  a  single 
channel  of  the  AD7778  is  shown  in  Figure  12.  The  effective 
number  of  bits  is  typically  9.5. 


DIGITAL  SIGNAL  PROCESSING  APPLICATIONS 

In  digital  signal  processing  (DSP)  application  areas  like  voice 
recognition,  echo  cancellation  and  adaptive  filtering,  the 
dynamic  characteristics  S/(N+D),  THD  &  IMD  of  the  ADC  are 
critical.  The  AD7776/AD7777/AD7778  are  specified  dynamically 
as  well  as  with  standard  dc  specifications.  Because  the  track/hold 
amplifier  has  a  wide  bandwidth,  an  antialiasing  filter  should  be 
placed  on  the  analog  inputs  to  avoid  aliasing  of  high  frequency 
noise  back  into  the  bands  of  interest. 

The  dynamic  performance  of  the  ADC  is  evaluated  by  applying 
a  sine  wave  signal  of  very  low  distortion  to  a  single  analog  input 
which  is  sampled  at  a  380.95  kHz  sampling  rate.  A  fast  Fourier 
transform  (FFT)  plot  or  histogram  plot  is  then  generated  from 
which  the  signal  to  noise  and  distortion,  harmonic  distortion  and 
dynamic  differential  nonlinearity  data  can  be  obtained.  Simi- 
larly, for  intermodulation  distortion,  an  input  signal  consisting 
of  two  pure  sine  waves  at  different  frequencies  is  applied  to  the 
AD7776/AD7777/AD7778. 
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Figure  12.  Effective  Number  of  Bits  vs.  Frequency 
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ANALOG 
DEVICES 


LC2M0S  High  Speed 
4-  &  8-Channel  8-Bit  ADCs 


AD7824/AD7828 


FEATURES 

4-  or  8-Analog  Input  Channels 
Built-in  Track/Hold  Function 
10kHz  Signal  Handling  on  Each  Channel 
Fast  Microprocessor  Interface 
Single  +  5V  Supply 
Low  Power:  50mW 
Fast  Conversion  Rate,  2.5|is/Channel 
Tight  Error  Specification:  1/2LSB 


GENERAL  DESCRIPTION 

The  AD7824  and  AD7828  are  high-speed,  multichannel,  8-bit 
ADCs  with  a  choice  of  4  (AD7824)  or  8  (AD7828)  multiplexed 
analog  inputs.  A  half-flash  conversion  technique  gives  a  fast 
conversion  rate  of  2.5u.s  per  channel  and  the  parts  have  a  built-in 
track/hold  function  capable  of  digitizing  full-scale  signals  of 
10kHz  (157mV/u.s  slew  rate)  on  all  channels.  The  AD7824  and 
AD7828  operate  from  a  single  +  5V  supply  and  have  an  analog 
input  range  of  0  to  +  5V,  using  an  external  +  5V  reference. 

Microprocessor  interfacing  of  the  parts  is  simple,  using  standard 
Chip  Select  (CS)  and  Read  (RD)  signals  to  intitiate  the  conversion 
and  read  the  data  from  the  three-state  data  outputs.  The  half-flash 
conversion  technique  means  that  there  is  no  need  to  generate  a 
clock  signal  for  the  ADC.  The  AD7824  and  AD7828  can  be 
interfaced  easily  to  most  popular  microprocessors. 


The  AD7824  and  AD7828  are  fabricated  in  an  advanced,  all 
ion-implanted,  Linear-Compatible  CMOS  process  (LC2MOS) 
and  have  low  power  dissipation  of  40mW  (typ).  The  AD7824  is 
available  in  a  0.3"  wide,  24-pin  "skinny"  DIP,  while  the  AD7828 
is  available  in  a  0.6"  wide,  28-pin  DIP  and  in  28-terminal  surface 
mount  i 


FUNCTIONAL  BLOCK  DIAGRAM 


v,„l«l- 
v„,.[-l- 


4- BIT 
FLASH 
ADC 


/      4  ei 


4-BIT 
FLASH 
ADC 


THREE 
STATE 
DRIVERS 


ADDHFSS 
LATCH 
DECODE 

I       I  I 

AO    A1  A2' 


•AD7824  -  4- CHANNEL  MUX 
AD782S  -  B  CHANNEL  MUX 
"A2  -  AD7828  ONLY 


RDY 


PRODUCT  HIGHLIGHTS 

1 .  4-  or  8-channel  input  multiplexer  gives  cost-effective  space- 
saving  multichannel  ADC  system. 

2.  Fast  conversion  rate  of  2. 5 (is/channel  features  a  per  channel 
sampling  frequency  of  100kHz  for  the  AD7824  or  50kHz  for 
the  AD7828. 

3.  Built-in  track-hold  function  allows  handling  of  4-  or  8 -channels 
up  to  10k Hz  bandwidth  (157mV/u,s  slew  rate). 

4.  Tight  total  unadjusted  error  spec  and  channel-to-channel 
matching  eliminate  the  need  for  user  trims. 

5.  Single  +SV  supply  simplifies  system  power  requirements. 

6.  Fast,  easy-to-use  digital  interface  allows  connection  to  most 
popular  microprocessors  with  minimal  external  components. 


No  clock  signal  is  required  for  the  ADC. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 

noted.  All  specifications  Tmin  to  Tmai 


(Vdd  =  +5V,  VREF(+)  =  +5V,  VREF(-)  =  6ND 
unless  otherwise  noted.  Specifications  apply  for 

B.TVersi 


=  OV  unless 
Mode  0.) 


K  Version1 


L  Version 


C,  V  Versions 


AD7824/AD7828 

U^s  1  Conditions/Consents 

units  conditions  comments 


ACCURACY 
Resolution 

Total  Unadjusted  Error2 
Minimum  Resolution  for  which 

No  Missing  Codes  are  guaranteed 
Channel  to  Channel  Mismatch 


8 

±1/4 


-A/2 


:l/4 


±1 


:l/4 


-.112 


:l/4 


Bits 
LSBn 


Bits 


LSBmax 





REFERENCE  INPUT 
Input  Resistance 
Vref(  +  )  Input  Voltage  Range 

Vref  ( - )  Input  Voltage  Range 


1.0/4.0 
Vref(-)/ 
Vdd 
GND/ 
Vref(  +  ) 


1.0/4.0 
VREF(-)/ 
Vdd 
GND/ 
Vref(  +  ) 


1.0/4.0 
Vref(-V 
Vdd 
GND/ 
Vref(  +  ) 


1.0/4.0 
Vref(-)/ 
Vdd 
GND/ 
Vref(  +  ) 


kflmin/kftmax 
Vmin/V  max 


Vmin/V  max 


Input  Leakage  Current 
Input  Cap 


VrefC-V 
Vref(  +  ) 
±3 
45 


VrefC-)/ 
Vref(  +  ) 
±3 
45 


vREF<-y 

Vref(  +  ) 

±3 

45 


Vref(-)/ 
Vref(  +  ) 
±3 
45 


Vmin/Vmax 


u.Amax 
PFtyP 


,CS,A0,A1&A2 


VtNL 
IlNH 
IlNL 

Input  Capacitance3 


2.4 
0.8 
1 


2.4 
0.8 
1 


2.4 
0.8 
1 


2.4 
0.8 
1 

-1 
8 


Vmin 

Vmax 

jiAmax 

nAmax 

pFmax 


Analog  Input  Any 
0to+5V 


Typically  5pF 


LOGIC  OUTPUTS 
DB0-DB7  &  INT 
VOH 
Vol 

Iout(DB0-DB7) 
Output  Capacitance3 
RDY 

Vol4 

IoUT 

Output  Capacitance 


4.0 
0.4 

-i 
8 

0.4 

±3 
8 


4.0 
0.4 


8 


0.4 
±3 


4.0 
0.4 
±3 
8 

0.4 

±3 
8 


4.0 
0.4 

±3 


0.4 

±3 
8 


Vmin 
Vmax 
H-Amax 
pFmax 

Vmax 
jj.A  max 
pFmax 


Isource  -  360|i.A 
Isink  =  16mA 
Floating  Sute  Leakage 
Typically  5pF 

Isink  =  2.6mA 
Floating  State  Leakage 
Typically  5pF 


SLEW  RATE ,  TRACKING3 


0.7 
0.157 


0.7 
0.157 


0.7 
0.157 


0.7 
0.157 


VVstyp 
V/p.smax 


POWER  SUPPLY 
Vdd 

W 


Power  Supply  Sensitivity 


16 
50 
80 

±1/4 





16 
50 
80 

±1/4 


20 
50 
100 
±1/4 


20 
50 
100 
±1/4 


Volts 

mAmax 
mWtyp 
mWmax 
LSBmax 


±5%  for  Specified 
Performance 
CS  =  RD  =  2.4V 


±l/16LSBtyp 
VDD  =  5V±5% 


NOTES 

'Temperature  Ranges  are  as  follows: 

K,L  Versions;  0  to  +70°C 

B,C  Versions;  -40°Cto+85°C 

T,U  Versions;  -55°Cto  +  125°C 
2Total  Unadjusted  Error  includes  offset,  full-scale  and  linearity  errors. 
'Sample  tested  at  25°C  by  Product  Assurance  to  ensure  compliance. 
4RDY  is  an  open  drain  output. 
'See  Typical  Performance  Characteristics. 
Specifications  subject  to  change  without  notice. 
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Limit  at 

Limit  at 

Limit  at  25°C 

Parameter 

(AU  Grades) 

(K,L,B,C  Grades) 

(T,U  Grades) 

Units 

Conditions/Comments 

0 

0 

0 

nsmin 

CS  to  RD  Setup  Time 

tcSH 

0 

0 

0 

ns  min 

CS  to  RD  Hold  Time 

«AS 

tm 

0 
30 

0 
35 

0 

40 

nsmin 
ns  min 

Multiplexer  Address  Setup  Time 
Multiplexer  Address  Hold  Time 

tony2 

'RUT 

40 

60 

60 

nsmax 

CS  to  RDY  Delay.  Pull-Up 
Resistor  5kfi. 

'CRD 

2.0 

2.4 

2.8 

|xs  max 

Conversion  Time,  Mode  0 

tACCl3 

85 

110 

120 

nsmax 

Data  Access  Time  after  RD 

lACC23 

50 

60 

70 

nsmax 

Data  Access  Time  after  INT ,  Mode  0 

40 

75 

65 
100 

70 
100 

ns  typ 
nsmax 

RD  to  INT  Delay 

tDH4 

60 

70 

70 

nsmax 

Data  Hold  Time 

lRD 

500 

500 

600 

ns  min 

Delay  Time  between  Conversions 
Read  Pulse  Width,  Model 

60 

80 

80 

ns  min 

600 

500 

400 

nsmax 

NOTES 

'Sample  tested  at  25°C  to  ensure  compliance.  All  input  control  signals  are  specified  with  tr  =  tf  =  20ns  (10%  to  90%  of 
voltage  level  of  1.6V. 
2CL  -  50pF. 

'Measured  with  load  circuits  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8V  or  2.4V. 
4Defined  as  the  time  required  for  the  data  lines  to  change  0.5V  when  loaded  with  the  circuits  of  Figure  2. 
Specifications  subject  to  change  without  notice. 


5V)  and  timed  from  a 


AD7824 
Al  AO 

AD7828 

A2     Al  AO 

CHANNEL 

0  0 
0  1 

0      0  0 
0      0  1 

AIN1 
AIN2 

1  0 

1  1 

0       1  0 
0       1  1 

AIN3 
AIN4 

1       0  0 
1       0  1 
1       1  0 

1     1  1 

AIN5 
AIN6 
AIN7 
AIN8 

Table  I.  Truth  Table  for  Input  Channel  Selection 


ANALOG 
CHANNEL 
ADDRESS 


ADDR 
VALID 


INT  J" 


i 


t.„-J  |»— 


ADDR 
VALID 


U 


HIGH  IMPEDANCE 


<DATA  ^_ 


Figure  1.    Mode  0  Timing  Diagram 
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VDD  OV,  +7V 

Digital  Input  Voltage  to  GND 

(RD,  CS,  AO,  Al  &  A2)   -0.3V,  VDD  +0.3V 

Digital  Output  Voltage  to  GND 

(DBO,  DB7,  RDY  &  INT)   -0.3V,  VDD  +0.3V 

VREF(  +  )toGND   VrEF(-),  VDD  +0.3V 

Vref  ( ~ ) t0  GND   0V,  VREF(  +  ) 

Analog  Input  (Any  Channel)    -0.3V,  VDD  +  0.3V 

Operating  Temperature  Range 

Commercial  (K,  L  Versions)  

CAUTION  . 

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed . 


+  70°C 


Storage  Temperature  Range  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +  300°C 

Power  Dissipation  (Any  Package)  to  +  75°C    450mW 

Derates  above  +  75°C  by  6mW/°C 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability . 


WARNING 


ESD  SENSITIVE  DEVICE 


PIN  CONFIGURATIONS 

DIP 


PLCC 

i  i  i  i  i 
<  <  <  <  < 

mmmrnisii*7»5i 


IS  II  I  I  i 


LCCC 


AIN2 
AIN1 


DB3  11 


>  > 

ORDERING  GUIDE 



Total 

Temperature 

Package 

Model 

Range 

Option1 

AD7824KN 

0to+70°C 

±1 

N-24 

AD7824LN 

0to+70°C 

±1/2 

N-24 

AD7824KR 

Oto  +70°C 

±1 

R-24 

AD7824BQ 

-40°Cto  +85°C 

±1 

Q-24 

AD7824CQ 

-40°Cto+85°C 

+  1/2 

Q-24 

AD7824TQ2 

-55°Cto  +  125°C 

±1 

Q-24 

AD7824UQ2 

-55°Cto  +  125°C 

±1/2 

Q-24 

AD7828KN 

0to+70°C 

±1 

N-28 

AD7828LN 

Oto  +70°C 

±1/2 

N-28 

AD7828KP 

0to+70°C 

±1 

P-28A 

AD7828LP 

Oto  +70°C 

±1/2 

P-28A 

AD7828BQ 

-40°Cto+85°C 

±1 

Q-28 

AD7828CQ 

-40°Cto  +  85°C 

±1/2 

Q-28 

AD7828TQ2 

-55°Cto  +  125°C 

±1 

Q-28 

AD7828UQ2 

-55°Cto  +  125°C 

±1/2 

Q-28 

AD7828TE2 

-55°Cto  +  125°C 

±1 

E-28A 

AD7828UE2 

-55°Cto  +  125°C 

±1/2 

E-28A 

NOTES 

'N  =  Plastic  DIP;  Q  =  Hermetic  DIP,  R  =  Small  Outline  IC;  P  =  1 
Leaded  Chip  Carrier;  E  =  Leadless  Ceramic  Chip  Carrier.  For  outline 
information  see  Package  Information  section. 

2  Available  to  /883B  processing  only.  Contact  our  local  sales  office  for  military 
data  sheet.  For  U .  S.  Standard  Military  Drawing  (SMD)  see  DESC  Drawing 
#5692-88764. 
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ANALOG 
DEVICES 


LC2M0S 

Complete,  12-Bit  Analog  I/O  System 




FEATURES 

Complete  12-Bit  I/O  System,  Comprising: 
12-Bit  ADC  with  Track/Hold  Amplifier 
83  kHz  Throughput  Rate 
72  dB  SNR 
12-Bit  DAC  with  Output  Amplifier 
3  fis  Settling  Time 
72  dB  SNR 
On-Chip  Voltage  Reference 
Operates  from  ±5  V  Supplies 
Low  Power  -  130  mW  typ 
Small  0.3"  Wide  DIP 

APPLICATIONS 

Digital  Signal  Processing 

Speech  Recognition  and  Synthesis 

Spectrum  Analysis 

High  Speed  Modems 

DSP  Servo  Control 

GENERAL  DESCRIPTION 

The  AD7868  is  a  complete  12-bit  I/O  system  containing  a  DAC 
and  an  ADC.  The  ADC  is  a  successive  approximation  type  with 
a  track-and-hold  amplifier  having  a  combined  throughput  rate  of 
83  kHz.  The  DAC  has  an  output  buffer  amplifier  with  a  settling 
time  of  3  (is  to  12  bits.  Temperature  compensated  3  V  buried 
Zener  references  provide  precision  references  for  the  DAC  and 
ADC. 

Interfacing  to  both  the  DAC  and  ADC  is  serial,  minimizing  pin 
count  and  giving  a  small  24-pin  package  size.  Standard  control 
signals  allow  serial  interfacing  to  most  DSP  machines.  Asyn- 
chronous ADC  conversion  control  and  DAC  updating  is  made 
possible  with  the  CONVST  and  LDAC  logic  inputs. 

The  AD7868  operates  from  ±5  V  power  supplies,  the  analog 
input/output  range  of  the  ADC/DAC  is  ±3  V.  The  part  is  fully 
specified  for  dynamic  parameters  such  as  signal-to-noise  ratio 
and  harmonic  distortion  as  well  as  traditional  dc  specifications. 

The  part  is  available  in  a  24-pin,  0.3"  wide,  plastic  or  hermetic 
dual-in-line  package  (DIP)  and  in  a  28-pin,  plastic  SOIC 
package. 


FUNCTIONAL  BLOCK  DIAGRAM 


Q  no  »oc 


PRODUCT  HIGHLIGHTS 

1.  Complete  12-Bit  I/O  System. 

The  AD7868  contains  a  12-bit  ADC  with  a  track-and-hold 
amplifier  and  a  12-bit  DAC  with  output  amplifier.  Also  in- 
cluded are  separate  on-chip  voltage  references  for  the  DAC 
and  the  ADC. 

2.  Dynamic  Specifications  for  DSP  Users. 

In  addition  to  traditional  dc  specifications,  the  AD7868  is 
specified  for  ac  parameters  including  signal-to-noise  ratio  and 
harmonic  distortion.  These  parameters  along  with  important 
timing  parameters  are  tested  on  every  device. 

3.  Small  Package. 

The  AD7868  is  available  in  a  24-pin  DIP  and  a  28-pin  SOIC 
package. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD 7308 


...  crrvrmu  <"»  =  +5  V  ±  5%,  VK  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V,  fCLK  =  2.0  MHz  external.  All  specifications  Tml„  to 
AUL  Otb  I IUN  Tm„  unless  otherwise  noted.) 


Parameter 

A 

Version1 

B 

Version1 

T 

Version1 

Units 

Test  Conditions/Comments 

DYNAMIC  PERFORMANCE' 
Signal-to-Noise  Ratio3-  '  (SNR)  @  +25°C 

T^,  to  T„„ 
Total  Harmonic  Distortion  (THD) 

Peak  Harmonic  or  Spurious  Noise 

Intel-modulation  Distortion  (IMD) 

70 
70 
-78 

-78 

72 
71 
-78 

-78 

70 
70 
-76 

-76 

dB  min 

dB  min 

dB  max 
dB  max 

VOT  =  10  kHz  Sine  Wave,  f sample  =  83  kHz 

Typically  71.5  dB  for  0<V,N<41.5  kHz 

Vm  =  10  kHz  Sine  Wave,  f sample  =  83  kHz 

Typically  -84  dB  for  0<VIN<41.5  kHz 

VIN  =  10  kHz  Sine  Wave,  fSAMPLE  =  83  kHz 

Typically  -84  dB  for  0<VIN<41.5  kHz 

Second  Order  Terms 
Third  Order  Terms 
Track/Hold  Acquisition  Time 

-78 
-80 
2 

-78 
-80 
2 

-76 
-78 
2 

dB  max 
dB  max 
fxs  max 

fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 



DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which 
No  Missing  Codes  Are  Guaranteed 
Integral  Nonlinearity 

12 
12 

±1/2 

12 
12 

±1/2 

12 
12 

±1/2 

Bits 
Bits 

LSB  typ 

■ 

Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Gain  Error5 
Negative  Gain  Error5 

±0.9 
±5 
±5 
±5 

±1 

±0.9 

±5 

±5 

±5 

±1 

±0.9 

±5 

±5 

±5 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 

ANALOG  INPUT 

Input  Voltage  Range 
Input  Current 

±3 
±1 

±3 
±1 

±3 
±1 

Volts 
mA  max 

REFERENCE  OUTPUT 

RO  ADC  @  +  25°C 
RO  ADC  TC 
RO  ADC  TC 

Reference  Load  Sensitivity  (AROADCvs.  M) 

2.99/3.01 
±25 

-1.5 

2.99/3.01 
±25 
±40 
-1.5 

2.99/3.01 
±25 
±50 
-1.5 

V  min/V  max 
ppm/°C  typ 
ppm/°C  max 
mV  max 

Reference  Load  Current  Change  (0-500  |juA), 
Reference  Load  Should  Not  Be  Changed 
During  Conversion 

LOGIC  INPUTS 

(CONVST,  CLK,  CONTROL) 

Input  High  Voltage,  VmH 

Input  Low  Voltage,  VmL 

Input  Current,  IIN 

Input  Current7  (CONTROL  Input  Only) 
Input  Capacitance,  CIN8 

2.4 

0.8 

±10 

±10 

10 

2.4 

0.8 

±10 

±10 

10 

2  4 

0.8 

±10 

±10 

10 

V  max 
u.A  max 
u.A  max 
pF  max 

VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
Vjn  =  0  V  to  VDD 
Vm  =  VsstoDGND 

LOGIC  OUTPUTS 
DR,  RFS  Outputs 

Output  Low  Voltage,  VOL 
RCLK  Output 

Output  Low  Voltage,  VOL 
DR,  RFS,  RCLK  Outputs 

0.4 
0.4 

0.4 
0.4 

0.4 
0.4 

V  max 

V  max 

'sink  =  1-6  mA,  Pull-Up  Resistor  =  4.7  kfl 
Isink  =  2.6  mA,  Pull-Up  Resistor  =  2  kfl 

Floating-State  Leakage  Current 

Floating-State  Output  Capacitance8 


±10 
15 

±10 
15 

±10 
15 

u.A  max 
pF  max 

CONVERSION  TIME 

10 
10 

10 
10 

|xs  max 
|xs  max 

External  Clock 
Internal  Clock 

10 
10 

The  Internal  Clock  Has  a  Nominal  Value  of  2 . 0  M  Hz 

POWER  REQUIREMENTS 
Vdd 

+5 

+  5 

+  5 

V  nom 

For  Both  DAC  and  ADC 

Vss 
Idd 
Iss 

Total  Power  Dissipation 

-5 
22 
12 
170 

■-»5 
22 
12 
170 

-5 
25 
13 
190 

V  nom 
mA  max 
mA  max 
mW  max 

Cumulative  Current  from  the  Two  VDD  Pins 
Cumulative  Current  from  the  Two  Vss  Pins 
Typically  130  mW 

NOTES 

■Temperature  ranges  are  as  follows:  A/B  Versions,  -40°C  to  +85°C;  T  Version,  -55°C  to  +125°C. 


3SNR  calculation  includes  distortion  and  noise  components. 

4SNR  degradation  due  to  asynchronous  DAC  updating  during  conversion  is  0.1  dB  typ. 
'Measured  with  respect  to  internal  reference. 

'For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  INTERNAL  REFERENCE  section). 
'Tying  the  CONTROL  input  to  VDD  places  the  device  in  a  factory  test  mode  where  normal  operation  is  not  exhibited. 
"Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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ec«Tinu  (VM  =  +5  V  ±  5%,  VM  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V,  Rl  DAC  =  +3  V  and  decoupled  as  shown  in 
DAC  ScbTlUN  Figure  2,  V0UT  Load  to  AGND;  RL  =  2  kii.  CL  =  100  pF.  All  specifications  Tmln  to  Tm„  unless  otherwise  noted.) 


Parameter 

A 

Version1 

B 

Version1 

T 

Version1 

Units 

Test  Conditions/Comments 

DYNAMIC  PERFORMANCE2 
Signal  to  Noise  Ratio3  (SNR)  @  +25°C 

f  min  ^ 

Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 

70 
70 
-78 

-78 

72 
71 
-78 

-78 

70 
70 
-76 

-76 

dB  min 
dB  min 
dB  max 

dB  max 

VOUT  =  1  kHz  Sine  Wave,  fsAMPLE  =  83  kHz 
Typically  71.5  dB  at  +25°C  for  0  <VOUX<20  kHz4 
Vout  =  1  kHz  Sine  Wave,  fSAMPLE  =  83  kHz 
Typically  -84  dB  at  +25°C  for  0  <VOUT<20  kHz4 
^out  =  1  kHz,  f sample  =  83  kHz 
typically  -84  do  at  +  23X  tor  0  <VOUT<2u  kHz 

DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full-Scale  Error5 
Negative  Full-Scale  Error5 

12 

±1/2 

12 

±1/2 

±1 

±0.9 

±5 

±5 

±5 

12 

±1/2 

±1 

±0.9 

±5 

±5 

±5 

Bits 

LSB  typ 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 

±0.9 
±5 
±5 
±5 

Guaranteed  Monotonk 

REFERENCE  OUTPUT6 
RO  DAC  @  +25°C 
RO  DAC  TC 
RO  DAC  TC 
Reference  Load  Change 
(ARO  DAC  vs.  AI) 

2.99/3.01 
±25 

-L5 

2.99/3.01 

±25 

±40 

-1.5 

2.99/3.01 

±25 

±50 

-  1.5 

V  min/V  max 
ppm/°C  typ 
ppm/°C  max 

mV  max 

Reference  Load  Current  Change  (0-500  |iA) 

REFERENCE  INPUT 
RI  DAC  Input  Range 

2.85/3.15 
1 

2.85/3.15 
1 

2.85/3.15 
1 

V  min/V  max 
U.A  max 

3  V  ±  5% 

Input  Current 

LOGIC  INPUTS 

(LDAC,  TFS,  TCLK,  DT) 
Input  High  Voltage,  VmH 
Input  Low  Voltage,  V^l 
Input  Current,  IIN 
Input  Capacitance,  C^7 

2.4 
0.8 
±10 
10 

2.4 
0.8 
±10 
10 

2.4 
0.8 
±10 
10 

V  min 

V  max 
p.  A  max 
pF  max 

VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
Vm  =  0  V  to  VDD 

ANALOG  OUTPUT 
Output  Voltage  Range 
dc  Output  Impedance 
Short-Circuit  Current 

±3 
0.3 
20 

±3 
0.3 
20 

±3 
0.3 
20 

V  nom 
fl  typ 
mA  typ 

AC  CHARACTERISTICS7 
Voltage  Output  Settling-Time 
Positive  Full-Scale  Change 

3 

3 

3 

M-s  max 

Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  2  u.s 

Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 
Vm  to  VOUT  Isolation 

3 

10 

2 

100 

3 
10 

2 

100 

3 

10 

2 

100 

p.s  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 

Typically  2.5  (is 

DAC  Code  Change  All  Is  to  All  0s 
Vm  =  ±3  V,  41.5  kHz  Sine  Wave 

POWER  REQUIREMENTS 

As  per  ADC  Section 

NOTES 

'Temperature  ranges  are  as  follows:  A/B  Versions,  -40°C  to  +85°C;  T  Version, 
-55°Cto  +125°C. 
!VOUT  (pk-pk)  =  ±3  V. 

3SNR  calculation  includes  distortion  and  noise  components. 
4Using  external  sample  and  hold. 

s  Measured  with  respect  to  RI  DAC  and  includes  bipolar  offset  error. 
sFor  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  INTER- 
NAL REFERENCE  section). 
7Sample  tested  @  +25°C  to  ensure  compliance. 
Specifications  subject  to  notice  without  notice. 
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Temperature 

Signal- 

to-Noise 

Relative 

Package 

Model 

Range 

Ratio 

Accuracy 

Option* 

AD7868AN 

-40°C  to  +85°C 

70  dB 

±1/2  LSB  typ 

N-24 

AD7868AQ 

-40°C  to  +85°C 

70  dB 

+  1/2  LSB  typ 

Q-24 

AD7868BN 

-40°C  to  +85°C 

72  dB 

±1  LSB  max 

N-24 

AD7868BQ 

-40°C  to  +85°C 

72  dB 

±  1  LSB  max 

Q-24 

AD7868AR 

~40°C  to  +85°C 

70  dB 

±1/2  LSB  typ 

R-28 

AD7868BR 

-40°C  to  +85°C 

72  dB 

±  1  LSB  max 

R-28 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC  (Small  Outline  1Q.  For  outline 
information  see  Package  Information  section. 
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AD7868 


TIMING  CHARACTERISTICS 


1.2 


(Vpp  =  +5  V  ±  5%,  Vm  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V) 


Limit  at  UT. 
(A,  B  Versions) 


;  


 — 


Parameter 


(T  Version) 


Units 


Conditions/Comments 


ADC  TIMING 
ti 


t„5 


50 
440 
100 
20 
100 
155 
4 

100 

2  RCLK  +200  to 

3  RCLK  +  200 


50 

440 

100 

20 

100 

155 

4 

100 

2  RCLK  +200  to 

3  RCLK  +  200 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  max 
ns  max 
ns  min 
ns  max 
ns  typ 


CONVST  Pulse  Width 
RCLK  Cycle  Time,  Internal  Clock 
RFS  to  RCLK  Falling  Edge  Setup  Time 
RCLK  Rising  Edge  to  RFS 

RCLK  to  Valid  Data  Delay,  CL  =  35  pF 
Bus  Relinquish  Time  after  RCLK 

CONVST  to  RFS  Delay 


DAC  TIMING 

t« 
t|2 


50 

75 

150 

30 

75 

40 


50 

100 

200 

40 

100 

40 


ns  nun 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


TFS  to  TCLK  Falling  Edge 
TCLK  Falling  Edge  to  TFS 
TCLK  Cycle  Time 
Data  Valid  to  TCLK  Setup  Time 
Data  Valid  to  TCLK  Hold  Time 
LDAC  Pulse  Width 


NOTES 

'Timing  specifications  arc  sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from 
a  voltage  level  of  1.6  V. 

^Serial  timing  is  measured  with  a  4.7  kfl  pull-up  resistor  on  DR  and  RFS  and  a  2  kH  pull-up  resistor  on  RCLK.  The  capacitance  on  all  three  outputs  is  35  pF. 
'When  using  internal  clock,  RCLK  mark/space  ratio  (measured  form  a  voltage  level  of  1.6  V)  range  is  40/60  to  60/40.  For  external  clock,  RCLK  mark/space 
ratio  =  external  clock  mark/space  ratio. 

'DR  will  drive  higher  capacitance  loads  but  this  will  add  to  t,  since  it  increases  the  external  RC  time  constant  (4.7  kfl//CL)  and  hence  the  time  to  reach  2.4  V. 
'Time  2  RCLK  to  3  RCLK  depends  on  conversion  start  to  ADC  clock  synchronization. 
TCLK  mark/space  ratio  is  40/60  to  60/40. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDE>  to  AGND   -0.3  V  to  +7  V 

Vss  to  AGND   +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  VDD+0.3  V 

VOUT  to  AGND  Vss  to  VDD 

VIN  to  AGND  Vss  -0.3  V  to  VDD+0.3  V 

RO  ADC  to  AGND  -0.3  V  to  VDD+0.3  V 

RO  DAC  to  AGND   -0.3  V  to  VDD+0.3  V 

RI  DAC  to  AGND  -0.3  V  to  VDD+0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  VDD+0.3  V 

Digital  Outputs  to  DGND  -0.3  V  to  VDD+0.3  V 

Operating  Temperature  Range 

A,  B  Versions  -40°C  to  +85°C 

T  Version  -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

CAUTION   


PIN  CONFIGURATIONS 


ESD  (electrostatic  discharge)  sensitive 
however,  permanent  damage  may  occur  on 


di^ittil  control  ] 

devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 
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AD7869 


FEATURES 

Complete  14-Bit  I/O  System,  Comprising 
14-Bit  ADC  with  Track/Hold  Amplifier 

83  kHz  Throughput  Rate 
14-Bit  DAC  with  Output  Amplifier 

3.5  us  Settling  Time 
On-Chip  Voltage  Reference 
Operates  from  ±5  V  Supplies 
Low  Power  -  130  mW  typ 
Small  0.3"  Wide  DIP 

APPLICATIONS 
Digital  Signal  Processing 
Speech  Recognition  and  Synthesis 
Spectrum  Analysis 
High  Speed  Modems 
DSP  Servo  Control 


FUNCTIONAL  BLOCK  DIAGRAM 

-O- 


GENERAL  DESCRIPTION 

The  AD7869  is  a  complete  14-bit  I/O  system  containing  a  DAC 
and  an  ADC.  The  ADC  is  a  successive  approximation  type  with 
a  track-and-hold  amplifier  having  a  combined  throughput  rate  of 
83  kHz.  The  DAC  has  an  output  buffer  amplifier  with  a  settling 
time  of  4  lis  to  14  bits.  Temperature  compensated  3  V  buried 
Zener  references  provide  precision  references  for  the  DAC  and 
ADC. 

Interfacing  to  both  the  DAC  and  ADC  is  serial,  minimizing  pin 
count  and  giving  a  small  24-pin  package  size.  Standard  control 
signals  allow  serial  interfacing  to  most  DSP  machines. 

Asynchronous  ADC  conversion  control  and  DAC  updating  is 
made  possible  with  the  CON  VST  and  LDAC  logic  inputs. 

The  AD7869  operates  form  ±5  V  power  supplies,  the  analog 
input/output  range  of  the  ADC/DAC  is  ±  3  V.  The  part  is  fully 
specified  for  dynamic  parameters  such  as  signal-to-noise  ratio 
and  harmonic  distortion  as  well  as  traditional  dc  specifications. 


TFS  < 
TCLK  < 
DT  ( 

□AC  SERIAL 
INTERFACE 

CONTROL  ( 
RFS  ( 
RCLK  ( 
OR  ( 

CLK  ( 

CONVST  ( 

t 

ADC  SERIAL 
INTERFACE 

CLOCK  ]  » 

14  -  BIT 
ADC 

AD7869 

 O  

DAC  3V 
REFERENCE  ~Q  RO  DAC 


Oroadc 


TRACK-HOLD 


PRODUCT  HIGHLIGHTS 

1.  Complete  14-Bit  I/O  System. 

The  AD7869  contains  a  14-bit  ADC  with  a  track-and-hold 
amplifier  and  a  14-bit  DAC  with  output  amplifier.  Also  in- 
cluded are  separate  on-chip  voltage  references  for  the  DAC 
and  the  ADC. 


Dynamic  Specifications  for  DSP  Users. 
In  addition  to  traditional  dc  specifications,  the  AD7869  is 
specified  for  ac  parameters  including  signal-to-noise  ratio  and 
harmonic  distortion.  These  parameters  along  with  important 
timing  parameters  are  tested  on  every  device. 

Small  Package. 

The  AD7869  is  available  in  a  24-pin  DIP  and  a  28-pin  SOIC 
package. 


The  pan  is  available  in  a  24-pin,  0.3  inch  wide,  plastic  or  her- 
metic dual-in-line  package  (DIP)  and  in  a  28-pin,  plastic  SOIC 
package. 

PIN  CONFIGURATIONS 

DIP 


NC  -  NO  CONNECT 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
,  call  our  fax  retrieval  system  at  1-800-446-6212. 


SOIC 

2bJ  CONTROL 
2?]  VM 

M]  NC 

EN 

HJroaoc 

(Not  to  Scale)    Hi  a 
|T  Si]  DGND 

AGND  [7  20]  TCLK 

W  [i£  iJJnc 
QT  iTJnc 
v«  EI  l3  ° 

RO  DAC  [l3  Tfi]  T 

Rl  DAC  [m  l|]  LJ 

NC  =  NO  CONNECT 


CONVST  [7  • 
CLK  (7 
RFS  [7 
NC  [7 
RCLK  [7 
DR  [7 
DGND  (7 
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*nn  cconny  (V°°  =  +5  v  * 5%'  v*  =  "5  v  ±5%- A6ND  =  D6ND  =  0  v-     =  2  0  MHz  eM- 

ADC  StCTlUN  All  specifications  Tmn  to  Tm„  unless  otherwise  noted.) 


Parameter 

J  Version1 

A  Version1 

Units 

Test  Conditions/Comments 

DYNAMIC  PERFORMANCE' 
Signal-to-Noise  Ratio3'  4  (SNR)  @  +25°C 

Tmin  to  Tm>x 
Total  Harmonic  Distortion  (THD) 
Peak  Harmonic  or  Spurious  Noise 
Intermodulation  Distortion  (IMD) 

Second  Order  Terms 

Third  Order  Terms 
Track/Hold  Acquisition  Time 

78 
78 
-86 
-86 

-86 
-88 
2 

78 
77 
-86 
-86 

-86 
-88 
2 

dB  min 
dB  min 
dB  typ 
dB  typ 

dB  typ 
dB  typ 
u.s  max 

VIN  =  10  kHz  Sine  Wave,  fSAMPLE  =  83  kHz 

VIN  =  10  kHz  Sine  Wave,  fSAMpLE  =  83  kHz 
VIN  =  10  kHz  Sine  Wave,  fSAMPLE  =  83  kHz 

fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  50  kHz 

DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which 

1>U  iTliadUlg  VAIUC)  Al  C  VJ  Udl  tti  J ICCU 

Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Gain  Error 
Negative  Gain  Error 

14 

14 

±2 

±1 

±20 

±20 

±20 

14 

14 

±2 

±1 

±20 

±20 

±20 

Bits 
Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 

ANALOG  INPUT 
Input  Voltage  Range 
Input  Current 

±3 

+  I 

±3 

—  1 

Volts 
mA  max 



REFERENCE  OUTPUT* 
RO  ADC  @  +25°C 
RO  ADC  TC 

Reference  Load  Sensitivity 
(ARO  ADC  vs.  AI) 

2.99/3.01 
±25 

-1.5 

2.99/3.01 

±25 

±40 

-1.5 

V  min/  V  max 
ppm/°C  typ 
±ppm/°C  max 

mV  max 

Reference  Load  Current  Change  (0-500  uA), 
rxeierence  j^oau  onouiu  inoi  dc  i^nangea 
During  Conversion 

LOGIC  INPUTS 

2.4 

0.8 

±10 

±10 

in 

VDD  =  5  V  ±  5% 

VDD        J  y   —  J  70 

VIN  =  0  V  to  VDD 
VIN  =  Vss  to  DGND 



(CONVST,  CLK,  CONTROL) 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current,  IIN 

Input  Current7  (CONTROL  &  CLK) 
Input  Capacitance, 

2.4 
0.8 
±10 
±10 

V  min 

V  max 
|xA  max 
jjlA  max 
pF  max 

LOGIC  OUTPUTS 
DR,  RFS  Outputs 

Output  Low  Voltage,  Vq^ 
RCLK  Output 

Output  Low  Voltage,  VOL 
DR,  RFS,  RCLK  Outputs 

Floating-State  Leakage  Current 

Floating-State  Output  Capacitance8 

n  a 
0.4 

±10 
15 

ft  A 

0.4 

±10 
15 

v  max 

Vmax 

uA  max 
pF  max 

tsiNK  —       m/\,  ruu-up  ivesistor  —  t./  Kii 
Isink  =  2.6  mA,  Pull-Up  Resistor  =  2  kfl 

f^r*TvT\7T7BCTr»M  True 
External  Clock 
Internal  Clock 

10 
10 

10 
10 

(xs  max 
u.s  max 

The  Internal  Clock  Has  a  Nominal  Value  of  2.0  MHz 

POWER  REQUIREMENTS 

vss 

Idd 
tm 

Total  Power  Dissipation 

+  5 
-5 
22 
12 
170 

+5 
-5 
22 
12 
170 

V  nom 

V  nom 
mA  max 
mA  max 
mW  max 

For  Both  DAC  and  ADC 
±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Cumulative  Current  from  the  Two  VDd  Pms 
Cumulative  Current  from  the  Two  Vss  Pins 
Typically  130  mW 

NOTES 

'Temperature  ranges  are  as  follows:  J  Version,  0°C  to  +70°C;  A  Version,  -40°C  to  +85°C. 
yw=  ±3V. 

3SNR  calculation  includes  distortion  and  noise  components. 

4 SNR  degradation  due  to  asynchronous  DAC  updating  during  conversion  is  0. 1  dB  typ. 
'Measured  with  respect  to  internal  reference. 

*For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (sec  Internal  Reference  section). 

'Tying  the  CONTROL  input  to  VDD  places  the  device  in  a  factory  test  mode  where  normal  operation  is  not  exhibited. 

8Sample  tested  @  +25°C  to  ensure  compliance. 

Specifications  subject  to  change  without  notice. 
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nun  crrmnu  (V°°  =  +5  V  ±  5%,  Vss  =  -5  V  ±  5%,  AGND  =  DGND  =  0  V,  Rl  DAC  =  +3  V  and  decoupled  as  shown  in  Fig- 
DAC  SECTION  ure  2,  V0UT  Load  to  AGND;  =  2  kft,  CL  =  100  pF.  All  specifications  Tmin  to  Tm»  unless  otherwise  noted.) 


Parameter 


J  Version1    A  Version1  Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE2 
Signal-to-Noise  Ratio3  (SNR)  @  +25°C 

T.^,  to  T„„ 
Total  Harmonic  Distortion  (THD) 

Peak  Harmonic  or  Spurious  Noise 


78 
78 
-86 

-86 


78 
77 
-86 


-86 


dB  min 
dB  min 
dB  typ 

dB  typ 





V0UT  -  1  kHz  Sine  Wave>  fsAMPLE  =  83  kHz 

TypicaUy  82  dB  at  +25°C  for  0  <VOUT<20  kHz4 
VOUT  =  1  kHz  Sine  Wave,  f sample  =  83  kHz 
Typically  -84  dB  at  +25°C  for  0  <VOUX<20  kHz4 
VOUT  =  1  kHz,  fSAMPLE  =  83  kHz 
Typically  -84  dB  at  +25°C  for  0  <VOUT<20  kHz4 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Full-Scale  Error5 
Negative  Full-Scale  Error5 


14 

±2 

±1 

±10 

±10 

±10 


14 

±2 

±1 

±10 

±10 

±10 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


■ 

Guaranteed  Monotonic 


REFERENCE  OUTPUT6 
RO  DAC  @  +25°C 
RO  DAC  TC 

Reference  Load  Change 
(ARO  DAC  vs.  AI) 


2.99/3.01 
±25 


-1.5 


2.99/3.01 

±25 

±40 

-1.5 


V  min/V  max 
ppm/°C  typ 
ppm/°C  max 

mV  max 


Reference  Load  Current  Change  (0-500  uA) 


REFERENCE  INPUT 
RI  DAC  Input  Range 
Input  Current 


2.85/3.15 
1 


2.85/3.15 
1 


V  min/V  i 
u.A  max 


3  V  ±5% 


LOGIC  INPUTS 

(LDAC,  TFS,  TCLK,  DT) 
Input  High  Voltage,  V^ 
Input  Low  Voltage,  V,NL 
Input  Current,  IIN 
Input  Capacitance,  CIN7 


2.4 
0.8 
±10 
10 


2.4 

0.8 

±10 

10 


V  min 

V  max 
IxA  max 
pF  max 


VDD  =  5  V  ±5% 
VDD  =  5  V  ±5% 
VIN  =  0  V  to  VDD 


- 


ANALOG  OUTPUT 
Output  Voltage  Range 
DC  Output  Impedance 
Short-Circuit  Current 


±3 
0.3 
20 


±3 
0.3 
20 


V  nom 
fltyp 
mA  typ 


AC  CHARACTERISTICS7 

Voltage  Output  Settling-Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 

Digital-to-Analog  GUtch  Impulse 

Digital  Feedthrough 

vin  t0  votrr  Isolation 


4 
10 

2 

100 


4 
4 
10 

2 

100 


ixs  max 
pis  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 


Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  3  u.s 
Typically  3.5  us 

DAC  Code  Change  All  Is  to  All  Os 


VIN  =  ±3  V,  41.5  kHz  Sine  Wave 


POWER  REQUIREMENTS 


As  per  ADC  Section 



NOTES 

'Temperature  ranges  are  as  follows:  J  Version,  0°C  to  +70"C;  A  Version,  -40°C  to  +85°C. 


-(P-P)  ! 


t3  V. 


?SNR  calculation  includes  distortion  and  noise  components. 

4Using  external  sample  and  hold,  see  Figures  13  to  15. 

'Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  error. 

6For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  Internal  Reference  section). 
'Sample  tested  (5  +25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


■ 

:  ■ 
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TIMING  CHARACTERISTICS1- 2  (vD0  -  +5  v  ±  «,  Vss  =  -5  v  ±«,  «hd  =  dgnd  , .  v> 


Conditions/Comments 

ADC  TIMING 


CONVST  Pulse  Width 
RCLK  Cycle  Time,  In 


al  Clock 


RFS  to  RCLK  Falling  Edge  Setup  Time 
RCLK  Rising  Edge  to  RFS 

■ 

RCLK  to  Valid  Data  Delay,  CL  =  35  pF 
Bus  Relinquish  Time  after  RCLK 



CONVST  to  RFS  Delay 




TFS  to  TCLK  Falling  Edge 
TCLK  Falling  Edge  to  TFS 
TCLK  Cycle  Time 
Data  Valid  to  TCLK  Setup  Time 
Data  Valid  to  TCLK  Hold  Time 
LDAC  Pulse  Width 


input  signals  are  specified  with  tr  =  tf  = 


5  ns  (10%  to  90%  of  5  V)  and  timed  from 


NOTES 

'Tuning  specifications  are  sample  tested  at  +25°C  to  ensure  c 
a  voltage  level  of  1.6  V. 

'Serial  timing  is  measured  with  a  4.7  kfl  pull-up  resistor  on  DR  and  RFS  and  a  2  kfl  pull-up  resistor  on  RCLK.  The  capacitance  on  all  three  outputs  is  35  pF. 
'When  using  internal  clock,  RCLK  mark/space  ratio  (measured  form  a  voltage  level  of  1.6  V)  range  is  40/60  to  60/40.  For  external  clock,  RCLK  mark/space 
ratio  =  external  clock  mark/space  ratio. 

4DR  will  drive  higher  capacitance  loads  but  this  will  add  to  t5  since  it  increases  the  external  RC  time  constant  (4.7  kCV/CJ  and  hence  the  time  to  reach  2.4  V. 

^Tima  ?  On  V  m  3  DPI  If  Atm*nAc  nn  mmmmmUmi  crier  In  AFV^  tAtvV  nfnphmni7grinn 


Ti«  2  RCLK  to  3  RCLK  depends  on  conversion  start  to  ADC  clock  synchronization 
TCLK  mark/space  ratio  is  40/60  to  60/40. 

■ 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 


Vss  to  AGND  +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  VDD+0.3  V 

Voux  to  AGND  .  .  Vss  to  VDD 

V1N  to  AGND  Vss  -0.3  V  to  VDD+0.3  V 

RO  ADC  to  AGND   -0.3  V  to  VDD+0.3  V 

RO  DAC  to  AGND   -0.3  V  to  VDD+0.3  V 

RI  DAC  to  AGND  -0.3  V  to  VDD+0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  VDD-r0.3  V 

Digital  Outputs  to  DGND   -0.3  V  to  VDD+0.3  V 

CAUTION   


Operating  Temperature  Range 

J  Version  0°C  to  +70°C 

A  Version   -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissip 


>ation  (Any  Package)  to  +75°C   1000  mW 

'e  +75°C  b  10  mW/°C 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subji — 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  sh 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted 


ORDERING  GUIDE 


Signai- 

Temperature 

to-Noise 

Relative 

Package 

Model 

Range 

Ratio  (SNR) 

Accuracy 

Option* 

AD7869JN 

0°C  to  +70°C 

78  dB 

±2  LSB  max 

N-24 

AD7869JR 

0°C  to  +70°C 

78  dB 

±2  LSB  max 

R-28 

AD7869AQ 

-40°C  to  +85°C 

77  dB 

±2  LSB  max 

Q-24 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline  information 
see  Package  I 
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FEATURES 

Fast  12-Bit  ADC  with  5.9  (xs  Conversion  Time 
Eight  Single-Ended  Analog  Input  Channels 
Selection  of  Input  Ranges 

±10  V  for  AD7890-10 

0  V  to  +4.096  V  for  AD7890-4 

0  V  to  -1-2.5  V  for  AD7890-2 
Allows  Separate  Access  to  Multiplexer  and  ADC 
On-Chip  Track/Hold  Amplifier 
On-Chip  Reference 
High  Speed,  Flexible,  Serial  Interface 
Single  Supply,  Low  Power  Operation  (50  mW  max) 
Power-Down  Mode  (75  jaW  typ) 


MUX  SHA  REF  OUT/ 
OUT    IN      REF  IN 


GENERAL  DESCRIPTION 

The  AD7890  is  an  eight-channel  12-bit  data  acquisition  system. 
The  part  contains  an  input  multiplexer,  an  on-chip  track/hold 
amplifier,  a  high-speed  12-bit  ADC,  a  +2.5  V  reference  and  a 
high  speed,  serial  interface.  The  part  operates  from  a  single 
+  5  V  supply  and  accepts  an  analog  input  range  of  ±  10  V 
(AD7890-10),  0  to  +4.096  V  (AD7890-4)  and  0  to  +2.5  V 
(AD7890-2). 

The  multiplexer  on  the  part  is  independently  accessible.  This 
allows  the  user  to  insert  an  antialiasing  filter  or  signal  condition- 
ing, if  required,  between  the  multiplexer  and  the  ADC.  This 
means  that  one  antialiasing  filter  can  be  used  for  all  eight  chan- 
nels. Connection  of  an  external  capacitor  allows  the  user  to 
adjust  the  time  given  to  the  multiplexer  settling  to  include  any 
external  delays  in  the  filter  or  signal  conditioning  circuitry. 

Output  data  from  the  AD7890  is  provided  via  a  high  speed  bidi- 
rectional serial  interface  port.  The  part  contains  an  on-chip  con- 
trol register,  allowing  control  of  channel  selection,  conversion 
start  and  power-down  via  the  serial  port.  Versatile,  high  speed 
logic  ensures  easy  interfacing  to  serial  pons  on  microcontrollers 
and  digital  signal  processors. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  AD7890  is  also  speci- 
fied for  dynamic  performance  parameters  including  harmonic 


kmm>S<!h!h!h!h!^ 


AGND  AGND  BOND  CLK     SCLK  TFS   RFS  DATA  DATA  SMODE 
IN  OUT  IN 

- 

'NO  SCALING  ON  AD7890-2 

Power  dissipation  in  normal  mode  is  low  at  30  mW  typ  and  the 
part  can  be  placed  in  a  standby  (power-down)  mode  if  it  is  not 
required  to  perform  conversions.  The  AD7890  is  fabricated  in 
Analog  Devices'  Linear  Compatible  CMOS  (LC2MOS)  process, 
a  mixed  technology  process  that  combines  precision  bipolar  cir- 
cuits with  low  power  CMOS  logic.  The  part  is  available  in  a 
24-pin,  0.3"  wide,  plastic  or  hermetic  dual-in-line  package  or  in 
a  24-pin  small  outline  package  (SOIC). 


PRODUCT  HIGHLIGHTS 

1.  Complete  12-Bit  Data  Acquisition  System  on  a  Chip 

The  AD7890  is  a  complete  monolithic  ADC  combining  an 
eight-channel  multiplexer,  12-bit  ADC,  +2.5  V  reference  and 
a  track/hold  amplifier  on  a  single  chip. 

2.  Separate  Access  to  Multiplexer  and  ADC 

The  AD7890  provides  access  to  the  output  of  the  multiplexer 
allowing  one  antialiasing  filter  for  eight  channels— a  consider- 
able saving  over  the  eight  antialiasing  filters  required  if  the 
multiplexer  was  internally  connected  to  the  ADC. 

3.  High  Speed  Serial  Interface 

The  part  provides  a  high  speed  serial  interface  for  easy 
connection  to  serial  ports  of  microcontrollers  and  DSP 
processors. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  (VDD  =  +5  V,  AGND  =  OGND  =  0  V,  REF  IN  =  +2.5  V,  fCLK  IN  =  2.5  MHz 

external,  MUX  OUT  connect  to  SHA  IN.  All  specifications  TM]N  to  TMAX  unless  otherwise  noted.) 


AD7890 


Parameter 


A  Versions'  B  Versions  S  Version 


Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE 

Signal  to  (Noise  +  Distortion)  Ratio' 
Total  Harmonic  Distortion  (THD)2 
Peak  Harmonic  or  Spurious  Noise2 
Intermodulation  Distortion 

2nd  Order  Terms 

3rd  Order  Terms 
Channel-to-Channel  Isolation2 


70 

-78 

-79 


-80 
-80 


70 

-78 
-79 

-80 
-80 
-80 


70 

-78 

-79 


-80 
-80 


dB  min 
dB  max 
dB  max 

dB  typ 
dB  typ 
dB  max 


Using  External  CONVST.  Any  Channel 
fIN  =  10  kHz  Sine  Wave,  fSAMPl.E  =  100  kHz3 
fIN  =  10  kHz  Sine  Wave,  fSAMPLE  =  100  kHz3 
fIN  =  10  kHz  Sine  Wave,  fSAMpLE  =  100  kHz3 
fa  =  9  kHz,  fb  =  9.5  kHz,  fSAMPLE  =  100  kHz3 


1  kHz  Sine  Wave 


DC  ACCURACY 
Resolution 

Minimum  Resolution  for  Which 
No  Missing  Codes  are  Guaranteed 

Relative  Accuracy2 

Differential  Nonlinearity2 

Positive  Full-Scale  Error2 

Full-Scale  Error  Match4 

AD7890-2,  AD7890-4 
Unipolar  Offset  Error2 
Unipolar  Offset  Error  Match 

AD7890-10  Only 

Negative  Full-Scale  Error2 
Bipolar  Zero  Error2 
Bipolar  Zero  Error  Match 


12 

12 

±1 
±1 
±2.5 
2 

±2 
2 

±2 
±4 
2 


Any  Channel 


12 
12 

±0.5 
±1 
±2.5 
2 

±2 
2 

±2 
±4 
2 


12 

12 

±1 

±1 

±2.5 

2 

±2 
2 

±2 
±4 
2 


Bits 
Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 

LSB  max 
LSB  max 

LSB  max 
LSB  max 
LSB  max 


ANALOG  INPUTS 
AD7890-10 
Input  Voltage  Range 
Input  Resistance 
AD7890-4 

it  Voltage  Range 


AD7890-2 
Input  Voltage  Range 


±10 
20 


to  +4.096 


0  to  +2.5 
50 


+  10 
20 


0  to  +4.096 
11 


Oto  +2.5 
50 


+  10 
20 

0  to  +4.096 
11 

0  to  +2.5 
200 


Volts 
kfi  min 

Volts 
kfi  min 

Volts 
nA  max 


MUX  OUT  OUTPUT 
Output  Voltage  Range 
Output  Resistance 

(AD7890-10,  AD7890-4) 

(AD7890-2) 


2 


0  to  +2.5 

3/5 
2 


0  to  +2.5 


3/5 
2 


Volts 

kfi  min/kfi  max 
kfi  max 





Assuming  VIN  Is  Driven  from  Low  Impedance 


SHA  IN  INPUT 
Input  Voltage  Range 
Input  Current 


0  to  +2.5 
±50 


0  to  +2.5 
±50 


0  to  +2.5 
±50 


Volts 
nA  max 


MCE  OUTPUT/INPUT 
REF  IN  Input  Voltage  Range 
Input  Impedance 
Input  Capacitance5 
REF  OUT  Output  Vc 
REF  OUT  Error  @  +25 

REF  OUT  Temperature  Coefficient 
REF  OUT  Output  Impedance 


2.375/2.625 

1.6 

10 

2.5 

±10 

±20 

25 

2 


2.375/2.625 
1.6 
10 
2.5 
±10 
±20 
25 
2 


2.375/2.625 
1.6 
10 
2.5 
±10 
±25 
25 
2 


kfi  min 
pF  max 
V  nom 
mV  max 
mV  max 
ppm/°C  typ 
kfi  nom 


2.5  V  ±  5% 

Resistor  Connected  to  Internal  Reference  Node 


LOGIC  INPUTS 
Input  High  Voltage,  VraH 
Input  Low  Voltage,  VINL 
Input  Current,  I,N 
Input  Capacitance,  CJN 





2.4 
0.8 
+  10 


2.4 
0.8 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
u.A  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
VIN  =  0VtoVDD 


■ 
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AD7890— SPECIFICATIONS 


Parameter 

A  Versions1 

B  Versions 

S  Version 

Units 

Test  Conditions/Comments 

LOGIC  OUTPUTS 

Output  High  Voltage,  VOH 
Output  Low  Voltage,  VOL 
Serial  Data  Output  Coding 

AD7890-10 

AD7890-4 

AD7890-2 

4.0 
0.4 

2 

Straig 
Straig 

4.0 
0.4 

5  Complemen 
it  (Natural)  I 
it  (Natural)  I 

4.0 
0.4 

t 

iinary 
Jinary 

V  min 

V  max 

'source  =  200  M-A 
'sink  =  1.6  rnA 

CONVERSION  RATE 
Conversion  Time 

5.9 

5.9 

5.9 

u.s  max 

fCLK  in  =  2.5  MHz,  MUX  OUT 

Track/Hold  Acquisition  Time2, 5 

2 

2 

2 

u.s  max 

Connected  to  SHA  IN 

POWER  REQUIREMENTS 

IDD  (Normal  Mode) 

IDD  (Standby  Mode)6  @  +25°C 

Power  Dissipation 

Normal  Mode 

Standby  Mode  @  +25°C 

+5 
10 
15 

50 
75 

+5 
10 
15 

50 
75 

+5 
10 
15 

50 
75 

V  nom 
mA  max 
uAtyp 

mW  max 
u-Wtyp 

±5%  for  Specified  Performance 
Logic  Inputs  =  0  V  or  VDD 
Logic  Inputs  =  0  V  or  VDD 

Typically  30  mW 

NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°Q  S  Version:  -55°C  to  +125°C. 
2See  Terminology. 

3This  sample  rate  is  only  achievable  when  using  the  pan  in  external  clocking  mode. 

4Full-scale  error  match  applies  to  positive  full  scale  for  the  AD7890-2  and  AD7890-4.  It  applies  to  both  positive  and  negative  full  scale  for  the  AD7890-10. 
5Sample  tested  (a  +25°C  to  ensure  compliance. 

6 Analog' inputs  on  AD7890-10  must  be  at  0  V  to  achieve  correct  power-down  current. 
Specifications  subject  to  change  without  notice. 


 ±17  V 

 -5  V,  +10  V 

-0.3  V  to  VDD  +  0.3  V 
-0.3  V  to  VDD  +  0.3  V 
-0.3  V  to  VDD  +  0.3  V 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  AGND   -0.3  V  to  +7  V 

VDDtoDGND   -0.3  V  to +7  V 

Analog  Input  Voltage  to  AGND 

AD7890-10,  AD7890-4   

AD7890-2   

Reference  Input  Voltage  to  AGND 

Digital  Input  Voltage  to  DGND  . 

Digital  Output  Voltage  to  DGND 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature   +150°C 

Plastic  DIP  Package,  Power  Dissipation   450  mW 

6JA  Thermal  Impedance   105°C/W 

Lead  Temperature  (Soldering,  10  sec)  +260°C 

Cerdip  Package,  Power  Dissipation   450  mW 

6JA  Thermal  Impedance  70°C/W 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

SOIC  Package,  Power  Dissipation   450  mW 

0JA  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

ORDERING  GUIDE 


Model 


AD7890AN-2 

AD7890BN-2 

AD7890AR-2 

AD7890BR-2 

AD7890SQ-2 

AD7890AN-4 

AD7890BN-4 

AD7890AR-4 

AD7890BR-4 

AD7890SQ-4 

AD7890AN-10 

AD7890BN-10 

AD7890AR-10 

AD7890BR-10 

AD7890SQ-10 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°Cto  +85°C 
-40°Cto  +85°C 
-55°Cto  +125°C 
-40°C  to  +  85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 
-40°C  to  +85°C 
-40°C  to  +  85°C 
-40°C  to  +85"C 
-40°C  to  +85°C 
-55°C  to  +  125°C 


Linearity 
Error  (LSB) 


±1  LSB 
±1/2  LSB 
±1  LSB 
±  1/2  LSB 
±1  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 
±1  LSB 


Package 
Option* 


N-24 
N-24 
R-24 
R-24 
Q-24 
N-24 
N-24 
R-24 
R-24 
Q-24 
N-24 
N-24 
R-24 
R-24 
Q-24 


*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see 
Package  Information  section. 


CAUTION   _____ 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD7890  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 
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TIMINP  PUARAPTPDICTirCl  2  ff"  =  +5  V  ±  5%' AGND  =  D6N0  =  0  V'  REF IN  =  +"  V' f"  ■  =  2  5  MHz  external' 
IIMINb  UHAKAUItKIMIUV'     MUX  OUT  connected  to  SHA  IN.) 


) 










Limit  at  T^,  TMAX 
(A,  B,  S  Versions) 


Units 


tcLK  IN  LO 
*CLK  IN  HI 

tr4 
tf 

'convert 

Self-Clocking  Mode 
ti 

t3 
t4 

t55 
U 
t76 
t8 


t, 

t.o 

tn 


Mode 


t145 
t.5 

l16 
C18 

6 


2.5 

0.3  X  tcLK  IN 
0-3  X  tcLK  ,N 

25 
25 
5.9 
100 

tcLK  IN  HI  +50 

25 

tcLK  IN  HI 
kxK  IN  LO 
20 

40 
50 

Lcin  +  50 
0 
20 
10 
20 

20 
40 

50 


kHz  min 
MHz  max 
ns  min 
ns  min 
ns  max 
ns  max 
M-s  max 
ns  min 

ns  max 
ns  max 
ns  nom 
ns  nom 
ns  max 
ns  max 

ns  max 

. 


Master  Clock  Frequency.  For  Specified  Performance 

Master  Clock  Input  Low  Time 
Master  Clock  Input  High  Time 
Digital  Output  Rise  Time.  Typically  10  ns 
Digital  Output  Fall  Time.  Typically  10  ns 
Conversion  Time 
CONVST  Pulse  Width 


l21 

hi 


50  ns  min 

35 
20 
50 
90 
20 
10 
15 
40 


 1  nsmm  


RFS  Low  to  SCLK  Falling  Edge 
RFS  Low  to  Data  Valid  Delay 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 
SCLK  Rising  Edge  to  Data  Valid  Delay 
SCLK  Rising  Edge  to  RFS  Delay 
Bus  Relinquish  Time  after  Rising  Edge  of  SCLK 
TFS  Low  to  SCLK  Falling  Edge 
max 

Data  Valid  to  TFS  Falling  Edge  Setup  Time  (A2  Address  Bit) 
Data  Valid  to  SCLK  Falling  Edge  Setup  Time 
Data  Valid  to  SCLK  Falling  Edge  Hold  Time 
TFS  to  SCLK  Falling  Edge  Hold  Time 

RFS  Low  to  SCLK  Falling  Edge  Setup  Time 
RFS  Low  to  Data  Valid  Delay 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 
SCLK  Rising  Edge  to  Data  Valid  Delay 

Bus  Relinquish  Time  after  Rising  Edge  of  RFS 
Bus  Relinquish  Time  after  Rising  Edge  of  SCLK 
TFS  Low  to  SCLK  Falling  Edge  Setup  Time 
Data  Valid  to  SCLK  Falling  Edge  Setup  Time 
Data  Valid  to  SCLK  Falling  Edge  Hold  Time 
TFS  to  SCLK  Falling  Edge  Hold  Time 


ns  mm 
ns  min 
ns  min 
ns  min 

ns  min 
ns  max 
ns  min 


ns  max 
ns  min 
ns  max 
ns  max 
ns  min 
ns  min 
ns  min 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
2See  Figures  8  to  11. 

3Thc  AD7890  is  production  tested  with  Iclkin  at  2.5  MHz.  It  is  guaranteed  by  characterization  to  operate  at  100  kHz. 
Specified  using  10%  and  90%  points  on  waveform  of  interest. 

'These  numbers  are  measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  the  output  to  cross  0.8  V  or  2.4  V. 
These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1 

is  then  extrapolated  back  to  remove  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  times  quoted  in  the  tim 

the  true  bus  relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 


TO  OUTPUT 


2.1V 

■ 


d  number 

ghch™ 

tics  are 

Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 
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Pil 

1 

2 

3 
4 

5 

6 

7 

8 
9 

10 

11 

12 
13 

14 

15 
16 




Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC. 

Control  Input.  Determines  whether  the  part  operates  in  its  External  Clocking  (slave)  or  Self-Clocking 
(master)  serial  mode.  With  SMODE  at  a  logic  low,  the  part  is  in  its  Self-Clocking  serial  mode  with 
RFS  and  SCLK  as  outputs.  This  Self-Clocking  mode  is  useful  for  connection  to  shift  registers  or  to 
serial  ports  of  DSP  processors.  With  SMODE  at  a  logic  high,  the  part  is  in  its  External  Clocking 
serial  mode  with  SCLK  and  RFS  as  inputs.  This  External  Clocking  mode  is  useful  for  connection  to 
the  serial  port  of  microcontrollers  such  as  the  8XC5 1  and  the  68HCXX  and  for  connection  to  the 
serial  ports  of  DSP  processors. 
Digital  Ground.  Ground  reference  for  digital  circuitry. 

External  Capacitor.  An  external  capacitor  is  connected  to  this  pin  to  determine  the  length  of  the 
internal  pulse  (see  CONVST  input  and  Control  Register  section).  Larger  capacitances  on  this  pin 
extend  the  pulse  to  allow  for  settling  time  delays  through  an  external  antialiasing  filter  or  signal 
conditioning  circuitry. 

Convert  Start.  Edge-triggered  logic  input.  A  low  to  high  transition  on  this  input  puts  the  track/hold 
into  hold  and  initiates  conversion  provided  that  the  internal  pulse  has  timed  out  (see  Control  Register 
section).  If  the  internal  pulse  is  active  when  the  CONVST  goes  high,  the  track/hold  will  not  go  into 
hold  until  the  pulse  times  out.  If  the  internal  pulse  has  timed  out  when  CONVST  goes  high,  the 
rising  edge  of  CONVST  drives  the  track/hold  into  hold  and  initiates  conversion, 
lock  Input.  An  external  TTL-compatible  clock  is  applied  to  this  input  pin  to  provide  the  clock 
lurce  for  the  conversion  sequence.  In  the  Self-Clocking  serial  mode,  the  SCLK  output  is  derived 
from  this  CLK  IN  pin. 

Serial  Clock  Input.  In  the  External  Clocking  (slave)  mode  (see  Serial  Interface  section)  this  is  an 
externally  applied  serial  clock  which  is  used  to  load  serial  data  to  the  control  register  and  to  access 
data  from  the  output  register.  In  the  Self-Clocking  (master)  mode,  the  internal  serial  clock,  which  is 
derived  from  the  clock  input  (CLK  IN),  appears  on  this  pin.  Once  again,  it  is  used  to  load  serial  data 
to  the  control  register  and  to  access  data  from  the  output  register. 

Transmit  Frame  Synchronization  Pulse.  Active  low  logic  input  with  serial  data  expected  after  the 
falling  edge  of  this  signal. 

Receive  Frame  Synchronization  Pulse.  In  the  External  Clocking  mode,  this  pin  is  an  active  low  logic 
input  with  RFS  provided  externally  as  a  strobe  or  framing  pulse  to  access  serial  data  from  the  output 
register.  In  the  Self-Clocking  mode,  it  is  an  active  low  output  which  is  internally  generated  and 
provides  a  strobe  or  framing  pulse  for  serial  data  from  the  output  register.  For  applications  which 
require  that  data  be  transmitted  and  received  at  the  same  time,  RFS  and  TFS  should  be  connected 
together. 

Serial  Data  Output.  Sixteen  bits  of  serial  data  are  provided  with  one  leading  zero,  preceding  the  three 
address  bits  of  the  Control  register  and  the  12  bits  of  conversion  data.  Serial  data  is  valid  on  the 
falling  edge  of  SCLK  for  sixteen  edges  after  RFS  goes  low.  Output  coding  from  the  ADC  is  2s 
complement  for  the  AD7890-10  and  straight  binary  for  the  AD7890-4  and  AD7890-2. 
Serial  Data  Input.  Serial  data  to  be  loaded  to  the  control  register  is  provided  at  this  input.  The  first 
five  bits  of  serial  data  are  loaded  to  the  control  register  on  the  first  five  falling  edges  of  SCLK  after 
TFS  goes  low.  Serial  data  on  subsequent  SCLK  edges  is  ignored  while  TFS  remains  low. 
Positive  supply  voltage,  +5  V  ±  5%. 

Multiplexer  Output.  The  output  of  the  multiplexer  appears  at  this  pin.  The  output  voltage  range 
from  this  output  is  0  V  to  +2.5  V  for  the  nominal  analog  input  range  to  the  selected  channel.  The 
output  impedance  of  this  output  is  nominally  3.5  kfl.  If  no  external  antialiasing  filter  is  required, 
MUX  OUT  should  be  connected  to  SHA  IN. 

Track/Hold  Input.  The  input  to  the  on-chip  track/hold  is  applied  to  this  pin.  It  is  a  high  impedance 

input  and  the  input  voltage  range  is  0  V  to  +2.5  V. 

Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC. 

Analog  Input  Channel  1.  Single-ended  analog  input.  The  analog  input  range  on  is  ±10  V 

(AD7890-10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be 

converted  is  selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has 

guaranteed  break-before-make  operation. 
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Analog  Input  Channel  2.  Single-ended  analog  input.  The  analog  input  range  on  is  ±10  V 
(AD7890-10),  0  V  to  +4.0%  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be 
converted  is  selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has 
guaranteed  break-before-make  operation. 

Analog  Input  Channel  3.  Single-ended  analog  input.  The  analog  input  range  on  is  ±  10  V(AD7890- 
10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  converted  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control-register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Analog  Input  Channel  4.  Single-ended  analog  input.  The  analog  input  range  on  is  ±  10  V(AD7890- 
10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  converted  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Analog  Input  Channel  5.  Single-ended  analog  input.  The  analog  input  range  on  is  ±10  V(AD7890- 
10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  converted  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Analog  Input  Channel  6.  Single-ended  analog  input.  The  analog  input  range  on  is  ±  10  V(AD7890- 
10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  convened  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Analog  Input  Channel  7.  Single-ended  analog  input.  The  analog  input  range  on  is  ±  10  V(AD7890- 
10),  0  V  to  +4.0%  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  converted  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Analog  Input  Channel  8.  Single-ended  analog  input.  The  analog  input  range  on  is  ±10  V(AD7890- 
10),  0  V  to  +4.096  V  (AD7890-4)  and  0  V  to  +2.5  V  (AD7890-2).  The  channel  to  be  converted  is 
selected  using  the  AO,  Al  and  A2  bits  in  the  control  register.  The  multiplexer  has  guaranteed 
break-before-make  operation. 

Voltage  Reference  Output/Input.  The  part  can  be  used  with  either  its  own  internal  reference  or  with 
an  external  reference  source.  The  on-chip  +2.5  V  reference  voltage  is  provided  at  this  pin.  When 
using  this  internal  reference  as  the  reference  source  for  the  part,  REF  OUT  should  decoupled  to 
AGND  with  a  0.1  uE  disc  ceramic  capacitor.  The  output  impedance  of  this  reference  source  is 
typically  2  kfi.  When  using  an  external  reference  source  as  the  reference  voltage  for  the  part,  the 
reference  source  should  be  connected  to  this  pin.  This  overdrives  the  internal  reference  and  provides 
the  reference  source  for  the  part.  The  REF  IN  input  is  buffered  on-chip.  The  nominal  reference 
voltage  for  correct  operation  of  the  AD7890  is  +2.5  V. 
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TERMINOLOGY 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  A/D  converter.  The  signal  is  the  rms  amplitude  of 
the  fundamental.  Noise  is  the  rms  sum  of  all  nonfundamental 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dependent  upon  the  number  of  quantization  levels 
in  the  digitization  process;  the  more  levels,  the  smaller  the 

signal  to  (noise  +  distortion) 
•  with  a  sine  wave  input  is  given 

by:  ,   ,  mm  j  t_ 

Signal  to  {Noise  +  Distortion)  =  (6.02N  +  1.76)  dB 

Thus  for  a  12-bit  converter,  this  is  74  dB. 

Total  Harmonic  Distortion 

Total  harmonic  distortion  (THD)  is  the  ratio  of  the  rms  sum  of 
harmonics  to  the  fundamental.  For  the  AD7890,  it  is  defined  as: 


ratio  for  an 


VvJT 


v\  +  vl  +vl  +  v\ 


THD  [dB)  =  20  log 

r  i 

where  Vj  is  the  rms  amplitude  of  the  fundamental  and  V2,  V3, 
V4,  V5  and  V6  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonics. 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  ADC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  is  deter- 
mined by  the  largest  harmonic  in  the  spectrum,  but  for  parts 
where  the  harmonics  are  buried  in  the  noise  floor,  it  will  be  a 
noise  peak. 

Intermodulation  Distortion 

With  inputs  consisting  of  sine  waves  at  two  frequencies,  fa  and 
fb,  any  active  device  with  nonlinearities  will  create  distortion 
products  at  sum  and  difference  frequencies  of  mfa  ±  nfb  where 
m,  n  =  0,  1,  2,  3,  etc.  Intermodulation  terms  are  those  for 
which  neither  m  or  n  are  equal  to  zero.  For  example,  the  second 
order  terms  include  (fa  +  fb)  and  (fa  -  fb),  while  the  third 
order  terms  include  (2fa  +  fb),  (2fa  -  fb),  (fa  +  2fb)  and  (fa  - 
2fb). 

The  AD7890  is  tested  using  the  CCIF  standard  where  two  input 
frequencies  near  the  top  end  of  the  input  bandwidth  are  used. 
In  this  case,  the  second  and  third  order  terms  are  of  different 
significance.  The  second  order  terms  are  usually  distanced  in 
frequency  from  the  original  sine  waves  while  the  third  order 
terms  are  usually  at  a  frequency  close  to  the  input  frequencies. 
As  a  result,  the  second  and  third  order  terms  are  specified  sepa- 
rately. The  calculation  of  the  intermodulation  distortion  is  as  per 
the  THD  specification  where  it  is  the  ratio  of  the  rms  sum  of 
the  individual  distortion  products  to  the  rms  amplitude  of  the 
fundamental  expressed  in  dBs. 


Channel-to-Channel  Isolation 

Channel-to-channel  isolation  is  a  measure  of  the  level  of 
crosstalk  between  channels.  It  is  measured  by  applying  a  full- 
scale  1  kHz  signal  to  any  one  of  the  other  seven  inputs  and 
determining  how  much  that  signal  is  attenuated  in  the  channel 
of  interest.  The  figure  given  is  the  worst  case  across  all  eight 
channels. 

Relative  Accuracy 

Relative  accuracy  or  endpoint  nonlinearity  is  the  maximum  devi- 
ation from  a  straight  line  passing  through  the  endpoints  of  the 
ADC  transfer  function. 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal  1 
LSB  change  between  any  two  adjacent  codes  in  the  ADC. 

Positive  Full-Scale  Error  (AD 7890- 10) 

This  is  the  deviation  of  the  last  code  transition  (01  .  .  .  110  to 
01  ...  Ill)  from  the  ideal  (4  x  REF  IN  -  1  LSB)  after  the 
Bipolar  Zero  Error  has  been  adjusted  out. 

Positive  Full-Scale  Error  (AD7890-4) 

This  is  the  deviation  of  the  last  code  transition  (11  .  .  .  110  to 
11  .  .  .  Ill)  from  the  ideal  (1.638  x  REF  IN  -  1  LSB)  after 
the  Unipolar  Offset  Error  has  been  adjusted  out. 

Positive  Full-Scale  Error  (AD7890-2) 

This  is  the  deviation  of  the  last  code  transition  (11  .  .  .  110  to 
11  ...  Ill)  from  the  ideal  (REF  IN  -  1  LSB)  after  the  Unipo- 
lar Offset  Error  has  been  adjusted  out. 

Bipolar  Zero  Error  (AD7890-10) 

This  is  the  deviation  of  the  midscale  transition  (all  0s  to  all  Is) 
from  the  ideal  0  V  (AGND). 

Unipolar  Offset  Error  (AD7890-2,  AD7890-4) 

This  is  the  deviation  of  the  first  code  transition  (00  .  .  .  000  to 
00  .  .  .  001)  from  the  ideal  0  V  (AGND). 

Negative  Full-Scale  Error  (AD7890-10) 

This  is  the  deviation  of  the  first  code  transition  (10  .  .  .  000  to 
10  .  .  .  001)  from  the  ideal  (-4  x  REF  IN  +  1  LSB)  after 
Bipolar  Zero  Error  has  been  adjusted  out. 

Track/Hold  Acquisition  Time 

Track/Hold  acquisition  time  is  the  time  required  for  the  output 
of  the  track/hold  amplifier  to  reach  its  final  value,  within 
±  1/2  LSB,  after  the  end  of  conversion  (the  point  at  which  the 
track/hold  returns  to  track  mode).  It  also  applies  to  situations 
where  a  change  in  the  selected  input  channel  takes  place  or 
where  there  is  a  step  input  change  on  the  input  voltage  applied 
to  the  selected  VIN  input  of  the  AD7890.  It  means  that  the  user 
must  wait  for  the  duration  of  the  track/hold  acquisition  time 
after  the  end  of  conversion  or  after  a  channel  change/step  input 
change  to  VIN  before  starting  another  conversion,  to  ensure  that 
the  part  operates  to  specification. 
. 
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CONTROL  REGISTER 

The  Control  Register  for  the  AD7890  contains  5  bits  of  informa- 
tion as  described  below.  Six  serial  clock  pulses  must  be  provided 
to  the  part  in  order  to  write  data  to  the  Control  Register  (seven 
if  the  write  is  required  to  put  the  part  in  Standby  Mode).  If 
TFS  returns  high  before  six  serial  clock  cycles  then  no  data 
transfer  takes  place  to  the  Control  Register  and  the  write  cycle 
will  have  to  be  restarted  to  write  the  data  to  the  Control  Regis- 
ter. If,  however,  the  CONV  bit  of  the  register  (see  below)  is  set 
to  a  Logic  1 ,  then  a  conversion  will  be  initiated  whenever  a 
Control  Register  write  takes  place  regardless  of  how  many  serial 
clock  cycles  the  TFS  remains  low  for.  The  default  (power-on) 
condition  of  all  bits  in  the  Control  Register  is  0 


MSB 


A2 


A1  A0  CONV 


STBY 


A2 
Al 
AO 


CONV 


STBY 


Address  Input.  This  input  is  the  most  significant 
address  input  for  multiplexer  channel  selection. 
Address  Input.  This  is  the  2nd  most  significant 
address  input  for  multiplexer  channel  selection. 
Address  Input.  Least  significant  address  input  for 
multiplexer  channel  selection.  When  the  address  is 
written  to  the  control  register,  an  internal  pulse  is 
initiated,  the  pulse  width  of  which  is  determined  by 
the  value  of  capacitance  on  the  CEXT  pin.  When 
this  pulse  is  active,  it  ensures  the  conversion  process 
cannot  be  activated.  This  allows  for  the  multiplexer 
settling  time  and  track/hold  acquisition  time  before 
the  track/hold  goes  into  hold  and  conversion  is  initi- 
ated. In  applications  where  there  is  an  antialiasing 
filter  between  MUX  OUT  and  SHA  IN,  the  filter 
settling  time  can  be  taken  into  account  before  the 
input  at  SHA  IN  is  sampled.  When  the  internal 
pulse  times  out,  the  track/hold  goes  into  hold  and 
conversion  is  initiated. 

Conversion  Stan.  Writing  a  1  to  this  bit  initiates  a 
conversion  in  a  similar  manner  to  the  CONVST 
input.  Continuous  conversion  starts  do  not  take 
place  when  there  is  a  1  in  this  location.  The  internal 
pulse  and  the  conversion  process  are  initiated  after 
the  sixth  serial  clock  cycle  of  the  write  operation  if  a 
1  is  written  to  this  bit.  With  a  1  in  this  bit,  the 
hardware  conversion  start  i.e.,  the  CONVST  input, 
is  disabled.  Writing  a  0  to  this  bit  enables  the  hard- 
ware CONVST  input. 

Standby  Mode  Input.  Writing  a  1  to  this  bit  places 
the  device  in  its  standby  or  power-down  mode. 
Writing  a  0  to  this  bit  places  the  device  in  its  nor- 
mal operating  mode.  The  part  does  not  enter  its 
standby  mode  until  the  seventh  falling  edge  of 
SCLK  in  a  write  operation.  Therefore,  the  part 
requires  seven  serial  clock  pulses  in  its  serial  write 
operation  if  it  is  required  to  put  the  part  into 
standby 


CONVERTER  DETAILS 

The  AD7890  is  an  eight-channel,  12-bit,  single  supply,  serial 
data  acquisition  system.  It  provides  the  user  with  signal  scaling, 
multiplexer,  track/hold,  reference,  A/D  converter  and  versatile 
serial  logic  functions  on  a  single  chip.  The  signal  scaling  allows 
the  part  to  handle  ±10  V  input  signals  (AD7890-10)  and  0  V  to 
+4.0%  V  input  signals  (AD7890-4)  while  operating  from  a  sin- 
gle +5  V  supply.  The  AD7890-2  contains  no  signal  scaling  and 
accepts  an  analog  input  range  of  0  V  to  +2.5  V.  The  part  oper- 
ates from  a  +2.5  V  reference  which  can  be  provided  from  the 
pan's  own  internal  reference  or  from  an  external  reference 
source. 

Unlike  other  single  chip  data  acquisition  solutions,  the  AD7890 
provides  the  user  with  separate  access  to  the  multiplexer  and  the 
A/D  converter.  This  means  that  the  flexibility  of  separate  multi- 
plexer and  ADC  solutions  is  not  sacrificed  with  the  one-chip 
solution.  With  access  to  the  multiplexer  output,  the  user  can 
implement  external  signal  conditioning  between  the  multiplexer 
and  the  track/hold.  It  means  that  one  antialiasing  filter  can  be 
used  on  the  output  of  the  multiplexer  to  provide  the  antialiasing 
function  for  all  eight  channels. 

Conversion  is  initiated  on  the  AD7890  either  by  pulsing  the 
CONVST  input  or  by  writing  a  Logic  1  to  the  CONV  bit  of  the 
Control  Register.  When  using  the  hardware  CONVST  input,  on 
the  rising  edge  of  the  CONVST  signal,  the  on-chip  track/hold 
goes  from  track  to  hold  mode  and  the  conversion  sequence  is 
staned  provided  the  internal  pulse  has  timed  out.  This  internal 
pulse  (which  appears  at  the  CEXt  pin)  is  initiated  whenever  the 
multiplexer  address  is  loaded  to  the  AD7890  Control  Register. 
This  pulse  goes  from  high  to  low  when  a  serial  write  to  the  part 
is  initiated.  It  starts  to  discharge  on  the  sixth  falling  clock  edge 
of  SCLK  in  a  serial  write  operation  to  the  part.  The  track/hold 
cannot  go  into  hold  and  conversion  cannot  be  initiated  until  the 
CEXX  pin  has  crossed  its  trigger  point  of  2.5  V.  The  discharge 
time  of  the  voltage  on  CEXT  depends  upon  the  value  of  capaci- 
tor connected  to  the  CEXT  pin  (see  CEXT  Functioning  section). 
The  fact  that  the  pulse  is  initiated  every  time  a  write  to  the  con- 
trol register  takes  place  means  that  the  software  conversion  start 
and  track/hold  signal  is  always  delayed  by  the  internal  pulse. 

The  conversion  clock  for  the  part  is  generated  from  the  clock 
signal  applied  to  the  CLK  IN  pin  of  the  part.  Conversion  time 
for  the  AD7890  is  5.9  (is  from  the  rising  edge  of  the  hardware 
CONVST  signal  and  the  track/hold  acquisition  time  is  2  ^.s.  To 
obtain  optimum  performance  from  the  part,  the  data  read  opera- 
tion or  Control  Register  write  operation  should  not  occur  during 
the  conversion  or  during  500  ns  prior  to  the  next  conversion. 
This  allows  the  part  to  operate  at  throughput  rates  up  to 
117  kHz  in  the  external  clocking  mode  and  achieve  data  sheet 
specifications.  The  part  can  operate  at  slightly  higher  through- 
put rates  (up  to  127  kHz),  again  in  external  clocking  mode  with 
degraded  performance  (see  Timing  and  Control  section).  The 
throughput  rate  for  self  clocking  mode  is  limited  by  the  serial 
clock  rate  to  78  kHz. 

All  unused  inputs  should  be  connected  to  a  voltage  within  the 
nominal  analog  input  range  to  avoid  noise  pickup.  On  the 
AD7890-10,  if  any  one  of  the  input  channels  wl 
being  converted  goes  more  negative  than  -12  1 
with  the  conversion  on  the  selected  channel. 


REV.  A 


DATA  ACQUISITION  SUBSYSTEMS  5-83 


AD7890 


CIRCUIT  DESCRIPTION 
Analog  Input  Section 

The  AD7890  is  offered  as  three  part  types,  the  AD7890-10 
which  handles  a  ±  10  V  input  voltage  range,  the  AD7890-4 
which  handles  a  0  to  +4.096  V  input  range  and  the  AD7890-2 
which  handles  a  0  to  +2.5  V  input  voltage  range. 

AD7890-10 

Figure  2  shows  the  analog  input  section  for  the  AD7890-10.  The 
analog  input  range  for  each  of  the  analog  inputs  is  ±  10  V  into 
an  input  resistance  of  typically  33  kfi.  This  input  is  benign  with 
no  dynamic  charging  currents  with  the  resistor  attenuator  stage 
followed  by  the  multiplexer  and  in  cases  where  MUX  OUT  is 
connected  to  SHA  IN  this  is  followed  by  the  high  input  imped- 
ance stage  of  the  track/hold  amplifier.  The  designed  code  transi- 
tions occur  on  successive  integer  LSB  values  (i.e.,  1  LSB, 
2  LSBs,  3  LSBs  .  .  .  ).  Output  coding  is  2s  complement  binary 
with  1  LSB  =  FS/4096  =  20  V/4096  =  4.88  mV.  The  ideal 
input/output  transfer  function  is  shown  in  Table  I. 
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Figure  2.  AD7890-10  Analog  Input  Structure 
Table  I.  Ideal  Input/Output  Code  Table  for  the  AD7890-10 


Digital  Output 

Analog  Input1 

Code  Transition 

+  FSR/2  -  1  LSB2  (9.995117  V) 

011  . 

.  110  to  011  . 

.  Ill 

+  FSR/2  -  2  LSBs  (9.990234  V) 

011  . 

.  101  to  011  . 

.  110 

+FSR/2  -  3  LSBs  (9.985352  V) 

011  . 

.  100  to  011  . 

.  101 

AGND  +  1  LSB  (0.004883  V) 

000  . 

.  000  to  000  . 

.  001 

AGND  (0.000000  V) 

Ill . 

.  Ill  to  000  . 

.  000 

AGND  -  1  LSB  (-0.004883  V) 

Ill . 

.  110  to  111  . 

.  Ill 

-FSR/2  +  3  LSBs  (-9.985352  V) 

100  . 

.  010  to  100  . 

.  011 

-FSR/2  +  2  LSBs  (-9.990234  V) 

100  . 

.  001  to  100  . 

.  010 

-FSR/2  +  1  LSB  (-9.995117  V) 

100  . 

.  000  to  100  . 

.  001 

NOTES 

'FSR  is  full-scale  range  and  is  20  V  with  REF  IN  =  +2.5  V. 
21  LSB  =  FSR/4096  =  4.883  mV  with  REF  IN  =  +2.5  V. 

AD7890-4 

Figure  3  shows  the  analog  input  section  for  the  AD7890-4.  The 
analog  input  range  for  each  of  the  analog  inputs  is  ±  10  V  into 
an  input  resistance  of  typically  15  k(l.  This  input  is  benign  with 
no  dynamic  charging  currents  with  the  resistor  attenuator  stage 
followed  by  the  multiplexer  and  in  cases  where  MUX  OUT  is 
connected  to  SHA  IN  this  is  followed  by  the  high  input  imped- 
ance stage  of  the  track/hold  amplifier.  The  designed  code  transi- 
tions occur  on  successive  integer  LSB  values  (i.e.,  1  LSB, 


2  LSBs,  3  LSBs  .  .  .  ).  Output  coding  is  straight  (natural) 
binary  with  1  LSB  =  FS/4096  =  4.096  V/4096  =  1  mV.  The 
ideal  input/output  transfer  function  is  shown  in  Table  II. 
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Figure  3.  AD7890-4  Analog  Input  Structure 
Table  II.  Ideal  Input/Output  Code  Table  for  the  AD7890-4 


Analog  Input1 

Digital  Output 
Code  Transition 

+  FSR  -  1  LSB2  (4.095  V) 

111  . 

.  110  to  111  . 

.  Ill 

+  FSR  -  2  LSBs  (4.094  V) 

Ill  . 

.  101  to  111  . 

.  110 

+FSR  -  3  LSBs  (4.093  V) 

Ill  . 

.  100  to  111  . 

.  101 

AGND  +  3  LSBs  (0.003  V) 

000  . 

.  010  to  000  . 

.  011 

AGND  +  2  LSBs  (0.002  V) 

000  . 

.  001  to  000  . 

.  010 

AGND  +  1  LSB  (0.001  V) 

000  . 

.  000  to  000  . 

.  001 

NOTES 

'FSR  is  full-scale  range  and  is  4.096  V  with  REF  IN  =  +2.5  V. 
21  LSB  =  FSR/4096  =  1  mV  with  REF  IN  =  +2.5  V. 

AD7890-2 

The  analog  input  section  for  the  AD7890-2  contains  no  biasing 
resistors  and  the  selected  analog  input  connects  to  the  multi- 
plexer and  in  cases  where  MUX  OUT  is  connected  to  SHA  IN 
this  is  followed  by  the  high  input  impedance  stage  of  the  track/ 
hold  amplifier.  The  analog  input  range  is,  therefore,  0  V  to  +2.5  V 
into  a  high  impedance  stage  with  an  input  current  of  less  than 
50  nA.  The  designed  code  transitions  occur  on  successive  integer 
LSB  values  (i.e.,  1  LSB,  2  LSBs,  3  LSBs  .  .  .  FS-1  LSBs).  Out- 
put coding  is  straight  (natural)  binary  with  1  LSB  =  FS/4096  = 
2.5  V/4096  =  0.61  mV.  The  ideal  input/output  transfer  function 
is  shown  in  Table  III. 

Table  III.  Ideal  Input/Output  Code  Table  for  the  AD7890-2 


Digital  Output 

Analog  Input1 

Code  Transition 

+FSR  -  1  LSB2  (2.499390  V) 

111  .  .  .  110  to  111  . 

.  Ill 

+FSR  -  2  LSBs  (2.498779  V) 

Ill  .  .  .  101  to  111  . 

.  110 

+  FSR  -  3  LSBs  (2.498169  V) 

Ill  .  .  .  100  to  111  . 

.  101 

AGND  +  3  LSBs  (0.001831  V) 

000  ..  .  010  to  010  . 

.  011 

AGND  +  2  LSBs  (0.001221  V) 

000  ..  .  001  to  001  . 

.  010 

AGND  +  1  LSB  (0.000610  V) 

000  ..  .  000  to  000  . 

.  001 

NOTES 

'FSR  is  full-scale  range  and  is  2.5  V  with  REF  IN  =  +2.5  V. 
21  LSB  =  FSR/4096  =  0.61  mV  with  REF  IN  =  +2.5  V. 
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Track/Hold  Section 

The  SHA  IN  input  on  the  AD7890  connects  directly  to  the 
input  stage  of  the  track/hold  amplifier.  This  is  a  high  impedance 
input  with  input  leakage  currents  of  less  than  50  nA.  Connect- 
ing the  MUX  OUT  pin  directly  to  the  SHA  IN  pin  connects  the 
multiplexer  output  directly  to  the  track/hold  amplifier.  The 
input  voltage  range  for  this  input  is  0  to  +2.5  V.  If  external  cir- 
cuitry is  connected  between  MUX  OUT  I 
user  must  ensure  that  the  input  voltage  range  to  the  SHA  IN 
input  is  0  to  +2.5  V  to  ensure  that  the  full  dynamic  range  of  the 
converter  is  utilized. 

The  track/hold  amplifier  on  the  AD7890  allows  the  ADC  to 
accurately  convert  an  input  sine  wave  of  full-scale  amplitude  to 
12-bit  accuracy.  The  input  bandwidth  of  the  track/hold  is 
greater  than  the  Nyquist  rate  of  the  ADC  even  when  the  ADC 
is  operated  at  its  maximum  throughput  rate  of  117  kHz  (i.e., 
the  track/hold  can  handle  input  frequencies  in  excess  of 
58  kHz). 

The  track/hold  amplifier  acquires  an  input  signal  to  12-bit  accu- 
racy in  less  than  2  jis.  The  operation  of  the  track/hold  is  essen- 
tially transparent  to  the  user.  The  track/hold  amplifier  goes  from 
its  tracking  mode  to  its  hold  mode  at  the  start  of  conversion. 
The  start  of  conversion  is  the  rising  edge  of  CONVST  (assum- 
ing the  internal  pulse  has  timed  out)  for  hardware  conversion 
starts  and  for  software  conversion  starts  is  the  point  where  the 
internal  pulse  is  timed  out.  The  aperture  time  for  the  track/hold 
(i.e.,  the  delay  time  between  the  external  CONVST  signal  and 
the  track/hold  actually  going  into  hold)  is  typically  15  ns.  For 
software  conversion  starts,  the  time  depends  on  the  internal 
pulse  widths.  Therefore,  for  software  conversion  starts,  the  sam- 
pling instant  is  not  very  well  defined.  For  sampling  systems 
which  require  well  defined,  equidistant  sampling,  it  may  not  be 
possible  to  achieve  optimum  performance  from  the  part  using 
the  software  conversion  start.  At  the  end  of  conversion,  the  part 
returns  to  its  tracking  mode.  The  acquisition  time  of  the  track/ 
hold  amplifier  begins  at  this  point. 

Reference  Section 

The  AD7890  contains  a  single  reference  pin,  labelled 
REF  OUT/REF  IN,  which  either  provides  access  to  the  pan's 
own  +2.5  V  reference  or  to  which  an  external  +2.5  V  reference 
can  be  connected  to  provide  the  reference  source  for  the  part. 
The  part  is  specified  with  a  +2.5  V  reference  voltage.  Errors  in 
the  reference  source  will  result  in  gain  errors  in  the  AD7890's 
transfer  function  and  will  add  to  the  specified  full-scale  errors 
on  the  part.  On  the  AD7893-10,  it  will  also  result  in  an  offset 
error  injected  in  the  attenuator  stage. 

The  AD7890  contains  an  on-chip  +2.5  V  reference.  To  use  this 
reference  as  the  reference  source  for  the  AD7890,  simply  con- 
nect a  0.1  |xF  disc  ceramic  capacitor  from  the  REF  OUT/ 
REF  IN  pin  to  AGND.  The  voltage  which  appears  at  this  pin  is 
internally  buffered  before  being  applied  to  the  ADC.  If  this  ref- 
erence is  required  for  use  external  to  the  AD7890,  it  should  be 
buffered  as  the  source  impedance  of  this  output  is  2  kfl  nomi- 
nal. The  tolerance  on  the  internal  reference  is  ±10  mV  at  25°C 
with  a  typical  temperature  coefficient  of  25  ppm/°C  and  a  maxi- 
mum error  over  temperature  of  +25  mV. 


If  the  application  requires  a  reference  with  a  tighter  tolerance  or 
the  AD7890  needs  to  be  used  with  a  system  reference,  then  the 
user  has  the  option  of  connecting  an  external  reference  to  this 
REF  OUT/REF  IN  pin.  The  external  reference  will  effectively 
overdrive  the  internal  reference  and  thus  provide  the  reference 
source  for  the  ADC.  The  reference  input  is  buffered  but  has  a 
nominal  2  kfl  resistor  connected  to  the  AD7890's  internal  refer- 

s  for  the  AD7890  include  the 
AD680,  AD780  and  REF-43  precision  +2.5  V  references. 

Timing  and  Control  Section 

The  AD7890  is  capable  of  two  interface  modes,  selected  by  the 
SMODE  input.  The  first  of  these  is  a  self-clocking  mode  where 
the  part  provides  the  frame  sync,  serial  clock  and  serial  data  at 
the  end  of  conversion.  In  this  mode  the  serial  clock  rate  is  deter- 
mined by  the  master  clock  rate  of  the  part  (at  CLK  IN  input). 
The  second  mode  is  an  external  clocking  mode  where  the  user 
provides  the  frame  sync  and  serial  clock  signals  to  obtain  the 
serial  data  from  the  part.  In  this  second  mode,  the  user  has  con- 
trol of  the  serial  clock  rate  up  to  a  maximum  of  10  MHz.  The 
two  modes  are  discussed  in  more  detail  in  the  Serial  Interface 
section. 

The  part  also  provides  hardware  and  software  conversion  start 
features.  The  former  provides  a  well-defined  sampling  instant 
with  the  track/hold  going  into  hold  on  the  rising  edge  of  the 
CONVST  signal.  For  the  software  conversion  start,  a  write  to 
the  CONV  bit  to  the  Control  Register  initiates  the  conversion 
sequence.  However,  for  the  software  conversion  start  an  internal 
pulse  has  to  time  out  before  the  input  signal  is  sampled.  This 
pulse,  plus  the  difficult  in  maintaining  exactly  equal  delays 
between  each  software  conversion  start  command,  means  that 
the  dynamic  performance  of  the  AD7890  may  have  difficulty 
meeting  spec  when  used  in  software  conversion  start  mode. 

The  AD7890  provides  separate  channel  select  and  conversion 
start  control.  This  allows  the  user  to  optimize  the  throughput 
rate  of  the  system.  Once  the  track/hold  has  gone  into  hold 
mode,  the  input  channel  can  be  updated  and  the  input  voltage 
can  settle  to  the  new  value  while  the  present  conversion  is  in 

Assuming  the  internal  pulse  has  timed  out  before  the  CONVST 
pulse  is  exercised,  the  conversion  will  consist  of  14.5  master 
clock  cycles.  In  the  self-clocking  mode,  the  conversion  time  is 
defined  as  the  time  from  the  rising  edge  of  CONVST  to  the  fall- 


ing edge  of  RFS  (i.e.,  when  the  device  starts  to  transmit  its  con 
version  result).  This  time  includes  the  14.5  master  clock  cycles 
plus  the  updating  of  the  output  register  and  delay  time  in  out- 
putting  the  RFS  signal,  resulting  in  a  total  conversion  time  of 
5.9  u.s  maximum.  Figure  4  shows  the  conversion  timing  for  the 
AD7890  when  used  in  the  Self-Clocking  (Master)  Mode  with 
hardware  CONVST.  The  timing  diagram  assumes  that  the  inter- 
nal pulse  is  not  active  when  the  CONVST  signal  goes  high.  To 
ensure  this,  the  channel  address  to  be  converted  should  be 
selected  by  writing  to  the  Control  Register  prior  to  the 
CONVST  pulse.  Sufficient  setup  time  should  be  allowed 
between  the  Control  Register  write  and  the  CONVST  to  ensure 
that  the  internal  pulse  has  timed  out.  The  duration  of  the  inter- 
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Figure  4.  Self-Clocking  (Master)  Mode  Conversion  Sequence 


When  using  the  device  in  the  External-Clocking  Mode,  the  out- 
put register  can  be  read  at  any  time  and  the  most  up-to-date 
conversion  result  will  be  obtained.  However,  reading  data  from 
the  output  register  or  writing  data  to  the  Control  Register  dur- 
ing  conversion  or  during  the  500  ns  prior  to  the  next  CONVST 
will  result  in  reduced  performance  from  the  part.  A  read  opera- 
tion to  the  output  register  has  most  effect  on  performance  with 
the  signal-to-noise  ratio  likely  to  degrade  especially  when  higher 
serial  clock  rates  are  used  while  the  code  flicker  from  the  part 
will  also  increase  (see  AD7890  Performance  section). 

Figure  5  shows  the  timing  and  control  sequence  required  to 
obtain  optimum  performance  from  the  part  in  the  external 
clocking  mode.  In  the  sequence  shown,  conversion  is  initiated 
on  the  rising  edge  of  CONVST  and  new  data  is  available  in  the 
output  register  of  the  AD7890  5.9  (is  later.  Once  the  read  oper- 
ation has  taken  place,  a  further  500  ns  should  be  allowed  before 


CONVST 


the  next  rising  edge  of  CONVST  to  optimize  the  settling  of  the 
track/hold  before  the  next  conversion  is  initiated.  The  diagram 
shows  the  read  operation  and  the  write  operation  taking  place  in 
parallel.  On  the  sixth  falling  edge  of  SCLK  in  the  write 
sequence  the  internal  pulse  will  be  initiated.  Assuming  MUX 
OUT  is  connected  to  SHA  IN,  2  p.s  are  required  between  this 
sixth  falling  edge  of  SCLK  and  the  rising  edge  of  CONVST  to 
allow  for  the  full  acquisition  time  of  the  track/hold  amplifier. 
With  the  serial  clock  rate  at  its  maximum  of  10  MHz,  the 
achievable  throughput  rate  for  the  part  is  5.9  u.s  (conversion 
time)  plus  0.6  us  (six  serial  clock  pulses  before  internal  pulse  is 
initiated)  plus  2  u.s  (acquisition  time).  This  results  in  a  mini- 
mum throughput  time  of  8.5  us  (equivalent  to  a  throughput  rate 
of  117  kHz).  If  the  part  is  operated  with  a  slower  serial  clock,  it 
will  impact  the  achievable  throughput  rate  for  optimum 
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Figure  6.  CONVST  Used  as  Status  Signal  in  External  Clocking  Mode 
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In  the  Self-Clocking  Mode,  the  AD7890  indicates  when  conver- 
sion is  complete  by  bringing  the  RFS  line  low  and  initiating  a 
serial  data  transfer.  In  the  external  clocking  mode,  there  is  no 
indication  of  when  conversion  is  complete.  In  many  applica- 
tions, this  will  not  be  a  problem  as  the  data  can  be  read  from 
the  part  during  conversion  or  after  conversion.  However,  appli- 
cations which  want  to  achieve  optimum  performance  from  the 
AD7890  will  have  to  ensure  that  the  data  read  does  not  occur 
;  500  ns  prior  to  the  rising  edge  of 
m  be  achieved  in  either  of  two  ways.  The  first 
is  to  ensure  in  software  that  the  read  operation  is  not  initiated 
until  5.9  m-s  after  the  rising  edge  of  CONVST.  This  will  only  be 
possible  if  the  software  knows  when  the  CONVST  command  is 
issued.  The  second  scheme  would  be  to  use  the  CONVST  signal 
as  both  the  conversion  start  signal  and  an  interrupt  signal.  The 
simplest  way  to  do  this  would  be  to  generate  a  square  wave  sig- 
nal for  CONVST  with  high  and  low  times  of  5.9  (j.s  (see  Figure 
6).  Conversion  is  initiated  on  the  rising  edge  of  CONVST.  The 
falling  edge  of  CONVST  occurs  5.9  u.s  later  and  can  be  used  as 
either  an  active  low  or  falling  edge-triggered  interrupt  signal  to 
tell  the  processor  to  read  the  data  from  the  AD7890.  Provided 
the  read  operation  is  completed  500  ns  before  the  rising  edge  of 
CONVST,  the  AD7890  will  operate  to  specification. 

This  scheme  limits  the  throughput  rate  to  11.8  p.s  minimum. 
However,  depending  upon  the  response  time  of  the  microproces- 
sor to  the  interrupt  signal  and  the  time  taken  by  the  processor 
to  read  the  data,  this  may  the  fastest  which  the  system  could 
have  operated.  In  any  case,  the  CONVST  signal  does  not  have 
to  have  a  50:50  duty  cycle.  This  can  be  tailored  to  optimize  the 
throughput  rate  of  the  part  for  a  given  system. 

Alternatively,  the  CONVST  signal  can  be  used  as  a  normal  nar- 
row pulse  width.  The  rising  edge  of  CONVST  can  be  used  as  an 
active  high  or  rising  edge-triggered  interrupt.  A  software  delay 
of  5.9  (j,s  can  then  be  implemented  before  data  is  read  from  the 
part. 


CeXT  FUNCTIONING 

The  CEXT  input  on  the  AD7890  provides  a  means  of 
determining  how  long  after  a  new  channel  address  is  written  to 
the  part  that  a  conversion  can  take  place.  The  reason  behind 
this  is  two-fold.  Firstly,  when  the  input  channel  to  the  AD7890 
is  changed,  the  input  voltage  on  this  new  channel  is  likely  to  be 
very  different  from  the  previous  channel  voltage.  Therefore,  the 
part's  track/hold  has  to  acquire  the  new  voltage  before  an 
accurate  conversion  can  take  place.  An  internal  pulse  delays  any 
conversion  start  command  (as  well  as  the  signal  to  send  the 
track/hold  into  hold)  until  after  this  pulse  has  timed  out. 
The  second  reason  is  to  allow  the  user  to  connect  external  anti- 
aliasing or  signal  conditioning  circuitry  between  MUX  OUT  and 
SHA  IN.  This  external  circuitry  will  introduce  extra  settling 
time  into  the  system.  The  CEXX  pin  provides  a  means  for  the 
user  to  extend  the  internal  pulse  to  take  this  extra  settling  time 
into  account.  Basically,  varying  the  value  of  the  capacitor  on  the 
CEXX  pin  varies  the  duration  of  the  internal  pulse.  Figure  7 
shows  the  relationship  between  the  value  of  the  CEXT  capacitor 
and  the  internal  delay. 
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Figure  7.  Internal  Pulse  Width  vs.  CexT 
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The  duration  of  the  internal  pulse  can  be  seen  on  the  CEXT  pin. 
The  CEXT  pin  goes  from  a  low  to  a  high  when  a  serial  write  to 
the  pan  is  initiated  (on  the  falling  edge  of  TFS).  It  starts  to  dis- 
charge on  the  sixth  falling  edge  of  SCLK  in  the  serial  write 
operation.  Once  the  CEXT  pin  has  discharged  to  crossing  its 
nominal  trigger  point  of  2.5  V,  the  internal  pulse  is  timed  out. 

The  internal  pulse  is  initiated  each  time  a  write  operation  to  the 
Control  Register  takes  place.  As  a  result,  the  pulse  is  initiated 
and  the  conversion  process  delayed  for  all  software  conversion 
start  commands.  For  hardware  conversion  start,  it  is  possible  to 
separate  the  conversion  start  command  from  the  internal  pulse. 

If  the  multiplexer  output  (MUX  OUT)  is  connected  directly  to 
the  track/hold  input  (SHA  IN),  then  no  external  settling  has  to 
be  taken  into  account  by  the  internal  pulse  width.  In  applica- 
tions where  the  multiplexer  is  switched  and  conversion  is  not 
initiated  until  more  than  2  (is  after  the  channel  is  changed  (as  is 
possible  with  a  hardware  conversion  start),  the  user  does  not 
have  to  worry  about  connecting  any  capacitance  to  the  CEXX 
pin.  The  2  u.s  equates  to  the  track/hold  acquisition  time  of  the 
AD7890.  In  applications  where  the  multiplexer  is  switched  and 
conversion  is  initiated  at  the  same  time  (such  as  with  a  software 
conversion  start),  a  120  pF  capacitor  should  be  connected  to 
CEXT  to  allow  for  the  acquisition  time  of  the  track/hold  before 
conversion  is  initiated. 

If  external  circuitry  is  connected  between  MUX  OUT  and  SHA 
IN,  then  the  extra  settling  time  introduced  by  this  circuitry  will 
have  to  be  taken  into  account.  In  the  case  where  the  multiplexer 
change  command  and  the  conversion  start  command  are  sepa- 
rated, they  need  to  be  separated  by  greater  than  the  acquisition 
time  of  the  AD7890  plus  the  setding  time  of  the  external  cir- 
cuitry if  the  user  does  not  have  to  worry  about  the  CEXT  capaci- 
tance. In  applications  where  the  multiplexer  is  switched  and 
conversion  is  initiated  at  the  same  time  (such  as  with  a  software 
conversion  start),  the  capacitor  on  CEXX  needs  to  allow  for  the 
acquisition  time  of  the  track/hold  plus  the  settling-time  of  the 
external  circuitry  before  conversion  is  initiated. 
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SERIAL  INTERFACE 

The  AD7890's  serial  communications  port  provides  a  flexible 
arrangement  to  allow  easy  interfacing  to  industry-standard 
microprocessors,  microcontrollers  and  digital  signal  processors 
A  serial  read  to  the  AD7890  accesses  data  from  the  output 
ter  via  the  DATA  OUT  line.  A  serial  write  to  the  AD7890 
writes  data  to  the  Control  Register  via  the  DATA  IN  line. 

Two  different  modes  of  operation  are  available,  optimized  for 
different  types  of  interface  where  the  AD7890  can  act  either  as 
master  in  the  system  (it  provides  the  serial  clock  and  data  fram- 
ing signal)  or  acts  as  slave  (an  external  serial  clock  and  framing 
signal  can  be  provided  to  the  AD7890).  These  two  modes, 
labelled  Self-Clocking  Mode  and  External  Clocking  Mode,  are 
discussed  in  detail  in  the  following  sections. 

Self-Clocking  Mode 

The  AD7890  is  configured  for  its  Self -Clocking  Mode  by  tying 
the  SMODE  pin  of  the  device  to  a  logic  low.  In  this  mode,  the 
AD7890  provides  the  serial  clock  signal  and  the  serial  data  fram- 
ing signal  used  for  the  transfer  of  data  from  the  AD7890.  This 
Self-Clocking  Mode  can  be  used  with  processors  which  allow  an 
external  device  to  clock  their  serial  port  including  most  digital 
signal  processors. 

Read  Operation 

Figure  8  shows  a  timing  diagram  for  reading  from  the  AD7890 
in  the  Self-Clocking  mode.  At  the  end  of  conversion,  RFS  goes 
low  and  the  serial  clock  (SCLK)  and  serial  data  (DATA  OUT) 
outputs  become  active.  Sixteen  bits  of  data  are  transmitted  with 
one  leading  zero,  followed  by  the  three  address  bits  of  the  Con- 
trol Register,  followed  by  the  12-bit  conversion  result  starting 
with  the  MSB.  Serial  data  is  clocked  out  of  the  device  on  the 
rising  edge  of  SCLK  and  is  valid  on  the  falling  edge  of  SCLK. 
The  RFS  output  remains  low  for  the  duration  of  the  sixteen 
clock  cycles.  On  the  sixteenth  rising  edge  of  SCLK,  the  RFS 
output  is  driven  high  and  DATA  OUT  is  disabled. 
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(I)  SIGNIFIE  S  AN  INPUT;  (O)  SIGNIFIES  AN  OUTPUT.  PULL-UP  RESISTOR  ON  SCLK. 


Figure  8.  Self-Clocking  (Master)  Mode  Output  Register  Read 
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SIGNIFIES  AN  OUTPUT.  PULL-UP  RESISTOR  ON  SCLK. 

Figure  9.  Self-Clocking  (Master)  Mode  Control  Register  Write 


Write  Operation 

Figure  9  shows  a  write  operation  to  the  Control  Register  of  the 
AD7890.  The  TFS  input  is  taken  low  to  indicate  to  the  part 
that  a  serial  write  is  about  to  occur.  TFS  going  low  initiates  the 
SCLK  output  and  this  is  used  to  clock  data  out  of  the  proces- 
sors serial  port  and  into  the  Control  Register  of  the  AD7890. 
The  AD7890  Control  Register  requires  only  five  bits  of  data. 
These  are  loaded  on  the  first  five  clock  cycles  of  the  serial  clock 
with  data  on  all  subsequent  clock  cycles  being  ignored.  How- 
ever, the  part  requires  six  serial  clock  cycles  to  load  data  to  the 
Control  Register.  Serial  data  to  be  written  to  the  AD7890  must 
be  valid  on  the  falling  edge  of  SCLK. 

External-Clocking  Mode 

The  AD7890  is  configured  for  its  external-clocking  mode  by 
tying  the  SMODE  pin  of  the  device  to  a  logic  high.  In  this 
mode,  SCLK  and  RFS  of  the  AD7890  are  configured  as  inputs. 
This  external-clocking  mode  is  designed  for  direct  interface  to 
systems  which  provide  a  serial  clock  output  which  is  synchro- 
nized to  the  serial  data  output  including  microcontrollers  such  as 
the  80C51,  87C51,  68HC11  and  68HC05  and  most  digital  signal 
processors. 

Read  Operation 

Figure  10  shows  the  timing  diagram  for  reading  from  the 
AD7890  in  the  external-clocking  mode.  RFS  goes  low  to  access 
data  from  the  AD7890.  The  serial  clock  input  does  not  have  to 
be  continuous.  The  serial  data  can  be  accessed  in  a  number  of 
bytes.  However,  RFS  must  remain  low  for  the  duration  of  the 
data  transfer  operation.  Once  again,  sixteen 


transmitted  with  one  leading  zero,  followed  by  the  three  address 
bits  in  the  Control  Register,  followed  by  the  12-bit  conversion 
result  starting  with  the  MSB.  If  RFS  goes  low  during  the  high 
time  of  SCLK,  the  leading  zero  is  clocked  out  from  the  falling 
edge  of  RFS  (as  per  Figure  10).  If  RFS  goes  low  during  the  low 
time  of  SCLK,  the  leading  zero  is  clocked  out  on  the  next  rising 
edge  of  SCLK.  This  ensures  that,  regardless  of  whether  RFS 
goes  low  during  a  high  time  or  low  time  of  SCLK,  the  leading 
zero  is  valid  on  the  first  falling  edge  of  SCLK  after  RFS  goes 
low,  provided  t14  and  t17  are  adhered  to.  Serial  data  is  clocked 
out  of  the  device  on  the  rising  edge  of  SCLK  and  is  valid  on  the 
falling  edge  of  SCLK.  At  the  end  of  the  read  operation,  the 
DATA  OUT  line  is  three-stated  by  a  rising  edge  on  either  the 
SCLK  or  RFS  inputs,  whichever  occurs  first.  If  a  serial  read 
from  the  output  register  is  in  progress  when  conversion  is  com- 
plete, the  updating  of  the  output  register  is  deferred  until  the 
serial  data  read  is  complete  and  RFS  returns  high. 

Write  Operation 

Figure  1 1  shows  a  write  operation  to  the  Control  Register  of  the 
AD7890.  As  with  the  Self-Clocking  mode,  the  TFS  input  goes 
low  to  indicate  to  the  pan  that  a  serial  write  is  about  to  occur. 
As  before,  the  AD7890  Control  Register  requires  only  five  bits 
of  data.  These  are  loaded  on  the  first  five  clock  cycles  of  the 
serial  clock  with  data  on  all  subsequent  clock  cycles  being 
ignored.  However,  the  part  requires  six  serial  clocks  to  load  data 
to  the  Control  Register.  Serial  data  to  be  written  to  the  AD7890 
must  be  valid  on  the  falling  edge  of  SCLK. 
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AN  INPUT;  (O)  SIGNIFIES  AN  OUTPUT 

Figure  10.  External  Clocking  (Slave)  Mode  Output  Register  Read 
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Figure  11.  External  Clocking  (Slave)  Mode  Control  Register  Write 


SIMPLIFYING  THE  INTERFACE 

To  minimize  the  number  of  interconnect  lines  to  the  AD7890, 
the  user  can  connect  the  RFS  and  TFS  lines  of  the  AD7890 
together  and  read  and  write  from  the  part  simultaneously.  In 
this  case,  new  control  register  data  should  be  provided  on  the 
DATA  IN  line  selecting  the  input  channel  and  possibly  provid- 
ing a  conversion  start  command  while  the  part  provides  the  result 
from  the  conversion  just  completed  on  the  DATA  OUT  line. 

In  the  self-clocking  mode,  this  means  that  the  part  provides  all 
the  signals  for  the  serial  interface.  It  does  require  that  the 
microprocessor  has  the  data  to  be  written  to  the  Control  Regis- 
ter  available  in  its  output  register  when  the  part  brings  the  TFS 
line  low.  In  the  external  clocking  mode,  it  means  that  the  user 
only  has  to  supply  a  single  frame  synchronization  signal  to  con- 
trol both  the  read  and  write  operations. 

Care  must  be  taken  with  this  scheme  that  the  read  operation  is 
completed  before  the  next  conversion  starts  if  the  user  wants  to 
obtain  optimum  performance  from  the  part.  In  the  case  of  the 
software  conversion  start,  the  conversion  command  is  written  to 
the  Control  Register  on  the  sixth  serial  clock  edge.  However, 
the  read  operation  continues  for  another  10  serial  clock  cycles. 
To  avoid  reading  during  the  sampling  instant  or  during  conver- 
sion, the  user  should  ensure  that  the  internal  pulse  width  is  suf- 
ficiently long  (by  choosing  CEXT)  so  that  the  read  operation  is 
completed  before  the  next  conversion  sequence  begins.  Failure 
to  do  this  will  result  in  significantly  degraded  performance  from 
the  part,  both  in  terms  of  signal-to-noise  ratio  and  dc  parame- 
ters. In  the  case  of  a  hardware  conversion  start,  the  user  should 
ensure  that  the  delay  between  the  sixth  falling  edge  of  the  serial 
clock  in  the  write  operation  and  the  next  rising  edge  of  CON- 
VST  is  greater  than  the  internal  pulse  width. 

MICROPROCESSOR/MICROCONTROLLER  INTERFACE 

The  AD7890's  flexible  serial  interface  allows  for  easy  connection 
to  the  serial  ports  of  DSP  processors  and  microcontrollers.  Fig- 
ures 12  through  15  show  the  AD7890  interfaced  to  a  number  of 
different  microcontrollers  and  DSP  processors.  In  some  of  the 
interfaces  shown,  the  AD7890  is  configured  as  the  master  in  the 
system,  providing  the  serial  clock  and  frame  sync  for  the  read 
operation  while  in  others  it  acts  as  a  slave  with  these  signals  pro- 
vided by  the  microprocessor. 

AD7890-8051  Interface 

Figure  12  shows  an  interface  between  the  AD7890  and  the 
8XC51  microcontroller.  The  AD7890  is  configured  for  its  exter- 
nal clocking  mode  while  the  8XC51  is  configured  for  its  Mode  0 


serial  interface  mode.  The  diagram  shown  in  Figure  12  makes 
no  provisions  for  monitoring  when  conversion  is  complete  on 
the  AD7890  (assuming  hardware  conversion  start  is  used).  To 
monitor  the  conversion  time  on  the  AD7890  a  scheme  such  as 
outlined  previously  with  CONVST  can  be  used.  This  can  be 
implemented  in  two  ways.  One  is  to  connect  the  CONVST  line 
to  another  parallel  port  bit  which  is  configured  as  an  input.  This 
port  bit  can  then  be  polled  to  determine  when  conversion  is 
complete.  An  alternative  is  to  use  an  interrupt  driven  system  in 
which  case  the  CONVST  line  should  be  connected  to  the  INT1 
input  of  the  8XC51. 

Since  the  8XC5 1  contains  only  one  serial  data  line,  the 
DATA  OUT  and  DATA  IN  lines  of  the  AD7890  must  be  con- 
nected together.  This  means  that  the  8XC51  cannot  communi- 
cate with  the  output  register  and  Control  Register  of  the 
AD7890  at  the  same  time.  The  8XC51  outputs  the  LSB  first  in 
a  write  operation  so  care  should  be  taken  in  arranging  the  data 
which  is  to  be  transmitted  to  the  AD7890.  Similarly,  the 
AD7890  outputs  the  MSB  first  during  a  read  operation  while 
the  8XC51  expects  the  LSB  first.  Therefore,  the  data  that  is  to 
be  read  into  the  serial  port  needs  to  be  rearranged  before 
the  correct  data  word  from  the  AD7890  is  available  in  the 
microcontroller. 

The  serial  clock  rate  from  the  8XC5 1  is  limited  to  significantly 
less  than  the  allowable  input  serial  clock  frequency  with  which 
the  AD7890  can  operate.  As  a  result,  the  time  to  read  data  from 
the  part  will  actually  be  longer  than  the  conversion  time  of  the 
part.  This  means  that  the  AD7890  cannot  run  at  its  maximum 
throughput  rate  when  used  with  the  8XC51. 


8XC51 


 HJSCLK 

T 


Figure  12.  AD7890  to  8XCS1 
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7890  and  the  68HC11 
microcontroller  is  shown  in  Figure  13.  For  the  interface  shown, 
the  AD7890  is  configured  for  its  external  clocking  mode  while 
the  68HCll's  SPI  port  is  used  and  the  68HC11  is  configured  in 
its  single-chip  mode.  The  68HC11  is  configured  in  the  master 
mode  with  its  CPOL  bit  set  to  a  logic  zero  and  its  CPHA  bit  set 
to  a  logic  one. 

As  with  the  previous  interface,  there  are  no  provisions  for  moni- 
toring when  conversion  is  complete  on  the  AD7890.  To  monitor 
the  conversion  time  on  the  AD7890  a  scheme,  such  as  outlined 
in  the  previous  interface  with  CONVST,  can  be  used.  This  can 
be  implemented  in  two  ways.  One  is  to  connect  the  CONVST 
line  to  another  parallel  port  bit  which  is  configured  as  an  input. 
This  port  bit  can  then  be  polled  to  determine  when  conversion 
is  complete.  An  alternative  is  to  use  an  interrupt  driven  system 
in  which  case  the  CONVST  line  should  be  connected  to  the 
IRQ  input  of  the  68HC11. 


Figure  13.  AD7890  to  68HC11  Interface 

The  serial  clock  rate  from  the  68HC11  is  limited  to  significantly 
less  than  the  allowable  input  serial  clock  frequency  with  which 
the  AD7890  can  operate.  As  a  result,  the  time  to  read  data  from 
the  part  will  actually  be  longer  than  the  conversion  time  of  the 
part.  This  means  that  the  AD7890  cannot  run  at  its  maximum 
throughput  rate  when  used  with  the  68HC11. 

AD7890-ADSP-2101  Interface 

An  interface  circuit  between  the  AD7890  and  the  ADSP-2101 
DSP  processor  is  shown  in  Figure  14.  The  AD7890  is  config- 
ured for  its  external  clocking  mode  with  the  ADSP-2101  provid- 
ing the  serial  clock  and  frame  synchronization  signals.  The 
RFS1  and  TFS1  inputs  are  outputs  are  configured  for  active  low 
operation. 


Figure  14.  AD7890  to  ADSP-2101  Interface 


the  scheme  shown,  the  maximum  serii 
the  ADSP-2101  can  provide  is  6.2 
AD7890  to  be  operated  at  a  sample  rate  of  111  kHz.  If  it  is 
desirable  to  operate  the  AD7890  at  its  maximum  throughput 
rate  of  117  kHz,  an  external  serial  clock  of  10  MHz  can  be  pro- 
vided to  drive  the  serial  clock  input  of  both  the  AD7890  and  the 
ADSP-2101. 

To  monitor  the  conversion  time  on  the  AD7890  a  scheme,  such 
as  outlined  in  previous  interfaces  with  CONVST,  can  be  used. 
This  can  be  implemented  by  connecting  the  CONVST  line 
directly  to  the  IRQ2  input  of  the  ADSP-2101.  An  alternative  to 
this,  where  the  user  does  not  have  to  worry  about  monitoring 
the  conversion  status,  is  to  operate  the  AD7890  in  its  Self- 
Clocking  Mode.  In  this  scheme,  the  actual  interface  connections 
would  remain  the  same  as  in  Figure  14  but  now  the  AD7890 
provides  the  serial  clock  and  receive  frame  synchronization  sig- 
nals. Using  the  AD7890  in  its  Self-Clocking  Mode,  limits  the 
throughput  rate  of  the  system  as  the  serial  clock  rate  is  limited 
to  2.5  MHz. 

AD7890-DSP56000  Interface 

Figure  15  shows  an  interface  circuit  between  the  AD7890  and 
the  DSP56000  DSP  processor.  The  AD7890  is  configured  for  its 
external  clocking  mode.  The  DSP56000  is  configured  for  normal 
mode,  synchronous  operation  with  continuous  clock.  It  is  also 
set  up  for  a  16-bit  word  with  SCK  and  SC2  as  outputs.  The 
FSL  bit  of  the  DSP56000  should  be  set  to  0. 

The  RFS  and  TFS  inputs  of  the  AD7890  are  connected  together 
so  data  is  transmitted  to  and  from  the  AD7890  at  the  same  time. 
With  the  DSP56000  in  synchronous  mode,  it  provides  a  com- 
mon frame  synchronization  pulse  for  read  and  write  operations 
on  its  SC2  output.  This  is  inverted  before  being  applied  to  the 
RFS  and  TFS  inputs  of  the  AD7890. 

To  monitor  the  conversion  time  on  the  AD7890  a  scheme,  such 
as  outlined  in  previous  interface  examples  with  CONVST,  can 
be  used.  This  can  be  implemented  by  connecting  the  CONVST 
line  directly  to  the  IRQA  input  of  the  DSP56000. 
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Figure  15.  AD7890  to  DSP56000  Interface 
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LC2M0S  8-Channel,  1 2-Bit 
High  Speed  Data  Acquisition  System 


AD7891 


FEATURES 

Fast  12-Bit  ADC  with  1.6  (is  Conversion  Time 
Eight  Single-Ended  Analog  Input  Channels 
Selection  of  Input  Ranges: 

±5  V,  ±10  V  for  AD7891-1 

0  V  to  +2.5  V,  0  to  +5  V  ±2.5  V  for  AD7891-2 
Parallel  and  Serial  Interface 
Allows  Separate  Access  to  Mux  and  ADC 
On-Chip  Track/Hold  Amplifier 
On-Chip  Reference 

Single  Supply,  Low  Power  Operation  (75  mW  max) 
Power-Down  Mode  (75  uW  typ) 
Overvoltage  Protection  on  Analog  Inputs 


GENERAL  DESCRIPTION 

The  AD789 1  is  an  eight-channel  1 2-bit  data  acquisition  system 
with  a  choice  of  either  parallel  or  serial  interface  structure.  The 
part  contains  an  input  multiplexer,  an  on-chip  track/hold  ampli- 
fier, a  high  speed  12-bit  ADC,  a  +2.5  V  reference  and  a  high 
speed  interface.  The  part  operates  from  a  single  +5  V  supply 
and  accepts  a  variety  of  analog  input  ranges  across  two  mod . 
the  AD7891-1  (±5  V  and  ±10  V)  and  the  AD7891-2  (0  V  to 
+2.5  V,  0  V  to  +5  V  and  ±2.5  V). 

The  multiplexer  on  the  part  is  independently  accessible.  As  a  re- 
sult, an  antialiasing  filter  or  signal  conditioning  can  be  inserted, 
if  required,  between  the  multiplexer  and  the  ADC.  This  allows 
one  antialiasing  filter  to  be  used  for  al!  eight  channels.  The  value 
of  an  external  capacitor  determines  the  time  given  to  the  multi- 
plexer settling  to  allow  for  any  external  delays  in  the  filter  or  sig- 
nal conditioning  circuitry. 

The  AD7891  provides  the  option  of  either  a  parallel  interface  or 
serial  interface  structure  determined  by  the  MODE  pin.  The 
part  has  standard  control  inputs  and  fast  data  access  times  for 
both  the  serial  and  parallel  interfaces  which  ensures  easy  inter- 
facing to  modern  microprocessors,  microcontrollers  and  digital 
signal  processors. 

In  addition  to  the  traditional  dc  accuracy  specifications  such  as 
linearity,  full-scale  and  offset  errors,  the  part  is  also  specified  for 
dynamic  performance  parameters  including  harmonic  distortion 
and  signal-to-noise  ratio. 


FUNCTIONAL  BLOCK  DIAGRAM 


.,  .,  MUX  SHA  REF  OUT/ 
DD      DD  OUT     IN      REF  IN 


CS  RO  EOC  CONVST  MODE  AGND  AGND  OGND 


Power  dissipation  in  normal  mode  is  60  mW  typical  while  in  the 
standby  mode  this  is  reduced  to  75  U.W  typ.  The  AD7891  is  fab- 
ricated in  Analog  Devices'  Linear  Compatible  CMOS 
(LC2MOS)  process,  a  mixed  technology  process  that  combines 
precision  bipolar  circuits  with  low  power  CMOS  logic.  The  part 
is  available  in  a  44-pin  plastic  quad  flatpack  (PQFP)  and  a  44- 
lead  plastic  leaded  chip  carrier  (PLCC). 

PRODUCT  HIGHLIGHTS 

1 .  The  AD7891  is  a  complete  monolithic  12-bit  data  acquisi- 
tion system  combining  an  eight-channel  multiplexer,  1 2-bit 
ADC,  +2.5  V  reference  and  track/hold  amplifier  on  a  single 


chip. 


2.  The  part  provides  separate  access  to  the  multiplexer  and  the 
ADC,  thus  retaining  all  the  flexibility  of  separate  multiplexer 
and  ADC  solutions. 

3.  The  part  offers  high  speed  parallel  or  serial  interface  options 
for  easy  connection  to  microprocessors,  microcontrollers  and 
digital  signal  processors. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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SPECIFICATIONS 


(V00  =  +5  V,  AGND  =  DGND  =  0  V,  REF  IN  =  +2.5  V,  MUX  OUT  connected  to  SHA  IN. 

All  specifications  TMIN  to  TMJX  unless  otherwise  noted.)  AD  / 03 1 


A 

Versions1 


B 

Versions 


S 

Version 


Units 


Test  Conditions/Comments 


DYNAMIC  PERFORMANCE2 
Signal  to  (Noise+Distortion)  Ratio3 

@  25°C  70 
TMin  to  Tmax  70 
Total  Harmonic  Distortion3  -78 
Peak  Harmonic  or  Spurious  Noise3  -79 
Intermodulation  Distortion3 


Channel-to-Channel  Isolation3 


"  — 


-80 


72 
70 
-78 
-79 

-80 
-80 
-80 


70 
70 
-78 
-79 

-80 
-80 
-80 


dB  min 
dB  min 
dB  max 
dB  max 

dB  typ 
dB  typ 
dB  max 


Any  Channel 

f SAMPLE  =  500  kHz4 

fsAMPLE  =  500  kHz4 

f sample  =  500  kHz4 

fa  =  9  kHz,  fb  =  9.5  kHz,  f sample  =  500  kHz4 


f[N  =  1  kHz  Sine  Wave 


DC  ACCURACY 


Any  Channel 


Minimum  Resolution  for  Which 

No  Missing  Codes  are  Guaranteed 
Relative  Accuracy3 
Differential  Nonlinearity3 
Positive  Full-Scale  Error3 
Full-Scale  Error  Match3 
Unipolar  Offset  Error 
Unipolar  Offset  Error  Match 


Bipolar  Zero  Error 
Bipolar  Zero  Error  Match 


12 

12 
±1 
±1 
±1 
1 

±1 
1 

±1 
±1 
1 


12 
12 

±1/2 
±1 
±1 
1 

±1 
1 

±1 
±1 
1 


12 
±1 
±1 
±1 
1 

±1 
1 

±1 

±1 
1 


Bits 
Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LS 


ANALOG  INPUTS 

AD7891-1  Input  Voltage  Range 

AD7891-1  Vimxa  Input  Resistance 
AD7891-1  V|NXA  Input  Resistance 
AD7891-2  Input  Voltage  Range 


AD7 


D7891-2  VINXA  Input  Resistance 
AD7891-2  V1NXA  Input  Current 


±5 
±10 
10 
20 

0  to  +2.5 
0  to  +5 
±2.5 
1 

±50 


10 


i 


Umax 

I 


Input  Ranges  of  0  V  to  +2.5  V,  0  V  to  +5  V 
Input  Ranges  of  0  V  to  +2.5  V,  0  V  to  +5  V 
Input  Ranges  of  ±2.5  V,  +5  V,  + 10  V 
Input  Ranges  of  ±2.5  V,  ±5  V,  ±  10  V 
Input  Ranges  of  ±2.5  V,  ±5  V,  ±  10  V 


0  to  *Z-%' 
0  to  +5 
±2.5 
1 

±50 


0  to  +2.5 
0  to  +5 
±2.5 

±50 


olts 

kfi  min 

Volts 
Volts 
ilts 
kQ  min 
nA  max 


I 


Input  Applied  to  Both  VINXA  and  VINXB 
Input  Applied  to  Vmxa,  V^xb  =  AGND 
Input  Range  of  ±5  V 
Input  Range  of  ±  10  V 

Input  Applied  to  Both  Vinxa  and  VINXB 
Input  Applied  to  V]NXa,  VJNXb  =  AGND 
Input  Applied  to  VINXA,  VINXB  =  REF  IN6 
Input  Ranges  of  ±2.5  V  and  0  V  to  +5  V 
Input  Range  ofOV  to +2.5  V  


MUX  OUT  OUTPUT 
Output  Voltage  Range 
Output  Resistance 

AD7891-1 

AD7891-2 


0  to +2.5 

3/7 

0.5/2.5 


0  to  +2.5 


3/7 

0.5/2.5 


0  to  +2.5 


3/7 

0.5/2.5 


Volts 


kSi  min/kli  max 
left  min/kfl  max 


SHA  IN  INPUT 

Input  Voltage  Range 
Input  Current  


■ 

0  to  +2.5 
±50 


0  to  +2.5 
±50 


0  to  +2.5 
+  50 


Volts 
nA  max 


REFERENCE  INPUT/OUTPUT 
REF  IN  Input  Voltage  Range 
Input  Impedance 
Input  Capacitance5 
REF  OUT  Output  Voltage 
REF  OUT  Error  %  +25°C 

Tmin  to  TMAX 
REF  OUT  Temperature  Coefficient 
REF  OUT  Output  Impedance  


2.375/2.625 
1.6 
10 
2.5 
±10 
±20 
25 
2 


2.375/2.625 

1.6 

10 

2.5 

±10 

±20 

25 

2 


2.375/2.625 
1.6 
10 
2.5 
±10 
±25 
25 
2 


V  min/V  max 
kU  min 

pF  max 

V  nom 
mV  max 
mV  max 
ppm/°C  typ 
k£l  nom 


2.5  V  ±  5% 

Resistor  Connected  to  Internal  Reference  Node 
See  REF  IN  Input  Impedance  


LOGIC  INPUTS 

Input  High  Voltage,  VinH 
Input  Low  Voltage,  Van. 
Input  Current,  IiN 
Input  Capacitance,  Qx4 


2.0 
0.8 
±10 
10 


2.0 
0.8 
+  10 
10 


2.0 
0.8 
±10 
10 


V  min 

V  max 
uA  max 
pF  max 


VDD  =  5  V  ±  5% 
VDD  =  5  V  ±  5% 
Vm  =  0  V  to  VDD 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7891— SPECIFICATIONS 


A 

Versions1 

B 

Versions 

S 

Version 

Units 

Parameter 

Test  Conditions/Comments 

LOGIC  OUTPUTS 

Output  High  Voltage,  Voh 

4.0 

4.0 

4.0 

V  min 

Isource  =  200  uA 

Output  Low  Voltage,  VOL 

0.4 

0.4 

0.4 

V  max 

-  1  ft  mA 

DB1 1-DBO 

Floating-State  Leakage  Current 

±10 

±10 

±10 

uA  max 

Floating-State  Capacitance5 

15 

15 

15 

pr  max 

Output  Coding 

Straight  (Natural)  Binary 

Data  Format  Bit  of  Control  Register  —  0 

2s  Complement 

Data  Format  Bit  of  Control  Register  —  1 

CONVERSION  RATE 

Conversion  Time 

1.6 

1.6 

1.6 

lis  max 

MUX  OUT  Connected  to  SHA  IN 

Track/Hold  Acquisition  Time 

0.4 

0.4 

0.4 

jjs  max 

POWER  REQUIREMENTS 

VDD 

+5 

+5 

+5 

V  nom 

±5%  for  Specified  Performance 

Idd  (Normal  Mode) 

15 

15 

15 

mA  max 

IDD  (Standby  Mode) 

25 

25 

25 

liA  max 

Logic  Inputs  =  0  V  or  Vdd 

Power  Dissipation  (Normal  Mode) 

75 

75 

75 

mW  max 

Typically  60  mW 

Power  Dissipation  (Standby  Mode) 

125 

125 

125 

uW  max 

Typically  75  uW 

NOTES 

'Temperature  ranges  are  as  follows:  A,  B  Versions:  -40°C  to  +85°C;  S  Version:  -55°C  to  +125°C. 
2AD7891-l's  dynamic  performance  is  measured  with  an  input  frequency  of  10  kHz  while  the  AD7891-2's  dynamic 
of  100  kHz. 
3See  Terminology. 

'This  sample  rate  can  only  be  achieved  when  the  part  is  operated  in  the  parallel  interface  mode. 
385  kHz. 

5Sample  tested  @  +25°C  to  ensure  compliance. 
6REF  IN  must  be  buffered  before  being  applied  to  VINxb- 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  AGND  -0.3  V  to  +7  V  - 

VDD  to  DGND  -0.3  V  to  +7 

Analog  Input  Voltage  to  AGND 

AD7891-1   ±17  V 

AD7891-2   +  5V 

Reference  Input  Voltage  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Input  Voltage  to  DGND   -0.3  V  to  VDD  +  0.3  V 

Digital  Output  Voltage  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Commercial  (A,  B  Versions)   ^0°C  to  +85°C 

Extended  (S  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature   +150°C 


ce  is  measured  with  an  input  frequency 


le  throughput  rate  in  the  serial  interface  mode  is 


Dissipation    450  mW 

KB   95°C/W 

:,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infared  (15  sec)   +220°C 

PLCC  Package,  Power  Dissipation    500  mW 

9jA  Thermal  Impedance   55°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infared  (15  sec)   +220°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7891  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TIMING  CHARACTERISTICS'  2  <Vdo=  +5  %  AGND  =  DGND  =  O  V,  REF  IN  =  +2.5  V,  MUX  OUT  connected  to  SNA  IN) 


A,  B 








Units 




Test  Conditions/Comments 


tr3 
tf3 

tcONV 

Parallel  Interface 

t! 
t2 
h 

u 

t7 
ti 

tio5 

Serial  Interface 
tn 


tl4 
t!54 
tl6= 
ti 


tl8 
t,8A5 


t2l 
t22 


20 

50 
2 

0 

35 
25 
5 
0 

35 
100 
35 
25 
5 

30 

30 
20 
25 
25 
5 

15 

20 

0 

30 

0 

30 

20 


20 
50 

2  •  . 

0 

45 
30 
5 
0 

45 

100 

45 

35 

5 

40 


ns  max 
ns  max 
|js  max 

ns  min 


30 
25 
25 
25 
5 

20 
20 


ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  max 

ns  min 
ns  max 
ns  min 
ns  min 


10 

25 


30 
25 
t,, 
20 
10 
30 


nsmin 
ns  min 
i  max 
nin 
ns  max 
ns  min 
ns  max 
ns  min 
ns  min 
ns  min 


Digital  Output  Rise  Time,  Typically  10  ns 
Digital  Output  Fall  Time,  Typically  10  ns 
Conversion  Time 

CS  to  RD/WR  Setup  Time 
Write  Pulse  Width 
Data  Valid  to  Write  Setup  Time 
Data  Valid  to  Write  Hold  Time 
CS  to  RD/WR  Setup  Time 
CONVST  Pulse  Width 
EOC  Pulse  Width 
Read  Pulse  Width 

Data  Access  Time  After  Falling  Edge  of  RD 
Bus  Relinquish  Time  After  Rising  Edge  of  RD 

RFS  Low  to  SCLK  Falling  Edge  Setup  Time 
RFS  Low  to  Data  Valid  Delay 
SCLK  High  Pulse  Width 
SCLK  Low  Pulse  Width 

I  Rising  Edge  to  Data  Valid  Hold  Time 
^  Rising  Edge  to  Data  Valid  Delay 
?S  to  SCLK  Falling  Edge  Hold  Time 
Bus  Relinquish  Time  after  Rising  Edge  of  RFS 

€  |X 

Bus  Relinquish  Time  After  Rising  Edge  of  SCLK 

TFS  Low  to  SCLK  Falling  Edge  Setup  Time 

Data  Valid  to  SCLK  Falling  Edge  Setup  Time 
Data  Valid  to  SCLK  Falling  Edge  Hold  Time 
TFS  Low  to  SCLK  Falling  Edge  Setup  Time 


NOTES 

'Sample  tested  at  +25°C  to  ensure  compliance.  All  input  signals  are  measured  with  tr  =  tf  =  1  ns  (10%  to  90%  of +5  V)  and  timed  from  a  voltage  level  of +  1.6  V. 
2See  Figures  2  and  3. 

'Specified  using  10%  and  90%  points  on  the  waveform  of  interest. 

■"Measured  with  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.0  V. 

5These  times  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  1.  The  measured  number  is  then 
extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are  the  true  bus 
relinquish  times  of  the  part  and  as  such  are  independent  of  external  bus  loading  capacitances. 

Specifications  subject  to  change  without  notice. 


TO 

OUTPUT  O  f 
PIN 

50pF 


Figure  1.  Load  Circuit  for  Access  Time  and  Bus  Relinquish  Time 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7891 


PIN  DESCRIPTION 


Description 




Analog  Input  Channels.  The  AD7891  contains  eight  pairs  of  analog  input  channels.  Each  channel  contains 
two  input  pins  to  allow  a  number  of  different  input  ranges  to  be  used  with  the  AD7891.  There  are  two  pos- 
sible input  voltage  ranges  on  the  AD7891-1.  The  ±5  V  input  range  is  selected  by  connecting  the  input  volt- 
age to  both  Vinxa  and  VINXB,  while  the  + 10  V  input  range  is  selected  by  applying  the  input  voltage  to  VINXa 
and  connecting  VINXB  to  AGND.  The  AD7891-2  has  three  possible  input  ranges.  The  0  V  to  +2.5  V  input 
range  is  selected  by  connecting  the  analog  input  voltage  to  both  V[NXA  and  ViNXB;  tne  0  V  to  +5  V  input 
range  is  selected  by  applying  the  input  voltage  to  VINXA  and  connecting  VINXb  to  AGND;  while  the  +2.5  V 
input  range  is  selected  by  connecting  the  analog  input  voltage  to  VINXA  and  connecting  VINXb  to  REF  IN 
(provided  this  REF  IN  voltage  comes  from  a  low  impedance  source) . 

The  channel  to  be  converted  is  selected  by  the  A2,  Al  and  AO  bits  of  the  Control  Register.  In  the  parallel  in- 
terface mode,  these  bits  are  available  as  three  data  input  lines  (DB3  to  DB5)  in  a  parallel  write  operation, 
while  in  the  serial  interface  mode,  these  three  bits  are  accessed  via  the  DATA  IN  line  in  a  serial  write  opera- 
tion. The  multiplexer  has  guaranteed  break-before-make  operation. 

Positive  supply  voltage,  +5  V  +  5%. 

Analog  Ground.  Ground  reference  for  track/hold,  comparator  and  DAC 

Digital  Ground.  Ground  reference  for  digital  circuitry. 

Standby  Mode  Input.  TTL-compatible  input  which  is  used  to  put  the  device  into  the  power  save  or  standby 
mode.  The  STANDBY  input  is  high  for  normal  operation  and  low  for  standby  operation. 

Multiplexer  Output.  The  output  of  the  multiplexer  appears  at  this  pin.  The  output  voltage  range  from  this 
output  is  0  V  to  +2.5  V  for  the  nominal  analog  input  range  to  the  selected  channel.  The  output  impedance 
of  this  output  is  nominally  7.5  kQ  for  the  AD7891-1  and  1  kQ  for  the  AD7891-2.  If  no  external  antialiasing 
filter  or  signal  conditioning  is  required,  MUX  OUT  should  be  connected  to  SHA  IN. 

Track/Hold  Input.  The  input  to  the  on-chip  track/hold  is  applied  to  this  pin.  It  is  a  high  impedance  input 
and  the  input  voltage  range  is  0  V  to  4j2.5*V. 

External  capacitor.  An  external  capacitor  is  connected  to  this  pin  to  determine  the  length  of  the  internal 
pulse  (see  CEXt  FUNCTIONING  section).  Larger  capacitances  on  this  pin  extend  the  pulse  to  allow  for 
settling-time  delays  through  an  external  antialiasing  filter. 

Voltage  Reference  Output/Input.  The  part  can  either  be  used  with  its  own  internal  reference  or  with  an  ex- 
ternal reference  source.  The  on-chip  +2.5  V  reference  voltage  is  provided  at  this  pin.  When  using  this  in- 
ternal reference  as  the  reference  source  for  the  part,  REF  OUT  should  be  decoupled  to  AGND  with  a 
0. 1  uF  disc  ceramic  capacitor.  The  output  impedance  of  the  reference  source  is  typically  2  kfi.  When  using 
an  external  reference  source  as  the  reference  voltage  for  the  pan,  the  reference  source  should  be  connected 
to  this  pin.  This  overdrives  the  internal  reference  and  provides  the  reference  source  for  the  part.  The  refer- 
ence pin  is  buffered  on-chip  but  must  be  able  to  sink  or  source  current  through  this  2  kfi  resistor  to  the  out- 
put of  the  on-chip  reference.  The  nominal  reference  voltage  for  correct  operation  of  the  AD7891  is  +2.5  V. 

Convert  Start.  Edge-triggered  logic  input.  A  low  to  high  transition  on  this  input  puts  the  track/hold 
into  hold  and  initiates  conversion.  This  CONVST  signal  is  not  gated  with  the  internal  pulse  (see  CEXT 
FUNCTIONING  section)  and  so  the  conversion  is  initiated  from  the  rising  edge  of  CONVST  regardless 
of  whether  the  internal  pulse  has  timed  out  or  not. 

End-of-Conversion.  Active  low  logic  output  indicating  converter  status.  The  end  of  conversion  is  signified 
by  a  low  going  pulse  on  this  line.  The  duration  of  this  EOC  pulse  is  nominally  120  ns. 

Interface  Mode.  Control  input  which  determines  the  interface  mode  for  the  part.  With  this  pin  at  a  logic 
low,  the  AD7891  is  in  its  serial  interface  mode;  with  this  pin  at  a  logic  high,  the  device  is  in  its  parallel 
interface  mode. 


REF  OUT/REF  IN 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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PARALLEL  INTERFACE  MODE  FUNCTIONS 


Mnemonic 


Description 


CS 
RD 


Chip  Select.  Active  low  logic  input  which  is  used  in  conjunction  with  RD  to  enable  the  data  outputs  and  with  WR 
to  allow  input  data  to  be  written  to  the  part. 

Read.  Active  low  logic  input  which  is  used  in  conjunction  withCS  low  to  enable  the  data  outputs. 

Write  Input.  Active  low,  logic  input  used  in  conjunction  with  CS  to  latch  the  multiplexer  address.  The  rising  edge 
of  this  input  also  initiates  an  internal  pulse,  the  width  of  which  is  determined  by  the  value  of  capacitance  on  the 
CExt  pin.  When  this  pulse  is  active,  it  gates  off  the  software  conversion  start  until  the  pulse  has  timed  out.  This 
allows  an  external  antialiasing  filter  (the  output  of  which  is  applied  to  SHA  IN)  to  settle  when  a  channel  address  is 
changed  before  the  track/hold  goes  into  hold  and  conversion  is  initiated.  If  the  SWCON  bit  of  the  Control  Register 
is  set  to  1,  when  this  pulse  times  out,  the  track/hold  then  goes  into  hold  and  conversion  is  initiated.  If  the  SWCON 
bit  of  the  Control  Register  is  set  to  0,  the  track/hold  and  conversion  sequence  are  unaffected  by  the  WR  operation. 


Data  I/O  Lines 

There  are  twelve  data  input/output  lines  on  the  AD7891.  When  the  part  is  configured  for  parallel  mode  (MODE  =  1),  the  output 
data  from  the  part  is  provided  at  these  12  pins  during  a  read  operation.  For  a  write  operation  in  parallel  mode,  these  lines  provide  ac- 
cess to  the  part's  Control  Register. 

Parallel  Read  Operation  d 

During  a  parallel  read  operation  the  12  lines  become  the  12  data  bit  containing  the  conversion  result  from  the  AD7891.  These  data 
bits  are  labelled  Data  Bit  0  (LSB)  to  Data  Bit  1 1  (MSB).  They  are  three-state  TTL-compatible  outputs.  Output  data  coding  is  2s 
complement  when  the  DATA  FORMAT  Bit  of  the  Control  Register  is  1  and  straight  binary  when  the  DATA  FORMAT  Bit  of  the 
Control  Register  is  0. 

Mnemonic  Description 


(MSB).  ' 

lip 


atible  outputs  which  are  controlled  by  the  CS  and 


DB0-DB11 


Data  Bit  0  (LSB)  to  Data  Bit  1 
RD  inputs. 


____  

ons  can  be  written  ti 


Parallel  Write  Operation 

During  a  parallel  write  operation  the  following  function! 


Control  Register  via  the  12  data  input/output  pins. 


Description 








Address  Input.  The  status  of  this  input  during  a  parallel 
Register  (see  Control  Register  section). 

Address  Input 
Register  (see  Control 


!  operation  is  latched  to  the  AO  bit  of  the  Control 


:  of  the  Control 


The  status  of  this  input  during  a  parallel  write  operation  is  latched  to  the  A 1  bit  c 
introl  Register  section). 

Address  Input.  The  status  of  this  input  during  a  parallel  write  operation  is  latched  to  the  A2  bit  of  the  Control 
Register  (see  Control  Register  section) . 

Software  Conversion  Start.  The  status  of  this  input  during  a  parallel  write  operation  is  latched  to  the  SWCONV 
bit  of  the  Control  Register  (see  Control  Register  section). 

Software  Standby  Control.  The  status  of  this  input  during  a  parallel  write  operation  is  latched  to  the  SWSTBY  bit 
of  the  Control  Register  (see  Control  Register  section). 

Data  Format  Selection.  The  status  of  this  input  during  a  parallel  write  operation  is  latched  to  the  FORMAT  bit  of 
the  Control  Register  (see  Control  Register  section). 


SERIAL  INTERFACE  MODE  FUNCTIONS 

for  serial  mode  (MODE  =  0),  five  oft 
~'A  below. 


When  the  part  is 
tions.  These  funi 


:  twelve  data  input/output  lines  provide  serial  interface  func- 


Mnemonic 

Description 

SCLK 

Serial  Clock  Input.  This  is  an  externally  applied  serial  clock  which  is  used  to  load  serial  da 
ter  and  to  access  data  from  the  output  register. 

a  to  the  Control  Regis- 

I 

TFS 

Transmit  Frame  Synchronization  Pulse.  Active  low  logic  input  with  serial  data  expected  af 
this  signal. 

ter  the  falling  edge  of 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  ti 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DATA  OUT 


DATA  IN 


mitted  and  received  at  the  same  time,  RFS  and  TFS  should  be  connected  together. 

Serial  Data  Output.  Sixteen  bits  of  serial  data  are  provided  with  the  DATA  FORMAT  bit  and  the  three  address 
bits  of  the  Control  Register  preceding  the  12  bits  of  conversion  data.  Serial  data  is  valid  on  the  falling  edge  of 
SCLK  for  sixteen  edges  after  RFS  goes  low.  Output  conversion  data  coding  is  2s  complement  when  the  DATA 
FORMAT  Bit  of  the  Control  Register  is  1  and  straight  binary  when  the  DATA  FORMAT  Bit  of  the  Control  Reg- 
ister is  0. 

Serial  Data  Input.  Serial  data  to  be  loaded  to  the  Control  Register  is  provided  at  this  input.  The  first  six  bits  of 
serial  data  are  loaded  to  the  Control  Register  on  the  first  six  falling  edges  of  SCLK  after  TFS  goes  low.  Serial  data 
on  subsequent  SCLK  edges  is  ignored  while  TFS  remains  low.   


PIN  CONFIGURATIONS 


PQFP 


i  j  j  J  J  j 


PLCC 


MUX  OUT  QT 
SHA  IN  QT 
REF  OUT/REF  IN  QT 

vDD  m 

AGND  QT 
MODE  QT 
DBUfTEST  QT 
DB10/TEST  QT 
DB9/TFS  QT 
DB8/RFS  [QO 
DB7/DATA  IN  QT 


I—  I  Z  I  C  Z  S  £  S  £  5 
</)>>>>>>>>>> 


AD7891  PQFP 

TOP  VIEW 
(Not  to  Scale) 
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SHA  IN  (T 
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Ml  VIN7B 

Ml  VIN6A 

AGND  [T 

Ml  VIMB 

1MODE  B 

27Q  AGND 

DB11/TEST  [7j 

Ml  eoc 

DBIOTTEST  |T 

Ml  <=EXT 

DB9/TFS  |15 

Ml  CONVST 

DB8/RFS  [« 

Ml  ci 

DB7/DATA  IN  [T 

AD7891  PLCC 

TOP  VIEW 
(Not  to  Scale) 
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VIN7B 
VIN8A 
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ORDERING  GUIDE 


Model 

Input  Ranges 

Relative  Accuracy 

Temperature  Range 

Package  Option* 

AD7891AS-1 
AD7891BS-1 
AD7891AP-1 
AD7891BP-1 

±5  VorilO  V 
±5  Vor  +  lOV 
+  5  Vor  +  lOV 
±5  Vor±10  V 

±1  LSB 
±1/2  LSB 
±1  LSB 
±1/2  LSB 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

S-44 
S-44 
P-44A 
P-44A 

AD7891AS-2 
AD7891BS-2 
AD7891AP-2 
AD7891BP-2 

0  V  to  +2.5  V,  0  V  to  +5  V  or  ±2.5  V 
0  V  to  +2.5  V,  0  V  to  +5  V  or  ±2.5  V 
0  V  to  +2.5  V,  0  V  to  +5  V  or  ±2.5  V 
0  V  to  +2.5  V,  0  V  to  +5  V  or  +2.5  V 

±1  LSB 
±1/2  LSB 
±1  LSB  , 
±1/2  LSB 

~40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

S-44 

■ 

S-44 

P-44A 

P-44A 

*S  =  Plastic  Quad  Flatpack  (PQFP);  P  =  Plastic  Leaded  Chip  Carrier  (PLCC).  For  outline  information  see  Package  Information  section. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  wi 
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5-98   DATA  ACQUISITION  SUBSYSTEMS 


REV.  0 


Register  either  in  a  parallel  mode  write  operation  or  via  a  serial  mode  write  operation.  The  default  (power-on)  condition  of  all  bits  in 
the  Control  Register  is  0. 

MSB 


A2 

Al 

AO 

SWCONV 

SWSTBY 

FORMAT 

A2 
Al 
AO 


SWCONV 


SWSTBY 


FORMAT 


Address  Input.  This  input  is  the  most  significant  address  input  for  multiplexer  channel  selection. 

Address  Input.  This  is  the  2nd  most  significant  address  input  for  multiplexer  channel  selection. 

Address  Input.  Least  significant  address  input  for  multiplexer  channel  selection.  When  the  address  is  written  to 
the  control  register,  an  internal  pulse  is  initiated,  the  pulse  width  of  which  is  determined  by  the  value  of  capaci- 
tance on  the  Cext  Pm-  SWCON  will  not  sample  the  input  signal  or  initiate  a  conversion  until  this  pulse  has  timed 
out.  This  allows  for  the  multiplexer  settling  time  and  track/hold  acquisition  time  before  the  track/hold  goes  into 
hold  and  conversion  is  initiated.  In  applications  where  there  is  an  antialiasing  filter  between  MUX  OUT  and 
SHA  IN,  the  filter  settling  time  can  be  taken  into  account  before  the  input  at  SHA  IN  is  sampled.  When  the  inter- 
nal pulse  times  out,  the  track/hold  goes  into  hold  and  conversion  is  initiated. 


Conversion  Start.  Writing  a  1  to  this  bit  initiates  a  conversion  in  a  similar  manner  to  the  CONVST  input.  Con- 
tinuous conversion  starts  do  not  take  place  when  there  is  a  1  in  this  location.  The  internal  pulse  and  the  conver- 
sion  process  are  initiated  when  a  1  is  written  to  this  bit.  With  a  I  in  this  bit,  the  hardware  conversion  start,  i.e.,  the 
CONVST  input,  is  disabled.  Writing  a  0  to  this  bit  enables  the  hardware  CONVST  input. 

Standby  Mode  Input.  Writing  a  1  to  this  bit  places  the  device  in  its  standby  or  power-down  mode.  Writing  a  0  to 
this  bit  places  the  device  in  its  normal  operating  mode.  1^%.*^ 

Data  Format.  Writing  a  0  to  this  bit  determines  that  the  conversion  data  output  format  is  straight  (natural)  binary. 
This  data  format  is  generally  be  used  for  unipolar  input  ranges.  Writing  a  1  to  this  bit  determines  that  the  conver- 
sion data  output  format  is  2s  complement.  This  output  data  format  is  generally  used  for  bipolar  input  ranges. 


implement.  Ihis 


CIRCUIT  DESCRIPTION 

The  AD7891  is  an  eight-channel,  high  speed,  12-bit  data  acqui- 
sition system.  It  provides  the  user  with  signal  scaling,  multi- 
plexer, track/hold,  reference,  AD  converter  and  high  speed 
parallel  and  serial  interface  logic  functions  on  a  single  chip.  The 
signal  conditioning  on  the  AD7891-1  allows  the  part  to  accept 
analog  input  ranges  of  ±  5  V  or  ±  1 0  V  when  operating  from  a 
single  supply.  The  input  circuitry  on  the  AD7891-2  allows  the 
part  to  handle  input  signal  ranges  of  0  V  to  +2.5  V,  0  V  to  +5  V 
and  ±2.5  V  again  while  operating  from  a  single  +5  V  supply. 
The  part  requires  a  +2.5  V  reference  which  can  be  provided 
from  the  part's  own  internal  reference  or  from  an  external  refer- 
ence source. 

Unlike  other  single  chip  solutions,  the  AD7891  provides  the 
user  with  separate  access  to  the  multiplexer  and  the  A/D  con- 
verter. This  means  that  the  flexibility  of  separate  multiplexer 
and  ADC  solutions  is  not  sacrificed  with  the  one-chip  solution. 
With  access  to  the  multiplexer  output,  the  user  can  implement 
external  signal  conditioning  between  the  multiplexer  and  the 
track/hold.  It  means  that  one  antialiasing  filter  can  be  used  on 
the  output  of  the  multiplexer  to  provide  the  antialiasing  function 
for  all  eight  channels.  The  extra  settling  time  introduced  into 
the  circuit  by  the  external  circuitry  can  be  allowed  for  by  the 
AD7891  by  connecting  a  single  capacitor  to  the  CEXTPm.  If  no 
external  signal  conditioning  is  required,  the  multiplexer  output 
(MUX  OUT)  can  simply  be  connected  directly  to  the  track/hold 
input  (SHA  IN). 


Conver 

CONVST  input  or  by  writing  a  logic  1  to  the  SWCONV  bit  of 
the  Control  Register.  When  using  the  hardware  CONVST  in- 
put, the  on-chip  track/hold  goes  from  track  to  hold  mode  and 
the  conversion  sequence  is  started  on  the  rising  edge  of  the 
CONVST  signal.  When  a  software  conversion  start  is  initiated, 
an  internal  pulse  is  generated  which  delays  the  track/hold  acqui- 
sition point  and  the  conversion  start  sequence  until  the  pulse  is 
timed  out.  This  internal  pulse  is  initiated  (goes  from  low  to 
high)  whenever  a  write  to  the  AD7891  Control  Register  takes 
place  with  a  1  in  the  SWCONV  bit.  It  then  starts  to  discharge 
and  the  track/hold  cannot  go  into  hold  and  conversion  cannot 
be  initiated  until  the  CEXt  pin  has  crossed  its  trigger  point  of 
2.5  V.  The  discharge  time  of  the  voltage  on  Cext  depends  upon 
the  value  of  capacitor  connected  to  the  Cext  pin- 

The  conversion  clock  for  the  part  is  internally  generated  and 
conversion  time  for  the  AD7891  is  1.6  us  from  the  rising  edge  of 
the  hardware  CONVST  signal,  and  the  track/hold  acquisition 
time  for  the  part  is  400  ns.  To  obtain  optimum  performance 
from  the  part,  the  data  read  operation  should  not  occur  during 
the  conversion  or  during  200  ns  prior  to  the  next  conversion. 
This  allows  the  part  to  operate  at  throughput  rates  up  to 
500  ksps  in  the  parallel  mode  and  achieve  data  sheet  specifica- 
tions. In  the  serial  mode,  the  maximum  achievable  throughput 
rate  for  the  part  is  385  ksps  (assuming  a  20  MHz  serial  clock). 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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INTERFACE  INFORMATION  Read  Operation 

The  AD7891  provides  two  interface  options,  a  12-bit  parallel  Figure  3  shows  the  timing  diagram  for  reading  from  the  AD7891 

interface  and  a  high  speed  serial  interface.  The  required  inter-  in  serial  mode.  RFS  goes  low  to  access  data  from  the  AD7891 . 

face  mode  is  selected  via  the  MODE  pin.  The  two  interface  The  serial  clock  input  does  not  have  to  be  continuous.  The  se- 

modes  are  discussed  in  the  following  sections.  rial  data  can  be  accessed  in  a  number  of  bytes.  However,  RFS 

Parallel  Interface  Mode  must  rema'n  'ow  f°r  t^le  duration  of  the  data  transfer  operation. 

The  parallel  interface  mode  is  selected  by  tying  the  MODE  in-  Sixteen  bits  of  data  are  transmitted  in  serial  mode  with  the  data 

put  to  a  logic  high.  Figure  2  shows  a  timing  diagram  illustrating  FORMAT  bit,  followed  by  the  three  address  bits  in  the  Control 


the  operational  sequence  of  the  AD7891  in  parallel  mode  for  a 
hardware  conversion  start.  The  multiplexer  address  is  written  to 
the  AD7891  on  the  rising  edge  of  the  WR  input.  The  on-chip 
track/hold  goes  into  hold  mode  on  the  rising  edge  of  CONVST, 
and  conversion  is  also  initiated  at  this  point.  When  conversion 
is  complete,  the  end  of  conversion  line  (EOC)  pulses  low  to  in- 
dicate that  new  data  is  available  in  the  AD7891's  output  regis- 
ter. This  EOC  line  can  be  used  to  drive  an  edge-triggered 
interrupt  of  a  microprocessor.  CS  and  RD  going  low  accesses 
the  1 2-bit  conversion  result.  In  systems  where  the  part  is  inter- 
faced to  a  gate  array  or  ASIC,  this  EOC  pulse  can  be  applied  to 
the  CS  and  RD  inputs  to  latch  data  out  of  the  AD7891  and  into 
the  gate  array  or  ASIC.  This  means  that  the  gate  array  or  ASIC 
does  not  need  any  conversion  status  recognition  logic,  and  it 
also  eliminates  the  logic  required  in  the  gate  array  or  ASIC  to 
generate  the  read  signal  for  the  AD7891. 

CONVST  (1)  \  / 


Register,  followed  by  the  1 2-bit  conversion  result  starting  with 
the  MSB.  Serial  data  is  clocked  out  of  the  device  on  the  rising 
edge  of  SCLK  and  is  valid  on  the  falling  edge  of  SCLK.  At  the 
end  of  the  read  operation,  the  DATA  OUT  line  is  three-stated 
by  a  rising  edge  on  either  the  SCLK  or  RFS  inputs,  whichever 
occurs  first. 


-ff- 
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Figure  3.  Serial  Mode  Read  Operation 
Write  Operation 

Figure  4  shows  a  write  operation  to  the  Control  Register  of  the 
The  TFS  input  goes  low  to  indicate  to  the  part  that  a 
occur.  The  AD7891  Control  Register  re- 
data.  These  are  loaded  on  the  first  six 
of  the  serial  clock  with  data  on  all  subsequent  clock 
i  Serial  data  to  be  written  to  the  AD7891 
falling  edge  of  SCLK. 


AD7891.  The  TFS  in 

  serial  wnte  is  about  to 

quires  only  six  bits  of  c 
clock  cycles  of  the  sen; 


BOdl 
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Figure  2.  Parallel  Mode  Timing  Diagram 
Serial  Interface  Mode 

The  serial  interface  mode  is  selected  by  tying  the  MODE  input 
to  a  logic  low.  In  this  case,  five  of  the  data/control  inputs  of  the 
parallel  mode  assume  serial  interface  functions.  The  serial  in- 
terface on  the  AD7891  is  a  five-wire  interface  with  read  and 
write  capabilities,  with  data  being  read  from  the  output  register 
via  the  DATA  OUT  line  and  data  being  written  to  the  Control 
Register  via  the  DATA  IN  line.  The  part  operates  in  a  slave  or 
external  clocking  mode  and  requires  an  externally  applied  serial 
clock  to  the  SCLK  input  to  access  data  from  the  data  register  or 
write  data  to  the  control  register.  There  are  separate  framing 
signals  for  the  read  (RFS)  and  write  (TFS)  operations. 


Figure  4.  Serial  Mode  Write  Operation 
Simplifying  the  Serial  Interface 

To  minimize  the  number  of  interconnect  lines  to  the  AD7891  in 
serial  mode,  the  user  can  connect  the  RFS  and  TFS  lines  of  the 
AD789 1  together  and  read  and  write  from  the  part  simulta- 
neously. In  this  case,  new  Control  Register  data  line  selecting  the 
input  channel  and  providing  a  conversion  start  command  should 
be  provided  on  the  DATA  IN  while  the  part  provides  the  result 
from  the  conversion  just  completed  on  the  DATA  OUT  line. 


- 
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a  means  of  deter- 
mining how  long  after  a  new  channel  address  is  written  to 
he  part  that  a  conversion  can  take  place.  The  reason  behind 
>  is  twofold.  First,  when  the  input  channel  to  the  AD7891 
he  input  voltage  on  this  new  channel  is  likely 
be  very  different  from  the  previous  channel  voltage.  There- 
fore, the  part's  track/hold  has  to  acquire  the  new  voltage  be- 
fore an  accurate  conversion  can  take  place.  An  internal  pulse 
delays  any  software  conversion  start  command  (as  well  as 

track/hold  mt0  hoId)  ^ after  t 

The  second  reason  is  to  allow  the  user  to  connect  external 
antialiasing  or  signal  conditioning  circuitry  between 
MUX  OUT  and  SHA  IN.  This  external  circuitry  will  intro- 
duce extra  settling  time  into  the  system.  The  CEXX  pin  pro- 
vides a  means  for  the  user  to  extend  the  internal  pulse  to 
take  this  extra  settling  time  into  account.  Basically,  varying 
the  value  of  the  capacitor  on  the  CEXt  pin  varies  the  dura- 
tion of  the  internal  pulse. 


,3£t)fatri  nun  -'-'^9 

-no:  Uhvittf't     m    ta        HI    in  . 


The  duration  of  the  intei 
The  CEXT  pin  goes  from  a  1 

sion  stan  is  written  to  the  part.  Once  the  CExt  pin  has  c 
charged  to  crossing  its  nominal  trigger  point  of  2.5  V,  the 
internal  pulse  is  timed  out.  With  no  capacitor  on  the  CEXt  pin, 
the  internal  pulse  duration  is  600  ns. 

If  the  multiplexer  output  (MUX  OUT)  is  connected  directly  to 
the  track/hold  input  (SHA  IN),  then  external  settling  need  not 
be  taken  into  account  by  the  internal  pulse  width.  In  this  case, 
the  600  ns  internal  pulse  duration  with  no  CEXx  is  sufficient  to 
cater  for  the  400  ns  acquisition  time.  If  external  circuitry  is  con- 
nected between  MUX  OUT  and  SHA  IN,  then  the  extra  set- 
tling time  introduced  by  this  circuitry  will  have  to  be  taken  into 
account  by  placing  a  larger  value  of  capacitance  on  the  CEXX 
pin. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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FEATURES 

2  ».s  ADC  with  T/H 

4-Channel  MUX 

AD899  Compatible 

+5  Volt  Operation 

On-Chip  Reference 

4  (is  Voltage  Output  DAC 

Fast  Bus  Access  Time -75  ns 

APPLICATIONS 
Servo  Controls 

Digitally  Controlled  Calibration 
Process  Control  Equipment 

GENERAL  DESCRIPTION 

The  AD8401  is  a  complete  data  acquisition  and  control  system 
containing  ADC,  DAC,  4-channel  MUX,  and  internal  voltage 
reference.  Built  using  CBCMOS,  this  monolithic  circuit  offers 
the  user  a  complete  system  with  very  high  package  density  and 
reliability. 

The  converter  is  a  successive  approximation  ADC  with  T/H, 
and  is  capable  of  operating  with  conversion  times  as  short  as 
2  u.s.  Analog  input  bandwidth  is  200  kHz,  and  DAC  output 
voltage  settling  time  is  less  than  4  u.s,  making  the  AD8401  capa- 
ble of  controlling  servo  loops  with  speed  and  precision. 

The  8-bit  data  interface  provides  both  read  and  write  operation 
for  parallel  bus  interfaces  to  microcontrollers  and  DSP  proces- 
sors. An  external  5  MHz  clock  sets  the  2  (is  conversion  rate. 
Slower  clocks  reduce  the  conversion  time  and  the  internal  power 
dissipation.  The  standard  control  lines:  Reset,  Busy,  Interrupt, 
Read  and  Write  complete  the  handshaking  signals  for  micro- 
processor communication.  A  start  trigger  ST  input  allows  pre- 
cise sampling  intervals  in  synchronous  sampling  applications. 


FUNCTIONAL  BLOCK  DIAGRAM 


y~ [>->vout 


DGNO     RD    CLK  CS 


DATATO  AGDAC  AGADC 
(8  BITS) 


The  input  multiplexer  addressing  is  designed  for  direct  interface 
to  the  AD899  hard-disk  drive,  read-channel  device  with  no  extra 
hardware  or  special  software.  Analog  input  range  levels  are  like- 
wise compatible  with  the  AD899. 

The  AD8401  is  designed  to  operate  from  a  single  +5  volt  sup- 
ply, which  will  give  an  ADC  input  range  of  0  V  to  3.0  V,  and 
DAC  output  range  of  0  V  to  2.5  V. 

The  AD8401  is  offered  in  the  SOIC-28  surface  mount  package, 
and  is  guaranteed  to  operate  over  the  extended  industrial  tem- 
perature range  of  -40°C  to  +85°C. 
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SPECIFICATIONS 

ADC  ELECTRICAL  CHARACTERISTICS  ^^I'gVSP**"*^ 


=  5  MHz; 


STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error 
Relative  Accuracy 
Differential  Nonlinearity 
Offset  Error 

Full-Scale  Error 

AFull-Scale/AVDD 


Symbol 


Min 


Typ 


Max 


Units 


N 

TUE 
INL 
DNL 

VoSE 

AE 


TA  =  +25°C 
TA  =  Full  Temp 
TA  =  +25°C 
TA  =  FuU  Temp 
TA  =  +25°C 


-1 
-1 
-4 
-6 
-4 
-6 




SNR 
THD 
IMD 


±3 

+  1 
+  1 
+4 
+6 
+4 
+6 
1 

44 
48 
60 
0.1 
200 

3 

+500 

10 



40 
10 

0.4 
10 

 10 

2 


Bits 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 


dB 
dB 
dB 
dB 

ns 


DYNAMIC  PERFORMANCE 
Signal-to-Noise  Ratio 
Total  Harmonic  Distortion 
dulation  Distortion 


0  to  200  kHz 


old  Acquisition  Time 


ANALOG  INPUTS    (Applies  to  Inputs  A,  B,  C,  D) 


Unipolar  Input  Range 
Input  Current 
Input  Capacitance 


On 


0 

-500 


V 

(iA 

PF 


LOGIC  INPUTS 
Clock  Input  Current  Low 
Clock  Input  Current  High 
Input  Leakage  Current 


TcKL 
IcKH 
I, 


VrN  =  0V 

CS,  RD,  RS,  ST 


1.6 


mA 
pA 
uA 


LOGIC  OUTPUTS    (Applies  to  Outputs  DB0-DB7,  INT,  BUSY) 


Logic  Output  Low  Voltage 
Logic  Output  High  Voltage 
Output  Leakage  Current 
Output  Capacitance 


VOL 
VOH 


IOL  =  1.6  mA 
IOH  =  200  uA 

CS  =  1  (Except  INT  &  BUSY) 
CS  =  1  (Except  INT  &  BUSY) 


4.0 


V 
V 
\xA 
pF 


CONVERSION  TIME 


External  Clock 


U.S 


Specifications  subject  to  change  without  notice. 


Table  I. 


Address  Input  Decode 
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run  ci  cptdipai  nuADAPTCDiCTiPC  (@  Vdd  =  +5-° v  * 5%'  AGmc  =  AGadc  =  00  V;  Rl  =  2  ka  Cl  =  100  pF  t0 

DAL  tLtUIKHAL  IHAKAULKIblllb  AGDSC;  -40°C  <  Ts  <  +85°C,  unless  otherwise  noted) 


I  arametcr 

Cvmhnt 

Min 

Tvd 

Max 

Units 

STATIC  PERFORMANCE 

Resolution 

N 

8 

Bits 

Total  Unadjusted  Error 

TUE 

±2 

LSB 

Relative  Accuracy 

INL 

-1 

+  1 

LSB 

Differential  Nonlinearity 

DNL 

-1 

+  1 

LSB 

Offset  Frrnr 

vOSE 

T.  =  +25°C 

-2 

+2 

LSB 

TA  =  Full  Temp  Range 

-2.5 

+2.5 

LSB 

Full-Scale  Error 

AE 

TA  =  +25°C 

-3 

+3 

LSB 

TA  =  Full  Temp  Range 

-4 

+4 

LSB 

AFull-Scale/AVDD 

TA  =  +25°C 

-0.5 

+0.5 

LSB 

Load  Regulation  at  Full-Scale 

-0.2 

+0.2 

LSB 

DYNAMIC  PERFORMANCE 

Signal-to-Noise  Ratio 

SNR 

44 

dB 

Total  Harmonic  Distortion 

THD 

48 

dB 

ANALOG  OUTPUT 

Output  Voltage  Range 

OVR 

0 

+2.5 

V 

-  DB7,  CS,  WR,  RD,  RS) 

Logic  Input  Low  Voltage 

vIL 

0.8 

V 

T  r\mr*  Turn 1 1  T-Ii crY\  \7r\l  I"o rr*=» 

j_.ogic  input  nign  vuiidgc 

VIH 

2.4 

V 

Input  LcakHgc  Current 

IL 

-10 

in 

M  A 

Input  OspflCitsnce 

cIL 

10 

nF 

Pr 

AC  CHARACTERISTICS 

Voltage  Output  Settling  Time 

ts 

To  ±  1/2  LSB  of  Final  Value 

2 

4 

|JLS 

Positive  Full-Scale  Change 

tpos 

10%  to  90% 

1 

2 

U.S 

Negative  Full-Scale  Change 

lNEG 

90%  to  10% 

2 

4 

|U 

DAC  Glitch  Impulse 

15 

nVs 

Digital  Feedthrough 

1 

nVs 

\Vi  to  VOUT  Isolation 

f  =  50  kHz 

60 

dB 

POWER  REQUIREMENTS 

Positive  Supply  Current 

No  Load 

13 

mA 

Specifications  subject  to  change  without  notice. 
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TIMING  ELECTRICAL  SPECIFICATIONS 


(@  V„D  =  +5.0  V  ±  5%,  AGDAC  =  AGSDC  =  0.0  V;  fCLK  =  5  MHz; 
-40°C  <  TA  <  +85°C,  unless  otherwise  noted) 


Parameter1, 2' 3 


Symbol 


Condition 


Min 


Typ 


Max 


Units 


DAC  TIMING  (See  Figure  8  Timing  Diagram) 
WR  Pulse  Width 
CS  to  WR  Setup  Time 
CS  to  WR  Hold  Time 
Data  Setup  Time 
Data  Hold  Time 


50 

0 

0 

60 
0 


ns 
ns 
ns 
ns 


ADC  TIMING  (See  Figures  6  and  7  Timing  Diagrams) 
ST  Pulse  Width 


ST  to  BUSY  Delay 
BUSY  to  INT  Delay 
BUSY  to  CS  Delay 
CS  to  RD  Setup  Time 
RD  Pulse  Width4 
CS  to  RD  Hold  Time 
Data  Access  after  RD 
Data  Access  after  RD 
Bus  Relinquish  after  RD 
RD  to  INT  Delay 
RD  to  BUSY  Delay 


Data  Valid  after  BUSY 


Data  Valid  after  BUSY 


t6 

h 

k 

tio 

til 

la 

tl3 

hi 

hi 
t}« 

tl7 
t,7 


CL  =  20  pF 
CL  =  100  pF 


CL  =  20  pF 
CL  =  100  pF 


40 


0 

0 

75 

0 

10 

10 

10 


ns 

110 

ns 

30 

ns 

ns 

ns 

ns 

ns 

75 

ns 

135 

ns 

70 

ns 

85 

ns 

110 

ns 

90 

ns 

135 

ns 

NOTES 

'All  input  control  signals  are  specified  with  tK 
zt13  and  t!7  are  measured  with  the  load 
3t14  is  defined  as  the  time  required  for 
4tn  is  determined  by  t13. 


tF  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

1  and  defined  as  the  time  required  for  an  output  to  cross  either  0.8  V  or  2.4  V. 
data  line  to  change  0.5  V  when  loaded  with  the  circuit  of  Figure  2. 


+SV 

dbn-«  •-<>  <3ksa 

]  OBN  i  O 

3kS!>  =j=CL  zjzCL 

Vdgndv  Vdond 

a.  High  Z  to  VOH       b.  High  Z  to  VOL 
Figure  1.  Load  Circuits  for  Data  Access  Time  Test 

ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  (VDD)  +8V 

Input  Voltages  -0.3  V  to  VDD  +  0.3  V 

Output  Short-Circuit  Duration  Indefinite 

Package  Power  Dissipation  (Tj  max-TA)/6JA 

Thermal  Resistance  8JA 

28-Lead  SOIC  (R)  53°C/W 

Storage  Temperature  Range  -65°C  to  +150°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Junction  Temperature  Range  (T,  max)  ....  -65°C  to  +  150°C 
Lead  Temperature  Range  (Soldering,  60  sec)  +300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


DBN  — •  »-0 

3kG?  T1< 


X    I  X 

V  DGNDV  V  DGND 

a.  VOH  to  High  Z       b.  VOL  to  High  Z 
Figure  2.  Load  Circuits  for  Bus  Relinquish  Time  Test 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model1 

Range 

Description 

Option2 

AD8401AR 

-40°C  to  +85°C 

28-Lead  SOIC 

SOL-28 

AD8401Chips 

+25°C 

Die 

NOTES 

'The  AD8401  contains  1257  transistors. 

zFor  outline  information  see  Package  Information  section. 
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AD8401 


PIN  CONFIGURATION 


DICE  CHARACTERISTICS 


PIN  DESCRIPTIONS 


,mm\\m  m 


Die  Size  91  X  121  mil  -  11,011  sq  mil 




Pin# 


Name 


Description 


2 
3 
4 
5 
6 

7-12,  14,  15 

13 
16 
17 
18 

19 

20 

21 

22 
23 

27-24 
28 


AGDAC 

Vout 

NC 

Al 

RESET  (RS) 

DB7  to  DBO 

DGND 
WR 
CS 
RD 

ST 


BUSY 
INT 


CLK 

AGADC 

VINA,  B,  C,  D 
AO 


Positive  Supply.  Nominal  value  +5  volts.  This  pad  requires  2  bonds  for  die  assembly.  The 
substrate  is  common  with  VDD. 

Analog  Ground  for  the  DAC.  There  is  a  separate  analog  ground  for  the  ADC. 
Voltage  Output  from  the  DAC. 
No  Connect. 

Address  Input  that  controls  multiplexer.  See  Table  I  for  address  decode. 

Active  Low  Digital  Input  that  clears  the  DAC  register  to  zero,  setting  the  DAC  to  minimum  scale. 
It  also  asynchronously  clears  the  INT  line  of  the  ADC. 

Digital  I/O  Lines.  DB7  (7)  is  the  Most  Significant  Bit  (MSB),  for  both  the  ADC  and  the  DAC, 
and  DBO  (15)  is  the  Least  Significant  Bit  (LSB). 
Digital  Ground. 

Rising  Edge  Triggered  Write  Input.  Used  to  load  data  into  the  DAC  register. 
Chip  Select.  Active  Low  Input 

Active  Low  Read  Input.  When  this  input  is  active,  ADC  data  can  be  read  from  the  part.  RD  going 
low  starts  the  ADC  conversion. 

Falling  Edge  Triggered  Start  Input.  Used  for  applications  requiring  precise  sample  timing.  The 
falling  edge  of  ST  starts  the  conversion  and  sets  the  BUSY  low.  The  ST  is  not  gated  by  CS. 
ADC  Active  Low,  Status  Output.  When  the  ADC  is  performing  a  conversion,  the  BUSY  output  is 
low. 

Active  Low  Output.  The  Interrupt  output  notifies  the  system  that  the  ADC  has  completed  its 
conversion.  INT  goes  high  on  the  rising  edge  of  CS  or  RD.  It  will  also  be  forced  high  when 
RESET  is  asserted. 

External  Clock  Input  Pin.  Accepts  a  TTL  or  5  V  CMOS  input  logic  levels. 
Analog  ADC  Ground 
Four  Analog  Inputs 

Address  input  that  controls  multiplexer.  See  Table  I  for  address  decode. 
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OPERATION 

The  AD8401  is  a  complete  data  acquisition  and  control  system. 
It  contains  the  DAC,  a  four  channel  input  multiplexer,  a  track/ 
hold,  an  ADC,  as  well  as  an  internal  bandgap  reference.  It  inter- 
faces to  the  microcontroller  via  an  8-bit  digital  I/O  port. 

D/A  CONVERTER  SECTION 

The  DAC  is  an  8-bit  voltage  mode  DAC  with  an  output  that 
swings  from  AGDAC  to  the  1.25  volt  bandgap  voltage.  It  uses  an 
R-2R  ladder  fed  by  PNP  current  sources  which  allow  the  output 
to  swing  to  ground  so  that  the  DAC  operates  in  a  unipolar 
mode. 

AMPLIFIER  SECTION 

The  DAC's  output  is  buffered  by  an  internal  high  speed  op 
amp.  The  op  amps  output  range  is  set  at  0  V  to  2.5  V.  The  op 
amp  has  a  500  ns  typical  settling  time  to  0.2%  for  positive  slew- 
ing signals.  There  are  differences  in  settling  time  for  negative 
slewing  signals.  Signals  going  to  zero  volts  will  settle  slightly 
slower  to  ground  than  is  seen  in  the  positive  direction. 


active  low  at  the  end  of  a  conversion  will  be  forced  high  by 
RESET  asynchronously. 

Figure  4  shows  the  wave  forms  for  a  conversion  cycle.  The  track 
and  hold  begins  holding  the  input  voltage  VIN  approximately 
50  ns  after  the  falling  edge  of  the  Start  command.  The  MSB 
decision  is  made  approximately  50  ns  after  the  second  falling 
edge  of  the  CLK.  If  tx  is  greater  than  50  ns,  then  the  falling 
edge  of  the  CLK  will  be  seen  as  the  first  falling  clock  edge.  If 
tx  is  less  than  50  ns,  the  first  MSB  conversion  will  not  occur 
until  one  clock  cycle  later.  The  following  bits  will  each  be  con- 
verted in  a  similar  manner  50  ns  after  each  CLK  edge  until  all 
eight  bits  have  been  converted.  After  the  end  of  conversion  the 
contents  of  the  ADC  SAR  register  are  transferred  to  the  output 
data  latch,  the  track  and  hold  is  returned  to  the  track  mode, 
INT  goes  low  and  the  SAR  is  reset. 


BUSY 


-a — 


100ns 
TYP 


— »-|   50ns  TYP 


Figure  3.  Equivalent  Amplifier  Output  Stage 

Current  sinking  capability  is  also  limited  near  zero  volts  in  sin- 
gle supply  operation.  Figure  3  provides  an  equivalent  amplifier 
output  stage  schematic. 

INTERNAL  REFERENCE 

An  on-chip  bandgap  is  provided  as  a  voltage  reference  to  both 
the  DAC  and  the  ADC.  This  reference  is  internal  to  the 
AD8401  and  is  not  accessible  to  the  user.  It  is  laser  trimmed  for 
both  absolute  accuracy  and  temperature  coefficients.  The  refer- 
ence is  internally  buffered  by  a  separate  control  amplifier  for 
both  the  DAC  and  ADC  to  improve  isolation  between  the 
converters. 

DIGITAL  I/O 

The  8-bit  parallel  data  I/O  port  on  the  AD8401  provides  access 
to  both  the  DAC  and  the  ADC.  This  port  is  TTL/CMOS  com- 
patible with  three-state  outputs  that  are  ESD  protected. 

The  data  format  is  binary.  This  data  coding  applies  to  both  the 
DAC  and  the  ADC.  See  the  applications  information  section. 

ADC  SECTION 

A  fast  successive  approximation  ADC  is  used  to  attain  a  conver- 
sion time  of  2  microseconds.  Start  of  conversion  is  initiated  by 
CS  and  RD.  Following  a  Start  command  the  BUSY  signal  will 
become  active  and  another  Start  command  should  not  be  given 
until  the  conversion  is  complete. 

INT  (Interrupt  or  conversion  complete)  which  normally  goes 


MSB  DECISION  t 
DB7  DBO 

Figure  4.  Operating  Waveforms  Using  the  External  Clock 
ANALOG  INPUT 

The  analog  inputs  of  the  AD8401  are  fed  into  resistor  voltage- 
divider  networks  with  a  typical  value  of  8.5  kfl.  The  amplifiers 
driving  these  inputs  must  have  an  output  resistance  low  enough 
to  drive  these  nodes  without  losing  accuracy.  Taps  from  the 
voltage  dividers  are  connected  to  the  track  and  hold  amplifier  by 
the  multiplexer  switches. 


- 


Figure  5.  Equivalent  Analog  Input  Circuit 
TRACK-AND-HOLD  AMPLIFIER 

Following  the  resistive  divider  at  the  input  of  the  AD8401  is  a 
track-and-hold  amplifier  that  captures  input  signals  accurately 
up  to  the  200  kHz  Nyquist  frequency  of  the  ADC.  To  attain 
this  performance  the  T/H  amplifier  must  have  a  much  greater 
bandwidth  than  the  signal  of  interest.  Because  of  this  the  user 
must  be  careful  to  band  limit  the  input  signal  to  avoid  aliasing 
high  frequency  components  and  noise  into  the  passband. 

The  track-and-hold  amplifier  is  internally  controlled  by  the 
Start  command  and  is  not  directly  available  to  the  user.  After 
the  Start  command  signal  the  track-and-hold  is  placed  into  the 
hold  mode;  it  returns  to  the  track  mode  after  the  conversion  is 
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compatible.  The  external  clock  speed  is  5  MHz  and  the  duty 
cycle  may  vary  from  30%  to  70%.  The  external  clock  can  be 
continuously  operated  between  conversions. 
DIGITAL  INTERFACE:  ADC  TIMING  AND  CONTROL 
Two  basic  ADC  operating  modes  are  available  with  the 
AD8401.  The  first  mode  uses  the  Start  (ST)  pin  to  trigger  a 
synchronized  A/D  conversion.  As  soon  as  the  ST  pin  is  asserted, 
the  T/H  switches  from  tracking  to  the  hold  mode  capturing  the 
present  analog  input-voltage  sample.  With  the  T/H  holding  the 
analog  sample  the  successive-approximation  analog-to-digital 
conversion  is  completed  on  that  sample  value.  At  the  end  of 
conversion  the  T/H  returns  to  the  tracking  mode.  This  mode  of 
conversion  is  ideal  for  digital  signal  processing  applications 
where  precise  interval  sampling  is  necessary  to  minimize  errors 
due  to  sampling  uncertainty  or  jitter.  A  precise  clock  source  can 
be  used  to  drive  the  ST  input. 

The  second  mode  of  conversion  is  started  by  the  RD  and  CS 
inputs  going  low,  after  which  the  BUSY  line  puts  the  micro- 
processor into  a  WAIT  state  until  end  of  conversion.  Mode  2  is 
asserted  by  connecting  the  ST  pin  to  logic  high.  The  major 
advantage  of  this  interface  is  that  a  single  Read  Instruction  will 
start  and  complete  a  new  analog-to-digital  conversion  without 
the  need  for  carefully  tailored  software  delays  that  often  are  not 
portable  when  software  routines  are  taken  to  a  different  proces- 
sor running  at  a  different  clock  speed. 


^CONVERT 





t,5 


DATA  VALID 


Figure  6.  Mode  7,  ADC  Interface  Timing 
Mode  1  Interface 

As  shown  in  Figure  6,  the  falling  edge  of  the  ST  pulse  initiates 
a  conversion  and  puts  the  T/H  amplifier  into  the  hold  mode. 
The  BUSY  signal  goes  low  during  the  whole  A/D  conversion 
time  and  returns  high  signaling  end  of  conversion.  The  INT  line 
can  be  used  to  interrupt  the  microprocessor.  When  the  micro- 
processor performs  a  READ  to  access  the  AD8401  data,  the  ris- 
ing edges  of  CS  or  RD  will  reset  the  INT  output  to  high  after 
the  t15  timing  specification.  INT  can  also  be  used  to  externally 
trigger  a  pulse  that  activates  the  CS  and  RD  and  places  the  new 
data  into  a  buffer  or  First  In  First  Out  FIFO  memory.  The 
microprocessor  can  then  load  a  series  of  readings  from  this 
buffer  memory  at  a  convenient  time.  Care  must  be  taken  not  to 
have  the  ST  input  high  when  RD  is  brought  low;  otherwise,  the 
AD8401  will  not  operate  properly.  Also  triggering  the  ST  line  a 
second  time  before  conversion  is  complete  will  cause  erroneous 
readings. 


St 


— 


JTnewd 


t14 


Figure  7.  Mode  2,  ADC  Interface  Timing 


Mode  2  Interface 

This  interface  mode  can  be  used  with  microprocessors  that  can 
be  put  into  a  WAIT  state  for  at  least  2  microseconds.  The  ST 
pin  must  be  tied  to  logic  high  for  proper  operation.  The  micro- 
processor begins  a  conversion  by  executing  a  READ  instruction 
that  asserts  the  CS  and  RD  pins  at  the  AD8401's  decoded 
address.  The  AD8401  BUSY  output  then  goes  low,  forcing  the 
microprocessor's  READY  (or  WAIT)  line  into  a  WAIT  state. 
The  analog  input  signal  is  captured  by  the  T/H  on  the  falling 
edge  of  RD.  When  the  conversion  is  complete  (8  clocks  later), 
the  BUSY  line  returns  high,  and  then  the  m-P  completes  its 
READ  of  the  new  data  now  on  the  digital  output  port  of  the 
AD8401.  Note  that  while  conversion  is  in  progress  the  ADC 
places  the  results  from  the  last  conversion  (Old  Data)  on  the 
data  bus.  The  Figure  7  timing  diagram  details  the  applicable 
timing  specification  requirements. 

DIGITAL  INTERFACE:  DAC  TIMING  AND  CONTROL 

Table  II  shows  the  truth  table  for  DAC  operation.  The  internal 
8-bit  DAC  register  contents  are  loaded  from  the  data  bus  when 
both  WR  and  CS  are  asserted.  The  DAC  register  determines  the 
D/A  converter  analog-output  voltage.  The  WR  input  is  a  posi- 
tive edge  triggered  input  that  loads  the  bus  data  into  the  DAC 
register  subject  to  the  data  setup  and  data  hold  timing  require- 
ments. When  CS  and  WR  are  low,  the  DAC  register  contents 
will  not  change  with  changing  data  bus  values.  Figure  8  pro- 
vides the  detail  timing  diagram  for  write  cycle  operation. 

Table  II.  DAC  Register  Logic 


CS 

WR 

RS 

DAC  Function 

H 

H 

H 

No  Effect 

L 

L 

H 

No  Effect 

L 

A 

H 

DAC  Register  Updated 

A 

L 

H 

DAC  Register  Updated 

X 

X 

DAC  Register  Loaded  with  all  Zeros 

Figure  8.  Write  Cycle  Timing 
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An  active  low  pulse,  at  any  time,  on  the  RESET  pin  asynchro- 
nously forces  all  DAC  register  bits  to  zero.  The  DAC  output 
voltage  becomes  zero  volts  and  stays  at  that  value  until  a  new 
data  word  is  loaded  into  the  DAC  register  with  a  new  WR  com- 
mand. The  equivalent  input  logic  for  the  DAC  register  loading 
is  shown  in  Figure  9. 


TO  DAC  LADDER 


INPUT  DATA 

Figure  9.  Equivalent  DAC  Register  Control  Logic 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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DIGITAL  INPUT  CODE  -  DECIMAL 


Figure  10.  ADC  Linearity  Error  vs.  Digital  Code 

■ 


I 


\ 

DO  : 

I 

♦5V  

T 

25 

c 



 I 



DIGITAL  INPUT  CODE  -  DECIMAL 

Figure  7  7.  DAC  Linearity  Error  vs.  Digital  Code 
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Figure  12.  ADC  Full-Scale  Error  Histogram 


Z  o 
g-as 

« 

|-ij> 

o 

<  -2.0 

-2.5 

-3J0 


=  *5V  

0  25  50 

TEMPERATURE  -  C 


100 


Figure  13.  ADC  Full-Scale  Error  vs.  Temperature 
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Figure  14.  DAC  Full-Scale  Error  Histogram 
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Figure  15.  DAC  Full-Scale  Error  vs.  Temperature 
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Figure  16.  DAC  Full-Scale  Out  Change  vs.  Time  Acceler- 
ated by  Burn-In 
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Figure  17.  DAC  Output  Swing  vs.  Load  Resistance 
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Figure  18.  DAC  Output  Slew  Rate  Positive  Transition 
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Figure  19.  DAC  Output  Slew  Rate  Negative  Transition 
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Figure  20.  DAC  Output  Swing  with  Capacitive  Load 
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Figure  21.  Supply  Current  vs.  Temperature 
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Figure  22.  Power  Supply  Rejection  Ratio  vs.  Frequency 
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The  software  programming  needs  to  format  data  as  defined  by 

the  transfer  equations  and  Code  Tables  that  follow. 

DAC  Transfer  Equation 

D  255 
Vout  =  2.500  x  —  =  2.500  x  —  for  a  2.50  V  full  scale 
236  256 

where  D  is  the  decimal  value  0  through  255  of  the  8-bit  data 
word. 

Table  III.  DAC  Unipolar  Code 


DAC  Register  Contents 


Decimal  Binary 


255 

129 

128 

127 

1 

0 


1111  1111 
1000  0001 
1000  0000 
0111  1111 
0000  0001 
0000  0000 


General  Transfer 
Equation 


255 

2.500  x  — 
129 


2.500  x 
2.500  x 
2.500  x 
2.500  x 
2.500  x 


256 
128 
256 
127 
256 
J_ 
256 
0 

256 


Nominal 
Analog 

Output  Voux 


2.490  V 

1.260 

1.250 


1.240 


0.010 
0.000 


ject  to  the  static  performance  specifications.  The  INL,  Zero- 
Scale  and  Full-Scale  errors  describe  the  total  specified  variation 
that  will  be  encountered  from  part  to  part.  One  LSB  of  error  for 
the  2.5  V  FS  range  is  9.766  millivolts  (=  2.50/256). 

Although  separate  AGNDs  exist  for  both  the  DAC  and  ADC  to 
minimize  crosstalk,  writing  data  to  the  DAC  while  the  ADC  is 
performing  a  conversion  may  result  in  an  incorrect  conversion 
from  the  ADC  due  to  signal  interaction  between  the  DAC  and 
ADC.  Therefore,  to  ensure  correct  operation  of  the  ADC, 
the  DAC  register  should  not  be  updated  while  the  ADC  is 
converting. 

The  AD8401  is  configured  for  an  input  range  of  +3.0  volts  Full 
Scale.  The  nominal  transfer  characteristic  for  this  range  is  plot- 
ted in  Figure  23.  The  output  coding  is  natural  binary  with  one 
LSB  equal  to  11.72  millivolts.  Note  that  the  first  code  transition 
between  0  and  1  LSB  occurs  at  5.8  mV,  one  half  of  the  11.72 
mV  LSB  step  size.  The  last  code  transition  occurs  at  Full  Scale 
minus  1.5  LSBs,  which  is  a  2.982  V  input. 

The  AD8401  is  easily  interfaced  to  most  microprocessors  by 
using  either  address  bits  or  address  decode  to  select  the  appro- 
priate multiplexer  channel.  Figure  24  shows  how  easily  the 
AD8401  interfaces  to  the  AD899.  No  additional  hardware  is 
required. 


VIN  INPUT  VOLTAGE  -  LSBs 


Figure  23.  ADC  0  V  to  +3V  Input  Transfer  Characteristic 
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ADDRESS  BUS 


VD0  <*5.0V) 
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Figure  24.  AD8401  Interface  to  the  AD899  Read-Channel  Hard  Disk  Drive  Circuit 
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Sample/Track-Hold  Amplifiers 

ts 

;  si!!  I  >  I  ^ 

Selection  Tree   .   6-2 

Selection  Guide    6-3 

AD585  -  High  Speed,  Precision  Sample-and-Hold  Amplifier    6-5 

AD684  -  Four-Channel  Sample-and-Hold  Amplifier   6-8 

AD781  -  Complete  700  ns  Sample-and-Hold  Amplifier   6-11 

AD783  -  Complete  Very  High  Speed  Sample-and-Hold  Amplifier   6-14 

AD9100  -  Ultrahigh  Speed  Monolithic  Track-and-Hold  Amplifier  ,   6-22 

AD9101  -  125  MSPS  Monolithic  Sampling  Amplifier   6-25 

SMP04  -  CMOS  Quad  Sample-and-Hold  Amplifier  .   6-28 

SMP08  -  Octal  Sample-and-Hold  with  Multiplexed  Input    6-31 

SMP1 8  -  Octal  Sample-and-Hold  with  Multiplexed  Input    6-34 
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Selection  Tree  —  Sample/Track-Hold  Amplifiers 


±10  V  INPUT  RANGE 


12-Bit  Accurate 


AD585   (3.0  ns) 


SAMPLE/TRACK-HOLD 
AMPLIFIERS 


I 


±5  V  INPUT  RANGE 


G 


Single 


Quad 


(700  ns) 
AD781 


AD684 


b3  V  Input  Range 


+2.5  V  Input  Range 


AD783  (350  ns) 


Quad 

Octals 

(7.o  ns) 

SMP04 

SMP08* 

(3.5  ns) 
SMP18* 


1 


±1  V  INPUT  RANGE 


—     14-Bit  Accurate 


AD9100  (23  ns) 


12-Bit  Accurate 


AD9101  (7  ns) 


*  One  Input,  Eight  Outputs 


Selection  Guide— Sample/Track-Hold  Amplifiers 


Acquisition 

Aperture 

Aperture 

Droop 

Specified 

Time 

Time 

Jitter 

Rate 

Accuracy 

JJ.S 

ns 

ns 

(xV/p-s 

Package 

Temp 

Model 

% 

max 

typ 

typ 

max 

Options' 

Ranges 

Comments 

Page 

AD1154 

0.00076 

5.0 

80 

0.15 

0.1 

D 

C,  I 

Low  Cost  16-Bit  Accurate,  High  Speed  Amplifier 

CII  4-69 

AD9100 

0.01 

0.023 

0.8 

<0.001 

6000 

D,J 

C,  I,  M 

Ultrahigh  Speed  Monolithic  T/H,  Low  Distortion 

6-22 

AD783 

0.01 

0.375 

15 

0.01 

1 

Q,R 

c,  i,  My 

Complete  375  ns  Sample-and-Hold  Amplifier 

6-14 

AD781 

0.01 

0.7 

25 

0.05 

1 

N,  Q 

C,  I,  M 

Complete  700  ns  Sample-and-Hold  Amplifier 

6-11 

AD684 

0.01 

1.0 

20 

0.1 

1 

Q 

C,  I,  M/ 

Quad,  Monolithic  1  (is  SHA 

6-8 

AD585 

0.01 

3.0 

35 

0.5 

1 

E,  P,Q 

C,  I,  M/D 

High  Speed,  Precision,  On-Board  Hold  Cap 

6-5 

SMPIO 

0.01 

3.5 

50 

1 

0.02 

Q 

C,  M/D 

Low  Droop  Rate,  High  Sample/Hold  Current  Ratio 

CII  4-109 

SMP11 

0.01 

3.5 

50 

1 

0.2 

N,  Q 

C,  I,  M/DJ 

Low  Droop  Rate,  Fast  Hold  Mode  Settling  Time 

CII  4-109 

SMP18 

0.01 

3.5 

0.04 

N,  Q,  R 

Fast  SMP08 

6-34 

SMP04 

0.01 

7.0 

0.025 

N,  Q,R 

I,  M 

CMOS,  Quad  Sample-and-Hold  Amplifier,  Low  Cost 

6-28 

SMP81 

0.045 

3.5 

50 

1 

2.0 

Q 

I 

High  Accuracy,  Fast  Acquisition  for  PCM  Encodes 

D 

AD582 

0.1 

6.0 

200 

15 

D,  M 

C,  M/ 

Low  Cost,  15  (is 

CII  4-29 

SMP08 

0.1 

7.0 

0.02 

M,  Q,  R 

I,  M 

Octal,  Sample-and-Hold  with  Multiplexed  Input 

6-31 

AD9101 

0.1 

0.007 

0.5 

<0.001 

9000 

E,  R 

C,  I,  M 

100  MSPS  Track-and-Hold  Samplifier™ 

6-25 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  -  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  -  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +I25°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

JCII  =  Data  Converter  Reference  Manual,  Volume  //;  D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 

Samplifier  is  a  trademark  of  Analog  Devices,  Inc. 
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ANALOG 


High  Speed,  Precision 


AD585 


FEATURES 

3.0(as  Acquisition  Time  to  ±0.01%  max 
Low  Droop  Rate:  1.0m V/ms  max 
Sample/Hold  Offset  Step:  3m V  max 
Aperture  Jitter:  0.5ns 

Extended  Temperature  Range:  -55°C  to  +125°C 
Internal  Hold  Capacitor 
Internal  Application  Resistors 
±  12V  or  ±  15V  Operation 
Available  in  Surface  Mount 

APPLICATIONS 
Data  Acquisition  Systems 
Data  Distribution  Systems 
Analog  Delay  &  Storage 
Peak  Amplitude  Measurements 
MIL-STD-883  Compliant  Versions  Available 

PRODUCT  DESCRIPTION 

The  AD585  is  a  complete  monolithic  sample-and-hold  circuit 
consisting  of  a  high  performance  operational  amplifier  in  series 
with  an  ultralow  leakage  analog  switch  and  a  FET  input  integrating 
amplifier.  An  internal  holding  capacitor  and  matched  applications 
resistors  have  been  provided  for  high  precision  and  applications 
flexibility. 

The  performance  of  the  AD585  makes  it  ideal  for  high  speed 
10-  and  12-bit  data  acquisition  systems,  where  fast  acquisition 
time,  low  sample-to-hold  offset,  and  low  droop  are  critical.  The 
AD585  can  acquire  a  signal  to  ±0.01%  in  3u.s  maximum,  and 
then  hold  that  signal  with  a  maximum  sample-to-hold  offset  of 
3mV  and  less  than  lmV/ms  droop,  using  the  on-chip  hold 
capacitor.  If  lower  droop  is  required,  it  is  possible  to  add  a 
larger  external  hold  capacitor. 

The  high-speed  analog  switch  used  in  the  AD585  exhibits  aperture 
jitter  of  0.5ns,  enabling  the  device  to  sample  full-scale  (20V 
peak-to-peak)  signals  at  frequencies  up  to  78kHz  with  12-bit 
precision. 

The  AD585  can  be  used  with  any  user-defined  feedback  network 
to  provide  any  desired  gain  in  the  sample  mode.  On-chip  precision 
thin-film  resistors  can  be  used  to  provide  gains  of  +  1 ,  —  1 ,  or 
+  2.  Output  impedance  in  the  hold  mode  is  sufficiently  low  to 
maintain  an  accurate  output  signal  even  when  driving  the  dynamic 
load  presented  by  a  successive-approximation  A/D  converter. 
However,  the  output  is  protected  against  damage  from  accidental 
short  circuits. 

The  control  signal  for  the  HOLD  command  can  be  either 
active  high  or  active  low.  The  differential  HOLD  signal  is  com- 
patible with  all  logic  families,  if  a  suitable  reference  level  is 
provided.  An  on-chip  TTL  reference  level  is  provided  for  TTL 
compatibility. 


DIP 


  LOGIC 

HOLD    REF    HOLD    +V5     R„      BfB  VOUT 


LCC/PLCC  PACKAGE 


*Vm      -V,„        NC  HOLD 

m  m  m  m  ri 


V  AD585 


L_|  iU  111  Ltl  Lil  Lil  LU 

-V„.    +V,N    NULL    -Vs  NULL    GND  CH 


lil  1™J  Lil  LiJ  lil 

GND        CH         NC       »„„  B,. 


The  AD585  is  available  in  three  performance  grades.  The  JP 
grade  is  specified  for  the  0  to  +  70°C  commercial  temperature 
range  and  packaged  in  a  20-pin  PLCC.  The  AQ  grade  is  specified 
for  the  —  25°C  to  +  85°C  industrial  temperature  range  and  is 
packaged  in  a  14-pin  cerdip.  The  SQ  and  SE  grades  are  specified 
for  the  -55°C  to  +  125°C  military  temperature  range  and  are 
packaged  in  a  14-pin  cerdip  and  20-pin  LCC. 

PRODUCT  HIGHLIGHTS 

1.  The  fast  acquisition  time  (3u.s)  and  low  aperture  jitter  (0.5ns) 
make  it  the  first  choice  for  very  high  speed  data  acquisition 
systems. 

2.  The  droop  rate  is  only  1.0m V/ms  so  that  it  may  be  used  in 
slower  high  accuracy  systems  without  the  loss  of  accuracy. 

3.  The  low  charge  transfer  of  the  analog  switch  keeps  sample-to- 
hold  offset  below  3mV  with  the  on-chip  lOOpF  hold  capacitor, 
eliminating  the  trade-off  between  acquisition  time  and  S/H 
offset  required  with  other  SHAs. 

4.  The  AD585  has  internal  pretrimmed  application  resistors  for 
applications  versatility. 

5.  The  AD585  is  complete  with  an  internal  hold  capacitor  for 
ease  of  use.  Capacitance  can  be  added  externally  to  reduce 
the  droop  rate  when  long  hold  times  and  high  accuracy  are 
required. 

6.  The  AD585  is  recommended  for  use  with  10-  and  12-bit 
successive-approximation  A/D  converters  such  as  AD573, 
AD574A,  AD674A,  AD7572  and  AD7672. 

7.  The  AD585  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD585/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  oi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(typical  @  +25°C  and  Vs  =  ±12V  or  ±15V,  and  C„  =  Internal,  A  =  +1, 
HOLD  active  unless  otherwise  specified) 


Model 

AD585J 
Min         Typ  Mai 

AD585A 
Min         Typ  Mai 

AD585S 
Mia         Typ  Mai 

Units 

SAMPLE/HOLD  CHARACTERISTICS 

Acquisition  Time,  10V  Step  to  0.01% 
20V  Step  to  0.01% 
Aperture  Time,  20V  p-p  Input, 
HOLDOV 

 3  

5 

35 

5 

35 

3 
5 

35 

us 
M-s 

ns 

Aperture  Jitter,  20V  p-p  Input, 

HOLDOV 
Settling  Time,  20V  p-p  Input, 

HOLD0V,to0.01% 
Droop  Rate 

Droop  Rate  Tm[n  to  T™„ 
Charge  Transfer 

Sample-to-Hold  Offset 
Feed  through 

20V  p-p,  10kHz  Input 

0.5 
0.5 

1 

Doubles  Every  10°C 

0.3 

-3  3 
0.5 

0.5 
0.5 

1 

Doubles  Every  10°C 

0.3 

_3                  ji  3  H 

0.5 

0.5              9  ' 
0.5 

1 

Doubles  Every  10°C 

0.3 

-3  3 
0.5 

ns 

mV/ms 

pC 
mV 

mV 

TRANSFER  CHARACTERISTICS 1 
Open  Loop  Gain 

Vour  =  20Vp-p,RL  =  2k 
Application  Resistor  Mismatch 
Common  Mode  Rejection 

Vc  =  ±  10V 
Small  Signal  Gain  Bandwidth 

Vout  =  1 00m  V  p-p 
Full  Power  Bandwidth 

Vout=  20V  p-p 
Slew  Rate 

Vout  =  20V  p-p 
Output  Resistance  (Sample  Mode) 

Iout     —  10mA 
Output  Short  Circuit  Current 
Output  Short  Circuit  Duration 

200,000  £ 

80 

2.0 
160 
10 

0.05 

fit  Kj'lS»»i"*ij-xi;  '.i  3tmg 

Indefinite 

200,000 

0.3 

80 

2.0 
160 
10 

0.05 

50 

Indefinite 

200,000 

0.3 

80 

2.0  . 

160 

10 

0.05 

50 

Indefinite 

v/v 

'■-  % 

dB 

MHz 
kHz 
V/|U 

a 

mA 

ANALOG  INPUT  CHARACTERISTICS 
Offset  Voltage 
Offset  Voltage,  Tmin  to  T,n„ 
Bias  Current 

Bias  Current  T„,„  to  T„„ 
Input  Capacitance,  f  =  1MHz 
Input  Resistance,  Sample  or  Hold 
20V  p-p  Input,  A  =  +  1 

5 

10 
10'2 

2 

3 

team  rhurl  -sol  *«bi  't 
5 

10 
10'2 

2 
3 

20  502 
10 

1012 

mV 
mV 
nA 
nA 
PF 

ft  , 

DIGITAL  INPUT  CHARACTERISTICS 
TTL  Reference  Output 
Logic  Input  High  Voltage 

TmJn  tO  Tmax 

Logic  Input  Low  Voltage 

TnuntoT™, 

Logic  Input  Current  (Either  Input) 

1.2           1.4  1.6 

.20 

0.8 
50 

1.2           1.4  1.6 

2.0 

0.8 
50 

1.2           1.4  1.6 

2.0 

0.7 
50 

;  V 

v' 

••.V 
mA 

POWER  SUPPLY  CHARACTERISTICS 
Operating  Voltage  Range 
Supply  Current,  RL  =  °= 
Power  Supply  Rejection,  Sample  Mode 

+  5,-10.8  ±18 
6  10 
70 

+  5,-10.8  ±18 
6  10 
70 

+  5,-10.8  ±18 
6  10 
70 

V 

mA 
dB 

TEMPERATURE  RANGE 
Specified  Performance 

0  +70 

-25  +85 

-55  +125 

PACKAGE  OPTIONS'-4 
Cerdip(Q-14) 
LCC(E-20A) 
PLCC(P-20A) 

AD585JP 

AD585AQ 

AD585SQ 
AD585SE 

NOTES 

'Maximum  input  signal  is  the  minimum  supply  minus  a  headroom  voltage 

of  2.5V. 

2Not  tested  at  -  55°C. 

3E  =  Leadless  Ceramic  Chip  Carrier;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip. 
For  outline  information  see  Package  Information  section. 

4For  AD585/883B  specifications,  refer  to  Analog  Devices  Military  Products  Databook. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed, 
boldface  are  tested  on  all  production  units. 
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AD585 


ABSOLUTE  MAXIMUM  RATINGS 

Supplies  (  +  VS)  -Vs)   ±18V 

Logic  Inputs   ±Vs 

Analog  Inputs  ±  Vs 

Rin,  RpsPins  ±VS 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering)    300°C 

Output  Short  Circuit  to  Ground   Indefinite 

TTL  Logic  Reference  Short   Indefinite 

Circuit  to  Ground 


:'kmhueveFE° 


Figure  1.  Sample-to-Hold  Offset  vs.  Logic  Level 
(HOLD  Active) 


1 


— I  1  \ 

100pF         InF  10n 
HOLD  CAPACITANCE 


Figure  2.  Acquisition  Time  vs.  Hold  Capacitance 
(10V  Step  to  0.01%) 

«  „  «iB  COMMAND 


S.'M  COMMAND— 
.  LOGIC 


HOLD    REF    HOLD   +VS      R»,       R„  v^, 

fyi  da  m  r^i  r  m  m 


Lil  Lil  LU  Ld  III  L±J  UJ 

-V„    *Vm    NULL    -V,    NULL    GND  CH 


F/gure  3.  Large  Signal  Response,  Sample  Mode 


Figure  4.  Sample-to-Hold  Settling  Time  (HOLD  Active) 
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ch[T 


17|  HOLD 

"i71  TTL  LOOK  REF 

"lF|  HOLD 

TT|  +vs 
T|  R, 


T|vOUT 


Figure  5.  DIP  Pin  Configuration 


q  OUTPUT 


S'H  COMMAND 


LJ  LU  LU  LlI  111  LJ  LiJ 

-V*    *Vm    NULL   -V5    NULL    GND  CH 


J_  OPTIONAL 

HOLD 
^CAPACITOR  j 


LiJ  LiJ  LiJ  LlI  LiJ  LtJ  Lil 

-y„  »y„  nuu.  -v,  null  gnd  cm  | 

I  1  J_  OPTIONAL  | 

T  — -    HOLD  I 

^  I  CAPACITOR  ' 


Figure  6.  Connection  Diagram, 
Gain  =  +1,  HOLD  Active 


Figure  7.  Connection  Diagram,  Figure  8.  Connection  Diagram, 

Gain  =  +2,  HOLD  Active  Gain  =  -  1,  HOLD  Active 
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FEATURES 

Four  Matched  Sample-and-Hold  Amplifiers 
Independent  Inputs,  Outputs  and  Control  Pins 
500ns  Hold  Mode  Settling 
1|as  Maximum  Acquisition  Time  to  0.01% 
Low  Droop  Rate:  0.01uV/u.s 
Internal  Hold  Capacitors 
75ps  Maximum  Aperture  Jitter 
Low  Power  Dissipation:  430m W 
0.3"  Skinny  DIP  Package 
MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD684  is  a  monolithic  quad  sample-and-hold  amplifier 
(SHA).  It  features  four  complete  sampling  channels,  each  con- 
trolled by  an  independent  hold  command.  Each  SHA  is  com- 
plete with  an  internal  hold  capacitor.  The  high  accuracy  SHA 
channels  are  self-contained  and  require  no  external  components 
or  adjustments.  The  AD684  is  manufactured  on  a  BiMOS 
process  which  provides  a  merger  of  high  performance  bipolar 
circuitry  and  low  power  CMOS  logic. 

The  AD684  is  ideal  for  high  performance,  multichannel  data 
acquisition  systems.  Each  SHA  channel  can  acquire  a  signal  in 
less  than  1  |xs  and  retain  the  held  value  with  a  droop  rate  of  less 
than  0.01u.V/u.s.  Excellent  linearity  and  ac  performance  make 
the  AD684  an  ideal  front  end  for  high  speed  12-  and  14-bit 
ADCs. 

The  AD684  has  a  self-correcting  architecture  that  minimizes 
hold  mode  errors  and  insures  accuracy  over  temperature.  Each 
channel  of  the  AD684  is  capable  of  sourcing  5mA  and  incorpo- 
rates output  short  circuit  protection. 

The  AD684  is  specified  for  three  temperature  ranges.  The  J 
grade  device  is  specified  for  operation  from  0  to  70°C,  the  A 
grade  from  -40°C  to  +85°C  and  the  S  grade  from  -55°C  to 
+  125°C. 


FUNCTIONAL  BLOCK  DIAGRAM 


+Vcc[Z 

NC  [  2 

INI 

IN2  £7^ 

IN3 

IN4  £7" 

COMMON 

-v„  [7 

PRODUCT  HIGHLIGHTS 

1.  Fast  acquisition  time  (lu.s)  and  low  aperture  jitter  (75ps) 
make  the  AD684  the  best  choice  for  multiple  channel  data 
acquisition  systems. 

2.  Monolithic  construction  insures  excellent  interchannel 
matching  in  terms  of  timing  and  accuracy,  as  well  as  high 
reliability. 

3.  Independent  inputs,  outputs  and  sample-and-hold  controls 
allow  user  flexibility  in  system  architecture. 

4.  Low  droop  (0.01^V/(xs)  and  internally  compensated  hold 
mode  error  results  in  superior  system  accuracy. 

5.  The  AD684's  fast  settling  time  and  low  output  impedance 
make  it  ideal  for  driving  high  speed  analog  to  digital  convert- 
ers such  as  the  AD578,  AD674,  AD7572  and  the  AD7672. 

6.  The  AD684  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD684/883B  data  sheet  for  detailed 
specifications. 


•Protected  by  U.S.  Patent 


4,962,325. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


6-8   SAMPLE/TRACK-HOLD  AMPLIFIERS 


Acquisition  Time 
10V  Step  to  0.01% 
10V  Step  to  0.1% 
Small  Signal  Bandwidth 
Full  Power  Bandwidth 

0.75  1.0 
0.5  0.6 
4 

1 

0.75  1.0 
0.5  0.6 
4 
1 

0.75  1.0 
0.5  0.6 

nommo./*  <toq/i 
1 

M.s 
us 

MHz 
MHz 

HOLD  CHARACTERISTICS 
Effective  Aperture  Delay 
Aperture  Jitter 
Hold  Settling  Time  (to  lmV) 
Droop  Rate1 
Feed  through 
(VrN  =  ±5V,  100kHz) 

-35        -25  -15 
50  75 
250  500 
0.01  1 

-90 

-35        -25  -15 
50  75 
250  500 
0.01  1 

-90 

-35        -25  -15 
50  75 
250  500 
0.01  1 

-90 

ns 
ps 
ns 

U.V/U.S 

dB 

ACCURACY  CHARACTERISTICS1 
Hold  Mode  Offset 
Hold  Mode  Offset  Drift 
Sample  Mode  Offset 
Nonlinearity 
Gain  Error 

-4         -1  +3 
10 

50  200 
±0.002  ±0.003 
±0.03  ±0.05 

-4         -1  +3 
10 

50  200 

±0.002  ±0.003 
±0.03  ±0.05 

-4         -1  +3 
10 

50  200 

±0.003  ±0.005 
±0.03  ±0.05 

mV 

u-WC 
mV 
%FS 
%  FS 

INTERCHANNEL  CHARACTERISTICS 
Interchannel  Isolation 

(VrN  =  ±5V,  100kHz) 
Interchannel  Aperture  Offset 

80  86 

150  300 

80  86 

150  300 

80  86 

150  300 

dB 
ps 

Interchannel  Offset 

0.4  1.5 

0.4  2.0 

0.4  2.0 

mV 

OUTPUT  CHARACTERISTICS 
Output  Drive  Current2 
Output  Resistance,  dc 
Total  Output  Noise 

(dc  to  5MHz) 

Sampled  dc  Uncertainty 

Hold  Mode  Noise 
(dc  to  5MHz) 
Short  Circuit  Current3 

Source 

Sink 

-5  +5 

0.3  0.5 

-5  +5 

0.3  0.5 

-5  +5 

0.3  0.5 

mA 

O 

150 
85 

125 

20 
10 

150 
85 

125 

20 
10 

150 
85 

125 

20 
10 

(xV  rms 
(iV  rms 

H.V  rms 

mA 
mA 

INPUT  CHARACTERISTICS 
Input  Voltage  Range 
Bias  Current4 

Input  Impedance 
Input  Capacitance 

-5       bi-Q  1 

100  250 
400 

50 

■P^1  a  wl 

-5  +5 
100  250 
500 

50 

-5  +5 
100  250 
500 

50 

2 

V 

nA 

nA 

Mfi 

pF 

DIGITAL  CHARACTERISTICS 
Input  Voltage  Low 
Input  Voltage  High 
Input  Current  (V,N  =  5V) 

0.8 

2.0 

2  10 



0.8 

2.0 

2  10 

0.8 

2.0 

2  10 

V 
V 
u.A 

POWER  SUPPLY  CHARACTERISTICS 
Operating  Voltage  Range  (Vcc,  VEE) 
Supply  Current 
+  PSRR 
-PSRR 

Power  Consumption 

±10.8      ±12  ±13.2 
18  25 

65  70 

60  65 

430  600 

±10.8      ±12  ±13.2 
18  25 

65  70 

60  65 

430  600 

±10.8      ±12  ±13.2 
18  26 

65  70 

60  65 

430  625 

V 

mA 
dB 
dB 
mW 

TEMPERATURE  RANGE 
Specified  Performance 

0  +70 

-40  +85 

-55  +125 

°C 

PACKAGE  OPTIONS 
16-Pin  Cerdip  (Q) 

AD684JQ 

AD684AQ 

AD684SQ 

NOTES 

Specified  and  tested  over  an  input  range  of  ±5V. 

2Maximum  current  the  AD684  can  source  (or  sink).  Testing  guarantees  that  the  accuracy  of  the  held  signal  remains  within  2.5mV  of  its  initial  value. 
3The  output  is  protected  for  a  short  circuit  to  common,  Vcc  and  VEE. 
4VCC  and  VEE  at  nominal  voltage  levels. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS 


Spec 

Vcc 
VEE 

Control  Inputs 
Analog  Inputs 
Output  Short  Circuit  to 

Ground,  Vcc,  or  VEE 
Max  Junction 

Temperature 
Storage 

Lead  Temperature 

(lOsec  max) 
Power  Dissipation 


'  J  .$ 


PIN  CONFIGURATION 


With 
Respect  to 

Min 

Max 

Unit 

Common 

-0.3 

+  15 

V 

Common 

-15 

+0.3 

V 

Common 

-0.5 

+7 

V 

Common 

-12 

+  12 

V 

Indefinite 

+  175  °C 

-65      +150  °C 

+300  °C 

640  mW 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied. 


INIC  =  NO  CONNECT 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts. 


ORDERING  GUIDE 

Model1 

Temperature  Range 

Package 
Option2 

AD684TQ 

0  to  +70°C 

Q-16 

AD684AQ 
AD684SQ 



-40°Cto  +85°C 
-55°C  to  +125°C 

Q-16 
Q-16 

1 

■ 


NOTES 

'For  details  on  grade  and  package  offering  s  screened  in 
accordance  with  MIL-STD-883,  refer  to  the  Analog 
Devices  Military  Products  Databook  or  current  AD684/883B 
data  sheet. 

2Q  =  Cerdip.  For  outline  information  see  Package  Information 


■ 


■ 


■ 


■ 

■ 


■  ■  ■ 


■ 

■ 

■  . 
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r«  ANALOG 

U  DEVICES 

Complete  700  ns 
Sample-and-Hold  Amplifier 

i  

AD781 * 

FEATURES 

Acquisition  Time  to  0.01%:  700  ns  Maximum 

Low  Power  Dissipation:  95  mW 

Low  Droop  Rate:  0.01  pV/u* 

Fully  Specified  and  Tested  Hold  Mode  Distortion 

Total  Harmonic  Distortion:  -80  dB  Maximum 

Aperture  Jitter:  75  ps  Maximum 

Internal  Hold  Capacitor 

Self-Correcting  Architecture 

8-Pin  Mini  Cerdip  and  Plastic  Package 

MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


COMMON 


PRODUCT  DESCRIPTION 

The  AD781  is  a  high  speed  monolithic  sample-and-hold  ampli- 
fier (SHA).  The  AD781  guarantees  a  maximum  acquisition  time 
of  700  ns  to  0.01%  over  temperature.  The  AD781  is  specified 
and  tested  for  hold  mode  total  harmonic  distortion  and  hold 
mode  signal-to-noise  and  distortion.  The  AD781  is  configured  as 
a  unity  gain  amplifier  and  uses  a  self-correcting  architecture  that 
minimizes  hold  mode  errors  and  insures  accuracy  over  tempera- 
ture. The  AD78 1  is  self-contained  and  requires  no  external  com- 
ponents or  adjustments. 

The  low  power  dissipation,  8-pin  mini-DIP  package  and  com- 
pleteness make  the  AD781  ideal  for  highly  compact  board 
layouts.  The  AD781  will  acquire  a  full-scale  input  in  less 
than  700  ns  and  retain  the  held  value  with  a  droop  rate  of 
0.01  u.V/u.s.  Excellent  linearity  and  hold  mode  dc  and  dynamic 
performance  make  the  AD781  ideal  for  12-  and  14-bit  high 
speed  analog-to-digital  conveners. 

The  AD781  is  manufactured  on  Analog  Devices'  BiMOS  process 
which  merges  high  performance,  low  noise  bipolar  circuitry  v.ith 
low  power  CMOS  to  provide  an  accurate,  high  speed,  low  p^..cr 
SHA. 

The  AD781  is  specified  for  three  temperature  ranges.  The  J 
grade  device  is  specified  for  operation  from  0°C  to  70°C,  the  A 
grade  from  -40°C  to  +85°C  and  the  S  grade  from  -55°C  to 
+  125°C.  The  J  and  A  grades  are  available  in  8-pin  plastic  DIP 
packages.  The  S  grade  is  available  in  an  8-pin  cerdip  package. 

•Protected  by  U.S.  Patent  No.  4,962,325. 


PRODUCT  HIGHLIGHTS 

1.  Fast  acquisition  time  (700  ns),  low  aperture  jitter  (75  ps)  and 
fully  specified  hold  mode  distortion  make  the  AD781  an  ideal 
SHA  for  sampling  systems. 

2.  Low  droop  (0.01  (jiV/(is)  and  internally  compensated  hold 
mode  error  results  in  superior  system  accuracy. 

3.  Low  power  (95  mW  typical),  complete  functionality  and 
small  size  make  the  AD781  an  ideal  choice  for  a  variety  of 
high  performance,  low  power  applications. 

4.  The  AD781  requires  no  external  components  or  adjustments. 

5.  Excellent  choice  as  a  front-end  SHA  for  high  speed  analog- 
to-digital  converters  such  as  the  AD671,  AD7586,  AD674B, 
AD774B,  AD7572  and  AD7672. 

6.  Fully  specified  and  tested  hold  mode  distortion  guarantees 
the  performance  of  the  SHA  in  sampled  data  systems. 

7.  The  AD781  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD781/883B  data  sheet  for  detailed 

specifications. 


■ 

■ 


This  is  an  abridged  data  sheet.  To  obtain  the  ■ 
complete  data  sheet,  call  our  fax  retrieval  sysl 


l  at  1-800-446-6212. 
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AD781 -SPECIFICATIONS 


DC  SPECIFICATIONS^ to Tra, 

with  Vcc  =  +12  V  ±  10%, 

VEE  =  -12  V  ±  10%,  CL  = 

20  pF,  unless  otherwise  spe 

cified) 

Parameter 

AD781J 
Min      Typ  Max 

AD781A 
Min      Typ  Max 

AD781S 
Min      Typ  Max 

Units 

SAMPLING  CHARACTERISTICS 
Acquisition  Time 
10  V  Step  to  0.01% 
10  V  Step  to  0.1% 
Small  Signal  Bandwidth 
Full  Power  Bandwidth 

600  700 
500  600 
4 
1 

600  700 
500  600 
4 
1 

600  700 
500  600 
4 
1 

ns 
ns 

MHz 
MHz 

HOLD  CHARACTERISTICS 
Effective  Aperture  Delay  (25°C) 
Aperture  Jitter  (25°C) 
Hold  Settling  (to  1  mV,  25°C) 
Droop  Rate 
Feedthrough  (25°C) 
(VIN  =  ±5  V,  100  kHz) 

-35      -25  -15 
50  75 
250  500 
0.01  1 

-86 

-35      -25  -15 
50  75 
250  500 
0.01  1 

-86 

-35      -25  -15 
50  75 
250  500 
0.01  1 

-86 

ns 
ps 
ns 

uV/ixs 
dB 

ACCURACY  CHARACTERISTICS1 
Hold  Mode  Offset 
Hold  Mode  Offset  Drift 
Sample  Mode  Offset 
Nonlinearity 
Gain  Error 

-4        -1  +3 
10 

50  200 
±0.002  ±0.003 
±0.01  ±0.025 

-4       -1  +3 

10 

50  200 
±0.002  ±0.003 
±0.01  ±0.025 

-4       -1  +3 
10 

50  200 
±0.003  ±0.005 
±0.01  ±0.025 

mV 
uV/°C 
mV 
%  FS 
%  FS 

OUTPUT  CHARACTERISTICS 
Output  Drive  Current 
Output  Resistance,  DC 
Total  Output  Noise   (DC  to  5  MHz) 
Sampled  DC  Uncertainty 
Hold  Mode  Noise   (DC  to  5  MHz) 
Short  Circuit  Current 

Source 

Sink 

-5  +5 

0.3  0.5 

150 

85 

125 

20 
10 

-5  +5 
0.3  0.5 
150 
85 
125 

20 
10 

-5  +5 
0.3  0.5 
150 
85 
125 

20 
10 

mA 

n 

M-V  nns 
p,V  rms 
M-V  rms 

mA 
mA 

INPUT  CHARACTERISTICS 
Input  Voltage  Range 
Bias  Current 
Input  Impedance 
Input  Capacitance 

-5  +5 
50  250 
50 
2 

-5  +5 
50  250 
50 

2 



-5  +5 
50  250 
50 

i  2 

V 
nA 
MP. 
pF 

DIGITAL  CHARACTERISTICS 
Input  Voltage  Low 
Input  Voltage  High 
Input  Current  High  (VIN  =  5  V) 

0.8 

2.0 

2  10 

0.8 

2.0 

2  10 

0.8 

2.0 

2  10 

V 
V 
u.A 

POWER  SUPPLY  CHARACTERISTICS 
Operating  Voltage  Range 
Supply  Current 
+PSRR  (+12  V  ±  10%) 
-PSRR(-12  V  ±  10%) 
Power  Consumption 

±10.8    ±12  ±13.2 
4  6.5 

70  80 

65  75 

95  175 

±10.8    ±12  ±13.2 
4  6.5 

70  80 

65  75 

95  175 

±10.8    ±12  ±13.2 
4  7 

70  80 

65  75 

95  185 

V 

mA 
dB 
dB 
mW 

TEMPERATURE  RANGE 
Specified  Performance 

0  +70 

-40  +85 

-55  +125 

°C 

NOTE 

'Specified  and  tested  over  an  input  range  of  ±5  V. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
and  max  specifications  are  guaranteed  although  only  those  shown  in  boldface  are  tested. 
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AD781 


(Tmi„  to  TmM,  Vcc  =  +12  V  ±10%,  VK  =  -12  V  ±10%,  CL  =  20  pF, 


 , 

Parameter 

AD781J 
Min      Typ  Max 

AD781A 
Min      Typ  Max 

AD781S 
Min      Typ  Max 

Units 

'  

TOTAL  HARMONIC  DISTORTION 
FIN  =  10  kHz 
FIN  =  50  kHz 
F1N  =  100  kHz  ■ 

-90  -80 

-73 
-68 

-90  -80 

-73 

-68 

-90  -80 

:  -    I Q  o*-ftnri  cm  t. 
-68 

dB 
dB 
dB 

SIGNAL-TO-NOISE  AND  DISTORTION 
Fn,  =  10  kHz 
F|N  =  50  kHz 
FIN  =  100  kHz 

72  78 
73 
67 

72  78 

73  . 
67 

72  78 
73 
67 

dB 
dB 
dB 

INTERMODULATION  DISTORTION 
Fuji  =  49  kHz,  FIN2  =  50  kHz 
2nd  Order  Products 
3rd  Order  Products 

-77 
-78 

-77 
-78 

-77 
-78 

dB 
dB 

NOTE 

'FIN  amplitude  =  0  dB  and  FSAMPLE  =  500  kHz  unless  otherwise  indicated. 

Specifications  shown  in  boldface  are  tested  on  all  devices  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  i 
and  max  specifications  are  guaranteed  although  only  those  shown  in  boldface  are  tested. 


ABSOLUTE  MAXIMUM  RATINGS* 


With 

Spec 

Respect  to 

Min 

Max 

Unit 

Vcc 

Common 

-0.3 

+  15 

V 

vEE 

Common 

-15 

+0.3 

V 

Control  Input 

Common 

-0.5 

+7 

V 

Analog  Input 

Common 

-12 

+  12 

V 

Output  Short  Circuit  to 

Ground,  Vcc,  or  VEE 

Indefinite 

Maximum  Junction 

Temperature 

-65 

+  175 

°c 

Storage 

+  150 

°c 

Lead  Temperature 

(10  sec  max) 

+300 

°c 

Power  Dissipation 

195 

mW 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied. 


PIN  CONFIGURATION 


Vcc 

1 

.  w 

8 

IN 

2 

AD781 

TOP  VIEW 

COMMON 

3 

(Not  to  Scale) 

6 

NC 

4 

jlJ 

ORDERING  GUIDE 


Temperature 

.  

Package 

Model1 

Range 

Description 

Options2 

AD781JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD781AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD781SQ 

-55°Cto  +  125°C 

8-Pin  Cerdip 

Q-8 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook  or 
current  AD781/883B  data  sheet. 

2N  =  Plastic  DIP;  Q  =  Cerdip.  For  outline  information  see  Package 
Information  section. 

• 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts. 


WARNING! 
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ANALOG 
DEVICES 


Complete  Very  High  Speed 
Sample-and-Hold  Amplifier 


AD783' 


FEATURES 

Acquisition  Time  to  0.01%:  250  ns  Typical 

Low  Power  Dissipation:  95  mW 

Low  Droop  Rate:  0.02  |i.V/|is 

Fully  Specified  and  Tested  Hold  Mode  Distortion 

Total  Harmonic  Distortion:  -85  dB 

Aperture  Jitter:  50  ps  Maximum 

Internal  Hold  Capacitor 

Self-Correcting  Architecture 

8-Pin  Mini  Cerdip  and  SOIC  Packages 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  DESCRIPTION 

The  AD783  is  a  high  speed,  monolithic  sample-and-hold  ampli- 
fier (SHA).  The  AD783  offers  a  typical  acquisition  time  of 
250  ns  to  0.01%.  The  AD783  is  specified  and  tested  for  hold 
mode  total  harmonic  distortion  with  input  frequencies  up  to 
100  kHz.  The  AD783  is  configured  as  a  unity  gain  amplifier 
and  uses  a  patented  self-correcting  architecture  that  minimizes 
hold  mode  errors  and  ensures  accuracy  over  temperature.  The 
AD783  is  self-contained  and  requires  no  external  components  or 
adjustments. 

The  AD783  retains  the  held  value  with  a  droop  rate  of  0.02  u.V/ 
p.s.  Excellent  linearity  and  hold  mode  dc  and  dynamic  perfor- 
mance make  the  AD783  ideal  for  high  speed  12-  and  14-bit 
analog-to-digital  converters. 

The  AD783  is  manufactured  on  Analog  Devices'  ABCMOS  pro- 
cess which  merges  high  performance,  low  noise  bipolar  circuitry 
with  low  power  CMOS  to  provide  an  accurate,  high  speed,  low 
power  SHA. 

The  J  grade  device  is  specified  for  operation  from  0°C  to  +70°C 
and  the  A  grade  from  -40°C  to  +85°C.  The  J  and  A  grades  are 
available  in  8-pin  cerdip  and  SOIC  packages.  The  military  tem- 
perature range  version  is  specified  for  operation  from  -55°C  to 
+  125°C  and  is  available  in  an  8-pin  cerdip  package.  For  details 
refer  to  the  Analog  Devices  Military  Products  Databook  or 
AD783/883B  data  sheet. 

'Protected  by  U.S.  Patent  Number  4,962,325. 


PRODUCT  HIGHLIGHTS 

1.  Fast  acquisition  time  (250  ns),  low  aperture  jitter  (20  ps)  and 
fully  specified  hold  mode  distortion  make  the  AD783  an  ideal 
SHA  for  sampling  systems. 

2.  Low  droop  (0.02  u.V/u.s)  and  internally  compensated  hold 
mode  error  result  in  superior  system  accuracy. 

3.  Low  power  (95  mW  typical),  complete  functionality  and 
small  size  make  the  AD783  an  ideal  choice  for  a  variety  of 
high  performance  applications. 

4.  The  AD783  requires  no  external  components  or  adjustments. 

5.  The  AD783  is  an  excellent  choice  as  a  front-end  SHA  for 
high  speed  analog-to-digital  converters  such  as  the  AD671, 
AD7586,  AD674B,  AD774B,  AD7572  and  AD7672. 

6.  Fully  specified  and  tested  hold  mode  distortion  guarantees 
the  performance  of  the  SHA  in  sampled  data  systems. 


r, 
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SPECIFICATIONS 

DC  SPECIFICATIONS  (Tmin  to  TMAX  with  Vcc  =  +5  V  ±  5%,  VEE  = 

 .  


■5  V  ±  5%,  CL  = 


AD783 

50pF-unlessotherwisenoted)  


Parameter 

SAMPLING  CF 
Acquisition  Time 
5  V  Step  to  0.01% 
5  V  Step  to  0.1% 
Small  Signal  Bandwidth 
Full  Power  Bandwidth 


Min 


AD783J/A 
Typ 


Max 


250 
200 
15 
2 


375 
350 


ns 
ns 

MHz 


HOLD  CHARACTERISTICS 
Effective  Aperture  Delay  (+25°C) 
Aperture  Jitter  (+25°C) 
Hold  Settling  (to  1  mV,  +25°C) 
Droop  Rate 
Feedthrough  (+25°C) 
(V,N  =  ±2.5  V,  500  kHz) 


-30 


15 
20 
150 
0.02 


30 
50 
200 
1 





ps 
ns 

U.V/M.S 


ACCURACY  CHARACTERISTICS 
Hold  Mode  Offset 
Hold  Mode  Offs 
Sample  Mode 
Nonlinearity 
Gain  Error 


■ 


0 
10 
50 
±0.005 

±0.03  ±0.1 


+5 

•aorar&awujMix, 


OUTPUT  CHARACTERISTICS 
Output  Drive  Current 
Output  Resistance,  DC 
Total  Output  Noise  (DC  to  5  MHz) 
Sampled  DC  Uncertainty 
Hold  Mode  Noise  (DC  to  5  MHz) 
Short  Circuit  Current 

Source 

Sink 


0.3 
150 
85 
125 


+5 
0.6 


20 
13 


INPUT  CHARACTERISTICS 
Input  Voltage  Range 
Bias  Current 
Input  Impedance 
Input  Capacitance 


-2.5 


100 

10 

2 


+2.5 
250 


DIGITAL  CHARACTERISTICS 
Input  Voltage  Low 
Input  Voltage  High 
Input  Current  High  (VIN  =  5  V) 


2.0 


0.8 
10 


POWER  SUPPLY  CHARACTERISTICS 
Operating  Voltage  Range 
Supply  Current 
+PSRR  (+5  V  ±  5%) 
-PSRR  (-5  V  ±  5%) 
Power  Consumption 


fc4.75 


±5 
9.5 


t5.25 


17 


45 
45 


65 
65 
95 


175 


TEMPERATURE  RANGE 
Specified  Performance  (J) 

(A) 


-40 


+70 
+85 


NOTE 

'Specified  and  tested  over  an  input  range  of  ±2.5  V. 
Specifications  subject  to  change  without  nonce. 


■ 


REV.  A 


SAMPLE/TRACK-HOLD  AMPLIFIERS  6-15 


AD783J/A 

Units 

Parameter 

Min                       Typ  Max 

TOTAL  HARMONIC  DISTORTION 
f,N  =  100  kHz 
f1N  =  500  kHz 

-85  -80 
-72 

dB 
dB 

SIGNAL-TO-NOISE  AND  DISTORTION 
fm  =  100  kHz 

77 

dB 

fIN  =  500  kHz 

70 

dB 

INTERMODULATION  DISTORTION 
(Fl  =  99  kHz,  F2  =  100  kHz) 
Second  Order  Products 
Third  Order  Products 

-80 
-85 

dB 
dB 

NOTE 

'fIN  amplitude  =  0  dB  and  fSAMPLE  =  300  kHz  unless  otherwise  indicated. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 
With 

Spec  Respect  to  Min 


Max  Units 


VEE 

Analog  Input 
Digital  Input 
Output  Short  Circuit  to 

Ground,  Vcc,  or  VEE 
Maximum  Junction 

Temperature 
Storage 

Lead  Temperature 
(10  sec  max) 


COM 
COM 
COM 
COM 


-0.5 
-6.5 
-6.5 
-0.5 


+6.5 
+0.5 
+6.5 
+6.5 


Indefinite 


-65 


+  175 
+  150 


V 
V 
V 
V 


°c 
°c 


+  300  °C 


'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied. 


PIN  CONFIGURATION 
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CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts. 


ORDERING  GUIDE 


Temperature 

Package 

Model1 

Range 

Description 

Options2 

AD783JQ 

0°C  to  +70°C 

8-Pin  Cerdip 

Q-8 

AD783AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD783JR 

0°Cto  +70°C 

8-Pin  SOIC 

R-8 

AD783AR 

-40°C  to  +85°C 

8-Pin  SOIC 

R-8 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD783/883B  data  sheet. 

2Q  =  Cerdip,  R  =  SOIC.  For  outline  information  see  Package  Information 
section. 
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100         1k  10k  100k 

FREQUENCY  -  Hz 


Power  Supply  Rejection  Ratio  vs.  Frequency 


0  25  SO  75  100  125  150 

TEMPERATURE  -  °C 

Droop  Rate  vs.  Temperature,  VIN  =  0  V 


Bias  Current  vs.  Input  Voltage 


INPUT  STEP  -  V 

Acquisition  Time  (to  0.01%)  vs.  Input  Step  Size 
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DEFINITIONS  OF  SPECIFICATIONS 
Acquisition  Time— The  length  of  time  that  the  SHA  must 
remain  in  the  sample  mode  in  order  to  acquire  a  full-scale  input 
step  to  a  given  level  of  accuracy. 

Small  Signal  Bandwidth— The  frequency  at  which  the  held  out- 
put amplitude  is  3  dB  below  the  input  amplitude,  under  an 
input  condition  of  a  100  mV  p-p  sine  wave. 

Full  Power  Bandwidth— The  frequency  at  which  the  held  out- 
put amplitude  is  3  dB  below  the  input  amplitude,  under  an 
input  condition  of  a  5  V  p-p  sine  wave. 

Effective  Aperture  Delay— The  difference  between  the  switch 
delay  and  the  analog  delay  of  the  SHA  channel.  A  negative 
number  indicates  that  the  analog  portion  of  the  overall  delay  is 
greater  than  the  switch  portion.  This  effective  delay  represents 
the  point  in  time,  relative  to  the  hold  command,  that  the  input 
signal  will  be  sampled. 

Aperture  Jitter— The  variations  in  aperture  delay  for  successive 
samples.  Aperture  jitter  puts  an  upper  limit  on  the  maximum 
frequency  that  can  be  accurately  sampled. 

Hold  Settling  Time— The  time  required  for  the  output  to  settle 
to  within  a  specified  level  of  accuracy  of  its  final  held  value  after 
the  hold  command  has  been  given. 

Droop  Rate— The  drift  in  output  voltage  while  in  the  hold 
mode. 

Feedthrough— The  attenuated  version  of  a  changing  input  sig- 
nal that  appears  at  the  output  when  the  SHA  is  in  the  hold 
mode. 

Hold  Mode  Offset— The  difference  between  the  input  signal 
and  the  held  output.  This  offset  term  applies  only  in  the  hold 
mode  and  includes  the  error  caused  by  charge  injection  and  all 
other  internal  offsets.  It  is  specified  for  an  input  of  0  V. 

Sample  Mode  Offset— The  difference  between  the  input  and 
output  signals  when  the  SHA  is  in  the  sample  mode. 

Nonlinearity— The  deviation  from  a  straight  line  on  a  plot  of 
input  vs.  (held)  output  as  referenced  to  a  straight  line  drawn 
between  endpoints,  over  an  input  range  of  -2.5  V  and  +2.5  V. 

Gain  Error— Deviation  from  a  gain  of  + 1  on  the  transfer  func- 
tion of  input  vs.  held  output. 

Power  Supply  Rejection  Ratio— A  measure  of  change  in  the 
held  output  voltage  for  a  specified  change  in  the  positive  or  neg- 
ative supply. 

Sampled  DC  Uncertainty— The  internal  rms  SHA  noise  that  is 
sampled  onto  the  hold  capacitor. 

Hold  Mode  Noise— The  rms  noise  at  the  output  of  the  SHA 
while  in  the  hold  mode,  specified  over  a  given  bandwidth. 

Total  Output  Noise— The  total  rms  noise  that  is  seen  at  the 
output  of  the  SHA  while  in  the  hold  mode.  It  is  the  rms  sum- 
mation of  the  sampled  dc  uncertainty  and  the  hold  mode  noise. 


Output  Drive  Current— The  maximum  current  the  SHA  can 
source  (or  sink)  while  maintaining  a  change  in  hold  mode  offset 
of  less  than  2.5  mV. 

Signal-To-Noise  and  Distortion  (S/N+D)  Ratio— S/N+D  is 
the  ratio  of  the  rms  value  of  the  measured  input  signal  to  the 
rms  sum  of  all  other  spectral  components  below  the  Nyquist 
frequency,  including  harmonics  but  excluding  dc.  The  value  for 
S/N+D  is  expressed  in  decibels. 

Total  Harmonic  Distortion  (THD)— THD  is  the  ratio  of  the 
rms  sum  of  the  first  six  harmonic  components  to  the  rms  value 
of  the  measured  input  signal  and  is  expressed  in  decibels. 

Intermodulation  Distortion  (IMD)— With  inputs  consisting  of 
sine  waves  at  two  frequencies,  fa  and  fb,  any  device  with 
nonlinearities  will  create  distortion  products,  of  order  (m+n),  at 
sum  and  difference  frequency  of  mfa±nfb,  where  m,  n  =  0, 1, 2, 
3  .  .  .  .  Intermodulation  terms  are  those  for  which  m  or  n  is  not 
equal  to  zero.  For  example,  the  second  order  terms  are  (fa+fb) 
and  (fa-fb),  and  the  third  order  terms  are  (2fa+fb),  (2fa-fb), 
(fa+2fb)  and  (fa-2fb).  The  IMD  products  are  expressed  as  the 
decibel  ratio  of  the  rms  sum  of  the  measured  input  signals  to  the 
rms  sum  of  the  distortion  terms.  The  two  signals  are  of  equal 
amplitude,  and  peak  value  of  their  sums  is  -0.5  dB  from  full 
scale.  The  IMD  products  are  normalized  to  a  0  dB  input  signal. 

FUNCTIONAL  DESCRIPTION 

The  AD783  is  a  complete,  high  speed  sample-and-hold  amplifier 
that  provides  high  speed  sampling  to  12-bit  accuracy  in  250  ns. 

The  AD783  is  completely  self-contained,  including  an  on-chip 
hold  capacitor,  and  requires  no  external  components  or  adjust- 
ments to  perform  the  sampling  function.  Both  input  and  output 
are  treated  as  a  single-ended  signal,  referred  to  common. 

The  AD783  utilizes  a  proprietary  circuit  design  which  includes  a 
self-correcting  architecture.  This  sample-and-hold  circuit  cor- 
rects for  internal  errors  after  the  hold  command  has  been  given, 
by  compensating  for  amplifier  gain  and  offset  errors,  and  charge 
injection  errors.  Due  to  the  nature  of  the  design,  the  SHA  out- 
put in  the  sample  mode  is  not  intended  to  provide  an  accurate 
representation  of  the  input.  However,  in  hold  mode,  the  internal 
circuitry  is  reconfigured  to  produce  an  accurately  held  version  of 
the  input  signal.  Below  is  a  block  diagram  of  the  AD783. 


vcc 

IN 

COMMON 

NC  [T 


AD783     7]  V, 


OUT 

S/H 

NC 


NC  >  NO  CONNECT 

Functional  Block  Diagram 
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DYNAMIC  PERFORMANCE 

The  AD783  is  compatible  with  12-bit  A-to-D  converters  in 
terms  of  both  accuracy  and  speed.  The  fast  acquisition  time,  fast 
hold  settling  time  and  good  output  drive  capability  allow  the 
AD783  to  be  used  with  high  speed,  high  resolution  A-to-D  con- 
verters like  the  AD671  and  AD7586.  The  AD783's  fast  acquisi- 
tion time  provides  high  throughput  rates  for  multichannel  data 
acquisition  systems.  Typically,  the  AD783  can  acquire  a  5  V 
step  in  less  than  250  ns.  Figure  1  shows  the  settling  accuracy  as 
a  function  of 
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Figure  1.  VOUT  Settling  vs.  Acquisition  Time 

The  hold  settling  determines  the  required  time,  after  the  hold 
command  is  given,  for  the  output  to  settle  to  its  final  specified 
accuracy.  The  typical  settling  behavior  of  the  AD783  is  150  ns. 
The  settling  time  of  the  AD783  is  sufficiently  fast  to  allow  the 
SHA,  in  most  cases,  to  directly  drive  an  A-to-D  converter  with- 
out the  need  for  an  added  "start  convert"  delay. 

i  I  9 

HOLD  MODE  OFFSET 

The  dc  accuracy  of  the  AD783  is  determined  primarily  by  the 
hold  mode  offset.  The  hold  mode  offset  refers  to  the  difference 
between  the  final  held  output  voltage  and  the  input  signal  at  the 
time  the  hold  command  is  given.  The  hold  mode  offset  arises 
from  a  voltage  error  introduced  onto  the  hold  capacitor  by 
charge  injection  of  the  internal  switches.  The  nominal  hold 
mode  offset  is  specified  for  a  0  V  input  condition.  Over  the 
input  range  of  -2.5  V  to  +2.5  V,  the  AD783  is  also  character- 
ized for  an  effective  gain  error  and  nonlinearity  of  the  held 
value,  as  shown  in  Figure  2.  As  indicated  by  the  AD783  specifi- 
cations, the  h 
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Figure  2.  Hold  Mode  Offset,  Gain  Error  and  Nonlinearity 

For  applications  where  it  is  important  to  obtain  zero  offset,  the 
hold  mode  offset  may  be  nulled  externally  at  the  input  to  the 
A-to-D  converter.  Adjustment  of  the  offset  may  be  accom- 
plished through  the  A-to-D  itself  or  by  an  external  amplifier 
with  offset  nulling  capability  (e.g.,  AD711).  The  offset  will 
change  less  than  0.5  mV  over  the  specified  temperature  range. 

SUPPLY  DECOUPLING  AND  GROUNDING 
CONSIDERATIONS 

As  with  any  high  speed,  high  resolution  data  acquisition  system, 
the  power  supplies  should  be  well  regulated  and  free  from  exces- 
sive high  frequency  noise  (ripple).  The  supply  connection  to  the 
AD783  should  also  be  capable  of  delivering  transient  currents  to 
the  device.  To  achieve  the  specified  accuracy  and  dynamic  per- 
formance, decoupling  capacitors  must  be  placed  directly  at  both 
:  supply  pins  to  common.  Ceramic  type 
I  be  connected  from  Vcc  and  VEE  to 


DIGITAL 
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SIGNAL  GROUND 

Figure  3.  Basic  Grounding  and  Decoupling  Diagram 

■ 


REV.  A 


SAMPLE/TRACK-HOLD  AMPLIFIERS  6-19 


AD783 


The  AD783  does  not  provide  separate  analog  and  digital  ground 
leads  as  is  the  case  with  most  A-to-D  converters.  The  common 
pin  is  the  single  ground  terminal  for  the  device.  It  is  the  refer- 
ence point  for  the  sampled  input  voltage  and  the  held  output 
voltage  and  also  the  digital  ground  return  path.  The  common 
pin  should  be  connected  to  the  reference  (analog)  ground  of  the 
A-to-D  converter  with  a  separate  ground  lead.  Since  the  analog 
and  digital  grounds  in  the  AD783  are  connected  internally,  the 
common  pin  should  also  be  connected  to  the  digital  ground, 
which  is  usually  tied  to  analog  common  at  the  A-to-D  converter. 
Figure  3  illustrates  the  recommended  decoupling  and  grounding 
practice. 

NOISE  CHARACTERISTICS 

Designers  of  data  conversion  circuits  must  also  consider  the 
effect  of  noise  sources  on  the  accuracy  of  the  data  acquisition 
system.  A  sample-and-hold  amplifier  that  precedes  the  A-to-D 
converter  introduces  some  noise  and  represents  another  source 
of  uncertainty  in  the  conversion  process.  The  noise  from  the 
AD783  is  specified  as  the  total  output  noise,  which  includes 
both  the  sampled  wideband  noise  of  the  SHA  in  addition  to  the 
band  limited  output  noise.  The  total  output  noise  is  the  rms 
sum  of  the  sampled  dc  uncertainty  and  the  hold  mode  noise.  A 
plot  of  the  total  output  noise  vs.  the  equivalent  input  bandwidth 
of  the  converter  being  used  is  given  in  Figure  4. 
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Figure  4.  RMS  Noise  vs.  Input  Bandwidth  of  ADC 
DRIVING  THE  ANALOG  INPUTS 

For  best  performance,  it  is  important  to  drive  the  AD783  analog 
input  from  a  low  impedance  signal  source.  This  enhances  the 
sampling  accuracy  by  minimizing  the  analog  and  digital 
crosstalk.  Signals  which  come  from  higher  impedance  sources 
(e.g.,  over  5  kfl)  will  have  a  relatively  higher  level  of  crosstalk. 
For  applications  where  signals  have  high  source  impedance,  an 
operational  amplifier  buffer  in  front  of  the  AD783  is  required. 
The  AD711  (precision  BiFET  op  amp)  is  recommended  for 
these  applications. 

HIGH  FREQUENCY  SAMPLING 

Aperture  jitter  and  distortion  are  the  primary  factors  which  limit 
frequency  domain  performance  of  a  sample-and-hold  amplifier. 
Aperture  jitter  modulates  the  phase  of  the  hold  command  and 
produces  an  effective  noise  on  the  sampled  analog  input.  The 
magnitude  of  the  jitter  induced  noise  is  directly  related  to  the 
frequency  of  the  input  signal. 


A  graph  showing  the  magnitude  of  the  jitter  induced  error  vs. 
frequency  of  the  input  signal  is  given  in  Figure  5. 

The  accuracy  in  sampling  high  frequency  signals  is  also  con- 
strained by  the  distortion  and  noise  created  by  the  sample-and- 
hold.  The  level  of  distortion  increases  with  frequency  and 
reduces  the  "effective  number  of  bits"  of  the  conversion. 

Measurements  of  Figures  6  and  7  were  made  using  a  14-bit 
A/D  converter  with  Vm  =  5  V  p-p  and  a  sample  frequency  of 
100 


APERTURE  JITTER  TYPICAL  AT  20ps 

1k  10k  100k 

FREQUENCY  -  Hz 

Figure  5.  Error  Magnitude  vs.  Frequency 


1M 


100  1k  10k  100k 

FREQUENCY  -  Hz 

Figure  6.  Total  Harmonic  Distortion  vs.  Frequency 


or 


1k 


1M 


10k  100k 
FREQUENCY -Hz 

Figure  7.  Signal/(Noise  and  Distortion)  vs.  Frequency 
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AD783  TO  AD670  INTERFACE 

The  15  MHz  small  signal  bandwidth  of  the  AD783  makes  it  a 
good  choice  for  undersampling  applications.  Figure  8  shows  the 
interface  between  the  AD783  and  the  AD670  ADC,  where  the 
AD783  samples  the  incoming  IF  signal.  For  this  particular 
application,  the  IF  carrier  was  10.7  MHz  and  the  information 
signal  was  a  5  kHz  FSK-modulated  tone.  The  sample-and-hold 
signal  is  applied  to  the  8-bit  AD670  ADC  and  then  digitally  pro- 
cessed for  analysis. 

The  CLKIN  signal  is  connected  directly  to  the  S/H  pin  of  the 
AD783  and  must  comply  with  the  acquisition  and  settling 
requirements  of  the  SHA.  A  delayed  version  of  CLKIN  is 
applied  to  the  R/W  input  of  the  AD670  in  order  to  accom- 
modate the  hold-mode  settling  requirements  of  the  AD783.  The 
10  u.s  conversion  speed  of  the  AD670  combined  with  the  150  ns 
hold-mode  setding  time  of  the  AD783  result  in  a  total  system 
throughput  of  10.15  u,s. 

By  keeping  the  10.7  MHz  IF  input  to  the  AD783  at  a  low 
amplitude,  255  mV  p-p,  the  resultant  distortion  and  jitter- 
induced  noise  result  in  approximately  45  dB  of  dynamic  range. 
The  AD670  can  be  conveniently  configured  such  that  its  full- 
scale  input  range  is  255  mV  in  order  to  retain  the  full  8-bit 
dynamic  range  of  the  converter.  The  maximum  sample  rate  of 
the  AD670  is  10  u.s;  therefore,  to  comply  with  the  Nyquist  cri- 
teria the  maximum  information  bandwidth  is  50  kHz. 


I A  I 
1  Vh 


A  master  sampling  clock  is  tied  to  the  clock  input  of  flip-flopl 
and  the  input  of  the  one-shot.  The  Dl  input  of  flip-flopl  should 
be  tied  high  and  the  one-shot  should  be  configured  to  generate  a 
pulse  on  a  rising  edge  of  the  sampling  clock.  The  rising  edge  of 
the  sampling  clock  causes  the  Ql  output  of  the  flip-flop  to  go 
low  placing  the  AD783  into  hold  mode.  Simultaneously,  a  low 
going  pulse  is  generated  at  the  one-shot  output.  The  length  of 
this  pulse  would  usually  be  made  long  enough  to  allow  the  out- 
put of  the  AD783  to  settle  (hold-mode  settling  time),  but 
because  of  the  error-correcting  ability  of  the  AD671,  the  length 
of  this  pulse  may  be  reduced  to  approximately  200  ns. 

The  low-going  one-shot  output  is  connected  to  the  clock  input 
of  flip-flop2.  The  D2  input  of  flip-flop2  is  tied  high.  The  rising 
edge  of  the  low-going  pulse  toggles  the  Q2  output  of  flip-flop2 
to  a  high  state.  This  output,  which  is  tied  to  the  ENCODE 
input  of  the  AD671,  initiates  a  conversion  of  the  buffered  out- 
put signal  of  the  AD783.  The  AD671  issues  the  signal  DAV 
when  the  conversion  is  complete.  The  DAV  signal  is  tied  to  the 
asynchronous  CLR1  and  CLR2  inputs  of  both  flip-flops.  When 
DAV  goes  low,  the  Ql  output  goes  high  returning  the  AD783  to 
the  sample  or  acquisition  mode.  The  Q2  output  (ENCODE) 
returns  low  until  it  is  again  triggered  by  the  rising  edge  of  the 
one-shot  output. 


CLOCK 

o- 


ONE- 
SHOT 


> 

5i 

131 

CLH1 

D2 

CLH2 

> 

02 

Figure  8.  AD783  to  AD670  Interface 


Figure  9.  AD783  to  AD671  Interface 


AD783  to  AD67I  (12-Bit,  500  ns  ADC)  Interface 

The  AD783  to  AD671  interface  requires  an  op  amp,  a  dual  flip- 
flop,  and  a  monostable  multivibrator  or  "one-shot."  The  op  amp 
amplifies  the  ±2.5  V  output  of  the  AD783  to  the  full-scale  input 
of  the  AD671.  Appropriate  op  amps  include  the  AD841  and 
AD845  (see  the  AD671  data  sheet  for  additional  information). 
The  flip-flops  and  one-shot  are  used  to  generate  the  AD671 
ENCODE  pulse  and  the  appropriately  timed  AD783  S/H  pulse. 
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BLOCK  DIAGRAM 



CLK  CLK 

 O  O  


FEATURES 

Excellent  Hold  Mode  Distortion  into  250  ft 

-88  dB  @  30  MSPS  (2.3  MHz  V1N) 

-83  dB  @  30  MSPS  (12.1  MHz  VIN) 

-74  dB  @  30  MSPS  (19.7  MHz  V1N) 
16  ns  Acquisition  Time  to  0.01% 

1  ps  Aperture  Jitter 
250  MHz  Tracking  Bandwidth 
83  dB  Feedthrough  Rejection  @  20  MHz 
3.3  nV/Vfiz  Spectral  Noise  Density 
MIL-STD-Compliant  Versions  Available 

APPLICATIONS 
A/D  Conversion 
Direct  IF  Sampling 
Imaging/FLIR  Systems 
Peak  Detectors 
Radar/EW/ECM 
Spectrum  Analysis 
CCD  ATE 

GENERAL  DESCRIPTION 

The  AD9100  is  a  monolithic  track-and-hold  amplifier  which  sets 
a  new  standard  for  high  speed  and  high  dynamic  range  applica- 
tions. It  is  fabricated  in  a  mature  high  speed  complementary 
bipolar  process.  In  addition  to  innovative  design  topologies,  a 
custom  package  is  utilized  to  minimize  parasitics  and  optimize 
dynamic  performance. 

Acquisition  time  (hold  to  track)  is  13  ns  to  0.1%  accuracy,  and 
16  ns  to  0.01%.  The  AD9100  boasts  superlative  hold-mode  fre- 
quency domain  performance;  when  sampling  at  30  MSPS  hold 
mode  distortion  is  less  than  -  83  dBfs  for  analog  frequencies  up 
to  12  MHz;  and  -74  dBfs  at  20  MHz.  The  AD9100  can  also 
drive  capacitive  loads  up  to  100  pF  with  little  degradation  in 
acquisition  time;  it  is  therefore  well  suited  to  drive  8-  and  10-bit 
flash  converters  at  clock  speeds  to  50  MSPS.  With  a  spectral 
noise  density  of  3.3  nV/VHz  and  feedthrough  rejection  of  83  dB 
at  20  MHz,  the  AD9100  is  well  suited  to  enhance  the  dynamic 
range  of  many  8-  to  16-bit  systems. 


son 

vinQ-jvVV-t-|+ 


'HOLD  J_ 

22PFJ 


42.3V 
CLAMP 


AD9100 


The  AD9100  is  "user  friendly"  and  easy  to  apply:  (1)  it  requires 
+5  V/-5.2  V  power  supplies;  (2)  the  hold  capacitor  and  switch 
power  supply  decoupling  capacitors  are  built  into  the  DIP 
package;  (3)  the  encode  clock  is  differential  ECL  to  minimize 
clock  jitter;  (4)  the  input  resistance  is  typically  800  kft;  (5)  the 
analog  input  is  internally  clamped  to  prevent  damage  from  volt- 
age transients. 

The  AD9100  is  available  in  a  20-lead  side-brazed  "skinny  DIP" 
package  and  a  28-lead  LCC  package.  Commercial,  industrial, 
and  military  temperature  grade  parts  are  available.  Consult  the 
factory  for  information  about  the  availability  of  883-qualified 
devices. 

PRODUCT  HIGHLIGHTS 

1.  Hold  Mode  Distortion  is  guaranteed. 

2.  Monolithic  construction. 

3.  Analog  input  is  internally  clamped  to  protect  against  over- 
voltage  transients  and  ensure  fast  recovery. 

4.  Output  is  short  circuit  protected. 

5.  Drives  capacitive  loads  to  100  pF. 

6.  Differential  ECL  clock  inputs. 


DIP 

io]  +vs 

19]  CLK 
li]  CLK 
n}  GND 

16]  *VS 
TOP  VIEW  ZT 
(Not  to  Scale)  lH  BYP*SS 
14]  +Vs 
13]  GND 
12]  GND 
Tl]  GND 

"Patent  pending. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


PIN  DESIGNATIONS 


LCC 


18  17  16  15  14  13 
>  >  «    2  tn  > 


NC  =  NO  CONNECT 


6-22    SAMPLE/TRACK-HOLD  AMPLIFIERS 


REV.  A 


SPECIFICATIONS 


AD9100 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±6  V 

Continuous  Output  Current  70  mA 

Analog  Input  Voltage2  ±5  V 

Operating  Temperature  Range  (Case) 
AD9100JD  0°C  to  +70°C 

ELECTRICAL  CHARACTERISTICS  (unless  otherwise  noted, 


AD9100AD/AE  -25°C  to  +85°C 

AD9100SD/SE   -55°C  to  +125°C 

Junction  Temperature  +175°C 

Storage  Temperature  -65°C  to +150°C 

Lead  Soldering  Temperature  (10  sec)  +300°C 


,  +VS  =  +5  V;  -Vs  =  -5.2  V;  RL0(0  =  100  ft;  R|N  =  50  ft) 


Test 

AD9100AE/SE/JD/AD/SD3 

Parameter 

Level 

Min 

Max 

Units 

Temp 

Typ 

DC  ACCURACY 

Gain 

=  2V 

Full 

VI 

0.989 

0.994 

WV 

Offset 

V,N  = 

0  V 

Full 

VI 

-5 

±1 

+5 

mV 

Output  Resistance 

25°C 

V 

0.4 

a 

Output  Drive  Capability 

Full 

VI 

±40 

±60 

mA 

PSRR 

AVS  = 

•  0.5  V  p-p 

Full 

VI 

48 

55 

dB 

Pedestal  Sensitivity  to  Supply 

AVS  = 

0.5  V  p-p 

Full 

VI 

0.9 

3 

mV/V 

ANALOG  INPUT/OUTPUT 

Output  Voltage  Range 

Full 

VI 

+2 

±2.2 

-2 

V 

Input  Bias  Current 

25°C 

VI 

-8 

'  ±3 

+8 

uA 

Full 

VI 

-16 

+  16 

|j.A 

Input  Overdrive  Current4 

vIN  = 

±4  V;  RIN  =  50  n 

25°C 

V 

±22 

mA 

Input  Capacitance 

25°C 

V 

1.2 

pF 

Input  Resistance 

25°C,  TMAX 

VI 

350 

800 

kn 

T 

*  MIN 

VI 

200 

CLOCK/CLOCK  INPUTS 

Input  Bias  Current 

CL/CL  =  -1.0  V 

Full 

VI 

4 

5 

mA 

Input  Low  Voltage  (VIL) 

Full 

VI 

-1.8 

-1.5 

V 

Input  High  Voltage  (V[H) 



Full 

VI 

-1.0 

-0.8 

V 

TRACK  MODE  DYNAMICS 

■- 

Bandwidth  (-3  dB) 
Slew  Rate 

Vqut 

s0.4  V  p-p 

Full 

IV 

150 

250 

MHz 

4  V  Step 

25°C 

IV 

550 

850 

V/|xs 

4  V  Step 

Full 

IV 

500 

■ 

V/|XS 

Overdrive  Recovery  Time4  (to  0.1%) 

Vin  - 

±4  V  to  0  V 

25°C 

V 

21 

ns 

2nd  Harm.  Dist.  (20  MHz,  2  V  p-p) 

Full 

V 

-65 

dBc 

3rd  Harm.  Dist.  (20  MHz,  2  V  p-p) 

Full 

V 

-75 

dBc 

Integrated  Output  Noise  (1-200  MHz) 

25°C 

V 

45 

u-V 

RMS  Spectral  Noise  (S  10  MHz 

25°C 

V 

3.3 

nV/VHz 

HOLD  MODE  DYNAMICS 

Worst  Harmonic  (2.3  MHz,  30  MSPS) 

V0UT 

=  2Vp-p 

25°C 

v 

-83 

dBfs 

Worst  Harmonic  (12.1  MHz,  30  MSPS) 

VoUT 

=  2Vp-p 

25°C 

IV 

-80 

-72 

dBfs 

Worst  Harmonic  (12.1  MHz,  30  MSPS) 

VoUT 

=  2Vp-p 

T 

1  MAX 

IV 

-70 

dBfs 

Worst  Harmonic  (12.1  MHz,  30  MSPS) 

VoUT 

=  2Vp-p 

Lmin 

IV 

-77 

-68 

dBfs 

Worst  Harmonic  (19.7  MHz,  30  MSPS) 

^OUT 

=  2Vp-p 

25°C 

V 

-74 

dBfs 

Hold  Noise5 

25°C 

V 

300  x  tH 

V/s  rms 

Droop  Rate6 

V,N  = 

0  V 

25°C 

VI 

1 

6 

±mV/|j,s 

Lmin 

VI 

7 

40 

±mV/|xs 

Lmax 

VI 

5 

30 

±mV/(jis 

Feedthrough  Rejection  (20  MHz) 

vIN  = 

2Vp-p 

Full 

V 

83 

dB 

TRACK-TO-HOLD  SWITCHING 

Aperture  Delay 

25°C 

V 

+800 

ps 

Aperture  Jitter 
Pedestal  Offset 

25°C 

V 

<1 

ps 

0  V 

25°C 

VI 

-5 

±1 

+5 

mV 

Full 

VI 

-10 

+  10 

mV 

Transient  Amplitude 

vIN  = 

0  V 

Full 

V 

±6 

mV 

Settling  Time  to  1  mV 

Full 

rv 

7 

10 

ns 

Glitch  Product 

Vin  ~ 

0  V 

25°C 

V 

15 

pV-s 
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Para  m  p  t  p  r 

Conditions 

Temp 

Test 

AD9100AE/SE/JD/AD/SD3 
Min          Tvn  May 

Units 

HOLD-TO-TRACK  SWITCHING 

Acquisition  Time  to  0.1% 

2  V  Step 

25°C 

V 

13 

ns 

Acquisition  Time  to  0.01% 

2  V  Step 

Full 

IV 

16  23 

ns 

Acquisition  Time  to  0.01% 

4  V  Step 

25°C 

V 

20 

ns 

POWER  SUPPLY 
Power  Dissipation 
+VS  Current 
-Vs  Current 

FuU 
Full 
Full 

VI 
VI 
VI 

1.05  1.25 
96  118 
116  132 

w 

mA 
mA 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional  opera- 
bility  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Analog  input  voltage  should  not  exceed  ±VS. 

3AD9100JD:  0°C  to  +70°C.  AD9100AD:  -40°C  to  +  85°C.  AD9100SD:  -55°C  to  +  125°C.  DIP  0JA  =  38°C/W;  this  is  valid  with  the  device  mounted  flush  to  a 
grounded  2  oz  copper  clad  board  with  16  sq  inches  of  surface  area  and  no  air  flow.  LCC  6JA  =  48°C/W. 
*The  input  to  the  AD9100  is  internally  clamped  at  ±2.3  V.  The  internal  input  series  resistance  is  nominally  50  Cl. 

5Hold  mode  noise  is  proportional  to  the  length  of  time  a  signal  is  held.  For  example,  if  the  hold  time  (tH)  is  20  ns,  the  accumulated  noise  is  typically  6  u.V 
(300  V/s  x  20  ns).  This  value  must  be  combined  with  the  track  mode  noise  to  obtain  total  noise. 

6Min  and  max  droop  rates  are  based  on  the  military  temperature  range  (-55°C  to  +125°C).  Refer  to  the  "Droop  Rate  vs  Temperature"  chart  for  min/max  limits 
over  the  commercial  and  industrial  ranges. 


Specifications 


to  change  without  notice. 


ORDERING  GUIDE 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 


I 

II 

III 

IV 

V 
VI 


100%  production  tested. 

100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 
Periodically  sample  tested. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 

All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 
temperature  extremes  for  commercial/industrial  devices. 


Temperature 

Package 

Package 

Model1 

Range 

Description 

Option2 

AD9100JD 

0°C  to  +70°C 

Ceramic  DIP 

D-28 

AD9100AD 

-40°C  to  +85°C 

Ceramic  DIP 

D-28 

AD9100AE 

-40°C  to  +85°C 

Ceramic  LCC 

E-28A 

AD9100SD 

-55°C  to  +  125°C 

Ceramic  DIP 

D-28 

AD9100SE 

-55°Cto  +125°C 

Ceramic  LCC 

E-28A 

NOTES 

'Consult  factory  about  availability  of  pans  screened  to  MIL-STD-883. 

?  PacKace  Information  section. 




Pin  No 


ESCRIPTIONS/COr; 
Description  Connection 


DIP  PIN  DESCRIPTIONS/CONNECTIONS 


Pin  No. 

Description 

Connection 

1 

2 

-Vs 

-5.2  V  Power  Supply 

GND 

Common  Ground  Plane 

3 

GND 

Common  Ground  Plane 

4 

vIN 

Analog  Input  Signal 

5 

-Vs 

-5.2  V  Power  Supply 

6 

BYPASS 

0.1  p,F  to  Ground 

7 

-Vs 

-5.2  V  Power  Supply 

8 

GND 

Common  Ground  Plane 

9 

VfJUT 

Track-and-Hold  Output 

10 

GND 

Common  Ground  Plane 

11 

GND 

Common  Ground  Plane 

12 

GND 

Common  Ground  Plane 

13 

GND 

Common  Ground  Plane 

14 

+VS 

+5  V,  Power  Supply 

15 

BYPASS 

0. 1  u.F  to  Ground 

16 

+VS 

+5  V,  Power  Supply 

17 

GND 

Common  Ground  Plane 

18 

CLK 

Complement  ECL  Clock 

19 

CLK 

"True"  ECL  Clock 

20 

+vs 

+5  V  Power  Supply 

1 

GND 

Common  Ground  Plane 

2 

GND 

Common  Ground  Plane 

3 

NC 

None 

4 

-Vs 

-5.2  V  Power  Supply 

5 

-Vs 

-5.2  V  Power  Supply 

6 

NC 

None 

7 

vIN 

Analog  Input  Signal 

8 

-Vs 

-5.2  V  Power  Supply 

9 

-Vs 

—5.2  V  Power  Supply 

10 

NC 

None 

11 

-vs 

—5.2  V  Power  Supply 

12 

-Vs 

—5.2  V  Power  Supply 

13 

-Vs 

—5.2  V  Power  Supply 

14 

BYPASS 

0.1  u.F  to  Pin  16 

15 

VoUT 

Track-and-Hold  Output 

16 

BYPASS 

0.1  jxF  to  Pin  14 

17 

+VS 

+5  V  Power  Supply 

18 

+vs 

+5  V  Power  Supply 

19 

+vs 

+5  V  Power  Supply 

20 

HOLDCAP 

External  Hold  Capacitor 

3 

HOLDCAP 

+vs 

External  Hold  Capacitor 
+5  V  Power  Supply 

23 

+VS 

+5  V  Power  Supply 

24 

GND 

Common  Ground  Plane 

25 

+VS 

+  5  V  Power  Supply 

26 

+VS 

+  5  V  Power  Supply 

27 

CLOCK 

Complement  ECL  Clock 

28 

CLOCK 

"True"  ECL  Clock 
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125  MSPS  Monolithic 
Sampling  Amplifier 


AD9101 


FEATURES 

350  MHz  Sampling  Bandwidth 

125  MHz  Sampling  Rate 

Excellent  Hold  Mode  Distortion 
-75  dB  @  50  MSPS  (25  MHz  VIN) 
-57  dB  @  125  MSPS  (50  MHz  V,N) 

7  ns  Acquisition  Time  to  0.1% 

<1  ps  Aperture  Jitter 

66  dB  Feedthrough  Rejection  @  50  MHz 

3.3  nV/Vfiz  Spectral  Noise  Density 

APPLICATIONS 
Direct  IF  Sampling 
Digital  Sampling  Oscilloscopes 
HDTV  Cameras 
Peak  Detectors 
Radar/EW/ECM 
Spectrum  Analysis 
Test  Equipment/CCD  Testers 
DDS  DAC  Deglitcher 


GENERAL  DESCRIPTION 

The  AD9101  is  an  extremely  accurate,  general  purpose,  high 
speed  sampling  amplifier.  Its  fast  and  accurate  acquisition  speed 
allows  for  a  wide  range  of  frequency  vs.  resolution  performance. 
The  AD9101  is  capable  of  8  to  12  bits  of  accuracy  at  clock  rates 
of  125  MSPS  or  50  MSPS,  respectively.  This  level  of  perfor- 
mance makes  it  an  ideal  driver  for  almost  all  8-  to  12-bit  A/D 
encoders  on  the  market  today. 

In  effect,  the  AD9101  is  a  track-and-hold  with  a  post  amplifier. 
This  configuration  allows  the  front  end  sampler  to  operate  at 
relatively  low  signal  amplitudes.  This  results  in  dramatic 
improvement  in  both  track  and  hold  mode  distortion  while 
keeping  power  low. 

The  gain-of-four  output  amplifier  has  been  optimized  for  fast 
and  accurate  large  signal  step  settling  characteristics  even  when 
heavily  loaded.  This  amplifier's  fast  Settling  Time  Linearity 
(STL)  characteristic  causes  the  amplifier  to  be  transparent  to  the 
low  signal  level  distortion  of  the  sampler.  When  sampled,  out- 
put distortion  levels  reflect  only  the  distortion  performance  of 
the  sampler. 

Dramatic  SNR  and  distortion  improvements  can  be  realized 
when  using  the  AD9101  with  high  speed  flash  converters.  Flash 
converters  generally  have  excellent  linearity  at  dc  and  low  fre- 
quencies. However,  as  signal  slew  rate  increases,  their  perfor- 
mance degrades  due  to  the  internal  comparators'  aperture  delay 
variations  and  finite  gain  bandwidth  product. 


FUNCTIONAL  BLOCK  DIAGRAM 


vwQ— 


CLOCK  CLOCK 


The  benefits  of  using  a  track-and-hold  ahead  of  a  flash  converter 
have  been  well  known  for  many  years.  However,  before  the 
AD9101,  there  was  no  track-and-hold  amplifier  with  sufficient 
bandwidth  and  linearity  to  markedly  increase  the  dynamic  per- 
formance of  such  flashes  as  the  AD9002,  AD9012,  AD9020,  and 
AD9060. 

A  new  application  made  possible  by  the  AD9101  is  direct  IF- 
to-digital  conversion.  Utilizing  the  Nyquist  principle,  the  IF 
frequency  can  be  rejected,  and  the  baseband  signal  can  be  recov- 
ered. As  an  example,  a  40  MHz  IF  is  modulated  by  a  10  MHz 
bandwidth  signal.  By  sampling  at  25  MSPS,  the  signal  of  inter- 
est is  detected. 

The  AD9101  is  offered  in  commercial  and  military  temperature 
ranges.  Commercial  versions  include  the  AD9101AR  in  plastic 
SOIC  and  AD9101AE  in  ceramic  LCC.  Military  devices  are 
available  in  ceramic  LCC.  Contact  the  factory  for  availability  of 
versions  in  DIP  and/or  military  versions. 

PRODUCT  HIGHLIGHTS 

1 .  Guaranteed  Hold-Mode  Distortion 

2.  125  MHz  Sampling  Rate  to  8  Bits;  50  MHz  to  12  Bits 

3.  350  MHz  Sampling  Bandwidth 

4.  Super-Nyquist  Sampling  Capability 

5.  Output  Offset  Adjustable 


.  To  obtain  the  most  recent  version  oi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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i  -SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (Unless  otherwise  noted,  +VS  =  +5  V,  -Vs  =  -5.2  V,  RL0AD  =  100  ft,  R,N 


Test 

Parameter 

Conditions 

Temp 

Level 

Min 

Typ 

Max 

Units 

DC  ACCURACY 

Gain 

AVIN 

=  0.5  V 

25°C 

I 

3.93 

4 

4.07 

V/V 

AVIN 

=  0.5  V 

Full 

VI 

3.9 

4.1 

v/v 

Offset 

VIN  = 

0  V 

25°C 

I 

±3 

±10 

mV 

vra  = 

0  V 

Full 

VI 

±15 

mV 

Output  Resistance 

25°C 

V 

0.4 

n 

Output  Drive  Capability 

rull 

VI 

±60 

±70 

mA 

PSRR 

AVC  = 
"  *  s 

0.5  V  p-p 

25°C 

VI 

37 

43 

dB 

Pedestal  Sensitivity  to  Positive  Supply 

AVS  = 

0.5  V  p-p 

Full 

V 

4 

mV/V 

Pedestal  Sensitivity  to  Negative  Supply 

AVS  = 

0.5  V  p-p 

Full 

V 

8 

mV/V 

ANALOG  INPUT/OUTPUT 

Output  Voltage  Range 

Full 

VI 

±2.4 

±2.7 

V 

Input  Bias  Current 

25°C 

I 

±5 

±15 

uA 

Full 

VI 

±20 

uA 

Input  Capacitance 

25°C 

V 

2 

pF 

Input  Resistance 

25°C  - 

T 

1  MAX 

VI 

30 

125 

kn 

T"min 

VI 

25 

kn 

CLOCK/CLOCK  INPUTS 

Input  Bias  Current 

CL/CL  =  -1.0  V 

Full 

VI 

3 

3.6 

mA 

Input  Low  Voltage  (V1L)' 

0.5  V  p-p 

Full 

VI 

-1.8 

—  1.5 

V 

Input  High  Voltage  (VIH)' 

vIN  = 

0.5  V  p-p 

Full 

VI 

-1.0 

-0.8 

V 

TRACK  MODE  DYNAMICS 

Bandwidth  (-3  dB) 

VoUT 

=  1  Vp-p 

Full 

IV 

160 

250 

MHz 

oiew  i\aic 

4  Volt 

Output  Step 

Full 

TV 
i  v 

1300 

1800 

V7|i,S 

Overdrive  Recovery  Time2  (to  0.1%) 

Vn*  = 

±1  VtoOV 

25»C 

V 

55 

ns 

Integrated  Output  Noise 

(5  MHz-200  MHz) 

25°C 

V 

jjlV 

Input  RMS  Spectral  Noise  (S  10  MHz 

25°C 

V 

3.3 

nV/\/Hz 

HOLD  MODE  DYNAMICS 



Worst  Harmonic  (23  MHz,  50  MSPS) 

VoUT 

=  2  V  p-p 

25°C 

V 

-75 

dBFS 

Worst  Harmonic  (48  MHz,  100  MSPS) 

VoUT 

=  2  Vp-p 

25°C 

IV 

—  oz 

-57 

dBFS 

worst  riarmonic  ^<to  iviriz,  luu  ivioroj 

VoUT 

=  2  Vp-p 

FuU  (Ind.) 

IV 

-53 

dJJr  o 

Worst  Harmonic  (48  MHz,  100  MSPS) 

VoUT 

=  2  Vp-p 

Full  (Mil.) 

IV 

-51 

dBFS 

Worst  Harmonic  (48  MHz,  125  MSPS) 

VoUT 

=  2  Vp-p 

25°C 

V 

-57 

dBFS 

Sampling  Bandwidth  (-3  dB)3 

VrN  = 

0.5  V  p-p 

25°C 

V 

350 

MHz 

Hold  Noise4  (RMS) 

Full 

V 

150  x  t„ 

mV/s 

Droop  Rate 

25°C 

I 

±5 

±18 

mV/u.s 

Full 

VI 

—  w 

mV/p,s 

Feedthrough  Rejection  (50  MHz) 

VOUT 

=  2  Vp-p 

Full 

V 

-66 

dB 

l  ix/w  -iv  i  u-nULU  own  i^riiiN  yj 

Aperture  Delav 

25°C 

v 

-250 

pa 

Aperture  Jitter 

25°C 

V 

<1 

ds  rms 

Pedestal  Offset 

vM  = 

0  V 

25°C 

I 

.  ±5 

+  ">n 
±zu 

mV 

v,N  = 

0  V 

Full 

VI 

±35 

mV 

Transient  Amplitude 

VrN  = 

0  V 

Full 

V 

8 

mV 

Settling  Time  to  4  mV 

VrN  = 

0  V 

Full 

V 

4 

ns 

Glitch  Product5 

VrN  = 

0  V 

25°C 

V 

20 

pV-s 

HOLD-TO-TRACK  SWITCHING 

Acquisition  Time  to  0.1% 

2  V  Output  Step 

25°C 

V 

7 

ns 

Acquisition  Time  to  0.01% 

2  V  Output  Step 

25°C 

IV 

11 

14 

ns 

2  V  Output  Step 

Full 

IV 

16 

ns 

POWER  SUPPLY 

+VS  Current 

Full 

VI 

55 

70 

mA 

-Vs  Current 

FuU 

VI 

59 

73 

mA 

Power  Dissipation 

Full 

VI 

570 

715 

mW 
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NOTES 

lIf  the  analog  input  exceeds  ±300  mV,  the  clock  levels  should  be  shifted  as  shown  in  the  Theory  of  Operation 
2Time  to  recover  within  rated  error  band  from  160%  overdrive. 
3Sampling  bandwidth  is  defined  as  the  -  3  dB  frequency  response  of  the  input  sampler  to  the  hold  capacitor  when  operating  in  the  sampling 
than  tracking  bandwidth  because  it  does  not  include  the  bandwidth  of  the  output  amplifier. 

4Hold  mode  noise  is  proportional  to  the  length  of  time  a  signal  is  held.  For  example,  if  the  hold  time  (tH)  is  20  ns,  the  accumulated  noise  is 

(150  mV/s  x  20  ns).  This  value  must  be  combined  with  the  track 
5Total  energy  of  worst  case  track-to-hold  or  hold-to-track  glitch. 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  (+VS)  -0.5  V  to  +6  V 

Supply  Voltage  (-Vs)  -6  V  to  +0.5  V 

Analog  Input  Voltage  ±5  V 

CLOCK/CLOCK  Input  -5  V  to  +0.5  V 

Continuous  Output  Current4  70  mA 

Storage  Temperature  -65°C  to  +150°C 

Operating  Temperature  Range 

AE,  AR  -40°C  to  +  85°C 

SE   -55°Cto  +I25°C 

Junction  Temperature  (Ceramic)2   +175°C 

Junction  Temperature  (Plastic)2   +150°C 

Soldering  Temperature  (1  minute)3   +220°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 

beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 

operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 

conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Typical  thermal  impedances  (no  air  flow,  soldered  to  PC  board)  are  as  follows: 

Ceramic  LCC:  eJA  =  48°C/W;  0JC  =  9.9°C/W;  Plastic  SOIC:  eJA  -  54°C/W; 

8jC  =  7.3°C/W. 

3For  surface  mount  devices,  mounted  by  vapor  phase  soldering.  Prior  to  vapor 

phase  soldering,  plastic  units  should  receive  a  minimum  eight  hour  bakeout  at 

110°C  to  drive  off  any  moisture  absorbed  in  plastic  during  shipping  or  storage. 

Through-hole  devices  can  be  soldered  at  +300X  for  10  seconds. 
4Output  is  short  circuit  protected  to  ground.  Continuous  short  circuit  may  affect 

device  reliability. 


AD9101 


mode.  It  is  greater 
typically  3  u,V 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  —  100%  production  tested. 

II  —  100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 

III  —  Periodically  sample  tested. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

V  —  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 
temperature  extremes  for  commercial/industrial  devices. 


ORDERING  INFORMATION 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9101AR 

-40°C  to  +85°C 

Plastic  SOIC 

R-20 

AD9101AE 

-40°C  to  +85°C 

LCC 

E-20A 

AD9101SE 

-55°C  to  +  125°C 

LCC 

E-20A 

*For  outline  information  see  Package  Information  section. 


Pin  Description 


Pin 

Description 

Connection 

1 

RTN 

Gain  Set  Resistor  Return* 

2 

RTN 

Gain  Set  Resistor  Return* 

3 

cB. 

Bootstrap  Capacitor  (Positive  Bias) 

4 

+vs 

+5  V  Power  Supply  (Analog) 

5 

+vs 

+  5  V  Power  Supply  (Analog) 

6 

GND 

Hold  Capacitor  Ground 

7 

GND 

Hold  Capacitor  Ground 

8 

+vs 

+5  V  Power  Supply  (Digital) 

9 

+vs 

+5  V  Power  Supply  (Digital) 

10 

CLK 

True  ECL  T/H  Clock 

11 

CLK 

Complement  ECL  T/H  Clock 

12 

-vs 

-5.2  V  Power  Supply  (Digital) 

13 

-vs 

-5.2  V  Power  Supply  (Digital) 

14 

N/C 

No  Connection 

15 

vIN 

Analog  Signal  Input 

16 

GND 

Ground  (Signal  Return) 

17 

-Vs 

-5.2  V  Power  Supply  (Analog) 

18 

-vs 

-5.2  V  Power  Supply  (Analog) 

19 

CB- 

Bootstrap  Capacitor  (Negative  Bias) 

20 

Vqut 

Analog  Signal  Output 

PIN  CONFIGURATIONS 

■ 

20-Pin  SOIC 


RTN  [T 
RTN  [T 

+VS[T 

♦Vs[I 
GND  [7 
GND  [7 

+vsOE 

clk[io 


AD9101 
TOP  VIEW 
(Not  to  Scale) 


OUT 

cB- 

-Vs 
-Vs 
GND 

V,N 

N/C 

-Vs 
-Vs 
CLK 


20-PIN  LCC  PACKAGE 
(E-20A) 


iSff  4 

o  >  I  I  o 


*See  "Matching  the  AD9101  to  A/D  Encoders"  in  complete  data  sheet.  Both 
pins  should  either  be  grounded  or  connected  to  voltage  source  for  offset. 
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ANALOG 


CMOS  Quad 
Sample-and-Hold  Amplifier 





SMP04 


FEATURES 


Four  Independent  Sample-and-Holds 
Internal  Hold  Capacitors 
High  Accuracy  - 1 2-Bit 
Very  Low  Droop  Rate  (2mV/s  Typ) 
Output  Buffers  Stable  for  CL  <  SOOpF 
TTL/CMOS  Compatible  Logic  Inputs 
Single  or  Dual  Supply  Applications 
CMOS  Design 


APPLICATIONS 

•  Signal  Processing  Systems 

•  Multichannel  Data  Acquisition  Systems 

•  Automatic  Test  Equipment 

•  Medical  and  Analytical  Instrumentation 

•  Event  Analysis 

•  DAC  Deglitching 

ORDERING  INFORMATION  * 


PACKAGE 

OPERATING 

PLASTIC 
16-PIN 

CERDIP 
16-PIN 

TEMPERATURE 
RANGE 

SMP04EP 
SMP04ESn 

SMP04AQ/883- 
SMP04EQ 

MIL 
XINO 
XIND 

Consult  factory  for  883  data  sheet. 

Burn-in  Is  available  on  extended  industrial  temperature  range  parts  in  CerDIP 
and  plastic  DIP  packages. 

For  availability  and  burn-in  information  on  SO  packages,  contact  your  local 
sales  office. 


PIN  CONNECTIONS 


VOUT2  E 

VouTt  n 
Vini  LI 

N.C.  [T 

V.N2  LI 
5VH,  f£ 

an,  rr 

DGND  |T 


ill  VDD 
iS  Vouts 
3  VOUT4 

!H  Vss 

iE  V|N4 
ID  V|N3 
10]  S/H4 
E  3/H3 


16-PIN  CERDIP 

(Q-SufflX) 

16-PIN  PLASTIC  DIP 
(P-Suffix) 

16-PIN  SO 
(S-Sufflx) 


GENERAL  DESCRIPTION 

The  SMP-04  is  a  monolithic  quad  sample-and-hold;  it  has  four 
internal  precision  buffer  amplifiers  and  internal  hold  capacitors. 
It  is  manufactured  in  PMI's  advanced  oxide  isolated  CMOS 
technology  to  obtain  high  accuracy,  low  droop  rate  and  fast  ac- 
quisition time  required  by  data  acquisition  and  signal  processing 
systems.  The  device  can  acquire  an  8-bit  input  signal  to  ±1 12  LSB 
in  less  than  seven  microseconds.  The  SMP-04  can  operate  from 
single  or  dual  power  supplies  with  TTL/CMOS  logic  compatibil- 
ity. Its  output  swing  includes  the  negative  supply. 

The  SMP-04  is  ideally  suited  for  a  wide  variety  of  sample-and- 
hold  applications  including  amplifier  offset  or  VCA  gain  adjust- 
ments. One  or  more  can  be  used  with  a  single  or  multiple  DACs 
to  provide  multiple  set  points  within  a  system. 

The  SMP-04  offers  significant  cost  and  size  reduction  over 
equivalent  module  or  discrete  designs.  It  is  available  in  a  1 6-pin 
hermeticorplasticDIP  and  surface  mount  SOIC packages.  It  is 
specified  over  the  extended  industrial  temperature  range  of 
-40°Cto  +85°C.  See  SMP-04/883  data  sheet  for-55°C  to +1 25°C 
specifications. 


FUNCTIONAL  DIAGRAM 


V|N1  o- 
S/H,0- 


&H2  CO- 


VINS O- 
S/H3O- 


VimO- 

S/H40- 


j 

Vss 
Vss 

-^o  ^ 


-i>- 


I 


T 

Vss 


H>-' 


T 

Vss 


DGND 


T 

Vss 


-OVOUT1 


-0V0UT2 


-OVouT) 


-ov0UT4 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  I 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C  unless  other- 
wise noted) 

VDQ  to  DGND  -0.3V,  17V 

VDDtoVss   -0.7V,  17V 

VLOG,ctoDGND -0-3V,Voo 

V|Nto  DGND  VSS,VDD 

VOUTto  DGND  Vss,  VDD 

Analog  Output  Current  ±20mA 

(Not  short-circuit  protected) 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD  +0.3V 

Operating  Temperature  Range 

EQ,  EP,  ES  -40°C  to  +85°C 

AQ  -55°Cto+125°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 


PACKAGE  TYPE 

ejA(Notei)  e|c 

UNITS 

16-Pin  CerDIP(Q) 

94  12 

'C/W 

16-Pin  Plastic  DIP  (P) 

76  33 

C'W 

16-Pin  SO  (S) 

92  27 

°c/w 

NOTE: 

1 .  is  specified  for  worst  case  mounting  conditions,  i.e.,  0  A  is  specified  fordevice 
in  socket  for  CerDIP  and  P-DIP  packages;  0jA  is  specified  for  device  soldered 
to  printed  circuit  board  for  SO  package. 

CAUTION: 

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  function 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  the  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2.  Digital  inputs  and  outputs  are  protected;  however,  permanent  damage  may 
occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep  units  in 
conductive  foam  or  packaging  at  ail  times  until  ready  to  use.  Use  proper  anti- 
static handling  procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their  sockets. 


ELECTRICAL  CHARACTERISTICS  at  VDD=  +12.0V,  Vss=  DGND  =  0V,  RL=  No  Load,  TA  =  Operating  Temperature  Range 
specified  in  Absolute  Maximum  Ratings,  unless  otherwise  specified. 


SMP-04 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Linearity  trror 

0.01 

% 

Buffer  Offset  Voltage 

vos 

V|N  =  6V 

-10 

+2.0 

+  10 

mv 

Hold  step 

VHS 

i 

±4 

mv 

Droop  Rate 

AV/At 

V|N  =  6V.  l^-25-C 

z 

2b 

mv/s 

Output  Source  Current 

SOURCE 

v)N  =6V(Notei) 

1.2 

mA 

Output  Sink  Current 

'siNk 

v|N  =  6V  (Note  1 ) 

0.5 

mA 

Output  Voltage  Range 

OVR 

RL  =  20k£2 
RL  =  10kIJ 

0.06 
0.06 

10.0 
9.5 

V 

LOGIC  CHARACTERISTICS 

Logic  Input  High  Voltage 

VJNH 

2.4 





_ 



v 



Logic  Input  Low  Voltage 

V 



- 

0.8 

V 

Logic  Input  Current 

'in 

0.5 

1 

MA 

DYNAMIC  PERFORMANCE  (Note  2) 

Acquisition  Time 

'a 

TA  -  +25°C,  0  to  1 0V  step  to  0.1% 

7 

us 

Acquisition  Time 

'» 

TA  =  +25»C.  0  to  10V  step  to  0.01% 

9 

US 

Hold  Mode  Settling  Time 

•h 

To  1mV 

1 

MS 

Slew  Rate 

SR 

RL  -  20kS2  (Note  3) 

3 

4 

V/US 

Capacitive  Load  Stability 

CL 

<30%  Overshoot 

500 

PF 

Analog  Crosstalk 

0  to  10V  step 

-80 

dB 

SUPPLY  CHARACTERISTICS 

Power  Supply  Rejection  Ratio 

PSRR 

1 0.8  <V0D<  13.2V 

60 

75 

dB 

Supply  Current 

'do 

4 

7 

mA 

Power  Dissipation 

p 

84 

mW 

NOTES: 

t .  Outputs  are  capable  of  sinking  and  sourcing  over  20mA  but  linearity  and  offset  3.  Slew  rate  is  measured  in  the  sample  mode  with  a  0  to  1 0  volt  step  from  20  to 

are  guaranteed  at  specified  load  levels.  80%. 
2.  AH  input  control  signals  are  specified  with  tr  =  tf  =  5ns  (1 0%  to  90%  of  +5V)  and 

timed  from  a  voltage  level  of  1 .6V. 
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CONDITIONS 

SMP-04 

PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

Linearity  Error 

.01 

% 

Buffer  Offset  Voltage 

OS 

v.*,  =ov 

 «*  

-10 

±2.5 

+10 

mV 

Hold  Step 

"hs 

V  -ov 
v)N  -uv 

_1 

±4 

mV 

Droop  Rate 

AV/At 

V..  sOV.T.  -+25°C 

IN  A 

2 

25 

mV/s 

Output  Resistance 

ROUT 

1 

Q 



Output  Source  Current 

'source 



V|N  =  0V  (Note  1) 

1.2 



mA 

Output  Sink  Current 

'sink 

V|N  =  OV(Note  1) 

0.5 

mA 

Output  Voltage  Range 

OVR 

R.  =  20kn 

 1  

-3.0 

+3.0 

V 

LOGIC  CHARACTERISTICS 





Logic  Input  High  Voltage 

v 

¥INH 

2.4 

V 

Logic  Input  Low  Voltage 

v 

INL 

0.8 

V 

Logic  Input  Current 

'in 

0.5 

1 

uA 

DYNAMIC  PERFORMANCE  (Note  2) 



Acquisition  Time 

'* 

-3  to  +3V  step  to  0.1% 

_ 

7 

_ 

us 

Acquisition  Time 

'* 

o  fA  ,  OW  clan  tn  ft  ft^t  ol 

—j  to  +jv  siep  ro  u.ui  To 

Q 

us 

Hold  Mode  Settling  Time 

'h 

To  1mV 

US 

Slew  Rate 

SR 

RL  =  20kn  (Note  3) 

3 

Capacitive  Load  Stability 

cL 

<30%  Overshoot 

500 

_ 

_ 

pF 

SUPPLY  CHARACTERISTICS 

Power  Supply  Rejection  Ratio 

PSRR 

+5  <  V  <±6V 

DD 

60 

75 

dB 

Supply  Current 

'do 

3.5 

5.5 

mA 

Power  Dissipation 

P„,s 

55 

rnW 

NOTES: 

1 .  Outputs  are  capable  of  sinking  and  sourcing  over  20mA  but  linearity  and  offset  3.  Slew  rate  is  measured  in  the  sample  mode  with  a  -3  to  +3  volt  step  from  20  to 
are  guaranteed  at  specified  load  levels.  80%. 

2.  All  input  control  signals  are  specified  with  tr  =  t(  =  5ns  (1 0%  to  90%of  +5V) and 
timed  from  a  voltage  level  of  1 .6V. 
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Octal  Sample-and-Hold 
with  Multiplexed  Input 





SMP08 


FEATURES 

•  Internal  Hold  Capacitors 

•  Low  Droop  Rate 

•  TTL/CMOS  Compatible  Logic  Inputs 

•  Single  or  Dual  Supply  Operation 

•  Break-Before-Make  Channel  Addressli 

•  Compatible  With  CD4051  Plnout 

•  Low  Cost 


APPLICATIONS 


•  Multiple  Path  Timing  Deskew  for  A.T.E. 

•  Memory  Programmers 

•  Mass  Flow/Process  Control  Systems 

•  Multichannel  Data  Acquisition  Systems 

•  Robotics  and  Control  Systems 

•  Medical  and  Analytical  Instrumentation 

•  Event  Analysis 

•  Stage  Lighting  Control 


fast  acquisition  time.  The  SMP-08  has  a  typical  linearity  error  of 
only  0.01%  and  can  accurately  acquire  a  10-bit  input  signal  to 
±1/2  LSB  in  less  than  seven  microseconds.  The  SMP-08's  out- 
put swing  includes  the  negative  supply  in  both  single  and  dual 
supply  operation. 

The  SMP-08  was  specifically  designed  for  systems  that  use  a 
calibration  cycle  to  adjust  a  multiple  of  system  parameters.  The 
low  cost  and  high  level  of  integration  makes  the  SMP-08  ideal 
for  calibration  requirements  that  have  previously  required  an 
ASIC,  or  high  cost  multiple  D/A  converters. 

The  SMP-08  is  also  ideally  suited  for  a  wide  variety  of  sample- 
and-hold  applications  including  amplifier  offset  or  VCA  gain  ad- 
justments. One  or  more  SMP-08s  can  be  used  with  single  or 
multiple  DACs  to  provide  multiple  set  points  within  a  system. 

The  SMP-08  offers  significant  cost  and  size  reduction  over 
discrete  designs.  It  is  available  in  a  16-pin  hermetic  or  plastic 
DIP,  or  surface  mount  SOIC  package. 


ORDERING  INFORMATION  1 


FUNCTIONAL  DIAGRAM 


PACKAGE:  16-PIN  DIP/SO 

OPERATING 

CERDIP 
16-PIN 

PLASTIC 
16-PIN 

TEMPERATURE 
RANGE 

TBA" 

MIL 

SMP08FQ 

SMP08FP 

XIND 

SMP08FS 

XIND 

•    Consult  factory  for  883  data  sheet. 

t    Burn-in  is  available  on  industrial  temperature  range  parts  in  CerDIP  and  plas- 
tic DIP  packages. 


PIN  CONNECTIONS 


CK,OUT|T 

CHsOUTLI 

INPUT  [T 
CH7OUTLT 
CHsOUTlI 

inhLl 

VssLT 

DGND  fT 


33  vco 

3D  CH2  OUT 
13  CH,  OUT 
ID  CH0OUT 
33  CH3OUT 
13  A  CONTROL 
10)  B  CONTROL 
T]  C  CONTROL 


16-PIN  CERDIP 
(Q-Suffix) 

16-PIN  EPOXYDIP 
(P-Suffix) 

16-PIN  SO 

(S-Suffix) 


GENERAL  DESCRIPTION 

The  SMP-08  is  a  monolithic  octal  sample-and-hold;  it  has  eight 
internal  buffer  amplifiers,  input  multiplexer,  and  internal  hold 
capacitors.  It  is  manufactured  in  an  advanced  oxide  isolated 
CMOS  technology  to  obtain  high  accuracy,  low  droop  rate,  and 

Manufactured  under  the  lollowing  U.S.  patent:  4.739,281 


HOLD  CAPS 
(INTERNAL)  T 


This  is  an  abridged  data  sheet.  To  obtain  the  I 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

VDQtoDGND  -0.3V,  17V 

VDDtoVss  -0.3V,  17V 

VLOGIC1oDGND  -0-3V,VDD 

V|NtoDGND  Vs5,VDD 

VOUTtoDGND  V^.V^ 

Analog  Output  Current  ±20mA 

(Not  short-circuit  protected) 

Operating  Temperature  Range 

FP,  FS  -40oCto+85°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 



(Note  2) 



UNITS 

1 6-Pin  Hermetic  DIP  (Q) 

94 

12 

°C/W 

16-Pin  Plastic  DIP  (P) 

76 

33 

°c/w 

16-Pin  SO  (S) 

92 

27 

°C/W 

ELECTRICAL  CHARACTERISTICS  at  V0D  =  +5V,  Vss  =  -5V 


unless  otherwise  noted. 





NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  8  inspecified  forworstcasemounting  conditions,  i.e..  6  isspecified  lor  device 
in  socket  tor  CerDIP  and  P-DIP  packages;  is  specified  for  device  soldered 
to  printed  circuit  board  for  SO  package. 

CAUTION: 

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  the  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2.  Digital  inputs  and  outputs  are  protected;  however,  permanent  damage  may 
occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep  units  in 
conductive  foam  or  packaging  at  all  times  until  ready  to  use.  Use  proper  anti- 
static handling  procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their  sockets. 

DGND  =  OV,  RL  =  No  Load,  TA  =  -40°C  to  +85°C  for  SMP-08F, 


SMP-08F 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX  UNITS 

Linearity  Error 



-3VsV,NS+3V 

0.01 

—  % 

Buffer  Offset  Voltage 



*os 

TA»*2S-C 
-40°CSTAS*85°C 

— 

— 

 —  

2.5 
3.5 



10 
20 



Hold  Step 

VHS 

V,N=0V 

1 

4  mV 

 :  

Droop  Rate 

aVch'*' 

V*2s°c.vIN-ov 

— 

2 

20  mV/s 

Output  Source  Current 

'source 

V|N»0V(Note1) 

1.2 

—  mA 

Output  Sink  Current 

'sink 

V|N-0V(Note1) 

0.5 

mA 

Output  Voltage  Range 

RL  .  20kn 



-3.0 

♦3.0  V 

LOGIC  CHARACTERISTICS 

Logic  Input  High  Voltage 

v 

2.4 

-                -  V 

Logic  Input  Low  voltage 

v 

— 

0.8  V 

Logic  Input  Current 

'in 

V|N.2.4V 

0.5 

1  pA 

DYNAMIC  PERFORMANCE  (Note  2) 

Acquisition  Time 

TA  •  +25"C,  -3V  to  +3V  to  0. 1  %  — 

7 

-  I" 

Hold  Mode  Settling  Time 

•h 

To±imVof  Final  Value 



1 

l« 

Channel  Select  Time 

L 

90 

—  ns 

Channel  Deselect  Time 

"dcs 

45 

—  ns 

Inhibit  Recovery  Time 



90 

—  ns 

Slew  Rate 

SR 

3 

—  V/|is 

Capacitive  Load  Stability 

<30%  Overshoot 

500 

PF 

Analog  Crosstalk 

-3Vtot3VStep 

_ 

-72 

—  dB 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  V^  =  -5V,  DGND  -  OV.  RL  =  No  Load,  TA  -  -40°C  to  +85°C  for  SMP-08F, 
unless  otherwise  noted.  Continued 


SMP-08F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SUPPLY  CHARACTERISTICS 

Power  Supply  Reje 

crion  Ratio  PSRR 

Vs=±5Vto±6V 

60 

75 

dB 

Supply  Current 

'do 

."38*11 

TA=  +25°C 
-40°CsTAS+85°C 

5.5 
7.5 

7.5 
9.5 

mA 

NOTES: 

1 .  Outputs  are  capable  of  sinking  an< 
teed  at  specified  load  levels. 


2.  All  input  control  signals  are  specified  with  tr » t,  -  5ns  (1 0%  to  90%  of  +5V)  and 
timed  from  a  voltage  level  of  1 .6V. 


ELECTRICAL  CHARACTERISTICS  at  VDD  - +1 2V,  Vss  =  0V,  DGND  =  0V,  RL  -  No  Load,  TA  — 40°C to  +85°C  for  SMP-08F,  unless 
otherwise  noted. 

SMP-08F 

MIN               TYP              MAX  UNITS 

PARAMETER 

SYMBOL 

CONDITIONS 

Linearity  Error 

... 

60mVsV,Nsi0v 

; 

—          0.01            —  % 

Buffer  Offset  Voltage 

vos 

TA.+25-C 
-40"C5TASt85°C 

—  25  10 

—  3.5                 20  mV 

Hold  Step 

VHS 

V,N-6V 

—                 1  T              4  mV 

..  At       i.  :  iV'lt 

Droop  Rate 

AVCH/At 

TA  =  +25°C,VlN  = 

6V 

—                   2                 20  mV/s 

Output  Source  Current 

'source 

V|N  =  6V(Note  1) 

1.2                —                —  mA 

Output  Sink  Current 

'sink 

V|N-6V(Note1) 



0.5                 -                 -  mA 



Output  Voltage  Range 

RL  =  20kQ 
RL=  10k£l 

0.06                —  10.0 
0.06                —  9.5 

LOGIC  CHARACTERISTICS 

Logic  Input  High  Voltage 

VINH 

&  |nm  LkrjR{vj  ■  ewi  oi-uT.r-  -ait  t  .siiuj  uouisuifjuti 

Logic  Input  Low  voltage 

v 

—                 —                0.8  V 

Logic  Input  Current 

l,N 

V,„.2.4V 

—                0.5                   1  pA 

DYNAMIC  PERFORMANCE  (Not 

.2, 



Acquisition  Time 

<AO 

TA  =  .25"C,0to 

10V  to  0.1% 

—                   9             .     —  I* 

Hold  Mode  Settling  Time 

'h 

To±1mVof  Final  Value 

—                      1                     —  flS 

Channel  Select  Time 

'CH 

—               90               —  ns 

Channel  Deselect  Time 

^S 

—               45               —  ns 

Inhibit  Recovery  Time 

',n 

—               90               —  ns 

Slew  Rate 

SR 

RL  =  20ktl  (Note  3) 

3                4               —  Whs 

Capacitive  Load  Stability 

<30%  Overshoot 

—               500                 —  pF 

Analog  Crosstalk 

0  to  10V  Step 

—               -72                 —  dB 

SUPPLY  CHARACTERISTICS 


Power  Supply  Rejection  Ratio  PSRR 


Supply  Current 


TA=+25»C 
-40"CsT.S+85°C 


6.0 
8.0 


8.0 
10.0 


mA 


NOTES: 

1 .  Outputs  are  capable  of  sinking  and  sourcing  over  20mA  but  offset  is  guaran- 
teed at  specified  load  levels. 

2.  All  input  control  signals  are  specified  with  tr  =  t,  -  5ns  (10%  to  90%  of  +5V)  and 
timed  from  a  voltage  level  of  1 .6V. 

3.  Slew  rate  is  measured  in  the  sample  mode  with  a  0  to  1 0V  step  from  20%  to 
80%. 
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Octal  Sample-and-Hold 
with  Multiplexed  Input 


SMP18 


FEATURES 

High  Speed  Version  of  SMP-08 
Internal  Hold  Capacitors 
Low  Droop  Rate 

TTL/CMOS  Compatible  Logic  Inputs 
Single  or  Dual  Supply  Operation 
Break-Before-Make  Channel  Addressing 
Compatible  With  CD4051  Pinout 


FUNCTIONAL  BLOCK  DIAGRAM 


(LSB) 
INPUT  A 


(MSB) 


Low  Cost 


APPLICATIONS 

Multiple  Path  Timing  Deskew  for  A.T.E. 

Memory  Programmers 

Mass  Flow/Process  Control  Systems 

Multichannel  Data  Acquisition  Systems 

Robotics  and  Control  Systems 

Medical  and  Analytical  Instrumentation 

Event  Analysis 

Stage  Lighting  Control 

GENERAL  DESCRIPTION 

The  SMP-18  is  a  monolithic  octal  sample-and-hold;  it  has  eight 
internal  buffer  amplifiers,  input  multiplexer,  and  internal  hold 
capacitors.  It  is  manufactured  in  an  advanced  oxide  isolated 
CMOS  technology  to  obtain  high  accuracy,  low  droop  rate,  and 
fast  acquisition  time.  The  SMP-18  has  a  typical  linearity  error  of 
only  0.01%  and  can  accurately  acquire  a  10-bit  input  signal  to 
±1/2  LSB  in  less  than  2.5  microseconds.  The  SMP-18's  output 
swing  includes  the  negative  supply  in  both  single  and  dual  sup- 
ply operation. 

The  SMP-18  was  specifically  designed  for  systems  that  use  a 
calibration  cycle  to  adjust  a  multiple  of  system  parameters.  The 
low  cost  and  high  level  of  integration  make  the  SMP-18  ideal  for 
calibration  requirements  that  have  previously  required  an  ASIC, 
or  high  cost  multiple  D/A  converters. 

The  SMP-18  is  also  ideally  suited  for  a  wide  variety  of  sample- 
and-hold  applications  including  amplifier  offset  or  VCA  gain 
adjustments.  One  or  more  SMP-18s  can  be  used  with  single  or 
multiple  DACs  to  provide  multiple  set  points  within  a  system. 


(iDHjj)  (j°)  (*)  fT> 


1  OF  8  DECODER 


Lrjw} 


HOLD  CAPS 
(INTERNAL)  ~|~ 

SMP-18 


IT 


The  SMP-18  offers  significant  cost  and  size  reduction  over  dis- 
crete designs.  It  is  available  in  a  16-pin  hermetic,  plastic  DIP  or 
narrow  body  SO-16  surface-mount  SOIC  package.  The  SMP-18 
is  a  higher  speed  direct  replacement  for  the  SMP-08. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


SMP18 


ELECTRICAL  CHARACTERISTICS  ^JE'^IZIF  =  ° "  "L 


No  Load,  TA  =  -40°C  to  +85°C  for 


Parameter 

Symbol 

Conditions 

Min         Typ  Max 

Units 

Linearity  Error 

-3V<  VIN  £  +3  V 

0.01 

% 

Buffer  Offset  Voltage 

Hold  Step 
Droop  Rate 
Output  Source  Current 
Output  Sink  Current 

Vos 
V„s 

AVCH/At 
'source 
'sink 

TA=  +25°C,VIN  =  0V 

-40°C  £  TA  ==  +85°C,  VIN  =  0  V 

VIN  =  0V 

TA  =  +25°C,  VIN  =  0  V 
vIN  =  0  V1 
vm  =  ov1 

2.5  10 
3.5  20 
4  6 
2  40 

1.2 

0.5 

-3.0  +3.0 

mV 

mV 

mV 

mV/s 

mA 

mA 

Output  Voltage  Range 

RL  =  20  kft 

V 

LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Input  Current 

VrNH 

lIN 

Vin  =  2.4  V 

2.4 

0.8 

0.5  1 

V 
V 
uA 

DYNAMIC  PERFORMANCE2 
Acquisition  Time 
Hold  Mode  Settling  Time 
Channel  Select  Time 
Channel  Deselect  Time 
Inhibit  Recovery  Time 
Slew  Rate 

Capacitive  Load  Stability 

<AQ 

tH 

tH 

tDCS 

tlR 

SR 

TA  =  +25°C,  -3  V  to  +3  V  to  0.1% 
To  ±1  mV  of  Final  Value 

<30%  Overshoot 

3.5 

90 
45 
90 

6 

500 
-72 

UJS 
|AS 

ns 
ns 
ns 

V/us 

PF 

dB 

Analog  Crosstalk 

-3  V  to  +3  V  Step 

SUPPLY  CHARACTERISTICS 
Power  Supply  Rejection  Ratio 
Supply  Current 

PSRR 

Vss  =  ±5  Vto  ±6  V 

TA  =  +25°C 

-40°C  <  TA  <  +85°C 

60  75 

5.5  7.5 
7.5  9.5 

dB 
mA 
mA 

NOTES 

Outputs  are  capable  of  sinking  and  sourcing  over  10  mA  but  offset  is  guaranteed  at  specified  load  levels. 

!A11  input  control  signals  are  specified  with  t,  =  tr  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

Specifications  subject  to  change  without  notice. 


Fl  FPTDIPAI  PUADAPTFDKTIPQ  (@  Vdd  =  +12  V'  Vss  =  0  V'  DGND  =  °  V'  "L  =  N° Load'  T»  =  ~4°°C  t0  +85°C  ,or 
tLtUKILAL  L  HAKAU 1 1 K  lb  1 1  Lb  SMP-18F,  unless  otherwise  noted) 


Parameter 

Svmbol 

Conditions 

Min 

Typ 

Max 

Units 

Linearity  Error 

60  mV  -  VIN  s  10  V 
TA  =  +25°C,  VIN  =  6  V 
-40°C  <  TA  <  +85°C,  VIN  =  6  V 
VrN  =  6V 

0.01 

2.5 
3.5 
4 

10 
20 
6 

% 

mV 
mV 
mV 

Buffer  Offset  Voltage 
Hold  Step 

Vds 

Droop  Rate 

AVCH/At 

TA 

=  +25°C,  V,n  =  6  V 

2 

40 

mV/s 

Output  Source  Current 

^SOURCE 

V[N 

=  6  V1 

1.2 

mA 

Output  Sink  Current 

IsiNK 

V,N 

=  6  V1 

0.5 

mA 

Output  Voltage  Range 

RL 

=  20  kll 

0.06 

10.0 

V 

RL 

=  io  kn 

0.06 

9.5 

V 

LOGIC  CHARACTERISTICS 

Logic  Input  High  Voltage 

VrNH 

2.4 

V 

Logic  Input  Low  Voltage 

VrNL 

0.8 

V 

Logic  Input  Current 

IlN 

Vin 

=  2.4  V 

0.5 

1 

la.  A 

DYNAMIC  PERFORMANCE2 

Acquisition  Time 

lAQ 

TA 

=  +25°C,  Oto  10  Vto  0.1% 

2.5 

(IS 

Hold  Mode  Settling  Time 

tH 

To  ±1  mV  of  Final  Value 

1 

(i,S 

Channel  Select  Time 

tcH 

90 

ns 

Channel  Deselect  Time 

'DCS 

45 

ns 

Inhibit  Recovery  Time 

tlR 

90 

ns 

Slew  Rate3 

SR 

7 

V/ixs 

Capacitive  Load  Stability 

<30%  Overshoot 

500 

pF 

Analog  Crosstalk 

0  to 

10  V  Step 

-72 

dB 
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Supply"  Current 


TA  =  +25"CJ 

-40°C  s  TA  ==  +85°C 


b.U 
8.0 


8.U 
10.0 


mA 


NOTES 

'Outputs  are  capable  of  sinking  and  sourcing  over  10  mA  but  offset  is  guaranteed  at  specified  load  levels. 

2AU  input  control  signals  are  specified  with  tr  =  t,  =  5  ns  (10%  to  90%  of  +5  V)  and  timed  from  a  voltage  level  of  1.6  V. 

'Slew  rate  is  measured  in  the  sample  mode  with  a  0  to  10  V  step  from  20%  to  80%. 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 


,  to  DGND  -0.3  V,  17  V 


,  to  Vs 


-0.3  V,  17  V 


Vlogic  to  DGND  -0.3  V,  VDD 

V[N  to  DGND  VSS,VDD 

Voux  to  DGND  Vss,  VDD 

Analog  Output  Current   ±20  mA 

(Not  short-circuit  protected) 

Operating  Temperature  Range 

FQ,  FP,  FS  -40°C  to  +85°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

CAUTION  


Package  Type 

8jc 

Units 

16-Pin  Hermetic  DIP  (Q) 
16-Pin  Plastic  DIP  (P) 
16-Pin  SOIC  (S) 

94 

76 
92 

12 
33 
27 

°C/W 

°c/w 
°c/w 

WATCC 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 

otherwise  noted. 

!9,A  is  specified  for  worst  case  mounting  conditions,  i.e.,  6,A  is  specified  for 
device  in  socket  for  cerdip  and  plastic  DIP  . 
device  soldered  to  printed  circuit  board  for  SOIC 


1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to 
the  device.  This  is  a  stress  rating  only  and  functional  operation  at  or  above  this  specification  is  not 
implied.  Exposure  to  the  above  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

2.  Digital  inputs  and  outputs  are  protected;  however,  permanent  damage  may  occur  on  unprotected 
units  from  high-energy  electrostatic  fields.  Keep  units  in  conductive  foam  or  packaging  at  all 
times  until  ready  to  use.  Use  proper  antistatic  handling  procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their  sockets. 


WARNING! 


PIN  CONNECTIONS 


CH«OUT  (T  ' 

CHjOUT  (T 

INPUT  |T 

CH7OUT  |T 

CH5OUT  [T 

INH  \T 

vSS  [I 

DGND  [T 


SMP-18 

TOP  VIEW 
(Not  to  Scale) 


ORDERING  GUIDE 


Ti]  CH2OUT 
T7|  CH,OUT 
l7|  CHoOUT 

Til  ch3out 

TTJ  A  CONTROL 
To]  B  CONTROL 
T)  C  CONTROL 


Model1 

Temperature 

Package 
Description 

Package 
Option2 

SMP18FQ 

-40°C  to  +85°C 

Cerdip 

Q-16 

SMP18FP 

-40°C  to  +85°C 

Plastic  DIP 

N-16 

SMP18FS 

-40°C  to  +85°C 

SO-16 

R-16A 

NOTES 

'Consult  factory  for  883  data  sheet. 

2For  outline  information  see  Package  Information  section. 
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SWITCHES  AND  MULTIPLEXERS  7-7 


Selection  Tree  —  Switches 


OVERVOLTAGE 
PROTECTED 


J-FET 


4SPST 


SW06  (LF 11333  Pinout) 


ANALOG  SWITCHES 


I 


DIELECTRICALLY 
ISOLATED  CMOS 


Low  Power 
+15  V  +  +5  V  Rails 


4SPST 


ADG431/432/433  (27  £2) 
ADG411/412/413  (35  £2) 
ADG444  (100  £2) 


1SPDT 


ADG419 


CMOS  SWITCHES 
±15  V,  +5  V  RAILS 


4SPST 


ADG201A/202A  (90  £2) 
ADG211A/212A  (115 
ADG201HS  (50 


— 


AUDIO 
"CLICKLESS" 


SSM2402  (2  SPST) 
SSM2404(4SPST) 


Low  Power  ±15  V 


4  SPST 


ADG441/442 


+3  V  Rail 


4  SPST 


*ADGxxx/xxx/xxx  =  4  Normally  closed/4  Normally  open/ 
2  Normally  open/2  Normally  closed 


ADG511/512/513  (50  £2) 


Selection  Tree  —  Multiplexers 


.  ■ 


ANALOG 
MULTIPLEXERS 


I 

Co 

§ 

c 

r- 
3) 

I 
I 


 I  


OVERVOLTAGE 
PROTECTED 


I 


J-FET 


Single  Ended 


MUX08  (8  Ch,  300  £2) 
MUX16  (16  Ch,  380  £2) 


Differential 


MUX24  (4  Ch,  300  £2) 
MUX28  (8  Ch,  380  £2) 


CMOS 


Single  Ended 


ADG508F  (8  Ch,  300  £2) 


Single  Ended  Latched 

ADG528F  (8  Ch,  300  £2) 


CMOS 


i 

- 


Single  Ended 


ADG408  (8  Ch,  100  £2) 
ADG508A  (8Ch,300£2) 
ADG406    (16  Ch,  100  £2) 


Differential 

 ,  


Single  Ended  Latched 


ADG428  (8Ch,  100  £2) 
ADG426  (16  Ch,  100  £2) 


Differential  Latched 


ADG409  (4  Ch,  100  £2) 
ADG509A  (4Ch,300£2) 
ADG407    (8  Ch,  100  £2) 


ADG429  (4Ch,100£2) 





It  6'  V            1'  W 

Differential 

ADG509F  (4  Ch,  300  £2) 

Differential  La 

tched 

VIDEO 


— 13 


AD9300  (4  Ch) 
AD810* 


AD813** 


ADG529F  (4  Ch,  300  £2) 


■'A 


f  Single  Op  Amp  with  Disable  Function 
h  Triple  Op  Amp  with  Disable  Function 


t 

CO 


I 

CO 

1 

5 

c 

H 

3 
3 
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CMOS  Switches 


Model 

ADG411 
ADG412 
ADG413 
ADG511 
ADG512 
ADG513 
ADG441 

ADG442 

ADG444 

ADG419 
ADG431 
ADG432 
ADG433 
ADG201HS 
ADG2C1A 
ADG2C2A 
ADG221 
ADG222 
AD7510DI 
AD7511DI 
AD7590DI 
AD7591DI 
SSM2404 
ADG2HA 
ADG212A 
AD7512DI 
AD7592DI 


Current 

Ohms 

Function 

nA  max 

max 

QuadSPST 

0.25 

35 

QuadSPST 

0.25 

35 

DualSPDT 

0.25 

35 

QuadSPST 

0.25 

50 

QuadSPST 

0.25 

50 

DualSPDT 

0.25 

50 

Quad  SPST 

0.25 

85 

QuadSPST 

0.25 

85 

Quad  SPST  0.5 


SPDT 
QuadSPST 
Quad  SPST 
Dual  SPDT 
Quad  SPST 
QuadSPST 
QuadSPST 
Quad  SPST 
Quad  SPST 
Quad  SPST 
Quad  SPST 
Quad  SPST 
Quad  SPST 
QuadSPST 
QuadSPST 
QuadSPST 
Dual  SPDT 
DualSPDT 


0.25 
0.25 
0.25 
0.25 
1 

1-2 
1-2 

1-2 
1-2 
5-10 
5-10 

5 
5 

20 

5 
5 

5-10 
5 


80 

35 

24 

24 

24 

50 

90 

90 

90 

90 

100 

100 

90 

90 

45 

115 

115 

100 


Latched 


X 
X 


X 
X 


Options1 

N,  Q,  R 
N,  Q,  R 
N,  R 
N,  Q,  R 
N,  Q,  R 
N,R 
N,  Q,  R 

N,  Q,  R 

N,  Q,  R 

N,  Q,  R 
N,  Q,  R 
N,  Q,  R 
N,R 

E,  N,  P,  Q,  R 
E,  N,  P,  Q,  R 
E,  N,  P,  Q,  R 

E,  N,  P,  Q,  R 
N,  P,  Q,  R 
N,  P,  Q,  R 
N,  P,  Q,  R 
N,  P,  Q,  R 
N,  P,  Q,  R 
N,  R 
N,  P,R 
N,  P,  R 
E,  N,  P,  Q 
E,  N,  P,  Q 


Temp 


I,M 


Comments 

Second  Source  to  DG411,  Dielectricalry  Isolated 
Second  Source  to  DG412,  Dielectricalry  Isolated 
SPDT  Logic  Version 
Specified  at  3  V/5  V  Supplies 
Specified  at  3  V/5  V  Supplies 
SPDT  Logic  Version 

Second  Source  to  DG441,  Upgrade  for  DG201A/ADG201A, 
Dielectrically  Isolated 

Second  Source  to  DG442,  Upgrade  for  DG202A/ADG201A, 
Dielectrically  Isolated 

Superior  Second  Source  to  DG444,  Dielectrically  Isolated, 

Upgrade  for  ADG211A 

Mini-DIP  SPDT  Switch 

Improved  Replacement  for  DG411 

Improved  Replacement  for  DG412 

SPDT  Logic  Version 

High  Speed  Quad  Switch,  44  V  Supply  Maximum  Ratings 
44  V  Supply  Maximum  Ratings 
44  V  Supply  Maximum  Ratings 

Latched  Input,  44  V  Supply  Maximum  Ratings 

Latched  Input,  44  V  Supply  Maximum  Ratings 

DiCMOS,  Dielectrically  Isolated 

DiCMOS,  Dielectrically  Isolated 

DiCMOS,  Latched  Input,  Dielectrically  Isolated 

DiCMOS,  Latched  Input,  Dielectrically  Isolated 

"Clickless"  Quad  Audio  Switch  (CBCMOS) 

Low  Cost,  44  V  Supply  Maximum  Ratings 

Low  Cost,  44  V  Supply  Maximum  Ratings 

DiCMOS,  Dielectrically  Isolated 

DiCMOS,  Latched  Input,  Dielectrically  Isolated 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceran 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Packag< 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Lead. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offf 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3CII  =  Data  Convener  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Bipolar  JFET  Switches 


Leakage 

"on 

Current 

Ohms 

Package 

Temp 

Comments 

Model 

Function 

nA  max 

max 

Options1 

Ranges2 

SW06 

Quad  SPST 

2.0 

80 

E,  N,  P,  Q 

I,M/D 

Improved  LF1 1333/13333,  Configu 

SW201 

Quad  SPST 

10.0 

150 

N,  R 

I,  Ml 

Improved  Low  Cost  DG201 

SW202 

Quad  SPST 

10.0 

150 

N,  R 

I 

Improved  Low  Cost  DG202 

SSM2402 

Dual  SPST 

10.0 

85 

N,  R 

I 

"Clickless"  Bilateral  Audio  Switch 

SSM2412 

Dual  SPST 

10.0 

85 

N,  R 

• 

Fast,  Dual  Audio  Switch 

Page3 

i  to  2X  SPDT  &  DPDT  7-93 

CII  5-161 
CII  5-161 
14-37 
14-34 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  I  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  „  for  SMD,  and  s  for  space  level. 

JCII  =  Data  Converter  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Selection  Guides— Switches  and  Multiplexers 


CMOS  Multiplexers 


Leaka 

ge  Current       Ron  Ohms 

Package 

Temp 

Model 

Function 

nA  m: 

ix  max 

Latched 

Options' 

Ranges2 

Comments 

Page3 

AD75019 

16:16 

10 

300 

x 

p 

Q 

\fi  V   \f\  Analno  i  rnnsrv^mt    Npricil  Tnfprtafr* 

1U    ^    1VJ  I  LI  la  IV  ffl  y_.  1  KJjalJVJIlLl.)            lal  lULtl  ia^t 

CII  5-39 

ADG406 

16:1 

0.5 

80 

N  P 

I 

JlipCllUl   JCVUUU   JUURL    %.\J  L/VItUU 

7-22 

ADG426 

16:1 

0.5 

80 

X 

N,  RS 

I 

Plug-In  Upgrade  for  DG526 

7-22 

ADG428 

16:1 

0.5 

100 

X 

N,P,  Q 

I,  M 

Superior  Second  Source  to  DG428 

7-48 

ADG506A 

16:1 

280 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG506A 

CII  5-79 

ADG526A 

16:1 

280 

X 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG526A 

CII  5-95 

ADG407 

Diff.  8:1 

0.5 

80 

N,P 

I 

Superior  Second  Source  to  DG407 

7-22 

ADG429 

Did.  8:1 

0.5 

100 

X 

N,P,Q 

I,  M 

Superior  Second  Source  to  DG429 

7-48 

ADG507A 

Diff.  8:1 

280 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG507A 

CII  5-79 

ADG527A 

Diff.  8:1 

280 

X 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG527A 

CII  5-95 

ADG408 

8:1 

0.5 

100 

E,  N,  Q 

C,  I,  M 

Superior  Second  Source  to  DG408 

7-28 

ADG50SA 

8:1 

300 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG508A 

7-70 

ADG508F 

8:1 

0.5 

300 

N,  P,  Q,  R 

I,M 

Fault  Protected 

7-74 

ADG528F 

8:1 

0.5 

300 

X 

N,P,Q 

I,M 

Fault  Protected 

7-74 

ADG528A 

8:1 

300 

X 

E,  N,  P,  Q, 

C,  I,  WD 

Superior  Second  Source  to  DG528A 

CII  5-103 

ADG409 

Diff.  4:1 

0.5 

100 

N,  Q,  R 

C,I,M 

Superior  Second  Source  to  DG409 

7-28 

ADG509A 

Diff.  4:1 

300 

E,  N,  P,  Q,  R 

C,  I,  M/D 

Superior  Second  Source  to  DG509A 

7-70 

ADG509F 

Diff.  4:1 

0.5 

300 

X 

N,  P,  Q,  R 

I,  M 

Fault  Protected 

7-74 

ADG529F 

Diff.  4:1 

0.5 

300 

X 

N,  P,Q 

I,  M 

Fault  Protected 

7-74 

ADG529A 

Diff.  4:1 

300 

X 

E, N,  P, Q 

C,  I,  M/D 

Superior  Second  Source  to  DG529A 

CII  5-103 

Bipolar  JFET  Multiplexers 

■ 


Leakage  Current 

RON  Ohms 

Package 

Temp 

Model 

Function 

nA  max 

max 

Options1 

Ranges2 

Comments 

Page3 

MUX08 

8:1 

1.0 

300 

E,  N,  Q,  R 

C,  I,  M/D 

Improved  DG508 

7-87 

MUX16 

16:1 

1.0 

380 

E,  N,  P,  Q 

I,M/„ 

Improved  DG506 

7-90 

MUX24 

Diff.  4:1 

1.0 

300 

E,  N,  Q,  R 

C,  I,  M/D 

Improved  DG509 

7-87 

MUX28 

Diff.  8:1 

1.0 

380 

E,  N,  P,  Q 

I,  MJ 

Improved  DG507 

7-90 

Video  Multiplexer 

Model        Function      Full  Power  BW  MHz  min      Crosstalk  Rejection  F  =  10  MHz  dB      Package  Options1      Temp  Ranges2      Comments  Page3 
AD9300      4:1  30  75  E,  Q  C,  Ml  Wideband  Video  Mux  7-7 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  -  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhennetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  OX  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

JCII  =  Data  Convener  Reference  Manual,  Volume  It.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


ANALOG 


4  x  1  Wideband 


AD9300 


FEATURES 

34MHz  Full  Power  Bandwidth 
±0.1dB  Gain  Flatness  to  8MHz 
72dB  Crosstalk  Rejection  @  10MHz 
0.0370.01%  Differential  Phase/Gain 
Cascadable  for  Switch  Matrices 
MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 
(Based  on  Cerdip) 


APPLICATIONS 
Video  Routing 
Medical  Imaging 
Electro -Optics 
ECM  Systems 
Radar  Systems 
Data  Acquisition 


■ 


GENERAL  DESCRIPTION 

The  AD9300  is  a  monolithic  high-speed  video  signal  multiplexer 
useable  in  a  wide  variety  of  applications. 

Its  four  channels  of  video  input  signals  can  be  randomly  switched 
at  megahertz  rates  to  the  single  output.  In  addition,  multiple 
devices  can  be  configured  in  either  parallel  or  cascade  arrangements 
to  form  switch  matrices.  This  flexibility  in  using  the  AD9300  is 
possible  because  the  output  of  the  device  is  in  a  high-impedance 
state  when  the  chip  is  not  enabled;  when  the  chip  is  enabled, 
the  unit  acts  as  a  buffer  with  a  high  input  impedance  and  low 
output  impedance. 

An  advanced  bipolar  process  provides  fast,  wideband  switching 
capabilities  while  maintaining  crosstalk  rejection  of  72dB  at 
10MHz.  Full  power  bandwidth  is  a  minimum  27MHz.  The 
device  can  be  operated  from  ±  10V  to  ±  15V  power  supplies. 


'o_  «@  OUTPUT 


The  AD9300K  is  available  in  a  16-pin  ceramic  DIP  and  a  20-pin 
PLCC  and  is  designed  to  operate  over  the  commercial  temperature 
range  of  0  to  +70°C.  The  AD9300TQ  is  a  hermetic  16-pin 
ceramic  DIP  for  military  temperature  range  ( -  55°C  to  +  125°C) 
applications.  This  part  is  also  available  processed  to  MIL-STD- 
883.  The  AD9300  is  available  in  a  20-pin  LCC  as  the  model 
AD9300TE,  which  operates  over  a  temperature  range  of  -  55°C 
to  +  125°C. 

The  AD9300  Video  Multiplexer  is  available  in  versions  compliant 
with  MIL-STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD9300/883B  data  sheet  for  detailed 
specifications. 


PIN  DESIGNATIONS 


DIP 


GROUND  pT 

IN,  fj 
GROUND  PT 

INZ  [T_ 
GROUND  ^ 

IN,  [T 
GROUND  p" 

IN.|T 


TOP  VIEW 
(Not  to  Scale} 


LCC  and  PLCC 


it]  output 
~k]  bypass 

j7]+vs 

jT]  GROUND  RETURN 
"jT|  ENABLE 

jo]  A, 
T]  -Vs 


9  10  11  12  13 
|    i    §    >  < 


18  +VS 

17  GROUND  RETURN 
16  GROUND 
15  ENABLE 
14  A„ 


This  is  an  abrid 
complete  data  s 


I  data  sheet.  To  obtain  the  most  recent  version  or 


IPLCC  PINOUTS  SAME  AS  LCC) 
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AD9300— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (±vs 


=  ±  12V  ±  5%;  t  =  10pF;  Rt  =  2M1,  unless  otherwise  noted) 


Parameter  (Conditions) 


INPUT  CHARACTERISTICS 
Input  Offset  Voltage 
Input  Offset  Voltage 
Input  Offset  Voltage  Drift2 
Input  Bias  Current 
Input  Bias  Current 
Input  Resistance 
Input  Capacitance 
Input  Noise  Voltage  (dc  to  8MHz) 


TRANSFER  CHARACTERISTICS 
Voltage  Gain3 
Voltage  Gain3 
DC  Linearity4 

Gain  Tolerance  (Vm  =  ±1V) 

dcto5MHz 

5MHzto8MHz 
Small-Signal  Bandwidth 

(VrN=  lOOmVp-p) 
Full  Power  Bandwidth5 

(VrN^Vp-p) 
Output  Swing 

Output  Current  (Sinking®  =  25°C) 
Output  Resistance 


DYNAMIC  CHARACTERISTICS 
Slew  Rate6 
Settling  Time 

(to  0. 1%  on  ±  2V  Output) 
Overshoot 

ToT-Step7 

To  Pulse8 
Differential  Phase9 
Differential  Gain9 
Crosstalk  Rejection 

Three  Channels10 

One  Channel 11 


SWITCHINGCHARACTERISTICS12 
Ax  Input  to  Channel  HIGH  Time13 

(tHIGH) 

Ax  Input  to  Channel  LOW  Time14 

(tLOw) 

Enable  to  Channel  ON  Time15 
(Ion) 

Enable  to  Channel  OFF  Time 16 

(tOFF) 

Switching  Transient ' 7  


Temp 


+  25°C 

Full 

Full 

+  25°C 
Full 

+  25°C 
+  25°C 
+  25°C 


+  25°C 
Full 
+  25°C 

+  25°C 
+  25°C 
+  25°C 

+  25°C 

Full 

+  25°C 
+  25°C 


+  25°C 

+  25°C 

+  25°C 
+  25°C 
+  25°C 
+  25°C 

+  25°C 
+  25°C 


+  25°C 
+  25°C 
+  25°C 
+  25°C 
+  25°C 


Test 
Level 


I 

VI 

V 

I 

VI 
V 
V 
V 


I 

VI 

V 

I 
I 

V 

I 

VI 
V 

IV,  V 


IV 

V 
V 
IV 
IV 

IV 
IV 


I 
I 
I 
I 

V 


COMMERCIAL 

0°Cto  +70°C 
AD9300KQ/KP 
Min  Typ  Mai 


75 
15 

3.0 

2 

16 


10 
14 

37 
55 


0.990 
0.985 


0.994 

0.01 

0.05 

0.1 

350 


27 

—  ^ 


34 


0.1 
0.3 


15 


170 


215 
70 


100 


68 
70 


<0.1 
<10 

0.03  0.1 

0.01  0.1 

72 
76 


40 

35 


50 
45 


35 

35  45 
60  


Units 


mV 

mV 

uV/°C 

uA 

uA 

Mn 

pF 

uVrms 


V/V 

v/v 
% 

dB 
dB 
MHz 


MHz 
V 

mA 

n 


V/u.s 


% 
% 

o 

% 

dB 
dB 


ns 
ns 
ns 
mV 


EXPLANATION  OF  TEST  LEVELS 

Test  Level  I 

-    100%  production  tested. 

Test  Level  II 

-    100%  production  tested  at  +  25°C,  and  sample  tested  at  specified  temperatures. 

Test  Level  III 

-   Sample  tested  only. 

Test  Level  IV 

-    Parameter  is  guaranteed  by  design  and  characterization  testing. 

Test  Level  V 

-    Parameter  is  a  typical  value  only. 

Test  Level  VI 

-   All  devices  are  100%  production  tested  at  +  25°C.  100%  production  tested  at  temperature  extremes  for 
military  temperature  devices ;  sample  tested  at  temperature  extremes  for  commercial/industrial 
devices. 
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AD9300 




Parameter  (Conditions) 


DIGITAL  INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 


POWER  SUPPLY 
Positive  Supply  Current  ( +  12V) 
Positive  Supply  Current  ( +  12V) 
Negative  Supply  Current  ( -  12V) 
Negative  Supply  Current  ( -  12V) 
Power  Supply  Rejection  Ratio 

(±VS=  ±12V±5%) 
Power  Dissipation  ( ±  12  V)18 


Temp 


Full 
Full 
Full 
Full 


+  25°C 
Full 
+  25°C 
Full 
Full 

+  25°C 


Test 
Level 


VI 
VI 
VI 
VI 


I 

VI 

I 

VI 
VI 


COMMERCIAL 

o'Cto+ycc 

AD9300KQ/KP 
Min  Typ  Max 


2 


0.8 

5 

1 


67 


13 

16 

mA 

13 

16 

mA 

12.5 

15 

mA 

12.5 

16 

mA 

75 

dB 

306 

mW 

Units 


V 
V 
uA 
H.A 


NOTES 

'Permanent  damage  may  occur  if  any  one  absolute  maximum  rating  is  exceeded.  Functional  operation  is  not  implied, 
and  device  reliability  may  be  impaired  by  exposure  to  higher-than-recommended  voltages  for  extended  periods  of  time. 
2Measured  at  extremes  of  temperature  range. 
3Measured  as  slope  of  Vout  versus  VrN  with  Vin  =  ±  IV. 
4Measured  as  worst  deviation  from  end-point  fit  with  V!N  -  ±  IV. 
5Full  Power  Bandwith  (FPBW)  based  on  Slew  Rate  (SR).  FPBW  =  SR/2irVPEAK 
6Measured  between  20%  and  80%  transition  points  of  ±  IV  output. 

7T-Step  =  Sin2X  Step,  when  Step  between  0V  and  +700mV  points  has  10%-to-90%  risetime  =  125ns. 
8Measured  with  a  pulse  input  having  slew  rate  >250V/u.s. 

'Measured  at  output  between  0.28Vdc  and  l.OVdc  with  VIN  =  284mV  p-p  at  3.58MHz  and  4.43MHz. 

l0This  specification  is  critically  dependent  on  circuit  layout.  Value  shown  is  measured  with  selected  channel  grounded  and  10MHz  2V  p-p  signal 

applied  to  remaining  three  channels.  If  selected  channel  is  grounded  through  75fi,  value  is  approximately  6dB  higher. 
"This  specification  is  critically  dependent  on  circuit  layout.  Value  shown  is  measured  with  selected  channel  grounded  and  10MHz  2V  p-p  signal 

applied  to  one  other  channel.  If  selected  channel  is  grounded  through  7SO,  value  is  approximately  6dB  higher.  Minimum  specification  in  (  )  applies  to  DIPs. 
"Consult  system  timing  diagram. 


13Measured  from  address  change  to  90%  point  of  -2V  to  +2V  output  LOW-to-HIGH  transition. 
'"Measured  from  address  change  to  90%  point  of  +2V  to  -2V  output  HIGH-to-LOW  transition. 
''Measured  from  50%  transition  point  of  ENABLE  input  to  90%  transition  of  0V  to  -2V  and  0V  to  +2V  oi 
''Measured  from  50%  transition  point  of  ENABLE  input  to  10%  transition  of  +  2V  to  0V  and  -  2V  to  f"  - 
l7Measured  while  switching  between  two  grounded  channels. 

18Maximum  power  dissipation  is  a  package-dependent  parameter  related  to  the  following  typical  thermal 
16-Pin  Ceramic    9,A  =  87"C/W;  8,c  =  25°C/W 
20-Pin  LCC        6,A  =  74X/W;  6,c  =  10°C/W 
20-Pin  PLCC      6,A  =  7I°C/W;  6,c  =  26°C/W 

Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±16V 

Analog  Input  Voltage  Each  Input 

(IN,  thru  IN„)   ±  3.5V 

Differential  Voltage  Between  Any  Two 

Inputs  (IN,  thru  IN„)  5V 

Digital  Input  Voltages  (Ao,  A,,  ENABLE)  .    -0.5V  to  +  5.5V 


Output  Current 

Sinking  6.0mA 

Sourcing   6.0mA 

Operating  Temperature  Range 

AD9300KQ/KP  0°C  to  +  70°C 

Storage  Temperature  Range  -65°C  to  +  150°C 

Junction  Temperature  +  175°C 

Lead  Soldering  (lOsec)    .  .  .  +300°C 


ORDERING  GUIDE 


Temperature 

Package 

Device 

Range 

Description 

Option1 

AD9300KQ 

Oto  +70°C 

16-Pin  Cerdip,  Commercial 

Q-16 

AD9300TE/883B2 

-55°Cto  +125°C 

20-Pin  LCC,  Military  Temperature 

E-20A 

AD9300TQ/883B2 

-55°Cto  +  125°C 

16-Pin  Cerdip,  Military  Temperature 

Q-16 

AD9300KP 

0to+70°C 

20-Pin  PLCC,  Commercial 

P-20A 

NOTES 

'E  =  Ceramic  Leadless  Chip  Carrier;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip.  For  outline 
information  see  Package  Information  section. 

2For  specifications,  refer  to  Analog  Devices  Military  Products  Databook. 
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ANALOG 
DEVICES 


LC2M0S 
Quad  SPST  Switches 


— 


ADG201A/ADG202A 


FEATURES 

44V  Supply  Maximum  Rating 
±15V  Analog  Signal  Range 
Low  Ron 

(6011) 
Low  Leakage  (0.5nA) 
Break  Before  Make  Switching 
Extended  Plastic  Temperature  Range 

(-40°Cto  +85°C) 
Low  Power  Dissipation  (33mW) 
Available  in  16-Lead  DIP/  SOIC  and 

20-Lead  PLCC/LCCC  Packages 
Superior  Second  Source: 

ADG201A  Replaces  DG201A,  HI-201 

ADG202A  Replaces  DG202 


AL  BLOCK  DIAGRAMS 


SWITCHES  SHOWN  FOR  A  LOGIC  "1"  INPUT 


■ 


GENERAL  DESCRIPTION 

The  ADG201A  and  ADG202A  are  monolithic  CMOS  devices 
comprising  four  independently  selectable  switches.  They  are 
designed  on  an  enhanced  LC2MOS  process  which  gives  an  in- 
creased signal  handling  capability  of  ±  15V.  These  switches  also 
feature  high  switching  speeds  and  low  Ron- 

The  ADG201A  and  ADG202A  consist  of  four  SPST  switches. 
They  differ  only  in  that  the  digital  control  logic  is  inverted.  All 
devices  exhibit  break  before  make  switching  action.  Inherent  in 
the  design  is  low  charge  injection  for  minimum  transients  when 
1  inputs. 


PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range: 

These  switches  are  fabricated  on  an  enhanced  LC2MOS 
process,  resulting  in  high  breakdown  and  an  increased  analog 
signal  range  of  ±  15V. 

2.  Single  Supply  Operation: 

For  applications  where  the  analog  signal  is  unipolar  (OV  to 
15V),  the  switches  can  be  operated  from  a  single  +  15V 

3.  Low  Leakage: 

Leakage  currents  in  the  range  of  500pA  make  these  switches 
suitable  for  high  precision  circuits.  The  added  feature  of 
Break  before  Make  allows  for  multiple  outputs  to  be  tied 
together  for  multiplexer  applications  while  keeping  leakage 
errors  to  a  minimum. 


- 


owT  'oAu)9wj»8  sajftiloV  iuaawiRiC. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 

(VgD  =  +15V,  Vss  =  -1SV,  unless  otherwise  specified) 


ADG201A/ADG202A 


Parameter 


K  Version 

-40°Cto 
25"C      +  85°C 


B  Version 

-40°Cto 
25"C  +85"C 


T  Version 

-55°Cto 
25°C  +125°C 


Units 


Test  Conditions 





ANALOG  SWITCH 
Analog  Signal  Range 
Ron 


Ronvs.Vd(Vs) 
Ron  Drift 
Ron  Match 


60 
90 

20 
0.5 
5 


±15 
145 


±15 

60 

90 

20 

0.5 
5 


±15 
145 


±15 

60 

90 

20 
0.5 
5 


±15 


145 


Volts 
"typ 
Omax 

%typ 

%/°Ctyp 

%typ 


-  10VsVss  +  10V 
IDS=  1.0mA 
Test  Circuit  1 

Vs  =  0V,IDs=lmA 


Is  (OFF) 
OFF  Input  I 

Id  (OFF) 

OFF  Output  Leakage 
Id  (ON) 

ON  Channel  Leakage 


0.5 
2 

0.5 
2 

0.5 
2 


100 


100 


200 


0.5 
2 

0.5 
2 

0.5 
2 


100 


100 


200 


0.5 
1 

0.5 
1 

0.5 
1 


100 


100 


200 


nAtyp 
nA  max 

nAtyp 
nA  max 

nAtyp 
nA  max 


VD=  ±14V;Vs+14V;TestCircuit2 
VD=  ±  14V;  Vs=  5 14V;  Test  Circuit  2 
Vn  =  ±14V;TestCircuit3 


DIGITAL  CONTROL 
Vinh>  Input  High  Voltage 
Vinl>  Input  Low  Voltage 
IinlCtIinh 


2.4 
0.8 
1 


2.4 

0.8 
1 


2.4 
0.8 
1 


Vmin 
Vmax 
u.Amax 


DYNAMIC  CHARACTERISTICS 

k>PEN 
ION1 

"off' 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs(OFF) 

Cd(OFF) 

CD>Cs(ON) 

Cm  Digital  Input  Capacitance 
Q,nj  Charge  Injection 


30 

30 

30 

300 

300 

300 

250 

250 

250 

80 

80 

80 

80 

80 

80 

5 

5  ?"/IO'T/ 

5 

5 

5 

16 

16 

56 

5 

5 

20 

20 

20 

nstyp 
nsmax 
ns  max 
dB  typ 

dBtyp 
pFtyp 
pFtyp 
pFtyp 
pFtyp 
pCtyp 


Test  Circuit  4 
Test  Circuit  4 
Vs=10V(p-p);f=  100kHz 
RL  =  75fl;  Test  Circuit  6 
Test  Circuit  7 


Rs=0n;CL= 
Test  Circuit  5 


1000pF;Vs  =  0V 


POWER  SUPPLY 
Idd 
Idd 
Iss 
Iss 

Power  Dissipation 


0.6 
0.1 


0.6 


0.1 


0.6 


0.2 
33 


2 

0.2 
33 


0.1 

0.2 
33 





A! 




mA  typ 
mA  max 
mAtyp 
mA  max 
mW  max 


Digital  Inputs  =  V,NL  or  ViNH 





NOTES 

'Sample  tested  at  25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


.-'J 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +  25°C  unless  otherwise  stated) 


Vdd  to  Vss   •  •  ■ 
VDDtoGND   .  . 
Vss  to  GND  .  .  . 
Analog  Inputs1 
Voltage  at  S,  D 


44V 

25V 
-25V 


Continuous  Current,  S  or  D  ... 
Pulsed  Current  S  or  D 

lms  Duration,  10%  Duty  Cycle 
Digital  Inputs1 
Voltage  at  IN  


Vss  -0.3V  to 
VDD  +0.3V 
....  30mA 


70mA 


Power  Dissipation  (Any  Package) 

Up  to  +  75°C  

Derates  above  +  75°C  by  . 
Operating  Temperature 

Commercial  (K  Version) 

Industrial  (B  Version)  . 

Extended  (T  Version)  , 

Storage  Temperature  Range  

Lead  Temperature  (Soldering  lOsec) 


470mW 
6mW7°C 


1  •<  •  •  f  v 


20mA,  Whic 

♦COMMENT:  Stresses  above  those  listed  under  "Absolute 
and  functional  operation  of  the  device  at  these  or  any  other 
absolute  maximum  rating  conditions  for  exten 


Vss  -2Vto 
VDD+2Vor 
s  First 


NOTE 

Overvoltage  at  IN,  S  or  D  will  be  clamped  by  diodes, 
limited  to  the  Maximum  Rating  above. 

Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a 
conditions  above  those  indicated  in  the  operational  sections  of  this  specificati 
'  periods  may  affect  device  reliability.  Only  one  Absolute  Maximum  Rating 


-40°C  to  +  85°C 
-40°C  to  +85°C 
-  55°C  to  +  125°C 
-65°C  to  +150°C 
....  +300°C 

should  be 


stress  rating  only 
on  is  not  implied, 
may  be  applied  at 
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electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


ORDERING  GUIDE 


Temperature 

Package 

Model1 

Range 

Option2 

ADG201 AKN 

-40°Cto 

+  85°C 

N-16 

ADG201AKR 

-40°Cto 

+  85°C 

R-16A 

ADG201AKP 

-40°Cto 

+  85°C 

P-20A 

ADG201ABQ 

—  40°C  to 

+  85°C 

Q-16 

ADG201ATQ 

J  J  c  to 

+  LZj  l> 

Q-16 

ADG201ATE 

-55°Cto 

+  125°C 

E-20A 

ADG202AKN 

-40°Cto 

+  85°C 

N-16 

ADG202AKR 

-40°Cto 

+  85°C 

R-16A 

ADG202AKP 

-40°Cto 

+  85°C 

P-20A 

ADG202ABQ 

-40°Cto 

+  85°C 

Q-16 

ADG202ATQ 

-55°Cto 

+ 125°C 

Q-16 

ADG202ATE 

-55°Cto 

+ 125°C 

E-20A 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers.  See  Analog  Devices  Military  Products  Databook  (1990)  for 
military  data  sheet. 

2N  =  Plastic  DIP;  R  =  0.15"  Small  Outline  IC  (SOIC);  P  =  Plastic  Leaded 
Chip  Carrier  (PLCC);  Q  =  Cerdip;  E  =  Leadless  Ceramic  Chip  Carrier 
(LCCC).  For  outline  information  see  Package  Information  section. 


DIP,  SOIC 


PIN  CONFIGURATIONS 
LCCC 


INI  ^ 

D1  £^ 

SI  [T_ 

3ND  ^ 

S4  [T 

D4  [T 

IN4  (T 


ADG201A 
ADG202A 


17|  IN2 
l7|  D2 
l7|  S2 

v„ 

3D  Nc 

rT|  S3 

jo]  D3 
"s~l  IN3 


PLCC 

|i  1  11 


si  [7 

Vss  [T 
NC  ^ 
GND  E 
S4  [T 


ADG201A 
ADG202A 
TOP  VIEW 
{Not  to  Scale) 


NC  =  NO  CONNECT 


NC 


9    10   11    12  13 

s  i  s  i  s 

:  NO  CONNECT 


LiJHLJHIhJ 
s  i  s  i  s 

:  NO  CONNECT 


I 

ADG201A  ADG202A  FUNCTIONAL  DIAGRAM 

+  15V 


V„o 

Q 

LEVEL 

SHIFTER 

GND 

Q 

v„ 

-15V 

s 

 |  INO  WV- 

I 


jS]  S2 

23  voc, 

lT|  NC 

re]  nc 

u]  S3 


Figure!.  Typical  Digital  Input  Cell 
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Typical  Performance  Characteristics 

The  switches  are  guaranteed  functional  with  reduced  single  or  dual  supplies  down  to  4.5V. 


ADG201 A/ADG202A 


160 

V00-  + 

v„.- 

"/V 

4 

+25X 

ISO 
120 

T«=- 

2S*C 

120 

c 

I 

s 

60 

30 
0 

r 

x 

90 

Vss- 

=  +  10.8V 
OV 

\ 

vOD=  - 

> 

10.8V 
10.8V 

i 

i 

60 
30 
0 

v„. 

.V5V 

r 

\ 

vDD= 

+  15V 

S 

Vss  = 

-15V 

-20     -15        -10        -  5  0         +  5       +10      +15       +  20 

v„  IV.I  -  Volts 

Ron  as  a  Function  of  VD  (Vs):  Dual  Supply  Voltage 


-20      -15  -10 


-5      0     +5     +10    +15  +2 

V„  iVsl  -  Volts 


Ron  as  a  Function  of  VD  (Vs):  Single  Supply  Voltage 


Leakage  Current  as  a  Function  of  Temperature  (Note: 
Leakage  Currents  Reduce  as  the  Supply  Voltages  Reduce) 


2.0 

f 


TA=  +  25°C 

'/A 

9  11  13 

SUPPLY  VOLTAGE  -  Volts 


Trigger  Level  vs.  Power  Supply  Voltage:  Dual  or  Single 
Supply  Voltage 


T.=  +25-C 

toN 

tofi 

±5  ±7  ±9  ±11  ±13  ±15 

SUPPLY  VOLTAGE  -  Voltt 


+  5  +7  +9  +11  +13  +15 

SUPPLY  VOLTAGE  -  Voltt 


Switching  Time  vs.  Supply  Voltage  {Dual  Supply) 


Switching  Time  vs.  Supply  Voltage  (Single  Supply) 

■ 
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SWITCHES  AND  MULTIPLEXERS  7-13 


□ ANALOG 


bJUbilUjvib  loHJ  93fi 


LC2M0S 
High  Speed,  Quad  SPST  Switch 


— 


— 


FEATURES 

50ns  max  Switching  Time  Over  Full  Temperature 

Range 
Low  Ron  (30S1  typ) 

Single  Supply  Specifications  for  +  10.8V  to 

+  16.5V  Operation 
Extended  Plastic  Temperature  Range 

<-40«Cto  +  85°C) 
Break-Before-Make  Switching 
Low  Leakage  HOOpA  typ) 
44V  Supply  max  Rating 
Available  in  16-Lead  DIP/SOIC  and 

20-Lead  LCCC/PLCC  Packages 
ADG201HS  (K,  B.  T)  Replaces  HI-201HS 
ADG201HS  (J,  A,  S)  Replaces  DG271 

GENERAL  DESCRIPTION 

The  ADG201HS  is  a  monolithic  CMOS  device  comprising  four 
independently  selectable  SPST  switches.  It  is  designed  on  an 
enhanced  LC2MOS  process  which  gives  very  fast  switching 
speeds  and  low  Ron- 

The  switches  also  feature  break-before-make  switching  action 
for  use  in  multiplexer  applications  and  low  charge  injection  for 
minimum  transients  on  the  output  when  switching  the  digital 
inputs. 

ORDERING  GUIDE 


Model1 


ADG201HSJN 

ADG201HSKN 

ADG201 HSKR 

ADG201HSAQ 

ADG201HSBQ 

ADG201HSJP 

ADG201HSKP 

ADG201HSSQ 

ADG201HSTQ3 

ADG201HSTE3 


Temperature 
Range 


-40°Cto  +  85°C 
-40°Cto+85°C 
-40°Cto  +85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 
-550Cto  +  125°C 


Package 
Option2 


N-16 

N-16 

R-16 

Q-16 

Q-16 

P-20A 

P-20A 

Q-16 

Q-16 

E-20A 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add 
/883B  to  T  grade  part  numbers.  See  the  Analog  Devices 
Military  Products  Databook  (1994)  for  military  data  sheet. 

2E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Narrow  Plastic 
DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip; 
R  =  0.15"  Small  Outline  IC  (SOIC).  For  outline 
information  see  Package  Information  section. 

'Standard  Military  Drawing  (SMD)  approved  by  DESC. 
SMD  numbers  are 
5962-86716012X  (ADG201HSTE/883B) 
5962-8671601EX  (ADG201HSTQ/883B) 


FUNCTIONAL  BLOCK  DIAGRAM 


eguk.<f  yH-.qu^ 


ADG201HS 

1 —  -o 

--■>■€ 


)  D1 

>  S2 


PRODUCT  HIGHLIGHTS 

1.  50ns  max  Ion  and  ^off- 

The  ADG201HS  top  grades  (K,  B,  T)  have  guaranteed  50ns 
max  turn-on  and  turn-off  times  over  the  full  operating  tem- 
perature range.  The  lower  grades  (J,A,S)  have  guaranteed 
75ns  switching  times  over  the  full  operating  temperature 
range. 

2.  Single  Supply  Specifications: 

The  ADG201HS  is  fully  specified  for  applications  which 
require  a  single  positive  power  supply  in  the  +  10.8V  to 
+  16.5V  range. 

3.  Low  Leakage: 

Leakage  currents  in  the  range  of  lOOpA  make  these  switches 
suitable  for  high  precision  circuits.  The  added  feature  of 
break-before-make  allows  for  multiple  outputs  to  be  tied 
together  for  multiplexer  applications  while  keeping  leakage 
errors  to  a  minimum. 


Switch 

IN 

Condition 

0 
1 

ON 
OFF 

Truth  Table 


This  is  an 


To 

t  fax  retrieval  system  at  1-800-446-O212. 


» 
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SPECIFICATIONS 


ADG201HS 


mm  ciiddi  v  (V»»  =  +13-5V  t0  +16-5V-  =  "13-5V  ,0  -16-5V- fiND  =  0V' 
UUAL  bUrrLY  VIN  3V  [Logic  High  Level]  or  0.8  V  [Logic  Low  Level]  unless  otherwise  noted) 


Units 





ANALOG  SWITCH 
Analog  Signal  Range 


Ron 


Ron  Drift 
Ron  Match 


Vss  Vss 

VDD  Vdd 

AU  30 

All  50  75 


All 


Is  (OFF),  Off  Input  Leakage2 
ID  (OFF),  Off  Output  Leakage2 
Id  (ON),  On  Channel  Leakage2 


All 

J,K,A,B 
S,T 
AU 

J,K,A,B 
S,T 
All 

J,K,A,B 
S,T 


°'5 
0.1 

i  ; 
l  ( 
o.i 

1  t 
0.1 

i  ; 
l  i 


Vmin 
V  max 

fltyp  -10VsVss  +  10V,  IDS  =  1mA;  Test  Circuit  1 

Umax 


nAtyp 
nAmax 
nAmax 
nAtyp 
nAmax 
nAmax 
nAtyp 
nAmax 
nAmax 


-10V€Vss  +  10V,IDS  = 
VD  =  ±  14V;  Vs  =  *  14V;  Test  Circuit  2 

VD  =  ±  14V;  Vs  -  +  14V;  Test  Circuit  2 


,1 


VD  =  VS 





14V;  Test  Circuit3 

 ! 


DIGITAL  CONTROL 
Vinh>  Input  High  Voltage 
Vinl,  Input  Low  Voltage 
J-INL  °r  IrNH 

CfN 


All  2.4 

All  0.8 

AU  1 

AU  8 


2.4 
0.8 
1 
8 


Vmin 
Vmax 
p.  A  max 
pFmax 





DYNAMIC  CHARACTERISTICS 

toN 

K,B,T 

50 

50 

ns  max 

Test  Circuit  4 

J,A,S 

75 

75 

nsmax 

toFFI 

K,B,T 

50 

50 

nsmax 

Test  Circuit  4 

J,A,S 

75 

75 

nsmax 

t0FF2 

AU 

150 

_ 

nstyp 

Test  Circuit  4 

toPEN 

All 

<VS 

5 

nstyp 

toN-toFFi ;  Test  Circuit  4 

Output  Settling  Time  to  0. 1% 

AU 

180 

_ 

nstyp 

Vin  =  3 V  to  0V ;  Test  Circuit  4 

OFF  Isolation 

AU 

72 

dBtyp 

Vs  =  3V  rms,  f  =  100kHz,  RL  =  lkfl; 

AU 

CL=10pF;  Test  Circuit  5 

Channel-to-Channel  Crosstalk 

86 

- 

dBtyp 

Vs  =  3V  rms,  f  =  100kHz,  RL  =  lkfl; 

_ 

CL=10pF;  Test  Circuit  6 

Ojnj,  Charge  Injection 

AU 

10 

pCtyp 

Rs  =  Ofl,  Vs  =  0V;  Test  Circuit  7 

Cs(OFF) 

AU 

10 

_ 

pFtyp 

CD(OFF) 

AU 

10 

_ 

pFtyp 

CD,Cs(ON) 

AU 

30 

pFtyp 

Cds(OFF) 

AU 

0.5 

- 

pFtyp 

POWER  SUPPLY 
Idd 
Iss 
Power 


10 

AU  6 
AU  240 


10 
6 

240 


mArr 
mAn 

mWr 


VDD=+15V,VSS=-15V 


NOTES 

'Temperature  ranges  are  as  follows:  ADG201HSJ,  K;  -4<TCto  +85°C 
ADG201HSA.B;  -40°Cto  +85°C 
ADG201HSS,T;  -55-Clo  +  125°C 

!Lcafaigc  specifications  apply  with  a  VD  (Vs)of  ±  14Vorwitha  VD(Vs)of  0.5V  within  thesupply  voltages  (VDD,  Vss),  whichever  is  the  minimum. 
Specifications  subject  to  change  without  notice. 
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Parameter 


ANALOG  SWITCH 


Analog  Signal  Range 

All 

Vss 

Vss 

Vmin 

AU 

VDD 

Vdd 

V  max 

*M>N 

All 
All 

Oj 

fityp 

0V«Vss  +  10V,  Ids=  1mA;  Test  Circuit  1 

All 
All 

90 

l  "in 
120 

[1  max 

Kon  Unit 

All 
All 

V.J 

70/  L.typ 

0V«Vss  +  10V,IDS=lmA 

Kon  "la  ten 

All 
All 

i 

%typ 

0VsVss  +  10V,IDs=lmA 

Is(OFF),  Offlnput  Leakage1 

All 

0.1 

nAtyp 

VD=  +  10V/  +  0.5V;VS=  +  0. 5 V/ +  10V;  Test  Circuit  2 

J,K,A,B 

1 

20 

nAmax 

S,T 

1 

60 

nAmax 

ID  (OFF),  Off  Output  Leakage1 

All 

0.1 

nAtyp 

VD=  +10V/  +  0.5V;VS=  +0.5V/  +  10V;TestCircuit2 

J,  K,  A,  B 

1 

20 

nAmax 

S,T 

1 

60 

nAmax 

i  o  i^win  j ,  *jn  v^nannei  LeaKage 

All 
All 

n  i 

U.  1 

nA  typ 

VD  =  VS=  +  10V/  +  0.5V;TestCircuit3 

J ,  K,  A,  IS 

i 
i 

n  A  max 

S  T 

i 

60 

Ulul  1  AL,  LUN  1  KUL 

Vinh,  Input  High  Voltage 

All 

2.4 

2.4 

V  mm 

V|^Lj  Input  Low  Voltage 

All 

0  8 

0  8 

v  max 

IlNL°rIlNH 

All 

1 

I 

M-A  max 

c 

All 
AU 

o 
0 

8 

pF  max 

DYNAMIC  CHARACTERISTICS 

•on 

K,B,T 

50 

70 

ns  max 

Test  Circuit  4 

J,A,S 

75 

90 

nsmax 

iOFF1 

K,  B,T 

50 

70 

nsmax 

Test  Circuit  4 

J.A.S 

75 

90 

nsmax 

^OFF2 

AU 

150 

- 

nstyp 

Test  Circuit  4 

•open 

All 

5 

nstyp 

toN-toFFi ;  Test  Circuit  4 

Output  Settling  Time  to  0. 1% 

All 

180 

- 

nstyp 

V,N  =  3VtoOV;TestCircuit4 

OFF  Isolation 

All 

72 

- 

dB  typ 

Vs  -  3V  rms,  f  =  100kHz,  RL  =  lkll; 

CL  =  10pF;  Test  Circuit  5 

Channel- to-Channel  Crosstalk 

All 

86 

- 

dBtyp 

Vs  =  3V  rms,  f  =  100kHz,  RL=  lkt); 

CL=10pF;TestCircuit6 

Qimj,  Charge  Injection 

All 

10 

- 

pCtyp 

Rs  =  Ofi,  Vs  =  OV;  Test  Circuit  7 

Cs(OFF) 

All 

10 

pF  typ 

CD(OFF) 

All 

10 

- 

pFtyp 

CD>Cs(ON) 

AU 

30 

pFtyp 

Cos  (OFF) 

All 

0.5 

pFtyp 

POWER  SUPPLY 
Idd 

Power  Dissipation 

All 
All 

10 
150 

10 

mA  max 

150 



mWmax 


VDD=  +15V 

NOTE 

'The  leakage  specifications  degrade  maiginally  (typically  lnAat25°C)with  VD(VS)  =  Vss 
Wrifirarinns  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

a*=+25^S°"n0ttd) 

VDd  to  Vss  

VDDtoGND  

Vss  to  GND'  

Analog  Inputs2 


 44V 

.  -0.3V,  25V 
+  0.3V,  -25V 


Voltage  at  S,  D  Vss  -2V  to 

VDD+2Vor 
20mA,  Whichever  Occurs  First 

Continuous  Current,  S  or  D  20mA 

Pulsed  Currents  or  D 


lms  Duration,  10%  Duty  Cycle    .  . 


Voli 


iN-x^L,*) 


70mA 


Vss  -  4V  to 
Vdd  +4Vor 
20mA,  Whichever  Occurs  First 


ADG201HS 

Power  Dissipation  (Any  Package) 

Up  to  +75°C   470mW 

Derates  above  +  75°Cby  6mW/°C 

Operating  Temperature 

Commerical  (J,  K  Version)   -40°C  to  +85°C 

Industrial  (A,  B  Version)   -  40°C  to  + 

Extended  (S,  T  Version)  -55°C  to  +  125°C 

Storage  Temperature  Range  -  65°C  to  +  150°C 

Lead  Temperature  (Soldering  lOsec)  +300°C 

NOTES 

1  If  Vss  is  open  circuited  with  VDD  and  GND  applied,  the  Vss  pin  will  be  pulled 
positive,  exceeding  the  Absolute  Maximum  Ratings.  If  this  possibility  exists, 
a  Schottky  diode  from  Vss  to  GND  (cathode  end  to  GND)  ensures  that  the 
Absolute  Maximum  Ratings  will  be  observed. 

2Overvoltage  at  IN,  S  or  D,  will  be  clamped  by  diodes .  Current 
should  be  limited  to  the  maximum  rating  above. 


•COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


CAUTION:  . 


xz  


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 


PIN  CONFIGURATIONS 


DIP,  SOIC 


i — I  I — i 

IN1          •  16]  IN2 

I —  — . 

D1  H  3  D2 

SI  [T  «]  S2 

Vss  E  ADG201HS  §]  V[MJ 

—  E  (No™ ,  si « 

S4  \J_  iJJ  S3 

M  [T  10]  D3 

IN4  |T  JJ  IN3 


NC  =  NO  CONNECT 


All 


LCCC 


a  10  11  12  13 

S  1  i  I  S 

CONNECT 


PLCC 


18  S2 

si  [7 

17  v00 

Vss  [7 

16  NC 

NC  [T 

15  NC 

GND  (7 

14  S3 

ADG201HS 

TOP  VIEW 
(Not  to  Scale) 


L9j|l0||ll||l2||li| 

2  H  |  S 

NC  =  NO  CONNECT 


5H 

S2 

i3 

VDD 

NC 

NC 

m] 

S3 
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SWITCHES  AND  MULTIPLEXERS  7-77 


ANALOG 
DEVICES 


LC2M0S 
Quad  SPST  Switches 


ADG21 1 A/ADG21 2A 





FEATURES 

44V  Supply  Maximum  Rating 
±  15V  Analog  Signal  Range 
Low  R0n  (115ft  max) 
Low  Leakage  (0.5nA  typ) 
Break  Before  Make  Switching 
Single  Supply  Operation  Possible 
Extended  Plastic  Temperature  Range 

(-40°Cto  +85°C) 
TTL/CMOS  Compatible 
Available  in  16-Lead  DIP/SOIC  and 

20-Lead  PLCC  Packages 
Superior  Second  Source: 

ADG211A  Replaces  DG211 

ADG212A  Replaces  DG212 


ADG211A 


ADG212A 


GENERAL  DESCRIPTION 

The  ADG211A  and  ADG212A  are  monolithic  CMOS  devices 
comprising  four  independently  selectable  switches.  They  are 
designed  on  an  enhanced  LC2MOS  process  which  gives  an  in- 
creased signal  handling  capability  of  ±  15V.  These  switches  also 
feature  high  switching  speeds  and  low  Ron- 

The  ADG211A  and  ADG212A  consist  of  four  SPST  switches. 
They  differ  only  in  that  the  digital  control  logic  is  inverted.  In 
multiplexer  applications,  all  switches  exhibit  break-before-make 
switching  action  when  driven  simultaneously.  Inherent  in  the 
design  is  low  charge  injection  for  minimum  transients  when 
switching  the  digital  inputs. 


°K>- 


I. 

c 


>  D1 

>S2 


>  D2 

>  S3 


I  D3 
>  S4 


SWITCHES  SHOWN  FOR  A  LOGIC  "1"  INPUT 

PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range: 

These  switches  are  fabricated  on  an  enhanced  LC2MOS 
process,  resulting  in  high  breakdown  and  an  increased  analog 
signal  range  of  ±  15V. 

2.  Single  Supply  Operation: 

For  applications  where  the  analog  signal  is  unipolar  (OV  to 
15V),  the  switches  can  be  operated  from  a  single  +  15V 
supply. 

3.  Low  Leakage: 

Leakage  currents  in  the  range  of  500pA  make  these  switches 
suitable  for  high  precision  circuits.  The  added  feature  of 
Break  before  Make  allows  for  multiple  outputs  to  be  tied 
together  for  multiplexer  applications  while  keeping  leakage 
errors  to  a  minimum. 


ADG21IA 

ADG212A 

SWITCH 

IN 

IN 

CONDITION 

0 

1 

ON 

1 

0 

OFF 

Table  I.  Truth  Table 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  ADG211A/ADG212A 


(VD0  =  +15  V,  Vss  =  -15  V,  VL  =  5  V,  unless  otherwise  noted.) 


ADG211AKN 
ADG212AKN 

25°C          -40°Cto  +85°C 

Units 

Test  Conditions 

ANALOG  SWITCH 
Analog  Signal  Range 
Ron 

RoNvs.VD(Vs) 
Ron  Drift 
Ron  Match 

±15  ±15 
115  175 

20 
0.5 
5 

Volts 
Umax 

%  typ 

%/°Ctyp 

%typ 

-  10V«VS«  +  10V,  Ids  =  1mA, 
Test  Circuit  1 

Vs  =  0V,IDs=lmA 

Is  (OFF) 

OFF  Input  Leakage 
Id  (OFF) 

OFF  Output  Leakage 
Id  (ON) 

ON  Channel  Leakage 

0.5 

5  100 
0.5 

5  100 
0.5 

nAtyp 
nAmax 

nA  typ 
nAmax 

nA  typ 

VD  =  ±  14V;  Vs  =  +  14V;  Test  Circuit  2 
VD  =  ±  14V;  Vs  =  +  14V;  Test  Circuit  2 
VD  =  Vs  =  ±  14V;  Test  Circuit  3 

5  200 

nAmax 

DIGITAL  CONTROL 
Vinh,  Input  High  Voltage 
Vinl,  Input  Low  Voltage 

2.4 

Vmin 
Vmax 

TTL  Compatibility  is  Independent  of  Vl 

IlNt-OfllNH 

Qni  Digital  Input  Capacitance 

1 

5 

IxAmax 
pFtyp 

DYNAMIC  CHARACTERISTICS 

tOPEN1 

tON 

toFF 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs(OFF) 

CD(OFF) 

Cs,CD(ON) 

Qikj,  Charge  Injection 

30 
600 
450 
80 

80 

5 
5 

16 
20 

nstyp 
nsmax 
nsmax 
dBtyp 

dB  typ 
pFtyp 
pFtyp 
pFtyp 
pCtyp 

Test  Circuit  4 
Test  Circuit  5 
Test  Circuit  5 
Vs=10V(p-p);f=100kHz 
RL  =  75fl;  Test  Circuit  6 
Test  Circuit  7 

Rs  =  Ofl;  CL  =  lOOOpF;  Vs  =  0V 
Test  Circuit  8 

POWER  SUPPLY 
Idd 
Idd 

Iss 
Iss 
II 

0.6 
1 

0.1 

0.2 
0.9 

mAtyp 
mAmax 
mAtyp 
mA  max 
mAmax 

Digital  Inputs  =  Voml  or  Vtnh 

NOTE 

1  Sample  tested  at  25°C  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 
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ADG21 1 A/ADG21 2A 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  suted) 


Digital  Inputs' 
Voltage  at  IN 


i  to  Vss 


44V 


VDDtoGND  25V 

VsstoGND  -25V 

VLtoGND  -0.3V,  25V 

Analog  Inputs1 

Voltage  at  S,  D  Vss  -0.3V  to  VDD  +0.3V 

Continuous  Current,  S  or  D   30mA 

Pulsed  Current  S  or  D 

lms  Duration,  10%  Duty  Cycle   70mA 


20mA, 

Power  Dissipation  (Any  Package) 

Up  to  +  75°C  

Derates  above  +  75°C  by  .... 

Operating  Temperature  

Storage  Temperature  Range  .... 

Lead  Temperature  (Soldering  lOsec) 

NOTE 

1  Overvoltage  at  IN ,  S  or  D  will  be  clamped  by 
limited  to  the  Maximum  Rating  above. 


.  .  Vss  -2Vto 
VDD+2Vor 
Whichever  Occurs  First 


....  470mW 
....  6mW/°C 
-40°C  to  +85°C 
-65°C  to  +  150°C 
....  +300°C 


^COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress 
and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification 
implied .  Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may  affect  device  reliability.  Only  one  Absolute  Maximun 
be  applied  at  any  one  time. 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


Current  should  be 

rating  only 
snot 

Rating  may 


DIP,  SOIC 


PIN  CONFIGURATIONS 


INI  ^ 

IN2 

D1  (T 

i7|  D2 

SI  ^ 

14*1  S2 

Vss  (T 

ADG211A 
ADG212A 

«]  v„ 

GND  ^ 

TOP  VIEW 
(Not  to  Scale) 

«]  VL 

S4  (T 

TT|  S3 

D4  [T 

"l71  D3 

IN4  fT 

T"|  IN3 

PLCC 

4  l  §t  f  a 


si  [7 

Vss  [T 
NC 

ADG211A 
ADG212A 
TOP  VIEW 

18|  S2 

23  v„ 

16]  NC 

GND 
S4  [7 

(Not  to  Scale) 
— — _ — _  ,  < 

is]  Vt. 

U\  S3 

i  s  §  s 


NC  =  NO  CONNECT 


ORDERING  GUIDE 
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Temperature 

Package 

Model 

Range 

Option* 

ADG211AKN 

-40°Cto 

+  85°C 

N-16 

ADG211AKR 

-40°Cto 

+  85°C 

R-16A 

ADG211AKP 

-40oCto 

+  85°C 

P-20A 

ADG212AKN 

-40°Cto 

+  85°C 

N-16 

ADG212AKR 

-40°Cto 

+  85°C 

R-16A 

ADG212AKP 

-40°Cto 

+  85°C 

P-20A 

*N  =  Plastic  DIP;  R  =0.15"  Small  Outline  IC  (SOIC); 
P  =  Plastic  Leaded  Chip  Carrier  (PLCC).  For  outline 
information  see  Package  Information  section. 
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Typical  Performance  Characteristics 

The  switches  can  comfortably  operate  anywhere  in  the  10V  to  1SV  single  or  dual  supply  range, 
with  only  a  slight  degradation  in  performance.  The  following  graphs  show  the  relevant  performance 
curves.  The  test  circuits  and  test  conditions  are  given  in  a  following  section,  "Test  Circuits. " 
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Figure  1.  Ron  as  a  Function  of VD(VS):  Dual  ±15  Supplies 


Figure2.  Ron as  a  Function  ofVD(Vs):  Single  +  ISVSupply 
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Figure  3.  Ron  as  a  Function  of  VD  (Vs):  Dual  ±  10V Supplies 
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Figure  4.  RON  as  a  Function  of  VD  (Vs>:  Single  +  10V  Supply 
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Figure  5.  Leakage  Current  as  a  Function  of  Temperature 
(Note:  Leakage  Current  Reduces  as  the  Supply  Voltages 
Reduce) 

REV.  B 


Figure  6.  Trigger  Levels  vs.  Power  Supply  Voltage,  Dual  or 
Single  Supply  Voltage 
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ADG406/ADG407/ADG426 


FEATURES 

44  V  Supply  Maximum  Ratings 
Vss  to  VDD  Analog  Signal  Range 
Low  On  Resistance  (80  £2  max) 
Low  Power 
Fast  Switching 

t0N  <  160  ns 

t0FF  <  150  ns 
Break  Before  Make  Switching  Action 
Plug-In  Upgrade  for 

DG506A/ADG506A,  DG507A/ADG507A, 

DG526/ADG526A 
ADG406/ADG407  are  Plug-In  Replacements  for 

DG406/DG407 


FUNCTIONAL  BLOCK  DIAGRAMS 


si  i — of" 


ADG406 


S16  H. 


OF  16 
DECODER 


AO  At  A2  A3  EN 


AO   A1    A2  EN 


APPLICATIONS 
Audio  and  Video  Routing 
Automatic  Test  Equipment 
Data  Acquisition  Systems 
Battery  Powered  Systems 
Sample  Hold  Systems 
Communication  Systems 
Avionics 


si  k— ^ 


AOG426 


DECODER/ 
LATCHES 


<i-o— A— A— A— A- 


A0  A1  A2  A3  EN  RS 


GENERAL  DESCRIPTION 

The  ADG406,  ADG407  and  ADG426  are  monolithic  CMOS 
analog  multiplexers.  The  ADG406  and  ADG426  switch  one  of 
sixteen  inputs  to  a  common  output  as  determined  by  the  4-bit 
binary  address  lines  AO,  Al,  A2  and  A3.  The  ADG426  has  on- 
chip  address  and  control  latches  that  facilitate  microprocessor 
interfacing.  The  ADG407  switches  one  of  eight  differential 
inputs  to  a  common  differential  output  as  determined  by  the  3- 
bit  binary  address  lines  AO,  Al  and  A2.  An  EN  input  on  all 
devices  is  used  to  enable  or  disable  the  device.  When  disabled, 
all  channels  are  switched  OFF. 

The  ADG406/ADG407/ADG426  are  designed  on  an  enhanced 
LC2MOS  process  that  provides  low  power  dissipation  yet  gives 
high  switching  speed  and  low  on  resistance.  These  features 
make  the  parts  suitable  for  high  speed  data  acquisition  systems 
and  audio  signal  switching.  Low  power  dissipation  makes  the 
parts  suitable  for  battery  powered  systems.  Each  channel 
conducts  equally  well  in  both  directions  when  ON  and  has  an 
input  signal  range  which  extends  to  the  supplies.  In  the  OFF 
condition,  signal  levels  up  to  the  supplies  are  blocked.  All 
channels  exhibit  break  before  make  switching  action  preventing 
momentary  shorting  when  switching  channels.  Inherent  in  the 
design  is  low  charge  injection  for  minimum  transients  when 
switching  the  digital  inputs. 


PRODUCT  HIGHLIGHTS 

1 .  Extended  Signal  Range 

The  ADG406/ADG407/ADG426  are  fabricated  on  an 
enhanced  LC2MOS  process  giving  an  increased  signal  range 
which  extends  to  the  supply  rails 

2.  Low  Power  Dissipation 

3.  Low  R0N 

4.  Single/Dual  Supply  Operation 

5.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG406/ADG407/ADG426  can  be  operated  from  a  single 
rail  power  supply.  The  parts  are  fully  specified  with  a  single 
+12  V  power  supply  and  will  remain  functional  with  single 
supplies  as  low  as  +5  V. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-4+6-6212. 
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-40°Cto 

-55"<J  to 

Parameter 

+25°C 

+85°C 

+25°C 

+125°C 

Units 

Test  Conditions/Comments 



ANALOG  SWITCH 

Analog  Signal  Range 

Vss  to  Vqd 

Vss  to  V„d 

V 

Ron 

50 

50 

£2  typ 

VD  =  ±  10  V,  ls  =  -1  mA 

80 

125 

80 

125 

U  max 

VDD  = +13.5  V,VSS  = -13.5  V 

RoN  Match 

4 

4 

n  typ 

VD  =  0  V,  ls  =  -1  mA 

LEAKAGE  CURRENTS 

±20 

VDD  =  +16.5  V,  Vss  =  -16.5  V 

VD  =  ±10V,  Vs=  +10  V,  Test  Circuit  2 

Source  OFF  Leakage  Is  (OFF) 

±0.5 

±0.5 

±50 

nA  max 

Drain  OFF  Leakage  ID  (OFF) 
ADG406,  ADG426 

±1 

±20 

±1 

±200 

nA  max 

VD  =  ±10V,VS  =  +10  V; 
Test  Circuit  3 

ADG407 

±1 

±20 

±1 

±100 

nA  max 

Channel  ON  Leakage  ID,  Is  (ON) 

Vs  =  VD  =  ±10  V; 

ADG406,  ADG426 

±1 

±20 

±1 

±200 

nA  max 

Test  Circuit  4 

ADG407 

±1 

±20 

±1 

±100 

nA  max 

DIGITAL  INPUTS 

Input  High  Voltage,  V^m 

2.4 

2.4 

V  min 

Input  Low  Voltage, 

0.8 

0.8 

V  max 

Input  Current 

I[NL0r  Wl 

±1 

±1 

uA  max 

Vw  =  0orVDD 

Cm,  Digital  Input  Capacitance 

8 

8 

pFtyp 

f=  1  MHz 



DYNAMIC  CHARACTERISTICS2 

^TRANSITION 

120 

120 

ns  typ 

RL  =  300  £2,  CL  =  35  pF; 

150 

250 

150 

250 

ns  max 

V,  =  ±10V,V2=  +10V; 
Test  Circuit  5 

Break  Before  Make  Delay,  topH< 

10 

10 

10 

10 

ns  min 

RL  =  300  £2,  CL  =  35  pF; 

toN  (EN,  WR) 

Vs  =  +5  V,  Test  Circuit  6 

120 

175 

120 

175 

ns  typ 

RL  =  300  £J,  CL  =  35  pF; 

160' 

225 

160 

225 

ns  max 

Vs  =  +5  V,  Test  Circuit  7 

toFF  (EN,  RS) 

110 

130 

110 

130 

ns  typ 

R,.  =  300  CI,  CL  =  35  pF; 

150 

180 

150 

180 

ns  max 

Vs  =  +5  V,  Test  Circuit  7 

ADG426  Only 

t„,  Write  Pulse  Width 

100 

100 

ns  min 

ts,  Address,  Enable  Setup  Time 

100 

100 

ns  min 

tH,  Address,  Enable  Hold  Time 

10 

10 

ns  min 

t^,  Reset  Pulse  Width 

100 

100 

ns  min 

Vs  =  +5  V 

Vs  =  0V,Rs  =  0£2,CI.=  lnF; 
Test  Circuit  10 

Charge  Injection 

8 

8 

pCtyp 

OFF  Isolation 

-75 

-75 

dB  typ 

Rt  =  1  k£2,  f  =  100  kHz; 
VEN  =  0  V,  Test  Circuit  1 1 

Channel-to-Channel  Crosstalk 

85 

85 

dB  typ 

RL  =  1  k£2,  f  =  100  kHz,  Test  Circuit  12 

Cs  (OFF) 

5 

5 

pF  typ 

f  =  1  MHz 

CD  (OFF) 

f  =  1  MHz 

ADG406,  ADG426 

50 

50 

pFtyp 

ADG407 

25 

25 

pFtyp 

CD,  Cs  (ON) 

f  =  1  MHz 

ADG406,  ADG426 

60 

60 

pF  typ 

ADG407 

40 

40 

pFtyp 

POWER  REQUIREMENTS 



VDD  = +16.5  V,VK  = -16.5  V 

Idd 

1 

1 

uAtyp 

vin  =  0  V,  V,^.  =  0  V 

5 

5 

uA  max 

1 

1 

uA  typ 

5 

5 

uA  max 

Idd 

100 

500 

100 

yAtyp 

V,N=0V,VEN  =  2.4V 

200 

200 

500 

uA  max 

1 

1 

(lAtyp 

5 

5 

|tA  max 

'  Temperature  ranges  are  as  follows:  B  Versions:  ^40°C  to  +85°C;  T  Versions:  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG406/ADG407/ADG426 


I  =  0  V,  unless  otherwise  noted) 


B  Version 

T  Version 

_ 

I'nratnptpr 

-40°C  to 

-55°C  to 

+25°C 

+8S°C 

+25°C 

+125°C 

Units 

Test  Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

0  to  VDD 

0  to  VDD 

V 

Ron 

90 

90 

O  typ 

VD=+3  V,  +8.5  V,  Is  =  -1  mA; 

125 

200 

125 

200 

fi  max 

VDD  =  +10.8  V 

LEAKAGE  CURRENTS 

VDD  =  +13.2V 

Source  OFF  Leakage  Is  (OFF) 

±0.5 

±20 

..±0.5 

±50 

nA  max 

VD=8V/0.1  V,VS=0.1  V/8  V; 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

±20 

VD=8V/0.1V,VS=0.1V/8V; 
Test  Circuit  3 

ADG406,  ADG426 

±1 

±1 

±200 

nA  max 

ADG407 

±1 

±20 

±1 

±100 

nA  max 

Vs=  VD  =  8  V/0.1  V,  Test  Circuit  4 

Channel  ON  Leakage  ID,  Is  (ON) 

±1 

±20 

±1 

±200 

nA  max 

ADG407 

±1 

±20 

±1 

±100 

nA  max 

DIGITAL  INPUTS 

Input  High  Voltage,  V^jh 

2.4 

2.4 

V  min 

Input  Low  Voltage,  V^ 

0.8 

0.8 

V  max 

Input  Current 

±1 

±1 

|iA  max 

VIN  =  0  or  VDD 

Cm,  Digital  Input  Capacitance 

8 

8 

pF  typ 

f  =  1  MHz 

DYNAMIC  CHARACTERISTICS3 

knwrarnoN 

180 

180 

ns  typ 

RL  =  300  S2,  CL  =  35  pF; 

220 

350 

220 

350 

ns  max 

V,  =  8  V/0  V,  V,  =  0  V/8  V; 

Break  Before  Make  Delay,  to,^ 

10 

10 

ns  typ 

Test  Circuit  5 

R,  =  300aCL=35pF; 

toN(EN,WR) 
W(BN,SS) 

. 

Vs  =  +5  V,  Test  Circuit  6 

180 

180 

ns  typ 

R,.  =  300  Q,  CL  =  35  pF; 

240 
135 

350 

240 
135 

350 

ns  max 
ns  typ 

Vs  =  +5  V,  Test  Circuit  7 
Rt  4  300  £2,  CL  =  35  pF; 

180 

220 

180 

220 

ns  max 

Vs  =  +5  V,  Test  Circuit  7 

ADG426  Only 

tW)  Write  Pulse  Width 

100 

100 

ns  min 

t<y  Address,  Enable  Setup  Time 

100 

100 

ns  min 

tH,  Address,  Enable  Hold  Time 

10 

10 

ns  min 

tus,  Reset  Pulse  Width 

100 

100 

ns  min 

Vs  =  +5  V 

Charge  Injection 

5 

5 

pC  typ 

Vs  =  6  V,  Rs  =  0  (1,  CL  =  1  nF; 
Test  Circuit  10 

OFF  Isolation 

-75 

-75 

dB  typ 

RL=  1  kQ,f=  100  kHz; 
Test  Circuit  1 1 

Channel-to-Channel  Crosstalk 

85 

85 

dB  typ 

Rl=  1  kfl,f=  100  kHz; 
Test  Circuit  12 

Cs(OFF) 

8 

8 

pF  typ 

f=lMHz 
f=  1  MHz 

CD(OFF) 

ADG406,  ADG426 

80 

80 

pF  typ 

ADG407 

40 

40 

pF  typ 

CD,Cs(ON) 

f=  1  MHz 

ADG406,  ADG426 

100 

100 

pF  typ 

ADG407 

50 

50 

pFtyp 

POWER  REQUIREMENTS 

VDD  =  +13.2  V 

Idd 

1 

; ;.'  5  ' 

1 

5 

uAtyp 
uA  max 

VM  =  0  V,  Vm  =  0  V 

i* 

100 

100 

uAtyp 

VM  =  0V,VEN  =  2.4V 

200 

500 

200 


500 

uA  max 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  ~40°C  10  +85°C;  T  Versions:  -55°C  to  +125"C. 
2Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS' 

(TA  =  +25°C  unless  otherwise  noted) 

VootoVj,   ...+44V 

VDD  to  GND   , -0.3  V  to +25  V 

VsstoGND  +0.3  V  to -25  V 

Analog,  Digital  Inputs2  Vss  -  2  V  to  VDD  +  2  V 

or  20  mA,  Whichever  Occurs  First 

Continuous  Current,  S  or  D  20  mA 

Peak  Current,  S  or  D  40  mA 

(Pulsed  at  1  ms,  10%  Duty  Cycle  Max) 
Operating  Temperature  Range 

Industrial  (B  Version)   -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature   + 1 50°C 

Plastic  Package 

ew,  Thermal  Impedance  75°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

PLCC  Package 

8JA,  Thermal  Impedance  80°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

SSOP  Package 

6JA,  Thermal  Impedance  122°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

I  (15  sec)  +220°C 


ORDERING  GUIDE 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability.  Only 
one  absolute  maximum  rating  may  be  applied  at  any  one  time. 

!Overvoltages  at  A,  S,  D,  WR  or  RS  will  be  clamped  by  internal  diodes, 
should  be  limited  to  the  maximum  rs 


CAUTION 


i  ratings  given. 


Model 

Temperature  Range 

Package  Option* 



ADG406BN 

-40°C  to  +85°C 

N-28 

ADG406BP 

-40°C  to  +85°C 

P-28A 

ADG407BN 

-40°C  to  +85°C 

N-28 

ADG407BP 

-40°C  to  +85°C 

P-28A 

ADG426BN 

-40°C  to  +85°C 

N-28 

ADG426BRS 

-40°C  to  +85°C 

RS-28 

*N  =  Plastic  DIP,  P  =  Plastic  Leaded  Chip  Carrier  (PLCC),  RS  =  Shrink  Small 
nformation  see  Package  Information 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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A3 

A2 

Al 

AO 

EN 

ON  SWITCH 

X 

X 

X 

X 

0 

NONE 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

2 

0 

0 

1 

0 

1 

os  3*0*- 

0 

0 

1 

1 

1 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

1 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

1 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

1 

13 

1 

1 

0 

1 

1 

14 

1 

1 

0 

1 5 

1 

1 

1 

16 

Table  II.  Truth  Table  (ADG407) 

A2 

Al 

AO 

EN 

ON  SWITCH  PAIR 

X 

X 

X 

0 

NONE 

0 

0 

0 

1 

0 

0 

1 

2 

0 

1 

0 

3 

0 

1 

1 

4 

1 

0 

0 

5 

1 

0 

1 

6 

1 

1 

0 

7 

1 

1 

1 

8 

DIP 


Table  IE.  Truth  Table  (ADG426) 


A3 

A2 

Al 

AO 

EN 

WR 

RS 

ON  SWITCH 

X 

X 

X 

X 

X 

5 

1 

Retains  Previous 

Switch  Condition 

X 

X 

X 

X 

X 

X 

0 

NONE  (Address 

and  Enable 

Latches  Cleared) 

X 

X 

X 

X 

0 

0 

NONE 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

0 

7 

0 

1 

1 

1 

0 

8 

0 

0 

0 

0 

9 

0 

0 

1 

0 

10 

0 

1 

0 

0 

11 

0 

1 

1 

0 

12 

1 

0 

0 

0 

13 

1 

0 

1 

0 

14 

1 

1 

0 

0 

15 

1 

1 

1 

0 

16 

Vdo  [T 

NC  [T 
NC  [T 
S16  [T 
S15  [T 
S14  \J_ 
S13  [T 
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ADG406/ADG407/ADG426 


TIMING  DIAGRAMS  (ADG426) 


3V 

ov 


3c 


■tw 


A0,A1,A2,  (A3) 


Figure  7. 

Figure  1  shows  the  timing  sequence  for  latching  the  switch 
address  and  enable  inputs.  The  latches  are  level  sensitive; 
therefore,  while  WR  is  held  low,  the  latches  are  transparent  and 
the  switches  respond  to  the  address  and  enable  inputs.  This 
input  data  is  latched  on  the  rising  edge  of  WR. 


\ 

** — t 

SWITCH 
OUTPUT 


Figure  2. 

Figure  2  shows  the  Reset  Pulse  Width,  t^.,  and  the  Reset  Turn 
Off  Time,  tOFF  (RS) . 

Note:  All  digital  input  signals  rise  and  fall  times  are  measured 
from  10%  to  90%  of  3  V.     =  t,  =  20  ns. 


TERMINOLOGY 

VDD  Most  positive  power  supply  potential. 

Vss  Most  negative  power  supply  potential  in  dual 

supplies.  In  single  supply  applications,  it  may 

be  connected  to  ground. 
GND  Ground  (0  V)  reference. 

Ron  Ohmic  resistance  between  D  and  S. 

RoN  Match         Difference  between  the  RqN  of  any  two 

channels. 

Is  (OFF)  Source  leakage  current  when  the  switch  is  off. 

ID  (OFF)  Drain  leakage  current  when  the  switch  is  off. 

ID)  Is  (ON)         Channel  leakage  current  when  the  switch 
is  on. 

VD  (Vs)  Analog  voltage  on  terminals  D,  S. 

Cs  (OFF)  Channel  input  capacitance  for  "OFF" 

condition. 

CD  (OFF)  Channel  output  capacitance  for  "OFF" 

condition. 

CD,  Cs  (ON)  "ON"  switch  capacitance. 
CIN  Digital  input  capacitance. 

t0N  (EN)  Delay  time  between  the  50%  and  90% 

points  of  the  digital  input  and  switch  "ON" 

condition. 

tOFF  (EN)  Delay  time  between  the  50%  and  90% 

points  of  the  digital  input  and  switch  "OFF" 
condition. 

•transition  Delay  time  between  the  50%  and  90% 

points  of  the  digital  inputs  and  the  switch 

"ON"  condition  when  switching  from  one 

address  state  to  another. 
•open  "OFF"  time  measured  between  80%  points  of 

both  switches  when  switching  from  one 

address  state  to  another. 
V1NL  Maximum  input  voltage  for  logic  "0." 

Minimum  input  voltage  for  logic  "  1 ." 
W  (W)  Input  current  of  the  digital  input. 

Crosstalk  A  measure  of  unwanted  signal  which  is 

coupled  through  from  one  channel  to  another 

as  a  result  of  parasitic  capacitance. 
Off  Isolation       A  measure  of  unwanted  signal  coupling 

through  an  "OFF"  channel. 
Charge  A  measure  of  the  glitch  impulse 

Injection  transferred  from  the  digital  input  to  the  analog 

output  during  switching. 
IDD  Positive  supply  current. 

Negative  supply  current. 
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ANALOG 
DEVICES 


LC2M0S  4/8  Channel 
High  Performance  Analog  Multiplexers 


ADG408/ADG409 


— 


FEATURES 

44  V  Supply  Maximum  Ratings 
Vss  to  VDD  Analog  Signal  Range 
Low  On  Resistance  (100  ft  max) 
Low  Power  (Uupply  <  75  uA) 
Fast  Switching 


APPUCATIONS 
Audio  and  Video  Routing 
Automatic  Test  Equipment 
Data  Acquisition  Systems 
Battery  Powered  Systems 
Sample  and  Hold  Systems 
Communication  Systems 


on 

FUNCTIONAL  BLOCK  DIAGRAMS 


ADC 


ADG408 


I  >— OD 


1  OF  8 
DECODER 


ADG409 


S4AtJ  1  O^f' 


1  OF  4 
DECODER 


irl:. — 


DA 
DB 


AO    A1  EN 


GENERAL  DESCRIPTION 

The  ADG408  and  ADG409  are  monolithic  CMOS  analog  multi- 
plexers comprising  8  single  channels  and  four  differential  chan- 
nels respectively.  The  ADG408  switches  one  of  eight  inputs  to  a 
common  output  as  determined  by  the  3-bit  binary  address  lines 
AO,  Al  and  A2.  The  ADG409  switches  one  of  four  differential 
inputs  to  a  common  differential  output  as  determined  by  the 
2-bit  binary  address  lines  AO  and  Al.  An  EN  input  on  both 
devices  is  used  to  enable  or  disable  the  device.  When  disabled, 
all  channels  are  switched  OFF. 

The  ADG408/ADG409  are  designed  on  an  enhanced  LC2MOS 
process  which  provides  low  power  dissipation  yet  gives  high 
switching  speed  and  low  on  resistance.  Each  channel  conducts 
equally  well  in  both  directions  when  ON  and  has  an  input  signal 
range  which  extends  to  the  supplies.  In  the  OFF  condition,  sig- 
nal levels  up  to  the  supplies  are  blocked.  All  channels  exhibit 
break  before  make  switching  action  preventing  momentary 
shorting  when  switching  channels.  Inherent  in  the  design  is  low 
charge  injection  for  minimum  transients  when  switching  the  dig- 
ital inputs. 

The  ADG408/ADG409  are  improved  replacements  for  the 
DG408/DG409  Analog  Multiplexers. 


PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range 
The  ADG4O8/ADG409  are  fabricated  on  an  enhanced 
LC2MOS  process  giving  an  increased  signal  range  that 
extends  to  the  supply  rails. 

2.  Low  Power  Dissipation 

3.  Low  RoN 

4.  Single  Supply  Operation 
For  applications  where  the  analog  signal  is  unipolar,  the 
ADG408/ADG409  can  be  operated  from  a  single  rail 
supply.  The  parts  are  fully  specified  with  a  single  +12 
power  supply  and  will  remain  functional  with  single  supplies 
as  low  as  +5  V. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  ADG408/ADG409 

DUAL  SUPPLY1  (V0D  =  +15  V,  Vss  =  -15  V,  GND  =  0  V,  unless  otherwise  noted) 


Parameter 

B  Version 
-40°C  to 
+25°C  +85°C 

T  Version 
-55°C  to 
+25°C  +125°C 

Units 

Test  Conditions/Comments 

ANALOG  SWITCH 
Analog  Signal  Ranee 
Ron 

Vss  to  VDD 

40 

100  125 
15 

Vss  to  VDD 

40 

100  125 
15 

V 

ft  typ 
ft  max 
ft  max 

-. 

VD  =  ±10  V,  Is  =  -10  mA 
VD  =  +10  V,  -10  V 

ARon 

LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

ADG408 

ADG409 
Channel  ON  Leakage  ID,  Is  (ON) 

ADG408 

ADG409 

±0.5  ±50 

±1  ±100 
±1  ±50 

±0.5  ±50 

±1  ±100 
±1  ±50 

nA  max 

nA  max 
nA  max 

VD  =  ±10  V,  Vs  =  +10  V; 
Test  Circuit  2 

VD=  ±10V;VS=  +10  V; 
Test  Circuit  3 

VS  =  VD=  ±10  V; 

±1  ±100 
±1  ±50 

±1  ±100 
±1  ±50 

nA  max 
nA  max 

Test  Circuit  4 



DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current 

CIN,  Digital  Input  Capacitance 

2.4 
0.8 

2.4 
0.8 

V  min 

V  max 

±10 

8 

±10 

8 

u.A  max 
pF  typ 

VIN  =  0  or  VDD 
f  =  1  MHz 

DYNAMIC  CHARACTERISTICS2 

^■TRANSITION 
£OPEN 

Ion  (EN) 
tOFF  (EN) 
Charge  Injection 
OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
Cr,  COFF) 

ADG408 

ADG409 
CD,  Cs  (ON) 

ADG408 

120 
250 

10  10 

85  125 
150  225 
65 
150 

20 

-75 

85 

11 

40 
20 

120 
250 

10  10 

85  125 
150  225 
65 
150 

20 

-75 

85 

11 

40 
20 

ns  typ 
ns  max 

ns  min 

ns  typ 
ns  max 
ns  typ 
ns  max 
pC  typ 

dB  typ 

dB  typ 

pFtyp 

pF  typ 
pF  typ 

RL  =  300  ft,  CL  =  35  pF; 

VS1  =  ±10  V,  VS8  =  +10  V; 

Test  Circuit  5 

RL  =  300  ft,  CL  =  35  pF; 

Vs  =  +5  V;  Test  Circuit  6 

RL  =  300  ft,  CL  =  35  pF; 

Vs  =  +5  V;  Test  Circuit  7 

RL  =  300  ft,  CL  =  35  pF; 

Vs  =  +5  V;  Test  Circuit  7 

Vs  =  0  V,  Rs  =  0  ft  ,  CL  =  10  nF; 

Test  Circuit  8 

RL  =  1  kft,  f  =  100  kHz; 

ven  =  0  V;  Test  Circuit  9 

RL  =  1  kft,  f  =  100  kHz; 

Test  Circuit  10 

f  =  1  MHz 

f  =  1  MHz 

f  =  1  MHz 

54 

54 

pFtyp 
pF  typ 

POWER  REQUIREMENTS 
'dd 

,  1  no? 
5 
1 
5 

100 

200  500 

1 

5 
1 

5 

100 

200  500 

uA  typ 
u.A  max 
M-A  typ 
jjlA  max 
uA  typ 
uA  max 

V,n  =  0  V,  VEN  =  0  V 

Iss 

Vin  =  0  V,  VEN  =  2.4  V 

■ 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG408/ADG409 

SINGLE  SUPPLY1  (V0D  =  +12  V,  Vss  =  O  V,  GND  =  O  V,  unless  otherwise  noted) 


Parameter 


B  Version 

-40°C  to 
+25°C  +85°C 




T  Version 

-55°C  to 
+25°C  +125°C 


Units 


Test  Conditions/Comments 


ANALOG  SWITCH 
Analog  Signal  Range 
Ron 


90 


0  to  VDD 


90 


0  to  VDD 


V 

n  typ 


+3V,  +10  V,  Is  =  -1mA 


LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

ADG408 

ADG409 
Channel  ON  Leakage  ID)  Is  (ON) 

ADG408 

ADG409 


±0.5  ±50 


±1 


±100 
±50 

±100 
±50 


±0.5 


t50 


tlOO 
t50 

tlOO 
t50 


nA  max 


nA  max 
nA  max 

nA  max 
nA  max 


VD  =  8  V/0  V,  Vs  =  0  V/8  V; 
Test  Circuit  2 

VD  =  8  V/0  V,  Vs  =  0  V/8  V; 
Test  Circuit  3 


Vs  =  VD  =  8  V/0  V; 
Test  Circuit  4 


DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current 

Iinl  or  Iinh 
CIN,  Digital  Input  Capacitance 


2.4 
0.8 

±10 


2.4 
0.8 

±10 


V  min 
Vmax 

iaA  max 
pF  typ 


Vns,  =  0  or  V 
f  =  1  MHz 


DD 


DYNAMIC  CHARACTERISTICS2 

^TRANSITION 
lOPEN 

Ion  (EN) 
toFF  (EN) 
Charge  Injection 
OFF  Isolation 

Channel-to-Channel  Crosstalk 


Cs  (OFF) 
CD  (OFF) 
ADG408 
ADG409 
CD,  Cs  (ON) 
ADG408 
ADG409 


130 

10 

140 

60 

5 

-75 

85 

11 

40 
20 

54 
34 


130 

10 
140 
60 
5 

-75 

85 

11 

40 
20 

54 
34 


ns  typ 

ns  typ 

ns  typ 

ns  typ 

pC  typ 

dB  typ 

dB  typ 

pF  typ 

PF  typ 
pF  typ 

pF  typ 
pFtyp 


RL  =  300  fl,  CL  =  35  pF; 
VS1  =  8  V/0  V,  Vsg  =  0  V/8  V; 
Test  Circuit  5 
RL  =  300  n,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  6 
RL  =  300  a,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  7 
RL  =  300  O,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  7 
Vs  =  0  V,  Rs  =  0  n,  CL  = 
Test  Circuit  8 
RL  =  1  kO,  f  =  100  kHz; 
VEN  =  0  V;  Test  Circuit  9 
RL  =  1  kO,  f  =  100  kHz; 
Test  Circuit  10 
f  =  1  MHz 
f  =  1  MHz 


f  =  1  MHz 


10  nF; 


POWER  REQUIREMENTS 


100 
200 


1 

5 

500 


100 
200 


1 
5 

500 


uA  typ 
M.A  max 
pA  typ 
jxA  max 


V,n  =  0V,Ven  =  0V 
V™  =  0  V,  V^  =  2.4  V 


NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +125X 
guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG408/ADG409 


ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25*0  unless  otherwise  noted) 

VDD  to  Vss  +44  V 

VDD  to  GND  -0.3  V  to  +25  V 

Vss  to  GND   +0.3  V  to  -25  V 

Analog,  Digital  Inputs2  .  .  .  Vss  -2  V  to  VpD  +2  V  or  20  mA, 

Whichever  Occurs  First 

Continuous  Current,  S  or  D   20  mA 

Peak  Current,  S  or  D 

(Pulsed  at  1  ms,  10%  Duty  Cycle  max)  40  mA 

Operating  Temperature  Range 

Industrial  (B  Version)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range  -65°C  to  +  150°C 

Junction  Temperature  +150°C 

Cerdip  Package,  Power  Dissipation   900  mW 

8JA,  Thermal  Impedance   76°C/W 

Lead  Temperature,  Soldering  (10  sec)  +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

8JA,  Thermal  Impedance  1 17°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

SOIC  Package,  Power  Dissipation   600  mW 

9JA,  Thermal  Impedance   77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

CAUTION   


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 

2Overvoltages  at  A,  EN,  S  or  D  will  be  clamped  by  internal  diodes.  Current 
should  be  limited  to  the  maximum  ratings  given. 

ORDERING  INFORMATION 


Model1 

Temperature  Range 

Package  Option2 

ADG408BN 
ADG408BR 
ADG408TQ 

-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

N-16 

R-16A 

Q-16 

ADG409BN 
ADG409BR 
ADG409TQ 

-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

N-16 

R-16A 

Q-16 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP;  R  =  0.15"  Small  Outline  IC  (SOIC);  Q  =  Cerdip.  For 
outline  information  see  Package  Information  section. 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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PIN  CONFIGURATIONS  (DIP/SOIC) 


TERMINOLOGY 


Most  positive  power  supply  potential. 

Most  negative  power  supply  potential  in  dual 
supplies.  In  single  supply  applications,  it  may 
be  connected  to  ground. 

Ground  (0  V)  reference. 

Ohmic  resistance  between  D  and  S. 


ADG408  Truth  Table 


ON 

A2 

Al 

AO 

EN 

SWITCH 

X 

X 

X 

0 

NONE 

0 

0 

0 

1 

1 

0 

0 

1 

1 

2 

0 

1 

0 

1 

3 

0 

1 

1 

1 

0 

0 

1 

5 

1 

0 

1 

1 

6 

1 

1 

0 

1 

7 

1 

1 

1 

1 

8 

ADG409  Truth  Tal 


able 


Al 

AO 

EN 

ON  SWITCH 
PAIR 

X 

X 

0 

NONE 

0 

0 

1 

1 

0 

1 

1 

2 

1 

0 

1 

3 

1 

1 

1 

4 

GND 

D 

"ON 

ARon 

Is  (OFF) 
Id  (OFF) 
ID,  Is  (ON) 

vD  m 

Cs  (OFF) 
CD  (OFF) 
CD)  Cs  (ON) 

toN  (EN) 
toFF  (EN) 

^TRANSITION 

toPEN 

V,NL 
^INH 

IlNL  (IlNH) 

Crosstalk 


Off  Isolation 
Charge 


Idd 

Iss 


Difference  between  the  RoN  of  any  two 
channels. 

Source  leakage  current  when  the  switch  is  off. 

Drain  leakage  current  when  the  switch  is  off. 

Channel  leakage  current  when  the  switch  is  on. 

Analog  voltage  on  terminals  D,  S. 

Channel  input  capacitance  for  "OFF" 
condition. 

Channel  output  capacitance  for  "OFF" 
condition. 

"ON"  switch  capacitance. 

Digital  input  capacitance. 

Delay  time  between  the  50%  and  90%  points  of 
the  digital  input  and  switch  "ON"  condition. 

Delay  time  between  the  50%  and  90%  points  of 
the  digital  input  and  switch  "OFF"  condition. 

Delay  time  between  the  50%  and  90%  points  of 
the  digital  inputs  and  the  switch  "ON" 
condition  when  switching  from  one  address 
state  to  another. 

"OFF"  time  measured  between  the  80%  points 
of  both  switches  when  switching  from  one 
address  state  to  another. 

Maximum  input  voltage  for  logic  "0." 

Minimum  input  voltage  for  logic  "1." 

Input  current  of  the  digital  input. 

A  measure  of  unwanted  signal  which  is  coupled 
through  from  one  channel  to  another  as  a  result 
of  parasitic  capacitance. 

A  measure  of  unwanted  signal  coupling 
through  an  "OFF"  channel. 

A  measure  of  the  glitch  impulse  transferred 
from  the  digital  input  to  the  analog  output 
during  switching. 

Positive  supply  current. 

Negative  supply  current. 
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Figure  1.  RON  as  a  Function  of  VD  (Vs):  Dual  Supply  Voltage 
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Figure  2.  RON  as  a  Function  of  VD  (Vs)  for  Different 
Temperatures 
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Figure  4.  RON  as  a  Function  of  VD  (Vs):  Single  Supply 
Volt 


Figure  5.  RON  as  a  Function  of  VD  (Vs)  for  Different 
Temperatures 


Figure  3.  Leakage  Currents  as  a  Function  of  VD  (Vs) 
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Figure  6.  Leakage  Currents  as  a  Function  of  VD  (Vsj 
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Figure  9.  Positive  Supply  Current  vs.  Switching  Frequency 
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FEATURES 

44  V  Supply  Maximum  Ratings 
±15  V  Analog  Signal  Range 
Low  On  Resistance  (<35  11) 
Ultralow  Power  Dissipation  (35  |xW) 
Fast  Switching  Times 

toN  <175  ns 

tOFF  <145  ns 
Latch-up  Proof 
TTL/CMOS  Compatible 

Plug-in  Replacement  for  DG411/DG412/DG413 

APPLICATIONS 
Audio  and  Video  Switching 
Automatic  Test  Equipment 
Precision  Data  Acquisition 
Battery  Powered  Systems 
Sample  Hold  Systems 
Communication  Systems 

GENERAL  DESCRIPTION 

The  ADG411,  ADG412  and  ADG413  are  monolithic  CMOS 
devices  comprising  four  independently  selectable  switches.  They 
are  designed  on  an  enhanced  LC2MOS,  trench  isolated  process 
which  provides  low  power  dissipation  yet  gives  high  switching 
speed  and  low  on  resistance.  Trench  isolation  gives  all  the  bene- 
fits of  dielectric  isolation  and  ensures  no  latch  up  even  under 
extreme  overvoltage  conditions. 

The  on  resistance  profile  is  very  flat  over  the  full  analog  input 
range  ensuring  excellent  linearity  and  low  distortion  when 
switching  audio  signals.  Fast  switching  speed  coupled  with  high 
signal  bandwidth  also  make  the  parts  suitable  for  video  signal 
switching.  CMOS  construction  ensures  ultralow  power  dissipa- 
tion making  the  parts  ideally  suited  for  portable  and  battery 
powered  instruments. 

The  ADG411,  ADG412  and  ADG413  contain  four  independent 
SPST  switches.  The  ADG411  and  ADG412  differ  only  in  that 
the  digital  control  logic  is  inverted.  The  ADG41 1  switches  are 
turned  on  with  a  logic  low  on  the  appropriate  control  input, 
while  a  logic  high  is  required  for  the  ADG412.  The  ADG413 
has  two  switches  with  digital  control  logic  similar  to  that  of  the 
ADG411  while  the  logic  is  inverted  on  the  other  two  switches. 

Each  switch  conducts  equally  well  in  both  directions  when  ON 
and  has  an  input  signal  range  which  extends  to  the  supplies.  In 
the  OFF  condition,  signal  levels  up  to  the  supplies  are  blocked. 
All  switches  exhibit  break  before  make  switching  action  for  use 
in  multiplexer  applications.  Inherent  in  the  design  is  low  charge 
injection  for  minimum  transients  when  switching  the  digital 
inputs. 


FUNCTIONAL  BLOCK  DIAGRAMS 


l\  r— -OS1 

,N20-JNo-  F^S2 


^  I  OD1 

^ —  -002 

ADG412 


SWITCHES  SHOWN  FOR  A  LOGIC  '1"  INPUT 

PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range 

The  ADG411,  ADG412  and  ADG413  are  fabricated  on  an 
enhanced  LC2MOS,  trench  isolated  process  giving  an 
increased  signal  range  which  extends  fully  to  the  supply  rails. 

2.  Ultralow  Power  Dissipation 

3.  Low  RoN 

4.  Trench  Isolation  Guards  Against  Latch-up 

A  dielectric  trench  separates  the  P  and  N  channel  transistors 
thereby  preventing  latch-up  even  under  severe  overvoltage 
conditions. 

5.  Break  Before  Make  Switching 

This  prevents  channel  shorting  when  the  switches  are  config- 
ured as  a  multiplexer. 

6.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG411,  ADG412  and  ADG413  can  be  operated  from  a  sin- 
gle rail  power  supply.  The  parts  are  fully  specified  with  a 
single  + 12  V  power  supply  and  will  remain  functional  with 
single  supplies  as  low  as  +5  V. 
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SPECIFICATIONS1 

Dual  Supply  (V0D  =  +15  V  ±  10%,  Vss  =  -15  V  ±  10%,  VL  =  +5  V  ±  10%,  GND  =  0  V,  unless  otherwise  noted) 


Parameter 


B  Version 
-40°C  to 
+25°C  +85°C 


T  Version 
-55°C  to 
+25°C    +  125°C 


Units 


Test  Conditions/Comments 


ANALOG  SWITCH 
Analog  Signal  Range 
Ron 


VDD  to  Vs; 
45 


,to  Vs 


25 
35 


45 


V 

n  typ 
O  max 


VD  =  ±8.5  V,  Is  =  -10  mA; 
VDD  =  +13.5  V,  Vss  =  -13.5  V 


LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

Channel  ON  Leakage  ID,  Is  (ON) 


±0.1 

±0.25 

±0.1 

±0.25 

±0.1 

±0.4 


±20 


t20 


t40 


tO.l 

tO.25 

tO.l 

t0.25 

tO.l 

t0.4 


t20 


t20 


t40 


nA  typ 
nA  max 
nA  typ 
nA  max 
nA  typ 
nA  max 


VDD=  +  16.5V,VSS  =  -16.5  V 
VD  =  ±15.5  V,  Vs  =  +15.5  V; 
Test  Circuit  2 

VD  =  ±15.5  V,  Vs  =  +15.5  V; 

Test  Circuit  2 

VD  =  Vs=  ±15.5  V; 

Test  Circuit  3 


DIGITAL  INPUTS 
Input  High  Voltage,  V!NH 
Input  Low  Voltage,  VINL 
Input  Current 

IlNL  or  ^INH 


2.4 
0.8 


0.005 


0.005 


fc0.5 


2.4 
0.8 


±0.5 


V  min 

V  max 

M-A  typ 
M.A  max 


.  or  V„ 


< 


DYNAMIC  CHARACTERISTICS2 

lOFF 

Break-Before-Make  Time  Delay,  tD 
(ADG413  Only) 

Charge  Injection 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 


110 
100 
25 

5 

68 

85 

9 
9 
35 


175 
145 


110 

100 
25 

5 

68 

85 

9 
9 
35 


175 
145 


ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 


pC  typ 

dB  typ 

dB  typ 

pF  typ 
pF  typ 
pF  typ 


RL  =  300  n,  CL  =  35  pF; 
Vs  =  ±10  V;  Test  Circuit  4 
RL  =  300  n,  CL  =  35  pF; 
Vs  =  ±  10  V;  Test  Circuit  4 
RL  =  300  n,  CL  =  35  pF; 


vs,  =  vs 


+  10  V; 


Test  Circuit  5 

Vs  =  0  V,  Rs  =  0  H,  CL  =  10  nF; 
Test  Circuit  6 

RL  =  50  a,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  7 

RL  =  50  n,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  8 
f  =  1  MHz 
f  =  1  MHz 
f  =  1  MHz 


POWER  REQUIREMENTS 

Iss 
k 


0.0001 
1  5 
0.0001 
1  5 
0.0001 
1  5 


0.0001 
V 

0.0001 

1 

0.0001 

1 


IxA  typ 
uA  max 
uA  typ 
p.A  max 
uA  typ 
IjlA  max 


VDD  =  +  16.5  V,  Vss  =  -16.5  V 
Digital  Inputs  =  0  V  or  5  V 


NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55"C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG41 1  ADG412  ADG413 

Single  Supply  <VDD  =  +12  V  ±  10%,  ^  =  0  V,  VL  =  +5  V  ±  10%,  END  =  O  V,  unless  otherwise  noted)  


Parameter 





B  Version 
-WCto 
+25°C  +85°C 


T  Version 
-55°C  to 
+25°C    +  125°C 


Units 


Test  Conditions/Comments 


Analog  Signal  Range 
Ron 


40 
80 


0  V  to  Vnn 
100 


40 

80 


OVtoV,,,, 
100 


V 

Jltyp 
O  max 


0  <  VD  <  8.5  V,  Is 
VDD  =  +10.8  V 





LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

Channel  ON  Leakage  ID,  Is  (ON) 


±0.1 

±0.25 

±0.1 

±0.25 

±0.1 

±0.4 


±20 
±20 
±40 


±0.1 

±0.25 

±0.1 

±0.25 

±0.1 

±0.4 


±20 
±20 
±40 


nA  typ 
nA  max 
nA  typ 
nA  max 
nA  typ 
nA  max 


VDD=  +13.2  V 

VD  =  12.2/1  V,  Vs  =  1/12.2  V; 

Test  Circuit  2 

VD  =  12.2/1  V,  Vs  =  1/12.2  V; 
Test  Circuit  2 

VD  =  Vs  =  +12.2  V/+1  V; 
Test  Circuit  3 


DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  V1NI 
Input  Current 
'inl  or  'inh 




2.4 
0.8 


0.005 


0.005 


fc0.5 


2.4 
0.8 


±0.5 


V  min 

V  max 

uA  typ 
uA  max 


VINL 


•V 





DYNAMIC  CHARACTERISTICS2 

toFF 

Break-Before-Make  Time  Delay,  tD 
(ADG413  Only) 

Charge  Injection 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 


175 

95 

25 


250 
125 


25 
68 
85 


175 

95 

25 

25 

68 

85 

9 
9 

35 


250 
125 


ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 


pCtyp 

dB  typ 

dB  typ 

pF  typ 
pF  typ 
pF  typ 


RL  -  300  a,  CL  -  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  300  n,  CL  =  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  300  CI,  CL  =  35  pF; 
VSI  =  VS2=+10  V; 
Test  Circuit  5 

Vs  =  0  V,  Rs  =  0  n,  CL  =  10  nF; 
Test  Circuit  6 
RL  =  50  (1,  CL  =  5  pF,  f 
Test  Circuit  7 

RL  =  50  n,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  8 
f  =  1  MHz 
f  =  1  MHz 
f  =  1  MHz 


=  lMHz; 


POWER  REQUIREMENTS 
k 


0.0001 
1  5 
0.0001 
1  5 


0.0001 
1  5 
0.0001 
1  5 


M.A  typ 
M- A  max 
uA  typ 
)j.A  max 


VDD  =  +13.2  V 

Digital  Inputs  =  0  V  or  5  V 


V,  =  +5.25  V 


NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85"C;  T  Versions:  -55°C  to  +125°C. 
guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 


Truth  Table  (ADG411/ADG412) 


Truth  Table  (ADG413) 


ADG411  In 

ADG412  In 

Switch  Condition 

Logic 

Switch  1,  4 

Switch  2,  3 

0 

1 

ON 

0 

OFF 

ON 

1 

OFF 

1 

ON 

OFF 
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ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  Vss  +44  V 

VDD  to  GND   -0.3  V  to  +25  V 


VL  to  GND   -0.3  V  to  VDD  +  0.3  V 

Analog,  Digital  Inputs2   Vss  -2  V  to  VDD  +2  V  or 

30  mA,  whichever  occurs  first 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D   100  m A 

(Pulsed  at  1  ms,  10%  Duty  Cycle  max) 
Operating  Temperature  Range 

Industrial  (B  Version)   -40°C  to  +  85°C 

Extended  (T  Version)  -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature  +  150°C 

Cerdip  Package,  Power  Dissipation  I  .  900  mW 

9,A  Thermal  Impedance  76°C/W 

ESD  SUSCEPTIBILITY   


Lead  Temperature,  Soldering  (10  sec)  +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

6,A  Thermal  Impedance   117°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

SOIC  Package,  Power  Dissipation   600  mW 

6JA  Thermal  Impedance  77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still 
occur  on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore, 
proper  precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 


PIN  CONFIGURATION 


ORDERING  GUIDE 


Model1 


ADG411BN 
ADG411BR 
ADG411TQ 
ADG412BN 
ADG412BR 
ADG412TQ 
ADG413BN 
ADG413BR 


Temperature  Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +  125°C 
-40°C  to  +  85°C 
-40°C  to  +85°C 
-55°Cto  +125°C 
-40°C  to  +85°C 
-40°C  to  +85°C 


Package  Option 


N-16 

R-16A 

Q-16 

N-16 

R-16A 

Q-16 

N-16 

R-16A 


i 


TERMINOLOGY 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP;  R  =  0.15"  Small  Outline  IC  (SOIC);  Q  =  Cerdip. 
'For  outline  information  see  Package  Information  section. 


Vss 


S 
D 
IN 

Ron 
Is  (OFF) 
Id  (OFF) 
ID,  Is  (ON) 
VD(VS) 
Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 


Most  positive  power  supply  potential. 

Most  negative  power  supply  potential  in  dual 

supplies.  In  single  supply  applications,  it  may 

be  connected  to  GND. 

Logic  power  supply  (+5  V). 

Ground  (0  V)  reference. 

Source  terminal.  May  be  an  input  or  output. 

Drain  terminal.  May  be  an  input  or  output. 

Logic  control  input. 

Ohmic  resistance  between  D  and  S. 

Source  leakage  current  with  the  switch  "OFF.' 

Drain  leakage  current  with  the  switch  "OFF." 

Channel  leakage  current  with  the  switch  "ON." 

Analog  voltage  on  terminals  D,  S. 


toFF 


Delay  between  applying  the  digital  control 

input  and  the  output  switching  on. 

Delay  between  applying  the  digital  control 

input  and  the  output  switching  off. 

"OFF"  time  or  "ON"  time  measured  between 

the  90%  points  of  both  switches,  when  switching 

from  one  address  state  to  another. 

A  measure  of  unwanted  signal  which  is  coupled 

through  from  one  channel  to  another  as  a  result 

of  parasitic  capacitance. 

A  measure  of  unwanted  signal  coupling 

through  an  "OFF"  switch. 

A  measure  of  the  glitch  impulse  transferred 

from  the  digital  input  to  the  analog  output 


Off  Isolation 


during  switching. 
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TA  =  .25  C 
VL  =  .5V 

 vss=  - 

10V 

VD1,  =  .SV 
Vss  =  -5V 

V00  =  .12V 

vss  ■  -«y 

VDD  =  ,15V 
Vss  =  -15V 
I 

• 

9  -10  0  10  20 

VD  OR  Vs  -  DRAIN  OR  SOURCE  VOLTAGE  -  V 

ire  1.  On  Resistance  as  a  Function  of  VD  (Vs)  Dual 
Supplies 


TA  =  +25°C 
VL  =  *5V 

A 

VD0  =  .5V 

vss  =  ov 

/ 

V0D  =  .10V 

VDD  =  .1 

v«  =.  ov 

2V 

—   _y> 

*S     V„„  =  *15V 

V 

SS=0V  _ 

0  5  10  15  20 

V0  OR  Vs  -  DRAIN  OR  SOURCE  VOLTAGE  -V 

Figure  4.  On  Resistance  as  a  Function  of  VD  (Vs)  Single 
Supply 


I 

VDD  =  .15V 
VSS=-15V 

-  VL  =  .5V  - 

.125  C 

.85  C 
.25X 

100mA 


-10  0  10 

V„  OR  Vs  -  DRAIN  OR  SOURCE  VOLTAGE  -  V 


Figure  2.  On  Resistance  as  a  Function  of  VD  IVS)  for 
Different  Temperatures 


FREQUENCY -Hz 

Figure  5.  Supply  Current  vs.  Input  Switching  Frequency 
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VDD  =  .15V 
VSS=-15V 
VL  =  *5V 

ADG411/ADG412/ADG413 

PMOS 


LOCOS 


100  1k  10k  100k  1M  10M 

FREQUENCY  -  Hz 

Figure  7.  Off  Isolation  vs.  Frequency 


VD0  =  *15V 
VSS=-15V 
VL  =  *5V 

100  1k  10k  100k  1M  10M 

FREQUENCY  -  Hz 

Figure  8.  Crosstalk  vs.  Frequency 
TRENCH  ISOLATION 

In  the  ADG411,  ADG412  and  ADG413,  an  insulating  oxide 
layer  (trench)  is  placed  between  the  NMOS  and  the  PMOS  tran- 
sistors of  each  CMOS  switch.  Parasitic  junctions,  which  occur 
between  the  transistors  in  Junction  Isolated  switches,  are  elimi- 
nated, the  result  being  a  completely  latch-up  proof  switch. 

In  Junction  Isolation,  the  N  and  P  wells  of  the  PMOS  and 
NMOS  transistors  form  a  diode  which  is  reverse-biased  under 
normal  operation.  However,  during  overvoltage  conditions,  this 
diode  becomes  forward  biased.  A  Silicon-Controlled  Rectifier 
(SCR)  type  circuit  is  formed  by  the  two  transistors  causing  a 
significant  amplification  of  the  current  which,  in  turn,  leads  to 
latch-up.  With  Trench  Isolation,  this  diode  is  removed,  the 
result  being  a  latch-up  proof  switch. 

Trench  Isolation  also  leads  to  lower  leakage  currents.  The 
ADG411,  ADG412  and  ADG413  have  a  leakage  current  of 
0.25  nA  as  compared  with  a  leakage  current  of  several  nanoamps 
in  non-Trench  Isolated  switches.  Leakage  current  is  an  impor- 
tant parameter  in  sample-and-hold  circuits,  this  current  being 
responsible  for  the  discharge  of  the  holding  capacitor  with  time 
causing  droop.  The  ADG411/ADG412/ADG413's  low  leakage 
current,  along  with  its  fast  switching  speeds,  make  it  suitable  for 
fast  and  accurate  sample-and-hold  circuits. 


SUBSTRATE  (BACKGATE) 

Figure  9.  Trench  Isolation 

APPLICATION 

Figure  10  illustrates  a  precise,  fast  sample-and-hold  circuit.  An 
AD845  is  used  as  the  input  buffer  while  the  output  operational 
amplifier  is  an  AD711.  During  the  track  mode,  SW1  is  closed 
and  the  output  VOUT  follows  the  input  signal  VIN.  In  the  hold 
mode,  SW1  is  opened  and  the  signal  is  held  by  the  hold  capaci- 
tor CH. 

Due  to  switch  and  capacitor  leakage,  the  voltage  on  the  hold 
capacitor  will  decrease  with  time.  The  ADG411/ADG412/ 
ADG413  minimizes  this  droop  due  to  its  low  leakage  specifica- 
tions. The  droop  rate  is  further  nnnimized  by  the  use  of  a 
polystyrene  hold  capacitor.  The  droop  rate  for  the  circuit  shown 
is  typically  30  u.V/u.s. 

A  second  switch  SW2,  which  operates  in  parallel  with  SW1,  is 
included  in  this  circuit  to  reduce  pedestal  error.  Since  both 
switches  will  be  at  the  same  potential,  they  will  have  a  differen- 
tial effect  on  the  op  amp  AD711  which  will  minimize  charge 
injection  effects.  Pedestal  error  is  also  reduced  by  the  compensa- 
tion network  Rc  and  Cc.  This  compensation  network  also 
reduces  the  hold  time  glitch  while  optimizing  the  acquisition 
time.  Using  the  illustrated  op  amps  and  component  values,  the 
pedestal  error  has  a  maximum  value  of  5  mV  over  the  ±  10  V 
input  range.  Both  the  acquisition  and  settling  times  are  850  ns. 


-  -15V 

Figure  10.  Fast,  Accurate  Sample-and-Hold 
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Test  Circuit  5.  Break-Before-Make  Time  Delay 
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7esf  C/rcuft  6.  Charge  Injection 
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Test  Circuit  7.  Off  Isolation 
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Test  Circuit  8.  Channel-to-Channel  Crosstalk 
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FEATURES 

44  V  Supply  Maximum  Ratings 
Vss  to  VDD  Analog  Signal  Range 
Low  On  Resistance  (<  35  Q| 
Ultralow  Power  Dissipation  (<  35  uW) 
Fast  Transition  Time  (145  ns  max) 
Break-Before-Make  Switching  Action 
Latch-Up  Proof 

Plug-In  Replacement  for  DG419 

APPLICATIONS 
Precision  Test  Equipment 
Precision  Instrumentation 
Battery  Powered  Systems 
Sample  Hold  Systems 


ADG419 


FUNCTIONAL  BLOCK  DIAGRAM 


SWITCH  SHOWN  FOR  A 
LOGIC  "1-  INPUT 


GENERAL  DESCRIPTION 

The  ADG419  is  a  monolithic  CMOS  SPDT  switch.  This 
switch  is  designed  on  an  enhanced  LC2MOS  process  which  pro- 
vides low  power  dissipation  yet  gives  high  switching  speed,  low 
on  resistance  and  low  leakage  currents. 

The  on  resistance  profile  of  the  ADG419  is  very  flat  over  the  full 
analog  input  range  ensuring  excellent  linearity  and  low  distor- 
tion. The  part  also  exhibits  high  switching  speed  and  high  signal 
bandwidth.  CMOS  construction  ensures  ultralow  power  dissipa- 
tion making  the  parts  ideally  suited  for  portable  and  battery 
powered  instruments. 

Each  switch  of  the  ADG419  conducts  equally  well  in  both 
directions  when  ON  and  has  an  input  signal  range  which  ex- 
tends to  the  supplies.  In  the  OFF  condition,  signal  levels  up  to 
the  supplies  are  blocked.  The  ADG419  exhibits  break-before- 
make  switching  action. 


PRODUCT  HIGHLIGHTS 

1 .  Extended  Signal  Range 

The  ADG419  is  fabricated  on  an  enhanced  LC2MOS,  trench 
isolated  process  giving  an  increased  signal  range  that  extends 
to  the  supply  rails. 

2.  Ultralow  Power  Dissipation 

3.  Low  Ron 

4.  Trench  Isolation  Guards  Against  Latch  Up 

A  dielectric  trench  separates  the  P  and  N  channel  transistors 
thereby  preventing  latch-up  even  under  severe  overvoltage 
conditions 

5.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG419  can  be  operated  from  a  single  rail  power  supply. 
The  part  is  fully  specified  with  a  single  +12  V  power  supply 
and  will  remain  functional  with  single  supplies  as  low  as 
+5V. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


i 


ADG419 


Dual  Supply  (VDD=+15V  ±  10%,  Vss  =  -15  V  ±  10%,  VL  =  +5  V  ±  10%,  GND  =  O  %  unless  otherwise  noted) 


B  Version 

T  Version 

+25°C 

-40°C  to 

+25°C 

-55°C  to 

Parameter 

+85°C 

+125°C 

Units 

Test 

Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

Vss  to  VDD 

Vss  to  VDD 

V 

Ron 

25 

25 

Qryp 

vD  = 

±12.5  V,  Is  = -10  mA 

35 

45 

35 

45 

Q  max 

vDD 

= +13.5  V,  Vss  = -13.5  V 

LEAKAGE  CURRENTS 

VDD 

=  +16.5  V,  Vss  =  -16.5  V 

Source  OFF  Leakage  Is  (OFF) 

±0.1 

±0.1 

nA  typ 

Vd  = 

±15.5V,VS=  +15.5  V; 

±0.25 

±5 

±0.25 

±15 

nA  max 

Test 

Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

±0.1 

±0.1 

nA  typ 

vD  = 

±15.5  V,  Vs=  +15.5  V; 

±0.75 

±5 

±0.75 

±30 

nA  max 

Test 

Circuit  2 

Channel  ON  Leakage  ID,  Is  (ON) 

±0.4 

±0.4 

nA  typ 

Vs  = 

VD  =  ±15.5V; 

±0.75 

±5 

±0.75 

±30 

nA  max 

Test 

Circuit  3 

DIGITAL  INPUTS 

Tnnnr  T-Ti£rh  Voltage  Vivtu 

2.4 

2.4 

V  min 

Input  Low  Voltage.  Vujl 

0.8 

0.8 

V  max 

Input  Current 

IlNL  or  ^INH 

±0.005 

±0.005 

\1A  typ 

vm  = 

=  VrNLOrVnm 

±0.5 

±0.5 

uA  max 

DYNAMIC  CHARACTERISTICS2 

^TRANSITION 

145 

200 

145 

200 

ns  max 

Rl  = 

300  a,  CL  =  35  pF; 

VS1  = 

=  ±10V,VS2  =  510V; 

Test 

Circuit  4 

Break-Before-Make  Time 

30 

30 

ns  typ 

Rl  = 

300  Q,  CL  =  35  pF; 

Delay,  tD 

5 

5 

ns  min 

vsl  = 

=  VS2  =  ±10V; 

80 

Test 

Circuit  5 

OFF  Isolation 

80 

dB  typ 

RL  = 

50£2,f=  1  MHz; 

Test 

Circuit  6 

Chflnnpl-rrt-C'hannpl  C^ms^ralk 

70 

70 

dB  tvD 
typ 

Rl  = 

50  Q,  f  =  1  MHz; 

Test 

Circuit  7 

Cs(OFF) 

6 

6 

pFtyp 

f  =  1 

MHz 

CD,  Cs  (ON) 

55 

55 

pFtyp 

f  =  1 

MHz 

POWER  REQUIREMENTS 
Idd 

VDD 

= +16.5  V,  Vss  = -16.5  V 

0.0001 

0.0001 

uAtyp 

=  0  V  or  5  V 

1 

2.5 

1 

2.5 

uA  max 

Iss 

0.0001 

0.0001 

MAtyp 

1 

2.5 

1 

2.5 

uAmax 

k 

0.0001 

0.0001 

MAtyp 

vL  = 

+5.5  V 

1 

2.5 

1 

2.5 

uA  max 

NOTES 

'Temperature  ranges  are  as  follows:  B  Version:  -40°C  to  +85°C;  T  Version:  -55°C  t 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG419 

Single  Supply  (VnD  =  +12  V  ±  10%,  Vss  =  O  V,  VL  =  +5  V  ±  10%,  GND  =  O  |  unless  otherwise  noted) 


B  Version 

T  Version 

+2S°C 

-40°C  to 

+25°C 

-55°C  to 

Parameter 

+85°C 

+125°C 

units 

Test  Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

0  to  VDD 

40 

0  to  VDD 

V 

Ron 

40 

£ltyp 

VD  =  +3  V,  +8.5  V,  Is  =  - 

-10  mA 

60 

70 

VDD  =  +10.8  V 

LEAKAGE  CURRENT 

VDD  =  +13.2  V 

Source  OFF  Leakage  Is  (OFF) 

+  0.1 

±0.1 

nA  typ 

VD=  12.2  V/l  V,VS=  1  V/12.2V; 

±0.25 

±5 

±0.25 

±15 

nA  max 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

±0.1 

±0.1 

nA  typ 

VD=  12.2  V/l  V,  Vs=  1  V/12.2V; 

±0.75 

±5 

±0.75 

±30 

nA  max 

Test  Circuit  2 

Channel  ON  Leakage  ID,  Is  (ON) 

±0.4 

±0.4 

VS  =  VD=  12.2  V/l  V; 

±0.75 

±5 

±0.75 

±30 

nA  max 

Test  Circuit  3 

DIGITAL  INPUTS 



Input  High  Voltage,  VM 

2.4 

2.4 

V  min 

Input  Low  Voltage,  Vjnl 

0.8 

0.8 

V  max 

Input  Current 

IlNLOr  IfNH 

±0.005 

±0.005 

MAtyp 

Vin  =  Vml  or  VINH 

±0.5 

±0.5 

jiAmax 

- 

DYNAMIC  CHARACTERISTICS2 

^TRANSITION 

170 

250 

170 

250 

ns  max 

RL  =  300  £},  CL  =  35  pF; 

VS1  =  0  V/8  V,  VS2  =  8  V/0  V; 

Test  Circuit  4 

Break-Before-Make  Time 

60 

60 

ns  typ 

RL  =  300  a,  CL  =  35  pF; 

Delay,  tD 

Vs,  =  VS2  =  +8  V; 

80 

Test  Circuit  5 

OFF  Isolation 

80 

dB  typ 

RL=  50  £J,  f  =  1  MHz; 

Test  Circuit  6 

Channel-to-Channel  Crosstalk 

70 

70 

dB  typ 

RL=  50£2,f  =  1  MHz; 

Test  Circuit  7 

Cs  (OFF) 

13 

13 

pFtyp 

f  =  1  MHz 

CD,Cs(ON) 

65 

65 

pFtyp 

f  =  1  MHz 

POWER  REQUIREMENTS 

VDD  =  +13.2  V 

Idd 

0.0001 

0.0001 

HAtyp 

V^OVor  5V 

1 

2.5 

2.5 

jiA  max 

II 

0.0001 

0.0001 

HAtyp 

VL  =  +5.5  V 

1 

2.5 

1 

2.5 

uAmax 

NOTES 

'Temperature  ranges  are  as  follows:  B  Version:  -40°C  to  +85°C;  T  Version:  -55°C  l 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 


Table  I.  Truth  Table 


3 +125°C. 


Logic 

Switch  1 

Switch  2 

0 
1 

ON 
OFF 

OFF 
ON 

ORDERING  GUIDE 

Model 

Temperature  Range 

Package  Option* 

ADG419BN 
ADG419BR 
ADG419TQ 

-40°C  to  +85°C 
-40°C  to  +85°C 
-55°Cto  +125°C 

N-8 

SO-8 

Q-8 

.  ■ 

■ 

PIN  CONFIGURATION 
DIP/SOIC 


si  [T 

GND  [T 
Vdo  [T 


ADG419 

TOP  VIEW 
(Not  to  Scale) 


T]  S2 
3  Vss 
T|  IN 

II  VL 


*N  =  Plastic  DIP,  Q  =  Cerdip,  SO  =  0.15"  Small  Oudine  IC  (SOIC).  For  out- 
line information  see  Package  Information  section. 


7-46   SWITCHES  AND  MUL  TIPLEXERS 


REV.  0 
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VDDtoGND  

VsstoGND   


ABSOLUTE  MAXIMUM  RATINGS1 

(TA=  +25°C  unless  otherwise  noted) 

VDDtoVss   ttt'T 

.  -0.3  V  to  +25  V 
.  +0.3  V  to  -25  V 

Vl  to  GND   -0.3  V  to  VDD  +  0.3  V 

Analog,  Digital  Inputs2   Vss  -  2  V  to  VDD  +  2  V 

or  30  mA,  Whichever  Occurs  First 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D  100  mA 

(Pulsed  at  1  ms,  10%  Duty  Cycle  Max) 
Operating  Temperature  Range 

Industrial  (B  Version)   -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

 -65°C  to+150°C 

150°C 


Storage  Temperature  Range 

Junction  Temperature   i  ^ 

Cerdip  Package,  Power  Dissipation  600  mW 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  this  device  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


8jA,  Thermal  Impedance  110°C/W 

Lead  Temperature,  Soldering  (10  sec)   +300°C 

Plastic  Package,  Power  Dissipation   400  mW 

Sja,  Thermal  Impedance  100°C/W 

Lead  Temperature,  Soldering  (10  sec)   +260°C 

SOIC  Package,  Power  Dissipation  400  mW 

6JA)  Thermal  Impedance  155°C/W 

Lead  Temperature,  Soldering 
Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)  +220°C 

t/sfn  W..i  8.1!  (ioirqmu«fioO  wwof  woJ 

NOTE 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability.  Only 
one  absolute  maximum  rating  may  be  applied  at  any  one  time. 

2Overvoltages  at  IN,  S  or  D  will  be  clamped  by  internal  diodes.  Current  should  be 
limited  to  the  maximum  ratings  given. 

*rr«l3v3  nohuyiaittntncO 


WARNING 


ESD  SENSITIVE  DEVICE 


1 

TERMINOLOGY 

VDD  Most  positive  power  supply  potential. 

Vss  Most  negative  power  supply  potential  in  dual 

supplies.  In  single  supply  applications,  it 

may  be  connected  to  GND. 
VL  Logic  power  supply  (+5  V). 

GND  Ground  (0  V)  reference. 

S  Source  terminal.  May  be  an  input  or  an 

output. 

D  Drain  terminal.  May  be  an  input  or  an 

output. 

IN  Logic  control  input. 

Ron  Ohmic  resistance  between  D  and  S. 

Is  (OFF)  Source  leakage  current  with  the  switch 

"OFF." 

ID  (OFF)  Drain  leakage  current  with  the  switch 

"OFF." 

Id>  Is  (ON)  Channel  leakage  current  with  the  switch 

"ON." 

VD  (Vs)  Analog  voltage  on  terminals  D,  S. 

Cs  (OFF)  "OFF"  switch  source  capacitance. 


CD,  Cs  (ON) 

^TRANSITION 


VlNL 

Vinh 

IlNL  OiNh) 

Crosstalk 


Off  Isolation 


Idd 

Iss 


"ON"  switch  capacitance. 
Delay  time  between  the  50%  and  90%  points 
of  the  digital  inputs  and  the  switch  "ON" 
condition  when  switching  from  one  address 
state  to  another. 

"OFF"  time  or  "ON"  time  measured  be- 
tween the  90%  points  of  both  switches 
when  switching  from  one  address  state 
to  the  other. 

Maximum  input  voltage  for  logic  "0." 
Minimum  input  voltage  for  logic  "1." 
Input  current  of  the  digital  input. 
A  measure  of  unwanted  signal  which  is 
coupled  through  from  one  channel  to 
another  as  a  result  of  parasitic  capacitance. 
A  measure  of  unwanted  signal  coupling 
through  an  "OFF"  channel. 
Positive  supply  current. 
Negative  supply  current. 
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LC2M0S  Latchable  4/8  Channel 
High  Performance  Analog  Multiplexers 


ADG428/ADG429 


FEATURES 

44  V  Supply  Maximum  Ratings 

Vss  to  Vqq  Analog  Signal  Range 

Low  On  Resistance  (60  ft  typ) 

Low  Power  Consumption  (1.6  mW  max) 

Low  Charge  Injection  (<4  pC  typ) 

Fast  Switching 

Break  Before  make  Switching  Action 
Plug-In  Replacement  for  DG428/DG429 

APPLICATIONS 
Automatic  Test  Equipment 
Data  Acquisition  Systems 
Communication  Systems 
Avionics  and  Military  Systems 
Microprocessor  Controlled  Analog  Systems 
Medical  Instrumentation 

GENERAL  DESCRIPTION 

The  ADG428  and  ADG429  are  monolithic  CMOS  analog  multi- 
plexers comprising  eight  single  channels  and  four  differential 
channels  respectively.  On-chip  address  and  control  latches  facili- 
tate microprocessor  interfacing.  The  ADG428  switches  one  of 
eight  inputs  to  a  common  output  as  determined  by  the  3-bit 
binary  address  lines  AO,  Al  and  A2.  The  ADG429  switches  one 
of  four  differential  inputs  to  a  common  differential  output  as 
determined  by  the  2  bit  binary  address  lines  AO  and  Al.  An  EN 
input  on  both  devices  is  used  to  enable  or  disable  the  device. 
When  disabled,  all  channels  are  switched  OFF.  All  the  control 
inputs,  address  and  enable  inputs  are  TTL  compatible  over  the 
full  specified  operating  temperature  range.  This  makes  the  pan 
suitable  for  bus-controlled  systems  such  as  data  acquisition  sys- 
tems, process  controls,  avionics  and  ATEs  because  the  TTL 
compatible  address  latches  simplify  the  digital  interface  design 
and  reduce  the  board  space  required. 

The  ADG428/ADG429  are  designed  on  an  enhanced  LC2MOS 
process  that  provides  low  power  dissipation  yet  gives  high 
switching  speed  and  low  on  resistance.  Each  channel  conducts 
equally  well  in  both  directions  when  ON  and  has  an  input  signal 
range  that  extends  to  the  supplies.  In  the  OFF  condition,  signal 
levels  up  to  the  supplies  are  blocked.  All  channels  exhibit  break 
before  make  switching  action  preventing  momentary  shorting 
when  switching  channels.  Inherent  in  the  design  is  low  charge 
injection  for  minimum  transients  when  switching  the  digital 
inputs. 

The  ADG428/ADG429  are  improved  replacements  for  the 
DG428/DG429  Analog  Multiplexers. 


FUNCTIONAL  BLOCK  DIAGRAMS 


ADG429 


DECODERS' DRIVERS 

I  LATCHES 

-L_H 

EN 


PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range 

The  ADG428/ADG429  are  fabricated  on  an  enhanced 
LC2MOS  process  giving  an  increased  signal  range  that 
extends  to  the  supply  rails. 

2.  Low  Power  Dissipation 

3.  Low  Rqn 

4.  Single/Dual  Supply  Operation 

5.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG428/ADG429  can  be  operated  from  a  single  rail  power 
supply.  The  parts  are  fully  specified  with  a  single  +12  V 
power  supply  and  will  remain  functional  with  single  supplie 
as  low  as  +5  V. 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS1 

DUAL  SUPPLY  (VDD  =  +15  V,  Vss  =  -15  V,  GND  =  0  V,  WR  =  0  V,  B  =  2.4  V  unless  otnen* 


ADG428/ADG429 


- -  ise  noted) 


Parameter 


B  Version 
-40°C  to 
25°C  +85-C 


T  Version 
-55°C  to 
25°C  +125°C 


Units 





ANALOG  SWITCH 
Analog  Signal  Range 
Rqn- 


ARon 


V 

fityp 
fl  max 
%  max 


VD  =  ±10  V,  Is  =  -1mA 


-10  V  <  Vs  <  10  V,  Is  =  -1mA 


LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 
ADG428 

ADG429 

Channel  ON  Leakage  ID,  Is  (ON) 
ADG428 
ADG429 


t0.03 
t0.5 

t0.07 
tl 

t0.05 
tl 

tl 
tl 


±0.3 
±50 

±0.7 
±100 
±0.5 
±50 

±100 
±50 


t0.03 
t0.5 


t0.3 
t50 


t0.07  ±0.7 

tl  ±100 

t0.05  ±0.5 

tl  ±50 


tlOO 
t50 


nA  typ 
nA  max 

nA  typ 
nA  max 
nA  typ 
nA  max 

nA  max 
nA  max 


VD=  ±10V,VS  =  +10  V; 
Test  Circuit  2 
VD=  ±10V,VS  =  +10  V; 
Test  Circuit  3 


Vs  =  VD  =  ±10  V; 
Test  Circuit  4 


DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  V,NL 
Input  Current 

Iinl  or  XINH 
CjN,  Digital  Input  Capacitance 


2.4 
0.8 


tO.l 


2.4 
0.8 


tO.l  ±1 


V  min 

V  max 

|j.A  max 
pF  typ 


VIN  =  0  or  VDD 
f  =  1  MHz 


DYNAMIC  CHARACTERISTICS2 

^TRANSITION 


toPEN 

Ion  (EN,  WR) 
topF  (EN,  RS) 


tw,  Write  Pulse  Width 
ts,  Address,  Enable  Setup  Time 
tH,  Address,  Enable  Hold  Time 
tRS>  Reset  Pulse  Width 
Charge  Injection 


OFF  Isolation 


110 

250 


115 
150 
105 
150 


300 


10 


225 

300 

100 

100 

10 

100 


110 
250 


115 
150 
105 
150 


300 


10 


225 

300 

100 

100 

10 

100 


Cs  (OFF) 
CD  (OFF) 
ADG428 
ADG429 
CD,  Cs  (ON) 
ADG428 
ADG429 


-75 
-60 
85 

11 

40 

20 

54 
34 


-75 
-60 
85 


ns  typ 
ns  max 

ns  min 

ns  typ 
ns  max 
ns  typ 
ns  max 
ns  min 
ns  min 
ns  min 
ns  min 
pCtyp 

dB  typ 
dB  min 
dB  typ 

pF  typ 

pF  typ 
pF  typ 

pF  typ 
pF  typ 


RL  =  1  Mil,  CL  =  35  pF; 
VS1  =  ±10  V,  VS8  =  +10  V; 
Test  Circuit  5 
RL  =  1  kn,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  6 
RL  =  1  kfi,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  7 
RL  =  1  kfi,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  7 


Vs  =  +5  V 

Vs  =  0  V,  Rs  =  0  fl,  CL  =  10  nF; 
Test  Circuit  10 

RL  =  1  kfi,  CL  =  15  pF,  f  =  100  kHz; 
Vs  =  7  VRMS,  VEN  =  0  V;  Test  Circuit  11 
RL  =  1  kn,  CL  =  15  pF,  f  =  100  kHz; 
Test  Circuit  12 
f  =  1  MHz 
f  =  1  MHz 


f  =  1  MHz 


POWER  REQUIREMENTS 

Iss 


20 
100 
0.001 
5 


20 
100 
0.001 
5 


tiA  typ 
|xA  max 
u-A  typ 
I-lA  max 


VrN  =  0  V,  VEN  =  0  V 


NOTES 

'Temperature  Ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions: 
guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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Parameter 

a  version 

-40°C  to 
25°C  +85°C 

l  version 
-55°C  to 
25°C  +125°C 

Units 

Test  Conditions/Comments 

ANALOG  SWITCH 
Analog  Signal  Range 
Ron 

ARon 

90 
10 

0  to  VDD 
200 

90 
10 

0  to  VDD 
200 

V 

ntyp 
n  max 
%  max 

VD  =  +10  V,  Is  =  -500  u.A 
0  V  <  Vs  <  10  V,  Is  =  -1  mA 

LEAKAGE  CURRENTS 

Source  OFF  Leakage  Is  (OFF) 

—  U.UUJ 

nA  typ 

VD 

=  10  V/0  V, 

Vs  =  0  V/10  V; 

±0^5 

±50 

±0.5 

±50 

nA  max 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

- 

vD 

=  10  V/0  V, 

Vs  =  0  V/10  V; 

ADG428 

±0.015 

±0.015 

nA  typ 

Test  Circuit  3 

±1 

±100 

±1 

±100 

nA  max 

ADG429 

±0.008 

±0.008 

nA  typ 

±1 

±50 

±1 

±50 

nA  max 

Channel  ON  Leakage  ID,  Is  (ON) 

Vs 

=  VD  =  10  V/0  V; 

ADG428 

±0.02 

±0.02 

nA  typ 

Test  Circuit  4 

±1 

±100 

±  1 

±  100 

nA  max 

ADG429 

±0.01 

±0.01 

±50 

nA  typ 

±1 

±50 

±1 

nA  max 

DIGITAL  INPUTS 

Input  High  Voltage,  VINH 

2.4 

2.4 

V  min 

Input  Low  Voltage,  VINL 

0.8 

0.8 

V  max 

Input  Current 

Iinl  or  *INH 

±1 

±1 

(xA  max 

=  0  or  VDD 

C]N,  Digital  Input  Capacitance 

8 

8 

pF  typ 

f  = 

1  MHz 

DYNAMIC  CHARACTERISTICS2 

^TRANSITION 

250 

250 

ns  typ 

RL 

=  1  Mil,  CL 

=  35  pF; 

350 

450 

350 

450 

ns  max 

Vs. 

=  10  V/0  V, 

VS8  =  0  V/10  V; 

Test  Circuit  5 

toPEN 

25 

10 

25 

10 

ns  min 

Rl 

=  i  wi,  cL 

=  35  pF; 

vs 

=  +5  V;  Test  Circuit  6 

toV  (EN,  WR) 

200 

200 

ns  typ 

RL 

=  i  kn,  CL 

=  35  pF; 

300 

400 

300 

400 

ns  max 

Vs 

=  +5  V;  Test  Circuit  7 

(EN,  RS) 

80 

80 

ns  typ 

RL 

=  1  kn,  CL 

=  35  pF; 

300 

400 

300 

400 

ns  max 

Vs 

=  +5  V;  Test  Circuit  7 

tw,  Write  Pulse  Width 

100 

100 

ns  min 

ts,  Address,  Enable  Setup  Time 

100 

100 

ns  min 

tH,  Address,  Enable  Hold  Time 

10 

10 

ns  min 

tRS,  Reset  Pulse  Width 

100 

100 

ns  min 

Vs 

=  5  V 

Charge  Injection 

4 

4 

pC  typ 

vs 

=  6  V,  Rs  = 

0  n,  CL  =  10  nF 

3 

Test  Circuit  10 

OFF  Isolation 

-75 

-75 

dB  typ 

RL 

=  i  kn,  cL 

=  15  pF,  f  =  100 

kHz; 

Channel-to-Channel  Crosstalk 

-60 
85 

-60 
85 

dB  min 
dB  typ 

Vs 
Rl 

=  7VRMS,V 

=  i  kn,  cL 

ircuit  11 
Krlz; 

Test  Circuit  12 

Cs  (OFF) 

11 

11 

pF  typ 

f  = 

1  MHz 

CD  (OFF) 

f  = 

1  MHz 

ADG428 

40 

40 

pF  typ 

ADG429 

20 

20 

pF  typ 

CD,  Cs  (ON) 

f  = 

1  MHz 

ADG428 

54 

54 

pFtyp 

ADG429 

34 

34 

pFtyp 

POWER  REQUIREMENTS 

20 
100 

20 
100 

(j-A  typ 
u.A  max 

VIN 

=  0  V,  Ven 

=  0  V 

NOTES 

'Temperature  Ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +25°C  unless  otherwise  noted.) 

VDD  to  Vss  +44  V 

VDD  to  GND  -0.3  V  to  +25  V 

Vss  to  GND   +0.3  V  to  -25  V 

Analog,  Digital  Inputs2   Vss  -  2  V  to  VDD  +  2  V  or 

30  mA,  whichever  occurs  first 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D  100  mA 

(Pulsed  at  1  ms,  10%  Duty  Cycle  Max) 
Operating  Temperature  Range 

Industrial  (B  Version)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Junction  Temperature  +15CC 

Cerdip  Package,  Power  Dissipation   900  mW 

6JA,  Thermal  Impedance   73°C/W 

Lead  Temperature,  Soldering  (10  sec)  +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

6IA,  Thermal  Impedance  115°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

PLCC  Package,  Power  Dissipation    800  mW 

eIA)  Thermal  Impedance   90°C/W 

Lead  Temperature,  Soldering 

nrK8"!::::::::::::::::::::^ 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  Usted  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 
2Overvoltages  at  A,  EN,  WR,  RS,  S  or  D  will  be  clamped  by  internal  diodes. 
Current  should  be  limited  to  the  r — : 


ADG428  PIN  CONFIGURATIONS 


ORDERING  GUIDE 

Model1 

Temperature  Range 

Package  Option2 

ADG428BN 
ADG428BP 
ADG428TQ 

-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

N-18 

P-20A 

Q-18 

ADG429BN 
ADG429BP 
ADG429TQ 

-40°C  to  +  85°C 
-40°C  to  +85°C 
-55°Cto  +  125°C 

N-18 

P-20A 

Q-18 

WR  [7 
AO  [T 
EN  \T 

si  \T 

52  [T 

53  [T 

54  [T 
D  [T 


DIP 


ADG428 

TOP  VIEW 
(Not  to  Scale) 


k\  rs 

1?]  A1 
7|]  A2 
Ts}  GND 

™]  V0D 

«]  SS 
Ig  S6 
7T]  S7 
10]  M 


PLCC 

3  II  -i  IS  5 


EN  [7 

si  [T 

52  [7 

53  |T 


ADG428 

TOP  VIEW 
(Not  10  Scale) 


18]  A2 
17]  GND 

iINo 

\$\  S5 
U\  S6 


LU[10J111J|12][13J 

3  °  §  8  5 

NC  =  NO  CONNECT 


ADG429  PIN  CONFIGURATIONS 


WR  [7 
AO  [T 
EN  [T 

Vss  {£ 
S1A  [T 
S2A  |T 
S3A  [7 
S4A  [T 
DA  [T 


DIP 


ADG429 

TOP  VIEW 
(Not  to  Scale) 


18]  RS 
17]  A1 
16]  GND 

ll]  «DO 
iT]  S1B 
13]  S2B 
ll]  S3B 
iT]  S4B 
10]  DB 


PLCC 
S  Is  2  IS  < 


EN 

vss 
S1A 
S2A 
S3A 


ADG429 

TOP  VIEW 
(Not  to  Scale) 


[9jil0j]llJ]l2]]l3] 

1 2  s  §  % 

NC  =  NO  CONNECT 


18]  GND 

IZKo 
ji]  SIB 

ji]  S2B 
14]  S3B 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC);  Q  =  Cerdip. 
For  outline  information  see  Package  Information  section. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 
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ADG428/ADG429 


TERMINOLOGY 


ADG428  Truth  Table 


; 


Most  positive  power  supply  potential. 

Most  negative  power  supply  potential  in  dual 

supplies.  In  single  supply  applications,  it  may 

be  connected  to  ground. 

Ground  (0  V)  reference. 

Ohmic  resistance  between  D  and  S. 

Difference  between  the  RON  of  any  two 

channels. 

Source  leakage  current  when  the  switch  is  off. 
Drain  leakage  current  when  the  switch  is  off. 
Channel  leakage  current  when  the  switch  is 
on. 

Analog  voltage  on  terminals  D,  S. 

Channel  input  capacitance  for  "OFF" 
condition. 

Channel  output  capacitance  for  "OFF' 
condition. 

"ON"  switch  capacitance. 
Digital  input  capacitance. 
Delay  time  between  the  50%  and  90% 
of  the  digital  input  and  switch  "ON" 
condition. 

Delay  time  between  the  50%  and  90%  points 
of  the  digital  input  and  switch  "OFF" 
condition. 

Delay  time  between  the  50%  and  90%  points 
of  the  digital  inputs  and  the  switch  "ON" 
condition  when  switching  from  one  address 
state  to  another. 

"OFF"  time  measured  between  80%  points  of 

both  switches  when  switching  from  one 

address  state  to  another. 

Maximum  input  voltage  for  logic  "0". 

Minimum  input  voltage  for  logic  "1". 

Input  current  of  the  digital  input. 

A  measure  of  unwanted  signal  which  is 

coupled  through  from  one  channel  to  another 

as  a  result  of  parasitic  capacitance. 

A  measure  of  unwanted  signal  coupling 

through  an  "OFF"  channel. 

A  measure  of  the  glitch  impulse  transferred 
from  the  digital  input  to  the  analog  output 
during  switching. 
Positive  supply  current. 
Negative  supply  current. 


A2 

Al 

AO 

EN 

WR 

RS 

ON  SWITCH 

Latching 

X 

X 

X 

X 

f 

1 

Maintains  Previous 
Switch  Condition 

Reset 

X 

X 

X 

X 

X 

0 

NONE 

(Latches  Cleared) 

Transparent  Operation 


X 

X 

X 

0 

0 

1 

NONE 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

2 

0 

1 

0 

0 

1 

3 

0 

1 

1 

0 

1 

4 

1 

0 

0 

0 

1 

5    •■  .  ,Vi   ,gJ  1 

1 

0 

1 

0 

1 

6 

1 

1 

0 

0 

1 

aqpil  kiinsdT  ,Al9 

1 

1 

1 

0 

1 



8 

ADG429  Truth 


Al 

AO 

EN 

WR 

RS 

ON  SWITCH  PAIR 

Latching 

X 

X 

X 

f 

1 

Maintains  Previous 
Switch  Condition 

Reset 

X 

X 

X 

X 

0 

NONE 

(Latches  Cleared) 

Transparent  Operation 

X 

X 

0 

0 

1 

NONE 

0 
0 

0 

1 

1 
1 

0 
0 

1 
1 

1 
2 

1 

0 

1 

0 

1 

3 

1 

1 

1 

0 

1 

4 

■ 
- 
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TIMING  DIAGRAMS 





Figure  1. 

Figure  1  shows  the  timing  sequence  for  latching  the  switch 
address  and  enable  inputs.  The  latches  are  level  sensitive;  there- 
fore, while  WR  is  held  low,  the  latches  are  transparent  and  the 
switches  respond  to  the  address  and  enable  inputs.  This  input 
data  is  latched  on  the  rising  edge  of  WR. 


Figure  2. 

Figure  2  shows  the  Reset  Pulse  Width,  tRS,  and  the  Reset  Turn- 
off  Time,  tOFF(RS). 

Note:  All  digital  input  signals  rise  and  fall  times  are  measured 
from  10%  to  90%  of  3  V.  tr  =  tf  =  20  ns. 


typical  Characteristics 


140 

130 
120 
110 
100 
90 


+25'C_ 

/  \  V°D 

=  *5V 

\  vS8  =  -*v 

Voo> 

♦10V  

-10V 

VDD.t1S 
Vas  =  -15 

V 

VDD  =  +12V  > 

W        -  I'M! 

/V8S  = 

SB  ■■ 

' — - 

-15  -10 


-5  0  5 

VD(Vs)-Volt. 


Figure  3.  RON  as  a  Function  of  VD  (Vs):  Dual  Supply 
Voltage 


0  5 
V0(Vs)-Volt. 


Figure  4.  RON  as  a  Function  of  VD  (Vs)  for  Different 
Temperatures 


Figure  5.  RON  as  a  Function  of  VD  (Vs):  Single  Supply 
Voltage 


I 

Von  =  t12V 

VM 

=  0V 

\+125-< 

+25°C  N, 

4  6  S 

VD<Ve)-Volt» 


Figure  6.  FtON  as  a  Function  of  VD  (Vs)  for  Different 
Temperatures 
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10  100  1k  10k         100k         1M  10M 

SWITCHING  FREQUENCY  -  Hz 

Figure  7.  Positive  Supply  Current  vs.  Switching  Frequency 


10  100  Ik  10k         100k         1M  10M 

SWITCHING  FREQUENCY  -  Hz 

Figure  10.  Negative  Supply  Current  vs.  Switching 
Frequency 


Figure  8.  Switching  Time  vs.  VIN  (Bipolar  Supply) 


Figure  1 1.  Switching  Time  vs.  VtN  (Single  Supply) 


Figure  9.  Switching  Time  vs.  Bipolar  Supply 


500 
450 
400 
350 
300 
250 
200 
150 
100 
50 
0 


I  I 

IN 

(EN) 

^TRANSITION 

W(EN) 

I  I 

5       5       7       8       9      10      11      12      13      14  15 
VSUPJ>LY-Vol,» 

Figure  12.  Switching  Time  vs.  Single  Supply 


Figure 


1 
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90 
85 
™  80 

§75 
§70 

§  65 

=  60 

55 


1 

VDD  =  *15V 

V..S-15V 

10k  100k 

FREQUENCY  -  Hz 


110 
105 
100 
95 


I 

V0D=.15V 

SB 



Figure  13.  OFF  Isolation  vs.  Frequency 
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Figure  15.  Crosstalk  vs.  Frequency 
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Figure  14.  Leakage  Currents  as  a  Function  of  VD  (Vs) 
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Figure  16.  Leakage  Currents  as  a  Function  of  VD  (Vs) 
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1^  ANALOG 

U  DEVICES 

Dl  LC2M0S 
Precision  Quad  SPST  Switches 

ADG431  /AD  G432/ADG433 

FEATURES 

FUNCTIONAL  BLOCK  DIAGRAMS 

44  V  Supply  Maximum  Ratings 
±15  V  Analog  Signal  Range 
Low  On  Resistance  (<24  ft) 
Ultralow  Power  Dissipation  (3.9  |iW) 
Low  Leakage  (<0.25  nA) 
Fast  Switching  Times 

toN  <165  ns 

topF  <130  ns 
Latch-up  Proof 

Break-Before-Make  Switching  Action 
TTL/CMOS  Compatible 

Plug-in  Replacement  for  DG411/DG412/DG413 

APPLICATIONS 
Audio  and  Video  Switching 
Automatic  Test  Equipment 
Precision  Data  Acquisition 
Battery  Powered  Systems 
Sample  Hold  Systems 
Communication  Systems 


GENERAL  DESCRIPTION 

The  ADG431,  ADG432  and  ADG433  are  monolithic  CMOS 
devices  comprising  four  independently  selectable  switches.  They 
are  designed  on  an  enhanced  LC2MOS,  trench  isolated  process 
which  provides  low  power  dissipation  yet  gives  high  switching 
speed  and  low  on  resistance.  Trench  isolation  gives  all  the  bene- 
fits of  dielectric  isolation  and  ensures  no  latch  up  even  under 
extreme  overvoltage  conditions. 

The  on  resistance  profile  is  very  flat  over  the  full  analog  input 
range  ensuring  excellent  linearity  and  low  distortion  when 
switching  audio  signals.  Fast  switching  speed  coupled  with  high 
signal  bandwidth  also  make  the  parts  suitable  for  video  signal 
switching.  CMOS  construction  ensures  ultralow  power  dissipa- 
tion making  the  parts  ideally  suited  for  portable  and  battery 
powered  instruments. 

The  ADG431,  ADG432  and  ADG433  contain  four  independent 
SPST  switches.  The  ADG431  and  ADG432  differ  only  in  that 
the  digital  control  logic  is  inverted.  The  ADG431  switches  are 
turned  on  with  a  logic  low  on  the  appropriate  control  input, 
while  a  logic  high  is  required  for  the  ADG432.  The  ADG433 
has  two  switches  with  digital  control  logic  similar  to  that  of  the 
ADG431  while  the  logic  is  inverted  on  the  other  two  switches. 

Each  switch  conducts  equally  well  in  both  directions  when  ON 
and  has  an  input  signal  range  which  extends  to  the  supplies.  In 
the  OFF  condition,  signal  levels  up  to  the  supplies  are  blocked. 
All  switches  exhibit  break  before  make  switching  action  for  use 
in  multiplexer  applications.  Inherent  in  the  design  is  low  charge 
injection  for  minimum  transients  when  switching  the  digital 
inputs. 
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SWITCHES  SHOWN  FOR  A  LOGIC  "1"  INPUT 


PRODUCT  HIGHLIGHTS 

1.  Extended  Signal  Range 

The  ADG431,  ADG432  and  ADG433  are  fabricated  on  an 
enhanced  LC2MOS,  trench  isolated  process  giving  an 
increased  signal  range  which  extends  fully  to  the  supply  rails. 

2.  Ultralow  Power  Dissipation 

3.  Low  Ron 

4.  Trench  Isolation  Guards  Against  Latch-up 

A  dielectric  trench  separates  the  P  and  N  channel  transistors 
thereby  preventing  latch-up  even  under  severe  overvoltage 
conditions. 

5.  Break  Before  Make  Switching 

This  prevents  channel  shorting  when  the  switches  are  config- 
ured as  a  multiplexer. 

6.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG431,  ADG432  and  ADG433  can  be  operated  from  a  sin- 
gle rail  power  supply.  The  parts  are  fully  specified  with  a 
single  +12  V  power  supply  and  will  remain  functional  with 
single  supplies  as  low  as  +5  V. 
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Dual  Supply  (VDD  =  +15  V  1  10%,  Vss  =  -15  V  ±  10%,  VL  =  +5  V  ±  10%,  END  =  O  V,  unless  otherwise  noted) 




D 

—  ;  1 

Version 

T 

Version 

-40°C  to 

— 55°C  to 

Parameter 

+25°C 

+85°C 

+25°C 

+125°C 

Units 

Test  Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

VDd  to  Vss 

VDD  to  Vss 

V 

mm 

Ron 

17 

17 

fityp 

vD 

=  ±8.5  V,  Is=  -10  mA; 

24 

26 

24 

27 

H  max 

VDD=  +13.5  V,VSS=  -13.5  V 

Ron  vs.  Vd  (Vs) 

15 

15 

%  typ 

Ron  Drift 

0.5 

0.5 

%/°C  typ 

R ,  March 

5 

5 

%  tvn 

vD 

=  0  V,  Is  =  -10  mA 

LEAKAGE  CURRENTS 

VDD=  +16.5V,VSS=  -16.5  V 

Source  OFF  Leakage  Is  (OFF) 

±0.05 

±0.05 

nA  typ 

VD 

=  ±15.5  V,  Vs  =  +15.5  V; 

±0.25 

±2 

±0.25 

±15 

nA  max 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

±0.05 

±0.05 

nA  typ 

vD 

=  ±15.5  V,  Vs  =  +15.5  V; 

±0.25 

±2 

±0.25 

±15 

nA  max 

Test  Circuit  2 

Channel  ON  Leakage  ID,  Is  (ON) 

±0.1 

±0.1 

nA  typ 

vD 

=  Vs=  ±15.5  V; 

±0.35 

±2 

±0.35 

±17 

Test  Circuit  3 

DIGITAL  INPUTS 

Input  High  Voltage,  VINH 

2.4 

2.4 

V  min 

Input  Low  Voltage,  VINL 

0.8 

0.8 

V  max 

■ 

Input  Current 

Iinl  or  Iinh 

0.005 

0.005 

uA  typ 

=  V1NL  or  Vjnh 

±0.02 

±0.02 

(j.A  max 

CIN  Digital  Input  Capacitance 

9 

9 

pF  typ 

DYNAMIC  CHARACTERISTICS2 

VDD=  +15V,VSS  =  -15  V 

90 

90 

ns  typ 

RL 

=  300  n,  CL  =  35  pF; 

165 

175 

ns  max 

vs 

=  ±  10  V;  Test  Circuit  4 

K)FF 

60 

60 

ns  typ 

RL 

=  300  n,  CL  =  35  pF; 

130 

145 

ns  max 

Vs 

=  ±  10  V;  Test  Circuit  4 

Break-Before-Make  Time  Delay,  tjj 

25 

25 

ns  typ 

RL 

=  300  fi,  CL  =  35  pF; 

(ADG433  Only) 

vsl 

=  VS2=  +10  V; 

Test  Circuit  5 

Charge  Injection 

5 

5 

pC  typ 

Vs 

=  0  V,  Rs  =  0  n,  CL  =  10  nF; 

Test  Circuit  6 

OFF  Isolation 

68 

68 

dB  typ 

RL 

=  50  n,  CL  =  5  pF,  f  =  1  MHz; 

Test  Circuit  7 

Channel-to-Channel  Crosstalk 

85 

85 

dB  typ 

RL 

=  50  n,  CL  =  5  pF,  f  =  1  MHz; 

Test  Circuit  8 

Cs  (OFF) 

9 

9 

pF  typ 

f  = 

1  MHz 

CD  (OFF) 

9 

9 

pF  typ 

f  = 

1  MHz 

CD,  Cs  (ON) 

35 

35 

pFtyp 

f  = 

1  MHz 

POWER  REQUIREMENTS 

VDD=  +16.5  V,VSS=  -16.5  V 

Digital  Inputs  =  0  V  or  5  V 

0.0001 

0.0001 

uA  typ 

0.1 

0.2 

0.1 

0.2 

uA  max 

Iss 

0.0001 

0.0001 

uA  typ 

0.1 

0.2 

0.1 

0.2 

uA  max 

h 

0.0001 

0.0001 

uAtyp 

0.1 

0.2 

0.1 

0.2 

uA  max 

Power  Dissipation 

7.7 

7.7 

M-W  max 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40"C  to  +85°C;  T  Versions:  -5S°C  to  +125X. 
guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  wifhour  norice. 
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Parameter 

B  Version 
-40°C  to 
+25°C  +85°C 

T  Version 
-55°C  to 
+25X  +125°C 

Units 

Test  Conditions/Comments 

Analog  Signal  Range 
Ron 

Ron  vs.  Vd  (Vs) 
Ron  Drift 
Ron  Match 

0  V  to  VDD 

28 

42  45 

20 

0.5 

5 

0  V  to  VDD 

28 

42  45 

20 

0.5 

5 

V 

fityp 
fi  max 
%  typ 
%rC  typ 
%  typ 

0<VD<8.5  V,  Is=  -10  mA; 
VDD=  +10.8  V 

VD  =  0  V,  Is  =  -10  mA 

LEAKAGE  CURRENTS 

VDD=  +13.2  V 

Source  OFF  Leakage  Is  (OFF) 
Drain  OFF  Leakage  ID  (OFF) 
Channel  ON  Leakage  ID,  Is  (ON) 

±0.04 
±0.25  ±1 
±0.04 
±0.25  ±1 
±0.01 

±0.3  ±5 

±0.04 

±0.25  ±15 
±0.04 

±0.25  ±15 
±0.01 

±0.3  ±17 

nA  typ 
nA  max 
nA  typ 
nA  max 
nA  typ 
nA  max 

VD  =  12.2/1  V,  Vs  =  1/12.2  V; 
Test  Circuit  2 

VD  =  12.2/1  V,  Vs  =  1/12.2  V; 
Test  Circuit  2 

VD  =  Vs  =  +12.2  V/+1  V; 
Test  Circuit  3 

DIGITAL  INPUTS 

Input  High  Voltage,  VINH 
Input  Low  Voltage,  VINL 
Input  Current 
Iinl  or  Iinh 

CIN  Digital  Input  Capacitance 

2.4 

0.8 

0.005 

±0.01 

9 

2.4 
0.8 

0.005 

±0.01 

9 

V  min 

V  max 

M.A  typ 
M-A  max 
pF  typ 

Vin  -  VINL  or  VrNH 

DYNAMIC  CHARACTERISTICS2 

VDD  =  +12  V,  Vss  =  0V 

toN 

'off 

Break-Before-Make  Time  Delay,  tD 
(ADG433  Only) 

Charge  Injection 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 

165 

240 

60 

115 

25 

25 

68 

85 

9 
9 
35 

165 

240 

60 

115 

25 

25 

68 

85 

9 
9 
35 

ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 

PC  typ 

dB  typ 

dB  typ 

PF  typ 
pF  typ 
pFtyp 

RL  =  300  O,  CL  =  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  300  fi,  CL  =  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  300  fi,  CL  =  35  pF; 
Vsi  =  VS2=  +10  V; 
Test  Circuit  5 

Vs  =  0  V,  Rs  =  0  fi,  CL  =  10  nF; 
Test  Circuit  6 

RL  =  50  fi,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  7 

RL  =  50  fi,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  8 
f  =  1  MHz 
f  =  1  MHz 
f  =  1  MHz 

POWER  REQUIREMENTS 

VDD  =  +13.2  V 

Idd 
h 

Power  Dissipation 

0.0001 
0.03  0.1 
0.0001 
0.03  0.1 
1.9 

0.0001 
0.03  0.1 
0.0001 
0.03  0.1 
1.9 

(iA  typ 
(iA  max 
tiA  typ 
M-A  max 
M-W  max 

Digital  Inputs  =  0  V  or  5  V 

VL  =  +5.25  V 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +  125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 


Truth  Table  (ADG431/ADG432) 


Truth  Table  (ADG433) 


ADG431  In 

ADG432  In 

Switch  Condition 

Logic 

Switch  1,  4 

Switch  2,  3 

0 

1 

ON 

0 

OFF 

ON 

1 

0 

OFF 

1 

ON 

OFF 

7-58   SWITCHES  AND  MULTIPLEXERS 


REV.  0 


ADG43 1  /ADG432/ADG433 


ABSOLUTE  MAXIMUM  RATINGS1 

(TA  =  +  25°C  unless  otherwise  noted) 


,  to  Vs 


+44  V 


-40°C  to  +  85°C 


VDD  to  GND  -0.3  V  to  +25  V 

Vss  to  GND   +0.3  V  to  -25  V 

VL  to  GND   -0.3  V  to  VDD  +  0.3  V 

Analog,  Digital  Inputs2   Vss  -2  V  to  VDD  +2  V  or 

30  mA,  whichever  occurs  first 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D  100  m A 

(Pulsed  at  1  ms,  10%  Duty  Cycle  max) 
Operating  Temperature  Range 

Industrial  (B  Version)  

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Junction  Temperature  +150°C 

Cerdip  Package,  Power  Dissipation   900  mW 

6JA,  Thermal  Impedance   76°C/W 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


Lead  Temperature,  Soldering  (10  sec)  +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

6JA,  Thermal  Impedance  117°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

SOIC  Package,  Power  Dissipation   600  mW 

6,A,  Thermal  Impedance   77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 


„ 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 
2Overvoltages  at  IN,  S  or  D  will  be  clamped  by  internal  diodes.  Current  should 


PIN  CONFIGURATION 
(DIP/SOIC) 


ORDERING  GUIDE 


Model1 

Temperature  Range 

Package  Option2 

ADG431BN 

-40°C  to  +  85<C 

N-16 

ADG431BR 

-40°C  to  +85°C 

R-16A 

ADG431TQ 

-55°Cto  +  125°C 

Q-16 

ADG432BN 

-40°C  to  +85°C 

N-16 

ADG432BR 

-40°C  to  +85°C 

R-16A 

ADG432TQ 

-55°C  to  +  125°C 

Q-16 

ADG433BN 

-40°C  to  +85°C 

N-16 

ADG433BR 

-40°C  to  +85°C 

R-16A 

NOTES 

TERMINOLOGY 


'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP;  R  =  0.15"  Small  Outline  IC  (SOIC);  Q  =  Cerdip.  For 
outline  information  see  Package  Information  section. 


Most  positive  power  supply  potential. 

Most  negative  power  supply  potential  in  dual 

supplies.  In  single  supply  applications,  it  may  be 

connected  to  GND. 

Logic  power  supply  (  +  5  V). 

Ground  (0  V)  reference. 

Source  terminal.  May  be  an  input  or  output. 

Drain  terminal.  May  be  an  input  or  output. 

Logic  control  input. 

Ohmic  resistance  between  D  and  S. 

The  variation  in  RqN  due  to  a  change  in  the 

analog  input  voltage  with  a  constant  load  current. 

Change  in  RoN  vs.  temperature. 


VL 

GND 

S 

D 

IN 

Ron 

RoNvs.VD(Vs) 

Ron  Drift 
Rqn  Match 
Is  (OFF) 
Id  (OFF) 
Id.  Is  (ON) 
VD(VS) 


Difference  between  the  RON  of  any  two  switches. 
Source  leakage  current  with  the  switch  "OFF." 
Drain  leakage  current  with  the  switch  "OFF." 
Channel  leakage  current  with  the  switch  "ON." 
Analog  voltage  on  terminals  D,  S. 


Cs  (OFF)  "OFF"  switch  source  capacitance. 

CD  (OFF)  "OFF"  switch  drain  capacitance. 

CD,  Cs  (ON)         "ON"  switch  capacitance. 

CIN  Input  Capacitance  to  ground  of  a  digital  input. 

t0N  Delay  between  applying  the  digital  control  input 

and  the  output  switching  on. 
toFF  Delay  between  applying  the  digital  control  input 

and  the  output  switching  off. 
tD  "OFF"  time  or  "ON"  time  measured  between  the 

90%  points  of  both  switches,  when  switching 

from  one  address  state  to  another. 
Crosstalk  A  measure  of  unwanted  signal  which  is  coupled 

through  from  one  channel  to  another  as  a  result 

of  parasitic  capacitance. 
Off  Isolation         A  measure  of  unwanted  signal  coupling  through 

an  "OFF"  switch. 
Charge  A  measure  of  the  glitch  impulse  transferred  from 

Injection  the  digital  input  to  the  analog  output  during 

switching. 
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ADG431/ADG432/ADG433 
Typical  Performance  Graphs 


Figure  1.  On  Resistance  as  a  Function  of  VD  {Vs)  Dual  Figure  4.  On  Resistance  as  a  Function  of  VD  (Vs)  Single 

Supplies  Supply 


Different  Temperatures 
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VB0  =  *15V 
Vss  =  -15V 

"ioo  ik  10k  100k 


ADG431/ADG432/ADG433 

1  fcaT 


LOCOS 


1M 


FREQUENCY -HI 

Figure  7.  Off  Isolation  vs.  Frequency 


SUBSTRATE  (BACKGATE) 


V0D  =  ,15V 
VSS=-15V 

FREQUENCY  -  Hz 


Figure  8.  Crosstalk  vs.  Frequency 
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TRENCH  ISOLATION 

In  the  ADG431,  ADG432  and  ADG433,  an  insulating  oxide 
layer  (trench)  is  placed  between  the  NMOS  and  the  PMOS  tran- 
sistors of  each  CMOS  switch.  Parasitic  junctions,  which  occur 
between  the  transistors  in  Junction  Isolated  switches,  are  elimi- 
nated, the  result  being  a  completely  latch-up  proof  switch. 

In  Junction  Isolation,  the  N  and  P  wells  of  the  PMOS  and 
NMOS  transistors  form  a  diode  which  is  reverse-biased  under 
normal  operation.  However,  during  overvoltage  conditions,  this 
diode  becomes  forward  biased.  A  Silicon-Controlled  Rectifier 
(SCR)  type  circuit  is  formed  by  the  two  transistors  causing  a 
significant  amplification  of  the  current  which,  in  turn,  leads  to 
latch-up.  With  Trench  Isolation,  this  diode  is  removed,  the 
result  being  a  latch-up  proof  switch. 

Trench  Isolation  also  leads  to  lower  leakage  currents.  The 
ADG431,  ADG432  and  ADG433  have  a  leakage  current  of 
0.2S  nA  as  compared  with  a  leakage  current  of  several  nanoamps 
in  non-Trench  Isolated  switches.  Leakage  current  is  an  impor- 
tant parameter  in  sample-and-hold  circuits,  this  current  being 
responsible  for  the  discharge  of  the  holding  capacitor  with  time 
causing  droop.  The  ADG431/ADG432/ADG433's  low  leakage 
current,  along  with  its  fast  switching  speeds,  make  it  suitable  for 
fast  and  accurate  sample-and-hold  circuits. 


Figure  9.  Trench  Isolation 

APPLICATION 

Figure  10  illustrates  a  precise,  fast  sample-and-hold  circuit.  An 
AD845  is  used  as  the  input  buffer  while  the  output  operational 
amplifier  is  an  AD711.  During  the  track  mode,  SW1  is  closed 
and  the  output  VOUT  follows  the  input  signal  V1N.  In  the  hold 
mode,  SW1  is  opened  and  the  signal  is  held  by  the  hold  capaci- 
tor CH. 

Due  to  switch  and  capacitor  leakage,  the  voltage  on  the  hold 
capacitor  will  decrease  with  time.  The  ADG43 1/ADG432/ 
ADG433  minimizes  this  droop  due  to  its  low  leakage  specifica- 
tions. The  droop  rate  is  further  minimized  by  the  use  of  a 
polystyrene  hold  capacitor.  The  droop  rate  for  the  circuit  shown 
is  typically  30  u.V/u.s. 

A  second  switch  SW2,  which  operates  in  parallel  with  SW1,  is 
included  in  this  circuit  to  reduce  pedestal  error.  Since  both 
switches  will  be  at  the  same  potential,  they  will  have  a  differen- 
tial effect  on  the  op  amp  AD71 1  which  will  minimize  charge 
injection  effects.  Pedestal  error  is  also  reduced  by  the  compensa- 
tion network  Rc  and  Cc.  This  compensation  network  also 
reduces  the  hold  time  glitch  while  optimizing  the  acquisition 
time.  Using  the  illustrated  op  amps  and  component  values,  the 
pedestal  error  has  a  maximum  value  of  5  mV  over  the  ±10  V 
input  range.  Both  the  acquisition  and  settling  times  are  850  ns. 


Figure  10.  Fast,  Accurate  Sample-and-Hold 
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Test  Circuits 
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Tesf  Circuit  7.  On  Resistance 
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Test  Circuit  4.  Switching  Times 
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Test  Circuit  5.  Break-Before-Make  Time  Delay 
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Test  Circuit  6.  Charge  Injection 
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ADG431/ADG432/A0G433 
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Test  Circuit  8.  Channel-to-Channel  Crosstalk 
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ANALOG 
DEVICES 


LC2M0S  Quad  SPST  Switches 


■ 

■ 


FEATURES 

44  V  Supply  Maximum  Ratings 
Vss  to  VDD  Analog  Signal  Range 
Low  On  Resistance  (<  70  Q) 
Low  ARon  (9  Q  max) 
Low  Ron  Match  (3  £2  max) 
Low  Power  Dissipation 
Fast  Switching  Times 

t0N  <  110  ns 

t0FF  <  60  ns 
Low  Leakage  Currents  (  3  nA  max) 
Low  Charge  Injection  (6  pC  max) 
Break-Bef ore-Make  Switching  Action 
Latch-Up  Proof 
Plug-In  Upgrade  for 

DG201A/ADG201A,  DG202A/ADG202A, 

DG211/ADG211A 
Plug  in  Replacement  for  DG441/DG442/DG444 

APPLICATIONS 
Audio  and  Video  Switching 
Automatic  Test  Equipment 
Precision  Data  Acquisition 
Battery  Powered  Systems 
Sample  Hold  Systems 
Communication  Systems 


GENERAL  DESCRIPTION 

The  ADG441,  ADG442  and  ADG444  are  monolithic  CMOS 
devices  comprising  four  independently  selectable  switches.  They 
are  designed  on  an  enhanced  LC2MOS  process  that  provides 
low  power  dissipation  yet  gives  high  switching  speed  and  low  on 
resistance. 

The  on  resistance  profile  is  very  flat  over  the  full  analog  input 
range  ensuring  good  linearity  and  low  distortion  when  switching 
audio  signals.  High  switching  speed  also  makes  the  parts  suit- 
able for  video  signal  switching.  CMOS  construction  ensures 
ultralow  power  dissipation  making  the  parts  ideally  suited  for 
portable  and  battery  powered  instruments. 

The  ADG441,  ADG442  and  ADG444  contain  four  indepen- 
dent SPST  switches.  Each  switch  of  the  ADG441  and  ADG444 
turns  on  when  a  logic  low  is  applied  to  the  appropriate  control 
input.  The  ADG442  switches  are  turned  on  with  a  logic  high  on 
the  appropriate  control  input.  The  ADG441  and  ADG444 
switches  differ  in  that  the  ADG444  requires  a  5  V  logic  power 
supply  which  is  applied  to  the  VL  pin.  The  ADG441  and 
ADG442  do  not  have  a  VL  pin,  the  logic  power  supply  being 
generated  internally  by  an  on-chip  voltage  generator. 


FUNCTIONAL  BLOCK  DIAGRAMS 


ADG441 
ADG444 


~t>~-£ 


SWITCHES  SHOWN  FOR  A  LOGIC  "1"  INPUT 


Each  switch  conducts  equally  well  in  both  directions  when  ON 
and  has  an  input  signal  range  that  extends  to  the  power  sup- 
plies. In  the  OFF  condition,  signal  levels  up  to  the  supplies  are 
blocked.  All  switches  exhibit  break-before-make  switching  action 
for  use  in  multiplexer  applications.  Inherent  in  the  design  is  low 
charge  injection  for  minimum  transients  when  switching  the 
digital  inputs. 

PRODUCT  HIGHLIGHTS 

1 .  Extended  Signal  Range 

The  ADG441/ADG442/ADG444  are  fabricated  on  an  en- 
hanced LC2MOS,  trench-isolated  process,  giving  an  in- 
creased signal  range  that  extends  to  the  supply  rails. 

2.  Low  Power  Dissipation 

3.  Low  RoN 

4.  Trench  Isolation  Guards  Against  Latch  Up 

A  dielectric  trench  separates  the  P  and  N  channel  transistors 
thereby  preventing  latch  up  even  under  severe  overvoltage 
conditions. 

5.  Break-Before-Make  Switching 

This  prevents  channel  shorting  when  the  switches  are  config- 
ured as  a  multiplexer. 

6.  Single  Supply  Operation 

For  applications  where  the  analog  signal  is  unipolar,  the 
ADG441/ADG442/ADG444  can  be  operated  from  a  single 
rail  power  supply.  The  parts  are  fully  specified  with  a  single 
+ 1 2  V  power  supply. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS'  ADG441/AD6442/ADG444 


Dlial  Supply  (VDD  =  +15  V  ±  10%,  Vss=  -15  V  ±  10%,  VL  =  +5  V  ±  10%  (AD6444),  GND  =  0  V,  unless  otherwise  noted) 


B  Version 

T  Version 

-40°C  to 

-55°C  to 

1  ara  meter 

+25°C 

+85°C 

+25°C 

+  125°C 

• 

 —  

1  est  donditions/CjOtnments 

ANALOG  SWITCH 

Analog  Signal  Range 

Vss  to  VDD 

Vss  to  VDD 

V 

Ron 

40 

40 

Qtyp 

VD  =  ±8.5V,  Is  = -10  mA 

70 

85 

70 

85 

Q  max 

VDD  =  +13.5  V,  Vss  =  -13.5  V 

ARon 

4 
0 

4 

0 

Qtyp 
£2  max 

-8.5  V<VD<+8.5  V 

Ro\  Mstch 

1 

J 



1 

3 

£}  typ 
n  max 

VD  =  0  V,  Is  =  -10  mA 

LEAKAGE  CURRENTS 

VDD  = +16.5  V,  Vss  = -16.5  V 

Source  OFF  Leakage  Is  (OFF) 

±0.01 

±0.01 

nA  typ 

VD  =  ±15.5  V,  Vs=  +15.5  V; 

±0.5 

±3 

±0.5 

±20 

nA  max 

Test  Circuit  2 

urain  urr  L^eaKage  iu  ^urrj 

±0.01 

±0.01 

tl 

nA  typ 

v  —  +  1S5V  v  —  :z  i  s  ^  v- 

V])  —  I1J.J  V,  Vs  —  +  1  J.J  V, 

±0.5 

±3 

±0.5 

±20 

Test  Circuit  2 

Channel  ON  Leakage  In,  Is  (ON) 

±0.08 

±0.08 

nA  typ 

Vc  =  Vr,  =  + 1 5  5  V' 

±0.5 

±3 

±0.5 

±40 

Test  Circuit  3 

DIGITAL  INPUTS 

Input  High  Voltage,  V1NH 

2.4 

2.4 

V  min 

Input  Low  Voltage,  ViN1 

0.8 

0.8 

V  max 

Input  Current 

Iixxor  Ijkh 

±0.00001 

±0.00001 

uAtyp 

Vjn  =  VINL  or  V1NH 

±0.5 

±0.5 

uA  max 

tox 

85 

85 

ns  tVD 
typ 

RL  =  1  kfi,  CL  =  35  pF; 

110 

170 

110 

170 

ns  max 

Vc  =  +  1  ft  V-  Teif  Pirmir  4 

toFF 

45 

45 

Ri  =  1  kfi  Ci  =  35  dF- 

60 

80 

60 

80 

ns  max 

Vs  =  ±  1 0  Vj  Test  Circuit  4 

to  PEN 

30 

30 

ns  typ 

RL  =  1  kfi,  CL  =  35  pF; 

Charge  Injection 

1 

1 

pCtyp 

Vs  =  0  V,  Rs  =  0  a,  CL=  1  nF; 

6 

6 

pC  max 

VDD  =  +15V,  Vss  = -15  V; 
Test  Circuit  5 

OFF  Isolation 

60 

60 

dB  typ 

RL  =  50  Q,  CL  =  5  pFj 
f  =  1  MHz;  Test  Circuit  6 

Channel-to-Channel  Crosstalk 

100 

100 

dBtyp 

RL  =  50  £2,  CL  =  5  pF; 

f  =  1  MHz;  Test  Circuit  7 

Cs  (OFF) 

4 

4 

pFtyp 

f  =  1  MHz 

CD  (OFF) 

4 

4 

pF  typ 

f  =  1  MHz 

CD,  Cs  (ON) 

16 

16 

pF  typ 

f  =  1  MHz 

POWER  REQUIREMENTS 

VDD  = +16.5  V,  Vss  = -16.5  V 

Digital  Inputs  =  0  V  or  5  V 

DADG441/ADG442 

80 

80 

uA  max 

ADG444 

0.001 

0.001 

uAtyp 

1 

2.5 

1 

2.5 

uA  max 

Iss 

0.0001 

0.0001 

uAtyp 

1 

2.5 

1 

2.5 

uA  max 

IL  (ADG444  Only) 


0.001 

1 



0.001 

1 

uAtyp 
HA  max 

VL  =  +5.5  V 

2.5 

2.5 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ADG441/ADG442/ADG444 

Single  Supply  (VDD=  +12  V±  10%,  Vss=  0  V,  VL  =  +5  V±  10%  (ADG444),  GNO  =  0  V,  unless  otherwise  noted) 


Parameter 


B  Version 

-40°C  to 
+25°C  +85°C 


T  Version 

-55°C  to 
+25°C  +125°C 


1  1 


Test  Conditions/Comments 


ANALOG  SWITCH 
Analog  Signal  Range 
Ron 

ARon 


70 
110 


Ron  Match 


0  to  VDD 

130 
4 
9 
1 

3 


70 
110 


0  to  VDD 

130 
4 
9 
1 

3 


V 

Qtyp 
Q  max 
£3  typ 
Q  max 
iltyp 
£}  max 


VD  =  +3  V,  +8  V,  Is  ■ 
VDD  =  +10.8V 
+3  V  <  VD  <  +8  V 


-10  mA; 


VD  =  6  V,  Is  =  -10  mA 


LEAKAGE  CURRENT 

Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

Channel  ON  Leakage  ID>  Is  (ON) 


±0.01 

±0.5 

±0.01 

±0.5 

±0.08 

±0.5 


+  3 
+  3 

±3 


±0.01 

±0.5 

±0.01 

±0.5 

±0.08 

±0.5 


±20 
±20 
±40 


nA  typ 
nA  max 
nA  typ 
nA  max 
nA  typ 


VDD  =  +13.2V 

VD  =  12.2  V/l  V,  Vs  =  1  V/12.2  V; 
Test  Circuit  2 

VD=  12.2  V/l  V,VS=  1  V/12.2  V; 

Test  Circuit  2 

VS  =  VD=  12.2  V/l  V; 

Test  Circuit  3 





DIGITAL  INPUTS 

Input  High  Voltage,  VINH 
Input  Low  Voltage,  Vinl 
Input  Current 

I,NLOrI,NH 


2.4 
0.8 

±0.00001 
±0.5 


2.4 
0.8 

±0.00001 
±0.5 


V  min 

V  max 

uAtyp 
(lA  max 


V1N  =  VINLorV1NH 




RL  =  1  k£2,  CL  =  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  1  kii,  CL  =  35  pF; 
Vs  =  +8  V;  Test  Circuit  4 
RL  =  1  kQ,  CL  =  35  pF; 
Vs  =  6  V,  Rs  =  0  Q,  CL  =  1  nF; 
VDD  =  +12V,  Vss  =  0V; 
Test  Circuit  5 

R,.  =  50  £1,  CL=5pF,f=lMHz; 
Test  Circuit  6 

RL  =  50  a,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  7 
f  =  1  MHz 
f  =  1  MHz 
f  =  1  MHz 


DYNAMIC  CHARACTERISTICS 

tQN 


OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 


105 

150 

40 

60 

50 

2 

6 

60 

100 

7 

10 

16 


220 
100 


105 

150 

40 

60 

50 

2 

6 

60 

100 

7 

10 

16 


220 


ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 
pC  typ 
pC  max 

dB  typ 

dB  typ 

pF  typ 
pF  typ 
pF  typ 


POWER  REQUIREMENTS 
Idd 

ADG441/ADG442 
ADG444 

IL  (ADG444  Only) 



0.001 
i 

0.001 

1 


80 
2.5 
2.5 


80 

0.001 

1  2.5 
0.001 

1  2.5 


uA  max 
uAtyp 
uA  max 
"A  typ 


VDD  =  +13.2V 

Digital  Inputs  =  0  V  or  5  V 


VL=  +5.5  V 


 1  


NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  + 1 25°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 


ORDERING  GUIDE 


Table  I.  Truth  Table 


ADG441/ADG444 

ADG442 

Switch 

IN 

IN 

Condition 

0 

1 

ON 

1 

0 

OFF 

Model1 

Temperature  Range 

Package  Option2 

ADG441BN 

-40°C  to  +85°C 

N-16 

ADG441BR 

-40°C  to  +85°C 

R-16A 

ADG441TQ 

-55°C  to  +125°C 

Q-16 

ADG442BN 

-40°C  to  +85°C 

N-16 

ADG442BR 

-40°C  to  +85°C 

R-16A 

ADG444BN 

-40°C  to  +85°C 

N-16 

ADG444BR 

-40°C  to  +85°C 

R-16A 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP,  R  =  0.15"  Small  Outline  IC  (SOIC),  Q  =  Cerdip.  For  outline 
information  see  Package  Information  section. 
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ADG441/ADG442/ADG444 


ABSOLUTE  MAXIMUM  RATINGS1 

(T^  =  +25°C  unless  otherwise  noted) 

VddWVss  +44  V 

VDDtoGND   -0.3  V  to  +25  V 

Vss  to  GND  +0.3  V  to  -25  V 

VLtoGND   -0.3  V  to  VDD  +  0.3  V 

Analog,  Digital  Inputs-   Vss  -  2  V  to  VDD  +  2  V 

or  30  mA,  Whichever  Occurs  First 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D  100  mA 

(Pulsed  at  1  ms,  10%  Duty  Cycle  Max) 
Operating  Temperature  Range 

Industrial  (B  Version)  -40°C  to  +85°C 

Extended  (T  Version)   -55°C  to +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature   + 1 50°C 

Cerdip  Package,  Power  Dissipation   900  mW 


TERMINOLOGY 


8JA,  Thermal  Impedance   76°C/W 

Lead  Temperature,  Soldering  (10  sec)  +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

8JA,  Thermal  Impedance  177°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

SOIC  Package,  Power  Dissipation  600  mW 

Gja,  Thermal  Impedance   77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability.  Only 
one  absolute  maximum  rating  may  be  applied  at  any  one  time. 

2Overvoltages  at  IN,  S  or  D  will  be  clamped  by  internal  diodes.  Current  should  be 
limited  to  the  maximum  ratings  given. 


VL 

GND 

S 

D 

IN 

Ron 

Ron  Match 
Is  (OFF) 
Id  (OFF) 
Id,  Is  (ON) 
VD(VS) 
Cs(OFF) 
CD  (OFF) 
CD,  Cs(ON) 

tON 
tOFF 
tOFEN 

Crosstalk 

Off  Isolation 

Charge 
Injection 


Most  Positive  Power  Supply  Potential. 

Most  Negative  Power  Supply  Potential  in  dual 

supplies.  In  single  supply  applications,  it  may  be 

connected  to  ground. 

Logic  Power  Supply  (+5  V). 

Ground  (0  V)  Reference. 

Source  Terminal.  May  be  an  input  or  output. 

Drain  Terminal.  May  be  an  input  or  output. 

Logic  Control  Input. 

Ohmic  resistance  between  D  and  S. 

Difference  between  the  Ron  of  any  two  channels. 

Source  leakage  current  with  the  switch  "OFF." 

Drain  leakage  current  with  the  switch  "OFF." 

Channel  leakage  current  with  the  switch  "ON." 

Analog  voltage  on  terminals  D,  S. 

"OFF"  Switch  Source  Capacitance. 

"OFF"  Switch  Drain  Capacitance. 

"ON"  Switch  Capacitance. 

Delay  between  applying  the  digital  control 

input  and  the  output  switching  on. 

Delay  between  applying  the  digital  control 

input  and  the  output  switching  off. 

Break-Before-Make  Delay  when  switches  are 

configured  as  a  multiplexer. 

A  measure  of  unwanted  signal  which  is  coupled 

through  from  one  channel  to  another  as  a  result 

of  parasitic  capacitance. 

A  measure  of  unwanted  signal  coupling  through 
an  "OFF"  switch. 

A  measure  of  the  glitch  impulse  transferred  from 
the  digital  input  to  the  analog  output  c 
switching. 


output  during 



CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ADG441/ADG442  PIN  CONFIGURATION  (DIP/SOIC) 


ADG444  PIN  CONFIGURATION  (DIP/SOIC) 


Hi  [T 

D1  [T 

si  [T 
Vss  [7 

GND  [T 
S4  [T 

wff 

M4  [T 


ADG441 
ADG442 

TOP  VIEW 
(Not  to  Scale) 


«]  IN2 

IN1  [7 

T5]  at 

D1  [T 

U\  S2 

si  [7 

n\  vno 

«]  NC 

GNO  [7 

vT]  S3 

S4  [T 

10)  D3 

D4  [7 

T]  INS 

IN4  [T 

ADG444 

TOP  VIEW 
(Not  to  Scale) 


M 

1 

02 

m 

S2 

m 

»i 

El 

S3 

3 

D3 

J] 

IN3 

NC  =  NO  CONNECT 
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transistors  of  each  CMOS  switch.  Parasitic  junctions,  which  oc- 
cur between  the  transistors  in  junction  isolated  switches,  are 
eliminated,  the  result  being  a  completely  latch-up  proof  switch. 

In  junction  isolation,  the  N  and  P  wells  of  the  PMOS  and 
NMOS  transistors  form  a  diode  that  is  reverse-biased  under 
normal  operation.  However,  during  overvoltage  conditions,  this 
diode  becomes  forward  biased.  A  silicon-controlled  rectifier 
(SCR)  type  circuit  is  formed  by  the  two  transistors  causing  a  sig- 
nificant amplification  of  the  current  which,  in  turn,  leads  to 
latch  up.  With  trench  isolation,  this  diode  is  removed,  the  result 
being  a  latch-up  proof  switch. 

Trench  isolation  also  leads  to  lower  leakage  currents.  The 
ADG441,  ADG442  and  ADG444  have  a  leakage  current 
of  0.5  nA  as  compared  with  a  leakage  current  of  several 
nanoamperes  in  non-trench  isolated  switches.  Leakage  current  is 
an  important  parameter  in  sample-and-hold  circuits,  this  current 
being  responsible  for  the  discharge  of  the  holding  capacitor  with 
time  causing  droop.  The  ADG441/ADG442/ADG444's  low 
leakage  current,  along  with  its  fast  switching  speeds,  make  it 
suitable  for  fast  and  accurate  sample-and-hold  circuits. 


LOCOS 


Typical  Performance  Characteristics 


SUBSTRATE  (BACK  GATE) 

Figure  1.  Trench  Isolation 



10  15 


170 

150 

130 

110 

a 

'  90 

J 

70 

50 

30 

10 

Figure  2.  R0n  as  a  Function  of  VD  <VS):  Dual  Supply 


Figure  3.  R0n  as  a  Function  of  V0  (Vs):  Single  Supply 
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ADG441/ADG442/ADG444 


Figure  4.  R0N  as  a  Function  of  V0  (Vs)  for  Different 
Temperatures 


V„  V„  -  Volt. 


2  4  6  8 

VD(Vs)-Volts 

Figure  7.  RON  as  a  Function  of  VD  <VS)  for  Different 
Temperatures 


Figure  5.  Leakage  Currents  as  a  Function  of  Vs  <VD) 


vs.v„  -  Vote 

Figure  8.  Leakage  Currents  as  a  Function  of  Vs  (VD) 
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Figure  6.  Crosstalk  and  Off  Isolation  vs.  Frequency 
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Figure  9.  Charge  Injection  vs.  Source  Voltage 
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ANALOG 
DEVICES 


CMOS 

4/8  Channel  Analog  Multiplexers 


ADG508A/ADG509A 


FEATURES 

44V  Supply  Maximum  Rating 
Vss  to  Vdo  Analog  Signal  Range 
Single/Dual  Supply  Specifications 
Wide  Supply  Ranges  (10.8V  to  16.5V) 
Extended  Plastic  Temperature  Range 

(-40°Cto  +85°C) 
Low  Power  Dissipation  (28mW  max) 
Low  Leakage  (20pA  typ) 
Available  in  16-Lead  DIP/SOIC  and 

20-Lead  PLCC/LCCC  Packages 
Superior  Alternative  to: 

DG508A,  HI-508 

DG509A,  HI-509 


FUNCTIONAL  BLOCK  DIAGRAMS 


ADG509A 
Q  D     S1A  O— O^O- 


GENERAL  DESCRIPTION 

The  ADG508A  and  ADG509A  are  CMOS  monolithic  analog 
multiplexers  with  8  channels  and  dual  4  channels  respectively. 
The  ADG508A  switches  one  of  8  inputs  to  a  common  output 
depending  on  the  state  of  three  binary  addresses  and  an  enable 
input.  The  ADG509A  switches  one  of  4  differential  inputs  to  a 
common  differential  output  depending  on  the  state  of  two  binary 
addresses  and  an  enable  input.  Both  devices  have  TTL  and  5V 
CMOS  logic  compatible  digital  inputs. 

The  ADG508A  and  ADG509A  are  designed  on  an  enhanced 
LC2MOS  process  which  gives  an  increased  signal  capability  of 
Vss  to  VDn  and  enables  operation  over  a  wide  range  of  supply 
voltages.  The  devices  can  comfortably  operate  anywhere  in  the 
10.8V  to  16.5V  single  or  dual  supply  range.  These  multiplexers 
also  feature  high  switching  speeds  and  low  Ron- 

PRODUCT  HIGHLIGHTS 

1.  Single/Dual  Supply  Specifications  with  a  Wide  Tolerance: 
The  devices  are  specified  in  the  10.8V  to  16.5V  range  for 
both  single  and  dual  supplies. 

2.  Extended  Signal  Range: 

The  enhanced  LC2MOS  processing  results  in  a  high  breakdown 
and  an  increased  analog  signal  range  of  VSs  to  Vdd- 

3.  Break-Before-Make  Switching: 

Switches  are  guaranteed  break-before-make  so  that  input 
signals  are  protected  against  momentary  shorrine 


ORDERING  GUIDE 


— i  1  >     1,1      J  I  I  o» 

Leakage  currents  in  the  range  of  20pA  make  these  multiplexers 
suitable  for  high  precision  circuits. 


Model1 


ADG508AKN 
ADG508AKR 
ADG508AKP 
ADG508ABQ 
ADG508ATQ 
ADG508ATE 


ADG509AKN 
ADG509AKR 
ADG509AKP 
ADG509ABQ 
ADG509ATQ 
ADG509ATE 


Temperature 
Range 


-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto  +  85°C 
-40°Cto  +85°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 


Package 
Option2 


N-16 

R-16A 

P-20A 

Q-16 

Q-16 

E-20A 


N-16 

R-16A 

P-20A 

Q-16 

Q-16 

E-20A 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add 
883B  to  part  number.  See  Analog  Devices  Military 
Products  Databook  (1990)  for  military  data  sheet. 
JE  =  Leadless  Ceramic  Chip  Carrier  (LCCC);  N  = 
Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC); 
Q  =  Cerdip;  R  =  0.15"  Small  Outline  IC  (SOIC). 
Fore 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


DUAL  SUPPLY  (Vqq  =  +10.8V  to  +16.5V,  Vss  =  -10.8V  to  -16.5V  unless  otherwise  noted.) 


ADG508A/ADG509A 


ADG508A 

ADG508A 

ADG508A 

ADG509A 

ADG509A 

ADG509A 

K  Version 

B  Version 

T  Version 

—  55°C  to 
+  125°C 

Parameter 

+  25"C 

+  85X 

+  25"C 

+  85°C 

+  25°C 

Units 

Co  U 

ANALOG  SWITCH 

Analog  Signal  Range 

Vss 
VDD 

Vss 
Vdd 

Vss 
VDD 

Vss 
Vdd 

Vss 
Vdd 

Vss 
Vdd 

Vmin 
Vmax 

-  10VsVss  +  10V,  1DS  =  1mA;  Test  Circuil 

280 
450 

600 

280 
450 

600 

280 
450 

600 

fityp 
fl  max 

• 

Ron  Drift 
Ron  Match 

300  400 
0.6 

JujiDiwT     1  m 

300 

0.6 

5 

400 

300 
0.6 

5 

400 

£1  max 
Cl  max 

%/°Ctyp 
%typ 

VDD=  15V(±  10%),  Vss  =  -  15V(±  10%) 
VDD=  15V(  ±  5%),  Vss  =,  -  15V(  ±  5%) 
Vs  =  0,lDS  =  lmA 
-  10VS  Vs«  +  10V,  Ids  =  1mA 

Is  (OFF),  Off  Input  Leakage 

0.02 
1 

50 

0.02 
1 

50 

0.02 
1 

50 

nAtyp 
nA  max 

VI  =  ±  10V,  V2  =  +  10V;  Test  Circuit  2 

ID  (OFF),  Off  Output  Leakage 
ADG508A 

0.04 
1 

100 

0.04 
1 

100 

0.04 
1 

100 

nAtyp 
nA  max 

VI  =  ±  10V,  V2  =  +  10V;  Teat  Circuit  3 

ADG509A 

1 

50 

1 

50 

1 

50 

nA  max 

ADG508A 

0.04 
1 

100 

0.04 
1 

100 

0.04 
1 

100 

nA  max 

VI  =  V2  =  +  10V-  Test  Circuit  4 

ADG509A 

1 

50 

1 

50 

1 

1  | 

50 

nA  max 

IDIFF,  Differential  Off  Output 
Leakage  (ADG509A  only) 

25 

25 

25 

nA  max 

VI  =  ±  10V,  V2  =  +  10V;  Test  Circuit  5 

DIGITAL  CONTROL 

Vnj  =  0toVDD 

Vinh)  Input  High  Voltage 
VfNL,  Input  Low  Voltage 

IlNLOrlrNH 

C[n  Digital  Input  Capacitance 

8 

2.4 
0.8 

8 

2.4 
0.8 
1 

8 

2.4 
0.8 

Vmin 
Vmax 
{j.  A  max 

PFlPaX 

DYNAMIC  CHARACTERISTICS 



1 

^transition' 

200 
300 

400 

200 
300 

400 

200 
300 

400 

ns  typ 
ns  max 

Vl=  ±10V»V2= +10V;  Test  Circuit  6 

tOFEN1 

50 
25 

10 

50 
25 

10 

50 
25 

10 

ns  typ 
ns  mm 

Test  Circuit  7 

t^KifENV 

K>N  J 

200 

200 

200 

ns  typ 

Test  Circuit  8 

300 

400 

300 

400 

300 

400 

ns  max 

tOFF  (EN)1 

200 

200 

200 

ns  typ 

Test  Circuit  8 

300 

400 

300 

400 

300 

400 

ns  max 

OFF  Isolation 

68 
50 

68 
50 

68 
50 

dB  typ 
dBmin 

Ven  =  0.8V,  RL  =  lkn,  CL  =  15pF, 
Vs  =  7Vrms,f=100kHz 

Cs(OFF) 
CD(OFF) 
ADG508A 
ADG509A 

5 

22 

1  1 

5 

22 
1 1 

5 

22 
1 1 

pFtyp 

pFtyp 
pF  typ 
pCtyp 

Ven  =  0.8V 
Ven  =  0.8V 

Qtnj,  Charge  Injection 

4 

4 

4 

Rs  =  Oil,  Vs  =  0;  Test  Circuit  9 

POWER  SUPPLY 
Idd 

0.6 

1.5 

0.6 

1.5 

0.6 

1.5 

mA  typ 
mA  max 

VlN  =  ViNI_OrViNH 

Iss 

• 

Power  Dissipation 

20 
10 

0.2 
28 

20 
10 

0.2 
28 



20 
10 



0.2 
28 

r^A  typ 
mA  max 

mW  typ 
mWmax 

VrN  =  VrNi.orVIN„ 

lit  1 


NOTE 


at  25*C  to  ensure  compliance. 
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ADG508A/ADG509A 

SINGLE  SUPPLY  (VD0  =  +10.8V  to  +16.SV,  Vss  =  GND  =  OV  unless  otherwise  noted.) 


ADG50SA 

ADGS08A 

ADGS08A 

ADGS09A 
K  Version 

ADGS09A 
B  Version 

ADG509A 
T  Version 

Parameter 

+  25°C 

-40*Cto 
+  85-C 

+  25X 

-40Xto 
+  85°C 

+  25°C 

-55Xto 
+  125-C 

Units 

Comments 

ANALOG  SWITCH 
Analog  Signal  Range 

GND 

GND 

GND 

GND 

GND 

GND 
Vdd 

1000 

V  min 
Vmax 
fltyp 
fl  max 

%/°Ctyp 
%typ 

Ron 

Ron  Drift 
Ron  Match 

Vdd 

SOO 

700 

0.6 

5 

Vdd 
1000 

Vdd 
500 
700 
0.6 

s 

Vdd 
1000 

Vdd 
500 
700 
0.6 

5 

GNDsVss  +  10V,  lDs-0.5mA; Test  Circuit  1 

Vs  =  0,  lDs=0.5mA 

GNDs  Vs£  +  10V,  IDS  =  0.5mA 

Is(OFF),0£f  Input  Leakage 

0.02 
1 

50 

0.02 

50 

0.02 

50 

nAtyp 
nAmax 

VI  =  +  10V/GND,  V2  =-GND/+  10V, 
Test  Circuit  2 

ID(OFF),  Off  Output  Leakage 
ADG508A 
ADG509A 

ID  (ON),  On  Channel  Leakage 

ADG508A 

ADG509A 
Idiff,  Differential  Off  Output 

Leakage  (ADG509A  only) 

0.04 

1 

1 

0.04 

1 

1 

100 

50 

100 
50 

25 

0.04 

1 

1 

0.04 

1 

1 

100 
50 

100 

50 

25 

0.04 

1 

0.O4 

1 
1 

100 
50 

100 
50 

25 

nAtyp 
nAmax 
nAmax 

nAtyp 
nAmax 
nAmax 

nAmax 

VI  =  +  10V/GND,  V2  =  GND/+  10V; 
Test  Circuit  3 

V1  =  V2=  +10V/GND; 
Test  Circuit  4 

Vl=  +10V/GND,V2  =  GND/+10V; 
Test  Circuit  5 

DIGITAL  CONTROL 
*rNH>  input  mgn  voltage 
VrNL,  Input  Low  Voltage 

IlNLOf  IlNM 

Cin  Digital  Input  Capacitance 

| 

2.4 
0.8 

8 

2.4 
0.8 

I 

g 

2.4 

0.8 
1 

Vmax 
llA  max 
pF  max 

VrN  =  0toVDD 

DYNAMIC  CHARACTERISTICS 
tnuNsmoN1 

300 
450 

600 

300 
450 

600 

300 
450 

600 

ns  typ 
ns  max 

VI  =+ 10V/GND,  V2  =  GND/ +  10V;  Test  Circuit  6 

Iopen' 

50 
25 
250 
450 

10 

50 
25 

10 

50 

10 

nstyp 
ns  min 

Test  Circuit  7 

Ion(EN)' 

600 

250 
450 

600 

250 
450 

600 

nstyp 
ns  max 

Tes.CircuitS 

IoffCEN)1 

250 
450 

600 

250 
450 

600 

600 

nstyp 
ns  max 

Test  Circuit  8 

OFF  Isolation 

68 

50 

68 
50 

68 
50 

dBtyp 
dB  min 

Ven  =  0.8V,Rl=  lkn,CL=  15pF, 
Vs  =  3.5Vrms,f-100kHz 

Cs(OFF) 

ADGS08A 
ADGS09A 
Qinj,  Charge  Injection 

5 

22 
11 
4 

5 

22 
11 
4 

5 

22 
11 
4 

pFtyp 

pFtyp 
pFtyp 
pCtyp 

Ven  =  0.8V 
VEN-0.8V 

Rs  =  Oft,  Vs  =  0V;  Test  Circuit  9 

POWER  SUPPLY 
Idd 

0.6 

1.5 

0.6 

1.5 

0.6 

1.5 

mA  typ 
mA  max 

Vin = VrNL  or  VrNH 

Power  Dissipation 

10 

25 

10 



25 

10 

25 

mWtyp 
mW  max 

NOTE 

'  Sample  tested  at  25°C  to  en 
Specifications  subject  to  cha 

TERMINOLOGY 

Ron  Ohmic  resistance  between  terminals  D  and  S 

Ron  Match      Difference  between  the  Ron  of  any  two  channels 
Ron  Drift       Change  in  Ron  versus  temperature 
Is  (OFF)         Source  terminal  leakage  current  when  the  switch 
is  off 

ID  (OFF)        Drain  terminal  leakage  current  when  the  switch 
is  off 

ID  (ON)         Leakage  current  that  flows  from  the  closed  switch 

into  the  body 
Vs  (Vd)  Analog  voltage  on  terminal  S  or  D 

Cs  (OFF)        Channel  input  capacitance  for  "OFF"  condition 
CD  (OFF)       Channel  output  capacitance  for  "OFF' 

condition 


Cin 

toFF  (EN) 
^TRANSITION 


V,NL 
VlNH 

IlNL  (I'Nh) 

Vdd 
Vss 
Idd 
Iss 


Digital  input  capacitance 

Delay  time  between  the  50%  and  10%  points  of 
the  digital  input  and  switch  "OFF"  condition 
Delay  time  between  the  50%  and  90%  points  of 
the  digital  inputs  and  switch  "ON"  condition 
when  switching  from  one  address  state  to 
another 

"OFF"  time  measured  between  50%  points  of 
both  switches  when  switching  from  one  address 
state  to  another 

Maximum  input  voltage  for  Logic  "0" 
Minimum  input  voltage  for  Logic  "1" 
Input  current  of  the  digital  input 
Most  positive  voltage  supply 
Most  negative  voltage  supply 
Positive  supply  current 
Negative  supply  current 
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ABSOLUTE  MAXIMUM  RATINGS1 

VootoGND  .  .'.  

VsstoGND  

Analog  Inputs2 


ADG508A/ADG509A 


at  S,  D  Vss  -2V  to  VDD  +2V  or 

20mA,  Whichever  Occurs  First 

Continuous  Current,  S  or  D   20mA 

Pulsed  Currents  or  D 

lms  Duration,  10%  Duty  Cycle   40mA 

Digital  Inputs2 

Voltage  at  A,  EN  Vss  -4V  to  VDd  +  4V  or 

20mA,  Whichever  Occurs  First 

Power  Dissipation  (Any  Package) 

Up  to  +75°C   470mW 

Derates  above  +75°Cby  6mW/°C 

TRUTH  TABLES 


44V       Operating  Temperature 

25V  Commercial  (K  Version)   -40°Cto+85°C 

-25V  Industrial  (B  Version)   -  40°C  to  +  85°C 

Extended  (T  Version)  -  55°C  to  +  125°C 

Storage  Temperature  Range  —  65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)   +  300°C 


NOTES 

'Stresses  above  "those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Overvoltage  at  A,  EN,  S  or  D  will  be  clamped  by  diodes.  Current  should  be  lim- 
ited to  the  A 


A2 

Al 

AO 

EN 

ON  SWITCH 

X 

X 

X 

0 

NONE 

0 

0 

0 

1 

0 

0 

1 

2 

0 

0 

3 

0 

1 

1 

4 

1 

0 

0 

5 

1 
1 
1 

0 

1 
1 

1 

0 

1 

6 
7 
8 

Al 

AO 

EN 

ON 
SWITCH 
PAIR 

X 

X 

0 

NONE 

0 

0 

1 

1 

0 

1 

1 

2 

1 

0 

1 

3 

1 

1 

1 

4 

=  Don'tCare 


ADG509A 


X  =  Don't  Care 


ADG508A 


CAUTION   

ESD  (Electro-Static-Discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electrostatic 
fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam  should  be 
discharged  to  the  destination  socket  before  devices  are  removed. 

 1  


DIP,  SOIC 


PIN  CONFIGURATIONS 
LCCC 


5  S  i 

mmnRR 


si  [T 

NC  [T 

sa  [T 

S3  |"T 


ADGS08A 
TOP  VIEW 
(Not  to  Scale) 


is]  GNU 

t?]  Voo 

is]  NC 

15]  S5 

14]  S6 


NO  CONNECT 


S  0  g  S  B 


NC  =  NO  CONNECT 


S    °    *    °    3     NC.NO  CONNECT 


v-E 

S1A  [T 
NC  [T 
S2A  [T 
S3A  (T 


ADG509A 
TOP  VIEW 
(Not  to  Scale) 


3v„ 

t7|  S18 

16]  NC 

is|  S2B 

m]  S38 


3    2    *     *     I      NC  =  NO  CONNECT 
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ANALOG 
DEVICES 


LC2M0S  4/8  Channel  Fault-Protected 

Analog  Multiplexers 


ADG508F/ADG509F/ADG528F/ADG529F 


FEATURES 

Wide  Supply  Ranges  (10.8  V  to  16.5  V) 
Low  On  Resistance  (300  Q  max) 
Fast  Switching  Times 
t0N  300  ns  max 
t0FF  300  ns  max 
Low  Power  Dissipation  (3.3  mW  max) 
Fault  and  Overvoltage  Protection 
All  Switches  OFF  with  Power  Supply  OFF 
ON  Channel  Turns  OFF  if  Overvoltage  Occurs 
Latch-Up  Proof  Construction 
Break-Before-Make  Construction 
TTL  and  CMOS  Compatible  Inputs 
Superior  Alternative  to 
MAX358/MAX359 
DG458/DG459 

APPLICATIONS 
Data  Acquisition  Systems 
Industrial  and  Process  Control  Systems 
Avionics  Test  Equipment 
Signal  Routing  Between  Systems 
High  Reliability  Control  Systems 

GENERAL  DESCRIPTION 

The  ADG508F,  ADG509F,  ADG528F  and  ADG529F  are 
CMOS  analog  multiplexers  comprising  eight  single  channels 
and  four  differential  channels  respectively  which  have  fault  pro- 
tection. Using  a  series  n-channel,  p-channel,  n-channel 
MOSFET  structure,  both  device  and  signal  source  protection 
is  provided  in  the  event  of  an  overvoltage  or  power  loss.  The 
multiplexer  can  withstand  continuous  overvoltage  inputs  up  to 
±35  V.  During  fault  conditions,  the  multiplexer  input  (or  out- 
put) appears  as  an  open  circuit  and  only  a  few  nanoamperes  of 
leakage  current  will  flow.  This  protects  not  only  the  multiplexer 
and  the  circuitry  driven  by  the  multiplexer,  but  also  protects  the 
sensors  or  signal  sources  that  drive  the  multiplexer. 

The  ADG508F/ADG509F/ADG528F/ADG529F  are  designed 
on  an  enhanced  LC2MOS,  trench-isolated  process  that  provides 
low  power  dissipation  yet  gives  high  switching  speed  and  low  on 
resistance.  All  channels  exhibit  break-before-make  switching  ac- 
tion preventing  momentary  shorting  when  switching  channels. 

The  ADG508F  and  ADG528F  switch  one  of  eight  inputs  to  a 
common  output  as  determined  by  the  3-bit  binary  address  lines 
AO,  Al  and  A2.  The  ADG509F  and  ADG529F  switch  one  of 
four  differential  inputs  to  a  common  differential  output  as  deter- 
mined by  the  2-bit  binary  address  lines  AO  and  Al.  The 
ADG528F  and  ADG529F  have  on-chip  address  and  control 
latches  that  facilitate  microprocessor  interfacing.  An  EN  input 
on  each  device  is  used  to  enable  or  disable  the  device.  When 
disabled,  all  channels  are  switched  OFF. 


FUNCTIONAL  BLOCK  DIAGRAMS 

Si  • 


ADG509F 


S4AH. 


S4Bt> 


AD 


ADG529F 


S4A*> 


3H 


S4B  O 


AO  A1  A2  EN  RS 


 Il-O-O-O 


AO  A1  EN  RS 


To 


This 
Analog 


i  sheet,  call  our  fax  retrieval  sys 


PRODUCT  HIGHLIGHTS 

1 .  Fault  Protection 

The  ADG508F/ADG509F/ADG528F/ADG529F  can  with- 
stand continuous  voltage  inputs  up  to  ±35  V.  When  a  fault 
occurs,  due  to  the  power  supplies  being  turned  off  or  due  to 
an  overvoltage  being  applied  to  the  ADG508F/ADG509F/ 
ADG528F/ADG529F,  all  the  channels  are  turned  off  and 
only  a  leakage  current  of  a  few  nanoamperes  flows. 

2.  Dual  Supply  Specifications  with  a  Wide  Tolerance 
The  devices  are  specified  in  the  10.8  V  to  16.5  V  range. 

3.  Low  Ron 

4.  Fast  Switching  Times 

5.  Break-Before-Make  Switching 

Switches  are  guaranteed  break-before-make  so  that  input 
signals  are  protected  against  momentary  shorting. 

6.  Trench  Isolation  Guards  Against  Latch  Up 
A  dielectric  trench  separates  the  p  and  n-channel  MOSFETs 
thereby  preventing  latch-up. 


3  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice, 
ilog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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SPECIFICATIONS1 


ADG508F/ADG509F/ADG528F/ADG529F 


Dual  Supply  (VDo  =  +IO.8  V  to  +16.5  V,  Vss  =  -10.8  V  to  -m  V,  GND  =  0  %  unless  otherwise  noted) 


Parameter 


B  Version 

-40°C  to 
+25°C  +85°C 


T  Version 

-55°C  to 
+25°C  +125°C 


Units 


Test  Conditions/Comments 


ANALOG  SWITCH 
Analog  Signal  Range 


Ron 


Ron  Drift 
Ron  Match 


300 
200 


0.6 
5 


Vss +3 

VDD-0.7 

400 


250 


300 


200 


0.6 
5 


Vss +  3 
VDD  -  0.7 
400 

250 


V  min 

V  max 
£2  max 

£2  typ 

%/°C  typ 
%  typ 


-10V<Vs<+10V,Is=lmA; 

VDD  =  +15  V  ±  5%,  Vss  =  -15  V  ±  5% 

-5  V  <  Vs  <  +5  V,  Is  =  1  mA; 

VDD  =  +15  V  ±  10%,  Vss  =  -15  V  ±  10% 

Vs  =  0  V,  IDS  =  1  mA 

-10V<VS<+10V,  Is  =  1  mA 

VDD  =  +15  V  +  10%,  Vss  =  -15  V  ±  10% 


LEAKAGE  CURRENTS 

Source  OFF  Leakage  Is  (OFF) 


Drain  OFF  Leakage  I„  (OFF) 

ADG508F/ADG528F 

ADG509F/ADG529F 
Channel  ON  Leakage  ID,  Is  (ON) 

ADG508F/ADG528F 

ADG509F/ADG529F 


±0.02 

±0.5 

±0.04 

±1 

±1 

±0.04 

±1 

±1 


±50 


+  100 
±50 


±100 
±50 


±0.02 

±0.5 

±0.04 

±1 

±1 

±0.04 

±1 

±1 


r.50 


±100 
±50 


±100 
±50 


nA  typ 
nA  max 
nA  typ 
nA  max 
nA  max 
nA  typ 
nA  max 
nA  max 


VD  =±10  V,  Vs=  ?10  V; 
Test  Circuit  2 
VD  =  ±10V,VS=  +  10  V; 
Test  Circuit  3 

Vs  =  VD  =  ±10V; 
Test  Circuit  4 


FAULT 

Output  Leakage  Current 

(With  Overvoltage) 
Input  Leakage  Current 

(With  Overvoltage) 
Input  Leakage  Current 

(With  Power  Supplies  Off) 


+0.02 

±0.005 
±5 

±0.001 
±2 


±0.02 


±2 


DIGITAL  INPUTS 

Input  High  Voltage,  VINH 
Input  Low  Voltage,  Vinl  . 
Input  Current 

IlNLOrIMH 

C1N,  Digital  Input  Capacitance 





±0.005 
+  1 


s 


nAtyp 
uA  max 
uAtyp 
jjAmax 
uAtyp 
LiA  max 


Vs  =  ±33  V,  VD  =  0  V 

VS  =  ±25V,VD  =  ±25V 

Vs  =  ±25  V,VD  =  VBN  =  0  V, 
VIN  =  0  V  or  5  V 


V  min 
max 

jlA  max 
pFtyp 


Vm  =  0  or  VDD 
f  =  1  MHz 


DYNAMIC  CHARAC 

tTRANSrriON 


TERISTICS2 


toPEN 
t0N  (EN) 

toFF  (EN) 


tsETT,  Settling  Time 

0.1% 

0.01% 
tw,  Write  Pulse  Width 
ts,  Address,  Enable  Setup  Time 
tH,  Address,  Enable  Hold  Time 
tRS)  Reset  Pulse  Width 
Charge  Injection 
OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 

CD  (OFF) 

ADG508F/ADG528F 
ADG509F/ADG529F 


200 

300 

50 

25 

200 

300 

200 

300 


100 


400 

10 

400 

400 

0.6 

1.7 

120 

100 

10 

100 


15 
68 
50 
85 


15- 
10 


'  0.2 
0.2 


200 

300 

50 

25 

200 

300 

200 

300 


100 


15 


50 
85 


15 

10 


400 

10 

400 

400 

0.6 

1.7 

130 

100 

10 

100 


ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 
ns  max 

|ts  typ 
us  typ 
ns  min 
ns  min 
ns  min 
ns  min 
pC  typ 
dB  typ 
dB  min 
dB  typ 

pFtyp 

pFtyp 

PF  typ 


RL  =  1  M£2,  CL  =  35  pF; 
Vsi  =  ±10  V,  VS8  =  +10  V;  Test  Circuit  5 
RL  =  1  k£2,  CL  =  35  rF; 
Vs  =  +5  V;  Test  Circuit  6 
RL  =  1  k£2,  CL  =  35  pF; 
Vs  =  +5  V;  Test  Circuit  7 
RL  =lk£2,CL=35  pF; 
VS  = +5  V;  Test  Circuit  7 


Vs  =  0  V,  Rs  =  0  £2,  CL=  1  nF;  Test  Circuit  8 

RL  =  1  k£2,  CL  =  15  pF,  f  =  100  kHz; 

Vs  =  7  V  rms;  Test  Circuit  9 

RL  =  1  k£i,  CL  =  15  pF,  f  =  100  kHz; 

Test  Circuit  1 1 

f  =  1  MHz 

f  =  1  MHz 


POWER  REQUIREMENTS 
Id 


0.05 
0.1 
0.01 
0.1 


0.05 
0.1 
0.01 
0.1 


0.2 


0.2 


mA  typ 
mA  max 
mA  typ 


VIN  =  V, 


INL  T  Viuh 


NOTES 

'Temperature  ranges  are  as  follows:  B  Versions:  -40°C  to  +85°C;  T  Versions:  -55°C  to  +125°C. 
guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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VDDtoGND   -0.3  V  to  +25  V 

Vss  to  GND  +0.3  V  to  -25  V 

VEN)  VA  Digital  Input  Vss  -  4  V  to  VDD  +  4  V 

Vs,  Analog  Input  Overvoltage  with  Power  ON  Vss  -  20  V 

to  VDD  +  20  V 

Vs,  Analog  Input  Overvoltage  with  Power  OFF 

 -35  V  to +35  V 

Continuous  Current,  S  or  D   20  mA 

Peak  Current,  S  or  D 

(Pulsed  at  1  ms,  10%  Duty  Cycle  max)   40  mA 

Operating  Temperature  Range 

Industrial  (B  Version)  -^10°C  to  +85°C 

Extended  (T  Version)   -55°C  to +125°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Junction  Temperature  +150°C 

Cerdip  Package,  Power  Dissipation  900  mW 

9JA,  Thermal  Impedance  76°C/W 

Lead  Temperature,  Soldering  (10  sec)   +300°C 

Plastic  Package,  Power  Dissipation   470  mW 

eJA)  Thermal  Impedance  117°C/W 

Lead  Temperature,  Soldering  (10  sec)   +260°C 

SOIC  Package,  Power  Dissipation  600  mW 

6ja,  Thermal  Impedance  77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +22CC 

PLCC  Package,  Power  Dissipation   800  mW 

9ja,  Thermal  Impedance  90°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)   +220°C 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 
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CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 



WARNING! 


ESD  SENSITIVE  DEVICE 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ADG508F/ADG509F/ADG528F/ADG529F 


ORDERING  GUIDE 


Table  I.  ADG508F  Truth  Table 


Model1 


ADG508FBN 
ADG508FBR 
ADG508FBP 
ADG508FTQ 

ADG509FBN 
ADG509FBR 
ADG509FBP 
ADG509FTQ 

ADG528FBN 
ADG528FBP 
ADG528FTQ 

ADG529FBN 
ADG529FBP 
ADG529FTQ 


Temperature  Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

-55°Cto+i25°c 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to+125°C 

-40°C  to  +85°C 
-^0°C  to  +85°C 
-55°C  to+125°C 

-40°C  to  +85°C 
-A0°C  to  +85°C 
-55°Cto+125°C 


Package  Option2 


N-16 
R-16A 
P-20A 
Q-16 

N-16 
R-16A 
P-20A 
Q-16 

N-18 

P-20A 

Q-18 

N-18 

P-20A 

Q-18 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

2N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC);  Q  =  Cerdip; 
R  =  0.15"  Small  Outline  IC  (SOIC).  For  outline  information  see  Package 
Information  section. 


A2 

Al 

AO 

EN 

ON  SWITCH 

X 

X 

X 

0 

NONE 

0 

0 

0 

» 

0 

0 

1 

! 

0 

1 

0 

3 

0 

1 

1 

4 

1 

0 

0 

5 

1 

0 

»w<Ji  *«il»WU 

1 

1 

0 

7 

1 

1 

1 

1  " 

8 

X  =  Don't  Care 

Table  II.  ADG509F  Truth  Table 

Al 

AO 

EN 

ON  SWITCH  PAIR 

X 

X 

0 

NONE 

0 

0 

1 

1 

0 

1 

1 

2 

1 

0 

1 

3 

1 

1  K — 1 

1^ 

4 

=  Don't  Care. 


Table  III.  ADGS28F  Truth  Table 


A2 


X 
X 

X 
0 
0 
0 
0 

1 
1 
1 
1 


Al 


X 
X 

X 
0 
0 

1 
1 

0 

0 
j 

1 


AO 


X 
X 

X 
0 

1 

0 

1 

0 

1 

0 

1 


ON 

SWITCH 


Retains  Previous  Switch  Condition 

NONE  (Address  and  Enable 

Latches  Cleared) 

NONE 

1 

2 

3    '-■•„'.'  i     ,      .,„■  . . 

4 

5 

6 

7 

8 


X  -  Don't  Care 


Table  IV.  ADG529F  Truth  Table 


Al 

AO 

EN 

WR 

RS 

ON 

SWITCH  PAIR 

X 

X 

X 

f 

1 

Retains  Previous  Switch  Condition 

X 

X 

X 

X 

0 

NONE  (Address  and  Enable 

Latches  Cleared) 

X 

X 

0 

0 

NONE 

0 

0 

1 

0 

1 

0 

1 

1 

0 

2  .a*w 

1 

0 

1 

0 

3 

1 

1 

1 

0 

4 

X  =  Don't  Care 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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□ 


ANALOG 
DEVICES 


Dl  LC2M0S 

Precision  5  V/3  V  Quad  SPST  Switches 


ADG511/ADG512/ADG513 


FEATURES 

+3  V,  +5  V  or  ±5  V  Power  Supplies 
Ultralow  Power  Dissipation  (<0.5  nW) 
Low  Leakage  (<  100  pA) 
Low  On  Resistance  (<50  fl) 
Fast  Switching  Times 
Low  Charge  Injection 
Latch-Up  Proof 
TTL/CMOS  Compatible 


16-Pin  DIP  or  SOIC  Package 

APPLICATIONS 

Battery  Powered  Instruments 

Single  Supply  Systems 

Remote  Powered  Equipment 

+5  V  Supply  Systems 

Computer  Peripherals  such  as  Disk  Drives 
Precision  Instrumentation 
Audio  and  Video  Switching 
Automatic  Test  Equipment 
Precision  Data  Acquisition 
Sample  Hold  Systems 
Communication  Systems 
Compatible  with  ±5  V  Supply  DACs  and  ADCs  such  as 
AD7840/8,  AD7870/ 1/2/4/5/6/8 


•W8 


GENERAL  DESCRIPTION 

The  ADG511,  ADG512  and  ADG513  are  monolithic  CMOS  ICs 
containing  four  independently  selectable  analog  switches.  These 
switches  feature  low,  well-controlled  on  resistance  and  wide  ana- 
log signal  range,  making  them  ideal  for  precision  analog  signal 
switching. 

These  switch  arrays  are  fabricated  using  Analog  Devices' 
advanced  linear  compatible  CMOS  (LC2MOS)  process  which 
offers  the  additional  benefits  of  low  leakage  currents,  ultralow 
power  dissipation  and  low  capacitance  for  fast  switching  speeds 
with  minimum  charge  injection.  These  features  make  the 
ADG511,  ADG512  and  ADG513  the  optimum  choice  for  a  wide 
variety  of  signal  switching  tasks  in  precision  analog  signal  pro- 
cessing and  data  acquisition  systems. 

The  ability  to  operate  from  single  +3  V,  +5  V  or  ±5  V  bipolar 
supplies  make  the  ADG511,  ADG512  and  ADG513  perfect  for 
use  in  battery-operated  instruments,  4-20  mA  loop  systems  and 
with  the  new  generation  of  DACs  and  ADCs  from  Analog 
Devices.  The  use  of  5  V  supplies  and  reduced  operating  cur- 
rents give  much  lower  power  dissipation  than  devices  operating 
from  ±15  V  i 


FUNCTIONAL  BLOCK  DIAGRAM 


The  ADG511,  ADG512  and  ADG513  contain  four  independent 
SPST  switches.  The  ADG511  and  ADG512  differ  only  in  that 
the  digital  control  logic  is  inverted.  The  ADG5 1 1  switch  is 
turned  on  with  a  logic  low  on  the  appropriate  control  input, 
while  a  logic  high  is  required  for  the  ADG512.  The  ADG513 
contains  two  switches  whose  digital  control  logic  is  similar  to 
that  of  the  ADG511  while  the  logic  is  inverted  in  the  remaining 
two  switches. 

PRODUCT  HIGHLIGHTS 

1.  +5  Volt  Single  Supply  Operation 

The  ADG511/ADG512/ADG513  offers  high  performance, 
including  low  on  resistance  and  wide  signal  range,  fully  spec- 
ified and  guaranteed  with  +3  V,  ±5  V  as  well  as  +5  V  sup- 
ply rails. 

2.  Ultralow  Power  Dissipation 

CMOS  construction  ensures  ultralow  power  dissipation. 

3.  Low  RON 

4.  Trench  Isolation  Guards  Against  Latch-up 

A  dielectric  trench  separates  the  P  and  N  channel  transistors 
thereby  preventing  latch-up  even  under  severe  overvoltage 
conditions. 

5.  Break  Before  Make  Switching 

Switches  are  guaranteed  to  have  break-before-make  opera- 
tion. This  allows  multiple  outputs  to  be  tied  together  for 
multiplexer  applications  without  1 
shorting  between  channels. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Dlial  Supply  (V00  =  +5  V  ±  10%.  »«  =  -5  V  ±  10%,  GND  =  0  V,  unless  otherwise  noted) 


B  Version 

T 

Version 

-40°C  to 

— 55°C  to 

Parameter 

-+ 

25°C 

+85°C 

4.-1  COp 

_  _  , 
Units 

Test  Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

VDD  to  Vss 

^DD  *°  ^SS 

V 

Ron 

30 

30 

flryp 

vD 

=  ±3.5  V,  Is  =  -10  mA; 

50 

50 

ff  max 

VDD  =  +4.5  V, 

Vss  =  "4.5  V 

LEAKAGE  CURRENTS 

VDD  =  +5.5  V, 

Vss  =  -5.5  V 

Source  OFF  Leakage  Is  (OFF) 

0.025 

±0.025 

nA  typ 

vD 

=  ±4.5  V,  Vs  =  +4.5  V; 

0.1 

±2.5 

±0.1 

±2.5 

nA  max 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

0.025 

±0.025 

nA  typ 

vD 

=  ±4.5  V,  Vs  =  +4.5  V; 

0.1 

±2.5 

±0.1 

±2.5 

nA  max 

Test  Circuit  2 

Channel  ON  Leakage  ID,  Is  (ON) 

■± 

0.05 

±0.05 

nA  typ 

vD 

=  Vs  =  ±4. 

5  V; 

± 

0.2 

±5 

±U./ 

±  J 

nA  max 

Test  Circuit  3 

DIGITAL  INPUTS 

Input  High  Voltage,  Vjmi 

2.4 

2.4 

V  min 

Input  Low  Voltage,  VINL 

0.8 

0.8 

Vmax 

Input  Current 

0 

005 

0.005 

H.A  typ 

=  Veml  or  VINH 



±0.1 

±0.1 

(xA  max 

DYNAMIC  CHARACTERISTICS2 

200 

200 

ns  typ 

Rl 

=  300  n,  CL 

=  35  pF; 

375 

375 

ns  max 

Vs 

=  ±3  V;  Test  Circuit  4 

'off 

120 

120 

ns  typ 

RL 

=  300  n,  CL 

=  35  pF; 

150 

150 

ns  max 

vs 

=  ±3  V;  Test  Circuit  4 

Break-Before-Make  Time 

100 

100 

ns  typ 

RL 

=  300  n,  CL 

=  35  pF; 

Delay,  tD  (ADG513  Only) 

Vs. 

=  VS2  =  +3 

V;  Test  Circuit  5 

Charge  Injection 

1 

I 

11 

pC  typ 

vs 

=  0  V,  Rs  = 

0  SI,  CL  =  10  nF; 

Test  Circuit  6 

OFF  Isolation 

68 

68 

dB  typ 

Rl 

=  so  a,  cL 

=  5  pF,  f  =  1  MHz; 

Test  Circuit  7 

Channel-to-Channel  Crosstalk 

85 

85 

dB  typ 

RL 

=  so  n,  cL 

=  5  pF,  f  =  1  MHz; 

■ 

Test  Circuit  8 

Cs  (OFF) 

9 

9 

pF  typ 

f  = 

1  MHz 

CD  (OFF) 

9 

9 

pF  typ 

f  = 

1  MHz 

Co,  Cs  (ON) 

35 

35 

pF  typ 

f  = 

1  MHz 

POWER  REQUIREMENTS 

^DD 

+4.5/5.5 

+4.5/5.5 

V  min/max 

VSS 

-4.5/-5.5 

-4.5/-S.5 

V  min/max 

0 

0001 

0.0001 

M-A  typ 

VDD  =  +5.5  V, 

Vss  =  "5.5  V 

1 

1 

uA  max 

Digital  Inputs  = 

0  V  or  5  V 

Iss 

0 

0001 

1 

0.0001 

nAtyp 
M-A  max 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions  -40°C  to  +85°C;  T  Versions  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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B  Version 

T  Version 

-40°C  to 

-5jX  lO 

Parameter 

+25°C  +85°C 

Units 

Test  Conditions/Comments 

ANALOG  SWITCH 

Analog  Signal  Range 

0  V  to  VDD 

0  V  to  VDD 

V 

Ron 

45 

45 

ft  typ 

V„  =  3  5  V  L,  =  - 10  mA- 

75 

75 

ft  max 

VDD  =  +4.5  V 

LEAKAGE  CURRENTS 

VDD  =  +5.5  V 

Source  OFF  Leakage  Is  (OFF) 

±0.025 

±0.025 

nA  typ 

VD  =  4.5/1  V,  Vs  ■  1/4.5  V; 

±0.1  ±2.5 

±0.1 

±2.5 

nA  max 

Test  Circuit  2 

Drain  OFF  Leakage  ID  (OFF) 

±0.025 

±0.025 

nA  typ 

VD  =  4.5/1  V,  Vs  =  1/4.5  V; 

±0.1  ±2.5 

±0.1 

±2.5 

nA  max 

Test  Circuit  2 

Channel  ON  Leakaee  I~  U  CON1) 

±0.05 

±U.U-> 

nA  rvn 

V„  =  Vo  =  +4  5  V/+ 1  V- 

±0.2  ±5 

±0.2 

±5 

nA  max 

Test  Circuit  3 

DIGITAL  INPUTS 

Input  High  Voltage,  VINH 

2.4 

2.4 

V  min 

Input  Low  Voltage,  VINL 

0.8 

0.8 

Vmax 

Input  Current 

Iinl  or  Iinh 

0.005 

0.005 

uA  typ 

V     =  V      or  V 

v  DM        v  INL  or  v  INH 

±0.1 

±0.1 

uA  max 

DYNAMIC  CHARACTERISTICS2 

tGN 

250 

250 

ns  typ 

RL  =  300  O,  CL  =  35  pF; 

500 

500 

ns  max 

Vs  =  +2  V;  Test  Circuit  4 

•off 

50 

50 

ns  typ 

RL  =  300  ft,  CL  =  35  pF; 

100 

100 

ns  max 

Vs  =  +2  V;  Test  Circuit  4 

Break-Before-Make  Time 

200 

200 

ns  typ 

RL  =  300  n,  CL  a  35  pF; 

Delay,  tD  (ADG513  only) 

VSi  =  VS2  =  +2  V;  Test  Circuit  5 

Charge  Injection 

16 

16 

PC  typ 

Vs  =  0  V,  Rs  =  0  ft,  CL  =  10  nF; 

Test  Circuit  6 

OFF  Isolation 

68 

68 

dB  typ 

RL  =  50  ft,  CL  =  5  pF,  f  =  1  MHz; 

Test  Circuit  7 

Channel-to-Channel  Crosstalk 

85 

85 

dB  typ 

RL  =  50  ft,  CL  =  5  pF,  f  =  1  MHz; 

Test  Circuit  8 

Cs  (OFF) 

9 

9 

pF  typ 

f  =  1  MHz 

C„  (OFF) 

9 

9 

pF  typ 

f  =  1  MHz 

c,  c  coni 

35 

35 

pF  typ 

f  =  1  MHz 

POWER  REQUIREMENTS 

VDD 

4.5/5.5 

4.5/5.5 

V  min/max 

Idd 

0.0001 

0.0001 

M.A  typ 

VDD  =  +5.5  V 

1 

1 

(jlA  max 

Digital  Inputs  =  0  V  or  5  V 

NOTES 

'Temperature  ranges  are  as  follows:  B  Versions  -40°C  to  +85°C;  T  Versions  -55°C  to  +125°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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Single  Supply  (v00  =  +3.3  v  ±  ,0%,  =  0  v.  gnd  =  0  v,  ~* 


■ 

- 


B  Version 

0°Cto 

+25°C  +70°C 




Units 


Test  Conditions/Comments 




ANALOG  SWITCH 
Analog  Signal  Range 
Ron 


0  V  to  VDD 

200 

500 


V 

fi  typ 
fi  max 


1.5  V,  Is  =  -1mA; 


VDD  =  +3  V 


LEAKAGE  CURRENTS 
Source  OFF  Leakage  Is  (OFF) 

Drain  OFF  Leakage  ID  (OFF) 

Channel  ON  Leakage  ID,  Is  (ON) 


fcO.025 

tO.l 

t0.025 

tO.l 

t0.05 

fc0.2 


r.2.5 


±2.5 


±5 


nA  typ 
nA  max 
nA  typ 
nA  max 
nA  typ 
nA  max 


=  +3.6  V 
2.6/1  V,  Vs  =  1/2.6  V; 


1 


Test  Circuit  2 
Vf,  =  2.6/1  V,  Vs  =  1/2.6  V; 
Test  Circuit  2 

Vs  =  +2.6  V/+1  V; 




DIGITAL  INPUTS 
Input  High  Voltage,  VINH 
Input  Low  Voltage,  ViNL 
Input  Current 
Iinl  or  Iinh 


0.005 


2.4 
0.8 


tO.l 


V  min 

V  max 

uA  typ 
pA  max 


VIV  =  V„ 


.  or  V„ 


■ 


toN 

•off 

Break-Before-Make  Time 
Delay,  tD  (ADG513  only) 
Charge  Injection 

OFF  Isolation 

Channel-to-Channel  Crosstalk 

Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 


600 


100 
500 


1200 
160 


68 


85 


9 
9 
35 


ns  typ 
ns  max 
ns  typ 
ns  max 
ns  typ 

PC  typ 

dB  typ 

dB  typ 

pFtyp 
pFtyp 
pFtyp 


RL  =  300  n,  Cj,  =  35  pF; 

Vs  =  +1  V;  Test  Circuit  4 

RL  =  300  fi,  CL  =  35  pF; 

Vs  =  + 1  V;  Test  Circuit  4 

RL  =  300  fi,  CL  =  35  pF; 

vsi  =  VS2  =  +1  V;  Test  Circuit  5 

Vs  =  0  V,  Rs  =  0  fi,  CL  =  10  nF; 

Test  Circuit  6 

RL  =  50  fi,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  7 

RL  =  50  fi,  CL  =  5  pF,  f  =  1  MHz; 
Test  Circuit  8 
f  =  1  MHz 
f  =  1  MHz 
f  =  1  MHz 


POWER  REQUIREMENTS 


0.0001 


3/3.6 
1 


V  min/max 
uA  typ 
uA  max 


VDD  =  +3.6  V 

Digital  Inputs  =  0  V  or  3  V 


NOTES 

'Temperature  range  is  as  follows:  B  Version  0°C  to  +70°C. 
Guaranteed  by  design,  not  subject  to  production  test. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

VDD  to  Vss  +44  V 

VDD  to  GND  -0.3  V  to  +25  V 

Vss  to  GND   +0.3  V  to  -25  V 

Analog,  Digital  Inputs1   Vss  -2  V  to  VDD  +2  V  or 

30  mA,  whichever  occurs  first 

Continuous  Current,  S  or  D   30  mA 

Peak  Current,  S  or  D  100  mA 

(Pulsed  at  1  ms,  10%  Duty  Cycle  max) 
Operating  Temperature  Range 

Industrial  (B  Version)  -40°C  to  +85°C 

Extended  (T  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature  +  150°C 

Cerdip  Package,  Power  Dissipation   900  mW 

8JA  Thermal  Impedance  76°C/W 

Lead  Temperature,  Soldering  (10  sec)  +300°C 


Plastic  Package,  Power  Dissipation   470  mW 

6JA  Thermal  Impedance   117°C/W 

Lead  Temperature,  Soldering  (10  sec)  +260°C 

SOIC  Package,  Power  Dissipation   600  mW 

0JA  Thermal  Impedance  77°C/W 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)   +220°C 

NOTES 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  absolute  maximum  rating  may  be  applied  at  any  one  time. 

'Overvoltages  at  IN,  S  or  D  will  be  clamped  by  internal  diodes.  Current  should 
be  limited  to  the  maximum  ratings  given. 


ESD  SUSCEPTIBILITY  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  the  ADG511/ADG512/ADG513  features  proprietary  ESD  protection  circuitry, 
permanent  damage  may  still  occur  on  these  devices  if  they  are  subjected  to  high  energy 
electrostatic  discharges.  Therefore,  proper  ESD  precautions  are  recommended  to  avoid  any 
performance  degradation  or  loss  of  functionality. 


WARNING! 


ORDERING  GUIDE 

Model1 

Temperature  Range2 

Package  Option3 

ADG511BN 

-40°C  to  +85°C 

N-16 

ADG511BR 

-40°C  to  +85°C 

R-16A 

ADG511TQ 

-55°C  to  +125°C 

Q-16 

ADG512BN 

-40°C  to  +85°C 

N-16 

ADG512BR 

-40°C  to  +85°C 

R-16A 

ADG512TQ 

-55°C  to  +125°C 

Q-16 

ADG513BN 

-40°C  to  +85°C 

N-16 

ADG513BR 

-40°C  to  +85°C 

R-16A 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  T  grade  part 
numbers. 

23.3  V  specifications  apply  over  0°C  to  +70°C  temperature  range. 
3N  =  Plastic  DIP;  R  =  0.15"  Small  Outline  IC  (SOIC);  Q  =  Cerdip.  For 
outline  information  see  Package  Information  section. 
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PIN  CONFIGURATION 


TERMINOLOGY 


(DIP/SOIC) 

w 

16]  IN2 
lT|  D2 
14~]  S2 

IN1  |T 
D1  [T 

si  [T 

ADG511 
ADG512 

vss  [£ 
GND  [T 
S4  [T 

ADGS13 

TOP  VIEW 

™]  Von 
l7]  NC 
TT|  S3 

(Not  to  Sola) 

D4  [T 
IN4  |T" 

10]  D3 
1~|  IN3 

NC  =  NO  CONNECT 


Truth  Table  (ADG511/ADG512) 


ADG511 
In 


ADG512 
In 


1 
0 


Switch 
Condition 


ON 
OFF 


Truth  Table  (ADG513) 


Switch 

Switch 

Logic 

1,4 

2,  3 

0 

OFF 

ON 

1 

ON 

OFF 

Most  positive  power  supply  potential. 

Most  negative  power  supply  potential  in 

dual  supplies.  In  single  supply  applications, 

it  may  be  connected  to  GND. 

Ground  (0  V)  reference. 

Source  terminal.  May  be  an  input  or  output. 

Drain  terminal.  May  be  an  input  or  output. 

Logic  control  input. 

Ohmic  resistance  between  D  and  S. 


GND 
S 
D 
IN 

Ron 
Is  (OFF) 

Id  (OFF) 

Id,  Is  (ON) 

VD  (Vs) 
Cs  (OFF) 
CD  (OFF) 
CD,  Cs  (ON) 

<ON 

'off 

tD 

Crosstalk 


Off  Isolation 
Charge  Injection 


Source  leakage  current  with  the  switch 
"OFF." 

Drain  leakage  current  with  the  switch 
"OFF." 

Channel  leakage  current  with  the  switch 
"ON." 

Analog  voltage  on  terminals  D,  S. 
"OFF"  switch  source  capacitance. 
"OFF"  switch  drain  capacitance. 
"ON"  switch  capacitance. 
Delay  between  applying  the  digital  control 
input  and  the  output  switching  on. 
Delay  between  applying  the  digital  control 
input  and  the  output  switching  off. 
"OFF"  or  "ON"  time  measured  between 
the  90%  points  of  both  switches  when 
switching  from  one  address  state  to  another. 
A  measure  of  unwanted  signal  which  is 
coupled  through  from  one  channel  to 
another  as  a  result  of  parasitic  capacitance. 
A  measure  of  unwanted  signal  coupling 
through  an  "OFF"  switch. 
A  measure  of  the  glitch  impulse  transferred 
from  the  digital  input  to  the  analog  output 
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1 V0  OR  Vs"-  DRAIN  ORSOURCE  VOLTAGE  -  V 

Figure  1.  On  Resistance  as  a  Function  of  VD  (Vs)  Dual 
Supplies 


V 
V 

DD  -  + 
ss  =-i 

5V 
>V 

♦1 

25°C 

.  

,  

^^85°C^ 

♦ 

!5°C 

-5-4-3-2      -1       0        1        2        3        4  5 
VD  OR  Vs  -  DRAIN  OR  SOURCE  VOLTAGE  -  V 

Figure  2.  On  Resistance  as  a  Function  of  VD  (Vs)  for 
Different  Temperatures 


VD  OR  Vs  -  DRAIN  OR 


Figure  3.  On  Resistance  as  a  Function  of  VD  (Vs)  Single 
Supply 


Figure  4.  Supply  Current  vs.  Input  Switching  Frequency 
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25      35      45      55      65      75      85      95      106     115  125 
TEMPERATURE  -"C 

,gure  5.  Leakage  Currents  as  a  Funct.on  of  Temperature 

■ 


120 


5 

O 
CO 

u. 

I 


Vdd* 

vss  ■ 

+5V 
-5V 

1k 


Figure  6.  Off  Isolation  vs.  Frequency 


0.004 

i 

i  0.002 


VDD  -  +5V 
"VSS=-5V  " 
TA  =  *25°C 


(OFF)- 


-5-4-3      -2      -1       0        1        2        3        4  5 
VD  or  V,  -  DRAIN  OR  SOURCE  VOLTAGE  -  V 

Figure  7.  Leakage  Currents  as  a  Function  of  VD  (Vs) 

■ 

110 


I  90 

I 

S  80 




VDD  = 

I  

+5V 
-5V 

10k  took 
FREQUENCY -Hz 


Figure  8.  Crosstalk  vs.  Frequency 
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(trench)  is  placed  between  the  NMOS  and  the  PMOS  transistors 
of  each  CMOS  switch.  Parasitic  junctions,  which  occur  between 
the  transistors  in  Junction  Isolated  switches,  are  eliminated.  The 
result  is  a  completely  latch-up  proof  switch. 

In  Junction  Isolation,  the  N  and  P  wells  of  the  PMOS  and 
NMOS  transistors  form  a  diode  which  is  reverse-biased  under 
normal  operation.  However,  during  overvoltage  conditions,  this 
diode  becomes  forward  biased.  A  Silicon-Controlled  Rectifier 
(SCR)  type  circuit  is  formed  by  the  two  transistors  causing  a 
significant  amplification  of  the  current  which,  in  turn,  leads  to 
latch-up.  With  Trench  Isolation,  this  diode  is  removed,  the 
result  being  a  latch-up  proof  switch. 

Trench  Isolation  also  leads  to  lower  leakage  currents.  The 
ADG511/ADG512/ADG513  has  a  leakage  current  of  0.1  nA  as 
compared  with  a  leakage  current  of  several  nanoamps  in  non- 
Trench  Isolated  switches.  Leakage  current  is  an  important 
parameter  in  sample-and-hold  circuits,  this  current  being 
responsible  for  the  discharge  of  the  holding  capacitor  with  time 
causing  droop.  The  ADG511/ADG512/ADG513's  low  leakage 
current,  along  with  its  fast  switching  speeds,  make  it  suitable  for 
fast  and  accurate  sample-and-hold  circuits. 


iffer  while  the  output  operational 
;  the  track  mode,  SW1  is  closed 


NMOS 


PMOS 


AD845  is  used  as  the  input  1 
amplifier  is  an  OP-07.  Durui 
and  the  output  Voux  follows  the  input  signal  VIN.  In  the  hold 
mode,  SW1  is  opened  and  the  signal  is  held  by  the  hold  capaci- 
tor CH. 

Due  to  switch  and  capacitor  leakage,  the  voltage  on  the  hold 
capacitor  will  decrease  with  time.  The  ADG511/ADG512/ 
ADG513  minimizes  this  droop  due  to  its  low  leakage  specifica- 
tions. The  droop  rate  is  further  minimized  by  the  use  of  a 
polystyrene  hold  capacitor.  The  droop  rate  for  the  circuit  shown 
is  typically  15  u\7u,s. 

A  second  switch  SW2,  which  operates  in  parallel  with  SW1,  is 
included  in  this  circuit  to  reduce  pedestal  error.  Since  both 
switches  will  be  at  the  same  potential,  they  will  have  a  differen- 
tial effect  on  the  op  amp  OP-07  which  will  minimize  charge 
injection  effects.  Pedestal  error  is  also  reduced  by  the  compensa- 
tion network  Rc  and  Cc.  This  compensation  network  also 
reduces  the  hold  time  glitch  while  optimizing  the  acquisition 
time.  Using  the  illustrated  op  amps  and  component  values,  the 
pedestal  error  has  a  maximum  value  of  5  mV  over  the  ±3  V 
input  range.  The  acquisition  time  is  2.5  u.s  while  the  settling 
time  is  1.85  u.s. 


Figure  10.  Accurate  Sample-and-Hold 


Figure  9.  Trench  Isolation 
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ANALOG  8-Chan/Dual  4-Chan  JFET  Analog  Multiplexers 
(Overvoltage  &  Power  Supply  Loss  Protected) 


MUX08/MUX24 


FEATURES 

•  JFET  Switches  Rather  Than  CMOS 

•  Low  "ON"  Resistance    220!!  Typ 

•  Highly  Resistant  to  Static  Discharge  Damage 

•  No  SCR  Latch-Up  Problems 

•  Digital  Inputs  Compatible  With  TTL  and  CMOS 

•  125°  C  Temperature  Tested  Dice  Available 

•  MUX-08  Pin  Compatible  With  DG508,  HI-508A,  IH5108, 
IH6108,  LF11508/12508/13508,  AD7506 

•  MUX-24  Pin  Compatible  With  DG509,  HI-509A,  IH5208, 
IH6208,  LF11509/12509/13509,  AD7507 

•  Available  in  Surface  Mount  Packages 

•  Available  in  Die  Form 

ORDERING  INFORMATION  '  


PACKAGE 


25°CON 
RESISTANCE 


CERDIP 


PLASTIC 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


22011 


MUX08AQ- 
MUX08EQ 


MUX08EP 


MIL 
IND 
COM 


MUX08BQ- 
MUX08FO 


MUX066RC/B63 


MUX08FP 
MUX08FS" 


MIL 
IND 
XIND 
XIND 


220Q 


MUX24AQ" 
MUX24EO. 


MUX24EP 


Ml 
IND 
COM 


300£1 


MUX24BQ* 
MUX24FQ 


MUX24FP 
MUX24FS" 


ML 

IND 
XIND 
XIND 


•    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter  part 

number.  Consult  factory  for  8S3  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP.  and  TO-can  packages, 
ft   For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  MUX-08  is  a  monolithic  eight-channel  analog  multi- 
plexer which  connects  a  single  output  to  one  of  the  eight 
analog  inputs  depending  upon  the  state  of  a  3-bit  binary 
address. 

The  MUX-24  is  a  monolithic  four-channel  differential  analog 
multiplexer  configured  in  a  double  pole,  four-position  (plus 
OFF)  electronic  switch  array.  A  two-bit  binary  input  address 
connects  a  pair  of  independent  analog  inputs  from  each 
four-channel  input  section  to  the  corresponding  pair  of 
independent  analog  outputs. 

All  switches  in  the  MUX-08/MUX-24  are  turned  OFF  by 
applying  logic  "0"  to  the  ENABLE  pin,  thereby  providing  a 
package  select  function. 


Fabricated  with  Precision  Monolithics'  high  performance 
Bipolar-JFET  technology,  these  devices  offer  low,  constant 
"ON"  resistance,  low  leakage  currents  and  fast  settling  time 
with  low  crosstalk  to  satisfy  a  wide  variety  of  applications. 
These  multiplexers  do  not  suffer  from  latch-up  or  static 
charge  blow-out  problems  associated  with  similar  CMOS 
parts.  The  digital  inputs  are  designed  to  operate  from  both 
TTL  and  CMOS  levels  while  always  providing  a  definite 
break-before-make  action  without  the  need  for  external  pull- 
up  resistors  over  the  full  operating  temperature  range. 

For  single  sixteen-channel  and  dual  eight-channel  models, 
refer  to  the  MUX-16/MUX-28  data  sheet. 

PIN  CONNECTIONS 


ENABLE [T 

<FJ  Al  AO  [T 
iFJ  *2                    ENABLE  [J 

ie]  ai 
IB]  GND 

HE 

um 

MUX  08 

2*]  GND  V-  \T 
•TJ  v.  S1A  [T 
lH  H                        S2A  [T 

MUX-24 

ITJ  V 

]J]  SIB 

IFJ  S2B 

n]  H                   S3A  [7 

7fjS3B 

DRAIN 

2S]  S7  S4A  [7 
][]  Sb                DRAIN  A  [7 

iTJ  S4B 

7J  DRAIN  B 

16-PIN  CERDIP  (Q-Suffix) 
16-PIN  PLASTIC  DIP  (P-Suffix) 
16-PIN  SO  (S-Suffix) 

S 

20-CONTACT  LCC 
(RC-Suffix) 


LdLdLJHN 


v-  3 

s,  3 

N.C.  TJ 

*  II 

S3  7] 


Qb  GND 

I  V. 
[T?  N.C. 
Q[  S5 

La  ss 


FUNCTIONAL  DIAGRAMS 

MUX-08  ENABLE 


± 


1  OF  fl  DECODER 


6      6      6      6  6 
s>       h      s.       %      U      h       h  s, 


MUX-24 


<MULt  Ml  «U 


1  OF  4  DECODER 
- 1  r- 


— O  v+ 

— O  GND 


6  o 


1 


6     6     6     6     6     6  6 

DRAIN        S1A     S2A     S3A     S4A     SIB     S2B     S3B     S4B  DRAIN 


This  is  an  abridged  data  sheet.  To  < 


i  sheet,  call  our  fax  retrieval  system  at  l-800-44o-«212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature  Range 

MUX-08/24-AQ,  BQ,  BRC  -55°C  to  +125°C 

MUX-02/24-EQ.  FQ  -25»Cto  +8S'C 

MUX-08/24-EP  0«Cto+70"C 


,  Input  Voltage  V-  Si 

um  Current  Througl 


-20V  to  V+  Supply  +20V 
 25mA 


PACKAGE  TYPE 


e,A(NotB2) 


MUX-08/24-FP,  FS . 


16- Pin  Herniate  CUP  (0) 


100 


16 


•C/W 


. -40»Cto+85°C 


1 6-Pin  Plastic  DIP  (P) 


•OW 


Junction  Temperature  (T,)  -65°Cto+150°C 

Storage  Temperature  Range  -65°C  to  +150"C 

P-Suffix     -65°Cto+125°C 

Lead  Temperature  (Soldering,  60  sec)  

  300°C 

Maximum  Junction  Temperature   150°C 

V+  Supply  to  V-  Supply  36V 

Logic  Input  Voltage  (-4V  or  V-)  to  V+  Supply 


20-ContactLCC(RC) 


°C/W 


16-Pin  SO  (S) 


"OW 


1 .  Absoluts  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 


2.  e  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +15V,  V-  =  -15V  and  TA  =  25°C,  unless  otherwise  noted. 


MUX-08A/E 
MUX-24A/E 


MUX-08B/F 
MUX-24B/F 


PARAMETER 

SYMBOL 

CONDITIONS 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

Ron 

VS<10V.IS<200„A 

220 

300 

300      400  O 

ARqn  With  Applied  Voltage 

-iRoN 

-10V<VS<10V,  ls  =  200/iA 

1 

5 

_ 

3 

7 



^\  a  A  %rt  *~ -    -  ^ 



RON  Match  Between  Switches 

Ron  Match 

Vs  =  0V,  ls  =  200MA 

7 

15 

9 

20 

Analog  Voltage  Range 

v* 

(Note  6i 

-  10 
-10 

+  10.4 
-15 

+10 
-10 

+  10.4 
-15 

V 

i  rfo  Pi  irront    Qu/itrh  "flFF" 
OOUItc  UU'lt^lll  <  oWIILiI     Urr  i 

'S  OFF 

VS=10V.  VD  =  -10ViNote1i 

0  01 

1  0 

0.01 

2.0 

nA 

Drain  Current  i Switch  "OFF") 

'd  ,off> 

Vs=  10V.  VD=  -10V  iNote  1) 

MUX-08 
MUX-24 

0.1 
0  05 

1.0 
1  0 

- 

0.1 
0.05 

2.0 
2.0 

nA 

Leakage  Current  i Switch  "ON") 

'D'On,         v0  =  10ViNote1i 

+lS)ON,  . 

MUX-08 
MUX-24 

0.1 
0  05 

1.0 
1  0 

— 

0.1 
0.05 

2.0 
2.0 

nA 

Digital  Input  Current 

I  IN 

V,N  =  0.4Vto  15V 

1 

10 

_ 

1 

10 

*A 

Digital  "0"  Enable  Current 

'  INL  EN 

VEN  =  0.4V 

4 

10 

4 

10 

(■A 

Digital  Input  Capacitance 

Cdig 

3 

- 

3 

PF 

Switching  Time  i  1  tran 

>PHL 
'PLH 

(Notes  2.  5)  Figure  1 
(Test  Circuit] 

1.5 
1.0 

2.1 
1.3 

— 

1.5 
1.0 

2.1 
1.3 

10V  Step  to  0.10% 

2.2 

- 

2.2 



Output  Settling  Time 

<s 

10V  Step  to  0.05% 
10V  Step  to  0.02% 

2.7 

2.7 

MS 

3.4 

3.4 

Break-Before-Make  Delay 

•open 

Figure  3  iTest  Circuiti 

— 

0.8 

— 

— 

1.0 

MS 

(Note  5)  Figure  2 
(Test  Circuiti 

Enable  Delay  "ON" 

<ON  iEN, 

1 

2 

1 

2 

Hi'j«Ravs-«rt',4t 

Ml  X  » 
MUX-24 

0.1 
0.2 

0.4 
0.5 

0.2 
0.3 

0.4 
0.6 

Enable  Delay  "OFF" 

•off  (EN, 

(Note  5]  Figure  2 
(Test  Circuiti 

■ 

"OFF"  Isolation 

isooff 

(Note  4|  Figure  5 
(Test  Circuiti 

MUX-08 
MUX-24 

— 
— 

60 
66 

_ 

60 
66 

dB 

Crosstalk 

CT 

(Note3l  Figure  4 
(Test  Circuit) 

MUX-08 
MUX-24 

_ 

70 
76 

_ 

70  — 
76  - 

dB 



Source  Capacitance 

Cs  (OFF) 

Switch  "OFF", 
Vs  =  0V.  VD  =  OV 

MUX-08 
MUX-24 

2.5 
2 

2.5 
2 

PF 

Switch  "OFF", 

MUX-08 
MUX-24 

7 

'  7 

Drain  Capacitance 

CDiOFFi 

4 

4 

PF 

Vs  =  0V,  VD  =  0V 

MUX-08 
MUX-24 

0.3 
0.15 

0.3 
0.15 

Input  to  Output  Capacitance 

CDSiOFF, 

(Note  4) 

PF 

Positive  Supply  Current 
(All  Digital  Inputs 

l+  ' 

V+  =  15V 
V+  =  5V 

10 
8 

12 

6  12 
6 

mA 

Logic  "0"  or 

Negative  Supply  Current 
(All  Digital  Inputs 
Logic  "0"  or  "1") 

I- 

V+=-15V 
V+  =  -5V 

-  3.0 

—  2.5 

■ 

3.8 

2.0 
1.8 

3.8 

■ 

mA 
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MUX08/MUX24 


ELECTRICAL  CHARACTER.STICS  at  V+=  15V,  V-  =  -15V  and  -55'C<  TA<  125'C,  unless  otherwise  noted. 


PARAMETER 


CONDITIONS 


MUX-08AV 
MUX-24A 

MIN     TYP  MAX 


MUX-08B/ 
MUX-24B 
MIN     TYP    MAX  UNITS 


"ON"  Resistance 


Vs<  10V,  ls<  200(.A 


-  400 


500 


11 


aRon  With  Applied  Voltage 


-10V  <  Vs  <  10V,  ls  =  200/iA 




-      4.5  - 


Ron  Match  Between  Switches        RON  Match    Vs  =  0V.  Is  =  20XVA 


—        10  — 


Analog  Voltage  Range 


(Note  6i 




+  10  +10.4  — 
-10      -15  - 


+  10  +10.4  — 
-10      -15  — 


Source  Current  (Switch  "OFF")      lSIOFF,        Vs=  10V,  VD  =  -10V  (Notes  1,  7) 


-        -  25 


-  50 


Drain  Current  (Switch  "OFF") 


'DlOFF) 


VS=10V,VD  =  -10V 
(Notes  1,7) 


MUX-08 
MUX-24 


-  -  100 

-  —  50 


500 
500 


Leakage  Current  (Switch  "ON") 


VD=  10V  (Notes  1,  7) 


MUX-OS 
MUX-24 


—  100 

—  50 


500 
500 


Digital  "1"  Input  Voltage 


(Note  6) 


2        -  — 


Digital  "0"  Input  Voltage 


Note  6 


Digital  Input  Current 


V,N  =  0.4Vto15V 


—        —       20  ,iA 


Digital  "0"  Enable  Current 


-        -  20 




mA 


Positive  Supply  Current 


All  Digital  Inputs  Logic 

"0"or  "V 


—       —  15 


Negative  Supply  Current 


All  Digital  Inputs 
Logic  "0"  or  "1" 


—        —  5 


mA 


ELECTRICAL  CHARACTERISTICS  at  V+  , 


0°C  <  TA  <  +70°C  for  MUX-08EP  and  MUX-24EP;  -40°C  <  TA  s  +85°C  for  MUX-Ol 


15V,  V- —  -15V  and  -25°C  S  TA  +85°C  for  MUX-08EQ/FQ  and  MUX-24EQ/FQ; 

and  MUX-24FP/FS,  unless  otherwise  noted. 


PARAMETER 


SYMBOL  CONDITIONS 





MUX-08E/ 
MUX-24E 
MIN     TYP  MAX 


MUX-06F/ 
MUX-24F 
MIN     TYP  MAX 


UNITS 


"ON"  Resistance 


RON 


Vs<  10V,  ls<200jiA 


-        -  400 


-        -  500 


AR0n  With  Applied  Voltage 


ARD 


-10V  <  Vs  <  10V,  ls  =  20XVA 


—       1.5  — 


Ron  Match  Between  Switches 


Ron  Match    Vs=0V,  ls  =  200,iA 


—       10  - 


Analog  Voltage  Range 


(Note  6) 


+  10  +10.4 
-10  -15 


+10 
-10 


•10.4 
-15 


Source  Current  (Switch  "OFF")       lSlOFFi         Vs=  10V,  Vo  =  -10V  (Notes  1,  7) 


-       -  10 


—       —  10 


nA 


Drain  Current  (Switch  "OFF") 


VS=10V.  V„  =  -10V 
(Notes  1,7) 


MUX-08 
MUX-24 


100 
50 


100 
50 


nA 


Leakage  Current  (Switch  "ON") 


VD=  10V  (Notes  1,  7) 


MUX-08 
MUX-24 


100 
50 


100 
50 


Digital  "1"  Input  Voltage 


(Note  6) 


Digital  "0"  Input  Voltage 


(Note  6) 


0.8 


—       —  0.8 


Digital  Input  Current 


V,N  =  0.4V  to  15V 


-        -  20 


Digital  "0"  Enable  Current 


L  i  EN  i 


=  0.4V 


— 


—        -  20 


Positive  Supply  Current 


All  Digital  Inputs  Logic 
.,„..  or..r 





15 


-       -  15 


Negative  Supply  Current  I- 


All  Digital  Inputs 


—  L0°IC"°"0f"r 


mA 


NOTES: 

1.  Conditions  applied  to  leakage  tests  insure  worst  case  leakages.  Exceed- 
ing 11 V  on  the  analog  input  may  cause  an  "OFF"  channel  to  turn  "ON". 

2.  RL=  10Ma  CL=  10pF. 

3.  Crosstalk  is  measured  by  driving  channel  8  with  channel  4  "ON". 
R|_  =  1  MA,  CL  =  10pF,  Vs  =  5V  RMS,  f  =  500kHz. 


4.  "OFF"  isolation  is  measured  by  driving  channel  8  with  ALL  channels  "OFF". 
R|_=  1kft,  C(_=  10pF,  Vs  =  5V  RMS,  f  =  500kHz.  CDS  is  computed  from  the 
OFF  isolation  measurement. 

5.  Sample  tested. 

6.  Guaranteed  by  leakage  current  and  R  0N  tests. 

7.  Leakage  tests  are  performed  only  on  military  temperature  grades  at  125»C. 
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FEATURES 

JFET  Swltchet  Rattier  Than  CMOS 
Highly  Resistant  To  Static  Discharge  Damage 
No  SCR  Latch-up  Problems 
Low  "ON"  Resistance  —  290nTyplcal 
Low  Leakage  Current 

Digital  Input*  Compatible  With  TTL  and  CMOS 


125°  C  Temperature-Tested  Dice 


Supply  Loss  Protection 

MUX-16  Pin  Compatible  With  DG506.  HI-506A.  AD7506 
MUX-28  Pin  Compatible  With  DG507,  HI-507A,  AD7S07 
Available  In  Die  Form 

ORDERING  INFORMATION ' 


25°C 

RESISTANCE  28-PIN 


LCC 
28-CONTACT 


OPERATING 
PLASTIC  TEMPERATURE 
RANGE 


290O 
290(1 
400n 

toon 
«»n 

290Q 
290Q 
400Q 
400O 
400Q 


MUX16AT* 
MUX16ET 

MUX16BT*  MUX16BTO883 
MUX16FT 


MUX16FP 
MUX16FPC 


MUX28AT' 
MUX28ET 
MUX28BT* 
MUX28FT 


MUX28BTC/883 


MUX28FP 
MUX28FPC 


MIL 
INO 
MIL 
XIND 
XIND 
MIL 
IND 
ML 
XIND 
XIND 


•    For  devices  processed  in  total  compliance  to  MIL-STD-883 ,  add  /883  alter  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 


GENERAL  DESCRIPTION 

The  MUX-16  is  a  monolithic  16-channel  analog  multiplexer 
which  connects  a  single  output  to  1  of  the  16  analog  inputs 
depending  upon  the  state  of  a  4-bit  binary  address.  Discon- 
nection of  the  output  is  provided  by  a  logical  "0"  at  the 
ENABLE  input,  thereby  providing  a  package  selection 
function. 

The  MUX-28  is  a  monolithic  8-channel  differential  analog 
multiplexer  configured  in  a  double  pole,  8-position  (plus 
OFF)  electronic  switch  array.  A  3-bit  binary  input  address 
connects  a  pair  of  independent  analog  inputs  from  each 
8-channel  input  section  to  the  corresponding  pair  of  inde- 
pendent analog  outputs.  Disconnection  of  both  inputs  is 
provided  by  a  logical  "0"  at  the  ENABLE  input,  thereby  offer- 
ing a  package  select  function. 

Fabricated  with  Precision  Monolithics'  high  performance 
Bipolar-JFET  technology,  these  devices  offer  low,  constant 
"ON"  resistance.  Performance  advantages  include  low  leak- 
age currents  and  fast  settling  time  with  low  crosstalk  to 
satisfy  a  wide  variety  of  applications.  These  multiplexers  do 
not  suffer  from  latch-up  or  static  discharge  blow-out  prob- 
lems associated  with  similar  CMOS  parts.  The  digital  inputs 
are  designed  to  operate  from  both  TTL  and  CMOS  levels 
while  always  providing  a  definite  break-before-make  action 
without  the  need  for  external  pull-up  resistors.  For  single 
8-channel  and  dual  4-channel  models,  refer  to  the 
MUX-08/MUX-24  data  sheet. 


FUNCTIONAL  DIAGRAMS 


A20_ 
*0°- 


MUX-16 

h    H    %    s4    %    sj    s,  sj 


mm 


1  OF  16  DECODERS 


DRAIN  Sg     S10    S„    S12    S13    S14    S15  S16 
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DRAIN  A  S1A  ^A   ^A  S4A  S5A  Ha  S7A  S8A 
OOOOOOOOO 


EN  O— 
A2c— 

An  o— 
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1  OF  8  DECODERS 


ft  ft  ft  ft  ft  ft  ft  f 


3V- 


66666666 

DRAIN  6  S1B   S2a  S3B    S4B    Sgg    SjB    S,B  SjB 


This  is  an  abridged  data  sheet.  To  obtain  the  m< 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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MUX16/MUX28 


PIN  CONNECTIONS  &  TRUTH  TABLES 


»  C 
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HI 
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53 
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(T-Sufflx) 


v.  E 
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MUX-16BTC/883 
LCC 
(TC-Sufflx) 

PLCC 
(PC-Suffix) 


MUX-28BTC/883 
LCC 
(TC-Suffix) 

PLCC 
(PC-Suffix) 





ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 
Operating  Temperature  Range, 

MUX-16/28-AT,  BT,  BTC  -55°C  to  +125°C 

MUX-16/28-ET  -25°Cto  +85°C 

MUX-16/28-FP,  FPC,  FT  -40°Cto  +85°C 

Junction  Temperature  (Tj)  -65°C  to  +150°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   300oC 

Maximum  Junction  Temperature   150°C 

V+  Supply  to  V-  Supply  36V 

Logic  Input  Voltage  (V-  or  -4V)  to  V+  Supply 

Analog  Input  Voltage  V-  Supply  -20V  to  V+  Supply  +20V 


Maximum  Current  Through  Any  Pin  25mA 


PACKAGE  TYPE 

eJA  (Note  2) 

eic 

UNITS 

28-Pin  Hermetic  DIP  (T) 

55 

15 

°c/w 

28-Pin  Plastic  DIP  (P) 

56 

30 

°c/w 

28-ContactLCC(TC) 

86 

35 

°c/w 

28-CcntactPLCC(PC) 

70 

33 

°C/W 

NOTES: 

1 .  Ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise  noted. 

2.  *S  .  is  specified  for  worst  case  mounting  conditions,  I.e.,  e  A  Is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified  for 
device  soldered  to  printed  circuit  board  for  PLCC  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15Vand  TA  =  25°C,  unless  otherwise  noted. 


MUX-16A/E 

MUX-16B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MUX-28A/E 
MIN     TYP  MAX 

MUX-28B/F 
MIN     TYP  MAX 

UNITS 

"ON"  Resistance 

VS<10V.  ls<200,iA 

290 

380 

400  580 

n 

ARqn  wilh  Applied  Voltage 

AR0N 

-10V  <  Vs  <  10V.  Is  =  200/iA 

1.5 

5 

1.5  5 

% 

RON  Match  Between  Switches 

Ron  Match 

Vs=0V.  ls=200,iA 

7 

15 

9  20 

% 

+  10 

+  11 

+  10 

+  11  — 

Analog  Voltage  Range 

-ps  

I  Note  6) 

-10 

-15 

-10 

-15 

V 

Source  Current  (Switch  "OFF">      lsIOFFl       Vs=  10V,  VD  =  -10V  (Note  11  —     0.01         1  —     0.01         2  nA 


Drain  Current  (Switch  "OFF") 

lD  (OFF) 

VS=  10V,  VD  =  -10V  (Note  1) 

-  0.2 

1                  -  0.2 

2 

nA 

—  0.1 

1                  -  0.1 

2 

Leakage  Current  (Switch  "ON") 

l0(ON) 
+  ls(ON) 

„      .„.,  k,      .  MUX-16 
V0  =  10V  (Note  1)  MUX.28 

—  0.2 

1                  -  0.2 

2 

nA 

-  0.1 



1                  —  0.1 

2 

Digital  Input  Current 

l,N 

V,N  =  0.4Vto15V 

-  1 

10                 -  1 

10 

*A 
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MUX1 6/MUX28 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V  and  TA  =  +25°C,  unless  otherwise  noted.  Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MUX-16A/E 
MUX-28A/E 
MIN       TYP  MAX 

MUX-16B/F 
MUX-28B/F 
MIN       TYP  MAX 

UNITS 

Digital  '0'  Enable  Current 

'iNL  lEN> 

VEN  =  °-4V 

4 

10 

4 

10 

uA 

Digital  Input  Capacitance 

CDIQ 

3 

3 

pF 

Switching  Time  (tTHAN) 

[PHL 
PLH 

(Notes  2,5)  Figure  1 
(Test  Circuits) 

1.4 

-  1.2 

2.0 
1.8 

1.8 
1.6 

2.5 
2.2 

US 

Output  Settling  Time 

V 

10V  Step  to  0.10% 
10V  Step  to  0.05% 
10V  Step  to  0.02% 

—  2.6 
3.2 
4.0 

_ 

—        2  7 
3.4 
7.2 

- 

— 

in 

Break-Before-Mahe  Delay 

— J  

'open 

Figure  3 

-  0.7 

1 

- 

us 

Enable  Delay  'ON' 

'(W<e*l 

(Note  5)  Figure  2 

( I  S5T  IslrCUIISJ 

1 

2 

1.2 

2.5 

|AS 

Enable  Delay  'OFF' 

'OFF  (EN) 

(Note  5)  Figure  2 
(Test  Circuits) 

MUX-16 
MUX-28 



0.25 
0.25 

0.5 
0.5 

0.25 
0.25 

0.5 
0.6 

|lS 

"OFF"  Isolation 

(Note  4)  Figure  4 
(Test  Circuits) 

66 

— 

66 

1  — 

dB 

wi  uaaiarn 


CT 

(Note  3)  Figure  5 

75 

-  75 

_ 

dB 

(Test  Circuits) 

OUUILO  uaUaULaiibD 

US  (OFF) 

Switch  "OFF," 

-  2.5 

- 

2.5 

PF 

vs  =  ov,  vD  =  OV 



Drain  Capacitance 

CD  (OFF) 

Switch  "OFF," 

vs  =  ov,v0  =  ov 

MUX-16 

13 

13 

PF 

MUX-28 

8 

8 

InDut  to  Outout  CaDacitance 

^DS  (OFF) 

(Note  4) 

0.15 

0.15 

PF 



MUX-16 
MUX-28 

15 

19 

9 

19 
19 

Positive  Supply  Current 

V+  =  15V 

(All  Digital  Inputs 
Logic  "0"  or  "1") 

- 

15 

19 

8 

mA 

V+  =  5V 

MUX-16 

12 

8 

MUX-28 

12 

7 

Negative  Supply  Current 

V-  =  -15V 

MUX-16 

5 

7 

3.5 

7 

MUX-28 

5 

7 

3 

7 

(All  Digital  Inputs 
Logic  "0"  or"1") 

i- 

V-  =  -5V 

MUX-16 
MUX-28 

4 
4 

3 

2.5 

mA 

NOTES:  4.  "OFF"  isolation  Is  measured  by  driving  channel  8  (8B)  with  ALL  channels  OFF. 

1 .  Conditions  applied  to  leakage  tests  insure  worst  case  leakages.  FiL  =  1  kn,  CL  =  10pF,  Vg  =  5VRMS,f  =  500kHz.  CDS  Is  computed  from  the  OFF 

2.  RL  =  1 0MO,  CL  =  1 0pF.  isolation  measurement. 

3.  Crosstalk  is  measured  by  driving  channel  8  (8B*)  with  channel  7  (7B*)  ON.  5.  Sample  tested. 

RL  =  1 MQ,  CL  =  1 0pF,  Vs  -  5V  RMS,  f  =  500kHz.  6.  Guaranteed  by  leakage  current  and  R„  N  tests. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V,  -55°C  sTAs  +125°C  for  MUX-1 6AT/BT/BTC and  MUX-28AT/BT/BTC;  -25°C 
sTAs  +85°C  for  MUX-1 6ET  and  MUX-28ET;  -40X  s  TA  s  +85°C  for  MUX-1 6  FT/FP/FPC  and  MUX-28FT/FP/FPC,  unless  otherwise 
noted. 


PARAMETER 

SYMBOL 

.  ",c\  - 

CONDITIONS 

MIN 

MUX-16A/E 
MUX-28A/E 
TYP  MAX 

I 

MIN 

MUX-1 6B/F 
HUX-28B/F 
TYP 

MAX 

UNITS 

"ON"  Resistance 

RON 

Vs«10,  ls  «200uA 

500 

800 

Q 

AR0N  With  Applied  Voltage 

4BON 

-10V«VS«10V,  ls  =  200jiA 

2 

 3  

5.5 

—  

% 

R0N  Match  Between  Switches  RQN  Match 

Vs  =  0V,  ls  =  200(iA 

10 

15 

% 

Analog  Voltage  Range 

V* 

(Note  6) 

+10 
-10 

+11 
-15 

+10 
-10 

+11 
-15 

V 

Source  Current  (SwItch'OFF")  ls  (0FF| 

Vs  =  1 0V,  VD= -10V  (Note  1) 

25 

50 

nA 

Drain  Current  (Switch  "OFF") 

'b  (OFF) 

Vs  =  10V,  VD=  -10V  (Note  1) 

75 

250 

nA 

Leakage  Current 

'd  (ON) 

VD  ■  10V  (Note  1) 

75 

250 

nA 

(Switch  "ON") 

+IS  (ON) 

Digital  "1"  Input  Voltage 

VINH 

(Note  6) 

2 

2 

V 

Digital  "0"  Input  Voltage 

VINL 

(Note  6) 

0.7 

- 

0.7 

V 

Digital  Input  Current 

<IN 

V|N  =  0.4Vto15V 

20 

20 

uA 

Digital  "0"  Enable  Current 

l|NL(EN) 

VEN  =  0.4V 

20 

20 

uA 

Positive  Supply  Current 

I* 

All  Digital  Inputs  Logic  "0"  or  "V 

24 

24 

mA 

Negative  Supply  Current 

1- 

All  Digital  Inputs  Logic  "0"  or  "1 " 

8.2 

8.2 

mA 
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Quad  SPSTJFET 
Analog  Switch 


SW06 


FEATURES 

•  Two  Normally  Open  and  Two  Normally  Closed  SPST 
Switches  with  Disable 

•  Switches  can  be  Easily  Configured  as  a  Dual  SPDT  or 
a  DPDT 

•  Highly  Resistant  to  Static  Discharge  Destruction 

•  Higher  Resistance  to  Radiation  Than  Analog  Switches 
Designed  with  MOS  Devices 

Guaranteed  Ron  Matching  10%  Max 

Ton  =  500ns  Max 


•  Guaranteed  Switching  Speeds 


TOFF  =  400n.M.x 


Guaranteed  Break-Before-Make  Swltchln 

Low  "ON"  Resistance   800  Max 

Low  Ron  Variation  from  Analog  Input  Voltage  5% 

Low  Total  Harmonic  Distortion  0.01% 

Low  Leakage  Currents  at  High  Temperature: 

TA=125°C  100nA  Max 

TA=85°C  30nA  Max 

•  Digital  Inputs  TTL/CMOS  Compatible  and  Independent 
of  V+ 

•  Improved  Specifications  and  Pin  Compatible  to  LF-11333/ 
13333 

•  Dual  or  Single  Power  Supply  Operation 

•  Available  In  Die  Form 
PIN  CONNECTIONS 


GENERAL  DESCRIPTION 

The  SW-06  is  a  four  channel  single-pole,  single-throw  analog 
switch  that  employs  both  bipolar  and  ion-implanted  FET 
devices.  The  SW-06  FET  switches  use  bipolar  digital  logic 
inputs  which  are  more  resistant  to  static  electricity  than 
CMOS  devices.  Ruggedness  and  reliability  are  inherent  in 
the  SW-06  design  and  construction  technology. 

Increased  reliability  is  complemented  by  excellent  electrical 
specifications.  Potential  error  sources  are  reduced  by  min- 
imizing "ON"  resistance  and  controlling  leakage  currents  at 
high  temperatures.  The  switching  FET  exhibits  minimal  R0n 
variation  over  a  20V  analog  signal  range  and  with  power 
supply  voltage  changes.  Operation  from  a  single  positive 
power  supply  voltage  is  possible.  With  V+  =  36V,  V-  =  0V,  the 
analog  signal  range  will  extend  from  ground  to  +32V. 

PNP  logic  inputs  are  TTL  and  CMOS  compatible  to  allow  the 
SW-06  to  upgrade  existing  designs.  The  logic  "0"  and  logic 
"1"  input  currents  are  at  micro-ampere  levels  reducing  load- 
ing on  CMOS  and  TTL  logic. 

FUNCTIONAL  DIAGRAM 

|  12 


- 


Switches  are  shown  in  the  logic  "0" 
input  state  and  DIS  =  "1" 

TOP  VIEW 


IN  1  [7  — £>-,  ,-<J^-  1£]  |N4 

01  LT    yj  i__y    ;3  °* 

51  E   1  I —  3  S4 

OND  [T  7J]  dis 

v-  |T  75]  v» 

52  |T  — 1  x—  vTJ  S3 
D2  (T  — ^  I  [~~L_  io]o3 

IN2  fj  — £>-'  '-<—  JJ  IN3 


16-PIN  DIP 
(QorP-Sufflx) 

16-PIN  SQL 
(S-Suffix) 


n±nzjM»M\ 

51  JJ  g  S4 
GND  JJ  Q7  DIS 
N.C.  JJ  Q?  N.C. 

V-  JJ  fl  n 

52  JJ  S3 

\JI1HMHJhL/ 
s  M4J  s 

SW-06BRC/883 
LCC  PACKAGE 
(RC-Sufflx) 


TRUTH  TARI  P 

SWITCH  STATE 

DISABLE 

LOGIC 

CHANNELS 

CHANNELS 
344 

INPUT 

INPUT 

1  12 

0 

X 

OFF 

OFF 
ON 
OFF 

1  or  NC 
1  or  NC 

0 

1 

OFF 
ON 

IN  3  O  Uj  *V 


10       Q  D3 

S4 
I  04 


ORDERING  INFORMATION 


PLASTIC 
16-PIN 


CERDIP 
16-PIN 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


SW06GP 
SW06GS 


SW06BQ* 
SW06FQ 


SW06BRC/883 


MIL 
XIND 
XIND 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  lor  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Operating  Temperature  Range 

SW-06BQ,  BRC  -55°C  to  +125°C 

SW-06FQ  -40°C  to  +85°C 

SW-06GP,  GS  -40"C  to  +85°C 

Storage  Temperature  Range  -65"C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   300"C 

Maximum  Junction  Temperature  t50°C 

V+  Supply  To  V-  Supply  36V 

V+  Supply  to  Ground  36V 

Logic  Input  Voltage  (-4V  or  V-)  to  V+  Supply 

Analog  Input  Voltage  Range 
Continuous  V-  Supply  to  V+  Supply  +20V 


Any  Pin  including  Switch 

PACKAGE  TYPE 

e|A  (Note  2) 

UNITS 

4C  Dirt  UAiMatiA  HID  if~\\ 

ib-rln  Hermetic  Ulr 

16 

°C/W 

1fi  Pin  Plactir  HIP  l*P^ 

82 

39 

°C/W 

20-Comtact  LCC  (RC) 

98 

38 

°C/W 

16-Pin  SOL  (S) 

98 

30 

°c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  ejA  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  e)A  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -15V  and  T A  =  25° C,  unless  otherwise  noted. 


SW-06B 

SW-06F 

SW-06G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

flON 

Vs  =  0V,  ls  =  1mA 
Vs  =  ±10v.  Is  =  1mA 

- 

60 
65 

80 
80 

Of            —         80  . 

-  65 

100 
100 

- 

100 
100 

150 
150 

n 

R0N  Match  Between 
Switches 

Ron  Match 

VS  =  0V,  ls=  100|iA  (Note  1) 

5 

10 

-  5 

20 

20 

% 

Analog  Voltage  Range 

Ic  =  1mA 
Ig  =  1mA 

+  10 
-10 

+  11 
-15 

+  10  +11 
-10  -15 

+  10 
-10 

+11 

-15 

V 

Analog  Current  Range 

lA 

Vg  =  ±10V 

10 

15 

j 

10  - 

mA 

-IRon  vs  Applied 
Voltage 

•*RON 

-10V<VS<10V,  ls  =  1.0mA 

5 

15 

:  -        _  10 

20 

10 

20 

% 

Source  Current  in 
"OFF"  Condition 

'S(OFF) 

Vs  =  10V.  VD  =  -10V 
(Note  5) 

0.3 

2.0 

-  0.3 

2.0 

0.3 

10 

nA 

Drain  Current  in 
"OFF"  Condition 

'd(OFF) 

VS  =  10V,  VD  =  -10V 
(Note  5) 

0.3 

2.0 

-  0.3 

2.0 

0.3 

10 

nA 





Source  Current  in 
"ON"  Condition 

'S(ON)  + 
'd(ON) 

Vs  =  VD  =  +  10V 
(Note  5) 

0.3 

2.0 

-  0.3 

2.0 

'  ^  3- .' 

0.3 

10 

nA 

Logical  "1"  Input 
Voltage 

VINH 

Full  Temperature  Range 
(Notes  6,  8) 

2.0 

.  j:'L*.'!»ilL'.7T3| 

2.0 

V 

Logical  "0"  Input 
Voltage 

VlNL 

Full  Temperature  Range 
(Notes  6,  8) 

0.8 

: 

0.8 

0.8 

V 

Logical  "1"  Input 
Current 

'|NH 

V,N  =  2.0V  to  15.0V 
(Note  4) 

5 

5 

10 

*A 

Logical  "0"  Input 

'|NL 

V,N  =  0.8V 

1.5 

6  0 

-  1.5 

5.0 

1.5 

10.0 

MA 

Turn -On -Time 

'on 

See  Switching  Time 
Test  Circuit  (Notes  6.  9) 

340 



500 

., 

600 

340 

700 

ns 

Turn-Off-Time 

t0FF 

See  Switching  Time 
Test  Circuit  (Notes  6.  9) 

200 

400 

—  200 

400 

200 

500 

ns 

Break-Before-Make 
Time 

'ON_tOFF 

(Note  3) 

50 

140 

50  140 

50 

140 

ns 

Source  Capacitance       CS|0FF)        V5  =  0V(Note5)   7.0 


-         7.0  - 


PF 


Drain  Capacitance 


Cp(OFF)       Vs  =  0V  (Note  5) 


PF 


Channel  "ON" 
Capacitance 


CD(ON)+ 
CS(ON) 


Vs  =  VD  =  0V  (Note  5) 




'SO(OFF) 


15 




"OFF"  Isolation 


Vs  =  5VnMS,  RL  =  680n, 

CL  =  7pF,  f  =  500kHz  (Note  5) 




—  dB 


VS  =  5VRMS.  RL  =  680n. 

CL  =  7pF,  f  =  500kHz  (Note  5| 


  _ 
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ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -1 5V  and  T.  =  25°C,  unless  otherwise  noted.  Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-06B 
MIN  TYP 

MAX 

SW-06F 
MIN  TYP 

MAX 

SW-06G 
MIN  TYP 

MAX 

UNITS 

Positive  Supply 
Current 

It 

All  Channels  "OFF", 
□IS  =  "0- (Note  5) 

5.0 

6.0 

5.0 

9.0 

6.0 

9.0 

mA 

Negative  Supply 
Current 

All  Channels  "OFF", 
DIS  =  "0"  (Note  5) 

3.0 

5.0 

4.0 

7.0 

4.0 

7.0 

mA 

Ground  Current 


All  Channels  "ON"  or 
"OFF"  (Note  5) 


3.0  4.0 


3.0  4.0 


3.0 


5.0  mA 


ELECTRICAL  CHARACTERISTICS  at  V+  .  15V,  V-  -  -15V,  -55<>C  iTAS  +125°C  for  SW-06BQ,  -40"C  5  TA  <  +BS'C  for 
SW-06FQ  and  -40°C  <  TA  <  +85"C  for  SW-06GP/GS,  unless  otherwise  noted. 


SW-06B 

SW-06F 

SW-06G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN      TYP  I 

MAX 

MIN      TYP  1 

KAX 

UNITS 

Temperature  Range 

Ta 

Operating 

-55 

125 

-25  - 

85 

0  - 

70 

•c 

"ON"  Resistance 

"on 

Vs  -  0V.  Is  =  1.0mA 
Vs  =  ±10V.  Is  =  1.0mA 

75 
80 

110 
110 

—  75 

-  80 

125 
125 

—  75 

-  80 

175 
175 

Q 

R0N  Match  Between 
Switches 

Ron  Match 

Vs  =  0V,  ls=100i,A(Note1) 

6 

20 

-  6 

25 

-  10 

% 

Analog  Voltage  Range  VA 


.  (Note  8) 


+  10 
-10 


+  11 

-15 


+  10 
-10 


+11 

-15 


+  11  — 
-15  — 


Analog  Current  Range 

'a 

Vs  =  +  10.0V 

7 

12 

5 

11 

11 

mA 

ARON  With  Applied 
Voltage 

•»on 

-10V<VS<+10V. 
Is  -  1.0mA 

10 

12 

15 

% 

Source  Current  in 
"OFF"  Condition 

's(OFF) 

VS=10V,  VD  =  -10V, 

TA  =  Max.  Operating  Temp. 

(Notes  5.  7) 

60 

30 

60 

nA 

Drain  Current  in 
"OFF"  Condition 

'D(OFF) 

VS=10V,  VD  =  -10V, 

TA  =  Max.  Operating  Temp. 

(Notes  5.  7) 

60 

30 

60 

nA 

Leakage  Current  in 
"ON"  Condition 

's(ON)+ 
'd(ON) 

VS  =  VD  =  ±10V, 

TA  =  Max.  Operating  Temp. 

(Notes  5,  7) 

100 

30 

60 

nA 

Logical  "1"  Input 
Current 

'iNH 

VIN  =  2.0V  to  15.0V 
(Note  4) 

10 

10 

15 

cA 

Logical  "0"  Input 
Current 

'iNL 

VIN  =  0.BV 

4 

10 

4 

10 

5 

15 

eA 

Turn-On-Time 

•on 

See  Switching  Time 
Test  Circuit  (Notes  2,  6) 

440 

900 

500 

900 

1000 

ns 

Turn-Otf-Time 

'OFF 

See  Switching  Time 
Test  Circuit  (Notes  2.  6) 

300 

500 

330 

500 

500 

ns 

Break-Before-Make 
Time 

•ON-'OFF 

(Note  3) 

70 

70 

50 

ns 

Positive  Supply  Current 

l  + 

All  Channels  "OFF" 
DIS  =  "0"  (Note  5) 

9.0 

13.5 

13.5 

mA 

Negative  Supply  Current 

I- 

All  Channels  "OFF" 
DIS  =  "0"  (Note  5) 

7.5 

10.5 

10.5 

mA 

Ground  Current 

Iq 

All  Channels  "ON"  or  "OFF" 
(Note  5) 

6.0 

7.5 

7.5 

mA 

NOTES: 

I.   Vs  =  0V,  ls  =  100jiA.  Specified  as  a  percentage  of  Raverage  where: 


R AVERAGE 


RON1  +  RON2  +  RON3  +  RON4 


2.  Guaranteed  by  design. 

3.  Switch  is  guaranteed  by  design  to  provide  break-before-make 
operation. 


4.  Current  tested  at  V,N  =  2.0V"  This  is  worst  case  condition. 

5.  Switch  being  tested  ON  or  OFF  as  indicated,  V,NH  =  2.0V  or  V,NL  =  0.8V, 
per  logic  truth  table. 

6.  Also  applies  to  disable  pin. 

7.  Parameter  tested  only  at  TA=  +125°C  for  military  grade  device. 

8.  Guaranteed  by  R0N  and  leakage  tests.  For  normal  operation  maximum 
analog  signal  voltages  should  be  restricted  to  less  than  (V+)  -4V. 

9.  Sample  tested. 
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Selection  Tree  —  Voltage  References  and  Regulators 
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VOLTAGE 
REFERENCES  &  REGULATORS 


FIXED 
OUTPUT 


1.23  Volts 


2.5  Volts 


AD589  (IQ  =  10  nA) 


AD580 
AD680 
REF43 
AD1403/A 


2.5  Volts  or 
3  Volts 


AD780 


I 


- 


SELECTABLE 
OUTPUT 


ADJUSTABLE 
OUTPUT 


AD584 


(2.5  V,  5.0  V,  7.5  V 
or  10  V) 


AD588 


ADM663  (Fixed  +5  V;  +1.6  V  to  +16  V  Adj.) 
ADM666    (Fixed +5  V; +1.6  V  to +16  V  Adj. 

w/Low  Battery  Monitor) 
ADM663A  (Fixed  +3.3  V  or  +5  V; 

+1.6  V  to +16  V  Adj.) 
ADM663A  (Fixed  +3.3  V  or  +5  V; 

+1.6  V  to  +16  V  Adj.  w/Low  Battery 


CO 

..  .  -■ 
■ 

a 


(+5  V  &  +10  V  -5  V 
&  -10  V  or  +5  V) 


Monitc 


5.0  Volts 


10  Volts 


±10  Volts 


AD586 
REF02 
REF195 


AD581 
AD587 
REF01 


AD688 


Low  Drop  Output 
Voltage  (Iq  =  46  uA) 


REF190  (Adj.2V 
to6V) 


REF194  (+4.5  V) 
REF195  (+5.0  V) 


REF191  (+2.048  V)  REF196  (+3.3  V) 
REF192  (+2.5  V)      REF198  (+4.096  V) 
REF193  (+3.0  V) 
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Voltage  References 


§ 

r- 

2 

rn 
3i 

1 

| 

CO 

I 


Output 

Initial 

Temp 

Voltage 

Accuracy 

Stability 

Package 

Temp 

Model 

V 

%  FS  max 

ppm/°C  max 

Options1 

Ranges 

Page3 

Comments 

AD589 

+1.235 

1.2-2.8 

10-100 

H 

C,  MJ 

8-22 

Two  Terminal,  1.2  V  Reference 

REF191 

+2.048 

2-10  mV 

5-25 

N,  R 

I 

8-61 

45  pA  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

REF192 

+2.5 

2-10  mV 

5-25 

N,  R 

I 

8-61 

45  (nA  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

AD780 

+2.5/+3.0 

0.03-0.04 

3 

N,  Q,  R 

I,  M 

8-30 

Ultrahigh  Precision  +2.5  V/+3.0  V  Bandgap  Reference 

AD680 

+2.5 

0.2-0.4 

20-30 

N,  R,  T 

C,  I 

8-24 

Low  Cost,  Low  Power  2.5  V  Reference 

AD580 

+2.5 

0.4-3 

10-85 

H 

C,  M/D 

8-5 

Precision,  Three  Terminal,  2.5  V  Reference 

AD1403/AD1403A 

+2.5 

0.4-1 

25-40 

N 

I 

8-38 

Second  Source,  2.5  V  Reference 

REF43 

+2.5 

0.6-1 

10-25 

H,  N,  Q,  R 

I,  M/D 

8-58 

Precision  Bandgap  Reference 

REF03 

+2.5 

0.6 

50 

N,  R 

I 

CII  6-99 

Low  Cost  Bandgap  Reference 

REF193 

+3.0 

10  mV 

25 

N,  R 

I 

8-61 

45  uA  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

REF196 

+3.3 

10  mV 

25 

N,  R 

I 

8—61 

45  (iA  supply  Current,  0.6  V  Dropout  <g>  10  mA  Out 

REF198 

+4.096 

2-10  mV 

5-25 

N,  R 

I 

8-61 

45  jiA  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

REF194 

+4.5 

2-10  mV 

5-25 

N,  R 

I 

8-61 

45  jiA  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

AD586 

+5 

0.04-0.4 

5-25 

Q,  R 

C,  M/D 

8-13 

Precision,  Buried  Zener  5  V  Reference 

REF195 

+5.0 

2-10  mV 

5-25 

N,  R 

I 

8-61 

45  u,A  Supply  Current,  0.6  V  Dropout  (a>  10  mA  Out 

REF02 

+  3 

ft  t  7  n 
U.J— z.u 

O.J— Z3U 

t,  M,  in,  u.,  K 

C,  1,  M/D 

5—33 

Precision  Bandgap  Reference,  Adjustable 

AD2710 

+  10 

0.01 

1-5 

N 

C 

CII  6-79 

Ultrahigh  Precision  10  V  Reference 

AD2700 

+  10 

0.025-0.05 

3-10 

D 

C,M/D 

CII  6-75 

Very  High  Precision  10  V  Reference 

AD587 

+10 

0.05-0.1 

5-20 

Q,R 

C,  M/D 

8-16 

Precision  10  V  Buried  Zener  Reference 

AD581 

+10 

0.05-0.3 

5-30 

H 

C,M/D 

8-7 

Three  Terminal  10  V  Bandgap  Reference 

REFOl 

+10 

0.3-1.0 

8.5-65 

E,  H,  N,  Q,  R 

C,  I,  M/D 

8-52 

Precision  Bandgap  Reference 

AD2712 

±10 

0.01 

1-5 

N 

C 

CII  6-79 

Ultrahigh  Precision  ±  10  V  Reference 

AD688 

±10 

0.02-0.05 

1.5-6 

Q 

I,  M/ 

8-27 

High  Precision  Monolithic  ±10  V  Reference 

AD2702 

±10 

0.025-0.05 

3-10 

D 

C,  M/D 

CII  6-75 

Very  High  Precision  ±10  V  Reference 

AD2701 

-10 

0.025-0.05 

3-10 

D 

C,  M/D 

CII  6-75 

Very  High  Precision  -10  V  Reference 

AD588 

Selectable 

0.01 

1.5-6 

E,  N,Q 

C,  I,  M/D 

8-19 

Ultrahigh  Precision,  Monolithic  Programmable  Reference 

AD584 

Selectable 

0.05-0.3 

5-30 

E,  H 

C,  M/Dj 

8-9 

Precision,  Programmable  Bandgap  Reference 

REF190 

Adjustable 

10  mV 

5-25 

N,  R 

I 

8-61 

45  u.A  Supply  Current,  0.6  V  Dropout  @  10  mA  Out 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 
'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 
'CII  -  Dam  Convener  Reference  Manual,  Volume  II.  All  other  entries  refer  to  this  volume. 
:  Type:  Data  sheet  information  in  this  volume. 
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Voltage  Regulators 


Output 
Model  Voltage 

ADM663  +  5  V  Fixed,  1.3  to  +16  V , 

ADM666  +5  V  Fixed,  1.3  to +16  V; 

ADM663A  +3.3  V  or  +5  V  Fixed,  1.3  to  +16  V  Adjustable 

ADM666A  +3.3  V  or  5  V  Fixed,  1.3  to  +16  V  Adjustable 


Output  Package 

Current  Functions  Options1 

40  Output  Boost  Temperature  Output  Shutdown  N,  R 

40  Low  Battery  Detect  Shutdown  N,  R 

100  Output  Boost  Temperature  Output  Shutdown  N,  R,  RS 

100  Low  Battery  Detect  Shutdown  N,  R,  RS 


Temp 

Ranges2  Page  Comments 

I  8-40  MAX663  Replacement 

I  8-40  MAX666  Replacement 

I  8-46  Higher  Output  Replacement 

I  8-46  Higher  Output  Replacement 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadlcss  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  m  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  SmaU  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


High  Precision 

DEVICES 

2.5V  IC  Reference 

AD580* 

FEATURES 

Laser  Trimmed  to  High  Accuracy:  2.500V  ±0.4% 
3-Terminal  Device:  Voltage  In/Voltage  Out 

I-UNCllUINAL  BLOCK  DIAliKAM' 
TO-52 

Excellent  Temperature  Stability:  10ppm/°C  (AD580M,  U) 
Excellent  Long  Term  Stability:  250uV  (25uV/Month) 

>  +e\ 

Low  Quiescent  Current:  1 .5mA  max 

Small,  Hermetic  IC  Package:  TO-52  Can 

MIL-STD-883  Compliant  Versions  Available 

[  BOTTOM  J 

f       EOUT  1 

i  O 

I  VIEW 

1 

V  ^ 

/ 

PRODUCT  DESCRIPTION 

The  AD580  is  a  three-terminal,  low  cost,  temperature  compen- 
sated, bandgap  voltage  reference  which  provides  a  fixed  2.5V 
output  for  inputs  between  4.5V  and  30V.  A  unique  combin- 
ation of  advanced  circuit  design  and  laser-wafer-trimmed 
thin-film  resistors  provide  the  AD580  with  an  initial  tolerance 
of  ±0.4%,  a  temperature  stability  of  better  than  10ppm/°C 
and  long-term  stability  of  better  than  250juV.  In  addition, 
the  low  quiescent  current  drain  of  1.5mA  max  offers  a  clear 
advantage  over  classical  zener  techniques. 

The  AD580  is  recommended  as  a  stable  reference  for  all  8-, 
10-  and  12-bit  D-to-A  converters  that  require  an  external  refer- 
ence. In  addition,  the  wide  input  range  of  the  AD580  allows 
operation  with  5  volt  logic  supplies  making  the  AD580  ideal 
for  digital  panel  meter  applications  or  whenever  only  a  single 
logic  power  supply  is  available. 

The  AD580J,  K,  L  and  M  are  specified  for  operation  over  the 
0  to  +70°C  temperature  range;  the  AD580S,  T  and  U  are  speci- 
fied for  operation  over  the  extended  temperature  range  of 
—55  C  to  +125  C. 


PRODUCT  HIGHLIGHTS 

1.  Laser-trimming  of  the  thin-film  resistors  minimizes  the 
AD580  output  error.  For  example,  the  AD580L  output 
tolerance  is  ±10mV. 

2.  The  three-terminal  voltage  in/voltage  out  operation  of  the 
AD580  provides  regulated  output  voltage  without  any 
external  components. 

3.  The  AD 5 80  provides  a  stable  2.5V  output  voltage  for 
input  voltages  between  4.5V  and  30V.  The  capability  to 
provide  a  stable  output  voltage  using  a  5-volt  input  makes 
the  AD580  an  ideal  choice  for  systems  that  contain  a 
single  logic  power  supply. 

4.  Thin  film  resistor  technology  and  tightly  controlled  bipolar 
processing  provide  the  AD580  with  temperature  stabilities 
to  lOppm/  C  and  long  term  stability  better  than  250/nV. 

5.  The  low  quiescent  current  drain  of  the  AD580  makes  it 
ideal  for  CMOS  and  other  low  power  applications. 

6.  The  AD580  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD580/883B  data  sheet  for  detailed  specifications. 


•Protected  by  Patent  Not.  3,887,863,  RE30,  586. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


AD580  CHIP  DIMENSIONS 
AND  PAD  LAYOUT 

es  and  (mm). 


<  Eoor  PADS  MUST  BE  CONNECTED  TO  THE  OUTPUT. 


The  AD580  is  also  available  in  chip  form.  Consult  the  factory 
for  specifications  and  applications  information. 
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■  *-■*•»  a  vaaF.>}a*. 

OUTPUT  VOLTAGE  CHANGE 
Tm,n  to  Tm„ 

15 

7 

if 

1.75 

mV 

85 

40 

25 

10 

ppm/DC 

LINE  REGULATION 
7VSVWS30V 
4.5VsVINs7V 

1.5  6 
0.3  3 

1.5  4 
0.3  2 

'  ''»•*• 
1 

2 
1 

mV 
mV 

LOAD  REGULATION 
41  m  10mA 

10 

10 

10 

10 

mV 

QUIESCENT  CURRENT 

1.0  1.5 

1.0  1.5 

1.0  1.5 

1.0  1.5 

mA 

NOISE(O.lHztolOHz) 

8 

8 

8 

8 

p.V(p-p) 



STABILITY 

Long  Term 

Per  Month 



250 
25 

250 
25 

250 
25 

250 
25 

P.V 
uV 

TEMPERATURE  PERFORMANCE 
Specified 
Operating 
Storage 

0  +70 
-55             S  +115 
-65  +175 

0  +70 
-  55  +125 
-65  +175 

0  +70 
-  55                     + 125 
-65  +175 

0  +70 
-  55  +125 
-65  +175 

•c 

"C 

PACKAGE  OPTION* 
TO-52(H-03A) 

AD580JH 

AD580KH 

AD580LH 

AD580MH 

Model 

AD580S 
Min        Typ  Maui 

AD580T 
Min        Typ  Mai 

AD580U 
Min        Typ  Max 

Unit! 

OUTPUT  VOLTAGE  TOLERANCE 
(Error  from  Nominal  2.500  Volt  Output) 

±25 

±10 

±10 



mV 

OUTPUT  VOLTAGE  CHANGE 

TmintoTna. 

25 

55 

11 

25 

4.5 

10 

mV 

ppm/°C 

LINE  REGULATION 
TVsVtNSMV 
4.5VsVm«7V 

1.5  6 
0.3  3 

2 
1 

2 
1 

mV 
mV 

LOAD  REGULATION 
41  =  10mA 

10 

10 

10 

mV 

QUIESCENT  CURRENT 

1.0  1.5 

1.0  1.5 

1.0  1.5 

mA 

NOISE  (0.1Hz  to  10Hz) 

8 

 1  

8 

8 

"■V(p-p> 

STABILITY 
Long  Term 
Per  Month 

250 
25 

250 
25 

250 

U.V 

nv 

TEMPERATURE  PERFORMANCE 

Operating 
Storage 

-55  +125 
-55  +150 
-65  +175 

-55  +125 
-55  +150 
-65  +175 

-55  +125 
-  55  +150 
-65  +175 

"C 

■c 

PACKAGE  OPTION* 
TO-52(H-03A) 

AD580SH 

AD580TH 

AD580UH 

NOTE 

*  H  ■  Metal  Can.  For  outline  information  aee  Package  Information  section. 
Specifications  subject  to  change  without  notice . 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test .  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels .  All 
min  and  max  specifications  ate  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 

3 


ABSOLUTE  MAXIMUM  RATINGS 


Input  Voltage  40V 

Power  Dissipation  @  +25°C 
Ambient  Temperature    350mW 

Derate  above  +25°C  2.8mW/°C 

Lead  Temperature  (Soldering,  lOsec)   300°C 

Thermal  Resistance 

Junction-to-Case   100°C/W 

Junction-to-Ambient   360°C/W 

8-6    VOLTAGE  REFERENCES  AND  REGULATORS  REV.  A 


ANALOG 
141  DEVICES 

TA  ...  .  _ 
High  Precision 

10V IC  Reference 

AD581* 

FEATURES 

Laser-Trimmed  to  High  Accuracy: 

10.000  Volts  ±5mV  (L  and  U) 
Trimmed  Temperature  Coefficient: 

5ppm/°C  max,  0  to  +70°C  (L) 

10ppm/°C  max,  -55"C  to  +  125°C  (U) 
Excellent  Long-Term  Stability: 

2Sppm/1000  hrs.  (Noncumulative) 
Negative  10  Volt  Reference  Capability 
Low  Quiescent  Current:  1.0mA  max 
10mA  Current  Output  Capability 
3-Terminal  TO-5  Package 
MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


TO-! 
BOTTOM  VIEW 


PRODUCT  DESCRIPTION 

The  AD581  is  a  three-terminal,  temperature  compensated, 
monolithic  band-gap  voltage  reference  which  provides  a  pre- 
cise 10.00  volt  output  from  an  unregulated  input  level  from 
12  to  30  volts.  Laser  Wafer  Trimming  (LWT)  is  used  to  trim 
both  the  initial  error  at  +25°C  as  well  as  the  temperature 
coefficient,  which  results  in  high  precision  performance  pre- 
viously available  only  in  expensive  hybrids  or  oven-regulated 
modules.  The  5mV  initial  error  tolerance  and  5ppm/  C  guar- 
anteed temperature  coefficient  of  the  AD581L  represent  the 
best  performance  combination  available  in  a  monolithic  volt- 
age reference. 

The  band-gap  circuit  design  used  in  the  AD581  offers  several 
advantages  over  classical  Zener  breakdown  diode  techniques. 
Most  important,  no  external  components  are  required  to 
achieve  full  accuracy  and  stability  of  significance  to  low  power 
systems.  In  addition,  total  supply  current  to  the  device,  includ- 
ing the  output  buffer  amplifier  (which  can  supply  up  to  10mA) 
is  typically  750fiA.  The  long-term  stability  of  the  band-gap 
design  is  equivalent  or  superior  to  selected  Zener  reference 
diodes. 

The  AD581  is  recommended  for  use  as  a  reference  for  8-,  10- 
or  12-bit  D/A  converters  which  require  an  external  precision  ref- 
erence. The  device  is  also  ideal  for  all  types  of  A/D  converters 
up  to  14  bit  accuracy,  either  successive  approximation  or  inte- 
grating designs,  and  in  general  can  offer  better  performance 
than  that  provided  by  standard  self-contained  references. 

The  AD581J,  K,  and  L  are  specified  for  operation  from  0  to 
+70°C;  the  AD581S,  T,  and  U  are  specified  for  the  -55°C  to 
+  125  C  range.  All  grades  are  packaged  in  a  hermetically- 
sealed  three-terminal  TO-5  metal  can. 

?OHlT  A*  MUMDC  AM  3TU.IC«SA 
•Covered  by  Patent  No..  3,887,863,  RE  30,586 
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This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446*212. 


PRODUCT  HIGHLIGHTS 

1.  Laser  trimming  of  both  initial  accuracy  and  temperature 
coefficient  results  in  very  low  errors  over  temperature  with- 
out the  use  of  external  components.  The  AD581L  has  a 
maximum  deviation  from  10.000  volts  of  ±7.25mV  from 

0  to  +70°C,  while  the  ADS 8 1 U  guarantees  ±  1 5mV  maximum 
total  error  without  external  trims  from  -55°C  to  +125°C. 

2.  Since  the  laser  trimming  is  done  on  the  wafer  prior  to  sepa- 
ration into  individual  chips,  the  AD581  will  be  extremely 
valuable  to  hybrid  designers  for  its  ease  of  use,  lack  of 
required  external  trims,  and  inherent  high  performance. 

3.  The  AD581  can  also  be  operated  in  a  two-terminal  "Zener" 
mode  to  provide  a  precision  negative  10  volt  reference  with 
just  one  external  resistor  to  the  unregulated  supply.  The  per- 
formance in  this  mode  is  nearly  equal  to  that  of  the  stand- 
ard three-terminal  configuration. 

4.  Advanced  circuit  design  using  the  band-gap  concept  allows 
the  AD581  to  give  full  performance  with  an  unregulated  in- 
put voltage  down  to  1 3  volts.  With  an  external  resistor,  the 
device  will  operate  with  a  supply  as  low  as  11.4  volts. 

5.  The  AD581  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD581/883B  data  sheet  for  detailed  specifications. 
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AD581— SPECIFICATIONS 




AD581J 
Min        Typ  Max 

AD581K 
Mil        Typ  Max 

AD581L 
Min        Typ  Max 

Units 

OUTPUT  VOLTAGE  TOLERANCE 
(Error  from  nominal  10,000V  output) 

±30 

±10 

±5 

mV 

OUTPUT  VOLTAGE  CHANGE 
Maximum  Deviation  from  +  25°C 
Value,  Tmin  toTnui 
(Temperature  Coefficient) 

±13.5 
30 

±6.75 
15 

±2.25 

mV 

ppm/X 

LINE  REGULATION 
15VsViNs30V 

lSV^VrM^lSV 

30 

(0.002) 
1.0 

(0.005) 

3.0 

(0.002) 
1.0 

(0.005) 

3.0 

(0.002) 
1.0 

(0.005) 

mV 

%/V 
mV 
%/V 

LOAD  REGULATION 

0-IouT-5mA 

200  500 

200  500 

200  500 

M-V/mA 

QUIESCENT  CURRENT 

0.75  1.0 

0.75  1.0 

0.75  1.0 

mA 

TURN-ON  SETTLING  TIME  TOO.  1% 

200 

200 

200 

M* 

NOISE  (0. 1  to  10Hz) 

40 

40 

40 

uV/p-p 

LONG-TERM  STABILITY 

25 

25 

ppm/lOOOhrs. 

SHORT-CIRCUIT  CURRENT 

30 

30 

30 

mA 

OUTPUT  CURRENT 
Source®  +  25X 
Source  T„i„  to  T», 

SinkTmjntoTnuj 

Sink  -55°Cto  +85°C 

10 

5 
5 

10 

5 

5 

10 

5 
5 

mA 
mA 
pA 
mA 

TEMPERATURE  RANGE 
Specified 
Operating 

0  +70 
-  65  +150 

0  +70 
-65  +150 

0  +70 
-65  +150 

X 
"C 

PACKAGE  OPTION 1 
TO-5(H-03B) 

AD581JH 

AD581KH 

AD581LH 

Model 

AD581S 
Min        Typ  Max 

AD581T 
Min        Typ  Max 

AD581U 
Min        Typ  Max 

■ 

Units 

OUTPUT  VOLTAGE  TOLERANCE 
(Error  from  nominal  10,000V  output) 

±30 

±10 

±5 



mV 

OUTPUT  VOLTAGE  CHANGE 
Maximum  Deviation  from  +  25X 
Value,  T„i„  to  T™, 

(Temperature  Coefficient) 

±30 

30 

±15 

15 



±10 

10 



mV 

ppm/°C 

LINE  REGULATION 
15VsVrNS30V 

13V<vIN<15V 

3.0 

(0.002) 
1.0 

(0.005) 

3.0 

(0.002) 
1.0 

(0.005) 

3.0 

(0.002) 
1.0 

(0.005) 

mV 
%/V 
mV 
%/V 

LOAD  REGULATION 

0?sIouT-5mA 

200  500 

200  500 

200  500 

liV/mA 

QUIESCENT  CURRENT 

0.75  1.0 

0.75  1.0 

0.75  1.0 

mA 

TURN-ON  SETTLING  TIME  TO  0. 1% 

200 

200 

200 

(IS 

NOISE  (0.1  to  IOHz) 

40 

40 

40 

aV/p-p 

LONG-TERM  STABILITY 

25 

25 

25 

ppra  lOOOhrs. 

SHORT-CIRCUIT  CURRENT 

30 

30 

30 

mA 

OUTPUT  CURRENT 
Source  <g>  +  25X 
Source  T^n  to 
Sink  Tmjn  to  Tm„ 
Sink  -  55X  to  +  85°C 

10 

5 

200 
5 

10 

5 

200 
5 

10 

5 

200 

5 

1111 

TEMPERATURE  RANGE 
Specified 
Operating 

-55  +125 
-65  +150 



-55  +125 
-65  +150 

-55  +125 
-65  +150 

X 
X 

PACKAGE  OPTION1 
TO-S(H-03B) 

AD581SH 

AD58ITH 

AD581UH 

ABSOLUTE  MAXIMUM  RATINGS 

Input  Voltage  VIN  to  Ground  40V 

Power  Dissipation  @  +25°C   600mW 

Operating  Junction  Temperature  Range    .  .  -55°C  to  +  150°C 

Lead  Temperature  (Soldering,  lusec)   +  300°C 

Thermal  Resistance 

Junction-to-Ambient  150°C/W 


lH  =  Hermetic  Metal  Can.  For  outline  information  sec  Package 
Information  section. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  arc  tested  on  aJJ  production  units  at  final  electri- 
cal test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
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ANALOG 


Pin  Programmable 
Precision  Voltage  Reference 


— 


3NFIG1 


AD584" 


FEATURES 

Four  Programmable  Output  Voltages: 

10.0O0V,  7.500V,  5.000V,  2.500V 
Laser-Trimmed  to  High  Accuracies 
No  External  Components  Required 
Trimmed  Temperature  Coefficient: 

5ppm/°C  max,  0  to  +70°C  (AD584L)  10 

15ppm/°C  max,  -55°C  to  +125°C  (AD584T) 
Zero  Output  Strobe  Terminal  Provided  s.ov 
Two  Terminal  Negative  Reference 

Capability  (5V  &  Above) 
Output  Sources  or  Sinks  Current 
Low  Quiescent  Current:  1.0mA  max 
10mA  Currant  Output  Capability 
MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD584  is  an  eight-terminal  precision  voltage  reference 
offering  pin-programmable  selection  of  four  popular  output 
voltages:  10.000V,  7.500V,  5.000V  and  2.500V.  Other  out- 
put voltages,  above,  below  or  between  the  four  standard  out- 
puts, are  available  by  the  addition  of  external  resistors.  Input 
voltage  may  vary  between  4.5  and  30  volts. 

Laser  Wafer  Trimming  (LWT)  is  used  to  adjust  the  pin-program- 
mable output  levels  and  temperature  coefficients,  resulting  in 

monolithic  form. 

In  addition  to  the  programmable  output  voltages,  the  AD584 
offers  a  unique  strobe  terminal  which  permits  the  device  to  be 
turned  on  or  off.  When  the  AD584  is  used  as  a  power  supply 
reference,  the  supply  can  be  switched  off  with  a  single,  low- 
power  signal.  In  the  "off"  state  the  current  drain  by  the 
AD584  is  reduced  to  about  100/uA.  In  the  "on"  state  the  total 
supply  current  is  typically  750/iA  including  the  output  buffer 
amplifier. 

The  AD584  is  recommended  for  use  as  a  reference  for  8-,  10- 
or  12-bit  D/A  converters  which  require  an  external  precision  ref- 
erence. The  device  is  also  ideal  for  all  types  of  A/D  converters 
of  up  to  14  bit  accuracy,  either  successive  approximation  or 
integrating  designs,  and  in  general  can  offer  better  performance 
than  that  provided  by  standard  self-contained  references. 

The  AD584J,  K  and  L  are  specified  for  operation  from  0  to 
+70°C;  the  AD584S  and  T  are  specified  for  the  -55°C  to 
+125  C  range.  All  grades  are  packaged  in  a  hermetically 
sealed  eight-terminal  TO-99  metal  can;  the  AD584J  and  K  are 
also  available  in  an  8-pin  plastic  DIP. 

•Protected  by  U.S.  Patent  No.  3,887,863;  RE  30,  586 


PIN  CONFIGURATIONS 


8-Pin  DIP 


CAP 


II 

H 


+v 

CAP 


2.5V  Ql  ,™™™) 
STROBE    COMMON  (T  T)  STROBE 


PRODUCT  HIGHLIGHTS 

1.  The  flexibility  of  the  AD584  eliminates  the  need  to  design- 
in  and  inventory  several  different  voltage  references.  Further- 
more one  ADS  84  can  serve  as  several  references  simultane- 
ously when  buffered  properly. 

2.  Laser  trimming  of  both  initial  accuracy  and  temperature 
coefficient  results  in  very  low  errors  over  temperature  with- 
out the  use  of  external  components.  The  AD584LH  has  a 
maximum  deviation  from  10.000  volts  of  ±7.25mV  from 

0  to  +70°C. 

3.  The  AD584  can  be  operated  in  a  two-terminal  "Zener" 
mode  at  5  volts  output  and  above.  By  connecting  the  input 
and  the  output,  the  AD584  can  be  used  in  this  "Zener" 
configuration  as  a  negative  reference. 

4.  The  output  of  the  AD584  is  configured  to  sink  or  source 
currents.  This  means  that  small  reverse  currents  can  be 
tolerated  in  circuits  using  the  AD584  without  damage  to 
the  reference  and  without  disturbing  the  output  voltage 
(10V,  7.5V  and  5V  outputs). 

5.  The  AD584  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD584/883B  data  sheet  for  de- 
tailed specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(@  VIN  =  15V  and  25°C) 


Model 




OUTPUT  VOLTAGE  TOLERANCE 
Maximum  Error1  for  Nominal 
Outputs  of: 
10.000V 
7.500V 
5.000V 
2.500V 


2»I«n "ASUO  W)a  HJ'. 


±30 
±20 
±15 
±7.5 


AD584K 
TTP 


±10 

±8 

±6 

±3.5 


±5 
±4 

±3 
±2.5 


«stM->.»a>A  rtr'H  of 
bsjtiijuefl  «tn«no<?m 
ilwafciPirwO  ^ty's^ 








— 


mV 
mV 
mV 
mV 


TAJ=» 




ppm/°C 
ppm/X 

lF\rriqt|e".' 

ppm/°C 

"InA 

uA/°C 



OUTPUT  VOLTAGE  CHANGE 
Maximum  Deviation  from  +  25°C 
Value,  Tmin  to  T^2 

10.000, 7.500, 5.000V  Outputs 
2. 500V  Output 
Differential  Temperature 
Coefficients  Between  Outputs 


30 
30 


15 
15 


10 


QUIESCENT  CURRENT 
Temperature  Variation 


0.75 
1.5 


1.0 


0.75 
1.5 


1.0 


0.75 
1.5 


1.0 


TURN-ON  SETTLING  TIME  TO  0.1% 


NOISE 
(O.ltolOHz) 


50 


50 





50 


- 


LONG-TERM  STABILITY 


25 


25 


ppm/lOOOHrs. 


SHORT-CIRCUITCURRENT 

LINE  REGULATION  (No  Load) 
15VSVTOS30V 
(VOUT+2.SV)sVrwsl5V 


30 


0.002 
0.005 


0.005 


%/v 

%/V 


—  

20  50 

. 

10 

5 

*f°°  v^»vaia  but 



LOAD  REGULATION 
0s  I0UTs  5mA,  All  Outputs 


50 


50 


OUTPUT  CURRENT 
VtN^VouT+2.5V 
Source®  +  25°C 
Source  Tmin  to  T„,„ 
Sink  T,™,  to  T™, 


10 

5 
5 


10 

5 
5 





mA 
mA 
mA 




TEMPERATURE  RANGE 
Operating 
Storage 


h70 
H75 


-65 


+  70 
+  175 


•c 
-c 


PACKAGE  OPTION3 
TO-99(H-08A) 
Plastic  (N-8) 


AD584JH 
AD584JN 


AD584KH 
AD584KN 


AD584LH 


NOTES 
'AtPinl. 

2Calculated  as  average  over  the  operating  temperature  range. 

3H  =  Hermetic  Metal  Can;  N  =  Plastic  DIP.  For  package  outline  information  see 

Package  Information  section. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 


ABSOLUTE  MAX  RATINGS 

Input  Voltage  ViN  to  Ground  40V 

Power  Dissipation  (&  +  25°C   600m  W 

Operating  Junction  Temperature  Range    .  .  -  55°C  to  +  125°C 

Lead  Temperature  (Soldering  lOsec)  4>  300°C 

Thermal  Resistance 
Junction-to-Ambient  (H-08A)   150°C/W 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (nun). 

-Ot  ,-8  lot  sarins 


I* 

0-089 
(2261 

|<FkA)0t«|x! 

CAP  V„ 
7  S 

V- 

i  PADS  MUST  BE  CONNECTED  TO  THE  OUTPUT. 

 TONS  REQUIRED;  SEE  PIN  DESIGNATIONS  FOR  INFORMATION. 

r  OUT  IN  PACKAGE  DEVICE 
5  CORRESPOND  TO  PIN  NUMBERS  FOR  THE  TO-99,  S-PIN  METAL  PACKAGE. 

ic  noiawv  iauvn  raow  -  >'»  •  .'do  «T  .I3»d*t  xtab  tssyhhdt  ab  ai  tUTl 
■Silt)  <l>  MB*!  H  m3t9*'  U"iix>vt  xc3  too  Bso  ,t9»d.i  saab  a'  ilqn-i  i 
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OUTPUT  VOLTAGE  TOLERANCE 
Maximum  Error1  for  Nominal 
Outputs  of: 
10.000V 
7.500V 
5.000V 
2.500V 


OUTPUT  VOLTAGE  CHANGE 
Maximum  Deviation  from  +  25°C 
Value,T„j„toT„„2 

10.000, 7.500, 5.000V  Outputs 
2.500V  Output 
Differential  Temperature 
Coefficients  Between  Outputs 


QUIESCENT  CURRENT 
Temperature  Variation 


TURN-ON  SETTLING  TIME  TO  0.1% 


NOISE 
(O.ltolOHz) 


LONG-TERM  STABILITY 


SHORT-CIRCUIT  CURRENT 


LINE  REGULATION  (No  Load) 
15V==VrN£30V 
(Votrr+2.5V)sVINsl5V 


LOAD  REGULATION 
O^IouT^SmA,  All  Outputs 


OUTPUT  CURRENT 

V,NaV0tjT+2.5V 
Source®  +  25°C 
Source  T^,,  to  T^, 
SinkTmtotoT™ 


TEMPERATURE  RANGE 
Operating 
Storage 


PACKAGE  OPTION3 
TO-99(H-08A) 


Min 


AD584S 
Typ  Max 


±30 
±20 
±15 
±7.5 


30 
30 


0.75 
1.5 


1.0 


200 



50 


25 


30 


0.002 
0.005 


20 


10 

5 
5 


-55 
-65 


AD584SH 


AD584T 
Min  Typ 


±10 

±8 
±6 
±3.5 


15 
20 


0.75 
1.5 


1.0 


200 


50 


25 


30 


0.002 
0.005 


20 


50 


10 

5 
5 


-55  +125 
-65  +175 


AD584TH 
 1  


AD584 




Units 


mV 
mV 
mV 
mV 


ppm/°C 
ppm/°C 

ppm/°C 


■ 


mA 

uA/°C 


(IS 


(iVp-p 


ppm/lOOOHrs. 


mA 


%/V 
%/V 


ppm/mA 


mA 
mA 
mA 


mA 


°C 


NOTES 
'At  Pin  1. 

2 Calculated  as  average  over  the  operating  temperature  range. 

3H  =  Hermetic  Metal  Can.  For  package  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 


- 

■ 





Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 
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puis  J.  aim  t  \xt  i  ijuiv  Lf*  iu«  ^auu,^-  uui^-i  D- 

may  be  reduced  to  7.5V,  5.0V  or  2.5V  by  connecting  the 
programming  pins  as  follows: 

PIN  PROGRAMMING 

Join  the  2.5V  and  5.0V  pins  (2) 
and  (3). 

Connect  the  5 .0V  pin  (2)  to  the 
output  pin  (1). 

Connect  the  2.5V  pin  (3)  to  the 
output  pin  (1). 


OUTPUT  VOLTAGE 

7.5V 

5.0V 
2.5V 


The  options  shown  above  are  available  without  the  use  of  any 
additional  components.  Multiple  outputs  using  only  one 
AD584,  are  also  possible  by  simply  buffering  each  voltage 
programming  pin  with  a  unity-gain  noninverting  op  amp. 


•THE  2.6V  TAP  IS  USED  INTERNALLY  AS  A  BIAS  POINT 
AND  SHOULD  NOT  BE  CHANGED  BY  MORE  THAN  100mV 
IN  ANY  TRIM  CONFIGURATION. 

Figure  1.   Variable  Output  Options 

The  AD584  can  also  be  programmed  over  a  wide  range  of  out- 
put voltages,  including  voltages  greater  than  10V,  by  the  ad- 
dition of  one  or  more  external  resistors.  Figure  1  illustrates 
the  general  adjustment  procedure,  with  approximate  values 
given  for  the  internal  resistors  of  the  AD584.  The  AD584  may 
be  modeled  as  an  op  amp  with  a  noninverting  feedback  con- 
nection, driven  by  a  high  stability  1.215  volt  bandgap  refer- 
ence (see  Figure  3  for  schematic). 

When  the  feedback  ratio  is  adjusted  with  external  resistors,  the 
output  amplifier  can  be  made  to  multiply  the  reference  voltage 
by  almost  any  convenient  amount,  making  popular  outputs  of 
10.24V,  5.12V,  2.56V  or  6.3V  easy  to  obtain.  The  most  gener- 
al adjustment  (which  gives  the  greatest  range  and  poorest  reso- 
lution) uses  Rl  and  R2  alone  (see  Figure  1).  As  Rl  is  adjusted 
to  its  upper  limit  the  2.5V  pin  3  will  be  connected  to  the  out- 
put, which  will  reduce  to  2.5V.  As  Rl  is  adjusted  to  its  lower 
limit,  the  output  voltage  will  rise  to  a  value  limited  by  R2.  For 
example,  if  R2  is  about  6k£2,  the  upper  limit  of  the  output 
range  will  be  about  20V  even  for  large  values  of  Rl.  R2  should 


iU.l.lUI  v*»w  WMlfb...   .wx^ugt..   ^          ■  —  p,  

quired  to  be  set  at  levels  other  than  the  standard  outputs,  the 
20%  absolute  tolerance  in  the  internal  resistor  ladder  must  be 
accounted  for. 

Alternatively,  the  output  voltage  can  be  raised  by  loading  the 
2.5V  tap  with  R3  alone.  The  output  voltage  can  be  lowered  by 
connecting  R4  alone.  Either  of  these  resistors  can  be  a  fixed 
resistor  selected  by  test  or  an  adjustable  resistor.  In  all  cases 
the  resistors  should  have  a  low  temperature  coefficient  to 
match  the  AD584  internal  resistors,  which  have  a  negative  T.C. 
less  than  60ppm/° C.  If  both  R3  and  R4  are  used,  these  resistors 
should  have  matched  temperature  coefficients. 

When  only  small  adjustments  or  trims  are  required,  the  circuit 
of  Figure  2  offers  better  resolution  over  a  limited  trim  range. 
The  circuit  can  be  programmed  to  5.0V,  7.5V  or  10V  and 
adjusted  by  means  of  Rl  over  a  range  of  about  ±200mV.  To 
trim  the  2.5V  output  option,  R2  (Figure  2)  can  be  reconnected 
to  the  bandgap  reference  (pin  6).  In  this  configuration,  the 
adjustment  should  be  limited  to  ±100mV  in  order  to  avoid 
affecting  the  performance  of  the  AD584. 


T 


■ 


-U  R2 

r£        300k  • 


Figure  2.  Output  Trimming 


Figure  3.  Schematic  Diagram 
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ANALOG 
DEVICES 


High  Precision 
5V  Reference 


FEATURES 

Laser  Trimmed  to  High  Accuracy: 
5.000V  ±2.0mV  (M  Grade) 

Trimmed  Temperature  Coefficient: 
2ppm/°C  max,  0  to  +  70°C  (M  Grade) 
5ppm/°C  max,  -40°C  to  +85X  (B  Grade) 
10ppm/°C  max,  -55°C  to  +125X  (T  Grade) 

Low  Noise,  100nV/VRz 

Noise  Reduction  Capability 

Output  Trim  Capability 

MIL-STD-883  Compliant  Versions  Available 

Industrial  Temperature  Range  SOICs  Available 

Output  Capable  of  Sourcing  or  Sinking  10mA 


PRODUCT  DESCRIPTION 

The  AD586  represents  a  major  advance  in  the  state-of-the-art  in 
monolithic  voltage  references.  Using  a  proprietary  ion-implanted 
buried  Zener  diode  and  laser  wafer  trimming  of  high  stability 
thin-film  resistors,  the  AD586  provides  outstanding  performance 
at  low  cost. 

The  AD586  offers  much  higher  performance  than  most  other 
5V  references.  Because  the  AD586  uses  an  industry  standard 
pinout,  many  systems  can  be  upgraded  instantly  with  the  AD586. 
The  buried  Zener  approach  to  reference  design  provides  lower 
noise  and  drift  than  bandgap  voltage  references.  The  AD586 
offers  a  noise  reduction  pin  which  can  be  used  to  further  reduce 
the  noise  level  generated  by  the  buried  Zener. 

The  AD586  is  recommended  for  use  as  a  reference  for  8-,  10-, 
12-,  14-  or  16-bit  D/A  converters  which  require  an  external 
precision  reference.  The  device  is  also  ideal  for  successive  ap- 
proximation or  integrating  A/D  converters  with  up  to  14  bits  of 
accuracy  and,  in  general,  can  offer  better  performance  than  the 
standard  on-chip  references. 

The  AD586J,  K,  L  and  M  are  specified  for  operation  from  0  to 
+  70°C,  the  AD586A  and  B  are  specified  for  -40°C  to  +85°C 
operation,  and  the  AD586S  and  T  are  specified  for  -  55°C  to 
+  125°C  operation.  The  AD586J,  K,  L  and  M  are  available  in 
an  8-pin  plastic  DIP.  The  AD586J,  K,  L,  A  and  B  are  available 
in  an  8-pin  plastic  surface  mount  small  outline  (SO)  package. 
The  AD586J,  K,  L,  S  and  T  are  available  in  an  8-pin  cerdip 
package. 


FUNCTIONAL  BLOCK  DIAGRAM 


+V„  NOISE  REDUCTION 
-©  ®" 


NOTE:  PINS  1.  3  &  7  ARE  INTERNAL  TEST  POINTS. 

MAKE  NO  CONNECTIONS  TO  THESE  POINTS. 

PRODUCT  HIGHLIGHTS 

1 .  Laser  trimming  of  both  initial  accuracy  and  temperature 
coefficients  results  in  very  low  errors  over  temperature  without 
the  use  of  external  components.  The  AD586M  has  a  maximum 
deviation  from  5.000V  of  ±2.45mV  between  0  and  +70°C, 
and  the  AD586T  guarantees  ±7.5mV  maximum  total  error 
between  -55°Cand  +  125°C. 

2.  For  applications  requiring  higher  precision,  an  optional  fine- 
trim  connection  is  provided. 

3.  Any  system  using  an  industry  standard  pinout  reference  can 
be  upgraded  instantly  with  the  AD586. 

4.  Output  noise  of  the  AD586  is  very  low,  typically  4u.V  p-p.  A 
noise  reduction  pin  is  provided  for  additional  noise  filtering 
using  an  external  capacitor. 

5.  The  AD586  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD586/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD586— SPECIFICATIONS 


(T.  =  +25°C,  V,«  =  +15V  unless  otherwise  noted) 


Mode) 

AD586J 
Min    Typ  Mai 

AD586KJA 
Min    Typ  Mai 

AD586L/B 
Min    Typ  Mai 

AD586M 
Min    Typ  Mai 

AD586S 
Min    Typ  Mai 

AD586T 
Min    Typ  Mai 

Unit! 



Output  Voltage 

4.980 

5.020 

4.995 

5.005 

4.9975  5.0025 

4.998  5.002 

4.990  5.010 

4.9975  5.0025 



Output  Voltage  Drift1 
0to+70X 
-55*0,0  + 

25 

15 

5 

2 

20 

10 

ppmTC 

„  .  ... 

+6 
-2 

+  6 

+6 

-2 

+6 

-2 

+  6 

-2 

+6 

-2 

% 



Line  Regulation1 
10.8V  <  +  V,N<36V 

Tn^toT^ 
11.4V<  +V,N<36V 

Tmin  tO  T™ 

100 

100 

100 

100 

150 

150 

iuV/V 

Load  Regulation1 
Sourciiig  0  ^  Iout  ^  1  Ott  ft 
25"C 

T^toT^ 
Sinking  - 10  <  lour  <0mA 
25"C 

100 
100 

400 

100 
100 

400 

100 
100 

400 

100 
100 

400 



150 
150 

400 

150 
ISO 

400 



uV/mA 

• 

Quiescent  Current 

2 

3 

2 

3 

2  3 

2  3 

2  3 

2  3 

mA 

Power  Consumption 

30 

30 

30 

30 

30 

30 



Output  Noise 
O.lHztolOHz 
Spectral  Density,  100Hz 

4 

100 

4 

100 

4 

100 

4 

100 

100 

>?  t04?Wf 
100 

uVp-p 

nV/VHi 

Long-Term  Stability 

15 

15 

15 

15 

15 

15 

ppm/lOOOHr 

Short-Circuit  Current-to-Ground 

45 

60 

45  M 

45  60 

45  60 

45  60 

45  60 

mA 

Temperature  Range 
Operating  Performance3 

0 

-40 

+  70 
+  85 

0 

-40 
-40 

+  70 
+  85 
+  85 

0  +70 
-40  +85 
-40  +85 

0  +70 
-40  +85 

-55  +125 
-55  +125 

-55  +125 
-55  +125 

X 

NOTES 

'Mnirruim  output  voltage  drift  is  guaranteed  for  ail  packages  and  grades.  Cerdip  packaged  parts  are  *Uo  100%  production  tested. 
2 Lower  row  shows  specified  performance  for  A  and  B  grades. 

'The  operating  temperature  ranged  is  defined  as  the  temperatures  extremes  at  which  the  device  will  still  function.  Parts  may  deviate  from  their  specified  performance  outside  their  specified  temperature  n 
Specifications  subjec  t  to  change  without  notice. 

Specifications  in  boldface  arc  tested  on  ail  production  units  at  final  electrical  test.  Result  from  those  tests  arc  used  to  calculate  outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed, 


ABSOLUTE  MAXIMUM  RATINGS* 

VIN  to  Ground    36V 

Power  Dissipation  (25°C)   500m  W 

Storage  Temperature   -65°C  to  +  150°C 

Lead  Temp  (Soldering,  lOsec)    300°C 

Package  Thermal  Resistance 

e,c   22°C/W 

6,A  110°C/W 

Output  Protection:  Output  safe  for  indefinite  short  to  ground  or 
VIN. 

*Strcsses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


CONNECTION  DIAGRAM 
(Top  View) 


tp-(T 
+v,N  [7 


AD586 
TOP  VIEW 
•  fT       INot  to  Scale!  el  V, 
   ' 

gnd[T  7]  trim 


NOISE  REDUCTION 
"7"|  TP' 


■ 


•TP  DENOTES  FACTORY  TEST  POINT. 
NO  CONNECTIONS  SHOULD  BE  MADE 
TO  THESE  PINS. 
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AD586 


— 

Parameter 

/Min 

AD586JCHIPS 
Typ  Max 

Units 

OutputVoltage 
Gain  Adjustment 

4.98C 

+  6 
-2 

5.020 

V 

% 
% 

Line  Regulation 

10.8V  <+V1N<36V 

100 

±u.V/V 

Load  Regulation 
Sourcing  0<IouT<10mA 
Sinking  -10<IouT<0mA 

—J — - 

100 
400 

u.V/mA 
u.V/mA 

Quiescent  Current 

'  3 

mA 

Short-Circuit  Current-to-Ground 

60 

mA 

DIE  LAYOUT 


D I E  SPEC  I  Fl  C  ATI  ONS  ne  followi"J  SDecificau0ns  are  tested  A  *e  die  level  ,or  ADSSGJCHIPS.  these  die  are  probed  at  25°C  only. 

IT 

Vout' 


NOISE 
REDUCTION 


NOTES  D,'e  Slze:  0.096x  0.061  Inches 

'Both  Volt  pads  should  be  connected  to  the  output. 

Die  Thickness:  The  standard  thickness  of  Analog  Devices  Bipolar  dice  is  24  mils  +  2  mils. 
Die  Dimensions:  The  dimensions  given  have  a  tolerance  of  ±2mils. 

Backing:  The  standard  backside  surface  is  silicon  (,not  plated).  Analog  Devices  does  not  recommend  gold-backed  dice 
for  most  applications. 

Edges:  A  diamond  saw  is  used  to  separate  wafers  into  dice  thus  providing  perpendicular  edges  half-way  through  the  die. 
In  contrast  to  scribed  dice,  this  technique  provides  a  more  uniform  die  shape  and  size.  The  perpendicular  edges  facilitate 


The  standard  top  surface  of  the  die  is  covered  by  a  layer  of  glassivation.  AH  areas  are  covered  except 


handling  (such  as  tweezer  pick-up)  while  the  uniform  shape  and  size  simplifies  substrate  design  and  die  attach. 
Top  Surface:  The  standard  to-  - 
bonding  pads  and  scribe  lines. 
Surface  Metalization:  The  metalization  to  Analog  Devices  bipolar  dice  is  aluminum.  Minimum  thickness  is  10,O0OA. 
Bonding  Pads:  All  bonding  pads  have  a  minimum  size  of  4  mils  by  4  mils.  The  passivation  windows  have  3.5  mils 
by  3.5  mils  minimum. 


ORDERING  GUIDE 


Model1 

Initial 
Error 
mV 

Temp. 
Coefficient 
ppm/°C 

Temp. 
Range 

°c 

Package 
Option2 

AD586JN 

20 

25 

Oto  +70 

N-8 

AD586JQ 

20 

25 

Oto  +70 

Q-8 

AD586JR 

20 

25 

Oto  +70 

R-8 

• 

AD586KN 

5 

15 

Oto  +70 

N-8 

AD586KQ 

5 

15 

Oto +70 

Q-8 

AD586KR 

5 

15 

Oto  +70 

R-8 

AD586LN 

2.5 

5 

Oto  +70 

N-8 

AD586LR 

2.5 

5 

Oto  +70 

R-8 

AD586MN 

2 

2 

Oto  +70 

N-8 

AD586AR 

5 

15 

-40  to  +85 

N-8 

AD586BR 

2.5 

5 

-40  to  +85 

N-8 

AD586LQ 

2.5 

5 

Oto  +70 

Q-8 

AD586SQ 

10 

20 

-55  to +  125 

Q-8 

AD586TQ 

2.5 

10 

-55  to +  125 

Q-8 

AD586JCHIPS 

20 

25 

Oto  +70 

NOTES 

1  For  details  on  grade  and  package  offerings  screened  in  accordance  with 
MIL-STD-883,  refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD586/883B  data  sheet. 

2N  =  Plastic  DIP;  Q  =  Cerdip;R  =  Small  Outline  IC(SOIC).  For  outline 
information  see  Package  Information  section . 
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AD587 


FEATURES 

Laser  Trimmed  to  High  Accuracy: 
10.000V  ±5mV  (L  and  U  Grades) 

Trimmed  Temperature  Coefficient: 
5ppm/°C  max,  (L  and  U  Grades) 

Noise  Reduction  Capability 

Low  Quiescent  Current:  4mA  max 

Output  Trim  Capability 

MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD587  represents  a  major  advance  in  the  state-of-the-art  in 
monolithic  voltage  references.  Using  a  proprietary  ion-implanted 
buried  Zener  diode  and  laser  wafer  trimming  of  high  stability 
thin-film  resistors,  the  AD587  provides  outstanding  performance 
at  low  cost. 

The  AD587  offers  much  higher  performance  than  most  other 
10V  references.  Because  the  AD587  uses  an  industry  standard 
pinout,  many  systems  can  be  upgraded  instantly  with  the  AD587. 
The  buried  Zener  approach  to  reference  design  provides  lower 
noise  and  drift  than  band-gap  voltage  references.  The  AD587 
offers  a  noise  reduction  pin  which  can  be  used  to  further  reduce 
the  noise  level  generated  by  the  buried  Zener. 

The  AD587  is  recommended  for  use  as  a  reference  for  8-,  10-, 
12-,  14-  or  16-bit  D/A  converters  which  require  an  external 
precision  reference.  The  device  is  also  ideal  for  successive  ap- 
proximation or  integrating  A/D  converters  with  up  to  14  bits  of 
accuracy  and,  in  general,  can  offer  better  performance  than  the 
standard  on-chip  references. 

The  AD587J,  K  and  L  are  specified  for  operation  from  0  to 
+  70°C,  and  the  AD587S,  T  and  U  are  specified  for  -55°C  to 
+  125°C  operation.  All  grades  are  available  in  8-pin  cerdip.  The 
J  and  K  versions  are  also  available  in  an  8-pin  Small  Outline  IC 
(SOIC)  package  for  surface  mount  applications,  while  the  J,  K 
and  L  grades  also  come  in  an  8-pin  plastic  package. 


FUNCTIONAL  BLOCK  DIAGRAM 


GROUND 


NOTE:  PINS  1.  3  &  7  ARE  INTERNAL  TEST  POINTS. 
NO  CONNECTIONS  TO  THESE  POINTS. 


PRODUCT  HIGHLIGHTS 

1 .  Laser  trimming  of  both  initial  accuracy  and  temperature 
coefficients  results  in  very  low  errors  over  temperature  without 
the  use  of  external  components.  The  AD587L  has  a  maximum 
deviation  from  10.000V  of  ±8.5mV  between  0  and  +70°C, 
and  the  AD587U  guarantees  ±  14mV  maximum  total  error 
between  -  55°C  and  +  125°C. 

2.  For  applications  requiring  higher  precision,  an  optional  fine- 
trim  connection  is  provided. 

3.  Any  system  using  an  industry  standard  pinout  10  volt  reference 
can  be  upgraded  instantly  with  the  AD587. 

4.  Output  noise  of  the  AD587  is  very  low,  typically  4u.V  p-p.  A 
noise  reduction  pin  is  provided  for  additional  noise  filtering 
using  an  external  capacitor. 

5.  The  AD587  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD587/883B  data  sheet  for  detailed  specifications. 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(TA  =  +25°C,  V|„  =  +15  V  unless  otherwise  noted) 


AD587 


Model 

AD587J/S 
Min       Typ  Max 

AD587K/T 
Min       Typ  Max 

AD587LU 
Min       Typ  Max 

Units 

Output  Voltage 

9.990  10.010 

9.995  10.005 

9.995  10.005 

V 

Output  Voltage  Drift1 
0to+70°C 
-55°Cto  +  125°C 

20 
20 



10 
10 



■  j 

ppm/°C 

Gain  Adjustment 

■  a 

T  3 

-l 

- 1 

+  3 
—  1 

% 

Line  Regulation1 
13.5V  «  +VINs36V 

100 

100 

100 

±u.V/V 

Load  Regulation 

Sourcing  0  <  Iout  <  10mA 

T   ■  tnT 
A  min  VKJ  K  max 

Sinking  -  10  <  lour  <0mA2 
T^toT^ 

100 
100 

. 

100 
100 

■ 

inn 
100 

+  u.V/mA 

r 

Quiescent  Current 



2  4 

2  4 

2  4 

mA 

Power  Dissipation 

30 



30 



30 

mW 

Output  Noise 
O.lHztolOHz 
Spectral  Density,  100Hz 

4 

100 

4 

100 

4 

100 

u,Vp-p 
nV/VHz 

Long-Term  Stability 

15 

15 

15 

±ppm/1000Hr 

ShnrT-f  irniit  fiirrpnt-rn-frrniinH 

30  50 

30  50 

30  50 

mA 

Short-Circuit  Current-to-VnM 

30  50 

an  Kn 
30  50 

Temperature  Range 

Specified  Performance  (J,  K,  L) 
Operating  Performance  (J,  K,  L)3 

0  +70 
-40  +85 

0  +70 
-40  +85 

0  +70 
-40  +85 

°c 

Specified  Performance  (S ,  T,  U) 
Operating  Performance  (S ,  T,  U)3 

-55  +125 

-55  +125 

-55  +125 

-55  +125 

-  55                + 125 

-55  +125 

NOTES 

1  Spec  is  guaranteed  for  all  packages  and  grades .  Cerdip  packaged  parts  are  100%  production  tested. 
2Load  Regulation  (Sinking)  specification  for  SOIC  (R)  package  is  ±  200u.V/mA. 

'The  operating  temperature  ranged  is  defined  as  the  temperatures  extremes  at  which  the  device  will  still  function. 
Parts  may  deviate  from  their  specified  performance  outside  their  specified  temperature  range. 
Specifications  subject  to  change  without  notice. 

ORDERING  GUIDE 

Model1 

Initial 
Error 
mV 

Temp. 
Coefficient 
ppm/°C 

Temp. 
Range 

°C 

Package 
Options2 

AD587JQ 

10 

20 

Oto  +70 



Q-8 

AD587JR 

10 

20 

Oto  +70 

R-8 

AD587JN 

10 

20 

0  to  +  70 

N-8 

AD587KQ 

^*««" 

10 

Oto  +70 

Q-8 

AD587KR 

''  5 

10 

Oto  +70 

R-8 
N-8 

AD587KN 

5 

10 

Oto  +70 

AD587LQ 

5 

5 

Oto  +70 

Q-8 

AD587LN 

5 

5 

Oto  +70 

N-8 

AD587SQ 

10 

20 

-55  to +  125 

Q-8 

AD587TQ 

10 

10 

-  55  to  +  125 

Q-8 

AD587UQ 

5 

5 

-55  to +  125 

Q-8 

AD587JCHIPS 

10 

20 

Oto  +70 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883, 
refer  to  the  Analog  Devices  Military  Products  Databook  or  current  AD587/883B 
data  sheet. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  s 
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Storage  Temperature  -  65°C  to  +  1 50°C 

Lead  Temp  (Soldering,  lOsec)    300°C 

Package  Thermal  Resistance 

6,c    22°C/W 

eJA   no-c/w 

Output  Protection:  Output  safe  for  indefinite  short  to  ground  and 
momentary  short  to  VIN. 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


TP*  [7 

+v,N(T 

TP"fT 
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AD587 
TOP  VIEW 
(Not  to  Scale) 


II 

T]  v 


NOISE 
REDUCTION 


TRIM 


•TP  DENOTES  FACTORY  TEST  POINT.  NO  CONNECTIONS 
SHOULD  BE  MADE  TO  THESE  PINS. 


DIE  SPECIFICATIONS  The  <ollowing  specifications  are  tested  at  the  die  level  for  AD587JCHIPS.  These  die  are  probed  at  25' 

(T,  =  +25°C,  Vm  =  +15V  unless  otherwise  noted) 


C  only. 


DIE  LAYOUT 


Parameter 

Min 

AD587JCHIPS 
Typ  Max 

Units 

NOISE 
REDUCTION 

Output  Voltage 

9.990 

10.010 

V 

Gain  Adjustment 

-1 

3 

% 

NO CONNECT 

Line  Regulation 

13.5V  <  +  V,N<36V 

100 

±uV/V 

NO  CONNECT 

Load  Regulation 
Sourcing  0<IOirr<10mA 
Sinking  -10<IOuT<0mA 



100 
100 

u.V/mA 
u.V/mA 

NO  CONNECT 

Quiescent  Current 

2 

4 

mA 

Short -Circuit  Current-to-Ground 



SO 

mA 

Short -Circuit  Current-to-V0uT 

50 

mA 

NO CONNECT 


DieSize:    0.081  x  O.OGOinches 


■ 


NOTES 

1  Both  VOUT  pads  should  be  connected  to  the  output. 

2  Sense  and  force  grounds  must  be  tied  together. 

Die  Thickness:  Thestandard  thicknessof  Analog  DevicesBipolardiceis24miIs  ±2mils. 
Die  Dimensions :  The  dimensions  given  have  a  tolerance  of  ±  2  mils. 

Backing:  The  standard  backside  surface  is  silicon  (not  plated).  Analog  Devices  docs  not  recommend  gold-backed  dice 
for  most  applications. 

Edge  s :  A  diamond  saw  is  used  to  separate  wafers  into  dice  thus  providing  perpendicular  edges  half-way  through  the  die . 
In  contrast  to  scribed  dice,  this  technique  provides  a  more  uniform  die  shape  and  size.  The  perpendicular  edges  facilitate 
handling  (such  as  tweezer  pick-up)  while  the  uniform  shape  and  size  simplifies  substrate  design  and  die  attach. 
Top  Surface :  The  standard  top  surface  of  the  die  is  covered  by  a  layer  of  glassivation .  All  areas  are  covered  except 
bonding  pads  and  scribe  lines. 

Surface  Melalization:  The  metalization  to  Analog  Devices  bipolar  dice  is  aluminum.  Minimum  thickness  is  10.000A . 
Bonding  Pads:  All  bonding  pads  have  a  minimum  size  of  4  mils  by  4  mils.  The  passivation  windows  have  3.5  mils 
by  3.!  ■ 
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ANALOG 


Reference 


FEATURES 

Low  Drift  -  1.5ppm/°C 
Low  Initial  Error  -  ImV 
Pin-Programmable  Output 

+  10V,  +5V,  ±5V  Tracking,  -5V,  -10V 
Flexible  Output  Force  and  Sense  Terminals 
High  Impedance  Ground  Sense 
Machine-lnsertable  DIP  Packaging 


FUNCTIONAL  BLOCK  DIAGRAMS 
i 

RE! 

o  ©- 


NOISE  A3  OUT 

REDUCTION  Vhioh        A3  IN  SENSE 


PRODUCT  DESCRIPTION 

The  ADS88  represents  a  major  advance  in  the  state-of-the-art  in 
monolithic  voltage  references.  Low  initial  error  and  low  temper- 
ature drift  give  the  AD588  absolute  accuracy  performance  previ- 
ously not  available  in  monolithic  form.  The  AD588  uses  a  prop- 
rietary ion-implanted  buried  Zener  diode,  and  laser-wafer-drift- 
trimming  of  high  stability  thin-film  resistors  to  provide  outstanding 
performance  at  low  cost. 

The  ADS88  includes  the  basic  reference  cell  and  three  additional 
amplifiers  which  provide  pin-programmable  output  ranges.  The 
amplifiers  are  laser-trimmed  for  low  offset  and  low  drift  to 
maintain  the  accuracy  of  the  reference.  The  amplifiers  are  confi- 
gured to  allow  Kelvin  connections  to  the  load  and/or  boosters 
for  driving  long  lines  or  high-current  loads,  delivering  the  full 
accuracy  of  the  ADS88  where  it  is  required  in  the  application 
circuit. 

The  low  initial  error  allows  the  AD588  to  be  used  as  a  system 
reference  in  precision  measurement  applications  requiring  12-bit 
absolute  accuracy.  In  such  systems,  the  ADS88  can  provide  a 
known  voltage  for  system  calibration  in  software  and  the  low 
drift  allows  compensation  for  the  drift  of  other  components  in  a 
system.  Manual  system  calibration  and  the  cost  of  periodic 
recalibration  can  therefore  be  eliminated.  Furthermore,  the 
mechanical  instability  of  a  trimming  potentiometer  and  the 
potential  for  improper  calibration  can  be  eliminated  by  using 
the  ADS88  in  conjunction  autocalibration  software. 

The  AD588  is  available  in  seven  versions.  The  AD588  JQ  and 
KQ  grades  are  packaged  in  a  16-pin  cerdip  and  are  specified  for 
0  to  +70°C  operation.  AD588AD  and  BD  grades  are  packaged 
in  a  16-pin  side-brazed  ceramic  DIP  and  are  specified  for  the 


•Covered  by  I 


r  4,644,253 


-25°C  to  +85°C  industrial  temperature  range.  The  ceramic 
AD588SD  and  TD  grades  are  specified  for  the  full  military/aeros- 
pace temperature  range.  For  military  surface  mount  applications, 
the  AD588SE  and  TE  grades  will  also  be  available  in  20-pin 
LCC  packages. 

PRODUCT  HIGHLIGHTS 

1.  The  AD588  offers  12-bit  absolute  accuracy  without  any  user 
adjustments.  Optional  fine-trim  connections  are  provided  for 
applications  requiring  higher  precision.  The  fine-trimming 
does  not  alter  the  operating  conditions  of  the  Zener  or  the 
buffer  amplifiers  and  thus  does  not  increase  the  temperature 
drift. 

2.  Output  noise  of  the  AD588  is  very  low  -  typically  6p.V  p-p. 
A  pin  is  provided  for  additional  noise  filtering  using  an  external 
capacitor. 

3.  A  precision  ±  5V  tracking  mode  with  Kelvin  output  connec- 
tions is  available  with  no  external  components.  Tracking 
error  is  less  than  one  millivolt  and  a  fine-trim  is  available  for 
applications  requiring  exact  symmetry  between  the  +  5V  and 
-  5V  outputs. 

4.  Pin  strapping  capability  allows  configuration  of  a  wide  variety 
of  outputs:  ±5V,  +5V&  +10V,  -5V&  -  10V  dual  outputs 
or  +  5V,  -  5V,  +  10V,  -  10V  single  outputs. 

5.  Extensive  temperature  testing  at  -55°C,  -25°C,  0,  +25°C, 
+  50°C,  +70°C,  +85°Cand  +  125°C  ensures  that  the  specified 
temperature  coefficient  is  truly  representative  of  device 
performance. 


This  is  an  abridged  data  sheet.  To  t 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD588— SPECIFICATIONS 


(typical  <s  +25°C,  +  10V  output,  Vs  =  ±15V  unless  otherwise  noted') 




AD588SD 
Min       Typ  Ma 

AD588JQ/AD/TD 
Min       Typ  Max 

MinADT8y?Q/BMa» 

Units 

OUTPUT  VOLTAGE  ERROR 
+  10V,  -10V  Outputs 
+  5V,  -5V  Outputs 

-5  +5 
-5  +5 

-3  +3 
-3  +3 

-1  +1 
-1  +1 

mV 
mV 

±  5  V  TRACKING  MODE 
Symmetry  Error 

-1.5  +1.5 

-1.5  +1.5 

-0.75  +0.75 

mV 

OUTPUT  VOLTAGE  DRIFT 
0to+70"C(J,K,B) 
-25°Cto  +85°C(A,B) 
-55°Cto  +  125°C(S,T) 

-3        ±2  +3 
-3  +3 
-4  +4 

-1.5  +1.5 

ppm/°C 

-6  +6 

-3  +3 

ppm/°C 
ppm/°C 

GAIN  AD]  AND  BAL  ADJ2 
Trim  Range 
Input  Resistance 

±4 
150 

±4 
150 

±4 
150 

mV 

LINE  REGULATION 

Trnin  tO  Trnax 

±200 



±200 



±200 

uV/V 

LOAD  REGULATION 

+  10VOutput,0<IOuT<I0mA 
-  10V  Output,  -  10<Iour<0mA 

±5( 
±5( 

i 

±50 
±50 

±50 
±50 

M-V/mA 
M-V/mA 

SUPPLY  CURRENT 
Tmin  to 

Power  Dissipation 

6  10 
180  300 

6  10 
180  300 

6  10 
180  300 

mA 
mW 

OUTPUT  NOISE  (Any  Output) 
O.ltolOHz 

Spectral  Density,  100Hz 

6 

100 

-wjatsfiwo!  boa  tcto 
100 

ailiai  vaJittiaBbi  s*»J 
100 

(xVp-p 

nV/VHz 

LONG-TERM  STABILITY  (@  +  25°C) 

15 

15 

15 

ppm/lOOOhr 

BUFFER  AMPLIFIERS 
Offset  Voltage 
Offset  Voltage  Drift 
Bias  Current 
Open  Loop  Gain 
Output  Current  A3,  A4 
Common  Mode  Rejection  (A3,  A4) 

VCH=lVp-p 
Short-Circuit  Current 

100 

1  '■"'< 

20 

110 

-10  +10 

100 
50 

100 
1 

zu 
110 

-10  +10 

100 
50 

100 

1 

in 
ZU 

110 

-10  +10 

100 

50 

aV 

m.v/°c 

_  A 

nA 
dB 
mA 

dB 
mA 

TEMPERATURE  RANGE 
Specified  Performance 
J,  K  Grades 
A,  B  Grades 
S,T  Grades 

-55  +125 

0  +70 
-25  +85 
-55  +125 

0  +70 
-25  +85 

°C 
°C 

NOTES 

'Output  Configuration 

-10V  Figure  2c 

+  5V, -5V,  ±5V     Figure  2b 

Specifications  tested  using  +  10V configuration  unless  otherwise  indicated. 
2Gain  and  balance  adjustments  guaranteed  capable  of  trimming  output  voltage 
error  and  symmetry  error  to  zero. 
'Test  Conditions: 

+  10VOutput    -Vs= -15V,13.5Vs+Vssl8V 
-lOVOutput    -18Vs-Vss- 13.5V,  +VS=15V 
±5VOutput      +VS=  +lgV, -Vs=  -18V 

+  Vs  =  +  10.8V,  -  Vs  =  -  10.8V 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those 
shown  in  boldface  are  tested  on  all  production  units. 


ORDERING  GUIDE 

Part 

Number' 

Initial 
Error 

Temperature 
Coefficient 

Temperature 
Range °C 

Package 
Option2 

AD588AD 
AD588BD 
AD588SD 
AD588TD 
AD588JQ 
AD588KQ 


3mV 
ImV 
5mV 
3mV 
3mV 
ImV 

SppnVC 
1.5ppm/°C 
6ppm/°C 
4ppm/°C 
3ppm/°C 
1.5ppm/°C 
1  1 

-25  to  +85 
-25  to  +85' 
-55  to +  125 
-55  to  +  125 

Oto  +70 

0to+70 
1  

Ceramic  (D- 16) 
Ceramic  (D-16) 
Ceramic  (D-16) 
Ceramic  (D-16) 
Cerdip(Q-16) 
Cerdip(Q-16) 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883, 
refer  to  the  Analog  Devices  Military  Products  Data  book  or  current  ADS88/S83B 
datasheet. 

For  outline  information  see  Package  Information  si 
'Temperature  coefficient  specified  from  Oto  +70°C. 
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Applying  the  AD588 


ABSOLUTE  MAXIMUM  RATINGS* 

+  Vsto  -Vs  36V 

Power  Dissipation  ( +  25°C) 

D  Package    600mW 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)   300°C 

Package  Thermal  Resistance 

D  (9,A/e,c)  •••   90/25°C/W 

Output  Protection:  All  outputs  safe  if  shorted  to  ground 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 

APPLYING  THE  AD588 

The  AD588  can  be  configured  to  provide  +  10V  and  -  10V 
reference  outputs  as  shown  in  Figures  2a  and  2c  respectively.  It 
can  also  be  used  to  provide  +  5V,  -  5V  or  a  ±  5V  tracking 
reference  as  shown  in  Figure  2b.  Table  I  details  the  appropriate 
pin  connections  for  each  output  range.  In  each  case,  pin  9  is 
connected  to  system  ground  and  power  is  applied  to  pins  2 
and  16. 

The  architecture  of  the  AD588  provides  ground  sense  and  un- 
committed output  buffer  amplifiers  which  offer  the  user  a  great 
deal  of  functional  flexibility.  The  AD588  is  specified  and  tested 
in  the  configurations  shown  in  Figure  2.  The  user  may  choose 
to  take  advantage  of  the  many  other  configuration  options  available 
with  the  AD588.  However,  performance  in  these  configurations 
is  not  guaranteed  to  meet  the  extremely  stringent  data  sheet 
specifications. 

As  indicated  in  Table  I,  a  +  5V  buffered  output  can  be  provided 
using  amplifier  A4  in  the  +  10V  configuration  (Figure  2a).  A 

-  5V  buffered  output  can  be  provided  using  amplifier  A3  in  the 

-  10V  configuration  (Figure  2c).  Specifications  are  not  guaranteed 
for  the  +  5V  or  -  5V  outputs  in  these  configurations.  Performance 
will  be  similar  to  that  specified  for  the  +  10V  or  -  10V  outputs. 

As  indicated  in  Table  I,  unbuffered  outputs  are  available  at  pins 
6,  8  and  1 1 .  Loading  of  these  unbuffered  outputs  will  impair 
circuit  performance. 

Amplifiers  A3  and  A4  can  be  used  interchangeably.  However, 
the  AD588  is  tested  (and  the  specifications  are  guaranteed)  with 
the  amplifiers  connected  as  indicated  in  Figure  2  and  Table  I. 


PIN  CONFIGURATIONS 
DIP 


A3  OUT  FORCE  [T 
+  VS  [T 
A3  OUT  SENSE  [T 
A3  +IN  [T[ 
GAIN  ADJ  [~5~ 
Vmigh  |~6~ 


NOISE 
REDUCTION 


E 
EE 


AD5S8 


^]  -vs 

"t5~|  A4  OUT  FORCE 
"l4~|  I 


1T\  BAL  ADJ 

7T]  v 


LCC 
u 


—1  — 

"t0~]  QND  SENSE  -  IN 
T|  GND  SENSE  +IN 


NC  =  NO  CONNECT 

When  either  A3  or  A4  is  unused,  its  output  force  and  sense  pins 
should  be  connected  and  the  input  tied  to  ground. 

Two  outputs  of  the  same  voltage  may  be  obtained  by  connecting 
both  A3  and  A4  to  the  appropriate  unbuffered  output  on  pin  6, 
8  or  1 1 .  Performance  in  these  dual  output  configurations  will 
typically  meet  data  sheet  specifications. 


Range 

Connect 
Pin  10 
to  Pin: 

Unbuffered1  Output  c 
-10V  -5V  0V 

nPins 
+  5V 

+  10V 

Buffered 

Output 

Connections 

Buffered  Output  o 
-10V  -5V  0V 

nPins 
+  5V 

+  10V 

+  10V 

8 

8 

11 

6 

11-13  &  14-15 
6-4  &  3-1 

15 

1 

-5Vor  +5V 

11 

8 

11 

6 

8-13  &  14-15 
6-4  &  3-1 

15 

1 

-10V 

6 

8  11 

6 

8-13  &  14-15 
11-4  &  3-1 

15 

1 

+  5V 

11 

6 

6-4  &  3-1 

1 

-5V 

8 

8-13  &  14-15 

15 

'"Unbuffered"  outputs  should  not  be  loaded. 


Tablet.  AD588 Connections 
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AD589 


FEATURES 

Superior  Replacement  for  Other  1.2V  References 

Wide  Operating  Range:  50fxA  to  5mA 

Low  Power:  60/jW  Total  PD  at  50/jA 

Low  Temperature  Coefficient: 

10ppm/°C  max,  0  to  +70°C  (AD589M) 
25ppm/°C  max,  -55°C  to  +125°C  (AD589U) 

Two-Terminal  "Zener"  Operation 

Low  Output  Impedance:  0.6S2 

No  Frequency  Compensation  Required 

Low  Cost 

MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAMS 


SOIC  (R-8) 


AD589 

METAL  CAN  (H-02A) 

8 

V+ 

7 

u 

D 

6 

BOTTOM  VIEW 

TOP  VIEW 


PRODUCT  DESCRIPTION 

The  AD589  is  a  two-terminal,  low  cost,  temperature  com- 
pensated bandgap  voltage  reference  which  provides  a  fixed 
1.23V  output  voltage  for  input  currents  between  50pA  and 
5.0mA. 

The  high  stability  of  the  AD589  is  primarily  dependent  upon 
the  matching  and  thermal  tracking  of  the  on-chip  components. 
Analog  Devices'  precision  bipolar  processing  and  thin-film 
technology  combine  to  provide  excellent  performance  at 
low  cost. 

Additionally,  the  active  circuit  produces  an  output  impedance 
ten  times  lower  than  typical  low-TC  zener  diodes.  This  fea- 
ture allows  operation  with  no  external  components  required 
to  maintain  full  accuracy  under  changing  load  conditions. 

The  AD589  is  available  in  seven  versions.  The  AD589J,  K,  L 
and  M  grades  are  specified  for  0  to  +70°  C  operation,  while 
the  S,  T  and  U  grades  are  rated  for  the  full  -55°C  to  +125°C 
temperature  range.  All  grades  are  available  in  a  metal  can 
(H-02A)  package.  The  AD589J  is  also  available  in  an 
8-pin  SOIC  package. 


PRODUCT  HIGHLIGHTS 

1.  The  AD589  is  a  two-terminal  device  which  delivers  a 
a  constant  reference  voltage  for  a  wide  range  of  input 
current. 

2.  Output  impedance  of  0.6£2  and  temperature  coefficients 
as  low  as  10ppm/°C  insure  stable  output  voltage  over  a 
wide  range  of  operating  conditions. 

3.  The  AD589  can  be  operated  as  a  positive  or  negative 
reference.  "Floating"  operation  is  also  possible. 

4.  The  AD589  will  operate  with  total  current  as  low  as  50/uA 
(60/jW  total  power  dissipation),  ideal  for  battery  powered 
instrument  applications. 

5.  The  AD589  is  an  exact  replacement  for  other  1 .2V  ref- 
erences, offering  superior  temperature  performance  and 
reduced  sensitivity  to  capacitive  loading. 

6.  The  AD589  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD589/883B  data  sheet  for  detailed 
specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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OUTPUT  VOLTAGE  CHANGE  vs. 
CURRENT 
(50u.A  -  5raA) 

5 

5 

5 

1 

5 

rv  i-  nn 

mV 

DYNAMIC  OUTPUT  IMPEDANCE 

0.6  2 

0.6  2 

0.6  2 

0.6  2 

n 

RMS  NOISE  VOLTAGE 
10Hz<f<10kHz 

5 

5 

5 

5 

M-V 

TEMPERATURE  COEFFICIENT' 

100 

50 

25 

10 

ppm/°C 

TURN-ON  SETTLING  TIME  TO  0. 1  % 

25 

25 

25 

25 

|is 

OPERATING  CURRENT2 

0.05  5 

0.05  5 

0.05  5 

0.05  5 

mA 

OPERATING  TEMPERATURE 

0  +70 

0  +70 

0  +70 

0  +70 

"C 

PACKAGE  OPTION3 
MetalCan(H-02A) 
SOIC(R-8) 

AD589JH 
AD589JR 

AD589KH 

AD589LH 

AD589MH 

Model 

AD589SH 
Min      Typ  Max 

AD589TH 
Min      Typ  Max 

AD589UH 
Min      Typ  Max 

Units 

OUTPUT  VOLTAGE,  TA  =  +  25°C 

1.200     1.235  1.250 

1.200     1.235  1.250 

1.200     1.235  1.250 

V 

OUTPUT  VOLTAGE  CHANGE  vs. 
CURRENT 
(50|xA  -  5mA) 

5 

5 

5 

mV 

DYNAMIC  OUTPUT  IMPEDANCE 

0.6  2 

0.6  2 

0.6  2 

n 

RMS  NOISE  VOLTAGE 
10Hz<f<I0kHz 

5 

5 

5 

uV 

TEMPERATURE  COEFFICIENT1 

100 

50 

25 

ppm/°C 

TURN-ON  SETTLING  TIME  TO  0.1% 

25 

25 

25 

(IS 

OPERATING  CURRENT2 

0.05  5 

0.05  5 

0.05  5 

mA 

OPERATING  TEMPERATURE 

-55  +125 

-55  +125 

-55  +125 

°C 

PACKAGE  OPTION3 
Metal  Can  (H-02A) 

AD589SH 

AD589TH 

AD589UH 

- 


AD589  CHIP  DIMENSIONS  AND  PAD  LAYOUT 


NOTES 

1  See  following  page  for  explanation  of  temperature  coefficient  measurement  method. 

2Optimum  performance  is  obtained  at  currents  below  500(j.A.  For  current  operation  below  20<VA,  stray  shunt  capacitances  should  be  limited  to  20pF 
or  increased  to  1  u.F.  If  strays  can  not  be  avoided ,  operation  at  500uA  and  a  shunt  capacitor  of  at  least  1  OOOpF  are  recommended. 
3H  =  Hermetic  Metal  Can;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS 

Current   10mA 

Reverse  Current   10mA 

Power  Dissipation1    125mW 

Storage  Temperature  Range  -65°Cto  +  175°C 

Operating  Junction  Temperature  Range  .  -55°C  to  +  150°C 
Lead  Temperature  (Soldering,  lOsec)   +  300°C 

NOTE 

'Absolute  maximum  power  dissipation  is  limited  by  mavimnm  current 
through  the  device.  Maximum  rating  at  elevated  temperatures  must  be 
computed  assuming  T,S150°C,  and  8JA  =4O0  =  C/W. 


THE  AD589  IS  AVAILABLE  IN  CHIP  FORM  WITH 
FULLY  TESTED  AND  GUARANTEED  SPECIFI 
CATIONS.  CONSULT  FACTORY  FOR  AVAILABLE 
GRADES  AND  PRICING. 
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ANALOG 
DEVICES 





Low  Power,  Low  Cost 
2.5  V  Reference 


AD680" 


FEATURES 


CONNECTION  DIAGRAMS 


Laser  Trimmed  to  High  Accuracy:  . — 
2.5  V  ±5  mV  max  (AN,  AR  Grade)                                 TP*  Ll 

.  W 

T]  TP*             /  AD680  \ 

Tl  TP*              /    BOTTOM  VIEW  ^ 
/      (Not  to  Scale) 

Trimmed  Temperature  Coefficient:                                 +v1N  [T 
20  ppm/°C  max  (AN,  AR  Grade)  r— 
Low  Noise:  8  ijlV  p-p  from  0.1  to  10  Hz  <— 
250  nV/Vfii  Wideband                                gnd  |T 

AD680 

TOP  VIEW 
(Not  to  Scale) 

J]HC           ILH    0  □ 

\+VIN     V0UT  GND, 
\  / 

Temperature  Output  Pin  (N,  R  Packages) 
Available  in  Three  Package  Styles: 

NC  •  NO  CONNECT 

8-Pin  Plastic  DIP,  8-Pin  SOIC  and  3-Pin  TO-92 


•TP  DENOTES  FACTORY  TEST  POINT. 
NO  CONNECTIONS  SHOULD  BE  MADE 
TO  THESE  PINS. 


PRODUCT  DESCRIPTION 

The  AD680  is  a  bandgap  voltage  reference  which  provides  a 
fixed  2.5  V  output  from  inputs  between  4.5  V  and  36  V.  The 
architecture  of  the  AD680  enables  the  reference  to  be  operated 
at  a  very  low  quiescent  current  while  still  realizing  excellent  dc 
characteristics  and  noise  performance.  Trimming  of  the  high 
stability  thin-film  resistors  is  performed  for  initial  accuracy  and 
temperature  coefficient,  resulting  in  low  errors  over  temperature. 

The  precision  dc  characteristics  of  the  AD680  make  it  ideal  for 
use  as  a  reference  for  D/A  converters  which  require  an  external 
precision  reference.  The  device  is  also  ideal  for  A/D  converters 
and,  in  general,  can  offer  better  performance  than  the  standard 
on-chip  references. 

Based  upon  the  low  quiescent  current  of  the  AD680,  which 
rivals  that  of  many  incomplete  two-terminal  references,  the 
AD680  is  recommended  for  low  power  applications  such  as 
hand-held  battery  equipment. 

A  temperature  output  pin  is  provided  on  the  8-pin  package  ver- 
sions of  the  AD680.  The  temperature  output  pin  provides  an 
output  voltage  that  varies  linearly  with  temperature  and  allows 
the  AD680  to  be  configured  as  a  temperature  transducer  while 
providing  a  stable  2.5  V  output. 

The  AD680  is  available  in  five  grades.  The  AD680AN  is  speci- 
fied for  operation  from  -40°C  to  +  85°C,  while  the  AD680JN 
is  specified  for  0°C  to  +70°C  operation.  Both  the  AD680AN 
and  AD680JN  are  available  in  8-pin  plastic  DIP  packages. 
The  AD680AR  is  specified  for  operation  from  -40°C  to  +85°C, 
while  the  AD680JR  is  specified  for  0°C  to  +70°C  operation. 
Both  are  available  in  an  8-pin  Small  Outline  IC  (SOIC)  package. 
The  AD680JT  is  specified  for  0°C  to  +70°C  operation  and  is 
available  in  a  3-pin  TO-92  package. 


■Protected  by  U.S.  Patent  Nos.  4,902,959;  4,250,445  and  4,857,862. 


PRODUCT  HIGHLIGHTS 

1 .  The  AD680  bandgap  reference  operates  on  a  very  low  quies- 
cent current  which  rivals  that  of  many  two-terminal  refer- 
ences. This  makes  the  complete,  higher  accuracy  AD680 
ideal  for  use  in  power  sensitive  applications. 

2.  Laser  trimming  of  both  initial  accuracy  and  temperature 
coefficients  results  in  low  errors  over  temperature  without  the 
use  of  external  components.  The  AD680AN  and  AD680AR 
have  a  maximum  variation  of  6.25  mV  between  -40°C  and 
+85°C. 

3.  The  AD680  noise  is  low,  typically  8  u.V  p-p  from  0.1  to 
10  Hz.  Spectral  density  is  also  low,  typically  250  nV/VHz. 

4.  The  temperature  output  pin  on  the  8-pin  package  versions 
enables  the  AD680  to  be  configured  as  a  temperature 
transducer. 

5.  Plastic  DIP  packaging  provides  machine  insertability,  while 
SOIC  packaging  provides  surface  mount  capability.  TO-92 
packaging  offers  a  cost  effective  alternative  to  two-terminal 
references,  offering  a  complete  solution  in  the  same  package 
in  which  two-terminal  references  are  usually  found. 


data  sheet 


at  1-800-446-6212. 
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SPECIFICATIONS 


(Ts  =  +2S°C,  VIN  =  +5  V  unless  otherwise  specified) 


iYlUUCl 

AD680AN/AR 
Min       Typ  Max 

Min 

AD680JN/JR 
Typ  Max 

Min 

AD680JT 
Typ 

Max 

T  Tnitc 

units 

OUTPUT  VOLTAGE 

2.495 

2.505 

2.490 

2.510 

2.490 

2.510 

V 

OUTPUT  VOLTAGE  DRIFT1 
0°C  to  +70°C 
-40°Cto  +  85°C 

10 

20 



10 
25 

25 

10 

25 

30 

pprnTC 

LINE  REGULATION 
4.5  V  s  +VIN  s  15  V 

(@  T,^  to  Tmax) 
15  V  s  +V,N  <  36  V 
«a  Tmin  to  u 

40 
40 
40 
40 

* 
* 
* 

* 
* 
* 
* 

U.V/V 

LOAD  REGULATION 
n  <  t      <-  in  mA 

(@  T^toT^) 

80 
80 

100 
100 

* 
* 

* 

* 

* 

* 

nV/m  A 

QUIESCENT  CURRENT 

V&    1  min  10  1  max-' 

195 

250 

280 

* 

* 
* 

* 
* 

1 

1.25 

* 

* 

* 

★ 

m  w 

OTTTPTTT  MOKF 

0.1  to  10  Hz 

Spectral  Density,  100  Hz 

8 

250 

10 

* 

* 

* 

* 

uVp-p 
nV/VHz 

* 

PAPAfTTTVF  T  OAD 

50 

*  *oov 

nr 

LONG  TERM  STABILITY 

* 

* 

ppm/1000  hr 

SHORT  CIRCUIT  CURRENT 
TO  GROUND 

25 

50 

* 

* 

* 

* 

mA 

TEMPERATURE  PIN 

Voltage  Output  (5  25°C 
Temperature  Sensitivity 
Output  Current 
Output  Resistance 

540 

-5 

5% 
2 

12 

660 

+5 

'  * 
* 

* 
* 

* 

* 
* 

mV 

mWC 

u,A 

kn 

TEMPERATURE  RANGE 
Specified  Performance 

-40 

+85 

0 

-40 

+70 
+85 

o 

-40 

+70 
+  85 

°c 

Operating  Performance2 

-40 

+  85 

NOTES 

'Maximum  output  voltage  drift  is  guaranteed  for  all  packages. 

2The  operating  temperature  range  is  defined  as  the  temperature  extremes  at  which  the  device  will  still  function.  Parts  may  deviate  from  their  specified  perfor- 
mance outside  their  specified  temperature  range. 
*Same  as  AD680AN/AR  specification. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
and  max  specifications  are  guaranteed. 
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v  IN  lo  uruunu  ju  v 

Power  Dissipation  (25°C)    500  mW 

Storage  Temperature  -65°C  to  +  125°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

Package  Thermal  Resistance 

6IA  (All  Packages)   120°C/W 

Output  Protection:  Output  safe  for  indefinite  short  to  ground 
and  momentary  short  to  VIN. 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  sections  of  this  specification  is  not  implied.  Expo- 
sure to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

8-Pin  Plastic  DIP 
and 

8-Pin  SOIC  Packages 


TEMP  (T 
GND  [T 


uauugap  i  cici  elites  ait  Llit  lugii  j  main  *  auiuLiuu  lui  luvv 

supply  voltage  operation.  A  typical  precision  bandgap  will  con- 
sist of  a  reference  core  and  buffer  amplifier.  Based  on  a  new, 
patented  bandgap  reference  design  (Figure  2),  the  AD680 
merges  the  amplifier  and  the  core  bandgap  function  to  produce 
a  compact,  complete  precision  reference.  Central  to  the  device  is 
a  high  gain  amplifier  with  an  intentionally  large  Proportional  To 
Absolute  Temperature  (PTAT)  input  offset.  This  offset  is  con- 
trolled by  the  area  ratio-of  the  amplifier  input  pair,  Ql  and  Q2, 
and  is  developed  across  resistor  Rl.  Transistor  Q12's  base  emit- 
ter voltage  has  a  Complementary  To  Absolute  Temperature 
(CTAT)  characteristic.  Resistor  R2  and  the  parallel  combination 
of  R3  and  R4  "multiply"  the  PTAT  voltage  across  Rl.  Trim- 
ming resistors  R3  and  R4  to  the  proper  ratio  produces  a  temper- 
ature invariant  2.5  V  at  the  output.  The  result  is  an  accurate, 
stable  output  voltage  accomplished  with  a  minimum  number  of 
components. 


TO-92  Package 

'f     AD680  N, 

f    BOTTOM  VIEW  \ 

(Not  to  Scale)  \ 

□  HQ]/ 

\+vin    v0UT  GND/ 

^R4 


Figure  7.  Connection  Diagrams 


Figure  2.  AD680  Schematic  Diagram 

An  additional  feature  with  this  approach  is  the  ability  to 
minimize  the  noise  while  maintaining  very  low  overall  power 
dissipation  for  the  entire  circuit.  Frequently  it  is  difficult  to 
independently  control  the  dominant  noise  sources  for  bandgap 
references:  bandgap  transistor  noise  and  resistor  thermal  noise. 
By  properly  choosing  the  operating  currents  of  Ql  and  Q2  and 
separately  sizing  Rl,  low  wideband  noise  is  realized  while  main- 
taining 1  mW  typical  power  dissipation. 


ORDERING  GUIDE 


Model 

Initial 
Error 
mV 

Temperature 

Coeff. 

ppm/°C 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD680JN 

10 

25 

0°C  to  +70°C 

Plastic 

N-8 

AD680JR 

10 

25 

0°Cto  +70°C 

SOIC 

R-8 

AD680JT 

10 

30 

0°C  to  +70°C 

TO-92 

TO-92 

AD680AN 

5 

20 

-40°C  to  +85°C 

Plastic 

N-8 

AD680AR 

5 

20 

-40°C  to  +85°C 

SOIC 

R-8 

*N  =  Plastic  DIP  Package;  R  =  SOIC  Package;  T  -  TO-92  Package.  For  outline  information  see 
Package  Information  section. 
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FEATURES 

±10  V  Tracking  Outputs 
Kelvin  Connections 
Low  Tracking  Error  -  1.5  mV 
Low  Initial  Error  -  2.0  mV 
Low  Drift  -  1.5  ppm/°C 
Low  Noise  -  6  jiV  p-p 
Flexible  Output  Force  and  Sense  Terminals 
High  Impedance  Ground  Sense 
Machine  Insertable  DIP  Packaging 
MIL-STD-883  Compliant  Versions  Available 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD688  is  a  high  precision  ±10  V  tracking  reference.  Low 
tracking  error,  low  initial  error  and  low  temperature  drift  give 
the  AD688  reference  absolute  ±  10  V  accuracy  performance 
previously  unavailable  in  monolithic  form.  The  AD688  uses  a 
proprietary  ion-implanted  buried  Zener  diode,  and  laser-wafer- 
drift-trimming  of  high  stability  thin-film  resistors  to  provide 
outstanding  performance  at  low  cost. 

The  AD688  includes  the  basic  reference  cell  and  three  additional 
amplifiers.  The  amplifiers  are  laser-trimmed  for  low  offset  and 
low  drift  and  maintain  the  accuracy  of  the  reference.  The  ampli- 
fiers are  configured  to  allow  Kelvin  connections  to  the  load 
and/or  boosters  for  driving  long  lines  or  high  current  loads,  de- 
livering the  full  accuracy  of  the  AD688  where  it  is  required  in 
the  application  circuit. 

The  low  initial  error  allows  the  AD688  to  be  used  as  a  system 
reference  in  precision  measurement  applications  requiring  12-bit 
absolute  accuracy.  In  such  systems,  the  AD688  can  provide  a 
known  voltage  for  system  calibration  and  the  cost  of  periodic 
recalibration  can  therefore  be  eliminated.  Furthermore,  the  me- 
chanical instability  of  a  trimming  potentiometer  and  the  poten- 
tial for  improper  calibration  can  be  eliminated  by  using  the 
AD688  and  calibration  software. 

The  AD688  is  available  in  three  versions.  The  AD688AQ  and 
BQ  grades  are  packaged  in  16-pin  cerdip  (0.3")  packages  and  are 
specified  for  operation  from  -40°C  to  +85°C.  The  AD688SQ 
grade  is  specified  for  operation  from  -55°C  to  +125°C. 

by  Patent  Number  4,644,253. 


PRODUCT  HIGHLIGHTS 

1.  The  AD688  offers  precision  tracking  ±10  V  Kelvin  output 
connections  with  no  external  components.  Tracking  error  is 
less  than  1.5  mV  and  a  fine-trim  is  available  for  applications 
requiring  exact  symmetry  between  the  +10  V  and  -10  V 
outputs. 

2.  The  AD688  offers  12-bit  absolute  accuracy  without  any  user 
adjustments.  Optional  fine-trim  connections  are  provided  for 
applications  requiring  higher  precision.  The  fine-trimming 
does  not  alter  the  operating  conditions  of  the  Zener  or  the 
buffer  amplifiers  and  thus  does  not  increase  the  temperature 
drift. 

3.  Output  noise  of  the  AD688  is  low  -  typically  6  u.V  p-p.  A 
pin  is  provided  for  broadband  noise  filtering  using  an  exter- 
nal capacitor. 

4.  The  AD688  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD688/883B  data  sheet  for  detailed 
specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  i 
complete  data  sheet,  call  our  fax  retrieval  syste 


i  at  1-800-446-6212. 
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AD688— SPECIFICATIONS 


(typical  @  +2S°C,  +10  V  output,  Vs  =  ±15  V  unless  otherwise  noted1) 


AD688AQ/SQ 
Min  Typ  Max 


Min 


AD688BQ 

Typ         Max  Units 


OUTPUT  VOLTAGE  ERROR 
+  10V,  -10V  Outputs 


-5 


+5 


+2 


mV 


:10V  TRACKING  ERROR 


-3 


+3 


-1.5 


+1.5  mV 


OUTPUT  VOLTAGE  DRIFT 

+  10V,  -10V  Outputs 
0  to  +70°C  (A,  B) 
-40°C  to  +85°C  (A,  B) 
-55°Cto  +125°C(S) 


-3 
-6 


+3 
+6 


-1.5 
-3 


+1.5 
+3 


ppm/°C 
ppm/°C 
ppm/°C 


GAIN  ADJ  AND  BAL  ADJ2 
Trim  Range 
Input  Resistance 


±5 
150 


±5 
150 


mV 


LINE  REGULATION 

Tmi„  to  jAj. 


-200 


+200 


-200 


+200 


M-V/V 


LOAD  REGULATION 
Tmin  »  Tm„ 

+  10  V  Output,  0<Iout<1°  mA 
-10  V  Output,  -10<IOUT<0  mA 


±50 
±50 


±50 
±50 


uV/mA 
IxV/mA 


SUPPLY  CURRENT 

Tmi»  w  Tm„ 

Power  Dissipation 


9 

270 


12 

360 


9 

270 


12 

360 


mA 
mW 


OUTPUT  NOISE  (ANY  OUTPUT) 
0.1  Hz  to  10  Hz 
Spectral  Density,  100  Hz 


XHiJiH  '.'"'i-'j*. 

140 


6 

140 


LONG  TERM  STABILITY  (@  +25°C) 


15 





u.Vp-p_ 
nV/VHz 


■  


15 


ppm/1000  hours 


BUFFER  AMPLIFIERS 
Offset  Voltage 
Offset  Voltage  Drift 
Bias  Current 
Open  Loop  Gain 
Output  Current  A3,  A4 
Common  Mode  Rejection  (A3,  A4) 

VCM  =  1  V  p-p 
Short-Circuit  Current 


-10 


100 

1 

20 
110 


100 

50 


100 

20 
110 


+10 


-10 


+10 


|iV/°C 
nA 
dB 
mA 


100 
50 


dB 

mA 


-40 
-55 


+85 
+  125 


-40 


+  85 


°C 
°C 


NOTES 

'See  Figure  2a  for  output  configuration.  Specifications  tested  using  +10  V  output  unless  otherwise  indicated. 
JGain  and  balance  adjustments  guaranteed  capable  of  trimming  output  voltage  error  and  symmetry  error  to  zero. 
'Test  Condition:  +VS  =  +18  V,  -Vs  =  -18  V;  +VS  =  +13.5  V,  -Vs  =  -13.5  V. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

+VS  to  -Vs  36  V 

Power  Dissipation  (+25°C) 

Q  Package    600  mW 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  Seconds)   +300°C 

Package  Thermal  Resistance 

Q  (8ja/9jc)   120/35°C/W 


Output  Protection:  All  outputs  safe  if  shorted  to  ground 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specifications  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
reliability. 
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AD688 


Part 

Number1 

Initial 
Error 

Temperature 
Coefficient 

Temperature 
Range  -  °C 

Package 

Option2 

AD688AQ 
AD688BQ 

5  mV 
2mV 

3  ppmTC 
3  ppm/°C 

-40  to  +85 
-40  to  +853 

Q-16 
Q-16 

AD688SQ 
AD688/883B 

5  mV 
* 

6  ppm/°C 
* 

-55  to  +125 
-55  to  +125 

Q-16 
* 

NOTE 

"For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883, 
refer  to  the  Analog  Devices  Military  Products  Databook  or  current  AD688/883B  data  sheet. 
2Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 
'Temperature  coefficient  specified  from  0  to  +70°C. 
'""'883B  military  data  sheet. 


PIN  CONFIGURATION 


NO  CONNECT 

NC  PINS  ARE  USED  AS  TEST  POINTS  BY  THE 
FACTORY  TO  ENSURE  PROPER  OPERATION.  DO 
NOT  CONNECT  ANYTHING  TO  THESE  PINS 


THEORY  OF  OPERATION 

The  AD688  consists  of  a  buried  Zener  diode  reference,  amplifi- 
ers and  associated  thin-film  resistors  as  shown  in  the  block 
diagram  of  Figure  1 .  The  temperature  compensation  circuitry 
provides  the  device  with  a  temperature  coefficient  of  1.5  ppm/°C 
or  less. 

Amplifier  Al  performs  several  functions.  Al  primarily  acts  to 
amplify  the  Zener  voltage  to  the  required  20  volts.  In  addition, 
Al  also  provides  for  external  adjustment  of  the  20  V  output 
through  Pin  5,  the  GAIN  ADJUST.  Using  the  bias  compensa- 
tion resistor  between  the  Zener  output  and  the  noninverting  in- 
put to  Al,  a  capacitor  can  be  added  at  the  NOISE 
REDUCTION  pin  (Pin  7)  to  form  a  low  pass  filter  and  reduce 
the  noise  contribution  of  the  Zener  to  the  circuit.  Two  matched 
12  kfi  nominal  thin-film  resistors  (R4  and  R5)  divide  the  20  V 
output  in  half. 

Ground  sensing  for  the  circuit  is  provided  by  Amplifier  A2.  The 
noninverting  input  (Pin  9)  senses  the  system  ground  and  forces 
the  midpoint  of  resistors  R4  and  R5  to  be  a  virtual  ground.  Pin 
12  (BALANCE  ADJUST)  can  be  used  for  fine  adjustment  of 
this  midpoint  transfer. 
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Amplifiers  A3  and  A4  are  internally  compensated  and  are  used 
to  buffer  the  voltages  at  Pins  6  and  8  as  well  as  to  provide  a  full 
Kelvin  output.  Thus,  the  AD688  has  a  full  Kelvin  capability  by 
providing  the  means  to  sense  a  system  ground  and  provide 
forced  and  sensed  outputs  referenced  to  that  ground. 


Figure  1.  AD688  Functional  Block  Diagram 
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FEATURES 

Pin-Programmable  2.5  V  or  3.0  V  Output 

Ultralow  Drift:  3  ppm/°C  max 

High  Accuracy:  2.5  V  or  3.0  V  ±  1  mV  max 

Low  Noise:  100  nV/Vfiz 

Noise  Reduction  Capability 

Low  Quiescent  Current:  1  mA  max 

Output  Trim  Capability 

Plug-In  Upgrade  for  Present  References 

Temperature  Output  Pin 

Series  or  Shunt  Mode  Operation  (±2.5  V,  ±3.0  V) 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD780  is  an  ultrahigh  precision  bandgap  reference  voltage 
which  provides  a  2.5  V  or  3.0  V  output  from  inputs  between 
4.0  V  and  36  V.  Low  initial  error  and  temperature  drift  com- 
bined with  low  output  noise  and  the  ability  to  drive  any  value  of 
capacitance  make  the  AD780  the  ideal  choice  for  enhancing  the 
performance  of  high  resolution  ADCs  and  DACs  and  for  any 
general  purpose  precision  reference  application.  A  unique  low 
headroom  design  facilitates  a  3.0  V  output  from  a  5.0  V  ±  10% 
input,  providing  a  20%  boost  to  the  dynamic  range  of  an  ADC, 
over  performance  with  existing  2.5  V  references. 

The  AD780  can  be  used  to  source  or  sink  up  to  10  mA  and  can 
be  used  in  series  or  shunt  mode,  thus  allowing  positive  or  nega- 
tive output  voltages  without  external  components.  This  makes  it 
suitable  for  virtually  any  high  performance  reference  application. 
Unlike  some  competing  references,  the  AD780  has  no  "region  of 
possible  instability."  The  part  is  stable  under  all  load  conditions 
when  a  1  |j,F  bypass  capacitor  is  used  on  the  supply. 

A  temperature  output  pin  is  provided  on  the  AD780.  This  pro- 
vides an  output  voltage  that  varies  linearly  with  temperature, 
allowing  the  AD780  to  be  configured  as  a  temperature  trans- 
ducer while  providing  a  stable  2.5  V  or  3.0  V  output. 

The  AD780  is  a  pin-compatible  performance  upgrade  for  the 
LT1019(A)-2.5  and  the  AD680.  The  latter  is  targeted  toward 
low  power  applications. 

The  AD780  is  available  in  two  grades  in  plastic  DIP,  SOIC  and 
cerdip  packages.  The  AD780AN,  AD780AR,  AD780BN  and 
AD780BR  are  specified  for  operation  from  -40°C  to  +85°C. 
The  AD780SQ  and  AD780SQ/883B  are  specified  for  -55°C  to 
+  125°C  operation. 


<t)  Vout 


temp  (S)— WV 


GND  O/P  SELECT 

2.5V  -  NC 

NC  =  NO  CONNECT  3.0V  -  GNO 

PRODUCT  HIGHLIGHTS 

1.  The  AD780  provides  a  pin-programmable  2.5  V  or  3.0  V 
output  from  a  4  V  to  36  V  input. 

2.  Laser  trimming  of  both  initial  accuracy  and  temperature  coef- 
ficients results  in  low  errors  over  temperature  without  the  use 
of  external  components.  The  AD780BN  has  a  maximum  vari- 
ation of  0.8  mV  from  -40°C  to  +85°C. 

3.  For  applications  requiring  even  higher  accuracy,  an  optional 
fine-trim  connection  is  provided. 

4.  The  AD780  noise  is  extremely  low,  typically  4  jlV  p-p  from 
0.1  Hz  to  10  Hz  and  a  wideband  spectral  noise  density  of 
typically  100  nVA/Hz.  This  can  be  further  reduced  if 
desired,  by  simply  using  two  external  capacitors. 

5.  The  temperature  output  pin  enables  the  AD780  to  be  config- 
ured as  a  temperature  transducer  while  providing  a  stable 
output  reference  voltage. 
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SPECIFICATIONS 


(T4  =  +25°C,  V,N  =  +5  V  unless  otherwise  noted) 


AD780 


Parameter 

AD780AN/AR/SQ 
Min         Typ  Max 

AD780BN/BR 
Min        Typ  Max 

Units 



OUTPUT  VOLTAGE 
2.5  V  Out 
3.0  V  Out 

2.495  2.505 
2.995  3.005 

2.499  2.501 
2.999  3.001 

Volts 
Volts 

OUTPUT  VOLTAGE  DRIFT1 
-40°C  to  +85°C 
-55°Cto  +125°C 



7 

20 

.  .           .  .  133*  0'  j 


ppm/°C 

ppm/°C 


LINE  REGULATION 

2.5  V  Output,  4V<  +VW  s  36  V 

Tmin  t0  Tmax 
3.0  V  Output,  4.5  V  s  +Vm  <  36  V 
Tmin  to  Tmax 

10 
10 

* 

uV/V 
liV/V 

LOAD  REGULATION,  SERIES  MODE 
Sourcing  0  <  I0ut  <  1"  mA 

Tmin  to  Tmax 
Sinking  — 10  <  lour  ^  0  mA 

-40°C  to  +  85°C 

-55°Cto  +125°C 

50 
75 
75 
75 
150 

* 
* 
* 

* 

* 

M.V/mA 
liV/mA 
M-V/mA 
aV/mA 
IxV/mA 

LOAD  REGULATION,  SHUNT  MODE 
1  <  Ishunt  <  10  mA 

75 

★ 

M-V/mA 

QUIESCENT  CURRENT,  2.5  V  SERIES  MODE2 
-40°C  to  +85°C 
-55°Cto  +  125°C 

0.75  1.0 
0.8  1.3 

*  * 

*  * 

mA 
mA 

MINIMUM  SHUNT  CURRENT 

0.7  1.0 

*  * 

mA 

OUTPUT  NOISE 
0.1  Hz  to  10  Hz 
Spectral  Density,  100  Hz 

4 

100 

*  * 
|MMMjA|  I] 

M-Vp-p 
nV/VHz 

LONG  TERM  STABILITY3 

20 

■  '   ''''  r          'l  * 

±ppm/1000  Hr 

TRIM  RANGE 

4.0 

* 

±% 

TEMPERATURE  PIN 
Voltage  Output  @  25°C 
Temperature  Sensitivity 
Output  Resistance 

500          560  620 
1.9 
3 

*  *                it           .    4t  "* 
*                  j-  . 
* 

mV 

mV/°C 

kfl 

SHORT  CIRCUIT  CURRENT  TO  GROUND 

30 

* 

mA 

TEMPERATURE  RANGE 
Specified  Performance  (A,  B) 
Operating  Performance  (A,  B)4 
Specified  Performance  (S) 
Operating  Performance  (S) 

-40  +85 
-55  +125 
-55  +125 
-55  +125 



* 

..<*  * 

*  * 

°C 
°C 

°c 
°c 

NOTES 

'Maximum  output  voltage  drift  is  guaranteed  for  all  packages. 

23.0  V  mode  typically  adds  100  ^lA  to  the  quiescent  current.  Also,  Iq  increases  by  2  p.A/V  above  an  input  voltage  of  5  V. 

'The  long  term  stability  specification  is  noncumulative.  The  drift  in  subsequent  1000  hr.  periods  is  significantly  lower  than  in  the  first  1000  hr.  period. 
4The  operating  temperature  range  is  defined  as  the  temperature  extremes  at  which  the  device  will  still  function.  Parts  may  deviate  from  their  specified  perfor- 
mance outside  their  specified  temperature  range. 
•Same  as  AD780AN/AR/SQ  specification. 
Specifications  subject  to  change  without  notice. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 

accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 

Although  the  AD780  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 

occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 

precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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vM  10  urounu   36  V 

Trim  Pin  to  Ground  36  V 

Temp  Pin  to  Ground   ,  36  V 

Power  Dissipation  (25°C)   500  mW 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

Output  Protection:  Output  safe  for  indefinite  short  to  ground 
and  momentary  short  to  VIN. 

ESD  Classification   Class  1  (1000  V) 

*Strcsses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  conditions  above  those  indicated  in  the 
operational  specification  is  not  implied.  Exposure  to  absolute  maximum 


Model 


AD780AN 
AD780AR 
AD780BN 
AD780BR 
AD780SQ 
AD780SQ/883B 


Initial 
Error 

Temperature 
Coefficient 

5mV 

7  ppm/°C 
7  ppm/°C 
3  ppm/°C 
3  ppm/°C 
20  ppm/°C 

5  mV 
1  mV 
lmV 
5  mV 

5  mV 

20ppm/°C 

-40°C  to  +  85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 
-55°Cto  +125°C 


Package 
Option* 


N-8 
R-8 
N-8 
R-8 
Q-8 

Or*  


*For 


:  rackage  lntormation  section. 


extended  periods  may  affect  device  reliab 

PIN  CONFIGURATION 
:  DIP,  SOIC  and  Cerdip  ] 


2.5/3.0V  SELECT 
(NC  OR  GNO) 


THEORY  OF  OPERATION 

Bandgap  references  are  the  high  performance  solution  for  low 
supply  voltage  and  low  power  voltage  reference  applications.  In 
this  technique  a  voltage  with  a  positive  temperature  coefficient  is 
combined  with  the  negative  coefficient  of  a  transistor's  Vbe  to 
produce  a  constant  bandgap  voltage. 

In  the  AD780,  the  bandgap  cell  contains  two  npn  transistors 
(Q6  and  Q7)  which  differ  in  emitter  area  by  12  x .  The  differ- 
ence in  their  Vbe's  produces  a  PTAT  current  in  R5.  This  in 
turn  produces  a  PTAT  voltage  across  R4,  which  when  combined 
with  the  Vbe  of  Q7,  produces  a  voltage  Vbg  that  does  not  vary 
with  temperature.  Precision  laser  trimming  of  the  resistors  and 
other  patented  circuit  techniques  are  used  to  further  enhance  the 
drift  performance. 

♦v«  NC 
— ©  0— 


<t)  VoUT 


NOTES 

Both  VOUT  pads  should  be  connected  to  the  output. 

Die  Thickness:  The  standard  thickness  of  Analog  Devices  Bipolar  dice  is 

24  mils  ±2  mils. 

Die  Dimensions:  The  dimensions  given  have  a  tolerance  of  ±2  mils. 
Backing:  The  standard  backside  surface  is  silicon  (not  Dlated).  Analoa 
Devices  does  not  recommend  gold-backed  dice  for  most  applications. 
Edges:  A  diamond  saw  is  used  to  separate  wafers  into  dice  thus  providing 
perpendicular  edges  half-way  through  the  die. 

In  contrast  to  scribed  dice,  this  technique  provides  a  more  uniform  die  shape 
and  size.  The  perpendicular  edges  facilitate  handling  (such  as  tweezer  pick-up) 
while  the  uniform  shape  and  size  simplifies  substrate  design  and  die  attach. 
Top  Surface:  The  standard  top  surface  of  the  die  is  covered  by  a  layer  of 
glassivation.  All  areas  are  covered  except  bonding  pads  and  scribe  lines. 
Surface  Metalization:  The  metaiization  to  Analog  Devices  bipolar  dice  is 
aluminum.  Minimum  thickness  is  10,000A. 

:  All  bonding  pads  have  a  minimum  size  of  4.0  mils  by  6.0  mils, 
ows  have  a  3.6  mils  by  5.1 


GND  O/P  SELECT 

2.5V  -  NC 

NC  =  NO  CONNECT  3.0V  -  GND 

Figure  1.  Schematic  Diagram 

The  output  voltage  of  the  AD780  is  determined  by  the  configu- 
ration of  resistors  R13,  R14  and  R15  in  the  amplifier's  feedback 
loop.  This  sets  the  output  to  either  2.5  V  or  3.0  V  depending  on 
whether  R15  (Pin  8)  is  grounded  or  not  connected. 
A  unique  feature  of  the  AD780  is  the  low  headroom  design  of 
the  high  gain  amplifier  which  produces  a  precision  3  V  output 
from  an  input  voltage  as  low  as  4.5  V  (or  2.5  V  from  a  4.0  V 
input).  The  amplifier  design  also  allows  the  part  to  work  with 


V™  =  Vr 


■  when  current  is  forced  into  the  output  terminal. 


This  allows  the  AD780  to  work  as  a  two  terminal  shunt  regula- 
tor providing  a  -2.5  V  or  -3.0  1 
without  external  components. 
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The  PTAT  voltage  is  also  used  to  provide  the  user  with  a  ther- 
mometer output  voltage  (at  Pin  3)  which  increases  at  a  rate  of 
approximately  2  mV/°C. 

The  AD780's  NC  Pin  7  is  a  20  kfi  resistor  to  V+  which  is  used 
solely  for  production  test  purposes.  Users  who  are  currently 
using  the  LT1019  self-heater  pin  (Pin  7)  must  take  into  account 
the  different  load  on  the  heater  supply. 

APPLYING  THE  AD780 

The  AD780  can  be  used  without  any  external  components  to 
achieve  specified  performance.  If  power  is  supplied  to  Pin  2  and 
Pin  4  is  grounded,  Pin  6  provides  a  2.5  V  or  3.0  V  output 
depending  on  whether  Pin  8  is  left  unconnected  or  grounded. 

A  bypass  capacitor  of  1  jjlF  (V,n  to  GND)  should  be  used  if  the 
load  capacitance  in  the  application  is  expected  to  be  greater  than 
1  nF.  The  AD780  in  2.5  V  mode  typically  draws  700  oA  of  Iq 
at  5  V.  This  increases  by  ~2  uA/V  up  to  36  V. 


NC  =  NO  CONNECT 


Figure  2.  Optional  Fine  Trim  Circuit 

Initial  error  can  be  nulled  using  a  single  25  kft  potentiometer 
connected  between  VOUT,  Trim  and  GND.  This  is  a  coarse  trim 
with  an  adjustment  range  of  ±4%  and  is  only  included  here  for 
compatibility  purposes  with  other  references.  A  fine  trim  can  be 
implemented  by  inserting  a  large  value  resistor  (e.g.  1-5  Mfi)  in 
series  with  the  wiper  of  the  potentiometer.  See  Figure  2  above. 
The  trim  range,  expressed  as  a  fraction  of  the  output,  is  simply 
greater  than  or  equal  to  2.1  kn/RNULL  for  either  the  2.5  V  or 
3.0  V  mode. 

The  external  null  resistor  affects  the  overall  temperature  coeffi- 
cient by  a  factor  equal  to  the  percentage  of  VOUT  nulled. 

For  example  a  1  mV  (.03%)  shift  in  the  output  caused  by  the 
trim  circuit,  with  a  100  ppm/°C  null  resistor  will  add  less  than 
0.06  ppm/°C  to  the  output  drift  (0.03%  x  200  ppm/°C,  since  the 
resistors  internal  to  the  AD780  also  have  temperature  coeffi- 
cients of  less  than  100  ppm/°C). 

NOISE  PERFORMANCE 

The  impressive  noise  performance  of  the  AD780  can  be  further 
improved  if  desired  by  the  addition  of  two  capacitors:  a  load 
capacitor  CI  between  the  output  and  ground,  and  a  compensa- 
tion capacitor  C2  between  the  TEMP  pin  and  ground.  Suitable 
values  are  shown  in  Figure  3. 


1  10  100 

LOAD  CAPACITOR,  CI  -  nF 

Figure  3.  Compensation  and  Load  Capacitor 
Combinations 

CI  and  C2  also  improve  the  settling  performance  of  the  AD780 
when  subjected  to  load  transients.  The  improvement  in  noise 
performance  is  shown  in  Figures  4,  5  and  6  following. 


AMPLIFIER  GAIN  =  100 


NO  AMPLIFIER 


10Hz  TO  10kHz 


Figure  4,  Stand-Alone  Noise  Performance 


1|iF^= 


r©  Gh 

©NC 

AD780 

TRIM  (5) 

-(?)temp 

y  o/p  select 

2.5V  -  NC 
GND     3.0V  -  GND 


NC  a  NO  CONNECT 

Figure  5.  Noise  Reduction  Circuit 
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NOISE  COMPARISON 

The  wideband  noise  performance  of  the  AD780  can  also  be 
expressed  in  ppm.  The  typical  performance  with  CI,  C2  is 
0.6  ppm  and  without  external  capacitors  is  1.2  ppm. 

This  performance  is  respectively  7x  and  3x  lower  than  the 
specified  performance  of  the  LT1019. 


NO  AMPLIFIER 


10Hz  TO  10kHz 

Figure  6.  Reduced  Noise  Performance  with  CI  =  700  n-F, 
C2  =  700  nF 

TEMPERATURE  PERFORMANCE 

The  AD780  provides  superior  performance  over  temperature  by 
means  of  a  combination  of  patented  circuit  design  techniques, 
precision  thin  film  resistors  and  drift  trimming.  Temperature 
performance  is  specified  in  terms  of  ppm/°C,  but  because  of 
nonlinearity  in  the  temperature  characteristic,  the  Box-Test 
method  is  used  to  test  and  specify  the  part.  The  nonlinearity 
takes  the  form  of  the  characteristic  S-shaped  curve  shown  in 
Figure  7.  The  Box-Test  method  forms  a  rectangular  box  around 
this  curve,  enclosing  the  maximum  and  minimum  output  volt- 


equal  to  the  slope  of  the  diagonal  of  this  box. 
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Figure  7.  Typical  AD780BN  Temperature  Drift 
TEMPERATURE  OUTPUT  PIN 

The  AD780  provides  a  "TEMP"  output  (Pin  3)  that  varies  lin- 
early with  temperature.  This  output  can  be  used  to  monitor 
changes  in  system  ambient  temperature  and  to  initiate  calibra- 
tion of  the  system  if  desired. 

The  voltage  VXEMP  is  560  mV  at  25°C,  and  the  temperature 
coefficient  is  approximately  2  mV/°C.  Figure  8  following  shows 
the  typical  VXEMP  characteristic  curve  over  temperature. 
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Figure  8.  Temperature  Pin  Transfer  Characteristic 

Since  the  TEMP  voltage  is  acquired  from  the  bandgap  core  cir- 
cuit, current  pulled  from  this  pin  will  have  an  effect  on  VOUT. 
Care  must  be  taken  to  buffer  the  TEMP  output  with  a  suitable 
op  amp,  e.g.,  an  AD  OP-07,  AD820  or  AD711  (all  of  which 
would  result  in  less  than  a  100  |xV  change  in  Voux).  The  rela- 
tionship between  ITEmp  "nd  VOUT  is  as  follows: 

AVOUT  =  5.8  mV/p-A  x  I  temp  (2.5  V  range) 
or 

AVOUT  =  6.9  mV/u-A  x  ITEMP  (3.0  V  range) 

TEMPERATURE  TRANSDUCER  CIRCUIT 

The  circuit  shown  in  Figure  9  is  a  temperature  transducer  which 
amplifies  the  TEMP  output  voltage  by  a  gain  of  a  little  over  5  to 
provide  a  wider  full  scale  output  range.  The  trimpot  can  be  used 
to  adjust  the  output  so  it  varies  exactly  by  10  mV/°C. 

To  minimize  resistance  changes  with  temperature,  resistors  with 
low  temperature  coefficients,  such  as  metal  film  resistors  should 
be  used. 


O  l0mV/°C 


Figure  9.  Differential  Temperature  Transducer 
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SUPPLY  CURRENT  OVER  TEMPERATURE 

The  AD780's  quiescent  current  will  vary  slightly  over  tempera- 
ture and  input  supply  range.  The  test  limit  is  1  mA  over  the 
industrial  and  1.3  mA  over  the  military  temperature  range.  Typ- 
ical performance  with  input  voltage  and  temperature  variation  is 
shown  in  Figure  10  following. 


 36 


INPUT  VOLTAGE  -  Volts 

Figure  10.  Typical  Supply  Current 
TURN-ON  TIME 

The  time  required  for  the  output  voltage  to  reach  its  final  value 

within  a  specified  error  band  is  defined  as  the  turn-on  settling 

time.  The  two  major  factors  that  affect  this  are  the  active  circuit 

settling  time  and  the  time  for  the  thermal  gradients  on  the  chip 

to  stabilize.  Typical  settling  performance  is  shown  in  Figure  11 

following.  The  AD780  settles  to  within  0.1%  of  its  final  value 
■.■;«!■:■.  in  ... 


within  10  p.s. 
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Figure  1 1.  Turn-On  Settling  Time  Performance 
DYNAMIC  PERFORMANCE 

The  output  stage  of  the  AD780  has  been  designed  to  provide 
superior  static  and  dynamic  load  regulation. 

Figure  12  shows  the  performance  of  the  AD780  while  driving  a 
0  mA  to  10  mA  load. 
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Figure  12a.  Transient  Resistive  Load  Test  Circuit 
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Figure  12b.  Settling  Under  Transient  Resistive  Load 

The  dynamic  load  may  be  resistive  and  capacitive.  For  example 
the  load  may  be  connected  via  a  long  capacitive  cable.  Figure  13 
following  shows  the  performance  of  the  AD780  driving  a 
1000  pF,  0  mA  to  10  mA  load. 

♦v,K 


Figure  13a.  Capacitive  Load  Transient  Response  Test 
Circuit 
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Figure  13b.  Settling  Under  Dynamic  Capacitive  Load 
LINE  REGULATION 

Line  regulation  is  a  measure  of  the  change  in  output  voltage  due 
to  a  specified  change  in  input  voltage.  It  is  intended  to  simulate 
worst  case  unregulated  supply  conditions  and  is  measured  in 
U.V/V.  Figure  14  shows  typical  performance  with  4.0  V  <  VIN 
<  15.0  V. 








4 


INPUT  VOLTAGE  -  Volts 


Figure  14.  Output  Voltage  Change  vs.  Input  Voltage 

PRECISION  REFERENCE  FOR  HIGH  RESOLUTION 
+5  V  DATA  CONVERTERS 

The  AD780  is  ideally  suited  to  be  the  reference  for  most  +5  V 
high  resolution  ADCs.  The  AD780  is  stable  under  any  capaci- 
tive load,  it  has  superior  dynamic  load  performance,  and  the 
3.0  V  output  provides  the  converter  with  maximum  dynamic 
range  without  requiring  an  additional  and  expensive  buffer 
amplifier.  One  of  the  many  ADCs  that  the  AD780  is  suited  for 
is  the  AD7884,  a  16-bit,  high  speed  sampling  ADC.  (See  Figure 
15.)  This  part  previously  needed  a  precision  5.0  V  reference, 
resistor  divider  and  buffer  amplifier  to  do  this  function. 


1HF 


VoutQ 


AD780 

2.5  3  0V 
GND  SELECT 
-©  ®- 


<JVREFtF 

QVbef*S 


AD7884 


Figure  15.  Precision  3.0  V  Reference  for  the  AD7884 
16-Bit,  High  Speed  ADC 


The  AD780  is  also  ideal  for  use  with  higher  resolution  convert- 
ers such  as  the  AD7710/AD7711/AD7712.  (See  Figure  16.) 
While  these  parts  are  specified  with  a  2.5  V  internal  reference, 
the  AD780  in  3  V  mode  can  be  used  to  improve  the  absolute 
accuracy,  temperature  stability  and  dynamic  range.  It  is  shown 
following  with  the  two  optional  noise  reduction  capacitors. 
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v0ut(O 


AD780 


2.573.0V 
GND  SELECT 


NXJtiF 


AD7710 
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Figure  16.  Precision  2.5  V  or  3.0  V  Reference  for  the 
AD7710  High  Resolution,  Sigma-Delta  ADC 

+4.5  V  REFERENCE  FROM  +5  V  SUPPLY 

Some  +5  V  high  resolution  ADCs  can  accommodate  reference 
voltages  up  to  +4.5  V.  The  AD780  can  be  used  to  provide  a 
precision  +4.5  V  reference  voltage  from  a  +5  V  supply  using 
the  circuit  shown  following  in  Figure  17.  This  circuit  will  pro- 
vide a  regulated  +4.5  V  output  from  a  supply  voltage  as  low  as 
+4.7  V.  The  high  quality  tantalum  10  u.F  capacitor  in  parallel 
with  the  ceramic  0.1  (iF  capacitor  and  the  3.9  (1 1 
a  low  output  impedance  up  to  around  50  MHz. 
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A  precise  -2.5V(or-3.0V)  reference  capable  of  supplying  up 
to  100  mA  to  a  load  can  be  implemented  with  the  AD780  in 
series  mode  using  the  bootstrap  circuit  following. 


Figure  17.  +4.5  V  Reference  from  a  Single  +5  V  Supply 

NEGATIVE  (-2.5  V  OR  -3.0  V)  REFERENCE 

The  AD780  can  produce  a  negative  output  voltage  in  shunt 
mode,  simply  by  connecting  the  input  and  output  to  ground  and 
connecting  the  AD780's  GND  pin  to  a  negative  supply  via  a 
bias  resistor  as  shown  in  Figure  18. 


O -25Vout 

NOTE:  lL  =  LOAD  CURRENT 

Is  MIN  =  MINIMUM  SHUNT  CURRENT 
NC  ■  NO  CONNECT 


Figure  18.  Negative  (-2.5  V)  Shunt  Mode  Reference 


OP-07    >  r  2N3906 


CONNECT  IF 
-3V  OUTPUT 
I  DESIRED 

-2.5V  (1L  £100mA) 


Figure  19.  -2.5  V  High  Load  Current  Reference 
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ANALOG 
DEVICES 


Low  Cost  Precision 
2.5V  IC  References 





AD1403  AD1403A 


FEATURES 

Improved,  Lower  Cost,  Replacements  for  Standard  1403, 1403A 
3-Terminal  Device:  Voltage  In/Voltage  Out 
Laser  Trimmed  to  High  Accuracy:  2.500V  ±10mV  (AD1403A) 
Excellent  Temperature  Stability:  25ppm/°C  (AD1403A) 
Low  Quiescent  Current:  1 .5mA  max 
10mA  Current  Output  Capability 
Low  Cost 

Mini-DIP 


PRODUCT  DESCRIPTION 

The  AD1403  and  AD1403A  are  improved  three-terminal,  low 
cost,  temperature  compensated,  bandgap  voltage  references 
that  provide  a  fixed  2.5V  output  voltage  for  inputs  between 
4.5V  and  40V.  A  unique  combination  of  advanced  circuit  de- 
sign and  laser-wafer-trimmed  thin-film  resistors  provides  the 
AD1403/AD1403A  with  an  initial  tolerance  of  ±10mV  and  a 
temperature  stability  of  better  than  25ppm/°C.  In  addition, 
the  low  quiescent  current  drain  of  1.5mA  (max)  offers  a  clear 
advantage  over  classical  Zener  techniques. 

The  AD1403  or  AD1403A  is  recommended  as  a  stable  refer- 
ence for  all  8-,  10-  and  12-bit  D-to-A  converters  that  require 
an  external  reference.  In  addition,  the  wide  input  range  of  the 
AD1403/AD1403A  allows  operation  with  5  volt  logic  supplies, 
making  these  devices  ideal  for  digital  panel  meter  applications 
and  when  only  a  single  logic  supply  is  available. 

The  AD1403  and  AD1403A  are  specified  for  operation  over 
the  0  to  +70°C  temperature  range.  The  AD580  series  of  2.5 
volt  precision  IC  references  is  recommended  for  applications 
where  operation  over  the  -55°C  to  +125°C  range  is  required. 


FUNCTIONAL  BLOCK  DIAGRAM 


8  PIN  MINI-DIP 


PRODUCT  HIGHLIGHTS 

1.  The  AD  1403 A  offers  improved  initial  tolerance  over  the 
industry-standard  1403A:  ±10mV  versus  ±25mV  at  a 
lower  cost. 

2.  The  three-terminal  voltage  in/voltage  out  operation  of  the 
AD1403/AD1403A  provides  a  regulated  output  voltage 
without  any  external  components. 

3.  The  AD1403/AD1403A  provides  a  stable  2.5V  output 
voltage  for  input  voltages  between  4.5V  and  40V  making 
these  devices  ideal  for  systems  that  contain  a  single  logic 
supply. 

4.  Thin  film  resistor  technology  and  tightly  controlled  bipolar 
processing  provide  the  AD1403A  with  temperature  stabili- 
ties of  25ppm/°C. 

5.  The  low  1.5mA  maximum  quiescent  current  drain  of  the 
AD1403  and  AD1403A  makes  them  ideal  for  CMOS  and 
other  low  power  applications. 


•Protected  by  U.S.  Patent  Numbers:  3,887,8*3,  RE30,586. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  (V,«  =  15V,  T.  =  25°C  unless  otherwise  noted.) 


AD1403/AD1403A 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output  Voltage 

(I0  =  OmA) 

v0 

AD1403 
AD1403A 


Te"!Prf^n,re  COeffidem  °f  °UtPUt  V°lta8e  AV<>/AT 
AD1403 

AD1403A 


Output  Voltage  Change,  0  to  +70  C 
AD1403 
AD  1403  A 


Line  Regulation 

asvcvu^ov) 

(4.5<V[N<1SV) 


Load  Regulation 
(0mA<Io<10mA) 


Quiescent  Current 
(I0  =  0mA) 


AV0 


Regit 


Specifications  subject  to  change  without  notice. 
MAXIMUM  RATINGS  (TA  =  25°C  unless  othetwise  noted) 


10 
10 


1.2 
0.6 


1.2 


2.525 
2.510 


40 

25 


7.0 
4.4 


4.5 
3.0 


10 


1.5 


ppm/  C 


mV 


mV 


mV 


Rating 

Symbol 

Value 

Unit 

Input  Voltage 

vw 

40 

V 

Storage  Temperature 

TSTG 

-25  to  100 

°C 

Junction  Temperature 

TJ 

+  175 

°C 

Operating  Ambient 

Temperature  Range 

TA 

0  to  +70 

3 

mA 




ORDERING  GUIDE 


Model 


AD1403 
AD1403A 


Initial 
Tolerance 


±25mV 
±10mV 





Package 
Option* 




N-8 
N-8 




 ,  


•N  =  PtasticDIPForoutlineinformationseePackagelnformationsection. 


■ 


Figure  1.  Simplified AD1403  Schematic 
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FEATURES 

5  V  Fixed  or  +1.3  V  to  +16  V  Adjustable 
Low  Power  CMOS:  12  uA  max  Quiescent 
40  mA  Output  Current 
Current  Limiting 

Pin  Compatible  with  MAX663/666 
+2  V  to  +16.5  V  Operating  Range 
Low  Battery  Detector  ADM666 
No  Overshoot  on  Power-Up 

APPLICATIONS 
Handheld  Instruments 
LCD  Display  Systems 
Pagers 

Remote  Data  Acquisition 


GENERAL  DESCRIPTION 

The  ADM663/ADM666  are  precision  voltage  regulators  featur- 
ing a  maximum  quiescent  current  of  12  uA.  They  can  be  used  to 
give  a  fixed  +5  V  output  with  no  additional  external  compo- 
nents or  can  be  adjusted  from  1.3  V  to  16  V  using  two  external 
resistors.  Fixed  or  adjustable  operation  is  automatically  selected 
via  the  VSET  input.  The  low  quiescent  current  makes  these  de- 
vices especially  suitable  for  battery  powered  systems.  The  input 
voltage  range  is  2  V  to  16.5  V  and  an  output  current  up  to 
40  mA  is  provided.  The  ADM663  can  directly  drive  an  external 
pass  transistor  for  currents  in  excess  of  40  mA.  Additional  fea- 
tures include  current  limiting  and  low  power  shutdown.  Ther- 
mal shutdown  circuitry  is  also  included  for  additional  safety. 

The  ADM666  features  additional  low  battery  monitoring 
circuitry  to  detect  for  low  battery  voltages. 

The  ADM663/ADM666  are  pin-compatible  replacements  for 
the  MAX663/666.  Both  are  available  in  8-pin  DIP  and  in  nar- 
row surface  mount  (SOIC)  packages. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM663AN 

-40°C  to  +85°C 

N-8 

ADM663AR 

-40°C  to  +85°C 

R-8 

ADM666AN 

-^0°C  to  +85°C 

N-8 

ADM666AR 

-40°C  to  +85°C 

R-8 

6  SENSE 


(I  IE 


S\  0.5V 


□ 


1 


LBI 
LBO 


•For  outline  information  see  Package  Information  section. 
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SPECIFICATIONS  (VIM  =  +9  V,  V0UT  =  +  5  V,  TA  =  +  25°C  unless  otherwise  noted)  ADM663/ADM666 


Parameter 

Min 

Typ 

Max 

Units 

Test  Conditions/Comments 

Tnniit  Vnltnfff*  Vivi 

2.0 

16.5 

V 

X    —  X        trt  X 
*  A  ~~  *  MIN  tO  1  MAX 

Quiescent  Current)  Iq 

No  Load  Vim  =  + 1 6  5  V 

6 

12 

u  A 
Uft 

iiA 
Uft 

Ta  =  +25°C 

1  A  -  1  MIN  lo  1  MAX 

In itni it  Vnltnttp  Vnim 

V'UIJJUL    Y  UlLdgt,    *  OUT 

4.75 

5.0 

5.25 

v 

XA      1  MIN       1  MAXj  'SET 

T  inp  Rpcnilsitinn  AV/mit/AVivi 

J_.11.1C   IXCgLiitlLUJllj  LA  v  OUT  IN 

0.03 

0.35 

%/V 

+2  V  <  Vtxi  <  +15  V   Vrwrr-  =  Voce 
v       'IN  —  '  1  -*  »j  'OUT      *  REF 

Load  Regulation,  AV0ut^out 

3.0 

7.0 

ADM663,  1  mA  <  IOUT2  <  20  mA 

1.0 

5.0 

ADM663,  50  (iA  <  Iouti  -  5  rnA 

3.0 

7.0 

£} 

ADM666,  1  mA  <  I0ur  -  20  mA 

Reference  Voltage,  VSET 

1.27 

1.33 

V 

VoUT  -  VsET 

Reference  Xempco,  AVse-j-/AX 

±100 

ppm/°C 

Ta  —  Tmin  to  Tmax 

"SET  UilCiiiai  i  ill  CMium,  'F/A 

so 

mV 

Vcr-r-  <  V™.  fnr  +  5  V  Out- 
'SET      '  F/A           ■*  '  viil) 

\7 ^  V..,,  fi-»r  AHi  Out 
'SET      'F/A  *-*-**  nui .  uui 

VSET  Input  Current,  ISET 

±0.01 

±10 

nA 

Ta  =  Tmin  to  Tmax 

RniiT/lfnum  Tfnnixf  \7f*lt9<rp  V^..^.. 
OllUlUUWU  111JJUI  YUllagC,  v  SHDN 

1.4 

0.3 

v 
v 

Voi.t^v.  T-Tiah  —  Ontnut  Off 

'SHDN                     WULLIUL  Wll 
VSHDN  LWW  V/ULpUL 

onutdown  input  (current,  Ishdn 

+ 1  fi 

nA 
1 1.  \ 

jCIijC  llipuL  X IITCMIUIU,  'OUT  "SENSE 

n  s 

v 

i_UHLIll  J_>1IIUL  1  IllcMiUlU 

SFXfSF  Tnnur  Rp*i<:tanrp  RPr.lt,r 

3 

MS) 

Input-Output  Saturation  Resistance,  Rsat 

ADM663  V^riT, 

200 

500 

fj 

'IN        ^  v  j  ■'■OUT      1  uin 

/  u 

l 

1  JU 

1.1 

mn  —  +y  v,  Iout  —  -•  rnA 

JU 

1  ^0 

1  JU 

o 

V  in  —  t  1  3  V ,  loUT      ^  B1A 

-  -■ 

Output  Cjurrent  trom  Vout(2),  Iout 

<tU 

m  A 

+  5  u<V      <4-1ft^V   V      V         —4-1  ^  V 
+J  VS  Vin  5:  +10. D  V,  Vin—  VoUT  —  +  !■->  V 

Minimum  Load  Current,  II  (minj 

l  n 
i  .u 

nA 

1  A  —  'J- J  vj 

J.KJ 

ii  A 

A  A  -  A  MIN  tO  1  MAX 

Loi  input  i nresnoiQ,  v^gj 

1  0 1 

1  TQ 

1  .Zo 

1  ^17 

V 

AUMOOO 

LBI  Input  Current,  Ilbi 

±0.01 

±10 

nA 

ADM666 

LBO  Output  Saturation  Resistance,  Rsat 

35 

100 

Q 

ADM666,  Isat  =  2  mA 

LBO  Output  Leakage  Current 

10 

nA 

ADM666,  LBI=  1.4  V 

VTC  Open  Circuit  Voltage,  Vxc 

0.9 

V 

ADM663 

VTC  Sink  Current,  Itc 

2.0 

8.0 

mA 

ADM663 

VTC  Temperature  Coefficient 

+2.5 

mV/°C 

ADM663 

Specifications  subject  to  change  without  notice. 


Power  Dissipation,  N-8   625  mW 

(Derate  8.3  mW/°C  above  +50°C) 

Oja,  Thermal  Impedance  120°C/W 

Power  Dissipation  R-8   450  mW 

(Derate  6  mW/°C  above  +50°C) 

Bja,  Thermal  Impedance  170°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)   -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  + 1 50°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

ESD  Rating   >5000  V 

•This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  of  time  may  affect  reliability. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA=  +25°C  unless  otherwise  noted) 

Input  Voltage,  VIN   + 1 8  V 

Terminal  Voltage 

(ADM663)  Pins  1,  3,  5,  6,  7 

 (GND  -  0.3  V)  to  (Vdj  +  0.3  V) 

(ADM666)  Pins  1,  2,  3,  5,  6 

 (GND  -  0.3  V)  to  (Vin  +  0.3  V) 

(ADM663)  Pin  2   (GND  -  0.3  V)  to  (VOUTi  +  0.3  V) 

(ADM666)  Pin  7    (GND  -  0.3  V)  to  +16.5  V 

Output  Source  Current  • 

(ADM663,  ADM666)  Pin  2   50  mA 

(ADM663)  Pin  3    25  mA 

Output  Sink  Current, 

(ADM663,  ADM666)  Pin  7  -20  mA 
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PIN  CONFIGURATIONS 


PIN  FUNCTION  DESCRIPTION 


E 

VOtJT2  [X 
VOUT1  [A 

GND 


•  I]  vIN 

ADM663  T]  vTC 

top  view  yiv 

(Not  to  Scale)  — 

[7  7]  SHDN 


SENSE  [T 

VOUT  [£ 
LBI  [7 
GND  [7 


ADM666 

TOP  VIEW 
(Not  to  Scale) 


I]  V,„ 
T]  LBO 

H  VSET 
T\  SHDN 


Mnemonic 


VoUT(l)  (2) 

v« 

SENSE 


GND 
LBI 
LBO 
SHDN 

VsET 


VTC 


Function 








Voltage  Regulator  Output(s) 

Voltage  Regulator  Input 

Current  Limit  Sense  Input.  (Referenced  to 

Vout(2)  )  If  not  used  it  should  be  connected  to 

vOUT(2) 

Ground  Pin.  Must  be  connected  to  0  V 
Low  Battery  Detect  Input.  Compared  with  1.3  V 
Low  Battery  Detect  Output.  Open  Drain  Output 
Digital  Input.  May  be  used  to  disable  the  device 
so  that  the  power  consumption  is  minimized 
Voltage  Setting  Input.  Connect  to  GND  for  +5  V 
output  or  connect  to  resistive  divider  for  adjust 
able  output 
Temperature-Proj 
TC  Output 


GENERAL  INFORMATION 

The  ADM663/ADM666  contains  a  micropower  bandgap  refer- 
ence voltage  source,  an  error  amplifier  Al,  two  comparators 
CI,  C2  and  a  series  pass  output  transistor.  A  P-channel  FET 
and  an  NPN  transistor  are  used  on  the  ADM663  while  the 
ADM666  uses  an  NPN  output  transistor. 

CIRCUIT  DESCRIPTION 

The  internal  bandgap  reference  is  trimmed  to  1 .3  V  +  30  mV. 
This  is  used  as  a  reference  input  to  the  error  amplifier  Al.  The 
feedback  signal  from  the  regulator  output  is  supplied  to  the 
other  input  by  an  on-chip  voltage  divider  or  by  two  external  re- 
sistors. When  VSET  is  at  ground,  the  internal  divider  provides 
the  error  amplifier's  feedback  signal  giving  a  +5  V  output.  When 
VSET  is  at  more  than  50  mV  above  ground,  the  error  amplifier's 
input  is  switched  directly  to  the  VSEt  pin,  and  external  resistors 
are  used  to  set  the  output  voltage.  The  external  resistors  are 
selected  so  that  the  desired  output  voltage  gives  1.3  V  at  VSET. 

Comparator  CI  monitors  the  output  current  via  the  SENSE 
input.  This  input,  referenced  to  V0ut(2),  monitors  the  voltage 
drop  across  a  load  sense  resistor.  If  the  voltage  drop  exceeds 
0.5  V,  then  the  error  amplifier  A,  is  disabled  and  the  output 
current  is  limited. 

The  ADM663  has  an  additional  amplifier,  A2,  which  provides  a 
temperature-proportional  output,  VTC.  If  this  is  summed  into 
the  inverting  input  of  the  error  amplifier,  a  negative  temperature 
coefficient  results  at  the  output.  This  is  useful  when  powering 
liquid  crystal  displays  over  wide  temperature  ranges. 

The  ADM666  has  an  additional  comparator,  C3  which  com- 
pares the  voltage  on  the  Low  Battery  Input,  LBI,  pin  to  the  in- 
ternal +  1.3  V  reference.  The  output  from  the  comparator  drives 


an  open  drain  FET  connected  to  the  Low  Battery  Output  pin, 
LBO.  The  Low  Battery  Threshold  may  be  set  using  a  suitable 
voltage  divider  connected  to  LBI.  When  the  voltage  on  LBI  falls 
below  1.3  V,  the  open  drain  output  LBO  is  pulled  low. 

Both  the  ADM663  and  the  ADM666  contain  a  shutdown 
(SHDN)  input  which  can  be  used  to  disable  the  error  amplifier 
and  hence  the  voltage  output.  The  quiescent  current  in  shut- 
down is  less  than  12  uA. 


6  SENSE 


Figure  1.  ADM663  Functional  Block  Diagram 
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ADM663/ADM666 


SHDN  O  1£ 


Figure  2.  ADM666  Functional  Block  Diagram 
Circuit  Configurations 

For  a  fixed  +5  V  output  the  VSET  input  is  grounded  and  no  ex- 
ternal resistors  are  necessary.  This  basic  configuration  is  shown 
in  Figure  3.  Current  limiting  is  not  being  utilized  so  the  SENSE 
input  is  connected  to  V0ut<2)-  The  input  voltage  can  range  from 
+6  V  to  +16  V  and  output  currents  up  to  40  mA  are  available 
provided  that  the  maximum  package  power  dissipation  is  not 
exceeded. 


♦6VTCU16V 
INPUT 


SENSE 

ADM663 

VOUT(2) 

GND  Vjp 

SHDN 

3i 


+5V 
OUTPUT 


Figure  3.  ADM663/ADM666  Fixed  +5  V  Output 
Output  Voltage  Setting 

If  Vset  is  not  connected  to  GND,  the  output  voltage  is  set  ac- 
cording to  the  following  equation. 

Vow  =  Vset  *  R1**2  "'here  VSET  =  1. 30  V 

The  resistor  values  may  be  selected  by  firstly  choosing  a 
value  for  Rl  and  then  selecting  R2  according  to  the  following 
equation. 


R2  =  Rlx 


1. 30 


The  input  leakage  current  on  VSET  is  10  nA  maximum.  This  al- 
lows large  resistor  values  to  be  chosen  for  Rl  and  R2  with  little 
degradation  in  accuracy.  For  example,  a  1  Mil  resistor  may  be 
selected  for  Rl  and  then  R2  may  be  calculated  accordingly. 
The  tolerance  on  VSET  is  guaranteed  at  less  than  ±30  mV  so  in 
most  applications,  fixed  resistors  will  be  suitable. 


♦2VTO+16V 
INPUT 


N  SENSE 

ADM663  vOUT(2l 
ADM666 

HN 


I  _ 


♦1.3VTO+15V 
OUTPUT 


Figure  4.  ADM663/ADM666  Adjustable  Output 
Current  Limiting 

Current  limiting  may  be  achieved  by  using  an  external  current 
sense  resistor  in  series  with  Vout(2)'  When  the  voltage  across 
the  sense  resistor  exceeds  the  internal  0.5  V  threshold,  current 
limiting  is  activated.  The  sense  resistor  is  therefore  chosen  such 
that  the  voltage  across  it  will  be  0.5  V  when  the  desired  current 
limit  is  reached. 


1CL 


where  Rrr  is  the  current  sense  resistor,  Irr  is  the  maximum 
current  limit. 

ulinu  TOWJfoi            '.tiyniso  ii  I  ft  .wriX)  jnsntra  osrgoon  ojiv 
The  value  chosen  for  Rcl  should  also  ensure  that  the  current  is 
limited  to  less  than  the  50  mA  absolute  maximum  rating  and 
also  that  the  power  dissipation  will  also  be  within  the  package 
maximum  ratings.   t  >  "* 

If  current  limiting  is  employed,  there  will  be  an  additional  volt- 
age drop  across  the  sense  resistor  which  must  be  considered 
when  determining  the  regulators  dropout  voltage. 

If  current  limiting  is  not  used,  the  SENSE  input  should  be  con- 
nected tO  V0UT(2)- 
Shutdown  Input  (SHDN) 

The  SHDN  input  allows  the  regulator  to  be  switched  off  with  a 
logic  level  signal.  This  will  disable  the  output  and  reduce  the 
current  drain  to  a  low  quiescent  (12  uA  maximum)  current. 
This  is  very  useful  for  low  power  applications.  The  SHDN  input 
should  be  driven  with  a  CMOS  logic  level  signal  since  the  input 
threshold  is  0.3  V.  In  TTL  systems,  an  open  collector  driver 
with  a  pull-up  resistor  may  be  used. 

If  the  shutdown  function  is  not  being  used,  then  SHDN  should 
be  connected  to  GND. 

Low  Supply  or  Low  Battery  Detection 

The  ADM666  contains  on-chip  circuitry  for  low  power  supply 
or  battery  detection.  If  the  voltage  on  the  LBI  pin  falls  below  the 
internal  1.3  V  reference,  then  the  open  drain  output  LBO  will 
go  low.  The  low  threshold  voltage  may  be  set  to  any  voltage 
above  1.3  V  by  appropriate  resistor  divider  selection. 


R3  =  R4  x 


1. 30 


■ 


where  R3  and  R4  are  the  resistive  divider  resistors  and  VBatt  is 
the  desired  low  voltage  threshold. 
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+1.3VT0*1SV 
OUTPUT 


BATTERY  — 
OUTPUT 


Figure  5.  ADM666  Adjustable  Output  with  Low  Battery 
Detection 

High  Current  Operation 

The  ADM663  contains  an  additional  output,  Vouti,  suitable 
for  directly  driving  the  base  of  an  external  NPN  transistor.  Fig- 
ure 6  shows  a  configuration  which  can  be  used  to  provide  +5  V 
with  boosted  current  drive.  A  1  £i  current  sensing  resistor  limits 
the  current  at  0.5  A. 


♦5V,  0.5A 
10nF  OUTPUT 


Figure  6.  ADM663  Boosted  Output  Current  (0.5  A) 
Temperature  Proportional  Output 

The  ADM663  contains  a  VTc  output  with  a  positive  tempera- 
ture coefficient  of  +2.5  mWC.  This  may  be  connected  to  the 
summing  junction  of  the  error  amplifier  (Vset)  through  a  resis- 
tor resulting  in  a  negative  temperature  coefficient  at  the  output 
of  the  regulator. 

This  is  especially  useful  in  multiplexed  LCD  displays  to  com- 
pensate for  the  inherent  negative  temperature  coefficient  of  the 
LCD  threshold.  At  25°C  the  voltage  at  the  VTC  output  is  typi- 
cally 0.9  V.  The  equations  for  setting  both  the  output  voltage 
and  the  tempco  are  given  below.  If  this  function  is  not  being 
used,  then  Vxc  should  be  left  unconnected. 


ADM663 

L 

f 

*S£T 

-t  ■  J 

Figure  7.  ADM663  Temperature  Proportional  Output 

Vovr  =  VSET  *  (l  +  |f )  + f§  *  tysHT  "  Vrc) 


TCVnllT  — 


-R2 


xTVC-n 


--■uu,  R3 
where  VSET  =  +1. 3V,VTC=  +0. 9 V,  TCV ^  +2.5  m V/°C 


APPLICATION  HINTS 
Input-Output  (Dropout  Voltage) 

A  regulator's  minimum  input-output  differential  or  dropout 
voltage  determines  the  lowest  input  voltage  for  a  particular  out- 
put voltage.  The  ADM663/ADM666  dropout  voltage  is  0.8  V  at 
its  rated  output  current.  For  example  when  used  as  a  fixed  +5  V 
regulator  the  minimum  input  voltage  is  +5.8  V.  At  lower  output 
currents,  (lour  <  5  mA),  on  the  ADM663,  V0uri  may  be  used 
as  the  output  driver  in  order  to  achieve  lower  dropout  voltages. 
Please  refer  to  Figure  9.  In  this  case  the  dropout  voltage  de- 
pends on  the  voltage  drop  across  the  internal  FET  transistor. 
This  may  be  calculated  by  multiplying  the  FET's  saturation  re- 
sistance by  the  output  current.  As  the  current  limit  circuitry  is 
referenced  to  V0ut2j  V0ut2  should  be  connected  to  Vouti-  For 
high  current  operation  V0UT2  should  be  used  alone  and  V0uri 
left  unconnected. 

Bypass  Capacitors 

The  high  frequency  performance  of  the  ADM663/ADM666 
may  be  improved  by  decoupling  the  output  using  a  filter  capaci- 
tor. A  capacitor  value  of  10  (jF  is  suitable. 

An  input  capacitor  helps  reduce  noise  and  improves  dynamic 
performance.  A  suitable  input  capacitor  of  0. 1  uF  or  greater 
may  be  used. 
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Figure  8.  Power  Supply  Rejection  Ratio  vs.  Frequency 


Figure  10.  Quiescent  Current  vs.  Input  Voltage 


'out,"-"* 

Figure  9.  V0un  Input-Output  Differential  vs.  Output 
Current 
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Figure  1 1.  V0UTm  Input-Output  Differential  vs.  Output 
Current 
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DEVICES 


Tri-Mode:  +3.3  V,  +5  V,  Adjustable 
Micropower  Linear  Voltage  Regulators 


ADM663A/ADM666A' 


FEATURES 
Tri-Mode  Operation 

3.3  V,  5  V  Fixed  or  +1.3  V  to  +16  V  Adjustable 
Low  Power  CMOS:  9  u  A  max  Quiescent  Current 
High  Current  100  mA  Output 
Low  Dropout  Voltage 
Upgrade  for  ADM663/ADM666 
"Small'  0.1  uF  Output  Capacitor  (0805  Style) 
+2  V  to  +16.5  V  Operating  Range 
Low  Battery  Detector  ADM666A 
No  Overshoot  on  Power-Up 
Thermal  Shutdown 

APPLICATIONS 
Handheld  Instruments 
LCD  Display  Systems 
Pagers 

Battery  Operated  Equipment 

• 

GENERAL  DESCRIPTION 

The  ADM663A/ADM666A  are  precision  linear  voltage  regula- 
tors featuring  a  maximum  quiescent  current  of  9  )jA.  They  can 
be  used  to  give  a  fixed  +3.3  V  or  +5  V  output  with  no  additional 
external  components  or  can  be  adjusted  from  1.3  V  to  16  V 
using  two  external  resistors.  Fixed  or  adjustable  operation  is  au- 
tomatically selected  via  the  VSEt  input.  The  low  quiescent  cur- 
rent makes  these  devices  especially  suitable  for  battery  powered 
systems.  The  input  voltage  range  is  2  V  to  16.5  V,  and  an  out- 
put current  up  to  100  mA  is  provided.  Current  limiting  may  be 
set  using  a  single  external  resistor.  For  additional  safety,  an 
internal  thermal  shutdown  circuit  monitors  the  internal  die 
temperature. 

The  ADM666A  features  additional  low  battery  monitoring  cir- 
cuitry to  detect  for  low  battery  voltages. 

The  ADM663A/ADM666A  are  pin  compatible  enhancements 
for  the  ADM663/ADM666.  Improvements  include  an  addi- 
tional 3.3  V  output  range,  higher  output  current,  and  operation 
with  a  small  output  capacitor. 

The  ADM663A/ADM666A  are  available  in  an  8-pin  DIP  and 
narrow  surface  mount  (SOIC)  packages. 


FUNCTIONAL  BLOCK  DIAGRAMS 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


(V|n  =  +9  V,  Ts  =  Thin  to  TMAX.  unless  otherwise  noted) 


ADM663A/ADM666A 


Parameter 





Min 

Typ 

Max 

1  fx  ^ 

6 

9 

4.75 

5.0 

5.25 

D.  LDD 

D.D 

J. 40  j 

U.  /  3 

u.y 

1  fl 

1  .z 

U.jj 

0.3 

1.0 

0.15 

0.35 

0.15 

0.30 

0.25 

1.2 

1.27 

1.33 

+  100 

Units 


Test  Conditions/Comments 


Input  Voltage, 

Quiescent  Current,  Iq 

Output  Voltage,  VOUt(2)  (+5  V  Mode) 

Output  Voltage,  V0ut(2)  (+3-3  V  Mode) 

Dropout  Voltage,  VD0 

Dropout  Voltage,  VDO 

Line  Regulation  (AV0UT(2)/AVIN) 

Load  Regulation 

AVOUT(2);(AVout(2/aIout(2)) 


AVour  i ;  (A  V0UT1  /  Alour  i  ) 
Reference  Voltage,  VSET 
Reference  Tempco  (A  Vset/ AT) 
VSET  Internal  Threshold 

VF/ALow 

VF/AHigh 
VSET  Input  Current,  ISet 
Shutdown  Input  Voltage,  VShdn 


Shutdown  Input  Current,  Ishdn 
SENSE  Input  Threshold,  V0UT  -  VSENse 
SENSE  Input  Resistance,  Rsense 
Input-Output  Saturation  Resistance,  RsAt 
ADM663A,  V0UTi 


1.4 


Output  Current,  I0ut(2) 
Minimum  Load  Current,  IL  <min) 
LBI  Input  Threshold 

Low  Going 

High  Going 

Hysteresis 
LBI  Input  Current,  ILBi 
LBO  Output  Saturation  Resistance,  RsAT 
LBO  Output  Leakage  Current 
VTC  Open  Circuit  Voltage,  VTC 
Vtc  Sink  Current,  ITc 
VTC  Temperature  Coefficient 


100 
1.1 

■ 


50 

V,N- 

50 

+  0.01 

±10 

0.3 

+0.01 

±10 

0.5 

3,. 

200 

400 

20 

40 

20 

30 

1.0 

1.26 

1.29 

1.42 

30 

±0.01 

+  10 

20 

30 

0.2 

0.9 

8.0 

2.0 

+2.5 

V 

uA 

V 

V 

V 

V 

%/V 
SI 

n 
a 
n 
v 

ppm/°C 

mV 

mV 

nA 

V 

V 

nA 

V 

M£i 

a 

£i 
Q 

mA 
HA 

V 
V 

mV 

nA 

Q 

nA 

V 

mA 

mV/°C 


No  Load,  Vm  = +16.5  V 
:  GND 


VsET  : 
VsET  =  Vin 

IOUT  =  40mA,VOUT  =  +14.5V 
Iout  =  100  mA,  Vout  =  +14.5  V 
+2  V  <  V,N  <  +15  V,  V0UT  =  VreF 
Vin  =  (Vout  +3  V),  1  mA  <  I0ut(2)  <  100  mA 
Vset  =  GND  (Fixed  +5  V  Output) 
Vset  =  VIN  (Fixed  +3.3  V  Output) 
Vset  =  Resistive  Divider  (Adjustable  Output) 
ADM663A,  50  uA  <  I0Uti  <  10  mA 
TA  =  +25°C,  Vout  =  VSEt 


Vset  <  VF;A  Low  for  +5  V  Output 
Vset  >  VF/A  High  for  +3.3  V  Output 

VShdn  High  =  Output  Off 
Vshdn  Low  =  Output  On 

lit' 


VIN  =  +2  V,  lour  =  1  mA 

Vin  =  +9  V,  W  =  10  mA 

Vin  = +15  V,  lour  =  10  mA 

+3  V  <  VIN  <  +16.5  V,  Vm  -  Vout  =  +1.5  V 


ADM666A 
ADM666A 
ADM666A 
ADM666A 

ADM666A,  ISAT  =  2  mA 
ADM666A,  LBI  =  1.4  V 
ADM663A 
ADM663A 
ADM663A 


Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Input  Voltage,  Vm   +18  V 

Terminal  Voltage 
(ADM663A)  Pins  1,  3,  5,  6,  7 

 (GND-  0.3  V)  to  (V,n  +  0.3  V) 

(ADM666A)  Pins  1,  2,  3,  5,  6 

 (GND-  0.3  V)  to  (VIN  +  0.3  V) 

(ADM663A)  Pin  2  (GND  -  0.3  V)  to  (V0uti  +  0.3  V) 

(ADM666A)  Pin  7  (GND-  0.3  V)  to  +16.5  V 

Output  Source  Current 

(ADM663A,  ADM666A)  Pin  2   100  mA 

(ADM663A)  Pin  3   25  mA 

Output  Sink  Current,  Pin  7  -20  mA 

Power  Dissipation,  N-8    800  mW 

(Derate  8.3  mW/°C  above  +30°C) 

eJA)  Thermal  Impedance    120°C/W 


Power  Dissipation,  R-8   570  mW 

(Derate  6  mW/°C  above  +30°C) 

9JA,  Thermal  Impedance  170°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)   -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

ESD  Rating   >5000  V 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  of  time  may  affect  reliability. 

■ 
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VoUT(l)  (2) 

V  Ullage  IvcgUlalUI  WULpuL^by. 

V*, 

Voltage  Regulator  Input. 

SENSE 

Current  Limit  Sense  Input.  (Referenced  to 
Vout(2).)  If  not  used,  it  should  be  connected  to 

VouT(2). 

GND 

VJIUUI1U  1  111.  IVlUsL  UC  COllllCCLCU  IU  U  V. 

T  RT 

ujw  Ddllcry  ucicci  input.  VjUmparcu  wim  i.j  v. 

LBO 

Low  Battery  Detect  Output.  Open  Drain  Output. 

SHDN 

Digital  Input.  May  be  used  to  disable  the  device 
so  that  the  power  consumption  is  minimized. 

VSET 

Voltage  Setting  Input.  Connect  to  GND  for 
+5  V  output,  to  Vin  for  +3.3  V  output  or 
connect  to  external  resistive  divider  for 
adjustable  output. 

VTC 

Temperature-Proportional  Voltage  for  negative 
TC  Output. 

PIN  CONFIGURATIONS 
DIP&SOIC 


SENSE  \T  •  T]  V„ 

v«m  LI  ADM663A  T|  vTC 

v     nr  top  view  ~r\  v 

V°»"  ^  (Notto  Scale)  ^ 

GND  [T  7]  SHDN 


tner  reductions  in  input  voltage.  It  is  measured  when  the  output 
decreases  100  mV  from  its  nominal  value.  The  nominal  value  is 
the  measured  value  with  Vm  =  V0ut  +2  V. 

Line  Regulation:  The  change  in  output  voltage  as  a  result  of 
a  change  in  the  input  voltage.  It  is  specified  as  a  percentage 
change  in  output  voltage  for  an  input  voltage  change. 

AVqut  


(100) 


Line  Reg  = 


AVn 


Load  Regulation:  The  change  in  output  voltage  for  a  change 
in  output  current. 


Load  Reg  (fi) 


AVn 


AIn 


DIP  &  SOIC 


Quiescent  Current:  The  input  bias  current  which  flows  when 
the  regulator  output  is  unloaded  or  when  the  regulator  is  in 
shutdown. 

Sense  Input  Threshold:  Current  limit  sense  voltage.  This 
is  the  voltage  (referenced  to  V0ut<2))  at  which  current  limiting 
occurs. 

Input-Output  Saturation  Resistance  (ADM663A):  This  is  a 
measure  of  the  internal  MOS  transistor  effective  resistance  in  se- 
ries with  Vouxi-  The  minimum  input-output  voltage  differential 
at  low  currents  may  be  calculated  by  multiplying  the  load  cur- 
rent by  the  saturation  resistance. 

Thermal  Limiting:  This  feature  monitors  the  internal  die  tem- 
perature and  disables  the  output  when  an  internal  temperature 
of  125°C  is  reached. 

Maximum  Power  Dissipation:  The  maximum  total  device 
dissipation  for  which  the  regulator  will  continue  to  operate 
within  specifications. 


SENSE  [T 

VOUT  U 
LBI  [T 
GND  [T 


ADM666A 

TOP  VIEW 
(Not  to  Scale) 


TJ  LBO 

3  "set 

T]  SHDN 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Option* 

ADM663AAN 

-40°C  to  +85°C 

N-8 

ADM663AAR 

-40°C  to  +85°C 

R-8 

ADM666AAN 

-40°C  to  +85°C 

N-8 

ADM666AAR 

-40°C  to  +85°C 

R-8 

*For  outline  information  see  Package  Information  section. 
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GENERAL  INFORMATION 

The  ADM663A/ADM666A  contains  a  micropower  bandgap 
reference  voltage  source;  an  error  amplifier,  Al ;  three  compara- 
tors, CI,  C2,  C3,  and  a  series  pass  output  transistor.  A  P-chan- 
nel  FET  and  an  NPN  transistor  are  used  on  the  ADM663A 
while  the  ADM666A  uses  an  NPN  output  transistor. 

CIRCUIT  DESCRIPTION 

The  internal  bandgap  reference  is  trimmed  to  1.3  V  ±  30  mV. 
This  is  used  as  a  reference  input  to  the  error  amplifier  Al.  The 
feedback  signal  from  the  regulator  output  is  supplied  to  the 
other  input  by  an  on-chip  voltage  divider  or  by  two  external  re- 
sistors. When  Vset  is  at  ground,  the  internal  divider  tap  between 
Rl  and  R2,  provides  the  error  amplifier's  feedback  signal  giving 
a  +5  V  output.  When  VSet  is  at  Vik,  the  internal  divider  tap  be- 
tween R2  and  R3  provides  the  error  amplifier's  feedback  signal 
giving  a  +3.3  V  output.  When  VSet  is  at  more  than  50  mV 
above  ground  and  less  than  50  mV  below  ViN,  the  error  ampli- 
fier's input  is  switched  directly  to  the  VSET  pin,  and  external 
resistors  are  used  to  set  the  output  voltage.  The  external  resis- 
tors are  selected  so  that  the  desired  output  voltage  gives  1.3  V 
at  VSET. 

Comparator  CI  monitors  the  output  current  via  the  SENSE  in- 
put. This  input,  referenced  to  Vourm*  monitors  the  voltage 
drop  across  a  load  sense  resistor.  If  the  voltage  drop  exceeds 
0.5  V,  then  the  error  amplifier  Al  is  disabled  and  the  output 
current  is  limited. 

The  ADM663A  has  an  additional  amplifier,  A2,  which  provides 
a  temperature  proportional  output,  VTC.  If  this  is  summed  into 
the  inverting  input  of  the  error  amplifier,  a  negative  temperature 
coefficient  results  at  the  output.  This  is  useful  when  powering 
liquid  crystal  displays  over  wide  temperature  ranges. 

The  ADM666A  has  an  additional  comparator,  C4,  that  com- 
pares the  voltage  on  the  low  battery  input,  LBI,  pin  to  the  inter- 
nal +  1.3  V  reference.  The  output  from  the  comparator  drives  an 
open  drain  FET  connected  to  the  low  battery  output  pin,  LBO. 
The  low  battery  threshold  may  be  set  using  a  suitable  voltage 
divider  connected  to  LBI.  When  the  voltage  on  LBI  falls  below 
1.3  V,  the  open  drain  output  LBO  is  pulled  low. 


Both  the  ADM663A  and  the  ADM666A  contain  a  shutdown 
(SHDN)  input  that  can  be  used  to  disable  the  error  amplifier 
and  hence  the  voltage  output.  The  power  consumption  in  shut- 
down reduces  to  less  than  9  uA. 


<j  SENSE 


Figure  2.  ADM666A  Functional  Block  Diagram 
Circuit  Configurations 

For  a  fixed  +5  V  output  the  VSET  input  is  grounded  and  no  ex- 
ternal resistors  are  necessary.  This  basic  configuration  is  shown 
in  Figure  3.  For  a  fixed  +3.3  V  output,  the  VSET  input  is  con- 
nected to  VjN  as  shown  in  Figure  4.  Current  limiting  is  not  be- 
ing utilized  so  the  SENSE  input  is  connected  to  V0ut(2)- 


♦6VTO+16V 
INPUT 

_ 

I  


SENSE 

ADM663A 

VOUT(2) 

ADM666A 

Vset  <™° 

SHDN 

I  1  I 


1 


+5V 
OUTPUT 


Figure  3.  A  Fixed  +5  V  Output 



♦4.5V  TO  *16V 
INPUT 


 _T 


ADM663A 
ADM666A 


1 


♦3.3V 
OUTPUT 


I 


Figure  4.  A  Fixed  +3.3  V  Output 
Output  Voltage  Setting 

If  VSET  is  not  connected  to  GND  or  to  VIN,  the  output  voltage  is 
set  according  to  the  following  equation: 

(RI  +  R2) 

"our    "set*  R1 

where  Vset  =  L30  V. 


Figure  1.  ADM663A  Functional  Block  Diagram 
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The  resistor  values  may  be  selected  by  first  choosing  a  value  for 
Rl  and  then  selecting  R2  according  to  the  following  equation: 


R2  =  Rlx 


1.30 


The  input  leakage  current  on  VSET  is  10  nA  maximum.  This  al- 
lows large  resistor  values  to  be  chosen  for  Rl  and  R2  with  little 
degradation  in  accuracy.  For  example,  a  1  M£2  resistor  may  be 
selected  for  Rl,  and  then  R2  may  be  calculated  accordingly. 
The  tolerance  on  VSET  is  guaranteed  at  less  than  +30  mV  so  in 
most  applications,  fixed  resistors  will  be  suitable. 


♦2VT0*16V 
INPUT 

_»  


»9 

SENSE 

ADM663A 

vOUT(2) 

ADM666A 

SHDN 

GND 

VSET 

♦1.3VTO+1SV 
OUTPUT 


— r 


5.  Adjustable  Output 


Table  I.  Output  Voltage  ! 


ection 


VSET 

VoUT 

GND 

+5  V 

VlN 

+3  V 

R1/R2 

ADJ 

Current  Limiting 

Current  limiting  may  be  achieved  by  using  an  external  current 
sense  resistor  in  series  with  V0ut(2)-  When  the  voltage  across 
the  sense  resistor  exceeds  the  internal  0.5  V  threshold,  current 
limiting  is  activated.  The  sense  resistor  is  therefore  chosen  such 
that  the  voltage  across  it  will  be  0.5  V  when  the  desired  current 
limit  is  reached. 


0.5 


where  Rcl  is  the  current  sense  resistor,  ICL  is  the  maximum 
current  limit. 

The  value  chosen  for  RcL  should  also  ensure  that  the  current  is 
limited  to  less  than  the  100  mA  absolute  maximum  rating  and 
also  that  the  power  dissipation  will  also  be  within  the  package 
maximum  ratings. 

If  current  limiting  is  employed,  there  will  be  an  additional  volt- 
age drop  across  the  sense  resistor  that  must  be  considered  when 
determining  the  regulators  dropout  voltage. 

If  current  limiting  is  not  used,  the  SENSE  input  should  be  con- 
nected to  V0UT(2)- 
Shutdown  Input  (SHDN) 

The  SHDN  input  allows  the  regulator  to  be  turned  off  with  a 
logic  level  signal.  This  will  disable  the  output  and  reduce 


the  current  drain  to  a  low  quiescent  (9  uA  maximum)  current. 
This  is  very  useful  for  low  power  applications.  The  SHDN  input 
should  be  driven  with  a  CMOS  logic  level  signal  since  the  input 
threshold  is  0.3  V.  In  TTL  systems,  an  open  collector  driver 
with  a  pull-up  resistor  may  be  used. 

If  the  shutdown  function  is  not  being  used,  then  it  should  be 
connected  to  GND. 

Low  Supply  or  Low  Battery  Detection 

The  ADM666A  contains  on-chip  circuitry  for  low  power  supply 
or  battery  detection.  If  the  voltage  on  the  LBI  pin  falls  below  the 
internal  1.3  V  reference,  then  the  open  drain  output  LBO  will 
go  low.  The  low  threshold  voltage  may  be  set  to  any  voltage 
above  1.3  V  by  appropriate  resistor  divider  selection. 

where  R3  and  R4  are  the  resistive  divider  resistors  and  VBatt  is 
the  desired  low  voltage  threshold. 

Since  the  LBI  input  leakage  current  is  less  than  1 0  nA,  large  val- 
ues may  be  selected  for  R3  and  R4  in  order  to  minimize  loading. 
For  example,  a  6  V  low  threshold  may  be  set  using  1 0  Mil  for 
R3  and  2.7  M  £2  for  R4. 


+2VT0+16V 
INPUT 


A  SENSE 
ADM666A  V°m 


 Wr- 


V 


+1.3VTO+15V 
OUTPUT 


LOW 
BATTERY 
OUTPUT 


Figure  6.  ADM 666 A  Adjustable  Output  with  Low  Battery 
Detection 

High  Current  Operation 

The  ADM663A  contains  an  additional  output,  Vouti,  suitable 
for  directly  driving  the  base  of  an  external  NPN  transistor.  Fig- 
ure 7  shows  a  configuration  which  can  be  used  to  provide  +5  V 
with  boosted  current  drive.  A  1  £2  current  sensing  resistor  limits 
the  current  at  0.5  A. 


A  DM663 A 

SHDN 

VSET  GND 


T 


2 


lOpF 


r 


+5V.  0.5A 
OUTPUT 


Figure  7.  ADM663A  Boosted  Output  Current  (0.5  A) 
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Temperature  Proportional  Output 

The  ADM663A  contains  a  VTC  output  with  a  positive  tempera- 
ture coefficient  of  +2.5  mV/°C.  This  may  be  connected  to  the 
summing  junction  of  the  error  amplifier  (VSet)  through  a  resis- 
tor resulting  in  a  negative  temperature  coefficient  at  the  output 
of  the  regulator.  This  is  especially  useful  in  multiplexed  LCD 
displays  to  compensate  for  the  inherent  negative  temperature 
coefficient  of  the  LCD  threshold.  At  +25°C  the  voltage  at  the 
VTC  output  is  typically  0.9  V.  The  equations  for  setting  both 
the  output  voltage  and  the  tempco  are  given  below.  If  this  func- 
tion is  not  being  used,  then  VTC  should  be  left  unconnected. 


TCVOUT  ■■ 


-R2 
R 


where  VSFr  =  +1.3  V,  VTC  =  +0.9  V,  TCVTC  =  +2.5  mV/°C 


SENSE 

VOUT2 

A  DM  66 3 A 

<  R2 

VSET 

 ^R3  ^R1 

^TC 

-O  v0l 


Figure  8.  ADM663A  Temperature  Proportional  Output 

APPLICATION  HINTS 
Input-Output  (Dropout  Voltage) 

A  regulator's  minimum  input-output  differential  or  dropout 
voltage  determines  the  lowest  input  voltage  for  a  particular  out- 
put voltage.  The  ADM663A/ADM666A  dropout  voltage  is  1  V 
at  its  rated  output  current.  For  example  when  used  as  a  fixed 
+5  V  regulator,  the  minimum  input  voltage  is  +6  V.  At  lower 
output  currents  (lour  <  10  mA)  on  the  ADM663A,  V0uti  may 
be  used  as  the  output  driver  in  order  to  achieve  lower  dropout 
voltages.  In  this  case  the  dropout  voltage  depends  on  the  voltage 
drop  across  the  internal  FET  transistor.  This  may  be  calculated 
by  multiplying  the  FET's  saturation  resistance  by  the  output 
current,  for  example  with  V^  =  9  V,  RSAT  =  20  £2.  Therefore, 
the  dropout  voltage  for  5  mA  is  1 00  mV.  As  the  current  limit 
circuitry  is  referenced  to  V0ut2>  V0ut2  should  be  connected  to 
Vouti  •  For  high  current  operation  V0ut2  should  be  used  alone 
and  Vquti  left  unconnected. 


+6VTO+16V 
INPUT 


SENSE 

ADM663A 

VOUT2 

voim 

VSCT  GND 

SHDN 

I       |  1 

+5V 
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Figure  9.  Low  Current,  Low  Dropout  Configuration 
Thermal  Considerations 

The  ADM663A/ADM666A  can  supply  up  to  100  mA  load  cur- 
rent and  can  operate  with  input  voltages  up  to  16.5  V,  but  the 
package  power  dissipation  and  hence  the  die  temperature  must 


be  kept  within  the  maximum  limits.  The  package  power  dissi- 
pation is  calculated  from  the  product  of  the  voltage  differential 
across  the  regulator  times  the  current  being  supplied  to  the  load. 
The  power  dissipation  must  be  kept  within  the  maximum  limits 
given  in  the  Absolute  Maximum  Ratings  section. 

Pd=(V,^Vout)(Il) 

The  die  temperature  is  dependent  on  both  the  ambient  tempera- 
ture and  on  the  power  being  dissipated  by  the  device.  The 
ADM663A/ADM666A  contains  an  internal  thermal  limiting  cir- 
cuit which  will  shut  down  the  regulator  if  the  internal  die  tem- 
perature exceeds  125°C.  Therefore,  care  must  be  taken  to 
ensure  that,  under  normal  operating  conditions,  the  die  tem- 
perature is  kept  below  the  thermal  limit. 

T,=  TA  +  PD  {e,A) 

This  may  be  expressed  in  terms  of  power  dissipation  as  follows: 

Pn=(Ty-  TMBja) 

where: 

Tj  =  Die  Junction  Temperature  (°C) 
Ta  -  Ambient  Temperature  (°C) 
PD  =  Power  Dissipation  (W) 

0jA  =  Junction  to  Ambient  Thermal  Resistance  (°C/W) 

If  the  device  is  being  operated  at  the  maximum  permitted  ambi- 
ent temperature  of  85°C  the  maximum  power  dissipation  per- 
mitted is: 

PD  (max)  =  (7}  (max)  -  T^)/(^) 
PD{max)  =  (125-  85)/(6JA) 

=  im,A 

$jA  =  120°C/W  for  the  8-pin  DIP  (N-8)  package 
Oja  =  170°C/W  for  the  8-pin  SOIC  (R-8)  package 
Therefore,  for  a  maximum  ambient  temperature  of  85°C 

PD(max)  =  333mWforN-8 

PD  (max)  =  235  mWfor  R-S 

At  lower  ambient  temperatures  the  maximum  permitted  power 
dissipation  increases  accordingly  up  to  the  maximum  limits 
specified  in  the  absolute  maximum  specifications. 

The  thermal  impedance  (BJA)  figures  given  are  measured  in  still 
air  conditions  and  are  reduced  considerably  where  fan  assisted 
cooling  is  employed.  Other  techniques  for  reducing  the  thermal 
impedance  include  large  contact  pads  on  the  printed  circuit 
board  and  wide  traces.  The  copper  will  act  as  a  heat  exchanger 
thereby  reducing  the  effective  thermal  impedance. 
Bypass  Capacitors 

The  high  frequency  performance  of  the  ADM663A/ADM666A 
may  be  improved  by  decoupling  the  ouput  using  a  filter  capaci- 
tor. A  capacitor  of  0. 1  \iF  is  suitable. 

An  input  capacitor  helps  reduce  noise,  improves  dynamic  per- 
formance and  reduces  the  input  dV/dt  at  the  regulator  input.  A 
suitable  input  capacitor  is  0.1  pF  or  greater. 
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Voltage  Reference 





FEATURES 

•  10  Volt  Output    ±0.3%  Max 

•  Adjustment  Range   ±3%  Min 

•  Excellent  Temperature  Stability    8.5ppm/°  C  Max 

•  Low  Noise   30MVp.pMax 

•  Low  Supply  Current  1.4mA  Max 

•  Wide  Input  Voltage  Range    12V  to  40V 

•  High  Load-Driving  Capability   20mA 

•  No  External  Components 

•  Short-Circuit  Proof 

•  MIL-STD-883  Screening  Available 

•  Available  in  Die  Form 


ORDERING  INFO 


RMATION 


+  10V  output  which  can  be  adjusted  over  a  ±3%  range  with 
minimal  effect  on  temperature  stability.  Single-supply  opera- 
tion over  an  input  voltage  range  of  12V  to  40V,  low  current 
drain  of  1mA,  and  excellent  temperature  stability  are  achieved 
with  an  improved  bandgap  design.  Low  cost,  low  noise,  and 
low  power  make  the  REF-01  an  excellent  choice  whenever  a 
stable  voltage  reference  is  required.  Applications  include  D/A 
and  A/D  converters,  portable  instrumentation,  and  digital 
voltmeters.  Full  military  temperature  range  devices  with 
screening  to  MIL-STD-883  are  available.  For  guaranteed 
long-term  drift  see  the  REF-10  data  sheet. 

PIN  CONNECTIONS 


PACKAGE 


T.  =  25'C   

AV„MAX 

(mV)  T0-99 


PLASTIC 
8-PIN 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 


REF01AZ* 

REF01EZ 

REF01Z" 

REF01HZ 

REF01CZ 


REF01RC/883 


REF01HP 


COM 
MIL 
COM 


REF01CP 
REFOICStt 


XIND 


TO-99 
(J-Suffix) 


For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  alter  part 
number.  Consult  factory  (or  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerOIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


u   u  o   y  q 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 

(Z-Sufflx) 

8-PIN  SO 

(S-Suffix) 


GENERAL  DESCRIPTION 


The  REF-01  precision  voltage  reference  provides  a  stable 
SIMPLIFIED  SCHEMATIC 


2  2    2  2 

<  LilLdLdHtdS 

nc  7J  [7s  NC 

vin  3  no 

nc  7]  mc 

no  JJ  E  vour  (RC-Sufflx) 

no  7]  [u  no 


REF-01  RC/883 
LCC 

I 


INPUT 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 
Input  Voltage 

REF-01 ,  A,  E.  H,  RC,  All  DICE  40V 

REF-01C  30V 

Output  Short-Circuit  Duration 

(to  Ground  or  V|N)  Indefinite 

Storage  Temperature  Range 

J,  RC,  and  Z  Packages  -65°  Cto  +150°C 

P  Package  -65°Cto+125°C 

Operating  Temperature  Range 

REF-01  A,  REF-01 ,  REF-01  RC  -55°C  to  +125°C 

REF-01  E,  REF-01  H, 

REF-01  CJ,  REF-01  CZ  0°C  to  +70°C 

REF-01  CP,  REF-01  CS  -40°C  to  +85°C 


Junction  Temperature  (T.) 

-65°Cto+150°C 

Lead  Temperature  (Soldering,  60  sec)  

300°C 

PACKAGE  TYPE 

6|A(NOTE2) 

eic 

UNITS 

TO-99  (J) 

170 

24 

•c/w 

8-Pin  Hermetic  DIP  (Z) 

162 

26 

•c/w 

8-Pin  Plastic  DIP  (P) 

110 

50 

•c/w 

20-Contact  LCC  (RC) 

120 

40 

•c/w 

8-Pin  SO  (S) 

160 

44 

•c/w 

20-Contact  PLCC  (PC) 

80 

39 

•c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


2.  e  is  specified  tor  worst  case  mounting  conditions.  I.e.,  e  A  Is  specified  for 
device  in  socket  for  TO.  CerDIP,  P-DIP.  and  LCC  packages;  e.A  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  and  PLCC  packages. 


ELECTRICAL  CHARACTERISTICS  at  VIN  =  +15V,  TA  =  250C,  unless  otherwise  noted. 


PARAMETER  SYMBOL 

CONDITIONS 

MIN        TYP  MAX 

HEr-oi/r 
MIN  TYP 

I 

MAX 

UNITS 



Output  voltage  V0 



IL=  0 

9.97 

10.00 

10.03 

8.95  10.00 

in  nc  if 

IV. UJ 

Output  Adjustment  Range  AVtrlln 

Rp  =  10kft 

±3.0 

±3.3 

±3.0  ±3.3 

Output  Voltage  Noise  enp_p 

0.1Hz  to  10Hz  (Note  6i 

20 

30 

-  20 

30 

"Vp 

Line  Regulation  (Note  4) 

V,N  =  13V  to  33V 

0.006 

0.010 

—  0.006 

0.010 

%/V 

Load  Regulation  (Note  4) 

lL  =  0  to  10mA 

0.005 

0.008 

—  0.006 

0.010 

%/mA 



Turn-on  Settling  Time  ton 

To  +0.1*  of  final  value 

5 

—  5 

P* 

Quiescent  Supply  Current  lSY 

No  Load 

1.0 

1.4 

—  1.0 

1.4 

mA 

Load  current  i, 
 1  

10 

Zl 

10  ZI 

mA 



Sink  Current  ls 

i  Note  7 1 

-0.3 

-0.5 

-0.3  -0.5 

mA 

Short-Circuit  Current  lsc 

Vo  =  0 

30 

—  30 



mA 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +1 5V,  -55°C  <  TA  < 
li  =  0mA,  unless  otherwise  noted. 

+125°C  for  REF-01  A/E,  and  0°C<TA<+70°C  for  REF-01  Hand 

PARAMETER  SYMBOL 

CONDITIONS 

REF-01  A/E 

MIN        TYP  MAX 

REF-01/H 
MIN  TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature  (Notes  1,2)  OT 

0°C<TA<+70°C 
-55"CSTA<+125»C 

0.02 
0.06 

0.06 
0.15 

-  0.07 

-  0.18 

0.17 
0.45 

% 

Output  Voltage 

Temperature  Coefficient  ° 

(Note  3) 

3.0 

8.5 

-  10.0 

25.0 

ppm/*C 

Change  in  v0  Temperature 
Coefficient  with  Output 
Adjustment 

Rp=10kO 

0.7 

—  0.7 

ppm/% 

Line  Regulation 

(V,N  =  13V  to  33V)  (Note  4) 

0,C<TAS+70*C 
-55CC<TA<+125°C 

0.007 
0.009 

0.012 
0.015 

-  0.007 

-  0.009 

0.012 
0.015 

%/V 

Load  Regulation 
(I,.  -0  to  8mA)  (Note  4) 

0°C<TAS+70°C 
-55°C<TA<+125»C 

0.006 
0.007 

0.010 
0.012 

-  0.007 

-  0.009 

0.012 
0.015 



%/mA 

1 .  AVOT  Is  defined  as  the  absolute  difference  between  the  maximum 
output  voltage  and  the  minimum  output  voltage  over  the  specified 
temperature  range  expressed  as  a  percentage  of  10V: 

2  AV0T  specification  applies  trimmed  to  +  10.000V  or  untrimmed . 
3.  TCV0  Is  defined  ss  AVOT  divided  by  the  temperature  range,  i.e., 


TCVo(0°to+70°Cp 


AVOT[0°to+70°C) 
70°  C 


and  TCV0  (-55°  to  +125°C)  = 


AVOT(-55°  to+125°C) 


180°  C 

4.  Line  and  Load  Regulation  specifications  include  the  effect  of  self  heating. 

5.  Guaranteed  by  design. 

>  meets  the  output  voltage  specified. 
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PARAMETER  8YMBOL  CONDITIONS  MIN  TYP         MAX  UNITS 


Ontni  it  Vnltnnfi 



v« 



— lL  0mA  

9.90 

10.00 

10.10 

UUipui  MQjusimeni  nange 

avtnm 

Rp  =  1 0k  fl 

+2  7 

+3  3 

% 

Output  Voltage  Noise 

»np-p 

0.1Hz  to  10Hz  (Note  6) 

25 

35 

Line  Heguiaiion  (Note *») 

V|N  —  13V  tO  30V 

0.009 

0.015 

%/V 

Losd  Regulation  iNote4> 

1 L  —  U  IO  Bmfl 

0.006 

0.015 

%/mA 

Turn-on  Settling  Time 

lON 

T/1  +n  10A  nf  final  i/alna 

io  xu.ivo  oi  rinai  vaiue 

— 

5 

MS 

Quiescent  Supply  Current 

|_„ 

No  Load 

1.0 

1.6 

Load  Current 

'i 

8 

21 

mA 

Sink  Current 

■s 

iNote  7i 

-0.3 

-0.5 

mA 

Short-Circuit  Current  lsc  Vo=0  —  30  —  mA 


ELECTRICAL  CHARACTERISTICS  at  V|N  =  +15V°C  sTAs  +70°C for  REF-01CJ,  CZ,  -40°C s TA  s  +85°C for  REF-01CP.CS, 
unless  otherwise  noted. 


v               .■  ••, 

REF-01C 

PARAMETER                                        SYMBOL            CONDITIONS                                                           MIN            TYP           MAX  UNITS 

-  0.14 



Ouput  Voltage  Change 
with  Temperature 

(Notes  1  and  2) 

0.45 

% 

Output  Voltage 

-  20 

Temperature  Coefficient 

TCV0 

(Note  3) 

65 

ppm/°C 

Change  In  VG  Temperature 

Coefficient  with  Output 

Rp  =  10kfl 

-  0.7 

ppm/% 

nujuaiiiraiu 

Line  Regulation  (Note  4) 

VIN  =  13V  to  30V 

-  0.011 

0.018 

%/V 

lL  =  0to5mA 

—  0.008 

0.018 

%/mA 

Load  Regulation  (Note  4) 

1 .  AVOT  la  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  10V: 

AVot=|vjs^|x100 

2.  AVOT  specification  applies  trimmed  to  +  10.000V  or  untrimmed. 

3.  TCV0  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e., 


OUTPUT  ADJUSTMENT 


4.  Line  and  Load  Regulation  specifications  include  the  effect  of  self 
heating. 

5.  Guaranteed  by  design. 

6.  Sample  tested. 

7.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 


BURN-IN  CIRCUIT 


O  +18V 

vim 

HEF-01 

GND 

1  -18V 

The  REF-01  trim  terminal  can  be  used  to  adjust  the  output 
voltage  over  a  10V  ±300mV  range.  This  feature  allows  the 
system  designer  to  trim  system  errors  by  setting  the  refer- 
ence to  a  voltage  other  than  10V.  Of  course,  the  output  can 


also  be  set  to  exactly  10.000V,  or  to  10.240V  for  binary 
applications. 

Adjustment  of  the  output  does  not  significantly  affect  the 
temperature  performance  of  the  device.  The  temperature 
coefficient  change  is  apprc 


output  adjustment. 


iMOOmVof 
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+5V  Precision  Voltage 
Reference/Temperature  Transducer 


REF02 


FEATURES 

•  5  Volt  Output   

•  Temperature  Voltage  Output  

•  Adjustment  Range   

•  Excellent  Temperature  Stability   

•  Low  Noise  

•  Low  Supply  Current  

•  Wide  Input  Voltage  Range   

•  High  Load-Driving  Capability   

•  No  External  Components 

•  Short-Circuit  Proof 

•  MIL-STD-883  Screening  Available 

•  Available  in  Die  Form 

ORDERING  INFORMATION  ' 


. ...  ±0.3%  Max 

 2.1mV/°C 

 ±3%  Min 

8.5ppm/°C  Max 
. . .  15//Vp  p  Max 

 1.4mA  Max 

  7Vto40V 

 20mA 


GENERAL  DESCRIPTION 

The  REF-02  precision  voltage  reference  provides  a  stable 
+  5V  output  which  can  be  adjusted  over  a  ±6%  range  with 
minimal  effect  on  temperature  stability.  Single-supply  operation 
over  an  input  voltage  range  of  7V  to  40V,  low  current  drain  of 
1  mA,  and  excellent  temperature  stability  are  achieved  with  an 
improved  bandgap  design.  Low  cost,  low  noise,  and  low 
power  make  the  REF-02  an  excellent  choice  whenever  a 
stable  voltage  reference  is  required.  Applications  include 
D/A  and  A/D  converters,  portable  instrumentation,  and 
digital  voltmeters.  The  versatility  of  the  REF-02  is  enhanced 
by  its  use  as  a  monolithic  temperature  transducer.  For  +  10V 
references,  see  the  REF-01  and  REF-10  data  sheets. 

PIN  CONNECTIONS 


V0SMAX 
(mV) 

T0-99 

CERDIP 
8-PIN 

PLASTIC 
8-PIN 

LCC 
20-CONTACT 

TEMPERATURE 
RANGE 

±15 
±15 

REF02AJ* 
REF02EJ 

MIL 
COM 

REF02AZ* 
REF02EZ 

±25 

REF02J* 

REF02Z* 

REF02RC/883 

MIL 

±25 
±50 

REF02HJ 
REF02CJ 

REF02HZ 
REF02CZ 

REF02HP 

COM 
COM 

±50 

REF02CP 

XIND 

±50 
±100 

REF02DJ 

REF02DZ 

REF02CStt 
REF02DP 

XIND 
COM 

N.C. 
N.C. 

MC. 

NC. 
VIN 

f  LiJLiJLilHhiJN 
3  S 
3  E 

N.C 
N.C. 

N.C. 

3  E 

IM.C 

TEMP 

N.C. 

3  E 
3  E 

VOUT 

rue 

U  Q  u  £  o 
*    5    *    f  * 

REF-02RC/883 
LCC  (RC-Suffix) 


TO-99  (J-Sutfix) 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


SIMPLIFIED  SCHEMATIC 


DIP 


8-PIN  HERMETIC  DIP 

(Z-Suffix) 
EPOXY  MINI 
(P-Suffix) 
8-PIN  SO 
(S-Suffix) 

IPUT 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 
Input  Voltage 

REF-02A,  E,  H,  RC,  All  DICE  .... 

REF-02C,  D  30V 

Output  Short -Circuit  Duration 

(to  Ground  or  V|N)  Indefinite 

Storage  Temperature  Range 

J,  RC,  and  Z  Packages  

P  Packages  

Operating  Temperature  Range 

REF-02A,  REF-02,  REF-02RC 

REF-02E,  REF-02H  

REF-02CJ,CZ,  REF-02D  0°Cto  +70°C 

REF-02CP,  CS  -40°Cto  +85°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +15V,  TA  = 


>0  '  - 


Junction  Temperature  (Tp  -65°Cto  +150°C 


 •  

 •'  


-65°Cto+150°C 
-65°Cto+125°C 

-55°Cto+125°C 
 0°C  to  +70°C 


PACKAGE  TYPE 

8|A(NOTE2) 

eic 

UNITS 

TO-99  (J) 

170 

24 

°c/w 

8-Pin  Hermetic  DIP  (Z) 

162 

26 

•c/w 

8-Pin  Plastic  DIP  (P) 

110 

50 

•c/w 

20-Conlact  LCC  (RC.  TC) 

120 

40 

•c/w 

8-Pin  SO  (S) 

160 

44 

•c/w 

20-Conlacl  PLCC  (PC) 

80 

39 

°c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  other- 
wise noted. 

2.  8jA  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for  device 
in  socket  for  TO.  CerDIP.  P-DIP,  and  LCC  packages;  ojA  is  specified  for  device 
soldered  to  printed  circuit  board  for  SO  and  PLCC  packages 


+  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

REF-02A/E 

MIN        TYP  MAX 

REFtV0P2/H  MAX  UNITS 

Output  Voltage 

v0 

lL=0 

4.985 

5.000 

5.015 

4.975 

5.000 

5.025 

V 

Output  Adjustment  Range 

4VWB1 

Rp=10kfl 

±3 



+3 

±6 

±6 

% 

Output  Voltage  Noise 

0.1Hz  to  10Hz  (Note  7) 

10 

15 

10 

15 

"VP-P 

enp-p 



Line  Regulation  (Note  2) 

V,N=8Vto33V 



0.006 

0.010 

0.006 

0.010 

%/V 

Load  Regulation  (Note  2) 

lL  =  0to  10mA 

0.005 

0.010 

0.006 

0.010 

%/mA 

Turn-on  Settling  Time 

'ON 

To  ±0.1%  of  final  value 

5 

5 

n* 

Quiescent  Supply  Current 

Isy 

No  Load 

1.0 

1.4 

1.0 

1.4 

mA 

Load  Current 

'l 



10 

21 

10 

21 

mA 

Sink  Current 

Is 

(Note  8) 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

'sc 

vo=0 

30 

30 

mA 

Temperature  Voltage  Output 

i  Note  3 1 



630 

630 

mV 

vT 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +  15V,  -55° 
REF-02 E  and  REF-02H,  h  =  0mA,  unless  otherwise  noted. 

C  <  TA  <  ±  1 25°  C  for  REF-02A  and  REF-02,  0°  C  <  TA<  + 

TOT  C  for 

PARAMETER 

SYMBOL 

CONDITIONS 

REF-02A/E 

MIN        TYP  MAX 

MIN 

REF-02/H 
TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature  (Notes  4,  5) 

AVOT 

0"C<TA<+70'C 
-SS'C<TA<+125»C 

0.02 
0.06 

0.06 
0.15 

0.07 
0.18 

0.17 
0.45 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  6) 



3 

8.5 

10 

25 

ppm/°C 

Change  in  V0  Temperature 
Coefficient  with  Output 

Rp  =  10kfl 

0.7 

0.7 

ppm/% 

Adjustment 

Line  Regulation 
(V,N  =  8to  33V)  (Note  2) 



0°C<TA<+70°C 

-ss^csTaS+^c 

0.007 
0.009 

0.012 
0.015 

0.007 
0.009 

0.012 
0.015 

%/V 

Load  Regulation 
(lL  =  0to8mA)  (Note  2) 

■ 

0°C<TAS+70°C 

-55°c<TA<+i25''c 

0.006 
0.007 

0.010 
0.012 

0.007 
0.009 

0.012 
0.015 

%/mA 

Temperature  Voltage  Output 
Temperature  Coefficient 

TCVT 

(Note  3) 

2.1 

— 

2.1 

mWC 

NOTES: 

1 .  Guaranteed  by  design. 

2.  Line  and  Load  Regulation  specifications  include  the  effect  of  self  heating. 

3.  Limit  current  in  or  out  of  pin  3  to  50nA  and  capacitance  on  pin  3  to  30pF. 

4.  AV0T  is  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 

i  as  a  percentage  of  5V. 


5.  AV0T  specification  applies  trimmed  to  +5.0O0V  or  untrimmed. 

6.  TCV0  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e. 


TCV0  = 


AVqt 
70°  C 


4VoT 


>max-Vm 

l  5V 


7.  Sample  Tested. 

8.  During  sink  current  test  the  driver  meets  the  output  voltage  specified. 
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ELECTRICAL  CHARACTERISTICS  at  VIN  =  +15V,  TA  =  25° C,  unless  otherwise  noted. 


REF02 


REF-02C 

REF-02D 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 

vo 

lL  =  OmA 

4  950 

5.000 

5.050 

4.900 

5.000 

5.100 

V 

Output  Adjustment  Range 

AVtrlm 

±2.0 

±6.0 

% 

R„=  10kfl 
P 

±2.7 

±6.0 

Output  Voltage  Noise 

enP~P  

0.1Hz  to  10Hz  (Note  7) 

12 

18 

12 

<<Vp_p 

Line  Regulation  (Note  2) 

VIN=8Vto30V 

0.009 

0.015 

0.010 

0.04 

%N 

Load  Regulation  (Note  21 

lL  =  0to8mA 
lL=  0  to  4mA 

0.006 
- 

0.015 
- 

- 

0.015 

0.04 

<*/mA 

Turn-on  Settling  Time 

•on 

To +0.1°*  of  final  value 

- 

5 

- 

- 

5 

- 

MS 

Quiescent  Supply  Current 

No  Load 



1.0 

1.6 

1.0 

2.0 

mA 

Load  Current 



8 

21 

8 

21 

mA 

Sink  Current 

's 

i  Note  8' 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

'sc 

Vo=0 

30 

30 

mA 

Temperature  Voltage  Output 

vT 

i  Note  3 1 

630 

5 

 630  

mV 



ELECTRICAL  CHARACTERISTICS  at V|N  =  +1 5V;  lL=  0mA,  0"C sTAs  +70°C for REF-02CJ,  CZ,  DJ,  DZ,  DP;  -40°C sTAs  +85°C 
for  REF-02CP,  CS;  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

REF-02C 

TYP  MAX 

REF-02D 

MIN  TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature 

AV0T 

(Notes  4  and  5) 

0.14  0.45 

—  0.49 

1.7 

% 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  6) 

20  65 

-  70 

250 

ppm/°C 

Change  in  VD  Temperature 
Coefficient  With  Output 
Adjustment 

Rp  =  lOkfl 

0.7  - 

—  0.7 

ppm/% 

Line  Regulation  (Note  2) 

VIN  =  8V  to  30V 

0.011  0.018 

-  0.012 

0.05 

%/V 

Load  Regulation  (Note  2) 

lL  =  0to5mA 

0.008  0.018 

—  0.016 

0.05 

%/mA 

Temperature  Voltage  Output 
Temperature  Coefficient 



TCVT 

(Note  3) 

2.1 

2  1 





mWC 


NOTES: 

1.  Guaranteed  by  design. 

2.  Line  and  Load  Regulation  specifications  include  the  effect  of  self  heating. 

3.  Limit  current  in  or  out  of  pin  3  to  50nA  and  capacitance  on  pin  3  to  30pF. 

4.  AVOT  is  defined  as  the  absolute  difference  between  the  maximum  c 
voltage  and  the  minimum  output  voltage  over  the  specified  temp 
range  expressed  as  a  percentage  of  5V. 

,AX-VU 


r"|— 5V  1 


am  x  100 


3t0  30p(- 
jm  output 
nperature 


5.  .WOT  specification  applies  trimmed  to  +  5.000V  or  untrimmed. 

6.  TCV0  is  defined  as  AVOT  divided  by  the  temperature  range,  i.e., 


TCVQ=  J  

°      70°  C 

7.  Sample  Tested. 

8.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 


■ 
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+2.5V  Low  Power  Precision 
Voltage  Reference 


REF43 


FEATURES 

•  +2.5  Volt  Output    ±0.05%  Max 

•  Low  Temperature  Coefficient   10ppm/°C  Max 

•  Excellent  Regulation 

Load  Regulation  20ppm/mA  Max 

Line  Regulation   2ppm/V  Max 

•  Supply  Current    450uA  Max 

•  Temperature  Voltage  Output  +1.9mV/°C 

•  Operating  Voltage  Range    +4.5Vto+40V 

•  Extended  Industrial  Temp  Range  -40°C  to  +85°C 

•  Available  in  Die  Form 

ORDERING  INFORMATION ' 


Tight  output  tolerances  and  low  thermal  drift  are  assured  by 
zener-zap  trimming  of  both  output  voltage  and  its  temperature 
coefficient.  A  unique  curvature  correction  circuit  reduces  the 
thermal  curvature  which  is  characteristic  of  many  previous 
bandgap  references. 

PIN  CONNECTIONS 


TCVQ 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

TO-99 

CERDIP  PLASTIC 
&-PIN  6-PIN 

LCC 
20-CONTACT 

10 

REF43BJ* 

REF43BZ* 

REF43BRC/883* 

MIL 

10 

REF43FJ 

REF43FZ 

XINO 

25 

REF43GJ 

REF43GZ  REF43GP 

XIND 

25 

REF43GS 

XIND 

N.C. 

N.C.  g 
TEMP  JJ 


6  V0UT 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 

GENERAL  DESCRIPTION 

The  REF-43  is  a  low-power  precision  reference  providing  a 
stable  +2.5V  output  independent  of  variations  in  supply  voltage, 
load  conditions  or  ambient  temperature.  It  is  suitable  as  a 
reference  level  for  8,  10  and  12-bit  data  acquisition  systems,  or 
wherever  a  stable,  known  voltage  is  required. 


JJ  [»  N.C. 

JJ  fj7  N.C. 

Q«  N.C. 

E  vOUT 

N.C.  |JJ  [u  N.C. 

d  S  ti  s  0 
z  a  z  ;  z 

REF-43BRC/883  TO-99 
20-CONTACT  LCC  (J-Suffix) 
(RC-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 
8-PIN  PLASTIC  DIP 
(P-Suffix) 
8-PIN  SO 
(S-Suffix) 

'RESERVED  FOR  FACTORY  TESTING. 
MAKE  NO  ELECTRICAL  CONNECTION  TO  THESE  PINS. 


T]  TRIM 


SIMPLI 


This  is  an  abridged  data  sheet.  To  obtain  the  1 
-  data  sheet,  call  our  fax  retrieval  syste 


1  at  1-800-446-6212. 
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The  REF-43  may  be  operated  with  supply  voltages  from  +4.5V 
to  +40V.  The  output  voltage  changes  by  less  than  178/xV  from 
one  extreme  of  supply  voltage  to  the  other.  With  only  450^A 
maximum  quiescent  current,  the  REF-43  is  ideally  suited  to 
applications  where  power  dissipation  must  be  minimized,  as  in 
precision  battery-powered  equipment.  The  low  supply  current 
minimizes  drift  due  to  self-heating  after  power-up. 

A  temperature  output  provides  a  means  of  determining  system 
ambient  temperature.  Applications  of  the  REF-43  include  A/D 
and  D/A  conversion,  4-20mA  transmitter/receiver  operation,  log 
amplifiers,  and  power-supply  regulators. 

For  a  low-cost  2.5V  reference  available  in  small-outline  pack- 
ages consult  the  REF-03  data  sheet. 


Operating  Temperature  Range 

REF-43B  (J,  Z)  -55°C  to  +125°C 

REF-43F  (J,  Z)  -40°C  to  +85°C 

REF-43G  (J,  Z,  P,  S)  -40oC  to  +85°C 

Storage  Temperature  Range  -65°C  to  +1 75°C 

Junction  Temperature  Range  -65°C  to  +1 75°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  40V 

Output  Short-Circuit  Duration   Indefinite 

ELECTRICAL  CHARACTERISTICS  at  V,N=  +5V,  lL  =  0mA, 

REF-43B 

PARAMETER  SYMBOL      CONDITIONS  MIN       TYP  I 

Output  Voltage  _  QM 

Tolerance 

Output  Voltage         v0  No  Load  2.497S    2.5000    2  ! 

Output  Voltage  10Hz  to  1kHz 

Noise  e"RMS         (No,e  ,j  

V,N=+4.5V 

Line  Regulation  .„,,  —  0.8 

to  +40V 

Load  Regulation  'L  ,„°mA  —  14 

to  10mA 

Quiescent  .  _ 

,  „  lSY  No  Load  —  340 

Supply  Current 

Load  Current  ~  ;  ~ 

(Sourcing)  '■•  <N°'e  21  10  20 

Load  Current  _  ~ 

(Sinking) 

Short-Circuit  Output  Shorted  gQ 

Output  Current         sc  to  Ground 

Temperature 

Voltage  VTEHP  -  567 

Output 

VOUT  Adjust  _  ±95 

Range 

Lr?'T!rrT„  iVo™me    (Note  .4)  -  1 

Output  Drift 

NOTES: 

1.  Guaranteed  but  not  tested. 

2.  Guaranteed  by  load  regulation  test. 

3.  Output  remains  within  2.5V  ±2.5mV. 

4.  Calculated  from  accelerated  life  tests  at  TA  =  150°C. 
Activation  energy  =  0.7eV. 


PACKAGE  TYPE 

e|A(Note2) 

»|C 

UNITS 

TO-99(J) 

150 

18 

°C/W 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

°C/W 

8-Pin  Plastic  DIP  (P) 

103 

43 

°c/w 

20-ContactLCC(RC) 

96 

38 

°c/w 

8-Pin  SO  (S) 

158 

43 

NOTES: 

1 .  Absolute  maximum  ratings  apply  lo  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  e(A  is  specified  for  worst  case  mounting  conditions,  i.e.. is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  ©  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 


:  25°C  unless  otherwise  noted. 


REF-43F 
MIN       TYP  MAX 


REF-43G 

MIN       TYP       MAX  UNITS 


-        0.02  0.06 


-  0.04 


0.1 


2.4985    2.5000  2.5015 


2.4975    2.5000  2.5025 


mVrms 


2  —         0.8  2 




0.8  2  ppm/V 



20  ppm/mA 


450 


*A 


10  20 


-1.2 


_ 


60  — 


mA 


-  567 


—        ±95  - 


mV 


—  ppm/month 
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REF43 


ELECTRICAL  CHARACTERISTICS  at  V,N  =  +5V,  lL  -  OmA,  -55°C  <  TA  <,  +1 25°Cfor  the  REF-43B  and  -40°C  <  TA  <  +85°Cfor  the 
REF-43F/G,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

REF-43B 
MIN  TYP 

MAX 

MIN 

REF-43F 
TYP 

MAX 

REF-43G 
MIN       TYP      MAX  UNITS 

Output  Voltage 
Tolerance 

No  Load 

0.1 

0.2 



0.06       0.12               -  0.1 

0.2  % 



Output  Voltage 

Vo 



No  Load 



2.495  2.500 

2.505 

2.497 

2.500 

2.503 

2.495  2.500 

2.505  V 

Output  Voltage 
Temperature 
Coelticient 

TCV0 

-55°CSTAS+125»C                  -  6 
-40°CSTAS*85°C 

10 

- 

6 

_ 
10 

-  10 

25  PPHVC 

(Notel) 

Line  Regulation 

V1N  =  -4.5V 

3 

1 

3 

1 

3  ppm/V 

to -40V 

lL  =  0mA 

25 

40  ppm/mA 

Load  Regulation 

to  10mA 

25 

40 

- 

20 

35 

Quiescent 
Supply  Current 

Isv 

No  Load 

400 

600 

400 

600 

400 

600  (lA 

Load  Current 
(Sourcing) 

II 

(Note  2) 

10  20 

10 

20 

10  20 

mA 

Temperature 
Hysteresis  of 
Output  Voltage 

AT«±25°C 


100 

100 

_        inn           _  mU 

Temperature 
Voltage 

Outoiit  Temnco 

TCVtemp 

1.9 

- 

1.9 

- 

1.9 

-  mWC 



NOTES: 

1.  Output  voltage  temperature  coefficient  is  measured  by  the  box  method. 
The  tempco  is  defined  as  the  slope  of  the  diagonal  of  a  box  drawn  around 
the  output  voltage  plotted  against  temperature.  V0UTis  measured  at  TM!N, 
25° C  and  TMAX  f  or  the  applicable  temperature  range.  The  lowest  of  these 
three  readings  is  subtracted  from  the  highest  reading  and  the  resulting 
difference  is  divided  by  (TMAX  -  TMIN). 

2.  Guaranteed  by  Load  Regulation  test. 


- 


BURN-IN  CIRCUIT 


1 


REF-43 
GND 


OUTPUT  VOLTAGE  TRIM  METHOD 


REF-43 

TRIM 
GND 


T 


-Ovou- 





- 
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ANALOG 
DEVICES 


Precision  Micropower,  Low  Dropout, 


— 





REF19x  Series' 


FEATURES 

Initial  Accuracy:  ±2  mV  max 
Temperature  Coefficient:  5  ppm/°C  max 
Low  Supply  Current:  45  u  A  max 
Low  Dropout  Voltage 
Load  Regulation:  4  ppm/mA 
Line  Regulation:  4  ppm/V 
High  Output  Current:  30  mA 
Short  Circuit  Protection 
Shutdown  Mode 


APPLICATIONS 

Portable  Instrumentation 

A-to-D  and  D-to-A  Converters 

Smart  Sensors 

Solar  Powered  Applications 

Loop  Current  Powered  Instruments 


PIN  CONFIGURATIONS 
8-Lead  Narrow-Body  SO  (S  Suffix) 


■ 


REF19x 
SERIES 


8-Lead  Epoxy  DIP  (P  Suffix) 


TP  [T  •  7]  NC 

serIe's  3« 

WN  [T     TOP  VIEW      ~£\  OUTPUT 


OND^ 


(Not  to  Scale) 


7]  TP 


GENERAL  DESCRIPTION 

REF19x  series  precision  bandgap  voltage  references  utilize  a 
patented  temperature  drift  curvature  correction  circuit  and  laser 
trimming  of  highly  stable  thin-film  resistors  to  achieve  a  very  low 
temperature  coefficient  and  a  high  initial  accurfta*  ^  ^ 

The  REF19x  series  are  micropower,  Low  Dropout  Voltage 
(LDV)  devices  providing  a  stable  output  voltage  from  supplies 
as  low  as  100  mV  above  the  output  voltage  and  consuming  less 
than  45  uA  of  supply  current.  In  shutdown  mode,  which  is  en- 
abled by  applying  a  low  TTL  or  CMOS  level  to  the  shutdown 
pin,  the  output  is  turned  off  and  supply  current  is  further  re- 
duced to  less  than  1 5  uA. 

The  REF19x  series  references  are  specified  over  the  extended 
industrial  temperature  range  (-40°C  to  +85°C)  and  High  Oper- 
ating Temperature  (HOT)  range  H10°C  to  +  125°C)  for  appli- 
cations such  as  automotive. 

All  grades  are  available  in  8-pin  SOIC  and  PDIP.  Products  are 
also  available  in  die  form.  TSSOP  8-pin  available  Q4,  1994. 


NC  =  NO  CONNECT 
TP  PINS  ARE  FACTORY  TEST  POINTS  - 
NO  USER  C 


■ 

—  

Part  Num 


ISER  CONNECTION 


Table  I. 


lumber 


REF190* 

REF191* 

REF192 

REF193 

REF194 

REF195 

REF196 

REF198 


Nominal  Output  Voltage  (V) 


Adjustable  2  V  to  6  V 

2.048 

2.50 

GalEp  Jm/iAMj  It 

4.50 
5.00 
3.30 
4.096 





*Contact  factory  for  specifications  and  availabliliry. 


•Protected  by  U.S.  Patent  No.  5291222. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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REF19x  Series 

REF1 92— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  +2.6  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

INITIAL  ACCURACY 
"E"  Grade 
"H"  Grydc 
"G"  Grade 

V0 

Iout  =  1  mA 

2.498      2.500  2.502 
2.495  2.505 
2.490  2.510 



V 
V 

LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 
"E"  Grade 
"F  &  G"  Grades 

AV0/AVIN 
AVo/AIload 

2.6V<VS<  15  V,  I0Ut  =  1  mA 
Vs  =  3.8  V,  0  <  Iorr  S  30  mA 

2  4 

4  8 

v,««w»  4  u 

4  8 

ppm/V 
ppm/V 
ppm/mA 
ppm/mA 

DROPOUT  VOLTAGE 

V<rV0 

Vs  =  3.0  V,  ILoad  =  10  mA 
Vs  =  3.8  V,  ILOad  =  30  mA 

0.50 
1.30 

V 
V 

LONG-TERM  STABILITY 



AV0 

1000  Hours  @+150°C 

2 

mV 

NOISE  VOLTAGE 

0.1  Hz  to  10  Hz 

50 

uVp-p 

ELECTRICAL  CHARACTERISTICS  («  Vs  =  +2J5  V,  -40°C  <  TA  <  +85°C  unless  otherwise  noted) 


ELECTRICAL  CHARACTERISTICS  (®v  s  =  +2.7  V,  -40°C  <  TA  <  +125°C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 
"E"  Grade 
"F"  Grade 
"G"  Grade 

TCVo/°C 

Iout  =  1  mA 

2  7 
5  15 

25 

ppm/°C 
ppm/°C 
ppm/°C 

LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 
"E"  Grade 
"F  &  G"  Grades 

AVo/AVm 

AV0/AILOAD 

2.7V<VS<  15  V,  Iolt=  1  mA 
Vs  =  3.8  V,  0  <  Iout  S  20  mA 

10  20 
20  30 
10  20 
20  30 

ppm/V 
ppm/V 
ppm/mA 
ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  3.10  V,  Iload  =  10  mA 
Vs  =  3.95  V,  Iload  =  30  mA 

0.60 
1.45 

V 
V 

SHUTDOWN  PIN 

Logic  High  Input  Voltage 
Logic  High  Input  Current 
Logic  Low  Input  Voltage 
Logic  Low  Input  Current 

VH 
II 
Vl 
h 

VS  =  3.3V 

2.4 

-5 
0.8 
-5 

V 
MA 
V 
UA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  3.3  V 

45 
15 

(iA 
uA 

Specifications  subject  to  change  without  notice. 
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REF19x  Series 

REF1 93— SPECIFICATIONS 


ELECTRICAL  CHARACTERISTICS  (@  Vs  =  +3 .10  V,  TA  =  +25°C  unless  otherwise  noted) 


Parameter 

aymooi 

Condition 

Min        Typ  Msx 

Units 

INITIAL  ACCURACY 
"G"  Grade 

Vo 

Iout  =  1  mA 

2.990      3.0  3.010 

V 

LINE  REGULATION 
"G"  Grade 

AVq/AVm 
AVo/AIload 

3.05  V  <  Vs  <  15  V,  I0UT  =  1  mA 
Vs  =  4.3  V,  0  <  Iout  S  30  mA 

4  8 

ppm/V 
ppm/mA 

4  8 

DROPOUT  VOLTAGE 

Vs-V0 

Vs  =  3.50  V,  ILOad  =  10  mA 
Vs  =  4.30  V,  IL0AD  =  30  mA 

0.50 
1.30 

V 
V 

LONG-TERM  STABILITY 

AV0 

1000  Hours  @  +150°C 

2 

mV 

NOISE  VOLTAGE 

0.1  Hz  to  10  Hz 

50 

uVp-p 

ELECTRICAL  CHARACTERISTICS  (®  Vs  =  +3.1 5  V,  -40°C  <  T,  <+85°C  unless  otherwise  noted) 


Symbol 

Units 

Parameter 

Condition 

Min        Typ  Max 

TEMPERATURE  COEFFICIENT 
"G"  Grade 

TCV0/°C 

Iout  -  1  mA 

 ,  

25 

ppm/°C 

LINE  REGULATION 



"G"  Grade 

AVo/AV,N 
AVo/AILoad 

3.05  V  <  Vs  <  15  V,  IOLT  =  1  mA 

Vs  =  4.3  VjO  <  lour  <  25  mA 


10  20 
10  20 

ppm/V 
ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  3.50  V,  ILOAd  =  10  mA 
Vs  =  4.30  V,  ILOad  =  30  mA 

0.50 
1.30 

V 
V 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  +3.20  V,  -40  C  <  TA  <  +125°C  unless  otherwise  noted) 

Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 
"G"  Grade 

TCV0/°C 

Iout  -  1  mA 

25 

ppm/°C 

LINE  REGULATION 
"G"  Grade 

AVo/AVIN 

AVo/AILOAD 

3.05  V  <  Vs  <  15  V,  Iout  =  1  mA 
VS  =  4.3V,  0<IOLT<20  mA 

20  30 
20  30 

ppm/V 
ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  3.60  V,llmD  =  10  mA 

0.60 

V 

Vs  =  4.45  V,  ILoad  =  30  mA 

1.45 

V 

SHUTDOWN  PIN 
■  Logic  High  Input  Voltage 
Logic  High  Input  Current 

vH 

k 

Vs  =  3.3  V 

2.4 

-5 

V 
HA 

Logic  Low  Input  Voltage 
Logic  Low  Input  Current 

vL 

1 

 .  

0.8 
-5 

V 
MA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  3.3  V 

45 
15 

uA 
MA 



Specifications  subject  to  change  without  notice. 
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REF19x  Series 

REF1 94— SPECIFICATIONS  2HOSTA  -Mtm 


ELECTRICAL  CHARACTERISTICS  »  Vs  =  +4.6  V,  T.  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

INITIAL  ACCURACY 
"E"  Grade 

V0 

lour  =  1  mA 

4.498      4.5  4.502 

V 

"F"  Grade 
"G"  Grade 

4.493  4.DU!) 

4  40fl                   4  s  i  n 

V 
v 

LINE  REGULATION 

4.6V<VS<  15  V,  lour  =  1  mA 
VS  =  5.8V,  0<IOlt  <30mA 

2  4 
4  8 

2  4  

£S 

ppm/riLA 

"E"  Grade 

"F  &  G"  Grades 

"E"  Grade 

AVo/AVc 
AV«/AT. 

£1 V  Ql  iiJ-I.OAD 

"F  &  G"  Grades 

1  8 

ppm/mA 

DROPOUT  VOLTAGE 

Vc-Vr, 
Y  S    "  O 

Vs  =  5.00  V,  IL0AD  =  10  mA 

0.50 
1.30 

V 
* 

V 

vs  =  D.O  V, 1L0AD 

LONG-TERM  STABILITY 

AU 

AV0 

1000  Hours  @+150°C 

mV 
mV 

NOISE  VOLTAGE 

0.1  Hz  to  10  Hz 

50 

uVp-p 

ELECTRICAL  CHARACTEI 

1ICTIPC  .. 

(ISTICS  (@  Vs  =  H 

-4.65  V,-40°C<TA 

<  +85°C  unless  c 

therwise  noted) 

Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 
"E"  Grade 

TCVo/°C 

Iout  -  1  mA 

S           5  l 

ppm/°C 

"F"  Grade 
"G"  Grad 

-  1 

25 

ppm/°C 
ppm/°C 

LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 

AVo/AVmC^ 

1.65  V  S  Vs  <  I5V,  I,„  ,  =  1  mA 

2  4 

'4  8 

ppm/V 
ppm/V 

"E"  Grade 

"F  &  G"  Grades 

AVo/AIload 

Vs  =  5,80  V,  OSIqlt  <25mA 

2  4 
4  8 

ppm/mA 
ppm/mA 

— — m — 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  5.00  V.W^  10  mA 
Vs  =  5.8  V,  IL0AD  =  30  mA 

0.50 
1.30 

V 

V 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  +4 .70  V,  -40°C  <  TA  <+125°C  unless  otherwise  noted) 

Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 

"E"  Gradt 
"F"  Gradt 
"G"  Grad 

TCVo/°C 

Iout  =  1  mA 

2  7 
5  15 
25 

ppm/°C 
ppm/°C 
ppm/°C 

LINE  REGULATION 
"E"  Grade 



AVq/AVm 

AVo/AIload 

4.70  V<VS<  15  V,  Iout  =  1  mA 
VS  =  5.80V,  0<  Iout  S  20  mA 

2  4 
4  8 
2  4 

ppm/V 

"F  &  G"  Grades 
"E"  Grade 

ppm/V 
ppm/mA 

"F  &  G"  Grades 

4  8 

ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  5.10  V,  ILOAD  =  10  mA 
Vs  =  5.95  V,  Iload  =  30  mA 

0.60 
1.45 

V 
V 

SHUTDOWN  PIN 

Logic  High  Input  Voltage 
Logic  High  Input  Current 
Logic  Low  Input  Voltage 
Logic  Low  Input  Current 

VH 
II 

vL 

h 

Vs  =  3.3  V 

2.4 

-5 
0.8 
-5 

V 
pA 
V 
uA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  3.3  V 

45 
15 

uA 
(iA 

Specifications  subject  to  change  without  notice. 
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REF19x  Series 

REF1 95— SPECIFICATIONS 


ELECTRICAL  CHARACTERISTICS  <@  Vs  =  +5.10  V.  TA  =  >mt  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min 

Typ 

Max 

Units 

INITIAL  ACCURACY 
"E"  Grade 

V0 

Iout  =  1  mA 

4.998 

5.0 

5.002 

V 

"F"  Grade 
"G"  Grade 

4.995 
4.990 

5.005 
5.010 

V 
V 

LINE  REGULATION 

"E"  Grade 

"F  &  G"  Grades 

"E"  Grade 

AV0/AVIN 
AV0/AILOad 

5.10  V<  Vs<  15  V,  I0Ut=  1  mA 
Vs  =  6.30  V,  0  <  Iout  <  30  mA 

2 
4 

a 

4 
8 

4 

ppm/V 
ppm/V 
ppm/mA 
ppm/mA 

"F  &  G"  Grades 

4  8 

DROPOUT  VOLTAGE 

Vs-V0 

Vs  =  5.50  V,  IL0AD=  10  mA 

0.50 

V 

Vs  =  6.30  V,  ILoad  =  30  mA 

1.30 

V 

LONG-TERM  STABILITY 

AV0 

1000  Hours  @+150°C 

2 

mV 

uVp-p 

NOISE  VOLTAGE 

eN 

0.1  Hz  to  10  Hz 

50 

ELECTRICAL  CHARACTERISTICS  (@Vs  =  +5.15V,-40°C<TJ<+85  C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min 

Typ 

Max 

Units 

TEMPERATURE  COEFFICIENT 
"E"  Grade 

TCVo/°C 

2 

5 

ppm/°C 
ppm/°C 
ppm/°C 

"F"  Grade 
"G"  Grade 

5 

10 

25 

LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 

AVo/AtoJrJk 

5  15  V<  vj.?15 ijkfiovr  =  1  mA 
Vs  =  6.30  V,  0<  IOUT  <  25  mA 

2 
4 

'4.1 
8 

ppm/V 
ppm/V 

"E"  Grade 

2 

4 

ppm/mA 

"F  &  G"  Grades 

4 

8 

ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vq 

Vs  =  5.50  V,  ILOad=  10  mA 

0.50 

V 

Vs  =  6.30  V,  I  load  =  25  mA 

1.30 

V 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  +5.20  V,  -40°C  <  T,  <+.25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 
"E"  Grade 
"F"  Grade 
"G"  Grade 

TCVo/°C 

Iout  =  1  mA 

2  7 

5  •  15 
25 

ppm/°C 
ppm/°C 
ppm/°C 

LINE  REGULATION 

ppm/V 
ppm/V 
ppm/mA 

"E"  Grade 

"F  &  G"  Grades 

"E"  Grade 

AV0/AV,N 
AVo/AIload 

5.20  V  <  Vs  <  15  V,  Iout  =  1  mA 
Vs  =  6.450  V,  0  <  Iout  S  20  mA 

2  4 
4  8 
2  4 

"F  &  G"  Grades 

4  8 

ppm/mA 

DROPOUT  VOLTAGE 

Vs-V0 

Vs=  5.60  V,  ILOAD=  10  mA 
Vs  =  6.45  V,  ILoad  =  20  mA 

0.60 
1.45 

V 
V 

SHUTDOWN  PIN 

Logic  High  Input  Voltage 
Logic  High  Input  Current 
Logic  Low  Input  Voltage 
Logic  Low  Input  Current 

VH 
h 

vL 

II 

Vs  =  5.5  V 

2.4 

-5 
0.8 
-5 

V 
uA 
V 
uA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  5.5  V 

45 
15 

MA 
uA 

Specifications  subject  to  change  without  notice. 
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REF19x  Series 

REF1 96— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS*®  vs = m  v  ta = *m  «m  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

INITIAL  ACCURACY 
"G"  Grade 

Vo 

Iout  =  1  mA 

3.290      3.3  3.310 

V 

LINE  REGULATION 
"G"  Grade 

AV0/AVIN 

AV0/AILOAD 

3.40  V  <  Vs  <  15  V,  I0uT  =  1  mA 
Vs  =  3.80  V,  0<  Iqut  <  30  mA 

4  8 

ppm/V 

4  8 

ppm/mA 

DROPOUT  VOLTAGE 

Vs-V0 

VS  =  3.80  VIl0Ad=  10  mA 
Vs  =  4.60  V,  Iload  =  30  mA 

0.50 
1.30 

V 
V 

LONG-TERM  STABILITY 

AV0 

1000  Hours  @+150°C 

2 

mV 

NOISE  VOLTAGE 

0.1  Hz  to  10  Hz 

50 

uVp-p 

ELECTRICAL  CHARACTERISTICS  <@vs 


=  +3.45  V,  -40°C  <  T,  <  +85°C  unless  otherwise  noted) 

— 


Parameter 

Symbol 

Condition 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 
"G"  Grade 

TCVo/°C 

IOUT=lmA 

■ 

...    ,  .... 

ppm/°C 

LINE  REGULATION 

3.45  V<VS  <  15 
Vs  =  3.80  V,  0  < 

VWrMmA 
out  S  25  mA 

"G"  Grade 

AVo/AVtm 

AV0/AIL0AD 

4 — — ? — 

ppm/V 
ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs=  5.80  V,  IL0,u,  =  10  mA 
Vs  =  4.60  V,  Iload  =  25  mA 

0.50 
1.30 

V 

ELECTRICAL  CHARACTERISTICS  (@vs=+3.5ov.-»o°c<ts 

<+125°C  unless  ( 

therwlse  noted) 

Parameter 

Symbol 

r  .... 

conaitxon 

Min        Typ  Max 

Units 

TEMPERATURE  COEFFICIENT 

V 

"G"  Grade 

TCV0/°C 

Iout  -  1  mA 

25 

ppm/°C 

LINE  REGULATION 

"G"  Grade 

AV0/AVIN 

AV0/AIL0AD 

3.50V<VS<  15  V,  I0ut=  1  mA 
Vs  =  3.80  V,  0  <  lour  £  20  mA 

4  8 

ppm/V 
ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  3.90  V,  Iload  =  10  mA 
Vs  =  4.75  V,  Iload  =  20  mA 

0.60 
1.45 

V 
V 

SHUTDOWN  PIN 

Logic  High  Input  Voltage 
Logic  High  Input  Current 
Logic  Low  Input  Voltage 

v„ 

k 
VL 

Vs  =  5.5  V 

2.4 

-5 
n  q 

V 

MA 

V 

Logic  Low  Input  Current 

h 

WOSrA-L 

MA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  5.5  V 

45 
15 

ma 

uA 

Specifications  subject  to  change  without  notice. 
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REF1 98— SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  m  Vs  =  +4?  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

\j  unui  nun 

Min          Tvn  Mav 

Units 

INITIAL  ACCURACY 
"E"  Grade 
"F"  Grade 
"G"  Grade 

Vo 

Iout  ~  1  mA 

4.094      4.096  4.098 
4.091  4.101 
4.086  4.106 

V 
V 
V 

LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 

"F"  Orartp 

AVq/AVd, 
AVo/AIload 

4.2V<VS<  15  V,IOUT  = 
Vs  =  5.4  V,  0  <  Iqut  s  30 

1  mA 
mA 

2  4 
4  8 

 3  4— 

ppm/V 
ppm/V 
ppm/mA 
ppm/mA 

"F  &  G"  Grades 

4  8 

DROPOUT  VOLTAGE 

Vs-V0 

Vs  =  4.6  V,  ILoad  =  10  mA 
Vs  =  5.4  V,  1  load  =  30  mA 

0.50 
1.30 

V 

v 

LONG-TERM  STABILITY 

AV0 

1000  Hours  @+150°C 

2 

mV 

NOISE  VOLTAGE 

0.1  Hz  to  10  Hz 

50 

uVp-p 

ELECTRICAL  CHARACTERISTICS  <®vs=+4.2v ,^c.ta  &+w% 


otherwise  noted) 


Parameter 


Symbol 


Min 


Typ  Max 


Units 


TEMPERATURE  COEFFICIENT 
"E"  Grade 
"F"  Grade 
"G"  Grade 


TCV0/°C 


5 

10 

^  




ppm/°C 
ppm/°C 


LINE  REGULATION 
"E"  Grade 
"F  &  G"  Grades 
"E"  Grade 
"F  &  G"  Grades 


AVo/AILoad 


2  4 
4  8 

4  8 


ppm/V 
ppm/V 
ppm/mA 
ppm/mA 


DROPOUT  VOLTAGE 


Vs-Vo 


Vs  =  4.6  V,  Iload  =  10  mA 
Vs  =  5.4  V,  I  load  =  30  mA 


0.50 
1.30 


V 
V 


ELECTRICAL  CHARACTERISTICS  <@vs 


'■■  +4.2  V,  -40°C  <  TA  <  +125°C  unless  otherwise  noted) 


Parameter 

Symbol 

Condition 

Min  Typ 

Max 

Units 

TEMPERATURE  COEFFICIENT 
"E"  Grade 

TCVoTC 

2 

7 

pprnTC 

"F"  Grade 
"G"  Grade 

5 

15 

25 

ppm/°C 
ppm/°C 

LINE  REGULATION 
"E"  Grade 

AVo/AVn, 

4.2  V<  Vs<  15  V,  I0UT=  1  mA 

2 

4 

ppm/V 

"F  &  G"  Grades 

"E"  Grade 

"F  &  G"  Grades 

AV0/AILoad 

Vs  =  5.0  V,  0  <  Iout  S  20  mA 

4 
2 
4 

8 
4 
8 

ppm/V 

ppm/mA 

ppm/mA 

DROPOUT  VOLTAGE 

Vs-Vo 

Vs  =  4.7  V,  Iload  =  10  mA 
Vs  =  5.6  V,  Iload  =  30  mA 

0.60 
1.50 

V 

V  ' 

SHUTDOWN  PIN 

Logic  High  Input  Voltage 
Logic  High  Input  Current 
Logic  Low  Input  Voltage 
Logic  Low  Input  Current 

VH 
II 
Vl 

Vs  =  4.5  V 

2.4 

-5 
0.8 



V 
UA 

II 

-5 

uA 

SUPPLY  CURRENT 
Sleep  Mode 

Vs  =  4.5  V 

45 
15 

MA 

ma 

Specifications  subject  to  change  without  notice. 
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Parameter 


Symbol 





1   


Initial  Accuracy 
REF190 
REF191 
REF192 
REF193 
REF194 
REF195 
REF196 
REF198 


Adjustable 

2.043/2.053 

2.495/2.505 

2.990/3.010 

4.495/4.505 

4.995/5.005 

3.290/3.310 

4.091/4.101 


V 
V 
V 
V 
V 
V 
V 
V 


LINE  REGULATION 


AV0/AVIN 


V0  +  1.3V<VIN<  15  V,  I0UT  =  30  mA 


mV/V 


LOAD  REGULATION 


AVq/AIlqad 


1  mA  <  ILoad  <  30  mA,  VIN  =  V0  +1.3  V 


mV/mA 


DROPOUT  VOLTAGE 


V0-V+ 


Iload  =  10  mA 
Iload  f 


:  


0.5 
1.3 


V 
v 


STANDBY  MODE  INPUT 
Logic  Input  High 
Logic  Input  Low 


Vm 
V,L 


2.4 

0.8 


SUPPLY  CURRENT 
Standby  Mode 


No  Load 


NOTE 

For  proper  operarion,  a  1  JiuF  capacitor  is  required  between  the  output 
Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield 
tions  based  on  dice  lot  qualifications  through  sample  lot  assembly  i 


V 
V 


45 


uA 
uA 


nd  the  CJND  pin  of  the  REFl9x.  Electrical  tests  and  wafer  probe  to  the  limits  shown, 
is  not  guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifica- 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  +  18V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

P,  S  Packages  -65°C  to  +150°C 

Operating  Temperature  Range 

REF19x   -40°C  to +85°C 

Junction  Temperature  Range 

P,  S  Packages  -65°C  to  +125°C 

Lead  Temperature  Range  (Soldering,  60  sec)   +300°C 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

REF19xGP 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

REF19xGS 

-40°C  to  +85°C 

8-Pin  SOIC 

SO-8 

REF19xGBC 

+25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


Package  Type 

%A2 

8jc 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 
otherwise  noted. 

26JA  is  specified  for  the  worst  case  conditions,  i.e.,  8JA  is  specified  for  device  in  socket 
for  P-DIP,  and  9JA  is  specified  for  device  soldered  in  circuit  board  for  SOIC 
package. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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OP37  -  Low  Noise,  Precision,  High  Speed  Operational  Amplifier  (AVCl  2  5)   9-361 
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OP285  -  Dual,  9  MHz  Precision  Operational  Amplifier   I   9-464 

OP290  -  Precision,  Low  Power,  Micropower  Dual  Operational  Amplifier   9-477 

OP291/OP491  -  Micropower  Single-Supply  Rail-to-Rail  Input  &  Output  Op  Amps   9-481 
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OP400  -  Quad  Low  Offset,  Low  Power  Operational  Amplifier    9-534 

OP420  -  Quad  Micropower  Operational  Amplifier    9-538 
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OPERATIONAL 
AMPLIFIERS 

I 


■ 


 I  








PRECISION 
J-FET 


SINGLE  SUPPLY 
+RAIL-TO-RAIL 


Electrometers 


PRECISION 
BIPOLAR 


D 

■ 


VDM3&»A' 


HIGH  SPEED 
VIDEO  BUFFERS 
CURRENT  FEEDBACK 
VOLTAGE  FEEDBACK 





LOW  POWER 


fOU  \fitt\6l 


i    Selection  Trees  —  Operational  Amplifiers 

1 


I 

o 


5 

1 


J-FET  AMPLIFIERS 
I 


LOW  NOISE 


Single 


AD743  (5  nV/VHz/2.8  V/jis) 
AD745  (5  nV/VHz/12.5  V/us) 


Low  Power 

(7  V/(is  @250nA/AMP) 


Dual 


Quad 


OP282 


OP482 


I 


FAST 


Single 


Dual 


Quad 


(2/8  V/jis) 

AD542/AD544  AD642/AD644 


(16V/ns) 
AD711 

OP42 

(40  V/us) 
AD744 


AD712  AD713 
OP249 


AD746 


Single  Supply 
Rail-to-Rail 


Is 


Single 


Dual 


JiiL  ' 


(3.5V/ns) 

AD820  AD822 


PRECISION 


Single 


Dual 


(1  nV/°C) 
AD547 
AD645 
AD795 


AD647 


Low  Power 


Single 


Dual 


(800  nA/AMP) 
AD820  AD822 

(200  (iA/AMP) 
AD548  AD648 

(250  nA/AMP) 

OP282 


Electrometers 


Single 


Qna<i 


OP482 


AD546  (1  pA) 
AD549     (60  f  A) 


PRECISION  BIPOLAR 

AMPLIFIERS 

LOW  INITIAL  OFFSET/ 
INPUT  BIAS  CURRENT 


Single 

Dual 

Quad 

(75  uV/4  nA) 
OP07 

(25  |j.V/2  nA) 

OP77  OP200 

(10  nV/1  nA) 
OP1 77 

AD707  AD708 


OP400 


Super  Beta  Versions 
Low  Bias  Current 


Single 


Dual 


Quad 


(25nV/100  pA) 

OP97  OP297  OP497 

AD705  AD706  AD704 

■ 


LOW  VOLTAGE  NOISE/ 
INPUT  BIAS  CURRENT 


Single 

Dual 

Quad 

(li2  nV/5  ]iA) 
AD797 

(6  nV/.65  nA) 

OP113  OP213 

SSM2135 

(5  nV/.35  nA) 
OP176  OP275 
OP285 

(3.5  nV/.04  nA) 
OP27  OP270 
OP37  OP271 


OP413 


OP470 
OP471 


High  Speed 


L 

Single 

Quad 



AD840  (400  V/ns) 
AD841  (200  V/ns) 
AD842  (300  V/ns) 
AD846  (350  V/ns) 


OP467 


t 

o 


! 
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SINGLE  SUPPLY 
I  


HIGH 
SPEED 


VERY  LOW 
POWER 


-     +1.6  V  Min  Supply 


Ti 


l 


RAIL-TO-RAIL 
INPUT  &  OUTPUT 


Single 

Quad 

Dual 

 . 

(15  nA/AMP) 
OP90  OP290 



OP490 


+3.0  V  Min  Supply 


(300  nA/AMP) 

OP291 


L 

Single 

Dual 

Quad 

+3  V  Min  Rail 


(3  MHz,  IOUT  =  5  mA) 
OP291 


Rail-to-Rail 
Output  Only 


OP491 


+5.0  V  Min  Supply 


(55  nA/AMP) 


O 


(230  uA/  AMP) 


OP420 


OP491 


0= 


VOLTAGE 

FEEDBACK 



Single 


Dual 


(30  MHz,  Av  =  1) 
AD817  AD826 
(76  MHz,  Av  =  2) 
AD818  AD828 


Current 
Feedback 


1 


Dual 


Triple 


60  MHz 
AD812 


AD813 


+3  V  Min  Rail 


Rail-to-Rail 
(0  to  Vs  - 1  V) 


(.07  MHz,  IOUT  =  20  mA) 

OP295  OP495 


Single 


L        +5  V  Min  Rail 


-       +3  V 


(3.4  MHz,  lour  =  25  mA) 

AD820*  AD822* 

(3.4  MHz,  lour  =  80  mA) 


Dual 


Supply 


Quad 


(5  MHz,  IOUT  =  20  mA) 
OP183  OP283 


OP279 


*—       +5  V  Min  Supply 


*JFET 


(3.4  MHz,  IOUT  =  40  mA) 
OP113     OP213  OP413 
SSM2135 

(4MHz,IOUT  =  8mA) 

OP292  OP492 


HIGH  SPEED  AMPLIFIERS 


VOLTAGE  FEEDBACK 

±15  V  OR  ±5  V 


H  First  Generation 

0 


Single 


Dual 


Quad 


(ACL  =  1, 50  MHz) 
AD847  AD827 
(ACL  =  5) 


AD848 
(ACL  =  25) 
AD849 


H  Second  Generation 


(ACL=1, 45  MHz) 
AD817  AD826 
(ACL  =  2,  90  MHz) 
AD818  AD828 


OP467 


JFETS 


AD845  (13  MHz) 
AD843  (34  MHz) 


±5  V  Rails  (Only) 


Single 


(215  MHz) 
AD9621  (ACL : 
AD9622  (ACL  = 
AD9623  (AcL : 
AD9624  (ACL  = 

AD9631  (AcL : 
AD9632  (AcL  = 


\,  350  MHz) 
2, 230  MHz) 
4, 270  MHz) 
6, 190  MHz) 

1, 450  MHz) 
2, 240  MHz) 


Clamp  Amps 


AD8036  (ACL  =  1, 350  MHz) 
AD8037  ( ACL  =  2,  230  MHz) 


Low  Noise 


AD829  (750  MHz) 
AD5539  (1GHz) 


Special  Function 


BUFFERS 


AD9630  (750  MHz) 
AD9620  (600  MHz) 


BUF04   (100  MHz) 
AD830  (Differential  Input  Preamp) 


CURRENT  FEEDBACK 

±15VOR±5V 


Single 


Dual 


(Acl  =  1, 30  MHz) 
AD846 

(ACL  =  I,  60  MHz) 
AD844 

(ACL  =  1,65  MHz) 
AD810*  AD812 
ADEL2020* 

AD811  (AcL  =  1, 140  MHz) 


±5  V  Rails  (Only) 


Triple 


AD813* 


Single 

Dual 

Quad 

AD9617  (Av  =  1, 195  MHz) 
AD9618  (Av  =  5, 160  MHz) 

(Av  =  1,800  MHz) 

AD8001  AD8002  AD8004 


'  Output  Disable  Function 


CO 


t    Selection  Trees  —  Operational  Amplifiers 


o 

1 

r- 

I 


LOW  POWER 


PRECISION 


Bipolar 


L 


Single 


Dual 


(800  uA/AMP) 
AD705  AD706 
OP97  OP297 


FETs 


EE 


Single 


Dual 


(800  oA/AMP) 
AD820  AD822 


(250  uA/AMP) 


OP282 


1 


VERY  LOW  POWER 


Single 


Dual 


Quad 


(15  uA/AMP) 

OP90  OP290 


AD704 
OP497 


(300  uA/AMP) 
(55  uA/AMP) 
(230  nA) 


OP291 
OP220 
OP221 


Quad 


Quad 


OP490 
OP491 
OP420 


OP482 


Selection  Guides— Operational  Amplifiers 


Single  Supply  Amplifiers 


ISY 

Supply 

GBW 

SR 

max 

max 

Voltage 

typ 

typ 

Package 

Temp 
Ranges 

Model 

mA 

mV 

Range  V 

MHz 

V/(is 

Options1 

Comments 

n  3 

Page1 

OP22 

0.0002-0.4  0.3-1 

+3  to  +30 

0.25 

0.08 

H,  N,  Q,  R 

I,  M/ 

Programmable 

A  2-597 

OP90 

0.02 

0.15-0.45 

+1.6  to  +36 

0.02 

— 

E,  N,  Q,  R 

I,M/S 

Micropower,  Low  Voltage 

9-375 

OP290 

0.04 

0.2-0.5 

+1.6  to  +36 

0.02 

— 

E,  N,  Q,  R 

I,M/DS 

Dual  Micropower,  Low  Voltage 

9-477 

OP20 

0.08 

0.25-1 

+5  to  +30 

0.1 

0.05 

E,  N,  Q,  R 

I,M/ 

Micropower,  Low  Cost 

A  2-585 

OP490 

0.08 

0.5-1 

+1.6  to  +36 

0.02 

— 

E,  N,  Q,  R 

I.  M/DS 

Quad  Micropower,  Low  Voltage 

9-564 

OP220 

0.17 

0.15-0.75 

+5  to  +30 

0.2 

0.05 

H,  N,  Q,  R 

I,M/S 

Dual  Micropower,  Low  Cost 

9-436 

OP295 

0.200 

0.25-1.0 

+2.4  to  +36 

0.08 

0.02 

N,  Q,R 

I,  M 

Rail-to-Rail  Dual 

9-518 

OP80 

0.325 

1.5 

+5  to  +16 

0.3 

0.4 

N,  Q,  H 

I,M 

Low  IB,  CMOS 

A  2-727 

OP291/491 

0.350 

0.7 

+2.7  to  +12 

3 

0.5 

N,  R 

I 

Rail-to-Rail,  Micropower 

9-481 

OP420 

0.36 

2.5-6 

+5  to  +30 

0.15 

0.05 

E,  N,  Q,  R 

I,M/S 

Quad  Micropower,  Low  Cost 

9-538 

OP21 

0.3-0.4 

0.1-0.5 

+5  to  +30 

0.6 

0.25H, 

N,  Q,  R 

I,  M/ 

Low  Cost,  Low  Power 

A  2-591 

OP495 

0.4 

0.2-0.5 

+3  to  +36 

0.08 

0.02 

N,  Q,  R 

I,  M 

Quad  Rail  to  Rail 

9-518 

AD820 

0.660 

0.25-1 

+4  to  +36 

2 

3.75 

N,  Q,  R 

C,  I,M 

Fast  FET  Input  Rail  to  Rail 

9-170 

OP221 

0.8 

0.15-0.5 

+5  to  +30 

0.6 

0.3 

H,  N,  Q,  R 

I,  M/s 

Dual  Low  Cost,  Low  Power 

9-439 

AD822 

1.3 

0.25-1 

+4  to  +36 

2 

3.75 

N,  Q,  R 

C,  I,  M 

Dual  AD820 

9-170 

OP183/283 

1.5 

1.0 

+3  to  +18 

5 

10 

N,  R 

I 

5  MHz,  Low  Noise 

9-420 

OP421 

1.8 

2.5-6 

+5  to  +30 

1.9 

0.5 

N,  Q,  R 

I,M& 

Quad  Low  Cost,  Low  Power 

A  2-993 

OP279 

2.5 

4.0 

+4.75  to  +12 

2 

5 

N,  R 

I 

Rail-to-Rail  Input/Output,  50  mA  Out 

9-459 

AD812 

3.5 

3.0 

+3.0  to  +15 

50 

125 

N,  R 

I 

Dual  50  MHz,  Current  Feedback 

9-110 

AD813 

3.5 

3.0 

+3.0  to  +15 

50 

100 

N,  R 

I 

Triple  Current  Feedback  Video  Op  Amp 

9-127 

OP113/213/413 

4 

0.150 

+5  to  +30 

3 

1 

E,  N,  P,  Q,  R 

I,  M 

Low  Noise,  Low  Drift  Op  Amp 

9-382 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  -  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  -  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55'C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3  A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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High  Speed  Amplifiers 


Settling 

Supply 

SR 

GBW 

Time 

^os 

"out 

Current 

V/u.s 

MHz 

ns  to  % 

mill 

mV 

mA 

mA 

Package 

Temp 

Model 

typ 

typ 

typ 

V/V 

typ 

min 

typ 

Options' 

Ranges2 

Comments 

Page3 

AD8004 

3000 

400 

10-0.1 

1 

5.0 

50 

3.5 

N,  R 

I 

Quad  Very  High  Slew  Rate  Amplifier 

9-291 

AD811 

2500 

1000 

65-O.01 

1 

0.5 

100  typ 

16.5 

E,  N,  Q,  R 

I,  M 

Video  Amp,  0.12%/0.01°  Differential 
Gain/Phase  Error,  0.1  dB  Flatness  to  35  MHz 

9-107 

AD9624 

2200 

1800 

14-0.01 

2 

60 

23 

N,  Q,  R 

I,  M 

Voltage  Feedback  Amp;  ±3  V  Supply  Operation 

9-318 

AD9623 

2100 

1080 

14-0.01 

4 

2 

60 

23 

N,  Q,  R 

I,  M 

Voltage  Feedback  Amp;  -64  dB  HD  @  20  MHz 

9-315 

AD844 

2000 

900 

100-0.1 

1 

0.05 

20 

6.5 

N,  Q,  R 

I,  M/s 

Constant  10  ns  Rise  Time  for  Any 

9-245 

Pulse  Input,  Current  Feedback 

AD9618 

1800 

8000 

10-0.1 

-1 

0.2 

60 

31 

N,  Q,  R,  Z 

C,  I,  M/ 

D      Low  Distortion,  Wideband, 

9-303 

IMD  -=  -70  dBc  at  20  MHz 
Low  Distortion,  Wide  Bandwidth, 

9-300 

AD9617 

1600     570  10-0.1 

1 

0.4 

60 

34            N,  Q,  R,  Z 

C,  I,  Ml 

IMD  s  -70  dBc  at  20  MHz 

AD8036 

1600 

350 

16-0.01 

1 

2 

70  tvo 

- ' 

17 

N,  Q,  R 

I,  M 

Clamping,  Voltage  Feedback,  ±3  V  Supply 

9-295 

AD8037 

1600 

240 

16-0.01 

2 

2 

70  typ 

17 

N,  Q,R 

I,  M 

Clamping,  Voltage  Feedback,  ±3  V  Supply 

9-295 

AD812 

1600 

145 

50-0.1 

1 

2 

40 

3.5 

N,  R 

I 

Low  Power,  Single  Supply,  Dual 

9-110 

AD9622 

1500 

440 

14-0.01 

2 

2 

60 

23 

N,  Q,R 

I,  M 

Voltage  Feedback  Amp;  —66  dB  HD  @  20  MHz 

9-312 

AD9632 

1500 

250 

11-fl.l 

2 

2 

70  tvD 

17 

N,  Q,  R 

I,  M 

Low  Distortion,  Voltage  Feedback,  ±3  V  Supply 

9-324 

AD9631 

1300 

320 

11-0.1 

1 

2 

70  typ 

17 

N,  Q,  R 

I,  M 

Low  Distortion,  Voltage  Feedback,  ±3  V  Supply 

9-324 

AD8001 

1200 

880 

10-0.1 

1 

2.0 

50 

5 

N,  Q,R 

I 

Current  Feedback,  Low  Power,  88ft  MHz 

9-265 

AD8002 

1200 

880 

10-0.1 

1 

2.0 

50 

5 

N,  R 

I 

Dual  AD8001 

Voltage  Feedback  Amp;  Wide  BW;  Low  Noise 

9-278 

AD9621 

1200 

350 

11-0,01 

1 

2 

60 

23 

N,  Q,R 

I,  M 

9-309 

AD810 

1000 

650 

50-0.1 

1 

1.5 

40 

6.8/2.5 

N,  Q,R 

I,  M 

Video  Amp  with  Disable  Feature 

9-92 

OP260 

1000 

90 

250-0.1 

1 

1 

20 

9 

E,  H,  N,  Q,  R, 

I,  M/DS 

Dual  Current  Feedback 

A  2-873 

AD5539 

600 

1400 

12-1.0 

5 

2.0 

15 

14 

N,Q 

C,M 

General  Purpose,  High  Speed  Amp 
Video  Difference  AmpUfier 

9-262 

AD830 

530 

100 

25-0.1 

1 

1.5 

50 

14.5 

N,  Q,  R 

C,  I,  M 

9-218 

ADEL2020 

500 

300 

60-0.1 

1 

1.5 

30 

6.8/2.1 

N,  R 
N,R 

I 

Second  Source  to  EL2020 

9-329 

AD818 

500 

260 

80-0.01 

-1 

0.5 

50 

7 

I 

Low  Power,  Video  Amp 

9-158 

AD828 

500 

260 

80-0.01 

-1 

0.5 

50 

7 

N,  R 

I 

Dual  AD818 

9-203 

AD846 

450 

450 

110-0.01 

1 

0.025 

20  typ 

5 

N,Q 

I,M/DS 

High  Speed,  Precision,  Current  Feedback 

9-251 

AD813 

450 

100 

50-0.1 

1 

2 

30 

3.5 

N,  R 

I 

Triple  Low  Power  Video  Amp 

9-127 

AD840 

400 

400 

100-0.01 

10 

0.1 

50 

10.5 

E,  N,  Q 

C,  M/DS 

Wide  Bandwidth  Precision, 

9-233 

Fast  Settling,  AVCL  >  10 

Fast  Settling,  High  Current  Output, 

AD842 

375 

80 

100-0.01 

2 

0.3 

100 

13 

E,  H,  N,  Q 

C,  M/D 

9-239 

Cable  Driver,  AVCL  a  2 

AD817 

350 

50 

70-0.01 

1 

0.5 

50 

7 

N,  R 

I 

Low  Power,  General  Purpose,  High  IOUT 

9-145 

AD826 

350 

50 

70-0.01 

1 

0.5 

50 

7 

N,R 

I 

Dual  AD817 

9-187 

AD849 

300 

725 

80-0.1 

25 

0.3 

20  typ 

5.1 

N,  Q,  R 

C,  I,  Ml 

High  Speed,  Low  Power  Preamp, 

9-258 

Drives  Capacitive  Loads 


Settling 
Time 
ns  to  % 


Supply 
Current 
mA 
typ 

IN,  Kl,  K 


Package 
Options1 


AD827 

300 

50 

120-0.1 

1 

0.5 

20  typ 

10.5 

N,  Q,  R 

AD847 

300 

50 

120-0.01 

1 

0.5 

20  typ 

5.3 

N,  Q,  R 

AD841 

300 

404 

110-0.01 

1 

0.5 

50 

11 

E,  H,  N,  Q 

AD843 

250 

34" 

135-0.01 

1 

0.5 

50 

12 

E,  H,  N,  Q,  R 

AD829 

230 

750 

65-0.1 

1 

0.2 

20  typ 

5.3 

N,  Q,  R 

OP467 

170 

30 

170-0.01 

1 

0.5 

10 

8 

N,  P,  Q,  R 

AD845 

100 

164 

350-0.01 

1 

0.1 

25  typ 

10 

N,  Q,  R 

Temp 


C.I.M/ 

C,  I,  M/D 
C,  I,  M/DS 

C,  M/DS 

C,  I,  M/DS 
C,  I,  M 
I,  M 
I,M/S 


Comments 

High  Speed,  Low  Power, 
Drives  Capacitive  Loads 
Dual  AD847 

High  Speed,  Low  Power, 

Drives  Capacitive  Loads 

High  Speed,  Precision, 

Drives  Capacitive  Loads 

FET  Input,  Fast  Settling,  High  Speed 

High  Speed,  Low  Noise,  Video  Amp 

Quad  High  Speed 

FET  Input,  Fast  Settling,  High  Speed 


Page3 
9-258 


9-200 
9-254 

9-236 

9-242 
9-215 
9-541 
9-248 


t 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 


temperature  designator  will  be  followed  by:  /  to  indicate  883B,  s  for  JAN,  D  for  SMD,  and  s  for  space  level. 
3A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 
4-3  dB  BW 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Low  Voltage  Noise  Amplifiers 


Voltage  Voltage 
Noise  Noise 


Current 
Noise 


en 

en 

In  ±  In- 

Settling 

typ 

typ 

typ 

h 

Vos 

GBW  SR 

Time 

Ad- 

1 kHz 

10  kHz 

1  kHz 

typ 

mV 

MHz 

V/iis 

ns  to  % 

min 

Package 

Temp 

Model 

nVVHz 

nVVHz  pAVHz 

nA 

typ 

typ 

typ 

typ 

V/V 

Options1 

Ranges2 

Comments 

Page3 

AD797 

0.9 

0.9 

2 

500 

0.025 

110 

20 

— 

N,  Q,R 

I,  M 

Ultralow  Noise,  Low  Distortion 

9-78 

AD829 

1.7 

1.7 

1.5 

3300 

0.2 

750 

230 

65-0.1 

N,  Q,  R 

C,  I,  M 

High  Speed,  Low  Noise,  Video  Amp 

9-215 

AD811 

1.9 

1.9 

1.5/20 

2000 

0.5 

1000 

2500 

65-0.01 

1 

E,  N,  Q,  R 

I,  M 

High  Performance  Video  Op  Amp 

9-107 

AD9617 

2.0 

1.3 

32/32 

12000 

0.5 

570 

1400 

10-0.1 

±1 

N,  Q,  R,  Z 

C,  I,  M/DS 

Low  Distortion,  Wide  Bandwidth 

9-300 

AD9618 

2.0 

1.3 

32/32 

10000 

0.5 

8000 

1800 

9-0.1 

+5,  -1 

N,  Q,  R,  Z 

C,  I,  M/D 

Low  Distortion,  Wide  Bandwidth 

9-303 

AD844 

2 

2.0 

12/10 

200 

0.05 

900 

2000 

100-0.1 

1 

N,  Q,  R 

I,M/S 

Current  Feedback  Amplifier 

9-245 

AD846 

2 

2.0 

6/20 

100 

0.025 

450 

450 

110-0.01 

N,Q 

I,M/DS 

Current  Feedback,  Precision 

9-251 

ADEL2020 

2.9 

2.9 

1.5/13 

1000 

1.5 

300 

500 

60-0.1 

1 

N,  R 

I 

EL2020  Second  Source 

9-329 

AD810 

2.9 

2.9 

1.5/13 

2000 

1.5 

650 

1000 

125-0.01 

N,  Q,R 

I,  M 

Video  Op  Amp  with  Disable 

9-92 

AD849 

3 

3.0 

3300 

0.3 

725 

300 

80-0.1 

25 

N,  Q,  R 

C,  I,  Ml 

High  Speed,  Low  Power 

9-258 

OP27 

3.0 

3.0 

0.4 

10 

0.01 

8 

2.8 

E,  H,  N,  Q,  R  C,  I,  M/IS 

Low  Noise,  Precision 

9-357 

OP227 

3 

3.0 

0.4 

10 

0.02 

o 
O 

— 

Q 

C,  I,  M/DS 

Dual  Matched  Precision 

A  2-843 

OP37 

3 

3.0 

0.4 

10 

0.01 

63 

17 

! 

E,  H,  N,  Q,  R  C,  I,  M/DS 

Fast,  Precision  AVCL  a  5 

9-361 

AD745 

2.9 

0.007 

A  1CA 

0.1 

20 

12.5 

N,  Q,  R 

C,  I,  M 

Ultralow  Noise,  High  Speed,  BiFET  Op  Amp  9-58 

AD743 

3.2 

2.9 

0.007 

0.15 

0.1 

4.5 

2.8 

N,  Q,  R 

C,  I,M 

Ultralow  Noise  FET  Input 

9-52 

OP270 

3.2 

3.2 

0.6 

5 

0.01 

5 

2.4 

E,  N,  Q,  R 

I,M/DS 

Dual  Monolithic 

9-447 

OP470 

3.2 

3.8 

0.4 

6 

0.1 

6 

2 

E,  N,  Q,  R 

I,M/DS 

Quad  Monolithic,  Low  Noise 

9-556 

AD9624 

3.5 

2.3 

5.8 

7000 

2 

1800 

2200 

14-0.01 

N,  Q,  R 

I,M 

Low  IMD  at  High  Frequencies 

9-318 

AD812 

3.5 

3.5 

1.5/18 

20000 

2.0 

145 

1600 

50-0.1 

N,  R 

I 

Dual,  Single  Supply,  Current  Feedback 

9-110 

AD813 

3.5 

3.5 

1.5/18 

30000 

2.0 

100 

450 

50-0.1 

N,  R 

I 

Triple  Video  Amplifier 

9-127 

AD840 

4 

3500 

0.1 

400 

400 

100-0.01 

10 

E,  N,  Q 

C,  M/DS 

Wide  Bandwidth,  Precision 

9-233 

AD9623 

4.2 

2.6 

8 

6000 

2 

1080 

2100 

14-0.01 

N,  Q,  R 

I,  M 

Balanced  High  Impedance  Inputs 

9-315 

OP113/213/413 

4.7 

4.7 

0.4 

600 

0.1 

3.4 

1.2 

9000-0.01 

N,  Q,  R 

I 

Single  Supply— Single,  Dual,  Quad 

9-382 

OP467 

6 

5.5 

100 

1 

30 

170 

170 

N,  P,  Q,  R 

C,  I,  M 

Quad,  High  Speed 

9-541 

OP275 

6 

6 

1 

9 

22 

N,R 

I,  M 

Dual  Audio  Amp 

9-454 

AD848 

5 

3300 

0.2 

175 

300 

100-0.1 

N,  Q,R 

C,  I,  Ml 
I,M 

High  Speed,  Low  Power 

9-258 

AD9622 

5.5 

3.8 

12 

7000 

2 

450 

1500 

14-0.01 

N,  Q,  R 

Fast  Pulse  Response;  Wide  BW 
Bipolar/JFET  Audio  Op  Amp 

9-312 

OP176 

6.0 

6.0 

0.5 

175 

1.0 

10 

25 

1000-0.01 

N,  R 

I 

9-397 

OP471 

6.5 

6.5 

0.4 

7 

0.25 

6.5 

8 

E,  N,  Q,  R 

I,M/DS 

Quad  Monolithic,  Fast 

9-560 

AD9621 

6.6 

5.5 

8.2 

7000 

2 

350 

1200 

11-0.01 

N,  Q,R 

I,  M 

Fast  Pulse  Response;  Wide  BW 

9-309 

AD795 

11 

9 

0.0006 

0.001 

0.1 

2 

1 

11,000-0.01 

N,  R 

C 

Low  Power,  Low  Noise  Photo  Diode  Preamp  9-64 

OP271 

7.6 

7.6 

0.6 

4 

0.075 

5 

8.5 

E,  N,  Q,  R 

I,M/DS 

Dual  Monolithic,  Fast 

9-451 

AD645 

9 

8 

0.0006 

0.0007 

0.1 

2 

2 

H,  N 

C,  I,  M 

FET  Input,  Low  IB,  OPA1U  Second  Source 

9-34 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  -  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP— Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

SA  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


Low  Current  Noise,  Low  Input  Bias  Current  Amplifiers 


Input  Impedance  CMRR  V, 


*B 

I. 

Differential  Common  Mode  dB 

Vos 

TC 

BW 

pA 

f=l  kHz 

nilpF 

f=lkHz 

mV 

(iV/°C 

MHz  Package 

Temp 

Model 

max 

fA/VHz 

typ 

typ 

max 

max 

typ' 

Options2 

Ranges3 

Comments 

Page" 

AD549 

0.06-0.25 

0.11 

1013||1 

1015||0.8 

62 

0.25-1 

5-20 

l 

H 

C,  M/ 

Monolithic,  Lowest  I„ 

9-28 

AD515A 

0.075-0.3 

3 

I         i  .  i 

1013||1.6 

1015||0.8 

62 

1-3 

15-50 

l 

H 

G 

Lower  Cost  AD515  Replacement 

A     -I  AC 

A  2^5 

OP80 

0.25-1 

i    J 

90  1.5 

■  _ 

0.3 

N,  R,  H 

I,  M 

Low  Cost  CMOS 

A  2-727 

AD546 

0.5-1 

0.4 

10  ||1 

1015||0.8 

90 

1-2 

20 

1 

N 

C 

Low  Cost  1  pA  Amplifier 

9-22 

AD545A 

1-2 

— 

1013||1.6 

1015||0.8 

62 

0.25-1 

3-25 

1 

H 

c 

Lower  Cost  AD545  Replacement 

A  2-65 

AD795 

1-3 

0.6 

1012||2 

1014||2.2 

110 

0.25-0.5  10 

2 

N,  R 

C               Low  Power,  Low  Noise, 

9-64 

Photodiode  Preamp 

AD645 

1.5-3 

0.6 

1013||1 

10»||3 

94 

0.25-0.5  1-5 

2 

N,  H 

C,  I,  M 

Low  Noise,  Precision  BiFET, 

9-34 

(OPA111  Second  Source) 

OP41 

5-20 

_ 

98 

0.25-2 

5-10 

0.5 

N,  R,  H 

C,  I,  NU 

High  Stability  JFET 
Low  Power,  Low  Cost 

A  2-645 

AD548 

10-20 

1.8 

1012||3 

3  x  1012||3 

84 

0.25-2 

2-20 

1 

N,  Q,  R,  H 

C,  I,  M/ 

9-25 

AD648 

10-20 

1.8 

1012||3 

312||3 

84 

0.3-2 

3-20 

1 

N,  Q,  R,  H 

C,  I,  M/ 
C,  I,  M 

Dual  AD548 

9-37 

AD820 

20-30 

1.8 

i-i 

100 

0.25-1 

5-10 

2 

N,  Q,  R 

Single  Supply,  Fast,  Rail-to-Rail 

9-170 

AD822 

20-30 

1.8 

_ 

O 

100 

0.25-1 

5-10 

2 

N,  Q,R 

C,  I.M 

Dual  AD820 

7—1 IV 

AD542 

25-50 

_ 

_ 

80 

0.5-2 

5-20 

1 

H 

C,  M 

Precision 

9-19 

AD544 

25-50 

80 

0.5-2 

5-20 

2 

H 

C,  M 

Precision,  Low  Distortion 

9-19 

AD711 

25-50 

10 

3  x  1012||5.5 

3  x  1012||5.5  62 

0.25-2 

3-20 

4 

N,  Q,  R,  H 

C,  I,  M/ 

Low  Cost  BiFET,  Excellent  AC 
and  DC  Performance 

<M7 

AD642 

PM156A 

35-75 

1012||6 

1012||6 

90 

0.5-2 

1 

H 

C,  M/ 

Dual  Precision 

9-31 

50 

10 

_ 

90  2 

5 

4.5 

Q,H 

C,M/JS 

Improved  Industry  Standard 

A  2-1065 

PM157A 

50 

10 

_ 

90 

2 

5 

20 

Q,H 

C,  M/DS 

Improved  Industry  Standard 

A  2-1065 

AD712 

50-75 

10  3I2||5.5 

3I2||5.5 

94 

0.3-3 

5-20 

4 

N,  Q,  R,  H 

C,  I,  Ml 

Dual  AD711 

9-47 

AD744 

50-100 

10 

3  x  10I2||5.5 

_ 

3  x  1012||5.5  88 

0.25-1 

3-20 

13 

H,  N,  Q,  R 

C,  I,  M 

Fast  Settling  BiFET 

9-55 

OP15 

50-200 

10 

90 

0.5-3 

5-15 

6 

N,  Q,  R,  H 

C,  I,  M/DS 

Precision  BiFET 

A  2-571 

OP16 

50-200 

10 

_ 

90 

0.5-3 

5-15 

8 

30 

N,  Q,  R,  H 

C,  I,  M/DS 

Precision  BiFET 

A  2-571 

OP17 

50-200 

10 

90 

0.5-3 

5-15 

N,  Q,  R,  H 

C,  I,  M/ns 

Fast,  Precision  BiFET 

A  2-571 

OP42 

200-250 

7 

1012||6 

98 

0.75-5 

10 

10 

E,  H,  N,  R,  Q  I,  M 

Fast,  Precision  BiFET 

9-365 

■ 

'Unity  gain  small  signal  bandwidth. 

c 

2Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  = 

Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  ]  =  J-Leaded  Ceramic  Package; 

M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 
'Temperature  Ranges:  C  =  Commercial,  0">C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 
4A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 
Boldface  Type:  Data  sheet  information  in  this  volume. 


Selection  Guides— Operational  Amplifiers 


Precision  Amplifiers 


Noise 

Slew 

CMRR 

V 

*  OS 

V„«  TC 

OS 

(xV  p-p 

GBW 

Rate 

I, 

dB 

nv 

u.V/°C 

0.1-10  Hz 

MHz 

V/p-s 

nA 
max 

f  =  1  kHz 

Model 

max 

max 

typ 

typ 

typ 

typ 

OP177 

10-60 

0.1-1.2 

0.35 

0.6 

0.3 

1.5-2.8 

110 

AD707 

15-90 

0.1-1.0 

0.23 

0.9 

0.3 

1.0-2.5 

100 

OP77 

25-100 

0.3-1.2 

0.35 

0.6 

0.3 

2-2.8 

105 

AD705 

25-90 

0.6-1.2 

0.5 

0.8 

0.15 

0.1-0.15 

110 

OP97 

25-75 

0.6-2 

0.5 

0.9 

0.2 

0.1-0.15 

100 

OP27 

25-100 

0.6-1.8 

0.08 

8 

2.8 

40-80 

125 

OP37 

25-100 

0.6-1.8 

0.08 

63 

17 

40-80 

125 

OP07 

25-150 

0.6-2.5 

0.35 

0.6 

0.3  2-12 

98 

AD846 

25-200 

0.8-5.0 

75-450 

450 

250 

AD708 

30-100 

0.3-1.0 

0.23 

0.9 

0.3 

1.0-2.5 

100 

AD797 

40-100 

0.8-1.5 

0.05 

100 

18 

50-1000  (typ) 

130 

AD706 

50-100 

0.5-1.0 

0.5 

0.8 

0.15 

0.11-0.20 

110 

OP497 

50-150 

0.5-1.5 

0.3 

0.5 

0.15 

0.1-0.2 

130 

OP297 

50-200 

0.6-2 

0.3 

0.5 

0.15 

0.1-0.2 

105 

UF113 

75-150 

0.8-1.5 

0.12 

3.4 

1.2 

50 

116 

AD704 

75-150 

1.0-1.5 

0.5 

0.8 

0.1 

0.15-0.27 

110 

OP200 

75-200 

0.5-2 

0.5 

0.5 

0.15 

2-5 

110 

OP270 

75-250 

1-3 

0.08 

5 

2.4 

20-60 

115 

OP227 

80-180 

1-1.8 

0.08 

8 

2.8 

40-80 

125 

OP207 

100-200 

1.3-1.8 

0.35 

0.6 

0.2 

3-7 

98 

OP213 

100-250 

0.8-1.5 

0.12 

3.4 

1.2 

50 

116 

OP413 

125-275 

0.8-1.5 

0.12 

3.4 

1.2 

50 

116 

AD844 

150-300 

5 

900 

2000 

250 

OP400 

150-300 

1.2-2.5 

0.5 

0.5 

0.15 

3-7 

110 

OP90 

150-450 

2-5 

3 

15-25 

80 

OP221 

150-500 

1.5-3 

0.6 

0.3 

80-120 

60 

OP220 

150-750 

1.5-3 

0.2 

0.05 

20-30 

30 

OP05 

150-1600 

0.9-4.5 

0.38 

0.8 

0.3 

2.9 

OP271 

200^»00 

2-5 

5 

8.5 

20-60 

125 

Package  Temp 

Options1  Ranges2  Comments  Page3 

N,  Q,  R  I,  Ml  Highest  Precision  !M15 

H,  N,  Q,  R  C,  I,  M/  High  Precision  9-44 

E,  H,  N,  Q,  R  C,  I,  M/DS  Next  Generation  OP07  9-370 

N,  Q,  R  C,  I,  M  Low  IB  Precision  Bipolar  9-40 

E,  H,  N,  Q,  R  I,  M/DS  Low  Power  OP07  9-379 

E,  H,  N,  Q,  R  C,  I,  M/JS  Low  Noise,  Precision  9-357 

E,  H,  N,  Q,  R  C,  I,  M/DS  Fast,  Low  Noise,  Precision  AVCL2=  5  9-361 

E,  H,  N,  Q,  R  C,  I,  M/DJS  Low  Offset  Voltage  9-352 


N,  Q 

I,M/DS 

High  Precision,  High  Speed 

9-251 

H,  N,Q 

C,  I,  Ml 

Dual  AD707 

9-44 

N,  Q,R 

I,  M 

Ultralow  Noise,  Low  Distortion  Amp  9-78 

N,  Q,  R 

C,  I 

Dual  AD705 

9-40 

E,  N,  Q,  R 

I,  Ml 

Quad  Precision,  Low  IB 

9-568 

N,  Q,  R 

I,M/S 

Dual  Precision,  Low  Power, 

9-530 

Low  IB 

N,  Q,R 

I 

Single  Supply,  Low  Noise 

9-382 

N,  Q,R 

C,  I,  M 

Quad  AD705 

9-40 

E,  N,  Q,  R 

I,M/DS 

Dual  Monolithic,  Precision 

9-432 

E,  N,  Q,  R 

I,  M/DS 

Dual  Monolithic,  Low  Power 

9-447 

Q 

I,  M/DS 

Dual  Matched,  Low  Noise 

A  2-835 

Q 

C,  M/DS 

Dual  Matched,  Precision 

A  2-813 

N,  Q,R 

I 

Dual  Single  Supply,' Low  Noise 

9-382 

N,  Q,  R 

I 

Quad  Single  Supply,  Low  Noise 

9-382 

N,  Q,R 

I,M/S 

Precision,  High  Speed 

9-245 

E,  N,  Q,  R 

C,  I,  Mls 

Quad,  Monolithic,  Precision 

9-534 

E,  N,  Q,  R 

I,M/S 

Micropower,  Low  Voltage, 
Single  Supply 

9-375 

H,  N,  Q,  R 

C,  I,  M/s 

Dual  Low  Power,  Single  Supply 

9-439 

H,  N,  Q,  R 

C,  I,  M/s 

Dual  Micropower,  Single  Supply 

Instrumentation  Amplifier 

9-436 

H,  N,Q 

c,  w 

A  2-519 

E,  N,  Q,  R 

1,MIDS 

Dual,  Fast,  Low  Noise 

9-451 

o 

I 

1 

2 


Noise 

Slew 

CMRR 

VosTC 

jiV  p-p 

GBW 

Rate 

Ib 

dB 

,iV 

nv/°c 

0.1-10  Hz  MHz 

V/jis 

nA 

f  =  1  kHz 

Package 

Temp 

Model 

max 

max 

typ 

typ 

typ 

max 

typ 

Options1 

Ranges2 

Comments 

Page3 

OP290 

'00-500 

3-5 

3 

15-25 

100 

N  O  F  R 

I  M/ 

I"^ 1 1 ■!  1  Vt  i i' i"i in. m'i'r    t  mi'  A/rtltaoa 

Luxdi  ivinrupuwcr,  luw  v  uiittgc 

9-477 

- 

CJnfrlp  Snnnlv 

OP467 

200-1000 

3.5 

6 

30 

170 

80 

N  O  P  H 

C,  I,  M 

OllflH  Hiph  Snpe c\ 
V£u<iu  nigu  jjjccu 

9-541 

AD795 

it  jir^DW 

1-10 

1 

J 

0.001-0.004 

110 

N  R  H 

C  I  M 

I  r»u/  PnwAr    1  nur  Vnici>  PpT 
luw  ruwcrj  luw  i  ,  u la c  i  L  i 

9-64 

OP20 

2 SO- 1000 

1.5-7 

0.1 

0.05 

25^0 

30 

NT  O  R  H 
in,  v>  *S  n 

r  i  mi 

A  2-585 

AD744 

250-1000 

3-20 

2 

75 

0.05-0.1 

100 

H,  N,  Q,  R 

C.  I,  M 

Fast  Settling  BiFET 

9-55 

AD820 

250-1000 

5-10 

2 

2 

3.75 

0.02-0.03 

100 

N,  Q,  R 

C,  I,  M 

Single  Supply,  Rail-to-Rail, 

9-170 

FET  Input 

AD822 

250-1000 

5-10 

2 

2 

3.75 

0.02-0.03 

100 

N,  Q,R 

C,  I,  M 

FET  Dual  AD820 

9-170 

AD711 

250-2000 

3-20 

2 

4 

20 

0.025-0.050 

94 

N,  Q,  R,  H 

C,  I,  Ml 

Precision,  High  Speed 

9-47 

AD548 

250-2000 

2-20 

2 

1 

1.8 

0.01-O.02 

83 

N,  Q,  R,  H 

C,  I,  Ml 

Low  Power  BiFET 

9-25 

OP41 

250-2000 

5-10 

0.5 

1.3 

0.005-0.02 

100 

N,  R,  H 

C,  l,W 

Low  IB 

A  2-645 

OP22 

300-1000 

1.5-3 

0.25 

0.08 

5-10 

60 

N,  Q,  R,  H 

C,  1,W 

Micropower,  Programmable 

A  2-597 

AD648 

300-2000 

3-20 

2 

1 

1.8 

0.01-0.02 

83 

N,  Q,  R,  H 

C,  I,  Ml 

Dual  AD548 

9-37 

AD712 

300-3000 

5-20 

2 

4 

20 

0.05-0.075 

94 

N,  Q,  R,  H 

C,I,M/ 

Dual  AD711 

9-47 

OP470 

400-1000 

2-4 

0.08 

6 

2 

25-60 

110 

N,  Q,  E,  R 

C,  I,  M/DS 

Quad,  Low  Noise 

9-556 

AD713 

500-1500 

15-20 

2 

4 

20 

0.075-0.150  94 

N,  Q,R 

C,  I,  M/D 

Dual  AD711 

9-47 

AD741 

500-6000 

5-20 

1 

0.5 

50-500 

100 

N,  H 

C,  MJ 

General  Purpose 

A  2-213 

OP291/491 

700 

1.1  typ 

2 

3 

0.4 

50 

90 

N,  R 

I 

Dual,  Quad,  Rail-to-Rail,  2.7  V 

9-481 

OP471 

800-1800 

4-7 

0.25 

6.5 

8 

25-60 

108 

N,  Q,  E,  R 

C,  I,  M/DS 

Quad,  Fast,  Low  Noise 

9-560 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges;  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55"C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  mis  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Low  Power/Micropower  Amplifiers 


ISY 

vos 

IB 

GBW 

SR 

max 

max 

max 

typ 

typ 

Package 

Temp 

Model 

mA 

mV 

dA 

MHz 

V/u.s 

Options1 

Ranges2 

Comments 

Page3 

Urzz 

n  nnm  n  A 
0.0002-0.4 

n  i  i 
0.3-1 

c  in 
5-10 

0.25 

0.08 

TT      11      XT      f\  I> 

H,  M,  N,  Q,  K 

I,  M/ 

Programmable,  Single  Supply 

A  2-597 

OP90 

0.02 

0.15-0.45 

15-25 

0.02 

— 

E,  N,  Q,  E 

I,  M/s 

Micropower,  Low  Voltage  Single  Supply 

9-375 

OP290 

0.04 

0.2-0.5 

15-25 

0.02 

— 

E,  N,  Q,  E 

I,  M/DS 

Dual,  Micropower,  Low  Voltage,  Single  Supply 

9-477 

OP20 

0.08 

0.25-1 

25-40 

0.1 

0.05 

E,  N,  Q,  R 

I,  M/ 

Micropower,  Single  Supply,  Low  Cost 

A  2-585 

OF49U 

0.08 

0.5-1 

15-25 

0.02 

— 

E,  N,  Q,  R 

I,  M/DS 

Quad,  Micropower,  Low  Voltage,  Single  Supply 

9-564 

Ur22U 

0.17 

0.15-0.75 

in  3n 

20-30 

0.2 

0.05 

H,  N,  Q,  R 

I,  M/s 

Dual,  Low  Cost,  Micropower,  Single  Supply 

9-436 

AD  548 

0.2 

0.25-0.2 

0.01-0.02 

1.0 

1.8 

H,  N,  Q 

C,  I,  M/ 

Precision  Low  Power  BiFET  Op  Amp 

9-25 

OP295 

0.3 

0.2-0.5 

15 

0.085 

0.04 

N,  R 

I,  M 

Dual  Rail-to-Rail 

9-518 

OP80 

0.325 

1.5 

0.00025-0.001 

0.3 

0.4 

H,  N,  R 

I,  M 

Low  IB,  CMOS 

A  2-727 

UF42U 

0.36 

2.5-6 

20-40 

0.15 

0.05 

E,  N,  Q,  R 

I,  M/s 

Quad,  Low  Cost,  Micropower,  Single  Supply 

n  cio 

9-538 

OP21 

0.3-0.4 

0.1-0.5 

100-150 

0.6 

0.25 

H,  N,  Q,  R 

i,  m/ 

Low  Cost,  Low  Power,  Single  Supply 

A  2-591 

01*291/491 

0.35 

0.7 

50 

3 

0.4 

N,  R 

i 

Rail-to-Rau,  2.7  V  Supply 

9-481 

0.5 

2.0 

U.l 

4 

a 
y 

N,  Q,  R 

i 

Dual,  High  Speed,  Low  Power 

9-461 

AD648 

0.4 

0.4-2.0 

n  /Hie  ai 

0.005-.01 

1.0 

1.8 

H,  N,  Q 

C,  I,  MJ 

Dual,  Precision  Low  Power  BiFET  Op  Amp 

9-37 

OP07 

u.o 

U.UiJ — V,U/J 

0.  0 

ft  i 

I  Mf 

i,  m/DS 

Precision,  Low  Ig 

0—770 

AD705 

0.6 

0.025-0.09 

0.1-0.15 

0.8 

0.15 

N,  Q,R 

C,  I,  M 

Picoampere  Input  Current  Bipolar  Op  Amp 

9-40 

AD820 

0.66 

0.25-1 

0.02-0.03 

2 

3.75 

N,  Q,R 

C,  I,  M 

Fast,  Single  Supply,  Rail-to-Rail  FET  Input 

9-170 

OP221 

0.8 

0.15-0.5 

80-120 

0.6 

0.3 

H,  N,  Q,  R 

I,M/S 

Dual,  Low  Cost,  Low  Power,  Single  Supply 

9-439 

0P41 

1 

0.25-2 

0.005-0.02 

0.5 

1.3 

N,  Q,  R 

l,MI 

Low  Power,  Low  IB 

A  2-645 

OP482 

1.0 

3.0 

0.1 

4 

9 

N,  P,  Q,  R 

I 

Quad,  High  Speed,  Low  Power 

9-461 

AD706 

1.2 

0.05-0.1 

0.11-0.2 

0.8 

0.15 

N,  Q,  R 

C,  I,  M 

Dual,  Picoampere  Input  Current  Bipolar  Op  Amp 

9-40 

OP297 

1.25 

0.05-0.2 

0.1-0.2 

0.5 

0.15 

E,  N,  Q,  R 

I,M/S 

Dual,  Precision,  Low  IB 

9-530 

AD822 

1.3 

0.25-1 

0.02-0.03 

2 

3.75 

N,  Q,  R 

C,  I,  M 

Dual  AD820 

9-170 

OP200 

1.45 

0.075-0.2 

2-5 

0.5 

0.15 

E,  N,  Q,  R 

I,M/DS 

Dual,  Precision 

9-432 

OP183/283 

1.5 

1.0 

600 

5 

10 

N,R 

I 

5  MHz,  Low  Noise,  Single/Dual 

9-420 

OP421 

1.8 

2.5-6 

50-150 

1.9 

0.5 

N,  Q,R 

I,M/D 

Quad,  Low  Cost,  Low  Power,  Single  Supply 

A  2-993 

OP113/213/413 

2.0 

0.075-0.275 

50 

3.4 

1.2 

N,  Q,  R 

I 

Low  Noise,  Low  Drift,  Single/Dual/Quad 

9-382 

AD704 

2.4 

0.075-0.150 

0.15-0.17 

1.0 

0.15 

N,  Q,  R 

C,  I,  M 

Quad,  Picoampere  Input  Current  Bipolar  Op  Amp 

9-40 

OP02 

2.4 

0.5-5 

30-100 

1.3 

0.5 

H,  N,  Q 

CM/ 

Improved  741 

A  2-503 

OP400 

2.9 

0.15-0.3 

3-7 

0.5 

0.15 

E,  N,  Q,  R 

C,  I,  M/DS 

Quad,  Precision 

9-534 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadiess  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70"C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -5S°C  to  +125,,C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Vos 

VOSTC 

I„ 

BW 

Slew  Rate 

Settling 

mV 

IjiV/'C 

nA 

MHz 

V/,is 

Time  to 

Package 

Temp 

Model 

max 

max 

max 

typ1 

typ 

0.01%  (is  typ 

Options2 

Ranges3 

Comments 
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AD708 

0.03-0.1 

0.3-1.0 

1-2.5 

0.9 

0.3 

H.  N.  0 

C,  I,  Ml 

Highest  DC  Precision;  Excellent 

9-44 

: 

Matching  Between  Amps,  Dual  AD707 

AD706 

0  05-0  10 

0.6-1.5 

0.11-0.200 

0.8 

0.15 

NOR 

C  I 

Dual  AD705,  Low  1B  Precision  Bipolar 

9-40 

OP297 

0.05-0.2 

0.6-2 

0.1-0.2 

0.5 

0.15 

NOR 

I,  M/s 

Precision}  Low  Power,  Low  Ig 

9-530 

OP200 

0.075-0.2 

0.5-2 

2-5 

0.5 

0.15 

_ 

E  N  O  R 

*»  ™DS 

Dual  Monolithic,  Precision 

9-432 

OP270 

0  075-0  25 

1-3 

20-60 

5 

2.4 

E  N  O  R 

*)  i*a/DS 

Dual  iVlonolithic ,  Low  Noise 

9-447 

OP227 

0  08-0  1 8 

1-1.8 

40-80 

g 

2.8 

o 

Final  MntrhpH   T  fiw  Nnisp 

l_/Uol  JVlfllCllCCl,  1  i\J w  iiuist 

A  2-843 

OP207 

0.1-0.2 

1.3-1.8 

3-7 

0.6 

0.2 

_ 

o 

Vj,  1»«£)S 

Dual  Matched^  Precision 

A  2-813 

OP213 

0.1-0.25 

0.8-1.5 

50 

3.4 

1.2 

NOR 

I  iiw  Noise  I  nw  Drift  Single  Sunnlv 

9-382 

OP221 

0.15-0.5 

1.5-3 

80-120 

0.6 

0.3 

H,  N,  Q,  R 

C,  I,  M/s 

Low  Power,  Single  Supply 

9-439 

OP220 

0.15-0.75 

1.5-3 

20-30 

0.2 

0.05 

H  N  O  R 

C,  I,  Ms 

Micropower,  Single  Supply 

9-436 

OP271 

0.2-0.4 

2-5 

20-60 

5 

8.5 

E.  N.  O.  R 

I.  M/„c 

Dual  Monolithic,  Fast,  Low  Noise 

9-451 

OP290 

0.2-0.5 

3_5 

15-25 

0.02 

E  N  O  R 

Micrnnnwer  Low  Voltage  Single  Sunnlv 

9-477 

OP295 

0.2-0.5 

<10 

15 

0.085 

0.04 

N,  R 

I,  M 

Rail-to- Rail 

9-518 

OP285 

0.25 

150 

8 

20 

N.  O.  R 

Dual  High  Performance,  Low  Power 

9-464 

AD822 

0.25-1 

5-10 

0.02-0.03 

2 

3.75 

N.  O.  R 

C.  I.  M 

Single  Supply,  Rail-to-Rail,  Fast  FET  Input 

9-170 

AD746 

0.5-1 

10-20 

0.15 

13 

75 

0.5 

N.  O.  R 

C,  I,  Ml 

Precision,  Fast  Settling,  Dual  AD744 

9-61 

AD  648 

0.3-2 

3-20 

0.01-0.02 

1 

1.8 

8 

H.  N.  O.  R 

C,  I,  Ml 

Low  Power,  BiFET,  Dual  AD548 

9-37 

AD712 

0.3-3 

5-20 

0.05-0.075 

4 

20 

1 

H,  N,  Q,  R 

C,  I,  M/ 

Excellent  AC  and  DC  Performance,  Dual  AD711 

9-47 

OP249 

0.5-0.7 

5-6 

0.05-0.075 

4.7 

22 

0.9 

E,  H,  N,  Q,  R 

l,Mls 

Fast,  Low  Distortion 

9-442 

AD642 

0.5-2 

1-3.5 

0.035-0.075 

1 

3 

— 

H 

C,M1 

Dual  AD542 

9-31 

AD644 

0.5-2 

0.035-0.075 

2 

13 

H 

C,MI 

Dual  AD544 

9-31 

OP291 

0.7 

1.1  typ 

50 

3 

0.4 

22 

N,  R 

I 

Rail-to-Rail,  2.7  V  Supply,  Low  Power 

9-481 

OP15 

0.75-5 

8-20 

50-100 

1.3 

0.5 

- 

H,  N,  Q,  R 

I,M/DS 

Improved  "1458"  Dual 

A  2-571 

OP275 

1 

350 

9 

22 

N,  R 

Dual  Audio  Amp 

9-454 

OP283 

1.0 

4typ 

600 

5 

10 

1.5 

N,  R 

I 

Low  Power,  Single  Supply 

9-420 

AD828 

2 

10  typ 

6600 

130  450 

0.08 

N,  R 

I 

Low  Power  Video  Amp 

9-203 

OP215 

1^ 

10 

0.1-0.3 

5.7 

18 

0.9-0.1% 

E,  H,  N,  Q,  R 

C,  I,  M/DS 

High  Speed,  Precision 

A  2-819 

OP282 

2.0 

10 

0.1 

4.0 

9 

1.5 

N,  Q,  R 

I 

Dual  High  Speed,  Low  Power 

9-461 

AD827 

4.0 

15 

7000 

50 

300 

0.120-0.1% 

N,  Q,  R 

C,  I,  M/D 

Dual  AD847,  High  Speed,  Low  Power 

9-200 

OP279 

4.0 

4typ 

600 

2 

5 

N,  R 

I 

Rail-to-Rail,  Single  Supply,  50  mA  Out 

9-459 

OP260 

3.5-7 

10 

1000-15000 

90 

1000 

0.25-0.1% 

E,  H,  N,  Q,  R 

I,M/DS 

Dual  High  Speed,  Current  Feedback 

A  2-873 

AD812 

5-  . 

15  typ 

1000-20000 

145 

1600 

0.05-0.1% 

N,R 

Dual  Current  Feedback,  Low  Power 

9-110 

AD8002 

5.5 

10  typ 

6000-25000 

880 

1200 

0.01-0.1% 

N,  Q,  R 

I 

880  MHz,  Low  Power 

9-278 

'Unity  gain  small  signal  bandwidth. 

2Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E 

=  Ceramic  Leadless  Chip  Carrier;  F  —  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package;  M  - 

Hermetic 

Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic  Quad  Flatpack;  ST  =  Thin 
Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +  85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M  temperature  des- 


ignator will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 
"A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 
Boldface  Type:  Data  sheet  information  in  this  volume. 
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Quad  Operational  Amplifiers 


Vos 

Slew 

Settling 

TC 

n 

BW 

Rate 

Time 

mV 

|iV/°C 

nA 

MHz 

V/p.s 

to  0.01% 

Package 

Temp 

Model 

max 

max 

max 

typ1 

typ 

us  typ 

Options2 

Ranges3 

Comments 

AD704 

0.075-0.10 

1.0-1.5 

150-270 

0.8 

0.10 

- 

N,  Q,  R 

C,  I,M 

Quad  AD705,  Low  IB  Precision  Bipolar 

OP497 

0.05-0.15 

0.5-1.5 

150-200 

0.5 

0.15 

E,  N,  Q,  R 

I,  MJ 

Low  Power,  Low  IB  Precision  Bipolar 

OP413 

0.125-0.275 

0.8-1.5 

50 

3.4 

1.2 

9 

N,  Q,R 

Low  Noise,  Low  Drift,  Single  Supply 

OP400 

0.15-0.3 

1.2-2.5 

3-7 

0.5 

0.15 

E,  N,  Q,  R 

C,  I,  M/D 

Quad  Monolithic,  Precision 

OP495 

0.2-0.5 

<10 

15 

0.085 

0.04 

N,  Q,  R 

I,  M 

Rail-to-Rail 

OP470 

0.4-1 

2-4 

25-60 

6 

2 

E,  N,  Q,  R 

C,  I,  M/Ds     Quad  Monolithic,  Low  Noise 

OP467 

0.5 

3.5 

100 

30 

170 

170 

N,  P,  Q,  R 

30  MHz,  Low  Power 

OP491 

0.7 

1.1  typ 

50 

3 

0.4 

22 

N,  R 

I 

Rail-to-Rail,  2.7  V  Supply,  Low  Power 

OP490 

0.5-1 

5 

15-25 

0.02 

0.012 

E,  N,  Q,  R 

I,M/DS 

Micropower,  Low  Voltage,  Single  Supply 

AD713 

0.5-1.5 

15 

35-100 

4 

20 

1 

N,  Q,  R 

C,  I,  M/D 

Superior  AC  and  DC  Performance,  Quad  AD711 

0P11 

0.5-5 

10-15 

300-500 

3 

1 

E,  N,  Q,  R 

C,  I,  Ml 

Improved  Quad  "741" 

OP471 

0.8-1.8 

4-7 

25-60 

6.5 

8 

E,  N,  Q,  R 

C,  I,  M/DS     Monolithic,  Fast,  Low  Noise 

OP492 

2.5 

10 

700 

4 

4 

N,  R 

I 

Single  Supply,  Low  Power,  I/O  to  Ground 

OP482 

3.0 

10 

0.1 

4.0 

9 

1.5 

N,  Q,  P,  R 

High  Speed,  Low  Power 

Low  Power,  Low  Cost,  Single  Supply 

OP421 

2.5-6 

10-15 

50-150 

1.9 

0.5 

N,  Q,R 

I,  MJ 

OP420 

2.5-6 

10-25 

20-40 

0.15 

0.05 

E,  N,  Q,  R 

I,M/S 

Micropower,  Low  Cost,  Single  Supply 

AD8004 

15 

30  typ 

400 

3000 

0.01-0.1% 

N,  R 

I 

3000  V/p.s,  Low  Power 

Unity  Gain  Buffers 

-3dB 

Settling 

Rise 

BW  SR 

Time 

Time 

loUT 

^os  Iss 

MHz        V/(is      to  0.02% 

IV  Step 

mA 

mV  mA 

Package 

Temp 

Model 

typ  mil 

ns  typ 

ns  typ 

min 

typ  max 

Options2 

Ranges3 

Comments 

AD9630 

750         1800  8 

0.9 

50 

3 

26 

N,  Q,  R 

I,  Ml 

High  Performance,  Wide-Band  Buffer 

AD9620 

600         2200  8 

0.8 

40 

2 

48 

D 

I,  M 

High  Performance,  Low  Harmonic  Distortion  Buffer 

BUF04 

110         2000      60  (0.1%) 

1.3 

40 

2 

8.5 

N,  Q,  R 

I,  M 

±5  Volt  Supply,  High  Slew 

BUF03 

50  220 

100(0.1%) 

7  (1/2  V) 

70 

1C 

25 

H 

C,  Ml 

High  Speed  Voltage  Follower/Buffer 

'Unity  gain  small  signal  bandwidth. 

2Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  ===  J-Leaded  Ceramic 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  ( 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerin; 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

"A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


ANALOG 
DEVICES 


BiFET  Operational  Amplifiers 


FEATURES 

Ultralow  Drift:  1  uV/°C  (AD547L) 
Low  Offset  Voltage:  0.25  mV  (AD547L) 
Low  Input  Bias  Currents:  25  pA  max 
Low  Quiescent  Current:  1.5  mA 
Low  Noise:  2  u.V  p-p 
High  Open  Loop  Gain:  110  dB 
High  Slew  Rate:  13  V/iis 
Fast  Settling  to  +0.01%:  3  us 
Low  Total  Harmonic  Distortion:  0.0025% 
Available  in  Hermetic  Metal  Can  and  Die  Form 
MIL-STD-B83B  Versions  Available 
Dual  Versions  Available:  AD642,  AD644,  AD647 


NONINVERTING 
INPUT 


PRODUCT  DESCRIPTION 

The  BiFET  series  of  precision,  monolithic  FET-input  op  amps 
are  fabricated  with  the  most  advanced  BiFET  and  laser  trim- 
ming technologies.  The  AD542,  AD544,  AD547  series  offers 
bias  currents  significantly  lower  than  currently  available  BiFET 
devices,  25  pA  max,  warmed  up. 

In  addition,  the  offset  voltage  is  laser  trimmed  to  less  than 
0.25  mV  on  the  AD547L,  which  is  achieved  by  utilizing  Analog 
Devices'  exclusive  laser  wafer  trimming  (LWT)  process.  When 
combined  with  the  AD547's  low  offset  drift  (1  uV/°C),  these 
features  offer  the  user  performance  superior  to  existing  BiFET 
op  amps  at  low  BiFET  pricing. 

The  AD542  or  AD547  is  recommended  for  any  operational  am- 
plifier application  requiring  excellent  dc  performance  at  low  to 
moderate  cost.  Precision  instrument  front  ends  requiring  accu- 
rate amplification  of  millivolt  level  signals  from  megohm  source 
impedances  will  benefit  from  the  device's  excellent  combination 
of  low  offset  voltage  and  drift,  low  bias  current  and  low  1/f 
noise.  High  common-mode  rejection  (80  dB,  min  on  the  "K" 
and  "L"  grades)  and  high  open-loop  gain,  even  under  heavy 
loading,  ensures  better  than  "12-bit"  linearity  in  high  imped- 
ance buffer  applications. 

The  AD544  is  recommended  for  any  op  amp  applications  re- 
quiring excellent  ac  and  dc  performance  at  low  cost.  The 
2  MHz  bandwidth  and  low  offset  of  the  AD544  make  it  the  first 
choice  as  an  output  amplifier  for  current  output  D/A  converters, 
such  as  the  AD7541,  12-bit  CMOS  DAC. 

Devices  in  this  series  are  available  in  four  grades:  the  "J,"  "K," 
and  "L"  grades  are  specified  over  the  0°C  to  +70°C  temperature 
range  and  the  "S"  grade  over  the  -55°C  to  +125°C  operating 
temperature  range.  All  devices  are  offered  in  the  hermetically 
sealed,  TO-99  metal  can  package. 


NOTE:  PIN  4  CONNECTED  TO  CASE 


PRODUCT  HIGHLIGHTS 

1 .  Improved  bipolar  and  JFET  processing  results  in  the  lowest 
bias  current  available  in  a  monolithic  FET  op  amp. 

2.  Analog  Devices,  unlike  some  manufacturers,  specifies  each 
device  for  the  maximum  bias  current  at  either  input  in  the 
warmed-up  condition,  thus  assuring  the  user  that  the  device 
will  meet  its  published  specifications  in  actual  use. 

3.  Advanced  laser  wafer  trimming  techniques  reduce  offset  volt- 
age drift  to  1  |iV/°C  max  and  offset  voltage  to  only  0.25  mV 
max  on  the  AD547L. 


f 


Low  voltage  noise  (2  \iV  p-p)  and  low  offset  volt: 
nance  performance  as  a  precision  op  amp. 

5.  High  slew  rate  (13V/|Js)  and  fast  settling  time  to  0.01%  (3  (as) 
make  the  AD544  ideal  for  D/A,  A/D,  sample-hold  circuits 
and  high  speed  integrators. 

6.  Low  harmonic  distortion  (0.0025%)  make  the  AD544  an 
ideal  choice  in  audio  applications. 

7.  Bare  die  are  available  for  use  in  hybrid  circuit  applications. 


This  is  an  abridged  data  sheet.  To  obtain  the  i 
,  call  our  fax  retrieval  syst 


l  at  1-800-446-6212. 
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AD542/AD544/AD547-SPECIFICATI0NS  (Vs  =  ±15  V  @  T»  =  +25°C  unless  otherwise  noted) 


Parameter 

ADS42 
Min      Typ  Max 

AD544 
Min      Typ  Max 

AD547 
Min      Typ  Max 

Units 

OPEN-LOOP  GAIN1 
v  — +  inv  R.  —  9  to 

v OUT  —  —  1  u  v>        —  Z  Ki« 

J  Grade 
K,  L,  S  Grades 
Ta  =  Tmin  to  Tmax 
J  Grade 
S  Grade 
K,  L  Grades 

100 

30 
50 

20 
20 
40 

100 

250 

100 
100 
250 

V/mV 

250 

100 
100 
250 

V/mV 

V/mV 
V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
RL  =  2kQ 

Ta  =  TMin  to  Tmax 
RL=  lOkfl 

TA  =  TMin  to  Tmax 
Short  Circuit  Current 

±10  ±12 

±12  ±13 

25 

±10  ±12 

±12  ±13 
25 

±10  ±12 

±12  ±13 

25 

V 
V 

mA 

FREQUENCY  RESPONSE 
Unity  Gain,  Small  Signal 
Full  Power  Response 
Slew  Rate,  Unity  Gain 
Total  Harmonic  Distortion 

1.0 
50 

2.0  3.0 

2.0 
200 

8.0  13.0 

0.0025 

1.0 
50 

2.0  3.0 

MHz 
kHz 

V/us 
% 

INPUT  OFFSET  VOLTAGE2 
J  Grade 
K  Grade 
L  Grade 
S  Grade 

vs.  Temperature3 

J  Grade 

K  Grade 

L  Grade 

S  Grade 
vs.  Supply,  TA  =  TMin  to  Tmax 

J  Grade 

K,  L,  S  Grades 

2.0 
1.0 
0.5 
1.0 

10 

5 

15 

200 
100 

2.0 
1.0 
0.5 
1.0 

10 

5 

15 

■ 

200 
100 

1.0 

0.5 

0.25 

0.5 

> 

2 
1 

5 

200 
100 

mV 
mV 
mV 
mV 

|iv/  c 

uV/°C 
uV/°C 
uV/°C 

uV/V 
uV/V 

INPUT  BIAS  CURRENT 
Either  Input 

J  Grade 

K,  L,  S  Grades 
Input  Offset  Current 

J  Grade 

K,  L,  S  Grades 



50 

10  25 

5  15 
2  15 

50 

10  25 

5  15 
2  15 

50 

10  25 

5  15 
2  15 

PA 
pA 

pA 
pA 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

1012||6 
1012||3 



1012||6 
1012||3 

1  

1012||6 
1012||3 

cfpf 

QflpF 

INPUT  VOLTAGE5 
Differential 
Common  Mode 
Common-Mode  Rejection 
VrN  =  ±10V 
J  Grade 
K,  L,  S  Grades 

±20 

±10  ±12 

76 
80 

±20 

±10  ±12 

76 
80 

±20 

±10  ±12 

76 
80 

V 
V 

dB 
dB 
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AD542/AD544/AD547 


■ 

Parameter 

Min       Typ  Max 

Min       Typ  Max 

Min      Typ  Max 

Units 

POWER  SUPPLY 
Rated  Performance 
Operating 

±15 

±5  +18 

±15 

±5  ±18 

±15 

+  5  ±18 

s 

Quiescent  Current 

1.1  1.5 

1.8  2.5 

1.1  1.5 

mA 

VOLTAGE  NOISE 
0.1  Hz  to  10  Hz 

J  Grade 

K,  L,  S  Grades 
10  Hz 
100  Hz 
1  kHz 
10  kHz 

2.0 
2.0 
70 
45 
30 
25 

2.0 
2.0 
35 
22 
18 
16 

2.0 

4.0 

70 
45 

30 
25 

uVp-p 
uVp-p 
nV/VHz 

nV/VHz 
nV/VPE 

TEMPERATURE  RANGE 
Operating,  Rated  Performance 

J,  K,  L  Grades 

S  Grade 
Storage 

0  to  +70 
-55  to +125 
-65  to +150 

■ 

0  to  +70 
-55  to +125 
-65  to +150 

0  to  +70 
-55  to +125 
-65  to  +150 

°C 
°C 
°C 

TRANSISTOR  COUNT 

29 

29 

29 

NOTES 

'Open-Loop  Gain  is  specified  with  VDs  both  nulled  and  unnulled. 

2Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

3Input  Offset  Voltage  Drift  is  specified  with  the  offset  voltage  unnulled.  Nulling  will  induce  an  additional  3  uV/°C/mV  of  nulled  offset. 

■*Dirt^        ■  ■  ii  ■  i  ■  ■  1  «M  — '  ~^  »1_  —  .*  . . »  — £i.  c   -  „r  -  *  T*    i  t::;y>      t?  l_  ;  _l  ~  .   ^1  


4Bias  Current  specifications  are  guaranteed  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C.  For  higher  temperatures,  the  current  doubles  every  10°C. 
'Defined  as  the  maximum  safe  voltage  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


ORDERING  GUIDE 


Initial 

Offset 

Settling  Time 

Offset 

Voltage 

to  ±0.012%  for 

Package 

Package 

Model 

Voltage 

Drift 

a  10  V  Step 

Description 

Option* 

AD542JCHIPS 

2.0  mV 

20  uV/°C 

5  us 

Bare  Die 

AD542JH 

2.0  mV 

20  uV/°C 

5  (is 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD542KH 

1.0  mV 

10  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD542LH 

0.5  mV 

5  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD542SH 

1.0  mV 

15  uvrc 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD542SH/883B 

1.0  mV 

15  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD544JH 

2.0  mV 

20  uV/°C 

3us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD544KH 

1.0  mV 

10  |iV/°C 

3  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD544LH 

0.5  mV 

5  uV/°C 

3  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD544SH 

1.0  mV 

15  uV/°C 

3us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD544SH/883B 

1.0  mV 

15  uV/°C 

3us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD547JH 

1.0  mV 

5  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD547KH 

0.5  mV 

2  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD547LH 

0.25  mV 

1  uWC 

5  us 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD547SCHIPS 

0.5  mV 

5  uWC 

5  us 

Bare  Die 

AD547SH/883B 

0.5  mV 

5  uV/°C 

5  us 

8-Pin  Hermetic  Metal  Can 

 1 

H-08A 

*For  outline  information  see  Package  Information  section. 


REV.  0 


OPERATIONAL  AMPLIFIERS  9-21 


ANALOG 
DEVICES 


1  pA  Monolithic  Electrometer 
Operational  Amplifier 


FEATURES 
DC  PERFORMANCE 
1  mV  max  Input  Offset  Voltage 
Low  Offset  Drift:  20  jiV/°C 
1  pA  max  Input  Bias  Current 
Input  Bias  Current  Guaranteed  Over  Full 
Common-Mode  Voltage  Range 

AC  PERFORMANCE 

3  V/ns  Slew  Rate 

1  MHz  Unity  Gain  Bandwidth 

Low  Input  Voltage  Noise:  4  nV  p-p,  0.1  Hz  to  10  Hz 
Available  in  a  Low  Cost,  8-Pin  Plastic  Mini-DIP 
Standard  Op  Amp  Pinout 

APPLICATIONS 
Electrometer  Amplifiers 
Photodiode  Preamps 
pH  Electrode  Buffers 
Log  Ratio  Amplifiers 

PRODUCT  DESCRIPTION 

The  AD546  is  a  monolithic  electrometer  combining  the  virtues 
of  low  (1  pA)  input  bias  current  with  the  cost  effectiveness  of  a 
plastic  mini-DIP  package.  Both  input  offset  voltage  and  input 
offset  voltage  drift  are  laser  trimmed,  providing  very  high  per- 
formance for  such  a  low  cost  amplifier. 

Input  bias  currents  are  reduced  significantly  by  using  "topgate" 
JFET  technology.  The  1015  fl  common-mode  impedance,  result- 
ing from  a  bootstrapped  input  stage,  insures  that  input  bias 
current  is  essentially  independent  of  common-mode  voltage 
variations. 

The  AD546  is  suitable  for  applications  requiring  both  minimal 
levels  of  input  bias  current  and  low  input  offset  voltage.  Appli- 
cations for  the  AD546  include  use  as  a  buffer  amplifier  for  cur- 
rent output  transducers  such  as  photodiodes  and  pH  probes.  It 
may  also  be  used  as  a  precision  integrator  or  as  a  low  droop  rate 
sample  and  hold  amplifier.  The  AD546  is  pin  compatible  with 
standard  op  amps;  its  plastic  mini-DIP  package  is  ideal  for  use 
with  automatic  insertion  equipment. 

The  AD546  is  available  in  two  performance  grades,  all  rated 
over  the  0  to  +70°C  commercial  temperature  range,  and  pack- 
aged in  an  8-pin  plastic  mini-DIP. 


CONNECTION  DIAGRAM 

8-Pin  Plastic 
Mini-DIP  Package 

TOP  VIEW 


NC  =  NO  CONNECT 


PRODUCT  HIGHLIGHTS 

1.  The  input  bias  current  of  the  AD546  is  specified,  100% 
tested  and  guaranteed  with  the  device  in  the  fully  warmed-up 
condition. 

2.  The  input  offset  voltage  of  the  AD546  is  laser  trimmed  to 
less  than  1  mV  (AD546K). 

3.  The  AD546  is  packaged  in  a  standard,  low  cost,  8-pin 
mini-DIP. 

4.  A  low  quiescent  supply  current  of  700  p.A  minimizes  any 
thermal  effects  which  might  degrade  input  bias  current  and 
input  offset  voltage  specifications. 


•Covered  by  Patent  No.  4,639,683 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


(@  +25°C  and  ±15  V  dc,  unless  otherwise  noted) 


Model 


Conditions 


AD546J 
Min     Typ  Max 


AD546K 
Min     Typ  Max 


INPUT  BIAS  CURRENT1 


Either  Input 

^CM  — 

0  V 

Either  Input 

VCM  = 

±10  V 

Either  Input 

@Tmsx 

VCM  = 

0  V 

Either  Input 

VCM  = 

±10  V 

Offset  Current 

VCM  = 

0  V 

Offset  Current 
@Tm,x 

VCM  = 

0  V 

0.2 
0.2 

40 
40 
0.17 

13 


0.2 
0.2 

20 
20 
0.09 


INPUT  OFFSET  VOLTAGE2 
Initial  Offset 
Offset  @  Tmax 
vs.  Temp, 
vs.  Supply 
vs.  Supply 
Long  Term  Stability 


T  -T 


20 


20 


2 

3 

100 

100 


20 


20 


1 

2 

100 

100 


INPUT  VOLTAGE  NOISE 


f  =  0.1  Hz  to  10  Hz 
f  =  10  Hz 
f=  100  Hz 
f  =  1  kHz 
f  =  10  kHz 


4 

90 
60 

35 
35 


4 

90 

60 

35 

35 


INPUT  CURRENT  NOISE 


f  =  0.1  Hz  to  10  Hz 
f  =  1  kHz 


1.3 
0.4 


1.3 

 —  


INPUT  IMPEDANCE 
Differential 
Common  Mode 


VDIFF=  ±1  V 
VCM=  ±10  V 


1013||1 
1015||0.8 


10'3||1 
1015||0.8 


OPEN  LOOP  GAIN 
T  -T 

min  max 

T  -T 

A  min     1  max 


V0  =  ±10  V 

Rload  =  10  Ml 
VQ=  ±10  V 
Rload  =  10  kfi 
V0  =  ±10  V 
Rload  =  2  kfi 
V0  =  ±10  V 
Rload  =  2  kfi 


300  1000 

300  800 

100  250 

80  200 


300  1000 
800 


300 
100  250 
80  200 


INPUT  VOLTAGE  RANGE 
Differential3 
Common-Mode  Voltage 
Common-Mode 
Rejection  Ratio 


±20 

—  10  +10 


t20 


Vcm=  ±10  V 
Tmin  to  Tmav 


80 

76 


90 
80 


-10 

84 

76 


100 
80 


+10 


OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Load  Capacitance 
Stability 


Rload  =  10  kfi 
Rload  ~  2  kfi 
Short  Circuit 


Gain  =  +1 


-12 
-10 


15 


20 

4000 


+  12 
+10 

35 


-12 
-10 

15  20 
4000 


+  12 
+10 

35 
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AD546J 
Min     Typ  Max 

inua 

Model 

Conditions 

Min 

Typ  Max 

Units 

FREQUENCY  RESPONSE 
Gain  BW,  Small  Signal 
Full  Power  Response 
Slew  Rate,  Unity  Gain 
Settling  Time 

Overload  Recovery 

 _  _ 

,  

G  =  -1 

V0  =  20  V  p-p 

G  =  — 1 

to  0.1% 

to  0.01% 

50%  Overdrive 

Gain  =  -1 

0.7  1.0 
50 

2  3 
4.5 
5 

2 

0.7 
2 

1.0 
50 
3 

4.5 

c 

j 

2 

MHz 
kHz 

V/u.s 
lis 

|1S 

lis 

POWER  SUPPLY 
Rated  Performance 

±15 

±15 

V 

Operating  Range 
Quiescent  Current 
Transistor  Count 

#  of  Transistors 

±5  ±18 

0.60  0.7 
50 

±5 

±18 

0.60  0.7 
50 

V 
mA 

PACKAGE  OPTIONS" 
Plastic  Mini-DIP  (N-8) 

AD546JN 

AD546KN 

NOTES 

'Bias  current  specifications  are  guaranteed  maximum,  at  either  input,  after  5  minutes  of  operation  at  TA  =  +25°C.  Bias  current  increases  by  a  factor  of  2.3  for 
every  10°C  rise  in  temperature. 

2Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 
'Defined  as  max  continuous  voltage  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 
4For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Internal  Power  Dissipation    500  mW 

Input  Voltage2   ±18V 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range   -65°C  to  +125°C 

Operating  Temperature  Range  0  to  +70°C 

Lead  Temperature  Range 

(Soldering  60  seconds)    300°C 

NOTES 


'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

'For  supply  voltages  less  than  ±  18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


ESD  PRECAUTIONS 

Charges  as  high  as  4000  V  readily  accumulate  on  the  human 
body  and  test  equipment  and  discharge  without  detection. 
Therefore,  reasonable  ESD  precautions  are  recommended  to 
avoid  functional  damage  or  performance  degradation.  Unused 
devices  should  be  stored  in  conductive  foam  or  shunts,  and  the 
foam  should  be  discharged  to  the  destination  socket  before 
devices  are  removed.  For  further  information  on  ESD  precau- 
tions, refer  to  Analog  Devices'  ESD  Prevention  Manual. 

■ 
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Precision,  Low  Power 
BiFET  Op  Amp 


AD548 


TL061 


FEATURES 

Enhanced  Replacement  for  LF441 
DC  Performance: 

200|xA  max  Quiescent  Current 

lOpA  max  Bias  Current,  Warmed  Up  (AD548C) 

250uV  max  Offset  Voltage  (AD548C) 

2|iiV/°C  max  Drift  (AD548C) 

2llV  p-p  Noise,  0.1  to  10Hz 
AC  Performance: 

1.8V/|xs  Slew  Rate 

1MHz  Unity  Gain  Bandwidth 
Available  in  Plastic,  Hermetic  Cerdip  and  Hermetic 

Metal  Can  Packages  and  in  Chip  Form 
Available  in  Tape  and  Reel  in  Accordance  with 

EIA-481A  Standard 
MIL-STD-883B  Parts  Available 
Dual  Version  Available:  AD648 
Surface  Mount  (SOIC)  Package  Available 

PRODUCT  DESCRIPTION 

The  AD548  is  a  low  power,  precision  monolithic  operational 
amplifier.  It  offers  both  low  bias  current  (lOpA  max,  warmed 
up)  and  low  quiescent  current  (200uA  max)  and  is  fabricated 
with  ion-implanted  FET  and  laser  wafer  triniming  technologies. 
Input  bias  current  is  guaranteed  over  the  AD548's  entire  common- 
mode  voltage  range. 

The  economical  J  grade  has  a  maximum  guaranteed  input  offset 
voltage  of  less  than  2mV  and  an  input  offset  voltage  drift  of  less 
than  20u.V/°C.  The  C  grade  reduces  input  offset  voltage  to  less 
than  0.25mV  and  offset  voltage  drift  to  less  than  2u.V/°C.  This 
level  of  dc  precision  is  achieved  utilizing  Analog's  laser  wafer 
drift  trimming  process.  The  combination  of  low  quiescent  current 
and  low  offset  voltage  drift  minimizes  changes  in  input  offset 
voltage  due  to  self-heating  effects.  Four  additional  grades  are 
offered  over  the  commercial,  industrial  and  military  temperature 
ranges. 

The  AD548  is  recommended  for  any  dual  supply  op  amp  appli- 
cation requiring  low  power  and  excellent  dc  and  ac  performance. 
In  applications  such  as  battery-powered,  precision  instrument 
front  ends  and  CMOS  DAC  buffers,  the  AD548's  excellent 
combination  of  low  input  offset  voltage  and  drift,  low  bias  current 
and  low  1/f  noise  reduces  output  errors.  High  common-mode 
rejection  (86dB,  min  on  the  "C"  grade)  and  high  open-loop  gain 
ensures  better  than  12-bit  linearity  in  high  impedance,  buffer 


CONNECTION  DIAGRAMS 


Plastic  Mini-DIP  (N)  Package, 
Cerdip  (Q)  Package 
and 

SOIC  (R)  Package 


TO-99 
(H)  Package 


The  AD548  is  pinned  out  in  a  standard  op  amp  configuration 
and  is  available  in  six  performance  grades.  The  AD548J  and 


OFFSET  NULL  [T 

T|  NC 

INVERTING  pT 
INPUT  LI 

T|  v+ 

N  ON  INVERTING  fT 
INPUT  LI 

T]  OUTPUT 

v-[7 

AD548 

rT~|  OFFSET 
_U  NULL 

NOTE:  PIN  4  CONNECTED  TO  CASE 


_  10kll  _ 
0  V^— © 


TOP  VIEW 


AD548K  are  rated  over  the  commercial  temperature  range  of  0 
to  +70°C.  The  AD548A,  AD548B  and  AD548C  are  rated  over 
the  industrial  temperature  range  of  -40°C  to  +85°C.  The 
AD548S  is  rated  over  the  military  temperature  range  of  -  55°C 
to  +  125°C  and  is  available  processed  to  MIL-STD-883B, 
Rev.  C. 

The  AD548  is  available  in  an  8-pin  plastic  mini-DIP,  cerdip, 
TO-99  metal  can,  surface  mount  (SOIC),  or  in  chip  form. 


PRODUCT  HIGHLIGHTS 

1.  A  combination  of  low  supply  current,  excellent  dc  and  ac 
performance  and  low  drift  makes  the  AD548  the  ideal  op 
amp  for  high-performance,  low-power  applications. 

2.  The  AD548  is  pin  compatible  with  industry  standard  op 
amps  such  as  the  LF441,  TL061,  and  AD542,  enabling 
designers  to  improve  performance  while  achieving  a  reduction 
in  power  dissipation  of  up  to  85%. 

3.  Guaranteed  low  input  offset  voltage  (2mV  max)  and  drift 
(20u.V/°C  max)  for  the  AD548J  are  achieved  utilizing  Analog 
Devices'  laser  drift  trimming  technology,  eliminating  the 
need  for  external  trimming. 

4.  Analog  Devices  specifies  each  device  in  the  warmed-up  con- 
dition, insuring  that  the  device  will  meet  its  published  specifica- 
tions in  actual  use. 

5.  A  dual  version,  the  AD648  is  also  available. 

6.  Enhanced  replacement  for  LF441  and  TL061. 

- 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  vi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-4 
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iHrui  urraci  vui-irtuc 
Initial  Offset 

Tmin  10  Tnm 

vs.  Temp, 
vs.  Supply 

vs.  Supply,  Tmin  to 
Long-Term  Offset  Stability 


0.75 


2.0 

3.0/3.0/3.0 
20 


80 

76776/76 


0.5 

0.7/0.8 
5 


0.10 


0.25 
0.4 
2.0 


86 
80 


INPUT  BIAS  CURRENT 
Ether  Input2,  Vcm  =  0 
Ether  Input2  at  T„„,  Vcm  =  0 
Max  Input  Bias  Current  Over 

Common-Mode  Voltage  Range 
Offset  Current,       =  0 
Offset  Current  at  T„„ 


iANCE 


5  20 

0.45/1.3/20 

30 

5  10 

0.25/0.65/10 


10 

0.25/0.65 

15 

5 

0.15/0.35 


10 

0.65 

15 
5 

0.35 


INPUT  IMPED. 
Differential 
Common  Mode 


1  x  1012||3 
3xl012||3 


1  x  10l2||3 
3X  10,2||3 


1  x  1012||3 
3  x  10'2||3 


INPUT  VOLTAGE  RANGE 


li  Mode 
Common-Mode  Rejection 
Vcm=±10V 

Tni.toT^ 
Vcm=±11V 
T„tatoT„„ 


±11 
76 

76/76/76 
70 

70/70/70 


,20 
±12 


90 
90 
84 
84 


±12 

92 
92 
86 
86 


±11 

86 
86 
76 
76 


90 
90 


INPUT  VOLTAGE  NOISE 
Voltage  0.1Hz  to  10Hz 
f=10Hz 
f=100Hz 
f=lkHz 
f-  10kHz 


2 

80 
40 
30 
30 


2  4.0 
80 

40  40 
30  30 
30  30 


INPUT  CURRENT  NOISE 
f=lkHz 


1.8 


1.8 


1.8 


FREQUENCY  RESPONSE 
Unity  Gain,  Small  Signal 
Full  Power  Response 
Slew  Rate,  Unity  Gain 
Settling  Time  to  ±0.01% 


0.8 
1.0 


1.0 
30 
1.8 
8 


0.8 
1.0 


1.0 
30 
1.8 
8 


0.8 
1.0 


1.0 
30 
1.8 
8 







1000 

700 

500 


OPEN  LOOP  GAIN 
V0=  ±10V,RLal0kn 
T„i,  to  T„„,  RLa  lOkfl 
Vo=±10V,Ri&51cn 
T^toT^.RLaSkfl 


300  1000 

300/300/300  700 

150  500 

150/150/150  300 


300 
300 
150 
150 


300 
300 
150 
150 


1000 
700 
500 
300 


OUTPUT  CHARACTERISTICS 
Voltage@RL2l0kn, 

TnuntoTnaj, 

Voltage®  RLa5kfl, 

T^toT^ 
Short  Circuit  Current 


±12  ±13 
±12/±12/±  12 
±11  ±12.3 
±ll/±ll/±  11 

15 


±12 
±12 
±11 
±11 


±13 

±12.3 

15 


±12 
±12 
±11 
±11 


±1i  .  .  • 
±12.3 

15 


POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 


±4.5 


±18 
200 


±15 

±  4.5  ±  18 

170  200 


±4.5  ±18 
170  200 


V 

oatfOqiic  itl 


TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +  70°C) 
Industrial  ( -  40°C  to  +  85°C) 
Military  ( -  55°C  to  +  125°C) 


AD548J 
AD548A 
AD548S 


AD548K 
AD548B 


AD548C 


PACKAGE  OPTIONS4 
Plastic  (N-8) 
Cerdip(Q-8) 
Metal  Can  (H -08  A) 
SOIC(R-8) 
Tape  and  Reel 
Chips  Available 


AD548JN 
AD548AQ 

AD548AH,  AD548SH 
AD548AR,AD548JR 
AD548AR-REEL,  AD548JR-REEL 
AD548J  CHIPS 


AD548KN 
AD548BQ 
AD548BH 
AD548BR 
AD548BR-REEL 


AD548CQ 
AD548CH 


NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of 
operation  at  TA  ■  +  25°C. 

2Bias  Current  specifications  are  guaranteed  ma*imiin,  at  either  input  after 
5  minutes  of  operation  at  TA  =  +  25°C.  For  higher  temperature,  the 
current  doubles  every  10"C. 


 n  see  Package  Information  section. 

is  subject  to  cnange  witnout  nonce. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18V 

Internal  Power  Dissipation2    500mW 

Input  Voltage3  ±  18V 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage   +Vsand-Vs 

Storage  Temperature  Range  (Q,  H)  -65°C  to  +  150°C 

(N,R)  -65°Cto  +125°C 

Operating  Temperature  Range 

AD548J/K   0to+70°C 

AD548A/B/C   -40°Cto+85°C 

AD548S  -55°Cto  +125°C 

Lead  Temperature  Range  (Soldering  60sec)   300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
damage  to  the  device.  This  is  a  stress  rating  only  and 
.  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 
2Thermal  Characteristics 

8-Pin  SOIC  Package:  8,A  =  160°C/W,  8IC  =  42°C/W 
8-Pin  Plastic  Package:  8JA  =  90°C/W 
8-Pin  Cerdip  Package:  9,c  =  22°C/W,  8jA  =  1 WC/W 
8-Pin  Metal  Can  Package:  8IC  =  6S°C/W,  8JA  =  1 50°C/W 
3For  supply  voltages  less  than  ±  18V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage . 


AD548 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still  occur 
on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 


WARNING! 
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ANALOG 
DEVICES 


Ultralow  Input  Bias  Current 
Operational  Amplifier 


- 


AD549' 


FEATURES 
Ultralow  Bias  Current:  60  f A  max  (AD549L) 

250  f A  max  (AD549J) 
Input  Bias  Current  Guaranteed  Over  Common-Mode 

Voltage  Range 
Low  Offset  Voltage:  0.25  mV  max  (AD549K) 
1.00  mV  max  (AD549J) 
Low  Offset  Drift:  5  p.V/°C  max  (AD549K) 
f  20  fiV/°C  max  (AD549J) 

Low  Power:  700  uA  max  Supply  Current 
Low  Input  Voltage  Noise:  4  uV  p-p  0.1  to  10  Hz 
MIL-STD-883B  Parts  Available 


APPLICATIONS 
Electrometer  Amplifiers 
Photodiode  Preamp 
pH  Electrode  Buffer 
Vacuum  ion  Gage  Measurement 


PRODUCT  DESCRIPTION 

The  AD549  is  a  monolithic  electrometer  operational  amplifier 
with  very  low  input  bias  current.  Input  offset  voltage  and  input 
offset  voltage  drift  are  laser  trimmed  for  precision  performance. 
The  AD549's  ultralow  input  current  is  achieved  with  "Topgate" 
JFET  technology,  a  process  development  exclusive  to  Analog 
Devices.  This  technology  allows  the  fabrication  of  extremely  low 
input  current  JFETs  compatible  with  a  standard  junction- 
isolated  bipolar  process.  The  1015  CI  common-mode  impedance, 
a  result  of  the  bootstrapped  input  stage,  insures  that  the  input 
current  is  essentially  independent  of  common-mode  voltage. 

The  AD549  is  suited  for  applications  requiring  very  low  input 
current  and  low  input  offset  voltage.  It  excels  as  a  preamp  for  a 
wide  variety  of  current  output  transducers  such  as  photodiodes, 
photomultiplier  tubes,  or  oxygen  sensors.  The  AD549  can  also 
be  used  as  a  precision  integrator  or  low  droop  sample  and  hold. 
The  AD549  is  pin  compatible  with  standard  FET  and  electrom- 
eter op  amps,  allowing  designers  to  upgrade  the  performance  of 
present  systems  at  little  additional  cost. 

The  AD549  is  available  in  a  TO-99  hermetic  package.  The  case 
is  connected  to  Pin  8  so  that  the  metal  case  can  be  independently 
connected  to  a  point  at  the  same  potential  as  the  input  termi- 
nals, minimizing  stray  leakage  to  the  case. 

The  AD549  is  available  in  four  performance  grades.  The  J,  K, 
and  L  versions  are  rated  over  the  commercial  temperature  range 


CONNECTION  DIAGRAM 
GUARD  PIN.  CONNECTED  TO  CASE 


INVERTING  (2 
INPUT 


NONINVERTING  13 
INPUT 


6  )  OUTPUT 


5  )  OFFSET  NULL 


man 

©  -Wv— 0 

I — (?) 


{4) -15V 


Vos  TRIM 


0  to  +70°C.  The  S  grade  is  specified  over  the  military  tempera- 
ture range  of  -55°C  to  +  125°C  and  is  available  processed  to 
MIL-STD-883B,  Rev  C.  Extended  reliability  PLUS  screening  is 
also  available.  PLUS  screening  includes  168-hour  burn-in,  as 
well  as  other  environmental  and  physical  tests  derived  from 
MIL-STD-883B,  Rev  C. 

PRODUCT  HIGHLIGHTS 

1.  The  AD549's  input  currents  are  specified,  100%  tested  and 
guaranteed  after  the  device  is  warmed  up.  Input  current  is 
guaranteed  over  the  entire  common-mode  input  voltage 


2.  The  AD549's  input  offset  voltage  and  drift  are  laser  trimmed 
to  0.25  mV  and  5  oWC  (AD549K),  1  mV  and  20  u.V/°C 
(AD549J). 

3.  A  maximum  quiescent  supply  current  of  700  uA  minimizes 
heating  effects  on  input  current  and  offset  voltage. 

4.  AC  specifications  include  1  MHz  unity  gain  bandwidth  and 
3  V/(jls  slew  rate.  Settling  time  for  a  10  V  input  step  is  5  (is 
to  0.01%. 

5.  The  AD549  is  an  improved  replacement  for  the  AD515, 
OPA104,  and  3528. 


No.  4,639,683. 


■ 
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+25°C  and  Vs  =  +15  V  dc,  unless  otherwise  noted) 


Model 

AD549J 

AD549K 

AD549L 

AD549S 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unite 

INPUT  BIAS  CURRENT1 

Either  Input,  Voj  =  0  V 

150 

250 

75 

100 

40 

60 

75 

100 

fA 

Either  Input,  Vru  =  ±  10  V 

150 

250 

75 

100 

40 

60 

75 

100 

fA 

Either  Input  at  T^, 

V™  =  0V 
Offset  Current 

11 

50 

4.2 
30 

2.8 
20 

420 

30 

pA 
fA 

Offset  Current  at  T^ 

2.2 

1.3 

n  ss 

125 

pA 

INPUT  OFFSET  VOLTAGE2 
Initial  Offset 

U.J 

i  n 

l.U 

fl  1\ 

U.  1 J 

n  75 

0.3 

0.5 

n  \ 

U.3 

mV 

Offset  at  T„ 

1.9 

0.4 

0.9 

2.0 

mV 

vs.  Temperature 
vs.  Supply 

vs.  Supply,  T,™,  to  T^ 
Long-Term  Offset  Stability 

in 

1U 

32 
32 
15 

100 
100 

I 

10 
10 
15 

c 
3 

32 
32 

5 
10 
10 
15 

10 

32 
32 

in 
10 
32 
15 

ic 
13 

32 
50 

|iV/°C 
u-V/V 
U.V/V 
u.V/Month 

INPUT  VOLTAGE  NOISE 

f  =  0.1  Hz  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f  =  1  kHz 

4 
90 

4 
90 

6 

4 
90 

4 
90 

u.Vp-p_ 
nV/VHz 

60 
35 

60 
35 

60 
35 

60 
35 

nV/VHz 
nV/VHz 

f  =  10  kHz 

35 

35 

35 

35 

nV/VHz 

INPUT  CURRENT  NOISE 

f  =  0.1  Hz  to  10  Hz 

0.7 

0.5 

0.36 

0.5 

f A  rms 

f  =  1  kHz 

0.22 

0.16 

0.11 

0.16 

fA/VHz 

INPUT  IMPEDANCE 

Differential 

Vdiff  =  ±1 
Common  Mode 
VCM=  ±10 

infill 
1U  ||1 

10"||0.8 

1U  ||1 

1015||0.8 

IV  ||1 

10"||0.8 

1U  ||1 
10"||0.8 

nilpF 
mipF 

OPEN-LOOP  GAIN 

VQ(a  ±10  V,  RL  =  10  k 

300 

1000 

300 

1000 

300 

1000 

300 

1000 

V/mV 

VQ(a  ±  10  V,  RL  =  10  k, 

Tmll,  to  Tm> 

300 

800 

300 

800 

300 

800 

300 

800 

V/mV 

V0  =  ±  10  V,  RL  =  2  k 

100 

250 

100 

250 

100 

250 

100 

250 

V/mV 

V0  =  ±10  V,  RL  =  2  k, 

Tmin  to  T„ 

80 

200 

80 

200 

80 

200 

25 

150 

V/mV 

INPUT  VOLTAGE  RANGE 

Differential3 

±20 

±20 

±20 

±20 

V 

Common-Mode  Voltage 

-10 

+10 

-10 

+  1U 

-10 

+  10 

+  1U 

V 

Common-Mode  Rejection  Ratio 

V  =  +10  V,  -10  V 

80 

90 

100 

90 

100 

90 

100 

dB 

Tmi„  to  T^ 

76 

80 

80 

90 

80 

90 

SO 

90 

dB 

OUTPUT  CHARACTERISTICS 

Voltage  (a  RL  =  10  k, 
Tm,„  to  Tm 

-12 

+  12 

—12 

+  12 

-12 

+  12 

—1? 

in 

■TIL 

V 

Voltage  (a  RL  =  2  k, 

Tmm  t0  Tm.x 

-10 

+  10 

—in 

+  10 

-10 

+10 

in 
-ill 

.1(1 
+  10 

V 

Short  Circuit  Current 

15 

20 

35 

15 

20 

35 

15 

20 

35 

15 

20 

mA 

Tmin  tO  T„„ 

9 

9 

9 

6 

mA 

Load  Capacitance  Stability 
G  =  +1 

4000 

4000 

4000 

4000 

pF 

FREQUENCY  RESPONSE 

Unity  Gain,  Small  Signal 

0.7 

1.0 

0.7 

1.0 

0.7 

1.0 

0.7 

1.0 

MHz 

Full  Power  Response 

50 

50 

50 

50 

kHz 

otew  Kate 

2 

3 

2 

3 

2 

3 

2 

3 

V/|is 

Settling  Time,  0.1% 

4.5 

4.5 

4.5 

4.5 

lis 

0.01% 
Overload  Recovery, 
50%  Overdrive,  G  =  - 1 

5 
2 

i. 000  iii  da 
2 

5 
2 

5 
2 

|1S 

lis 
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Model 

AD549J 

AD549K 

AD549L 

AD549S 

Min    Typ  Max 

Min    Typ  Max 

Min    Typ  Max 

Min        Typ  Max 

Units 

POWER  SUPPLY 

Rated  Performance 
Operating 
Quiescent  Current 

±15 

±5  ±18 
0.60  0.70 

±15 

±5  ±18 
0.60  0.70 

±15 

±5  ±18 
0.60  0.70 

±15 

±5  ±18 
0.60  0.70 

V 

mA 

TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Storage 

0  +70 
-65  +150 

0  +70 
-65  +150 

0  +70 
-65  +150 

-55  +125 
-65  +150 

°C 
°C 

PACKAGE  OPTION4 
TO-99  (H-08A) 
Chips 

AD549JH 
AD549JChips 

AD549KH 

AD549LH 

AD549SH,  AD549SH/883B 

NOTES 

'Bias  current  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C.  Bias  current  increases  by  a  factor  of  2.3  for  every  10°C  rise  in 
temperature. 

2Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

'Defined  as  max  continuous  voltage  between  the  inputs  such  that  neither  input  exceeds  ±  10  V  from  ground. 

4For  outline  information  see  Package  Information  section. 

s  in  boldface 

used  to  calculate  outgoing  quality  levels. 


Specifications  subject  to  change  without  notice. 
All  min  and  max  specifications  are  guaranteed.  Specifications  in  1 


are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Internal  Power  Dissipation    500  mW 

Input  Voltage   +18  V2 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (H)   .  -65°C  to  +150°C 

Operating  Temperature  Range 

AD549J,  K,  L  0  to  +  70°C 

AD549S  -55°Cto  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +  300°C 


>X>1  an  I 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2For  supply  voltages  less  than  ±18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 
Contact  factory  for  latest  dimensions. 

 0.06  12.061  


OFFSET  NULL 


INVERTING  2 
INPUT 


NONINVERT1NG  3- 
INPUT 


0.075 
(1.905) 

•yu:  * 


J- 


CAUTION:  

ESD  (electrostatic  discharge)  sensitive  device.  Charges  as  high  as  4000  V  readily  accumulate  on 
the  human  body  and  test  equipment  and  discharge  without  detection.  Therefore,  reasonable  ESD 
precautions  are  recommended  to  avoid  functional  damage  or  performance  degradation.  Unused 
devices  should  be  stored  in  conductive  foam  or  shunts,  and  the  foam  should  be  discharged  to  the 
destination  socket  before  devices  are  removed.  For  further  information  on  ESD  precautions,  refer 
to  Analog  Devices'  ESD  Prevention  Manual. 
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ANALOG 
DEVICES 


it  •\t 


Dual,  Low  Cost,  Precision 
BiFET  Operational  Amplifiers 


AD642/AD644/AD647 




FEATURES 

Matched  Offset  Voltage 
Matched  Offset  Voltage  over  Temperature 
Matched  Bias  Current 
Crosstalk:  -124  dB  @  1  kHz 
Low  Bias  Current:  35  pA  max  (Warmed  Up) 
Low  Offset  Voltage:  250  uV  max  (AD647L) 
Low  Input  Voltage  Noise:  2.0  uV  p-p 
High  Slew  Rate:  13  V/us  (AD644) 
Low  Quiescent  Current 

Low  Total  Harmonic  Distortion  (0.001 5%-AD644) 
Standard  Dual  Amplifier  Pin-out 
MIL-STD-883B  Versions  Available 
Single  Versions  Offered:  AD542,  AD544,  AD547 





CTION  DIAGRAMS 


OUTPUT 


BMP"9 


NONINVERTING 
INPUT 


NOTE:  -V 
PIN  4  CONNECTED  TO  CASE 


PRODUCT  DESCRIPTION 

The  AD642/AD644/AD647  series  of  precision,  monolithic 
FET-input  op  amps  are  pairs  of  matched,  high  speed,  BiFET  op 
amps  fabricated  with  the  most  advanced  BiFET  and  laser  trim- 
ming technologies.  The  AD642,  AD644,  AD647  series  offers 
matched  bias  currents  significantly  lower  than  currently  avail- 
able dual,  BiFET  devices,  35  pA  max.,  warmed  up.  In  addition, 
the  offset  voltage  is  laser  trimmed  to  less  than  0.25  mV  on  the 
AD647L,  using  Analog  Devices'  laser  wafer  trimming  (LWT) 
process. 

This  product  series  achieves  tight  matching  and  temperature 
tracking  between  the  amplifiers  by  using  the  most  advanced  ion- 
implantation  and  laser  wafer  drift  trimming  technologies.  Ion- 
implantation  permits  the  fabrication  of  precision,  matched 
JFETs  on  a  monolithic  bipolar  chip.  This  process  optimizes  the 
ability  to  produce  matched  amplifiers  which  have  lower  initial 
bias  currents  than  other  popular  BiFET  amplifiers.  Laser  wafer 
trimming  each  amplifier's  input  offset  voltage  ensures  tight  ini- 
tial match,  and  combined  with  superior  wafer  processing  guar- 
antees offset  tracking  over  the  temperature  range. 

The  AD642,  AD644  and  AD647  are  recommended  for  applica- 
tions requiring  excellent  ac  and  dc  performance.  The  matched 
amplifiers  provide  a  low  cost  solution  for  true  instrumentation 
amplifiers,  low  drift  active  filters,  log  ratio  amplifiers,  and  out- 
put amplifiers  for  four  quadrant  multiplying  D/A  converters, 
such  as  the  AD7541,  12-bit  CMOS  DAC. 

Devices  in  this  series  are  available  in  four  grades:  the  "J,"  "K," 
and  "L"  grades  are  specified  over  the  0°C  to  +70°C  temperature 
range  and  the  "S"  grade  over  the  -55°C  to  +125°C  operating 
temperature  range.  All  devices  are  offered  in  the  hermetically 
sealed,  TO-99  metal  can  package.  In  addition,  the  AD647  is 
also  offered  in  a  20-pin,  hermetic,  surface  mount  LCC  package. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


NC  4 
INVERTING  - 
INPUT 
NC  6 

NONINVERTING  , 
INPUT  * 
NC  8 


15  INVERTING 
INPUT 


»>£I- 


NC  •  NO  CONNECT  z 


PRODUCT  HIGHLIGHTS 

1 .  Tight  matching  specifications  ensure  high  performance  and 
eliminate  the  need  to  match  individual  devices. 

2.  Analog  Devices,  unlike  some  manufacturers,  specifies  each 
device  for  the  maximum  bias  current  at  either  input  in  the 
warmed-up  condition,  thus  assuring  the  user  that  the  device 
will  meet  its  published  specifications  in  actual  use. 

3.  Advanced  laser  wafer  trimming  techniques  reduce  offset 
voltage  to  only  0.25  mV  max  and  matched  side  to  side  to 
0.25  mV  (AD647L),  thus  eliminating  the  need  for  external 
nulling. 

4.  Low  voltage  noise  (2  nV  p-p)  and  high  open-loop  gain 
enhance  performance  as  a  precision  op  amp. 

5.  High  slew  rate  (13  V/jis)  and  fast  settling  time  to  0.01% 
(3.0  us)  make  the  AD644  ideal  for  D/A,  A/D,  sample-hold 
circuits  and  high  speed  integrators. 

6.  Low  harmonic  distortion  (0.0015%)  and  low  crosstalk 
(-124  dB)  make  the  AD644  an  ideal  choice  in  stereo  audio 
applications 

7.  Bare  die  are  availab  e  for  use  in  hybrid  circuit  applications. 
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j.^<»Jjiy»i»e.fl».'e  -  -  •  mm 

—  

ABM 

■  mm  mm 

m  ■  mm  m  ■  mm 

VOuT  =  ±10V,RL=2kn 

100 

30 

V/mV 

J  Grade 

100 

K,  L,  S  Grades 

250 

50 

250 

V/mV 

TA  =  TminW  Tmax.  Rl  =  2  k£2 

J  Grade 

100 

20 

100 

V/mV 

K,  L  Grades 

250 

40 

250 

V/mV 

S  Grade 

100 

20 

100 

V/mV 

OUTPUT  CHARACTERISTICS 

RL  =  2k£2 

Ta  =  Tmin  to  Tmax 

±10 

±12 

+10  ±12 

+10 

+  12 

RL  =  10  k£) 

Ta    Tmin  to  Tmax 

+12 

±13 

±12  ±13 

±12 

±13 

V 

Short  Circuit  Current 

25 

25 

25 

n  ]  A 

FREQUENCY  RESPONSE 

2.0 

1.0 

Unity  Gain,  Small  Signal 

1.0 

MHz 

Full  Power  Response 

50 

200 

50 

kHz 

Slew  Rate,  Unity  Gain 

2.0 

3.0 

8.0  13.0 

2.0 

3.0 

V/us 

Total  T-Tarmnnir  l~)i^tnrtinn 

0.0015 

% 

INPUT  OFFSET  VOLTAGE1 

Initial  Offset 

J  Grade 

2.0 

2.0 

1.0 

mV 

K  Grade 

1.0 

1.0 

0.5 

mV 

L  Grade 

0.5 

0.5 

0.25 

mV 

S  Grade 

1.0 

1.0 

0.5 

mV 

Input  Offset  Voltage,  Tmin  to  Tmax 

J  Grade 

3.5 

3.5 

1.5 

mV 

K  Grade 

2.0 

2.0 

1.0 

mV 

L  Grade 

1.0 

1.0 

0.5 

mV 

S  Grade 

3.5 

3.5 

1.5 

mV 

vs.  Supply,  TA  =  Tmin  to  Tmax 

J  Grade 

200 

200 

200 

pV/V 

K,  L,  S  Grades 

100 

100 

100 

uV/V 

INPUT  BIAS  CURRENT2 

Either  Input 

i 

J  Grade 

10 

75 

10 

75 

10 

75 

PA 

K,  L,  S  Grades 

10 

35 

10 

?5 

10 

35 

pA 

Input  Offset  Current 
J  Grade 

« 

10 

j 

nA 

pn 

K  L  S  Grades 

2 

5 

2 

nA 

MATCHING  CHARACTERISTICS3 

Input  Offset  Voltage 

J  Grade 

1.0 

1.0 

1.0 

mV 

K  Grade 

0.5 

0.5 

0.5 

mV 

L  Grade 

0.25 

0.25 

0.25 

mV 

S  Grade 

0.5 

0.5 

0.5 

mV 

Input  Offset  Voltage,  Tmin  to  Tmax 

J  Grade 

3.5 

3.5 

1.5 

mV 

K  Grade 

2.0 

2.0 

1.0 

mV 

L  Grade 

1.0 

1.0 

0.5 

mV 

S  Grade 

3.5 

3.5 

1.5 

mV 

Input  Bias  Current 

J,  S  Grades 
K,  L  Grades 

35 
25 

35 
25 

35 
25 

PA 
pA 

Crosstalk 

-124 

-124 

-124 

dB 
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Differential 
Common  Mode 


1012||6 
1012l|6 


1012||6 
1012||3 


10l2||6 
1012||6 


n||pF 


INPUT  VOLTAGE  RANGE 
Differential4 
Common  Mode 
Common  Mode  Rejection 

J  Grade 

K,  L,  S  Grades 


±20 


±10 


76 
80 


±10 

76 
80 


±20 
±12 


±20 

±10  ±12 

76 
80 


V 
V 

dB 
dB 


POWER  SUPPLY 
Rated  Performance 
Operating 
Quiescent  Current 


±15 


±5 


±18 
2.8 


±5 


±15 
3-5 


±15 


±18 
4.5 


±5 


±18 
2.8 


V 
V 

mA 


VOLTAGE  NOISE 
0.1  Hz  to  10  Hz 

J  Grade 

K,  L,  S  Grades 
10  Hz 
100  Hz 
1  kHz 
10  kHz 


2.0 
2.0 
70 
45 
30 
25 


2.0 
2.0 
35 
22 
18 
16 


2.0 

70 
45 
30 
25 


4.0 


uVp-p 

uVp-p 

nVA/Hz 

nV/VHz 

nV/VHz 

nVA/Hz 


TEMPERATURE  RANGE 
Operating,  Rated  Performance 

J,  K,  L  Grades 

S  Grade 
Storage 


0  to  +70 
-55  to  +125 
-65  to  +150 


0  to  +70 
-55  to +125 
-65  to  +150 


0  to  +70 
-55  to +125 
-65  to +150 


°C 
°C 
°C 


NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

2Bias  Current  specifications  are  guaranteed  at  either  input  after  5  minutes  of  operation  at  TA  =  +25DC.  For  higher  temperatures,  the  current  doubles  every  10°C.  ■ 

'Matching  is  defined  as  the  difference  between  parameters  of  the  two  amplifiers. 

^Defined  asthemaximumsafe  voltage  between  inputs,  such  that  neither  exceeds  ±  1 0  V  from  ground. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 

ORDERING  GUIDE 


Model 

Package  Description 

Package  Option* 

Model 

Package  Description 

Package  Option* 

AD642JCHIPS 

Bare  Die 

AD647JCHIPS 

Bare  Die 

AD642JH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647JH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD642KH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647KH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD642LH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647LH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD642SH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647SE 

20-Pin  Hermetic  LCC 

E-20A 

AD642SH/883B 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647SE/883B 

20-Pin  Hermetic  LCC 

E-20A 

AD644JH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647SH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD644KH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD647SH/883B 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD644LH 

8-Pin  Hermetic  Metal  Can 

H-08A 

*For  outline  information  see  Package  Information  section. 

AD644SCHIPS 

Bare  Die 

AD644SH 

8-Pin  Hermetic  Metal  Can 

H-08A 

AD644SH/883B 

8-Pin  Hermetic  Metal  Can 

H-08A 
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Low  Noise,  Low  Drift 
FET  Op  Amp 





— 


— 


AD645 




r  Brown 


FEATURES 

Improved  Replacement  for  Burr-I 
OPA-111  and  OPA-121  Op  Amp 

LOW  NOISE 

2  n.V  p-p  max,  0.1  Hz  to  10  Hz 

10  nV/Vfiz  max  at  10  kHz 

11  fA  p-p  Current  Noise  0.1  Hz  to  10  Hz 

HIGH  DC  ACCURACY 
250  |iV  max  Offset  Voltage 
1  |iV/°C  max  Drift 
1.5  pA  max  Input  Bias  Current 
114  dB  Open-Loop  Gain 

Available  in  Plastic  Mini  DIP,  8-Pin  Header  Packages,  or 
Chip  Form 

APPLICATIONS 

Low  Noise  Photodiode  Preamps 
CT  Scanners 
Precision  l-V  ( 


8-Pin  Plastic  Mini-DIP 
(N)  Package 


CONNECTION  DIAGRAMS 

TO-99  (H)  Package 

CASE 


-VS[T  TOP  VIEW 


PRODUCT  DESCRIPTION 

The  AD645  is  a  low  noise,  precision  FET  input  op  amp.  It 
offers  the  pico  amp  level  input  currents  of  a  FET  input  device 
coupled  with  offset  drift  and  input  voltage  noise  comparable  to  a 
high  performance  bipolar  input  amplifier. 

The  AD645  has  been  improved  to  offer  the  lowest  offset  drift  in 
a  FET  op  amp,  1  p.V/°C.  Offset  voltage  drift  is  measured  and 
trimmed  at  wafer  level  for  the  lowest  cost  possible.  An  inher- 
ently low  noise  architecture  and  advanced  manufacturing  tech- 
niques result  in  a  device  with  a  guaranteed  low  input  voltage 
noise  of  2  |o,V  p-p,  0.1  Hz  to  10  Hz.  This  level  of  dc  perfor- 
mance along  with  low  input  currents  make  the  AD645  an  excel- 
lent choice  for  high  impedance  applications  where  stability  is  of 
prime  concern. 


100 

FREQUENCY  -  Hz 


Figure  1.  AD645  Voltage  Noise  Spectral  Density 
vs.  Frequency 


NC  =  NO  CONNECT 


NOTE:  CASE  IS  CONNECTED 
TO  PIN  8 


The  AD645  is  available  in  six  performance  grades.  The  AD645J 
and  AD645K  are  rated  over  the  commercial  temperature  range 
of  0°C  to  +70°C.  The  AD645A,  AD645B,  and  the  ultraprecision 
AD645C  are  rated  over  the  industrial  temperature  range  of 
-40°C  to  85°C.  The  AD645S  is  rated  over  the  military  tempera- 
ture range  of  — 55°C  to  125°C  and  is  available  processed  to 
MIL-STD-883B. 

The  AD645  is  available  in  an  8-pin  plastic  mini-DIP,  8-pin 
header,  or  in  die  form. 

PRODUCT  HIGHLIGHTS 

1.  Guaranteed  and  tested  low  frequency  noise  of  2  (iV  p-p  max 
and  20  nV/VHz  at  100  Hz  makes  the  AD645C  ideal  for  low 
noise  applications  where  a  FET  input  op  amp  is  needed. 

2.  Low  Vos  drift  of  1  u.V/°C  max  makes  the  AD645C  an  excel- 
lent choice  for  applications  requiring  ultimate  stability. 

3.  Low  input  bias  current  and  current  noise  (11  fA  p-p  0.1  Hz 
to  10  Hz)  allow  the  AD645  to  be  used  as  a  high  precision 
preamp  for  current  output  sensors  such  as  photodiodes,  or  as 
a  buffer  for  high  source  impedance  voltage  output  sensors. 


INPUT  OFFSET  VOLTAGE  DRIFT-  \iVl°C 

Figure  2.  Typical  Distribution  of  Average  Input  Offset 
Voltage  Drift  (196  Units) 


This  is  an  abridged  data  sheet.  To  obtain  the 


data  sheet,  call  our  fax  retriev. 


ersio 


l  at  1-800-446-6212. 
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SPECIFICATIONS 


+25°C  and  ±15  V  dc,  unless  otherwise  noted) 


AD645 


Conditions 


AD645J/A 
Min  Typ  Max 


AD645K/B 
Min   Typ  Max 


AD645C 
Min   Typ  Max 


AD645S 
Min  Typ  Max 


INPUT  OFFSET  VOLTAGE1 
Initial  Offset 
Offset 

Drift  (Average) 
vs.  Supply  (PSRR) 
vs.  Supply 


90 


100 
300 
3 

110 
100 


500 

1000 

10/5 


50 

100 

1 

94  110 
90  100 


250 
400 
5/2 


50 

75 

0.5 

110 

100 


250 
300 
1 


100 
500 
4 

110 
95 


500 

1500 

10 


INPUT  BIAS  CURRENT2 
Either  Input 
Either  Input 
@TMAX 
Either  Input 
Offset  Current 
Offset  Current 


VCM  =  0  V 

Vcm  =  0V 
VCM  =  +10  V 
VCM  =  0  V 

Vc„  =  0V 


0.7/1.8  3/5 

16/115 
0.8/1.9 

0.1  1.0 





0.7/1.8  1.5/3 

16/115 
0.8/1.9 
0.1  0.5 

2/6 


1.8 

115 
1.9 
0.1 


0.5 


1.8  5 

1800 
1.9 

0.1  1-1 
100 


INPUT  VOLTAGE  NOISE 





0.1  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f=lkHz  . 
f  =  10  kHz 


1.0 
20 
10 

9 


3.0 
50 
30 
15 
10 


1.0 
20 
10 
9 


2.5 
40 
20 
12 
10 


1  2 

20  40 

10  20 

9  12 

8  10 


1.0  3.3 

20  50 

10  30 

9  15 

8  10 


INPUT  CURRENT  NOISE 


0.1  to  10  Hz 
0.1  thru  20  kHz 


11 

0.6 


20 
1.1 


11 

0.6 


15 
0.8 


II  15 

0.6  0.8 


11 

0.6 


20 
1.1 


FREQUENCY  RESPONSE 
Unity  Gain,  Small  Signal 
Full  Power  Response 

Slew  Rate,  Unity  Gain 


V0  =  20  V  p-p 
RloaD  =  2k(l 
VOUT=  20  V  p-p 
Rload  =  2  kO 


2 

16  32 
1  2 


16  32 
1  2 


16  32 

1  ■  2 


2 

16  32 
1  2 


SETTLING  TIME3 
To  0.1% 
To  0.01% 

Overload  Recovery4 
Total  Harmonic 
Distortion 


50%  Overdrive 
f  =  1  kHz 

RlOAD  —  ^  kfi 

V0  =  3  V  rms 


0.0006 


6 

-J8 
.{5 

0.0006 


6 
8 
5 

0.0006 


6 
8 
5 

0.0006 


INPUT  IMPEDANCE 
Differential 
Common-Mode 


.  =  ±1  V 


ffiffll 
1014||2.2 


1012||1 
1014||2.2 


1012||1 
1014|!2.2 


1012||1 
10I4||2.2 


INPUT  VOLTAGE  RANGE 
Differential5 
Common-Mode  Voltage 
Over  Max  Oper.  Range 
Common-Mode 
Rejection  Ratio 




±20 

tlO  +11,-10.4 
tlO 


±20 

±10  +11,-10.4 
±10 


±20 

±10  +11,-10.4 
±10 


±20 

tlO  +11,-10.4 
tlO 


'cm=  ±10  V 
^min-Tmax 


90 


110 
100 


110 
100 


110 
100 


110 
100 


OPEN-LOOP  GAIN 


V0=  ±10  V 
Rload  a  2  ka 


114  130 


120  130 
114 


120  130 
114 


114  130 
110 


OUTPUT  CHARACTERISTICS 
Voltage 

Current 


Rload  —  2  kfl 
Tmin-Tmax 
VOUT=  ±10  V 
Short  Circuit 


±10 
±10 
±5 


tl5 


±10  ±11 
±10 

±5  ±10 
±15 


tlO  ±11 
tlO 

fcf  ±10 
±15 


blO  ±11 
tlO 

t5  ±10 
±15 


POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 
Transistor  Count 


#  of  Transistors 


±15 


3.0 
62 


±18 

3.5 


3.0 
62 


±18 
3.5 


3.0 
62 


±18 
3.5 


±5 


±15 


3.0 
62 


±18 
3.5 


NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

2Bias  current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C.  For  higher  temperature,  the  current  doubles  every  10°C. 
3Gain=  -l,RLOAD  =  2kO. 

4Defined  as  the  time  required  for  the  amplifier's  output  to  return  to  normal  operation  after  removal  of  a  50%  overload  from  the  amplifier  input. 


:  between  the  inputs  such  that  neither  input  exceeds  ±  10  V  from  ground, 
d. 
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AD645 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2  (@  TA  =  +25°C) 

8-Pin  Header  Package   500  mW 

8-Pin  Mini-DIP  Package   750  mW 

Input  Voltage   ±VS 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  — Vs 

Storage  Temperature  Range  (H)  -65X1  to  +150°C 

Storage  Temperature  Range  (N)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD645J/K  0°C  to  +70°C 

AD645A/B/C   -40°C  to  +85°C 

CAUTION   


AD645S  -55°Cto +125°C 

Lead  Temperature  Range 
(Soldering  60  seconds)    300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Thermal  Characteristics: 

8-Pin  Plastic  Mini-DIP  Package:  8,A  =  100°C/Watt 
8-Pin  Header  Package:  6,A  =  200°C/watt 


ESD  (electrostatic  discharge)  sensitive  device.  Charges  as  high  as  4000  V  readily  accumulate  on 
the  human  body  and  test  equipment  and  discharge  without  detection.  Therefore,  reasonable 
ESD  precautions  are  recommended  to  avoid  functional  damage  or  performance  degradation. 
Unused  devices  should  be  stored  in  conductive  foam  or  shunts,  and  the  foam  should  be  dis- 
charged to  the  destination  socket  before  devices  are  removed.  For  further  information  on  ESD 
precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual.  


WARNING! 


ORDERING  GUIDE 


Temperature 

Package 

Model1 

Range 

Option2 

AD645JN 

0°C  to  +70°C 

N-8 

AD645KN 

0°C  to  +70°C 

N-8 

AD645AH 

-40°C  to  +  85°C 

H-08A 

AD645BH 

-40°C  to  +85°C 

H-08A 

AD645CH 

-40°C  to  +85°C 

H-08A 

AD645SH/883B 

-55°C  to  +125°C 

H-08A 

METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 
Contact  factory  for  latest  dimensions. 

-0.098  (2.49)  


NOTES 

'Chips  are  also  available. 

!N  =  Plastic  mini-DIP;  H  =  Metal  Can.  For  outline 
see  Package  Information  section. 


OFFSET 


Figure  3.  AD64S  Offset  Null  Configuration 


3  MO 
li. 


£2 


-1.0  -04  -0.6  -0.4  -0.2  04    0.2   0.4   0.6    04  1.0 

INPUT  OFFSET  VOLTAGE  -  mV 

Figure  4.  Typical  Distribution  of  Input 
Offset  Voltage  (18S5  Units) 


0.0     0.5      1.0      1.5      2.0     2.5     3.0     34  4.0 

INPUT  BIAS  CURRENT  -  pA 


,JHii. 

1 1 

■ 

0.4     0.6      04       1.0       1-2      1.4  1.6 

INPUT  VOLTAGE  NOISE  -  uV  p-p 


Figure  5.  Typical  Distribution  of  Input  Figure  6.  Typical  Distribution  of  0. 1  Hz  to 
Bias  Current  (576  Units)  10  Hz  Voltage  Noise  (202  Units) 
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n    id  •• 

Dual  Precision, 
Low  Power  BiFET  Op  Amp 


AD648 


FEATURES 

DC  Performance 

400  nA  max  Quiescent  Current 

10  pA  max  Bias  Current,  Warmed  Up  (AD648C) 

300  fiV  max  Offset  Voltage  (AD648C) 

3  |xV/°C  max  Drift  (AD648C) 

2  |xV  p-p  Noise,  0.1  Hz  to  10  Hz 
AC  Performance 

1.8  V/|xs  Slew  Rate 

1  MHz  Unity  Gain  Bandwidth 
Available  in  Plastic  Mini-DIP,  Cerdip,  Plastic  SOIC 

and  Hermetic  Metal  Can  Packages 
MIL-STD-883B  Parts  Available 
Surface  Mount  (SOIC)  Package  Available  in  Tape 

and  Reel  in  Accordance  with  EIA-481A  Standard 
Single  Version:  AD548 


PRODUCT  DESCRIPTION 

The  AD648  is  a  matched  pair  of  low  power,  precision  mono- 
lithic operational  amplifiers.  It  offers  both  low  bias  current 
(10  pA  max,  warmed  up)  and  low  quiescent  current  (400  uA 
max)  and  is  fabricated  with  ion-implanted  FET  and  laser  wafer 
trimming  technologies.  Input  bias  current  is  guaranteed  over  the 
AD648's  entire  common-mode  voltage  range. 

The  economical  J  grade  has  a  maximum  guaranteed  offset  volt- 
age of  less  than  2  mV  and  an  offset  voltage  drift  of  less  than 
20  u,V/°C.  The  C  grade  reduces  offset  voltage  to  less  than 
0.30  mV  and  offset  voltage  drift  to  less  than  3  u.V/°C.  This  level 
of  dc  precision  is  achieved  utilizing  Analog's  laser  wafer  drift 
trimming  process.  The  combination  of  low  quiescent  current 
and  low  offset  voltage  drift  minimizes  changes  in  input  offset 
voltage  due  to  self-heating  effects.  Five  additional  grades  are 
offered  over  the  commercial,  industrial  and  military  temperature 
ranges. 

The  AD648  is  recommended  for  any  dual  supply  op  amp  appli- 
cation requiring  low  power  and  excellent  dc  and  ac  performance. 
In  applications  such  as  battery-powered,  precision  instrument 
front  ends  and  CMOS  DAC  buffers,  the  AD648's  excellent  com- 
bination of  low  input  offset  voltage  and  drift,  low  bias  current 
and  low  1/f  noise  reduces  output  errors.  High  common-mode 
rejection  (86  dB,  min  on  the  "C"  grade)  and  high  open-loop 
gain  ensures  better  than  12-bit  linearity  in  high  impedance, 
buffer  applications. 

The  AD648  is  pinned  out  in  a  standard  dual  op  amp  configura- 
tion and  is  available  in  seven  performance  grades.  The  AD648J 
and  AD648K  are  rated  over  the  commercial  temperature  range 


CONNECTION  DIAGRAMS 


TO-99  (H)  Package 


Plastic  Mini-DIP  (N)  Package, 
Plastic  SOIC  (R)  Package 
and 

Cerdip  (Q)  Package 


AMPLIFIER  2 


of  0  to  +  70°C.  The  AD648A,  AD648B  and  AD648C  are  rated 
over  the  industrial  temperature  range  of  -40°C  to  +85°C.  The 
AD648S  and  AD648T  are  rated  over  the  military  temperature 
range  of  -55°C  to  +125°C  and  are  available  processed  to  MIL- 
STD-883B,  Rev.  C. 

The  AD648  is  available  in  an  8-pin  plastic  mini-DIP,  cerdip, 
SOIC,  TO-99  metal  can,  or  in  chip  form. 

PRODUCT  HIGHLIGHTS 

1 .  A  combination  of  low  supply  current,  excellent  dc  and  ac 
performance  and  low  drift  makes  the  AD648  the  ideal  op 
amp  for  high  performance,  low  power  applications. 

2.  The  AD648  is  pin  compatible  with  industry  standard  dual  op 
amps  such  as  the  LF442,  TL062,  and  AD642,  enabling 
designers  to  improve  performance  while  achieving  a  reduc- 
tion in  power  dissipation  of  up  to  85%. 

3.  Guaranteed  low  input  offset  voltage  (2  mV  max)  and  drift 
(20  u,V/°C  max)  for  the  AD648J  are  achieved  utilizing  Analog 
Devices'  laser  drift  trimming  technology. 

4.  Analog  Devices  specifies  each  device  in  the  warmed-up  con- 
dition, insuring  that  the  device  will  meet  its  published  speci- 
fications in  actual  use. 

5.  Matching  characteristics  are  excellent  for  all  grades.  The 
input  offset  voltage  matching  between  amplifiers  in  the 
AD648J  is  within  2  mV,  for  the  C  grade  matching  is  within 
0.4  mV. 


6.  Crosstalk  between  amplifiers  is  less  than 

7.  The  AD648  is  available  in  chip  form. 


120  dB  at  1  kHz. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
t  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD648 -SPECIFICATIONS  (@  +25°C  and  Vs  =  ±15  V  dc,  unless  otherwise  noted) 


Model 

AD648J/A/S 
Min                  Typ  Max 

AD648K/B/T 
Min             Typ  Max 

AD648C 
Min       Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE1 
Initial  Offset 

 0J5  2.0  

 03  i.a 

0.10  0.3 

mV 

T„i„  to 
vs.  Temp, 
vs.  Supply 

vs.  Supply,  Tmi„  to  T_ 
Long-Term  Offset  Stability 

3.0/3.0/3.0 
20 

80 

1.5/1.5/2.0 
10 

86 

0.5 
3.0 

86 

mV 

M.WC 

dB 

76/76/76 

15 

80 

15 

80 

15 

dB 

u-V/month 

INPUT  BIAS  CURRENT 
Either  Input,2        =  0 

5  20 

3                 10     .  MM  ' 

pA 

Either  Input2  at  T„,        =  0 
Max  Input  Bias  Current  Over 

Common-Mode  Voltage  Range 
Offset  Current,  VCM  =  0 
Offset  Current  at  T„„ 

0.45/1.3/20 
30 

5  10 

0.25/0.7/10 

0.25/0.65/10 
15 

2  5 

0.15/0.35/5 

0.65 
15 

2         'o  f  J 
0.35 

nA 

pA 
nA 

MATCHING  CHARACTERISTICS' 
Input  Offset  Voltage 
Input  Offset  Voltage  Tmi„  to  Tm, 
Input  Offset  Voltage  vs.  Temp 
Input  Bias  Current 
Crosstalk 

1.0  2.0 

3.0/3.0/3.0 

10 

-120 

0.5  1.0 

1.5/1.5/2.0 

5 

5 

-120 

0.2  0.4 
0.5 

2.5 

5 

-120 

mV 

mV 

u.V/°C 

pA 

dB 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

lxl012||3 
3xl012||3 

3xl0'2(|3 

lxl0'2||3 
3xl0'2|(3 

niipF 
n||pF 

INPUT  VOLTAGE  RANGE 
Differential" 
Common  Mode 
Common-Mode  Rejection 
VCM=  ±10  V 
Tmi„  to  T„, 
Vcm  =  ±H  V 
T„i„  to  Tm 

±20 

±11  ±12 
76 

76/76/76 
70 

70/70/70 

±20 

±11  ±12 
82 

76 

±20 
±11  ±12 

86  l 

86 

76 

76 

V 
V 

dB 
dB 
dB 
dB 

INPUT  VOLTAGE  NOISE 
Voltage  0.1  Hz  to  10  Hz 

f  =  100  Hz 
f  =  I  kHz 
f  =  10  kHz 

2 

40 
30 
30 

2 

80 
40 
30 
30 

2  4.0 

80 

40 

30 

30 

M-Vp-P 

nV/Hz 

nV/Hz 

nV/Hz 

nV/Hz 

INPUT  CURRENT  NOISE 
f  =  1  kHz 

1.8. 

.• :  1.8 

1.8 

fA/Hz 

FREQUENCY  RESPONSE 
Unity  Gain,  Small  Signal 
Full  Power  Response 
Slew  Rate,  Unity  Gain 
Settling  Time  to  ±0.01% 

0.8  1.0 
30 

1.0  1.8 
8 

0.8  1.0 
30 

1.0  1.8 
8 

0.8  1.0 
30 

1.0  1.8 
8 

MHz 
kHz 

V/u.s 
lis 

OPEN-LOOP  GAIN 
VQ=  ±10  V,  RLa  10  kfl 
T^  to  T„„  RL  a  10  kfl 
VQ=  ±10  V,  RLa5kn 
to  T„,  RL  —  5  kfl 

300  1000 
300/300/300  700 
150  500 
150/150/150  300 

300  1000 
300  700 
150  500 
150  300 

300  1000 
300  700 
150  500 
150  300 

V/mV 
V/mV 
V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
Voltage  @  RL  =r  10  kfl, 

T„i„  to  f „„ 
Voltage  @  RL  >  5  kfl, 

to  TraI 
Short  Circuit  Current 

±12/±12/±12  ±13 

±11/±11/±11  ±12 

' "  >'•'■  15              '  ' 

±12  ±13 

±11  ±12 
15 



±12  ±13 

±11  ±12 
15 

V 
V 

mA 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 

Quiescent  Current  (Both  Amplifiers) 

■  ±15 
±4.5  ±18 
340  400 

±15 

±4.5  ±18 
340  400 



±15 

±4.5  ±18 
340  400 

V 

V 
M-A 

TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +70°C) 
Industrial  (-40°C  to  +85°C) 
Military  (-55°C  to  +125°C) 

AD648J 
AD648A 
AD648S 

■ 

AD648K 
AD648B 
AD648T 

AD648C 



PACKAGE  OPTIONS' 
SOIC  (R-8) 
Plastic  (N-8) 
Cerdip  (Q-8) 
Metal  Can  (H-08A) 
Tape  and  Reel 
Chips  Available 

AD648JR 
AD648JN 
AD648AQ,  AD648SQ,  AD648SQ/883B 
AD648AH 
AD648JR-REEL 
AD648JChips,  AD648SChips 

AD648KR 
AD648KN 
AD648BQ,  AD648TQ,  AD648TQ/883B 
AD648BH,  AD648TH/883B 
AD648KR-REEL 



AD648CQ 
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AD648 

NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

2Bias  Current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  -t-25°C.  For  higher  temperature,  the  current  doubles 
every  10°C. 

'Matching  is  defined  as  the  difference  between  parameters  of  the  two  amplifiers. 
'Defined  as  voltages  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 
'For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18  V 

Internal  Power  Dissipation2    500  mW 

Input  Voltage3   ±18  V 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (Q,  H)  -65°C  to  +  150°C 

(N,  R)  -65°Cto  +125°C 

Operating  Temperature  Range 

AD648J/K   0  to  +70°C 

AD648A/B/C   -40°C  to  +85°C 

AD648S/T   -55°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   300°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Thermal  Characteristics 

8-Pin  Plastic  DIP  Package:      8JA=  165°C/Watt 
8-Pin  Cerdip  Package:      6JC  =  22°C/Watt;  8,A  =  110°C/Watt 
8-Pin  Metal  Can  Package:  8,c  =  65°C/Watt;  9JA  =  150"C/Watt 
8-Pin  SOIC  Package:       6,c  =  42°C/Watr,  6IA  =  160°C/Watt 
3For  supply  voltages  less  than  ±18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

| 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


-  NON- 
INVERTING 
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AD704/AD705/AD706 




FEATURES 
HIGH  DC  PRECISION 
Low  Offset  Voltage 
(75  nV  max:  AD704) 
(35  nV  max:  AD705) 
(50  u  V  max:  AD706) 
Low  Offset  Drift 
(1.0uV/°C  max:  AD704) 
(0.6  uV/°C  max:  AD705) 
(0.6  nV/°C  max:  AD706) 
Low  Input  Bias  Currents 
(150  pA  max:  AD704) 
(100  pA  max:  AD705) 
(110  pA  max:  AD706) 
LOW  NOISE 

0.5  uV  p-p  typ  Voltage  Noise  (0.1  Hz  to  10  Hz) 
LOW  POWER 

600  u  A  max  Supply  Current  per  Amplifier 
AC  PERFORMANCE 
0.15  V/us  Slew  Rate 

800  kHz  Unity  Gain  Crossover  Frequency 
10,000  pF  Capacitive  Load  Drive  Capability 
LOW  COST 

MIL-STD-883B  Versions  Available  (Single  or  Quad) 
Single:  AD705 
Dual:  AD706 
Quad:  AD704 

APPLICATIONS 
Industrial/Process  Controls 
Weigh  Scales 

Medical  Instrumentation  (ECG/EKG) 
Low  Frequency  Active  Filters 
Precision  Integrators 

PRODUCT  DESCRIPTION 

The  AD704/AD705/AD706  series  are  low  power,  bipolar  op 
amps  that  have  the  low  input  bias  current  of  BiFET  amplifiers, 
but  offer  a  significantly  lower  IB  drift  over  temperature.  This  se- 
ries offers  many  of  the  advantages  of  BiFET  and  bipolar  op 
amps  without  their  inherent  disadvantages.  They  utilize 
superbeta  bipolar  input  transistors  to  achieve  the  picoampere  in- 
put bias  current  levels  of  FET  input  amplifiers  (at  room  tem- 
perature), while  their  IB  typically  increases  5  times  vs.  BiFET 
amplifiers  which  exhibit  a  1000X  increase  over  temperature. 
Superbeta  bipolar  technology  also  permits  these  amplifiers  to 
achieve  the  microvolt  offset  voltages  and  low  noise  characteris- 
tics of  a  precision  bipolar  input  amplifier. 

Since  these  amplifiers  have  only  1/20  of  the  input  bias  current  of 
an  industry  standard  OP07,  the  AD704/AD705/AD706  do  not 
require  the  commonly  used  "balancing"  resistor.  Furthermore, 
the  current  noise  is  1/5  that  of  the  OP07,  which  makes  these 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44«-6212. 


FUNCTIONAL  BLOCK  DIAGRAMS 


NC  =  NO  CONNECT 


amplifiers  usable  with  much  higher  source  impedances.  At  1/6 
the  supply  current  (per  amplifier)  of  the  OP07,  these  amplifiers 
are  better  suited  for  today's  higher  density  systems  and  battery 
powered  applications. 

The  AD704,  AD705  and  AD706  are  excellent  choices  for  use  in 
low  frequency  active  filters  for  1 2-  and  1 4-bit  data  acquisition 
systems,  in  precision  instrumentation,  and  as  high  quality  inte- 
grators. These  amplifiers  are  internally  compensated  for  unity 
gain  and  are  available  in  various  performance  grades.  The  "J" 
and  "K"  grades  are  rated  over  the  commercial  temperature 
range  of  0°C  to  +70°C.  The  "A"  and  "B"  grades  are  rated  over 
the  industrial  temperature  range  of -40°C  to  +85°C.  The  "T" 
grade  is  rated  over  the  military  temperature  range  of -55°C  to 
+  125°C.  Select  versions  are  available  processed  to  MIL-STD- 
883B,  Rev.  C. 
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SPECIFICATIONS  (Vcm  =  0  V,  Vs  =  ±15  V  @  T,  =  +25 -C  unless  otherwise  noted)  AD704/AD705/AD706 


J/A 

K/B/S 

KJ  1 

Parameter 

ijOnaiuons 

unHpl 

moaei 

Min     Typ  Max 

Min  Typ 

Max 

Mill 

Tvn 
lyp 

Max 

Units 

INPUT  OFFSET  VOLTAGE 

Initial  Offset 

AD704 

50 

150 

30 

75 

30 

100 

|lV 

AD705 

30 

90 

10 

10 

25 

AD706 

30 

100 

10 

50 

10 

50 

(tV 

Offset 

Tmin  t0  Tmax 

AD704 

100 

250 

50 

150 

80 

150 

MV 

AD705 

45 

150 

25 

60 

25 

60 

:    ■  ■ 

vs.  Temp,  Average  TC 

AD706 

40 

150 

25 

100 

25 

100 

uV 

AD704 

0.2 

1.5 

0.2 

1.0 

1.0 

|lV/°C 

AD705 

0.2 

1.2 

0.2 

0.6 

0.2 

0.6 

^tV/°C 

AD706 

0.2 

1.5 

0.2 

0.6 

0.2 

0.6 

liV/°C 

vs.  Supply  (PSRRJ 

Vs  =  ±2Vto±18  V 

AD704 

100 

132 

112 

132 

112 

132 

dB 

AD705 

110 

129 

110 

129 

1 14 

dB 

AD706 

110 

132 

112 

132 

112 

dB 

vs.  Supply,  Tmjm  to  Tmax 

Vs  =±2.5  V  to  ±  18  V 

All 

100 

126 

108 

126 

108 

126 

dB 

Long-Term  Stability 

All 

0.3 

0.3 

0.3 

[lV/Month 

INPUT  BIAS  CURRENT1 

Vcm  =  0  V 

AD704 

100 

270 

80 

150 

80 

200 

pA 

AD705 

60 

150 

30 

100 

30 

100 

pA 

AD706 

50 

200 

30 

110 

30 

120 

pA 

Vcm  =  ±13.5  V 

AD704 

300 

200 

250 

pA 

AD705 

80 

200 

50 

150 

50 

150 

pA 

AD706 

250 

160 

170 

pA 

vs.  Temp,  Average  TC 

AD704 

0.3 

0.2 

1.0 

pA/°C 

AD705 

0.3 

0.3 

0.6 

pA/°C 

0.3 

0.2 

0  2 

pA/°C 

Tmin  t0  Tmax 

Vcm  =  0  V 

AD704 

300 

200 

600 

pA 

AD705 

80 

250 

50 

150 

90 

250 

pA 

AD706 

300 

200 

400 

PA 

Tmin  to  Tmax 

VCM  =  ±13.5  V 

AD704 

400 

300 

700 

pA 

AD705 

100 

450 

70 

350 

120 

450 

pA 

AD706 

400 

300 

600 

PA 

INPUT  OFFSET  CURRENT 

Vcm  =  0  V 

AD704 

80 

250 

30 

100 

50 

150 

pA 

AD705 

40 

150 

30 

100 

30 

100 

pA 

AD706 

30 

150 

30 

100 

30 

100 

pA 

VCM  =  ±13.5  V 

AD704 

300 

150 

200 

pA 

AD705 

40 

200 

30 

150 

30 

150 

pA 

AD706 

250 

200 

200 

PA 

vs.  Temp,  Average  TC 

AD704 

0.6 

0.4 

0.4 

pA/°C 

AD705 

0.3 

0.3 

0.4 

pA/°C 

AD706 

0.3 

0.2 

0.2 

pA/°C 

TMrN  to  T^x 

VCM  =  0V 

AD704 

100 

300 

80 

200 

80 

400 

pA 

AD705 

80 

250 

50 

150 

90 

250 

pA 

AD706 

80 

250 

80 

200 

80 

300 

pA 

Tmin  to  Tmax 

VCM  =  ±13.5  V 

AD704 

100 

400 

80 

300 

100 

500 

pA 

AD705 

80 

450 

50 

350 

80 

450 

PA 

AD706 

80 

350 

80 

300 

80 

450 

pA 

MATCHING  CHARACTERISTICS 

Offset  Voltage 

AD704 

250 

130 

150 

|lV 

AD706 

150 

75 

75 

MV 

Tmin  to  TMax 

AD704 

400 

200 

250 

nv 

AD706 

250 

150 

200 

(lV 

Input  Bias  Current2 

AD704 

500 

300 

400 

pA 

AD706 

300 

150 

200 

pA 

Tmin  to  TMax 

AD704 

600 

400 

600 

pA 

AD706 

500 

250 

400 

pA 

Common-Mode  Rejection3 

AD704 

94 

110 

104 

dB 

AD706 

106 

110 

110 

dB 

Tmin  to  Tmax 

AD704 

94 

104 

104 

dB 

AD706 

106 

108 

108 

dB 

Power  Supply  Rejection1 

AD704 

94 

110 

110 

dB 

AD706 

106 

110 

110 

dB 

Tmin  to  Tmax 

AD704 

94 

106 

106 

dB 

AD706 

104 

106 

106 

dB 

Crosstalk®  f=  10  Hz 

RL  =  2kfi 

AD704/6 

150 

150 

150 

dB 
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AD704/AD705/AD706 


Parameter 

v^oncuu  ons 

Model 

J/A 

Min    Typ  Max 

KM 
Min  Typ 

5 

Max 

ivun 

C/T 

i  yp  Max 

Units 

INPUT  OFFSET  VOLTAGE 
UNITY  GAIN 
Crossover  Frequency 
Slew  Rate 

G  =  -l 

Tmin  to  Tmax 

All 
All 
All 

0.8 

0.15 

0.15 

0.8 

0.15 

0.15 

0.8 

0.15 

0.15 

■ 

MHz 
V/|is 
V/us 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

All 
All 

40||2 
300||2 

40||2 
300||2 

m 

300||2 

Mi!||pF 
G£l«pF 

INPUT  VOLTAGE  RANGE 
Common-Mode  Voltage 
Common-Mode 
Rejection  Ratio 

VCM  =  ±13.5V 
TftUN  to  Tmax 

All 

AD704 
AD705 
AD706 
AD704 
AD705 
AD706 

±13.5  ±14 
100  132 
110  132 
110  132 
98  128 
108  128 
108  128 

±13.5  ±14 
114  132 
114  132 
114  132 
108  128 
108  128 
108  128 

±13. 
110 
114 
114 
108 
108 
108 

i  ±14 
132 
132 
132 
128 
128 
128 

V 

dB 

dB 

dB 

dB 

dB 

dB 

0.1  Hz  to  10  Hz 
f  =  10  Hz 

All 
All 

3 

50 

3 

50 

3 

50 

pAp-p 

fA/VHz 

INPUT  VOLTAGE  NOISE 

0.1  Hz  to  10  Hz 

f  =  10  Hz 
f  =  1  kHz 

AD704 
AD705/6 
All 
All 

0.5 
0.5 
17 

15  22 

0.5 
0.5 
17 
15 

2.0 
1.0 

22 

0.5  2.0 
0.5  1.0 
17 

15  22 

"Vp-p 
"Vp-P 
nV/VHz 
nV/VHz 

OPEN  LOOP  GAIN 

V0  =  ±12  V 
RL  =  10  kfl 
Tmin  to  Tmax 
Vo  =  ±10  V 
RL  =  2  k£2 
Tmin  to  Tmax 

All 
All 

All 
All 

200  2000 
150  1500 

200  1000 
150  1000 

400  2000 
300  1500 

300  1000 
200  1000 

400 
300 

200 
100 

2000 
1500 

1000 
1000 

V/mV 
V/mV 

V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
Voltage  Swing,  RL  =  10  k£2 
Current 

Capacitive  Load  Drive 

Tmin  to  Tmax 
Short  Circuit 
G  =  +1 

All 
All 
All 

±13  ±14 
±15 
10,000 

±13  ±14 
±15 
10,000 

±13 

±14 
±15 
10,000 

V 

mA 

pF 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

- 

Tmin  to  Tmax 

All 
All 

AD704 
AD705 
AD706 
AD704 
AD705 
AD706 

±15 

±2  ±18 

1.5  2.4 
0.38  0.6 
0.75  1.2 

1.6  2.6 
0.4  0.8 
0.8  1.4 

±2 

1.5 

0.38 

0.75 

1.6 

0.4 

0.8 

±15 
±18 
2.4 
0.6 
1.2 
2.6 
0.8 
1.4 

±2 

±15 

±18 

1.5  2.4 
0.38  0.6 
0.75  1.2 

1.6  2.6 
0.4  0.8 
0.8  1.4 

V 

v 

mA 
mA 
mA 

mA 
mA 

TRANSISTOR  COUNT 

#  of  Transistors 

AD704 
AD705 

180 
45 

180 
45 

180 
45 

AD706 

90 

90 

90 

NOTES 

'Bias  current  specifications  are  guaranteed  maximum  at  either  input. 

2Input  bias  current  match  is  the  maximum  difference  between  corresponding  inputs  of  all  amplifiers  on  the 
3CMRR  match  is  the  difference  of  AVos/AVCM  between  any  two  amplifiers. 
*PSRR  match  is  the  difference  between  AV0S/AV  SUPPLY  for  any  two  amplifiers. 
Specifications  subject  to  change  without  notice. 


chip. 
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tthfl  fans  JsaftO  wolstflU 

mw^m^.  ±18V 

Internal  Power  Dissipation2    650  mW 

Input  Voltage  ±VS 

Differential  Input  Voltage3    +0.7  V 

Output  Short  Circuit  Duration    Indefinite 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Storage  Temperature  Range  (Q,  H)   -65°C  to  +150°C 

Operating  Temperature  Range 

AD70xJ/K    0°Cto+70°C 

AD70xA/B    -40°Cto+85°C 

AD70xS/T    -55°Cto+125°C 

Lead  Temperature  Range  (Soldering  60  sec)  +300°C 


AD704/AD705/AD706 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Specification  is  for  device  in  free  air: 


ORDERING  GUIDE 


165°C/Watt 
9,A=  110°C/Watt 
6,A  =  155°C/Watt 
8jA  =  150°C/Wart 
8,A  =  110°C/Watt 
8JA  =  100°C/Watt 
8jA  =  150°C/Watt 

'The  input  pins  of  these  amplifiers  are  protected  by  back-to-back  diodes.  If  the 
differential  voltage  exceeds  ±0.7  V,  external  series  protection  resistors  should  be 
added  to  limit  the  input  current  to  less  than  25  mA. 




8-Pin  Plastic  Package: 
8-Pin  Cerdip  Package: 
8-Pin  Small  Outline  Package: 
14-Pin  Plastic  Package: 
14-Pin  Cerdip  Package: 
16-Pin  SOIC  Package: 
20-Terminal  LCC  Package: 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD704AN 

-40°C  to  +85°C 

14-Pin  Plastic  DIP 

N-14 

AD704AQ 

-40°C  to  +85°C 

14-Pin  Ceramic  DIP 

Q-14 

AD704AR-16 

-40°C  to  +85°C 

16-Pin  Plastic  SOIC 

R-16 

AD704AR- 1 6-REEL 

-40°C  to  +85°C 

16-Pin  Plastic  SOIC 

R-16 

AD704AR-16-REEL7 

-40°C  to  +85°C 

16-Pin  Plastic  SOIC 

R-16 

AD704BQ 

-40°C  to  +85°C 

14-Pin  Ceramic  DIP 

Q-14 

AD704JCHIPS 

0°C  to  +70°C 

Bare  Die 

N-14 

AD704JN 

0°C  to  +70°C 

14-Pin  Plastic  DIP 

AD704JR-16 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD704JR-1 6-REEL 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD704JR-16-REEL7 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD704KN 

0°C  to  +70°C 

14-Pin  Plastic  DIP 

N-14 

AD704SE/883B 

-55°C  to  +125°C 

20-Pin  Ceramic  LCC 

E-20A 

AD704TQ 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD704TQ/883B 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD705AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD705BQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD705JCHIPS 

0°C  to  +70°C 

Bare  Die 

AD705JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD705JR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD705JR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD705JR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD705KN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD705TQ 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD705TQ/883B 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD706AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD706AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD706AR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD706AR-REEL 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

■ 

AD706AR-REEL7 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD706BQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD706JCHIPS 

0°C  to  +70°C 

Bare  Die 

AD706JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD706JR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD706JR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD706JR-REEL7 

8-Pin  Plastic  SOIC 

R-8 

AD706KN 

0°C  to  +70°C 

N-8 

*For  outline  information  see  Package  Information  section. 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Ultralow  Offset  and  Drift 


DEVICES  t 

Iperational 

Amp 

lifiers 

'  

AD707/AD708 

FEATURES 

Very  High  DC  Precision 

Low  Offset  Voltages 
(15  uV  max:  AD707) 
(30  u  V  max:  AD708) 

Low  Offset  Drift 
(0.1  uV/°C  max:  AD707) 
(0.3  uV/°C  max:  AD708) 

Low  Input  Bias  Current:  1  nA  max 
Low  Noise:  0.35  uV  p-p  max  (0.1  Hz  to  10  Hz) 
130  dB  min  CMRR 
120  dB  min  PSRR 
AC  Performance 

0.3  V/us  Slew  Rate 

900  kHz  Closed-Loop  Bandwidth 
Matching  Characteristics 

30  u.  V  max  Offset  Voltage  Match 

0.3  uV/°C  max  Offset  Drift  Match 

130  dB  min  CMRR  Match 
MIL-STD-883B  Versions  Available 
Single:  AD707 
Dual:  AD708 


FUNCTIONAL  BLOCK  DIAGRAMS 


NOTE:  -V 

PIN  4  CONNECTED  TO  CASE 


OUTPUT  [T 


 (fjyjUTPUT 


NC  =  NO  CONNECT 


NOTE:  "v 

PIN  4  CONNECTED  TO  CASE 


PRODUCT  DESCRIPTION 

The  AD707  (single)  and  AD708  (dual)  are  very  high  precision, 
monolithic  operational  amplifiers.  Each  device  offers  excellent 
dc  precision  with  the  best  available  max  offset  voltage  and  max 
offset  voltage  drift  of  any  single/dual  bipolar  combination 
available. 

The  AD707  and  AD708  set  new  standards  for  precision  op 
amps  by  providing  5  V/U.V  min  open-loop  gain  and  guaranteed 
max  input  voltage  noise  of  350  nV  p-p  (0. 1  Hz  to  10  Hz) .  All 
dc  specifications  show  excellent  stability  over  temperature,  with 
offset  voltage  drift  typically  0.1  |iV/°C  and  input  bias  current 
drift  of  25  pA/°C  max.  Both  CMRR  (130  dB  max)  and  PSRR 
(120  dB  max)  are  an  order  of  magnitude  improved  over  any 
available  monolithic  op  amp. 

The  AD707  and  AD708  are  available  in  seven  performance 
grades.  The  "J"  and  "K"  grades  are  rated  over  the  commercial 
temperature  range  of  0°C  to  +70°C.  The  "A,"  "B"  and  "C" 
grades  are  rated  over  the  industrial  temperature  range  of  -40°C 
to  +85°C.  The  "S"  and  "T"  grades  are  rated  over  the  military 
temperature  range  of-55°C  to  +  125°C.  Select  versions  are  also 
available  processed  to  MIL-STD-883B,  Rev.  C. 


PRODUCT  HIGHLIGHTS 

1 .  The  combination  of  outstanding  matching  and  individual 
specifications  make  the  AD707  and  AD708  ideal  for  con- 
structing high  gain,  precision  instrumentation  amplifiers. 

2.  The  low  offset  voltage  drift  and  low  noise  of  the  AD707  and 
AD708  allow  the  user  to  amplify  very  small  signals  without 
sacrificing  overall  system  performance. 

3.  The  AD707  and  AD708  can  be  used  where  chopper  amplifi- 
ers are  required,  but  without  the  inherent  noise  and  applica- 
tion problems. 

4.  The  AD707  is  an  improved,  pin-for-pin  replacement  for  the 
LT1001,  and  the  AD708  is  an  improved,  pin-for-pin  replace- 
ment for  the  LT1002. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  (VDD  =  ±15 


V  @  TA  =  +25  C  unless  otherwise  noted) 


Conditions 




Model_Min 


J/A 


Min 


K/B/S 
 15?  


Min 


C/T 

Typ  Max 


rNPUT  OFFSET  VOLTAGE1 
Initial  Offset 


Tmin  to  Tmax 


Adjustment  Range 
Long-Term  Stability 


AD707 
AD708 
AD707 
AD708 
AD707 
AD708 
AD707 
Both 


30 
30 
50 
50 
0.3 
0.3 
±4 
0.3 


90 
100 

100 
150 
1.0 
1.0 


10 
15 
15 
15 
0.1 
0.1 
±4 
0.3 


25 

65/65/50 
45 
65 
0.3 

0.4/0.4/0.4 


5  15 

7/8  25 

0.03  0.1 

±4 
0.2 


INPUT  BIAS  CURRENT 
vs.  Temperature 
Average  Drift 


Tmin  to  Tmax 


AD707 
AD708 
AD707 
AD708 
AD707 
AD708 


1.0 

1.0 
2.0 
2.0 
15 
15 


2.5 
2.5 

4.0 
4.0 
40 
40 


0.5 
0.5 
1.5 
1.0 
15 
10 


1.5 
1.0 
3.0 

2.0/2.0/4.0 

25/25/35 

25/25/30 


0.5  1.0 
1.0  2.0 
1  25 


INPUT  OFFSET  CURRENT 
Average  Drift 


Vcm  =  0V 
Tmin  to  Tmax 


AD707 
AD708 
AD707 
AD708 
AD707 
AD708 


0.5 

0.5 

2.0 

2.0 

2 

2 


2.0 

2.0 
4.0 
4.0 
40 
60 


0.3 

0.1 

1.5 

0.2 

1 

1 


1.5 
1.0 
3.0 

1.5/1.5/1.5 

25/25/35 

25 


0.1  1.0 

0.2  1.5 

1  25 


MATCHING  C 
Offset  Voltage 

Offset  Voltage  Drift 
Input  Bias  Current 

Common-Mode  Rejection 

Power  Supply  Rejection 

Channel  Separation  


Tmin  to  Tmax 

Tmin  to  Tmax 
Tmin  to  Tmax 
Tmin  to  Tmax 


AD708 
AD708 
AD708 
AD708 
AD708 
AD708 
AD708 
AD708 
AD708 
AD708 


120 
110 
110 

110 
135 


80 

150 
1.0 
4.0 

5.0 
300 
600 


50/50/50 
75/75/75 
0.4/0.4/0.4 
1.0 

2.0/2.0/2.0 

130/130/120  140 

130/130/115 

120 

120 

140 


INPUT  VOLTAGE  NOISE 


0.1  Hz  to  10  Hz 
f=  10  Hz 
f=  100  Hz 
f=  1  kHz 


AD707 
AD708 
AD707 
AD708 
AD707 
AD708 
AD707 
AD708 


0.23 

0.23 

10.3 

10.3 

10.0 

10.0 

9.6 

9.6 


0.6 

0.6 

15.0 

18.0 

13.0 

13.0 

11.0 

11.0 


0.23 

0.23 

10.3 

10.3 

10.0 

10.0 

9.6 

9.6 


0.6 

0.6/0.6/0.6 

14.0 

12.0 

12.0 

11.0 

11.0 

11.0 


0.23  0.35 

10.3  13.0 

10.0  11.0 

9.6  11.0 


INPUT  CURRENT  NOISE 


0.1  Hz  to  10  Hz 
f=  10  Hz 
f=  100  Hz 
f=lkHz 


AD707 
AD708 
AD707 
AD708 
AD707 
AD708 
AD707 
AD708 


14 

14 

0.32 

0.32 

0.14 

0.14 

0.12 

0.12 


35 

35 

0.9 

0.9 

0.27 

0.27 

0.18 

0.18 


14 
14 

0.32 
0.32 
0.14 
0.14 
0.12 
0.12 


30 

35 

0.8 

0.8 

0.23 

0.23 

0.17 

0.17 


14  30 

0.32  0.8 
0.14  0.23 


0.12  0.17 


COMMON-MODE 
REJECTION  RATIO 


VCM  =  ±13V 
Tmin  to  Tmax 


Both 
Both 


120 

120 


140 
140 


130 
130 


140 
140 


130 
130 


140 
140 


OPEN-LOOP  GAIN 


Vo  =  ±10V 
RL>2kfl 


<toTM 


AD707 
AD708 
AD707 
AD708 


13 
10 
13 
10 


5 

5/5/4 
5 

5/5/4 


13 
10 
13 

10/10/7 


13 
13 


POWER  SUPPLY 

REJECTION  RATIO 


Vs  =  +3  Vto±18  V 
Tmin  to  Tmax 


AD707 
AD708 
AD707 
AD708 


110 
120 
110 
110 


130 
130 
130 
130 


115 
120 
115 

120 


130 
130 
130 
130 


120  130 
120  130 


FREQUENCY  RESPONSE 
Closed  Loop  Bandwidth 


0.5 
0.15 


0.9 
0.3 


0.5 
0.15 


0.9 
0.3 


0.5 
0.15 


0.9 
0.3 
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Differential 
Common  Mode 

AD707 
AD708 
AD707 
AD708 

24  100 
60 
200 
200 

45  200 
200 
300 
400 

60  200 
400 

Ga 

G£J 

OUTPUT  CHARACTERISE 
Voltage 

CS 

RL>  10  k£2 
RL>2k£2 
RL  >  1  kH 
RL>  2  k£i 
Tmin  to  Tihx 

Both 
Both 
Both 

Both 

13.5  14.0 
12.5  13.0 
12.0  12.5 

12.0  13.0 

13.5  14.0 
12.5  13.0 
12.0    12.5 = 

12.0  13.0 

13.5  14.0 
12.5  13.0 
12.0  12.5 

12.0  13.0 

±V 
±V 
±V 

±v 

OPEN-LOOP  OUTPUT 
RESISTANCE 



Both 

60 

60 

60 

Q 

POWER  SUPPLY 

Quiescent  Current 

Power  Consumption, 
No  Load 

Vs  =  ±15  V 
Vs  =  ±3  V 

AD707 
AD708 
AD707 
AD708 
AD707 
AD708 

2.5  3.0 
4.5  5.5 
75  90 
135  165 
7.5  9.0 
12  18 

2.5  3.0 
4.5  5.5 
75  90 
135  165 
7.5  9.0 
12  18 
+  3  ±18 

2.5  3.0 
75  90 
7.5  9.0 

mA 
mA 
mW 
mW 
mW 
mW 
V 

Both 

±3  ±18 

±3  ±18 

NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 
2Matching  is  defined  as  the  difference  between  parameters  of  the  two  amplifiers. 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate 
outgoing  quality  levels. 

Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±22  V 

Internal  Power  Dissipation2   500  mW 

Input  Voltage  ±VS 

Differential  Input  Voltage   +VS  and  -Vs 

Output  Short  Circuit  Duration   Indefinite 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Storage  Temperature  Range  (Q,  H)  -65°C  to  +150°C 

Operating  Temperature  Range 

AD70xJ/K   0°Cto+70°C 

AD70xA/B   -40°C  to +85°C 

AD70xS/T   -55°Cto+125°C 

Lead  Temperature  Range 

(Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Specification  is  for  device  in  free  air:  8-pin  plastic  package,  8JA  =  165°C/Watt;  8- 
pin  cerdip  package,  0,*  =  1 10°C/Watt;  8-pin  small  outline  package,  8,A  =  155°C/ 
Watt;  8-pin  header  package,  8JA  =  200°C/Watt. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD707  and  AD708  feature  proprietary  ESD  protection  circuitry,  permanent  dam- 
age may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ORDERING 

GUIDE 

Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

An7f)7AK 

-40T  rn  +85°P 

R-Pin  Mpfal  Pan 
O  i  III  IVlCldl  V_.dll 

H-08A 

AD707AQ 

_40°C  to  +85°C 

R-Pin  Ppramir  F1TP 
O  l  HI  v^ClallllC  xJIl 

AD707AR 

-40"C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD707AR-REEL 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD707AR-REEL7 

-40°C  to  +85"C 

8-Pin  Plastic  SOIC 

R-8 

AD707BH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD707BQ 

-40"C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD707CH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD707CQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD707JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD707JR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD707JR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD7  07JR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD707KN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD707KR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD707KR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD707KR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD707SH/883B 

-55°C  to  +125°C 

8-Pin  Metal  Can 

H-08A 

AD707SQ/883B 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD707TH/883B 

-55°C  to  +125°C 

8-Pin  Metal  Can 

H-08A 

AD707TQ/883B 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD708AH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD708AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD708BH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD708BQ 

-40"C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD708JCHIPS 

0°C  to  +70°C 

Bare  Die 

AD708JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD708SQ 

-55°Cto+125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD708SQ/883B 

-55°Cto+125°C 

8-Pin  Ceramic  DIP 

Q-8 

*For  outline  information  see  Package  Information  section. 

WARNING!  <r<] 
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REV.O 


ANALOG 
DEVICES 


Precision,  Low  Cost, 
High  Speed,  BiFET  Op  Amps 


FEATURES 

Enhanced  Replacements  for 
TL081;TL082;  TL084 
LF411;  LF412;  LF347 

AC  PERFORMANCE 
Settles  to  ±0.01%  in  1.0  us 
16  V/us  min  Slew  Rate 
3  MHz  min  Unity  Gain  Bandwidth 
0.0003%  Total  Harmonic  Distortion  (THD) 

DC  PERFORMANCE 
Low  Offset  Voltages 

(0.25  mV  max— AD711C) 

(0.30  mV  max— AD712C) 

(0.50  mV  max— AD713K) 
Low  Offset  Drift 

(3  \iVI°C  max— AD711C) 

(5  uV/°C  max— AD712C) 
200  V/mV  min  Open-Loop  Gain 
Low  Noise  (0.1  Hz  to  10  Hz) 

(4  uV  p-p  max— AD711C) 

(4  uV  p-p  max— AD712C) 
MIL-STD-883B  Versions  Available 
Single:  AD711 
Dual:  AD712 
Quad:  AD713 

oi 

APPLICATIONS 
Active  Filters 

Output  Buffers  for  12-  and  14-Bit  DACs 
Input  Buffers  for  Precision  ADCs 
Photo  Diode  Preamplifier  Applications 

PRODUCT  DESCRIPTION 

The  AD71 1/AD712/AD713  series  are  high  speed,  precision, 
monolithic  operational  amplifiers  offering  high  performance  at 
very  modest  prices.  Their  very  low  offset  voltage  and  offset 
voltage  drift  are  results  of  advanced  laser  wafer  trimming  tech- 
nology. These  benefits  allow  the  user  to  easily  upgrade  existing 
designs  that  use  older  precision  BiFETs  and,  in  many  cases, 
bipolar  op  amps. 

The  superior  ac  and  dc  performance  of  these  op  amps  make 
them  suitable  for  active  filter  designs.  With  a  slew  rate  of  1 6  V/us 
and  settling  times  of  1  us  to  0.01%,  the  AD71 1/AD712/AD713 
series  is  ideal  for  use  as  buffers  for  1 2-bit  D/A  and  A/D  convert- 
ers and  as  high  speed  integrators.  The  settling  time  is  unmatched 
by  any  similar  IC  amplifier.  The  combination  of  excellent  noise 
performance  and  low  input  current  also  make  these  amplifiers 
useful  for  photo  diode  preamplifiers.  Common-mode  rejection 
of  88  dB  and  open  loop  gain  of  400  V/mV  insure  12-bit  per- 
formance even  in  high  speed,  unity  gain,  buffer  circuits.  These 
amplifiers  are  pinned  out  in  standard  op  amp  configurations  and 
are  available  in  various  performance  grades.  The  "J"  and  "K" 
grades  are  rated  over  the  commercial  temperature  range  of 
0°C  to  +70°C.  The  "A,"  "B,"  and  "C"  grades  are  rated  over  the 
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industrial  temperature  range  of  ^0°C  to  +85°C.  The  "S"  and 
"T"  grades  are  rated  over  the  military  temperature  range  of 
-55°C  to  +125°C.  Select  versions  are  available  processed  to 
MIL-STD-883B,  Rev.  C  or  Standard  Military  Drawings. 

PRODUCT  HIGHLIGHTS 

1.  The  AD71 1/AD712/AD713  series  offers  excellent  overall 
performance  at  competitive  prices. 

2.  Analog  Devices'  advanced  processing  technology  and  100% 
testing  guarantees  a  low  input  offset  voltage  (0.25  mV  max 
AD7 1 1 C;  0. 30  mV  max  AD712C).  Input  offset  voltages  are 
specified  in  the  warmed  up  condition.  Analog  Devices'  laser 
wafer  drift  trimming  process  reduces  input  offset  voltage 
drifts  to  3  uV/°C  (AD711C)  or  5  uWC  (AD712C). 

3.  Along  with  precision  dc  performance,  the  AD71 1,  AD712 
and  AD713  offer  excellent  dynamic  response.  They  settle  to 
±0.01%  in  1  us  and  have  a  100%  tested  minimum  slew  rate 
of  16  V/|is.  This  makes  these  parts  ideal  for  DAC  and  ADC 
buffers,  which  require  a  combination  of  superior  ac  and  dc 
performance. 

4.  Analog  Devices'  well  matched,  ion-implanted  JFETs  ensure 
low  input  bias  currents  and  low  input  offset  currents.  Both 
input  bias  and  offset  currents  are  guaranteed  in  the  warmed- 
up  condition. 
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AD71 1/AD712/AD713-SPECIFICATI0NS 

AD711  (Vs  =  +15  V  @  T»  =  +25°C  unless  otherwise  noted) 


■ 


Parameter 

_Min  Typ  Max  

K/B/T 

w:_                  T™  Mav 

iYiin             i  yp  zviax 

C 

Min                Tvn  Ma* 

Units 

INPUT  OFFSET  VOLTAGE1 

Initial  Offset 
Tmin  to  Tmax 
vs.  Temp 
vs.  Supply 
Tmin  to  Tmax 

Long-Terra  Stability 

0.3  2/1/1 
3/2/2 

7  20/20/20 
76  95 
76/76/76 

15 

0.2  0.5 
1.0 

5  10 
80  100 
80 

15 

0.10            0.25  - 
0.45 

2  5 
86  110 
86 

15 

mV 

mV 

uV/°C 

dB 

dB 

uV/Month 

INPUT  BIAS  CURRENT2 
VCM  =  0  V 
VCM  =  0V@TMAX 
VCM=±10V 

15  50 

1.1/3.2/51 
20  100 

15  50 

1.1/3.2/51 
20  100 

- 

15  25 
1.6 

20  50 

pA 
nA 
pA 

INPUT  OFFSET  CURRENT 
Vcm  =  0  V 
VCM  =  0  V  @  Tmax 

10  25 

0.6/1.6/26 

5  25 

0.6/1.6/26 

5  10 

0.65 

pA 
nA 

FREQUENCY  RESPONSE 
Small  Signal  Bandwidth 
Full  Power  Response 
Slew  Rate 

Settling  Time  to  0.01% 
Total  Harmonic  Distortion 

3.0  4.0 
200 

16  20 

1.0  1.2 
0.0003 

3.4  4.0 
200 

18  20 

1.0  1.2 
0.0003 

3.4  4.0 
200 

18  20 

0.0003 

MHz 
kHz 
V/us 
us 

% 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

3  x  1012||5.5 
3  x  1012|5.5 

3x  10l2||5.5 
3x  10,2||5.5 

3xl012||5.5 
3  x  10,2||5.5 

em 

£2||pF 

INPUT  VOLTAGE  RANGE 
Differential' 

Common-Mode  Voltage4 

Tmin  to  Tmax 
Common-Mode 
Rejection  Ratio 

VCM  =  ±10V 

1  HjCTKT  tO     1  UAV 

VCM  =  ±11  V 
Tmin  to  TMAX 

±20  J  «*s 
+  14.5,-11.5 
-Vs  +  4  +Vs-2 

76  88 

76/76/76  84 
70  84 
70/70/70  80 

±20 

+  14.5,-11.5 
-Vs  +  4                           +VS  -  2 

80  88 
80  84 
76  84 
74  80 

±20 

+  14.5,-11.5 
-Vs  +  4  +Vs-2 

86  94 
86  90 
76  90 
74  84 

y 

dB 
dB 
dB 
dB 

INPUT  VOLTAGE  NOISE 

2 

45 
22 
18 
16 

2 

45 

18 
16 

2  4 

45 

22 

18 

16 

UVp-p 

nV/vlfa 

nV/VHi 

nV/VHi 

nV/^ 

INPUT  CURRENT  NOISE 

0.01 

0.01 



0.01 

pA/VJ?i 

OPEN-LOOP  GAIN 

150  400 
100/100/100 

200  400 
100 

200  400 
100 

V/mV 
V/mV 

OUTPUT  CHARACTERISTI 
Voltage 

Current 

oS 

+13,-12.5  +13.9,-13.3 
±I2/±12/±12  +13.8,-13.1 
25 

+13,-12.5  +13.9,-13.3 
±12  +13.8,-13.1 
25 

+13,-12.5  +13.9,-13.3 
±12  +13.8,-13.1 
25 

V 
V 

mA 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

±4.5  ±18 
2.5  3.4 

±15 

±4.5  ±18 
2.5  3.0 

±15 

±4.5  ±18 
2.5  2.8 

V 
V 

mA 

NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

-'Bias  Current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C.  For  higher  temperatures,  the  current  doubles  every  10°C. 
'Defined  as  voltage  between  inputs,  such  that  neither  exceeds  + 1 0  V  from  ground. 

Typically  exceeding  -14.1  V  negative  common-mode  voltage  on  either  input  results  in  an  output  phase  reversal. 
Specifications  subject  to  change  without  notice. 


REV.  0 


AD711/AD712/AD713 


AD712  (Vs  =  ±1 5  V  @  Ts  =  +25°C  unless  otherwise  noted) 


Parameter 

J/A/S 

Min             Typ  Max 

K/B/T 

Min           Typ  Max 

C 

Min           Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE' 
Initial  Offset 
Tmin  to  Tmax 
vs.  Temp 
vs.  Supply 
Tmin  to  Tmax 
Long-Term  Stability 

0.3  3/1/1 
4/2/2 

7  20/20/20 
76  95 
76/76/76 

15 

0.2  1.0/0.7/0.7 
2.0/1.5/1.5 

7  10 
80  100 
80 

15 

0.3 
0.6 

3  5 
86  110 
86 

15 

mV 

mV 

uV/°C 

dB 

dB 

uV/Month 

INPUT  BIAS  CURRENT2 

Vc„  =  0  V 

Vcm  =  0V@Tmax 

VCM  =  ±10V 

25  75 
0.6/1.6/26  1.7/4.8/77 
100 

20  75 
0.5/1.3/20  1.7/4.8/77 
100 

20  50 

1.3  3.2 
75 

pA 
nA 
pA 

INPUT  OFFSET  CURRENT 
VCM  =  0V 

10  25 

5  15 

5  10 

pA 

Vcm  =  0  V  @  Tmax 

0.3/0.7/11  0.6/1.6/26 

0.1/0.3/5  0.6/1.6/26 

0.3  0.7 

nA 

MATCHING  CHARACTERS 
Input  Offset  Voltage 

Tmin  to  Tmax 
Input  Offset  Voltage  Drift 
Input  Bias  Current 

TICS 

3/1/1 

4/2/2 

20/20/20 

25 

1.0/0.7/0.7 

2.0/1.5/1.5 

10 

25 

0.3 
0.6 

5 

10 

mV 
mV 
uV/°C 
pA 

Crosstalk  @  f  =  1  kHz 

@f=  100  kHz 

120 
90 

120 
90 

120 
90 

dB 
dB 

FREQUENCY  RESPONSE 
Small  Signal  Bandwidth 
Full  Power  Response 
Slew  Rate 

3.0  4.0 
200 

16  20 

1.0  1.2 
0.0003 

3.4  4.0 
200 

18  20 

1.0  1.2 
0.0003 

3.4  4.0 
200 

18  20 

1.0  1.2 
0.0003 

MHz 

kHz 

V/iis 

Settling  Time  to  0.01% 
Total  Harmonic  Distortion 

Ms 

% 

INPUT  IMPEDANCE 

Differential 
Common  Mode 

3x  1012||5.5 
3  x  10,2|5.5 

3x  10l2||5.5 
3x  10l2||5.5 

3  x  10,2||5.5 
3x  10l2|5.5 

fi|pF 

n||PF 

INPUT  VOLTAGE  RANGE 
Differential3 
common- Mode  voltage 

Tmin  to  Tmax 
Common-Mode 
Rejection  Ratio 

vCM  =  ±iov 

*  MIN  10  1  MAX 

VCM  =  ±11V 
TMin  to  Tmax 

±20 

+  14.3,  —1  1.3 

-Vs  +  4  +Vs-2 

±20 

+  14.5)  —1 1  ■  j 
-Vs  +  4                           +VS  -2 

±20 

+  1+.5,— ll.j 

-Vs  +  4                        +VS  -  2 

V 
V 

76  88 

7A/7A/7*  OA 

70  84 

70/70/70  80 

80  88 
80  84 
76  84 
74  80 

86  94 
86  90 
76  90 
74  84 

dB 
dB 
dB 
dB 

uVp-p 
nV/VHz 
nV/VHz 
nV/VHz 

INPUT  VOLTAGE  NOISE 

2 

45 

22 
18 

2 

45 

2 

45 

22 
18 

22 
18 

16 

16 

16 

nV/VHz 

INPUT  CURRENT  NOISE 

0.01 

0.01 

0.01 

pAWHz 

OPEN-LOOP  GAIN 

150  400 

200  400 

200  400 

V/mV 

100/100/100 

100 

100 

V/mV 

OUTPUT  CHARACTERISTIC 
Voltage 

:s 

+13,-12.5  +13.9,-13.3 
±12/±12/±12  +13.8,-13.1 

+13,-12.5  +13.9,-13.3 
±12  +13.8,-13.1 

+13,-12.5  +13.9,-13.3 
±12  +13.8,-13.1 

V 
V 

Current 

25 

25 

25 

mA 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

+4.5  ±18 
5.0  6.8 

±15 

±4.5  ±18 
5.0  6.0 

±15 

±4.5  ±18 

5.0  5.6 

i  l 

V 
V 

mA 

NOTES 


'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25DC. 

:Bias  Current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C.  For  higher  temperatures,  the  current  doubles  every  10°C. 
'Defined  as  voltage  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 

'Typically  exceeding  -14. 1  V  negative  common-mode  voltage  on  either  input  results  in  an  output  phase  reversal. 
Specifications  subject  to  change  without  notice. 
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Parameter 

Conditions 

J/A/S 

Min             Typ  Max 

K/B/T 

Min          Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE' 
Initial  Offset 
Offset 
vs.  Temp 
vs.  Supply 
vs.  Supply 
Long-Term  Stability 

Tmin  to  Tmax 
Tmin  to  Tmax 

0.3  1.5 

0.5  2/2/2 
5 

78  95 
76/76/76  95 
15 

0.2  0.5 

0.4  0.7/0.7/1.0 

5  20/20/15 

84  100 

84  100 
15 

mV 

mV 

HV/°C 

dB 

dB 

uV/ 

Month 

INPUT  BIAS  CURRENT2 

VCM  =  0V 

VCM  ~  0  V  10}  1MAX 

VCM  =  ±10V 

40  150 

3  4/0  6/1  54 

J.t/  1J1 

55  200 

40  75 

1.7/4.8/77 
55  120 

PA 
nA 
pA 

IXNrU  1  Urr5E  1  ^.UJMviliN  1 

v     —  n  v 

»CM  -  U  V 

VCM  =  0  V  @  Tmax 

10  75 

1.7/4.8/77 

10  35 

0.8/2.2/36 

nA 
prt 

nA 

MATCHING  CHARACTERISTICS 

Input  Offset  Voltage 
Input  Offset  Voltage 
Input  Offset  Voltage  Drift 
Input  Bias  Current 
Crosstalk 

Tmin  to  Tmax 

f  -  i  kjrz 
f=  100  kHz 

0.5  1.8 

0.7  2.3/2.3/2.3 
8 

10  100 

-130 
-95 

0.4  0.8 

0.6  1.0/1.0/1.3 

6  25 
10  35 

-130 

-95 

mV 

mV 

uV/°C 

pA 

dB 

dB 

Small  Signal  Bandwidth 

Unity  Gain 

3.0  4.0 

3.4  4.0 

MHz 

Full  Power  Response 
Slew  Rate 

Settling  Time  to  0.01% 
Total  Harmonic  Distortion 

Vo  =  20Vp-p 
Unity  Gain 

200 

16  20 

1.0  1.2 

200 
18  20 

1.0  1.2 
0  0003 

kHz 

V/us 
us 

% 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

3xl0,2||5.5 

- 

^vi  n12ll^  ^ 

JAlU  II"'*-' 

3xl0,2||5.5 

£2||pF 

INPUT  VOLTAGE  RANGE 
Differential3 

±20 

±20 

V 

Common-Mode  Voltage4 

Common  Mode 
Rejection  Ratio 

Tmjn  to  Tmax 
VC„=±10V 
Tmin  to  Tmax 

V       —  +  1  1  V 
VCM  -  ±11  V 

Tmin  to  Tmax 

+  14.5,-11.5 
-11  +13 
78  88 
76/76/76  84 
72  84 
70/70/70  80 

+  14.5,-11.5 
-11  +13 
84  94 
82  90 

7S  Oft 

74  84 

V 

V 

dB 

dB 

dB 

dB 

INPUT  VOLTAGE  NOISE 

0.1  Hz  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f  =  1  kHz 
f  =  10  kHz 

2 

45 
22 
18 
16 

2 

45 

22 

1  R 
10 

16 

uVp-p 
nV/VHz 
nV/VHz 

UV  1  voz 

nVWHz 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

0.01 

0.0, 

pA/VHz 

OPFN-T  OOP  GATM 

V  o  —  I1U  V  ,  Ix|        Z  Ki£ 

Tmin  to  Tmax 

100/100/100 

?nn  Ann 
100 

V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 

Voltage 

Ri  >  2  kU 

1  MIN  tO  1  MAX 

Short  Circuit 

+  13,-12.5  +13.9,-13.3 

X  li'I  lZ'Xli     TlJ.O,  —  l  J.  1 

25 

+  13,-12.5  +13.9,-13.3 

+  17                 4.1  3  fi  111 

V 

V 

Current 

25 

mA 

POWER  SUPPLY 

Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

+4.5  +18 
10.0  13.5 

±15 

10.0  12.0 

V  ■ 
X  • 
mA 

TRANSISTOR  COUNT 



#  of  Transistors 

120 

120 

NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 
2Bias  Current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C. 
'Defined  as  voltage  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 
^Typically  exceeding  -14. 1  V  negative  common-  — 
Specifications  subject  to  change  without  notice. 
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in  an  output  phase  reversi 


For  higher  temperatures,  the  current  doubles  every  10°C. 


REV.  0 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   +  18  V 

Internal  Power  Dissipation2 

Input  Voltage  ±VS 

Differential  Input  Voltage    +VS  and  -Vs 

Output  Short  Circuit  Duration  (Single  Amplifier)  .  .  .  Indefinite 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Storage  Temperature  Range  (Q)   -65°C  to  + 1 50°C 

Operating  Temperature  Range 

AD71xJ/K   0°Cto+70°C 

AD71xA/B   -40°C  to +85°C 

AD71xS/T   -55°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Specification  is  for  device  in  free  air: 


8-Pin  Plastic  Package 

6,a  = 

165°C/Watt 

8-Pin  Cerdip  Package 

eM  = 

110°C/Watt 

8-Pin  Metal  Can  Package 

0JA  - 

150°C/Watt 

8-Pin  Small  Outline  Package 

9]A  = 

155°C/Watt 

14-Pin  Plastic  Package 

eJA  = 

150°C/Watt 

14-Pin  Cerdip  Package 

ew  = 

110°C/Watt 

16-Pin  SOIC  Package 

V  = 

100°C/Watt 

AD711/AD712/AD713 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD711AH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD711AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

0-8 

AD711BH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD711BQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD711CH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD711CQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD711JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD711JR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD711JR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD7 1 1 JR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD711KN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD711KR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD711KR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD7 1 1 KR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD71 1SCHIPS 

-55°Cto+125°C 

Bare  Die 

AD711SQ/883B 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD711TQ/883B 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712ACHIPS 

-40°C  to  +85°C 

Bare  Die 

AD712AH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD712AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712BH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD712BQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712CH 

-40°C  to  +85°C 

8-Pin  Metal  Can 

H-08A 

AD712CQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712JN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD712JR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD712JR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD712JR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD712KN 

0°C  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD712KR 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD712KR-REEL 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD7 1 2KR-REEL7 

0°C  to  +70°C 

8-Pin  Plastic  SOIC 

R-8 

AD712SCHIPS 

-55°Cto+125°C 

Bare  Die 

AD712SQ 

-55°C  to  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712SQ/883B 

-55°Cto+125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712TQ 

-55°Cto+125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD712TQ/883B 

-55°Cto+125°C 

8-Pin  Ceramic  DIP 

Q-8 

AD713AQ 

-A0°C  to  +85°C 

14-Pin  Ceramic  DIP 

Q-14 

AD713BQ 

-40°C  to  +85°C 

14-Pin  Ceramic  DIP 

Q-14 

AD7 1 3JCHIPS 

0°C  to  +70°C 

Bare  Die 

AD713JN 

0°C  to  +70°C 

14-Pin  Plastic  DIP 

N-14 

AD713JR-16 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD7 1 3JR- 1 6-REEL 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD713JR-16-REEL7 

0°C  to  +70°C 

16-Pin  Plastic  SOIC 

R-16 

AD713KN 

0°C  to  +70°C 

14-Pin  Plastic  DIP 

N-14 

AD713SCfflPS 

-55°Cto+125°C 

Bare  Die 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD713SQ/883B 

-550C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD713TQ 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD713TQ/883B 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

5962-9063301MCA 

-55°C  to  +125°C 

14-Pin  Ceramic  DIP 

Q-14 

5962-9063302MCA 

-55°C  to+125°C 

14-Pin  Ceramic  DIP 

Q-14 

*For  outline  informatio 

n  see  Package  Information  section. 
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llltralnw  Nnfcp 

Id  DEVICES 

BiFET  Op  Amp 

AD743 

FEATURES 

ULTRALOW  NOISE  PERFORMANCE 
2.9  nV/VHi  at  10  kHz 
0.38  »V  p-p,  0.1  to  10  Hz 
6.9  fA/VBI  Current  Noise  at  1  kHz 

EXCELLENT  DC  PERFORMANCE 
0.5  mV  max  Offset  Voltage 
250  pA  max  Input  Bias  Current 
1000  V/mV  min  Open-Loop  Gain 

AC  PERFORMANCE 
2.8  V/jts  Slew  Rate 
4.5  MHz  Unity-Gain  Bandwidth 
THD  =  0.0003%  @  1  kHz 
Available  in  Tape  and  Reel  in  Accordance  with 
EIA-481A  Standard 


APPLICATIONS 
Sonar  I 

High  Dynamic  Range  Filters  (>140  dB) 
Photodiode  and  IR  Detector  Amplifiers 
Accelerometers 


PRODUCT  DESCRIPTION 

The  AD743  is  an  ultralow  noise  precision,  FET  input,  mono- 
lithic operational  amplifier.  It  offers  a  combination  of  the 
ultralow  voltage  noise  generally  associated  with  bipolar  input  op 
amps  and  the  very  low  input  current  of  a  FET-input  device. 
Furthermore,  the  AD743  does  not  exhibit  an  output  phase 
reversal  when  the  negative  common-mode  voltage  limit  is 
exceeded. 

The  AD743's  guaranteed,  maximum  input  voltage  noise  of 
4.0  nV/VHz  at  10  kHz  is  unsurpassed  for  a  FET-input  mono- 
lithic op  amp,  as  is  the  maximum  1.0  u.V  p-p,  0.1  to  10  Hz 
noise.  The  AD743  also  has  excellent  dc  performance  with 
2S0  pA  mavimnm  input  bias  current  and  0.S  mV  maximum  off- 
set voltage. 

The  AD743  is  specifically  designed  for  use  as  a  preamp  in 
capacitive  sensors,  such  as  ceramic  hydrophones.  It  is  available 
in  five  performance  grades.  The  AD743J  and  AD743K  are  rated 
over  the  commercial  temperature  range  of  0°C  to  +70°C.  The 
AD743A  and  AD743B  are  rated  over  the  industrial  temperature 
range  of  -40°C  to  +85°C.  The  AD743S  is  rated  over  the  mili- 
tary temperature  range  of  -55°C  to  +  125°C  and  is  available  pro- 
cessed to  MIL-STD-883B,  Rev.  C. 

The  AD743  is  available  in  8-pin  plastic  mini-DIP,  8-pin  cerdip, 
16-pin  SOIC,  or  in  chip  form. 


8-Pin  Plastic  Mini-DIP  (N) 
and 

8-Pin  Cerdip  (Q)  Packages 


CONNECTION  DIAGRAMS 

16-Pin  SOIC  (R)  Package 


m 

NC 

m 

NC 

m 

NC 

1 

♦vs 

«i 

OUTPUT 

a 

OFFSET 
NULL 

«] 

NC 

n 

NC 

PRODUCT  HIGHLIGHTS 

1.  The  low  offset  voltage  and  low  input  offset  voltage  drift  of 
the  AD743  coupled  with  its  ultralow  noise  performance  mean 
that  the  AD743  can  be  used  for  upgrading  many  applications 
now  using  bipolar  amplifiers. 

2.  The  combination  of  low  voltage  and  low  current  noise  make 
the  AD743  ideal  for  charge  sensitive  applications  such  as 
accelerometers  and  hydrophones. 

3.  The  low  input  offset  voltage  and  low  noise  level  of  the 
AD743  provide  >  140  dB  dynamic  range. 

4.  The  typical  10  kHz  noise  level  of  2.9  nV/VHz  permits  a 
three  op  amp  instrumentation  amplifier,  using  three  AD743s, 
to  be  built  which  exhibits  less  than  4.2  nV/VHz  noise  at 

10  kHz  and  which  has  low  input  bias  currents. 


Input  Noise  Voltage  vs.  Source  Resistance 


This  i>  an  abridged  data  sheet.  To  < 

ta  sheet,  call  our  fax  retrieval  system  at  1-8«M46-«212. 
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SPECIFICATIONS 


(@  +2S°C  and  ±15  V  dc,  unless  otherwise  noted) 


AD743 


Model 

Conditions 

AD743J/A 
Min         Typ  Mai 

AD743K7B 
Min          Typ  Max 

AD743S 
Min          Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE1 
Initial  Offset 
Initial  Offset 
vs.  Temp, 
vs.  Supply  (PSRR) 
vs.  Supply  (PSRR) 

T„i„  to  Tm„ 
Tmi„  to  Tm„ 
12  V  to  18  V2 
T„i„  to  T_ 

0.25  1.0/0.8 
1.5 

2 

90  96 
88 

0.1  0.5/0.25 
1.0/0.50 

1 

100  106 
98  100 

0.25  1.0 
2.0 

2 

90  96 
88 

mV 

mV 

u.V/t 

dB 

dB 

INPUT  BIAS  CURRENT3 
Either  Input 
Either  Input 

Either  Input 

Either  Input,  Vs  =  ±5  V 

Vcm  =  0V 

Vcm  =  0V 
VCM  =  +10  V 
Vcm  =  0V 

150  400 

8.8/25.6 
250  600 
30  200 

150  250 

5.5/16 
250  400 
30  125 

150  400 
413 

300  600 
30  200 

pA 

nA 
pA 
pA 

INPUT  OFFSET  CURRENT 
Offset  Current 

Vc«  =  0V 
Vcm  =  0V 

40  150 

2.2/6.4 

30  75 

1.1/3.2 

40  150 
102 

pA 
nA 

FREQUENCY  RESPONSE 
Gain  BW,  Small  Signal 
Full  Power  Response 
Slew  Rate,  Unity  Gain 

G  =  -1 

V0  =  20  V  p-p 

G  =  -1 

4.5 
25 
2.8 

4.5 

|l  25 
2.8 

4.5 
25 
2.8 

MHz 
kHz 

V/(jis 

Settling  Time  to  0.01% 
Total  Harmonic 
Distortion4 

f  =  1  kHz 
G  =  -1 

6 

0.0003 

6 

0.0003 

6 

0.0003 

(IS 

% 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

1  x  10lo||20 
3  x  10"||18 

1  x  10'°||20 
3  x  10"||18 

1  x  10lo||20 
3  x  10"||18 

n||pF 

miPF 

INPUT  VOLTAGE  RANGE 
Differential5 
Common-Mode  Voltage 
Over  Max  Operating  Range6 
Common-Mode 
Rejection  Ratio 

Vcm  =  +10  V 

T      m  T 
1  min  tO  1  maK 

±20 

+13.3,  -10.7 
-10  +12 

80  95 
78 

±20 

+  13.3,  -10.7 
-10  +12 

90  102 
88 

±20 

+  13.3,  -10.7 
-10  +12 

80  95 
78 

V 
V 
V 

dB 
dB 

INPUT  VOLTAGE  NOISE 

0.1  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 

f  =  10  kHz 

0.38 

'5.5        '  :~     J*  • 
3.6 

3.1  3.U 

2.9  4.0 

0.38  1.0 

5.5  10.0 

3.6  6.0 
3.2  5.0 
2.9  4.0 

0.38 

5.5 

3.6 

3.2  5.0 
2.9  4.0 

M-V  P-P 

nV/VHz 

nV/VHz 

nV/\/Hz 

nV/VHl 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

6.9 

6.9 

6.9 

fA/VHz 

OPEN  LOOP  GAIN 

V0  =  ±10  V 
Rload  —  2  kfl 
T„i„  to  Tnu* 
Rload  =  600  fl 

1000  4000 
800 

1200 

2000  4000 
1800 

1200 

1000  4000 
800 

1200 

V/mV 
V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Rload  2  600  CI 
Rload  2  600  fl 
Tmi„  to  T„„ 
Rload  "  2  kfl 
Short  Circuit 

+  13,  -12 

+  13.6,  -12.6 

+  12,  -10 

±12          +13.8,  -13.1 
20  40 

+  13,  -12 

+  13.6,  -12.6 

+  12,  -10 

±12          +13.8,  -13.1 
20  40 

+  13,  -I? 

+  13.6,  -12.6 

+  12,  -10 

±12          +13.8,  -13.1 
20  40 

V 
V 
V 

v 

mA 

POWER  SUPPLY 

Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

±4.8  ±18 
8.1  10.0 

±15 

±4.8  ±18 
8.1  10.0 

±15 

±4.8  ±18 
8.1  10.0 

V 
V 

mA 

TRANSISTOR  COUNT 

#  of  Transistors 

50 

50 

50 

NOTES 

'input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 
2Test  conditions:  +VS  =  15  V,  -Vs  =  12  V  to  18  V  and  +VS  =  12  V  to  +18  V,  -Vs  =  15  V. 

3Bias  current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25"C.  For  higher  temperature,  the  current  doubles  every  10°C. 
4Gain  =  -1,  RL  =  2  kfl,  CL  =  10  pF. 

sDefined  as  voltage  between  inputs,  such  that  neither  exceeds  ±10  V  from  common. 
*The  AD743  does  not  exhibit  an  output  phase  reversal  when  the  negative  common-mode  limit  is  e 


All  min  and  max  specifications  are  guaranteed. 
Specifications  subject  to  change  without  notice. 
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Input  Voltage   ±VS 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD743J/K  0°C  to  +70°C 

AD743A/B  -40°C  to  +85°C 

AD743S  -55°C  to  +  125°< 

Lead  Temperature  Range  (Soldering  60  seconds)  


operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-pin  plastic  package:  6,A  =  lWC/Watt,  8,c  =  50°C/Watt 
8-pin  cerdip  package:  6,A  =  110°OWatt,  9JC  =  30°C/Watt 
16-pin  plastic  SOIC  package:  8IA  =  100°C/Watt,  9,c  =  30°C/Watt 

ESD  SUSCEPTIBILITY 

An  ESD  classification  per  method  3015.6  of  MIL  STD  883C 
has  been  performed  on  the  AD743.  The  AD743  is  a  class  1 
device,  passing  at  1000  V  and  failing  at  1500  V  on  null  pins  1 
and  5,  when  tested,  using  an  IMCS  5000  automated  ESD  tester. 
Pins  other  than  null  pins  fail  at  greater  than  2500  V. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package 
Option* 

AD743JN 

AD743KN 

AD743AN 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 

N-8 
N-8 
N-8 

AD743JR-16 

AD743KR-16 

AD743AR-16 

AD743AQ 

AD743BQ 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +  85°C 
-40°C  to  +85°C 
-40°C  to  +  85°C 
-55°C  to  +125°C 
-55°C  to  +125°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 

R-16 

R-16 

R-16 

Q-8 

Q-8 

Q-8 

Q-8 

Die 

Tape  &  Reel 
Tape  &  Reel 

AD743SQ/883B 
AD743JCHIPS 
AD743JR-16-REEL 
AD743KR-  16-REEL 

AD743AR-1 6-REEL 

-40°C  to  +  85°C 

Tape  &  Reel 

*N  =  Plastic  DIP;  R  =  Small  Outline  IC;  Q  =  Cerdip.  For  outline  informa- 
tion see  Package  Information  section. 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
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ANALOG 


Precision,  500ns  Settling 


D 

EVI 

ICES 

BiFET  Op  Amp 

AD744 

FEATURES 
AC  PERFORMANCE 
500ns  Settling  to  0.01%  for  10V  Step 
1.5ns  Settling  to  0.0025%  for  10V  Step 
75V/(is  Slew  Rate 

0.0003%  Total  Harmonic  Distortion  (THD) 
13MHz  Gain  Bandwidth  -  Internal  Compensation 

200MHz  Gain  Bandwidth  (G  =  1000) 

External  Decompensation 
>1000pF  Capacitive  Load  Drive  Capability  with 

10V/ (is  Slew  Rate  -  External  Compensation 

DC  PERFORMANCE 

0.25mV  max  Offset  Voltage  (AD744C) 

3(i V/X  max  Drift  (AD744C) 

250V/mV  min  Open-Loop  Gain  (AD744B) 

4ii V  p-p  max  Noise.  0.1  Hz  to  10Hz  (AD744C) 

Available  in  Plastic  Mini-DIP,  Plastic  SOIC,  Hermetic 

Cerdip,  Hermetic  Metal  Can  Packages  and  Chip  Form 
MIL-STD-883B  Processing  Available 
Surface  Mount  (SOIC)  Package  Available  in  Tape 

and  Reel  in  Accordance  with  EIA-481A  Standard 

APPLICATIONS 

Output  Buffers  for  12-Bit,  14-Bit  and  16-Bit  DACs, 
ADC  Buffers,  Cable  Drivers,  Wideband 
Preamplifiers  and  Active  Filters 


CONNECTION  DIAGRAMS 


TO-99  (H)  Package 


Plastic  Mini-DIP  (N), 
Small  Outline  (R)  and 
Cerdip  (Q)  Packages 


i 

OMPENS. 


COMPENSATION 


-I 


3 

"Tj  OUTPUT 

3 


COMPENSATION 


PRODUCT  DESCRIPTION 

The  AD744  is  a  fast-settling,  precision,  FET  input,  monolithic 
operational  amplifier.  It  offers  the  excellent  dc  characteristics  of 
the  AD711  BiFET  family  with  enhanced  settling,  slew  rate,  and 
bandwidth.  The  AD744  also  offers  the  option  of  using  custom 
compensation  to  achieve  exceptional  capacitive  load  drive 
capability. 

The  single-pole  response  of  the  AD744  provides  fast  settling: 
500ns  to  0.01%.  This  feature,  combined  with  its  high  dc  precision, 
makes  it  suitable  for  use  as  a  buffer  amplifier  for  12-bit,  14-bit 
or  16-bit  DACs  and  ADCs.  Furthermore,  the  AD744's  low  total 
harmonic  distortion  (THD)  level  of  0.0003%  and  gain  bandwidth 
product  of  13MHz  make  it  an  ideal  amplifier  for  demanding 
audio  applications.  It  is  also  an  excellent  choice  for  use  in  active 
filters  in  12-bit,  14-bit  and  16-bit  data  acquisition  systems. 

The  AD744  is  internally  compensated  for  stable  operation  as  a 
unity  gain  inverter  or  as  a  noninverting  amplifier  with  a  gain  of 
two  or  greater.  External  compensation  may  be  applied  to  the 
AD744  for  stable  operation  as  a  unity  gain  follower.  External 
compensation  also  allows  the  AD744  to  drive  lOOOpF  capacitive 
loads,  slewing  at  10V/u.s  with  full  stability.  Alternatively,  external 
decompensation  may  be  used  to  increase  the  gain  bandwidth  of 


NOTE:  PIN  4  CONNECTED 
TO  CASE 


the  AD744  to  over  200MHz  at  high  gains.  This  makes  the  AD744 
ideal  for  use  as  ac  preamps  in  digital  signal  processing  (DSP) 
front  ends. 

The  AD744  is  available  in  seven  performance  grades.  The  AD744J 
and  AD744K  are  rated  over  the  commercial  temperature  range 
of  0  to  +  70°C.  The  AD744A,  AD744B  and  AD744C  are  rated 
over  the  industrial  temperature  range  of  —  40°C  to  +  85°C.  The 
AD744S  and  AD744T  are  rated  over  the  military  temperature 
range  of  -  55°C  to  +  125°C  and  are  available  processed  to  MIL- 
STD-883B,  Rev.  C. 

Extended  reliability  PLUS  screening  is  available,  specified  over 
the  commercial  and  industrial  temperature  ranges.  PLUS  screening 
includes  a  168-hour  burn-in,  as  well  as  other  environmental  and 
physical  tests. 

The  AD744  is  available  in  an  8-pin  plastic  mini-DIP,  8-pin 
small  outline,  8-pin  cerdip  or  TO-99  metal  can. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD744  is  a  high-speed  BiFET  op  amp  that  offers  excellent 
performance  at  competitive  prices.  It  outperforms  the  OPA602/ 
OPA606,  LF356  and  LF400. 

2.  The  AD744  offers  exceptional  dynamic  response.  It  settles  to 
0.01%  in  500ns  and  has  a  100%  tested  minimum  slew  rate  of 
50V/(xs  (AD744B). 

3.  The  combination  of  Analog  Devices'  advanced  processing 
technology,  laser  wafer  drift  trimming  and  well-matched  ion- 
implanted  JFETs  provide  outstanding  dc  precision.  Input 
offset  voltage,  input  bias  current,  and  input  offset  current 
are  specified  in  the  warmed-up  condition;  all  are  100% 


4.  The  AD744  has  a  guaranteed  and  tested  maximum  voltage 
noise  of  4(iV  p-p,  0.1Hz  to  10Hz  (AD744C). 

■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


■ 


■ 
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AD744— SPECIFICATIONS 

  ■   


■  r- 


(@  +25°C  and  ±15V  dc,  unless  otherwise  noted) 


Model 


INPUT  OFFSET  VOLTAGE1 
Initial  Offset 
Offset 


vs.  Supply2 
vs.  Supply 
Long-Term  Stability 


INPUT  BIAS  CURRENT3 
Either  Input 
Either  Input  t?t  T^  - 

tft 

A,B,C 

S,T 
Either  Input 
Offset  Current 
Offset  Current  («  T™  = 

J,K 

A,B,C 

S,T 


FREQUENCY  RESPONSE 
Gain  BW,  Small  Signal 


Settling  Time  toO.01%4 
Total  Harmonic 


INPUT  IMPEDANCE 
Differential 
Common  Mode 


INPUT  VOLTAGE  RANGE 
Differential' 
Common-Mode  Voltage 
Over  Max  Operating  Range6 
Common-Mode  Rejection  Ratio 


INPUT  VOLTAGE  NOISE 


INPUT  CURRENT  NOISE 


OPEN  LOOP  GAIN7 


OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Capacilive  Load8 


POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 


TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +  70°C) 
Industrial  (-40*C  to  +85°C) 
Military  (- 55*C  to  +  125*C) 


PACKAGE  OPTIONS' 
8-Pin  Plastic  Mini-DIP  (N-8)  and 

SOICCR-8) 
8-Pin  Cerdip(Q-8) 
TO-99  Metal  Can  (H-08A) 
Tape  and  Reel 
Chips  Available 


Tmin-Tm, 


Vcm  =  0V 
Vc«  =  0V 
70°C 
85°C 
125*C 

VCM=  +  10V 
Vcm  =  0V 
Vcm  =  0V 

70*c 

85°C 
125°C 


G«  -I 

Vo-20VP-P 

G=  -1 
G-  -1 
f  -  1kHz 
Rl»2kfl 
V0-3Vrms 


Vcm-±10V 
T„t„toT„„ 
VCM=±11V 
T™„toT„„ 


O.ltolOHz 
f  =  IOH2 
f  =  100Hz 
f=  1kHz 
f-  10kHz 


f-  1kHz 


V0=  ±10V 
RL<MD=2kn 

TmintoTm,, 


RLOAD22kfl 
TminloT™, 

Short-Circuil 
Gain=  -1 


AD744J/A/S 

Typ  Max 


82 

82/82/82 


5 
95 


1.0 

2/2/2 
20/20/20 


0.25 


5 

100 


30 


0.7 
1.9 


20 


1.3 
20 


2.3 
6.4 
102 
150 
50 


13 
1.2 
75 
0.5 


0.0003 


3xlO,2|5.5 
3xl0l2||5.5 


±20 
+  14.5, 


-11 
78 

76776776 
72 

70/70/70 


45 

22 
18 
16 


200 

100/100/100 


+  13,-12.5  +13.9,-13.3 
±12/±12/±12  +13.8,-13.1 

25     zi  +frTC 


±15 

±18 

3.5  5.0 


AD744J 
AD744A 
AD744S 


AD744JN,AD744JR 

AD744AQ 

AD744AH 

AD744JR-REEL 

AD744JChips 


AD744K7B/T 

Typ 


0.5 
1.1 
10 


0.7 
1.9 

31 
40 
10 

0.2 
0.6 
10 


100 

2.3 
6.4 
102 
150 
50 

1.1 

3.2 
52 


13 
1.2 
75 
0.5 


9 
50 


3xl0,2||5.5 
3xl012||5.5 


±20 

+  14.5,-11.5 


-11 

82 

80 


84  '  1  ' 

80 


2 
45 
22 
18 
16 


+  13,-12.5  +13.9,-13.3 
±12  +13.8,-13.1 
25 


1000 


±15 

±18 

-LI  12  


AD744K 
AD744B 
AD744T 


AD744KN,  AD744KR 
AD744BQ 


AD744KR-REEL 


AD744C 


30 
1.9 


50 

3.2 

40  100 
10  20 

0.6  1.3 





pA 

nA 
nA 

pA 
pA 

iriaO  sMMcr 

nA 
nA 


3xl0,2||5.5 
3  x  10,2|5.5 


80 


94 
90 


90 

76  84 





2 
45 

<8 


4 


250 
150 


H3.9, -13.3 
H3.8,  -  13.1 


±4.5 


±15 


±18 
4.0 


AD744CQ 


■  ■ 
NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +  25°C. 
2PSRRtm  conditions:  +  Vs-  15V,  -  Vs=  -  12V to  -  18V and  +VS-  12V to  18V,  -  Vs- -  I5V. 

'Bias  Current  Specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +  25°C.  For  higher  temperature,  the  current  doubles  every  10°C. 
*Gain=  -l,RL  =  2k,CL=10pF,refer  to  Figure 25. 

'Defined  as  voltage  between  inputs,  such  that  neither  exceeds  ±  1 0V  from  ground . 

'Typically  exceeding  -  14.  lVnegative  common-mode  voltage  on  either  input  results  in  an  output  phase  reversal. 


MHz 
MHz 
V/us 
us 


fl|pF 

n||pF 


uVp-r 


nV/Vfiz" 


pA/VRz 


V/mV 
V/mV 


mA 


V 
mA 


'Open-Loop  Gain  is  specified  with  Vos  both  nulled  and  unnulled. 

'Capariuve  load  drive  specified  for  CcoMF  =  20pF  with  the  device  connected  as  shown  in  Figure  32.  Under  these  conditions,  slew  rate  =  lWu-s  and  0.01%  settling  time  =  1.5ns  typical. 
Refer  to  Table  II  for  optimum  compensation  while  driving  a  capacilive  load . 
*For  outline  information  see  Package  Information  section . 
Specifics  lion  j  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test .  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min  and  max ! 
only  those  shown  in  boldface  are  tested  on  all  production  units. 


1 

■ 


i  teed,  although 


■ 

■ 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18V 

Internal  Power  Dissipation2   500mW 

Input  Voltage3  ±  18V 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage   +  Vs  and  —  Vs 

Storage  Temperature  Range  (Q,  H)  -65°C  to  +  150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD744J/K   0  to  +70°C 

AD744A/B/C   -40°Cto+85°C 

AD744S/T   -  55°C  to  +  125°C 

Lead  Temperature  Range  (Soldering  60  sec)   300°C 


MET 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  < 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
ted in  the  operational  section  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 
2Thermal  Characteristics 

8-Pin  Plastic  Package:  9,c  =  33°C/W,9JA  =  100°C/W 

8-Pin  Cerdip  Package:  9JC  =  22°C/W,8,A  =  HCC/W 

8-Pin  Metal  Can  Package:  8JC  =  65°C/W,8JA  =  15CC/W 

8-Pin  SOIC  Package:  8JC  =  42°C/w\8,A  =  loCC/W 
'For  supply  voltages  less  than  ±  18V,  the  absolute  maximum  input  voltage 
is  equal  to  the  supply  voltage. 


ALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 

shown  in  inches  and  (mm). 


NULL/COMPENSATION 


NULL/COMPENSATION 


0.063  _ 
(160) 


COMPENSATION 
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FEATURES 

ULTRALOW  NOISE  PERFORMANCE 

2.9  nV/VHz  at  10  kHz 

0.38  p.V  p-p,  0.1  Hz  to  10  Hz 

6.9  fA/Vhta  Current  Noise  at  1  kHz 


CONNECTION  DIAGRAMS 
8-Pin  Plastic  Mini-DIP  (N)  &       16-Pin  SOIC  (R)  Package 
8-Pin  Cerdip  (Q).  Packages 


EXCELLENT  AC  PERFORMANCE 
12.5  V/|xs  Slew  Rate 
20  MHz  Gain  Bandwidth  Product 
THD  =  0.0002%  @  1  kHz 

Internally  Compensated  for  Gains  of  +5  (or  -4)  or 
Greater 

EXCELLENT  DC  PERFORMANCE 
0.5  mV  max  Offset  Voltage 
250  pA  max  Input  Bias  Current 
2000  V/mV  min  Open  Loop  Gain 
Available  in  Tape  and  Reel  in  Accordance  with 
EIA-481A  Standard 

APPLICATIONS 
Sonar 

Photodiode  and  IR  Detector  Amplifiers 

Accelerometers 

Low  Noise  Preamplifiers 

High  Performance  Audio 

PRODUCT  DESCRIPTION 

The  AD745  is  an  ultralow  noise,  high  speed,  FET  input  opera- 
tional amplifier.  It  offers  both  the  ultralow  voltage  noise  and 
high  speed  generally  associated  with  bipolar  input  op  amps  and 
the  very  low  input  currents  of  FET  input  devices.  Its  20  MHz 
bandwidth  and  12.5  V/u.s  slew  rate  makes  the  AD745  an  ideal 
amplifier  for  high  speed  applications  demanding  low  noise  and 
high  dc  precision.  Furthermore,  the  AD745  does  not  exhibit  an 
output  phase  reversal. 


*D745 

1 

OP  VIEW 

3 


OFFSET 
NULL 


The  AD745's  guaranteed,  tested  maximum  input  voltage  noise 
of  4  nV/\/Hz  at  10  kHz  is  unsurpassed  for  a  FET-input  mono- 
lithic op  amp,  as  is  its  maximum  1.0  u.V  p-p  noise  in  a  0.1  to 
10  Hz  bandwidth.  The  AD745  also  has  excellent  dc  performance 
with  250  pA  maximum  input  bias  current  and  0.5  mV  maxi- 
mum offset  voltage. 

The  internal  compensation  of  the  AD745  is  optimized  for  higher 
gains,  providing  a  much  higher  bandwidth  and  a  faster  slew 
rate.  This  makes  the  AD745  especially  useful  as  a  preamplifier 
where  low  level  signals  require  an  amplifier  that  provides  both 
high  amplification  and  wide  bandwidth  at  these  higher  gains. 
The  AD745  is  available  in  five  performance  grades.  The  AD745J 
and  AD745K  are  rated  over  the  commercial  temperature  range 
of  0°C  to  +70°C.  The  AD745A  and  AD745B  are  rated  over  the 
industrial  temperature  range  of  -40°C  to  +85°C.  The  AD745S 
is  rated  over  the  military  temperature  range  of  -55°C  to  +125°C 
and  is  available  processed  to  MIL-STD-883B,  Rev.  C. 

The  AD745  is  available  in  8-pin  plastic  mini-DIP,  8-pin  cerdip, 
16-pin  SOIC,  or  in  chip  form. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  om  fax  retrieval  system  at  1-800-446-6212. 

9-58   OPERATIONAL  AMPLIFIERS  REV.  B 


SPECIFICATIONS 


+25°C  and  ±15  V  dc,  unless  otherwise  noted) 


Model 

Conditions 

AD745J/A 
Min          Typ  Mai 

AD745K/B 
Min          Typ  Max 

AD745S 
Min          Typ  Mai 

Units 

INPUT  OFFSET  VOLTAGE1 
Initial  Offset 
Initial  Offset 
vs.  Temp, 
vs.  Supply  (PSRR) 
vs.  Supply  (PSRR) 

T„,„  to  T„„ 

Tmin  tO  Tra 

12  V  to  18  V; 

Train  tO  T„„ 

0.25  1.0/0.8 
1.5 

2 

90  96 
88 

0.1  0.5/0.25 
1.0/0.50 

2 

100  106 
98  105 

0.25  1.0 
2.0 

2 

90  % 
88 

mV 
mV 

U.V/X 

dB 

dB 



INPUT  BIAS  CURRENT3 
Either  Input 
Either  Input 

Either  Input 

Either  Input,  Vs  =  ±5  V 

Vcm  =  0V 

Vcm  =  0V 
Vc„  =  +10  V 
Vcm  =0V 

150  400 

8.8/25.6 
250  600 
30  200 

150  250 

5.5/16 
250  400 
30  125 

150  400 
413 

300  600 
30  200 

pA 

nA 
pA 
pA 

INPUT  OFFSET  CURRENT 
Offset  Current 
<§  TmHX 

Vcm  =  0V 
Vcm  =  0V 

40  150 

2.2/6.4 

30  7? 

1.1/3.2 

40  150 
102 

pA 
nA 

FREQUENCY  RESPONSE 
Gain  BW,  Small  Signal 
Full  Power  Response 
Slew  Rate 

Settling  Time  to  0.01% 
Total  Harmonic 
Distortion4 

G  =  -4 

V0  =  20  V  p-p 

G  =  -4 

f  =  1  kHz 
G  =  -4 

20 
120 
12.5 
5 

0.0O02 

20 
120 
12.5 
5 

0.0002  y 

20 
120 
12.5 

5 

0.0002 

MHz 
kHz 

V/us 
us 

% 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

1  x  10'°||20 
3  x  10"||18 

1  x  1010||20 
3  x  10"||18 

I  x  1010||20 
3  x  10"||18 

niipF 
n||PF 

Differential5 
Common-Mode  Voltage 
Over  Max  Operating  Range6 
Common-Mode 
Rejection  Ratio 

Vcm=  ±10  V 
Tmm  to  T„„ 

±20 

+  13.3,  -10.7 
-10  +12 

80  95 
78 

±20 

+  13.3,  -10.7 
-10  +12 

90  102 
88 

±20 

+  13.3,  -10.7 
-10  +12 

80  95 
78 

V 
V 
V 

dB 
dB 

INPUT  VOLTAGE  NOISE 

0.1  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f  =  1  kHz 
f  =  10  kHz 

0.38 

5.5 
3.6 

3.2  5.0 
2.9  4.0 

0.38  1.0 

5.5  10.0 

3.6  6.0 
3.2  5.0 
2.9  4.0 

0.38 

5.5 

3.6 

3.2  5.0 
2.9  4.0 

uV  p^p_ 
nV/v'Hz 
nV/VHz 
nV/VHz 
nV/VHz 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

6.9 

6.9 

6.9 

fA/\Hz" 

OPEN  LOOP  GAIN 

VQ  =  ±10  V 
Rload  =  2  Ml 
T„i„  to  T„, 
Rload  =  600  fl 

1000  4000 
800 

1200 

2000  4000 
1800 

1200 

1000  4000 
800 

1200 

V/mV 
V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Rload  —  600  11 
Rload  a  600  fl 
T„i„  to  T„ 
Rload  &  2  kfl 

+  13,  -12 

+  13.6,  -12.6 

+  12,  -10 

±12  +13.8,-13.1 
20  40 

+  13,  -12 

+  13.6,  -12.6 

+  12,  -10 

±12  +13.8,-13.1 
20  40 

+  13,  -12 

+  13.6,  -12.6 

+  12,  -10 

±12  +13.8,-13.1 
20  40 

V 
V 
V 
V 

mA 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

±4.8  ±18 
8  10.0 

±15 

±4.8  ±18 
8  10.0 

±15 

±4.8  ±18 
8  10.0 

V 
V 

mA 

TRANSISTOR  COUNT 

#  of  Transistors 

50 

50 

50 

NOTES 

'input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 
2Test  conditions:  +VS  =  15  V,  -Vs  =  12  V  to  18  V  and  +VS  =  12  V  to  +18  V,  -Vs  =  15  V. 
3Bias  current  specificauons  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  T 
♦Gain  =  -4,  RL  =  2  kfl,  Cl  =  10  pF. 

5 Defined  as  voltage  between  inputs,  such  that  neither  exceeds  ±10  V  from  common. 
6The  AD745  does  not  exhibit  an  output  phase  reversal  when  the  negative  common-mode  limit  is  exceeded. 


+  25°C.  For  higher  temperature,  the  current  doubles  every  10°C. 
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AD745 


i  10IT 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18  V 

Internal  Power  Dissipation2 

Plastic  Package  1.3  W 

Cerdip  Package  1.1  W 

SOIC  Package   1.2  W 

Input  Voltage   ±VS 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (Q)  .  .  -65°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD745J/K  0°C  to  +70°C 

AD745A/B  -40°C  to  +85°C 

AD745S  -55°Cto  +  125°C 

Lead  Temperature  Range  (Soldering  60  seconds)   300°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

J8-pin  plastic  package:  6,A  =  lOOX/Watt,  6JC  -  50°C/Watt 
8-pin  cerdip  package:  81A  ■  110°C/Watt,  6JC  =  30°C/Watt  i 
16-pin  plastic  SOIC  package:  6JA  =  100"C/Watt,  8,c  =  30°C/VCatt 

ESD  SUSCEPTIBILITY 

An  ESD  classification  per  method  3015.6  of  MIL  STD  883C 
has  been  performed  on  the  AD745,  which  is  a  class  1  device. 
Using  an  IMCS  5000  automated  ESD  tester,  the  two  null  pins 
will  pass  at  voltages  up  to  1000  volts,  while  all  other  pins  will 
pass  at  voltages  exceeding  2500  volts. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 


OFFSET 
NULL 


2  NONIN  VERTING 

INVERTING  INPUT 
INPUT 


0.1232 
(3.13) 


ORDERING 


Model 

Temperature  Range 

Package 
Options* 

AD745JN 
AD745KN 
AD745AN 

0°C  to  +70"C 
0°C  to  +70°C 
-40°C  to  +85°C 

N-8 
N-8 
N-8 

AD745JR-16 

AD745AR-16 

AD745AQ 

AD745BQ 

AD745SQ 

AD745SQ/883B 

AD745J  Chips 

0°C  to  +70°C 
-40°C  to  +85°C 
-40°Cto  +85°C 
-40<C  to  +85°C 
-55°Cto  +125°C 
-55°C  to  +125°C 
0°C  to  +70°C 

R-16 

R-16 

Q-8 

Q-8 

O  8 

Q-8 

*N  =  Plastic  DIP;  R  =  Small  Outline  IC;  Q  ■ 
mation  see  Package  Information  section. 


Cerdip.  For  outline  infor- 
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Dual  Precision,  500  ns 
Settling,  BiFET  Op  Amp 


AD746 


FEATURES 

AC  PERFORMANCE 

500  ns  Settling  to  0.01%  for  10  V  Step 

75  V/(>s  Slew  Rate 

0.0001%  Total  Harmonic  Distortion  (THD) 
13  MHz  Gain  Bandwidth 

Internal  Compensation  for  Gains  of  +2  or  Greater 

DC  PERFORMANCE 

0.5  mV  max  Offset  Voltage  (AD746B) 

10  nV/°C  max  Drift  (AD746B) 

175  V/mV  min  Open  Loop  Gain  (AD746B) 

2  |iV  p-p  Noise.  0.1  Hz  to  10  Hz 

Available  in  Plastic  Mini-DIP,  Cerdip 

and  Surface  Mount  Packages 
Available  in  Tape  and  Reel  in  Accordance  with 

EIA-481A  Standard 
MIL-STD-883B  Processing  also  Available 
Single  Version:  AD744 

APPLICATIONS 

Dual  Output  Buffers  for  12-  and  14-Bit  DACs 
Input  Buffers  for  Precision  ADCs,  Wideband 
Preamplifiers  and  Low  Distortion  Audio  Circuitry 

PRODUCT  DESCRIPTION 

The  AD746  is  a  dual  operational  amplifier,  consisting  of  two 
AD744  BiFET  op  amps  on  a  single  chip.  These  precision  mono- 
lithic op  amps  offer  excellent  dc  characteristics  plus  rapid  set- 
tling times,  high  slew  rates  and  ample  bandwidths.  In  addition, 
the  AD746  provides  the  close  matching  ac  and  dc  characteristics 
inherent  to  amplifiers  sharing  the  same  monolithic  die. 

The  single  pole  response  of  the  AD746  provides  fast  settling: 
500  ns  to  0.01%.  This  feature,  combined  with  its  high  dc  preci- 
sion, makes  it  suitable  for  use  as  a  buffer  amplifier  for  12-  or 
14-bit  DACs  and  ADCs.  Furthermore,  the  AD746's  low  total 
harmonic  distortion  (THD)  level  of  0.0001%  and  very  close 
matching  ac  characteristics  make  it  an  ideal  amplifier  for  many 
demanding  audio  applications. 

The  AD746  is  internally  compensated  for  stable  operation  as  a 
unity  gain  inverter  or  as  a  noninverting  amplifier  with  a  gain  of 
2  or  greater.  It  is  available  in  four  performance  grades.  The 
AD746J  is  rated  over  the  commercial  temperature  range  of  0  to 
+70°C.  The  AD746A  and  AD746B  are  rated  over  the  industrial 
temperature  range  of  -40°C  to  +85°C.  The  AD746S  is  rated 
over  the  military  temperature  range  of  -55°C  to  +  125°C  and  is 
available  processed  to  MIL-STD-883B,  Rev.  C. 


CONNECTION  DIAGRAM 

Plastic  Mini-DIP  (N) 
Cerdip  (Q)  and 
Plastic  SOIC  (R)  Packages 


AMPLIFIER  1 


AMPLIFIER  2 


The  AD746  is  available  in  three  8-pin  packages:  plastic  mini- 
DIP,  hermetic  cerdip  and  surface  mount  (SOIC). 

PRODUCT  HIGHLIGHTS 

1.  The  AD746  offers  exceptional  dynamic  response  for  high 
speed  data  acquisition  systems.  It  settles  to  0.01%  in  500  ns 
and  has  a  100%  tested  minimum  slew  rate  of  50  V/u.s 
(AD746B). 

2.  Outstanding  dc  precision  is  provided  by  a  combination  of 
Analog  Devices'  advanced  processing  technology,  laser  wafer 
drift  trimming  and  well-matched  ion-implanted  JFETs.  Input 
offset  voltage,  input  bias  current  and  input  offset  current  are 
specified  in  the  warmed-up  condition  and  are  100%  tested. 

3.  Differential  and  multichannel  systems  will  benefit  from  the 
AD746's  very  close  matching  of  ac  characteristics.  Input 
offset  voltage  specs  are  fully  tested  and  guaranteed  to  a  maxi- 
mum of  0.5  mV  (AD746B). 

4.  The  AD746  has  very  close,  guaranteed  matching  of  input 
bias  current  between  its  two  amplifiers. 

5.  Unity  gain  stable  version  AD712  also  available. 


This  is  an  abridged  data  sheet.  To  < 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD746  SPECIFICATIONS  (@  +25°C  and  ±15  V  dc,  unless  otherwise  noted) 

,  _. 

Mode. 

Conditions 

AD746J/A 
Min           Typ  Max 

AD746B 

Min            Typ  Max 

 .  

AD746S 
Min           Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE1 



Initial  Offset 
Offset 

vs.  Temperature 
vs..  Supply2  (PSRR) 

T„i„  to  T„, 

0.3  1.5 
2.0 

12  20 
80       .  95 

0.25  0.5 
0.7 

5  10 

84              100  _ 

0.3  1.0 
1.5 

12  20 

«L        -  .35  1 

mV 
mV 
M.WC 
dB 

vs.  Supply  (PSRR) 
Long  Term  Stability 

T„,„  to  T„ 

80 

15 

84 

15 

80 

15 

dB 

u.V/month 

INPUT  BIAS  CURRENT3 
Either  Input 
Either  Input  @  T,^ 
Either  Input 
Offset  Current 
Offset  Current  @  Tmax 

Vcm  =  OV 
Vcm-OV 
VCM=  +10  V 
Vcm  =  0V 
VCM  =  0V 

110  250 
2.5/7  5.7/16 
145  350 
45  125 
1.0/3  2.8/8 

110  150 

7  9.6 
145  200 
45  75 

KJtS^tO  10  £+  l&tt 

110  250 
113  256 
145  350 
45  125 
45  128 

pA 
nA 
PA 
pA 
nA 

MATCHING  CHARACTERISTICS 
Input  Offset  Voltage 
Input  Offset  Voltage 
Input  Offset  Voltage  Drift 
Input  Bias  Current 
Crosstalk 

T„i„  tO  Tm„ 

@  1  kHz 
@  100  kHz 

0.6  1.5 
2.0 
20 
125 

120 
90 

0.3  0.5 
0.7 

20 

m  ' 

90 

0.6  1.0 
1.5 
20 
125 

120 
90 

mV 

mV 

uV/°C 

pA 

dB 

dB 

FREQUENCY  RESPONSE 
Gain  BW,  Small  Signal 
Slew  Rate,  Unity  Gain 
Full  Power  Response 
Settling  Time  to  0.01%4 
Total  Harmonic 
Distortion 

G  =  -1 

G  =  -1 

V0  =  20  V  p-p 

G  =  1 

f  =  1  kHz 

Rla2kf! 

V0  =  3  V  rms 

8  13 
45  75 
600 

0.5  0.75 
0.0001 



9  13 
50  75 
600 

0.0001 

8               13  ' 
45    i  75 
600 

0.5  0.75 
0.0001 

MHz 

V/m-S 
ttoGa 

Krlz 

|M 

>lBftfr; 
% 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

2.5xl0n||5.5 
2.5xl0n||5.5 

2.5xl0"||5.5 
2.5xl0n||5.5 

2.5xl0n||5.5 
2.5xl0n||5.5 

nilpF 
n||pF 

INPUT  VOLTAGE  RANGE 
Differential5 
Common-Mode  Voltage 
Over  Max  Operating  Range6 
Common- Mode  Rejection  Ratio 

Vcm=±10V 

Tmlo  tO  T„„ 

Vcm=±11  V 
Tmin  to  TmaK 

±20 

+  14.5,  -11.5 
-11  +13 
78  88 
76  84 
72  84 
70  80 

±20 

+  14.5,  -11.5 
-11  +13 
82  88 
80  84 
78  84 
74  80 

±20 

+  14.5,  -11.5 
-11  +13 
78  88 
76  84 
72  84 
70  80 

V 

V 

V 

dB 

dB 

dB 

dB 

INPUT  VOLTAGE  NOISE 

0.1  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f  =  1  kHz 
f  =  10  kHz 

2 

45 
22 
18 
16 

2 

45 

22  • 

18 

16 

2 

5  45" 
22 
18 
16 

nV/yfe 
nV/VHz 
nV/VHz 
nV/VHz 

INPUT  CURRENT  NOISE 


f  =  1  kHz 

0.01 

0.01 

0.01 

pM\Wz 

OPEN  LOOP  GAIN 

VG=  ±10  V 
Rload— 2  kfl 
T„i„  to  Tm„ 

150  300 

75  200 

175  300 
75  200 

150  300 

65  175 

.-<.,.       ■  .s 

V/mV 
V/mV 

OUTPUT  CHARACTERSTICS 
Voh.se 

Current 

Max  Capacitive  Load 
Driving  Capability 

Rload— 2  kfl 
T™„  to  Tm„ 
Short  Circuit 
Gain  =  —  1 
Gain=  -10 

25 
50 
500 

+  13,  -12.5  +13.9,  -13.3 
±12            +13.8,  -13.1 

srTT  .3fb*  iij  aoneonoh 

50 
500 

+  13,-12.5  +13.9,  -13.3 
±12  +13.8,-13.1 

25 
50 
500 

V 
V 

mA 
dF 
pF 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

±4.5  ±18 
7  10 

±15'             .  . 
±4.5  ±18 
7  8.0 

±15 

±4.5  ±18 
7  10 

V 

v  • 

mA 

TEMPERATURE  RANGE 
Rated  Performance 

0  to  +70/-40  to  +85 

-40  to  +85 

-55  to +125 

°C 

PACKAGE  OPTIONS7 
8-Pin  Plastic  Mini-DIP  (N-8) 
8-Pin  Cerdip  (Q-8) 
8-Pin  Surface  Mount  (R-8) 
Tape  and  Reel 
Chips 

AD746JN 
AD746AQ 
AD746JR 
AD746JR-REEL 

AD746BQ 

AD746SQ 
AD746SCHIPS 

TRANSISTOR  COUNT 

54 

54 

 1 

54 

 1 
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NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

2PSRR  test  conditions:  +VS  =  15  V,  -Vs  =  -12  V  to  -18  V  and  +VS  =  12  V  to  18  V,  -Vs  =  -15  V. 

3Bias  Current  Specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C.  For  higher  temperature,  the  current  doubles  every  10°C. 
'Gain  =  -1,  Rl  =  2  k,  CI  =  10  pF  . 

sDefined  as  voltage  between  inputs,  such  that  neither  exceeds  ±  10  V  from  ground. 


typically  exceeding  -14.1  V  negative  common-mode  voltage  on  either  input  results  in  an  output  phase  reversal. 


7For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate 
specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


f  levels.  All  min  and  max 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18  V 

Internal  Power  Dissipation2    500  mW 

Input  Voltage   ±VS 

Output  Short  Circuit  Duration 

(For  One  Amplifier)   Indefinite 

Differential  Input  Voltage   +VS  and  —  Vs 

Storage  Temperature  Range  (Q)   -65°C  to  +  150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD746J  0  to  +70°C 


AD746A/B 


-40°C  to  +85°C 


AD746S  -55°Cto  +125°C 

Lead  Temperature  Range 
(Soldering  60  seconds)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  Package:  8JA  =  lOCC/Watt,  0JC  =  50°C/Watt 
8-Pin  Cerdip  Package:  8JA  =  110°C/Watt,  6JC  =  30°C/Watt 
8-Pin  Small  Outline  Package:  6,A  =  lWC/Watt,  8JC  =  42°C/Watt 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 

V+  OUTPUT  #2 

8  7 


-IN  #2 
6 


0.070  (1.778) 


-5 
+IN 
#2 
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FEATURES 

Low  Power  Replacement  for  Burr-Brown 
OPA-111,  OPA-121  Op  Amps 
Low  Noise 

2.5  nV  p-p  max,  0.1  Hz  to  10  Hz 

11  nV/Vfiz  max  at  10  kHz 

0.6  fA/Vfil  at  1  kHz 
High  DC  Accuracy 

250  nV  max  Offset  Voltage 

3  uV/°C  max  Drift 

1  pA  max  Input  Bias  Current 

Low  Power:  1.5  mA  Max  Supply  Current 
Available  in  Low  Cost  Plastic  Mini-DIP  and  Surface 

Mount  (SOIC)  Packages 

APPLICATIONS 

Low  Noise  Photodiode  Preamps 
CT  Scanners 

Precision  l-to-V  Converters 


PRODUCT  DESCRIPTION 

The  AD795  is  a  low  noise,  precision,  FET  input  operational 
amplifier.  It  offers  both  the  low  voltage  noise  and  low  offset 
drift  of  a  bipolar  input  op  amp  and  the  very  low  bias  current  of 
a  FET-input  device.  The  1014  ft  common-mode  impedance 
insures  that  input  bias  current  is  essentially  independent  of 
common-mode  voltage  and  supply  voltage  variations. 

The  AD795  has  both  excellent  dc  performance  and  a  guaranteed 
and  tested  maximum  input  voltage  noise.  It  features  1  pA  maxi- 
mum input  bias  current  and  250  u-V  maximum  offset  voltage, 
along  with  low  supply  current  of  1.5  mA  max. 


CONNECTION  DIAGRAMS 

8-Pin  Plastic  Mini-DIP  (N) 
Packages 


8-Pin  SOIC  (R)  Package 


NC  =  NO  CONNECT 


Furthermore,  the  AD795  features  a  guaranteed  low  input  noise 
of  2.5  |iV  p-p  (0.1  Hz  to  10  Hz)  and  all  nV/VHz  max  noise 
level  at  10  kHz.  The  AD795  has  a  fully  specified  and  tested 
input  offset  voltage  drift  of  only  3  u.V/°C  max. 

The  AD795  is  useful  for  many  high  input  impedance,  low  noise 
applications.  The  AD795J  and  AD795K  are  rated  over  the  com- 
mercial temperature  range  of  0°C  to  +70°C. 

The  AD795  is  available  in  8-pin  plastic  mini-DIP  and  8-pin  sur- 
face mount  (SOIC)  packages. 


100  111  1Wt  INPUT  OFFSET  VOLTAGE  DRIFT -|iWC 

FREQUENCY  -  Hz 

AD795  Voltage  Noise  Spectral  Density  Typical  Distribution  of  Average  Input  Offset  Voltage  Drift 
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Parameter 

Conditions 

Min       Typ  Max 

Min        Typ  Max 

INPUT  OFFSET  VOLTAGE1 
Initial  Offset 

Offset 
vs.  Temperature 
vs.  Supply  (PSRR) 
vs.  Supply  (PSRR) 

T  T 
1  MIN-1  MAX 

Twin- Twax 

100  500 
300  1000 
3  10 

86  110 

84  100 

50  250 
100  400 

V    1  3 

90  110 
87  100 

uV 

uV 

u.V/°C 

dfi 

dB 

INPUT  BIAS  CURRENT2 
Either  Input 
Either  Input  @  Tmax  = 
Either  Input 
Offset  Current 
Offset  Current  @  T/aax.  = 

Vcm  =  0V 
VCM  =  0  V 
Vcm  =  +10  V 
VCM  =  0V 
Vcm  =  0V 

1  2/3 

23 

1 

0.1  1.0 
2 

1  1 

23 

1 

0.1  0.5 

2 

pA 
pA 
PA 
pA 
pA 

OPEN-LOOP  GAIN 

V0  =  ±10  V 
Rload  **'  10  kft 
Rload  3*  10  kft 

110  120 
100  108 

110  120 
100  108 

dB 
dB 

INPUT  VOLTAGE  NOISE 

0.1  Hz  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f =  1  kHz 
f  =  10  kHz 

1.0  3.3 
20  50 
12  40 
11  17 
9  11 

1.0  2.5 
20  40 
12  30 
11  15 
9  11 

M-V  p-p 

nV/VHz 

nV/VHz 

nV/VHz 

nV/\/Hz 

INPUT  CURRENT  NOISE 

f  =  0.1  Hz  to  10  Hz 
f  =  1  kHz 

13 
0.6 

13 
0.6 

fA  p-p 
fAVHz 

FREQUENCY  RESPONSE 
Unity  Gain,  Small  Signal 
Full  Power  Response 

Slew  Rate,  Unity  Gain 

G  =  -1 
V0  =  20  V  p-p 
Rload  =  2  kft 
VOUT  =  20  V  p-p 
Rload  —  2  kft 

1.6 
16 
1 

1.6 
16 
1 

MHz 
kHz 

V/u.s 

SETTLING  TIME3 
To  0.1% 
To  0.01% 

Overload  Recovery4 
Total  Harmonic 
Distortion 

10  V  Step 
10  V  Step 
50%  Overdrive 
f  =  1  kHz 
Rl  a  10  kft 
VQ  =  3  V  rms 

10 
11 

2 

-108 

10 
11 

2 

-108 

U.S 
(AS 
U.S 

dB 

INPUT  IMPEDANCE 
Differential 
Common  Mode 

VDiff=  ±1  V 

1012||2 
1014||2.2 

1012||2 
1014||2.2 

ft||pF 
ft||pF 

INPUT  VOLTAGE  RANGE 
Differential5 
Common-Mode  Voltage 
Over  Max  Operating  Temperature 
Common-Mode  Rejection  Ratio 

VCM  =  ±10  V 
Twin  to  Tmax 

±20 

±10  ±11 
±10 

90  110 
86  100 

±20 

±10  ±11 
±10 

94  110 
90  100 

V 

V 

V 

dB 

dB 

OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Rload  a  2  kft 

VOUT=  ±10V 
Short  Circuit 

Vs-4  Vs-2.5 
Vs-4 

±5  ±10 
±15 

Vs-4  Vs-2.5 
Vs-4 

±5  ±10 
±15 

V 
V 

mA 
mA 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

±15 

±4  ±18 
1.3  1.5 

±15 

±4  ±18 
1.3  1.5 

V 
V 

mA 
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NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  -  +25°C. 

2Bias  current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  ==  +  25°C.  For  higher  temperature,  the  current  doubles 
every  ICC. 

3Gain  =  -1,  Rl  =  10  kfl. 

4Defined  as  the  time  required  for  the  amplifier's  output  to  return  to  normal  operation  after  removal  of  a  50%  overload  from  the  amplifier  input. 
5Defined  as  the  maximum  continuous  voltage  between  the  inputs  such  that  neither  input  exceeds  ±  10  V  from  ground. 
All  min  and  max  specifications  are  guaranteed. 

;ewil 


Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2  (@  TA  =  +25°C) 

SOIC  Package   500  mW 

8-Pin  Mini-DIP  Package    750  mW 

Input  Voltage  ±VS 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (N,  R)  .  .  . 

Operating  Temperature  Range 

AD795J/K   


....  0°Cto  +7 
NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  Mini-DIP  Package:  6JA  =  100°C/Watt 
8-Pin  Small  Outline  Package:  9JA  =  155°C/Watt 


ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD795  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
-65°C  to  +  125°C       to  avoid  any  performance  degradation  or  loss  of  functionality. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

AD795JN 

AD795KN 

AD795JR 

0°C  to  +70°C 
0°C  to  +  70°C 
0°C  to  +70°C 

N-8 
N-8 
R-8 

*N  -  Plastic  mini-DIP;  R  =  SOIC  package.  For  outline  information  see 
Package  Information  section. 


I 
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Figure  7.  Input  Bias  Current  vs.  Common-Mode  Voltage 


6    -5    -4    -3     -2      -1      0       1       2      3       4      5  6 
DIFFERENTIAL  INPUT  VOLTAGE  -  =Volts 

Figure  8.  Input  Bias  Current  vs.  Differential  Input  Voltage 
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Figure  9.  Voltage  and  Current  Noise  Spectral  Density  vs. 
Temperature 
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SOURCE  RESISTANCE  -  Q 

Figure  10.  Input  Voltage  Noise  vs.  Source  Resistance 
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Figure  1 1.  Typical  Distribution  of  Input  Voltage  Noise 


FREQUENCY  -  Hz 

Figure  12.  Input  Voltage  Noise  Spectral  Density 
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Figure  17.  Common-Mode  Rejection  vs.  Frequency  Figure  18.  Open-Loop  Gain  &  Phase  Margin  vs.  Frequency 
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—  SAMPLE  SIZE  =  1419 


Figure  23.  Typical  Distribution  of  Input  Offset  Voltage 
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Figure  24.  Unity  Gain  Inverter  Figure  25.  Unity  Gain  Inverter  Figure  26.  Unity  Gain  Inverter 

Large  Signal  Pulse  Response  Small  Signal  Pulse  Response 


■ 


Figure  27.  Unity  Gain  Follower 


Figure  28.  Unity  Gain  Follower 
Large  Signal  Pulse  Response 


Figure  29.  Unity  Gain  Follower 
Small  Signal  Pulse  Response 


MINIMIZING  INPUT  CURRENT 

The  AD795  is  guaranteed  to  1  pA  max  input  current  with  ±  15 
volt  supply  voltage  at  room  temperature.  Careful  attention  to 
how  the  amplifier  is  used  will  maintain  or  possibly  better  this 
performance. 

The  amplifier's  operating  temperature  should  be  kept  as  low  as 
possible.  Like  other  JFET  input  amplifier's,  the  AD795's  input 


current  will  double  for  every  10°C  rise  in  junction  temperature 
(illustrated  in  Figure  6).  On-chip  power  dissipation  will  raise  the 
device  operating  temperature,  causing  an  increase  in  input  cur- 
rent. Reducing  supply  voltage  to  cut  power  dissipation  will 
reduce  the  AD795's  input  current  (Figure  4).  Heavy  output 
loads  can  also  increase  chip  temperature,  maintaining  a  mini- 
mum load  resistance  of  10  kfl  in  recommended. 


w<xra**ot  cr 
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CIRCUIT  BOARD  NOTES 

The  AD795  is  designed  for  throughhole  mounting  on  PC 
boards,  using  either  mini-DIP  or  surface  mount  (SOIC).  Main- 
taining picoampere  resolution  in  those  environments  requires  a 
lot  of  care.  Both  the  board  and  the  amplifier's  package  have 
finite  resistance.  Voltage  differences  between  the  input  pins  and 
other  pins  as  well  as  PC  board  metal  traces  will  cause  parasitic 
currents  (Figure  30)  larger  than  the  AD795's  input  current 
unless  special  precautions  are  taken.  Two  methods  of  minimiz- 
ing parasitic  leakages  are  guarding  of  the  input  lines  and  main- 
taining adequate  insulation  resistance. 

Figures  31  and  32  show  the  recommended  guarding  schemes  for 
follower  and  inverted  topologies.  Note  that  for  the  mini-DIP, 
the  guard  trace  should  be  on  both  sides  of  the  board.  On  the 
SOIC,  Pin  1  is  not  connected,  and  can  be  safely  connected  to 
the  guard.  The  high  impedance  input  trace  should  be  guarded 
on  both  edges  for  its  entire  length. 


...  * 

Figure  30.  Sources  of  Parasitic  Leakage  Currents 


GUARD  TRACES  PARALLEL 
TO  BOTH  EDGES  OF 
T  TRACE 
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0 
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© 

GUARD  TRACES 
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© 


TOP  VIEW 
(■R-  PACKAGE) 


3 

NOTE: 

□ ON  THE  -R-  PACKAGE 
PINS  1,  S  AND  8  ARE  OPEN 

HAND  CAN  BE  CONNECTED 
TO  ANALOG  COMMON  OR 
TO  THE  DRIVEN  GUARD  TO 


REDUCE  LEAKAGE. 


<re  31.  Guarding  Scheme-Inverter 


CONNECT  TO 
OF  Rp  AND  R„  OR  TO  PIN  6 
FOR  UNITY  GAIN. 


Figure  32.  Guard  Scheme-Follower 
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Leakage  through  the  bulk  of  the  circuit  board  will  still  occur 
with  the  guarding  schemes  shown  in  Figures  31  and  32.  Stan- 
dard "G10"  type  printed  circuit  board  material  may  not  have 
high  enough  volume  resistivity  to  hold  leakages  at  the  sub- 
picoampere  level  particularly  under  high  humidity  conditions. 
One  option  that  eliminates  all  effects  of  board  resistance  is 
shown  in  Figure  33.  The  AD795's  sensitive  input  pin  (either  Pin 
2  when  connected  as  an  inverter,  or  Pin  3  when  connected  as  a 
follower)  is  bent  up  and  soldered  directly  to  a  Teflon*  insulated 
standoff.  Both  the  signal  input  and  feedback  component  leads 
must  also  be  insulated  from  the  circuit  board  by  Teflon 
standoffs  or  low-leakage  shielded  cable. 


INPUT  PIN: 

PIN  2  FOR  INVERTER 

OR  PIN  3  FOR  FOLLOWER 


 C7- 

TEFLON  INSULATED  STANDOFF 

Figure  33.  Input  Pin  to  Insulating  Standoff 

Contaminants  such  as  solder  flux  on  the  board's  surface  and  on 
the  amplifier's  package  can  greatly  reduce  the  insulation  resis- 
tance between  the  input  pin  and  those  traces  with  supply  or  sig- 
nal voltages.  Both  the  package  and  the  board  must  be  kept  clean 
and  dry.  An  effective  cleaning  procedure  is  to  first  swab  the 
surface  with  high  grade  isopropyl  alcohol,  then  rinse  it  with 
deionized  water  and,  finally,  bake  it  at  100°C  for  1  hour.  Poly- 
propylene and  polystyrene  capacitors  should  not  be  subjected  to 
the  100°C  bake  as  they  will  be  damaged  at  temperatures  greater 
than  80°C. 

Other  guidelines  include  making  the  circuit  layout  as  compact  as 
possible  and  reducing  the  length  of  input  lines.  Keeping  circuit 
board  components  rigid  and  minimizing  vibration  will  reduce 
triboelectric  and  piezoelectric  effects.  All  precision  high  imped- 
ance circuitry  requires  shielding  from  electrical  noise  and  inter- 
ference. For  example,  a  ground  plane  should  be  used  under  all 
high  value  (i.e.,  greater  than  1  Mfl)  feedback  resistors.  In  some 
cases,  a  shield  placed  over  the  resistors,  or  even  the  entire 
amplifier,  may  be  needed  to  minimize  electrical  interference 
originating  from  other  circuits.  Referring  to  the  equation  in  Fig- 
ure 30,  this  coupling  can  take  place  in  either,  or  both,  of  two 
different  forms— coupling  via  time  varying  fields: 


dT 

or  by  injection  of  parasitic  currents  1 
due  to  mechanical  vibration: 


in  capacitance 


Both  proper  shielding  and  rigid  mechanical  mounting  of 
components  help  minimize  error  currents  from  both  of  these 
sources. 

OFFSET  NULLING 

The  AD795's  input  offset  voltage  can  be  nulled  (mini-DIP  pack- 
age only)  by  using  balance  Pins  1  and  5,  as  shown  in  Figure  34. 
Nulling  the  input  offset  voltage  in  this  fashion  will  introduce  an 
added  input  offset  voltage  drift  component  of  2.4  u.V/°C  per 
millivolt  of  nuUed  offset. 

♦v. 
(7) 


Figure  34.  Standard  Offset  Null  Circuit 

The  circuit  in  Figure  35  can  be  used  when  the  amplifier  is  used 
as  an  inverter.  This  method  introduces  a  small  voltage  in  series 
with  the  amplifier's  positive  input  terminal.  The  amplifier's 
input  offset  voltage  drift  with  temperature  is  not  affected.  How- 
ever, variation  of  the  power  supply  voltages  will  cause  offset 
shifts. 


<  i-VVy-J-VvV*^ 

V  V 

Figure  35.  Alternate  Offset  Null  Circuit  for  Inverter 
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Source  and  feedback  resistances  greater  than  100  kfi  will  mag- 
nify the  effect  of  input  capacitances  (stray  and  inherent  to  the 
AD795)  on  the  ac  behavior  of  the  circuit.  The  effects  of  common- 
mode  and  differential  input  capacitances  should  be  taken  into 
account  since  the  circuit's  bandwidth  and  stability  can  be 
adversely  affected. 

In  a  follower,  the  source  resistance,  Rs,  and  input  common- 
mode  capacitance,  Cs  (including  capacitance  due  to  board  and 
capacitance  inherent  to  the  AD795),  form  a  pole  that  limits  cir- 
cuit bandwidth  to  1/2  it  RSCS.  Figure  36  shows  the  follower 
pulse  response  from  a  1  MO  source  resistance  with  the  amplifi- 
er's input  pin  isolated  from  the  board,  only  the  effect  of  the 
AD795's  input  common-mode  capacitance  is  seen. 


Figure  36.  Follower  Pulse  Response  from  1  MCI  Source 
Resistance 

i 

In  an  inverting  configuration,  the  differential  input  capacitance 
forms  a  pole  in  the  circuit's  loop  transmission.  This  can  create 
peaking  in  the  ac  response  and  possible  instability.  A  feedback 
capacitance  can  be  used  to  stabilize  the  circuit.  The  inverter 
pulse  response  with  RF  and  Rs  equal  to  1  MO,  and  the  input 
pin  isolated  from  the  board  appears  in  Figure  37.  Figure  38 
shows  the  response  of  the  same  circuit  with  a  1  pF  feedback 
capacitance.  Typical  differential  input  capacitance  for  the 
AD795  is  2  pF. 


Figure  37.  Inverter  Pulse  Response  with  7  MCI  Source  and 
Feedback  Resistance 


Figure  38.  Inverter  Pulse  Response  with  1  MCI  Source  and 
Feedback  Resistance,  1  pF  Feedback  Capacitance 

OVERLOAD  ISSUES 

Driving  the  amplifier  output  beyond  its  linear  region  causes 
some  sticking;  recovery  to  normal  operation  is  within  2  (xs  of 
the  input  voltage  returning  within  the  linear  range. 

If  either  input  is  driven  below  the  negative  supply,  the  amplifi- 
er's output  will  be  driven  high,  causing  a  phenomenon  called 
phase  reversal.  Normal  operation  is  resumed  within  30  p.s  of  the 
i  the  linear  range. 


input  voltage  returning  wii 

■■■    "  ■  v.  ■ 


Figure  39  shows  the  AD795's  input  currents  versus  differential 
input  voltage.  Picoamp  level  input  current  is  maintained  for  dif- 
ferential voltages  up  to  several  hundred  millivolts.  This  behavior 
is  only  important  if  the  AD795  is  in  an  open-loop  application 
where  substantial  differential  voltages  are  produced. 
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DIFFERENTIAL  INPUT  VOLTAGE  -  .VolU 
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igure  39.  Input  Bias  Current  vs.  Differential  Input  Volt 
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INPUT  PROTECTION 

The  AD795  safely  handles  any  input  voltage  within  the  supply 
voltage  range.  Some  applications  may  subject  the  input  termi- 
nals to  voltages  beyond  the  supply  voltages— in  these  cases,  the 
following  guidelines  should  be  used  to  maintain  the  AD795's 
functionality  and  performance. 

If  the  inputs  are  driven  more  than  a  0.5  V  below  the  minus  sup- 
ply, milliamp  level  currents  can  be  produced  through  the  input 
terminals.  That  current  should  be  limited  to  10  mA  for  "tran- 
sient" overloads  (less  than  1  second)  and  1  mA  for  continuous 
overloads,  this  can  be  accomplished  with  a  protection  resistor  in 
the  input  terminal  (as  shown  in  Figures  40  and  41).  The  protec- 
tion resistor's  Johnson  noise  will  add  to  the  amplifier's  input 
voltage  noise  and  impact  the  frequency  response. 

Driving  the  input  terminals  above  the  positive  supply  will  cause 
the  input  current  to  increase  and  limit  at  40  uA.  This  condition 
is  maintained  until  15  volts  above  the  positive  supply— any 
input  voltage  within  this  range  does  not  harm  the  amplifier. 
Input  voltage  above  this  range  causes  destructive  breakdown  and 
should  be  avoided. 


Figure  41.  Follower  with  Input  Current  Limit 

Figure  42  is  a  schematic  of  the  AD795  as  an  inverter  with  an 
input  voltage  clamp.  Bootstrapping  the  clamp  diodes  at  the 
inverting  input  minimizes  the  voltage  across  the  clamps  and 
keeps  the  leakage  due  to  the  diodes  low.  Low  leakage  diodes 
(less  than  1  pA),  such  as  the  FD333's  should  be  used,  and 
should  be  shielded  from  light  to  keep  photocurrents  from  being 
generated.  Even  with  these  precautions,  the  diodes  will  measur- 
ably increase  the  input  current  and  capacitance. 

In  order  to  achieve  the  low  input  bias  currents  of  the  AD795,  it 
is  not  possible  to  use  the  same  on-chip  protection  as  used  in 
other  Analog  Devices  op  amps.  This  makes  the  AD795  sensitive 
to  handling  and  precautions  should  be  taken  to  minimize  ESD 

exposure  whenever  possible. 

..        .         •  . 

R 

 Wv  


Figure  40.  Inverter  with  Input  Current  Limit 
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Figure  42.  Input  Voltage  Clamp  with  Diodes 
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Figure  43.  The  AD795  Used  as  a  Photodiode  Preamplifier 
Preamplifier  Applications 

The  low  input  current  and  offset  voltage  levels  of  the  AD795 
together  with  its  low  voltage  noise  make  this  amplifier  an  excel- 
lent choice  for  preamplifiers  used  in  sensitive  photodiode  appli- 
cations. In  a  typical  preamp  circuit,  shown  in  Figure  43,  the 
output  of  the  amplifier  is  equal  to: 

VOUt  =  In  (Rf)  =  RP  (P)  Rf 
where: 

ID  =  photodiode  signal  current  (Amps) 

Rp  =  photodiode  sensitivity  (Amp/Watt) 

Rf  =  the  value  of  the  feedback  resistor,  in  ohms. 

P    =  light  power  incident  to  photodiode  surface,  in  watts. 

An  equivalent  model  for  a  photodiode  and  its  dc  error  sources  is 
shown  in  Figure  44.  The  amplifier's  input  current,  IB,  will  con- 
tribute an  output  voltage  error  which  will  be  proportional  to  the 
value  of  the  feedback  resistor.  The  offset  voltage  error,  Vos, 
will  cause  a  "dark"  current  error  due  to  the  photodiode's  finite 
shunt  resistance,  Rd.  The  resulting  output  voltage  error,  VE,  is 
equal  to: 

VE  =  (1+  RfIRd)  Vos  +  RfIB 

A  shunt  resistance  on  the  order  of  109  ohms  is  typical  for  a 
small  photodiode.  Resistance  Rd  is  a  junction  resistance  which 


will  typically  drop  by  a  factor  of  two  for  every  10°C  rise  in  tem- 
perature. In  the  AD795,  both  the  offset  voltage  and  drift  are 
low,  this  helps  minimize  these  errors. 

Minimizing  Noise  Contributions 

The  noise  level  limits  the  resolution  obtainable  from  any  pream- 
plifier. The  total  output  voltage  noise  divided  by  the  feedback 
resistance  of  the  op  amp  defines  the  minimum  detectable  signal 
current.  The  minimum  detectable  current  divided  by  the  photo- 
diode sensitivity  is  the  minimum  detectable  light  power. 

Sources  of  noise  in  a  typical  preamp  are  shown  in  Figure  45. 
The  total  noise  contribution  is  defined  as: 


PHOTODIODE 


Cd 
■50pF 


Figure  45.  Noise  Contributions  of  Various  Sources 

Figure  46,  a  spectral  density  versus  frequency  plot  of  each 
source's  noise  contribution,  shows  that  the  bandwidth  of  the 
amplifier's  input  voltage  noise  contribution  is  much  greater  than 
its  signal  bandwidth.  In  addition,  capacitance  at  the  summing 
junction  results  in  a  "peaking"  of  noise  gain  in  this  configura- 
tion. This  effect  can  be  substantial  when  large  photodiodes  with 
large  shunt  capacitances  are  used.  Capacitor  Cf  sets  the  signal 
bandwidth  and  also  limits  the  peak  in  the  noise  gain.  Each 
source's  rms  or  root-sum-square  contribution  to  noise  is 
obtained  by  integrating  the  sum  of  the  squares  of  all  the  noise 
sources  and  then  by  obtaining  the  square  root  of  this  sum.  Mini- 
mizing the  total  area  under  these  curves  will  optimize  the 
preamplifier's  overall  noise  performance. 

An  output  filter  with  a  passband  close  to  that  of  the  signal  can 
greatly  improve  the  preamplifier's  signal  to  noise  ratio.  The 
photodiode  preamplifier  shown  in  Figure  45— without  a  band- 
pass filter— has  a  total  output  noise  of  50  nV  rms.  Using  a 
26  Hz  single  pole  output  filter,  the  total  output  noise  drops  to 
23  (j,V  rms,  a  factor  of  2  improvement  with  no  loss  in  signal 
bandwidth. 


Figure  44.  A  Photodiode  Model  Showing  DC  Error 
Sources 
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FREQUENCY  -  Hz 

Figure  46.  Voltage  Noise  Spectral  Density  of  the  Circuit  of 
Figure  45  with  and  without  an  Output  Filter 


PHOTODIODE 
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Figure  47.  A  Photodiode  Preamp  Employing  a  "T" 
Network  for  Added  Gain 

Using  a  "T"  Network 

A  "T"  network,  shown  in  Figure  47,  can  be  used  to  boost  the 
effective  transimpedance  of  an  I  to  V  converter,  for  a  given 
feedback  resistor  value.  However,  amplifier  noise  and  offset 


AD795 

voltage  contributions  are  also  amplified  by  the  "T"  network 
gain.  A  low  noise,  low  offset  voltage  amplifier,  such  as  the 
AD795,  is  needed  for  this  type  of  application. 

A  pH  Probe  Buffer  Amplifier 

A  typical  pH  probe  requires  a  buffer  amplifier  to  isolate  its  106 
to  10'  fl  source  resistance  from  external  circuitry.  Just  such  an 
amplifier  is  shown  in  Figure  48.  The  low  input  current  of  the 
AD795  allows  the  voltage  error  produced  by  the  bias  current 
and  electrode  resistance  to  be  minimal.  The  use  of  guarding, 
shielding,  high  insulation  resistance  standoffs,  and  other  such 
standard  methods  used  to  minimize  leakage  are  all  needed  to 
maintain  the  accuracy  of  this  circuit. 

The  slope  of  the  pH  probe  transfer  function,  50  mV  per  pH 
unit  at  room  temperature,  has  a  +  3300  ppm/°C  temperature 
coefficient.  The  buffer  of  Figure  48  provides  an  output  voltage 
equal  to  1  volt/pH  unit.  Temperature  compensation  is  provided 
by  resistor  RT  which  is  a  special  temperature  compensation 
resistor,  part  number  Q81,  1  kfl,  1%,  +3500  ppm/°C,  available 
from  Tel  Labs  Inc. 


VosAOJUST  . 
100kQ 

l-VW-i 


Figure  48.  A  pH  Probe  Amplifier 
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FEATURES 
Low  Noise 

0.9  nV/Vfiz  typ  (1.2  nV/VHz  max)  Input  Voltage 
Noise  at  1  kHz 

50  nV  p-p  Input  Voltage  Noise,  0.1  to  10  Hz 
Low  Distortion 

-120  dB  Total  Harmonic  Distortion  at  20  kHz 
Excellent  AC  Characteristics 

800  ns  Settling  Time  to  16  Bits  (10  V  Step) 

110  MHz  Gain  Bandwidth  (G  =  1000) 

8  MHz  Bandwidth  (G  =  10) 

280  kHz  Full  Power  Bandwidth  at  20  V  p-p 

20  V/ps  Slew  Rate 
Excellent  DC  Precision 

80  fiV  max  Input  Offset  Voltage 

1.0  uV/°C  Vos  Drift 
Specified  for  ±5  V  and  ±15  V  Power  Supplies 
High  Output  Drive  Current  of  50  mA 

APPLICATIONS 

Professional  Audio  Preamplifiers 

IR,  CCD,  and  Sonar  Imaging  Systems 

Spectrum  Analyzers 

Ultrasound  Preamplifiers 

Seismic  Detectors 

XA  ADC/DAC  Buffers 

PRODUCT  DESCRIPTION 

The  AD797  is  a  very  low  noise,  low  distortion  operational 
amplifier  ideal  for  use  as  a  preamplifier.  The  low  noise  of 
0.9  nV/VHz  and  low  total  harmonic  distortion  of  - 120  dB 
at  audio  bandwidths  give  the  AD797  the  wide  dynamic  range 


1k         10k  100k 
FREQUENCY  -  Hz 


AD797  Voltage  Noise  Spectral  Density 

'Patent  pending. 


CONNECTION  DIAGRAM 


8-Pin  Plastic  Mini-DIP  (N), 
Cerdip  (Q)  and  SOIC  (R) 
Packages 


OFFSET  NULL  |T 


-IN 


I  DISTORTION 
AD797     l-^  NEUTRALIZATION 


DECOMPENSATION  & 


M 

T]  OUTPUT 
T|  OFFSET  NULL 


necessary  for  preamps  in  microphones  and  mixing  consoles. 
Furthermore,  the  AD797's  excellent  slew  rate  of  20  V/u.s  and 
110  MHz  gain  bandwidth  make  it  highly  suitable  for  low  fre- 
quency ultrasound  applications. 

The  AD797  is  also  useful  in  IR  and  Sonar  Imaging  applications 
where  the  widest  dynamic  range  is  necessary.  The  low  distortion 
and  16-bit  settling  time  of  the  AD797  make  it  ideal  for  buffering 
the  inputs  to  XA  ADCs  or  the  outputs  of  high  resolution  DACs 
especially  when  they  are  used  in  critical  applications  such  as 
seismic  detection  and  spectrum  analyzers.  Key  features  such  as  a 
50  mA  output  current  drive  and  the  specified  power  supply  volt- 
age range  of  ±5  to  ±15  volts  make  the  AD797  an  excellent  gen- 
eral  purpose  amplifier. 


MF 

/ 

ASIIBEW 

EMT  

LIMIT 

l 

0.0003  a 


100       300        1k        3k        10k       30k       100k  300k 
FREQUENCY- Hz 


THD  vs.  Frequency 


9-78    OPERATIONAL  AMPLIFIERS 


REV.  B 


INPUT  OFFSET  VOLTAGE"  ~ 
Offset  Voltage  Drift 

Tmin  t0  Tmax 

±5  V,  ±15  V 
±5  V,  ±15  V 

25  SU 

50  125/180 

0.2  1.0 

1U  4U 
30  60 
0.2  0.6 

u-v 
u.V 
(jiV/°C 

INPUT  BIAS  CURRENT 

TmIN  ^  Tmax 

±5V,  ±15  V 

0.25  1.5 
0.5  3.0 

0.25  0.9 
0.25  2.0 

uA 
uA 

INPUT  OFFSET  CURRENT 

Tmin  t0  Tmax 

±5  V,  ±15  V 

100  400 
120  600/700 

80  200 
120  300 

nA 
nA 

OPEN-LOOP  GAIN 

VOUT=  ±10  V 
Rload  =  2  kfl 
Tmin~"Tmax 
KLOAD  _  °UU  11 
Tmin  to  Tmax 
@  20  kHz2 

±15  V 

1  20 
1  6 

1                1  S 

1       5  ''"'A. 
14000  20000 

2  20 
2  10 

L            i  J 

2  7 
14000  20000 

V/uV 
V/u.V 

V/uV 
V/U-V 

V/uV 
V/V 

DYNAMIC  PERFORMANCE 
Gain  Bandwidth  Product 

-3  dB  Bandwidth 
Full  Power  Bandwidth3 

Slew  Rate 

Settling  Time  to  0.0015% 

G  =  1000 
G  =  10002 
G  =  10 

V0  =  20  V  p-p, 
Rload  =  1  kfl 
Rload  =  1  kfl 
10  V  Step 

±15  V 
±15  V 
±15  V 

±15  V 
±15  V 
±15  V 

110 
450 
8 

280 
12.5  20 

800  1200 

110 
450 

8 

280 
12.5  20 

800  1200 

MHz 
MHz 
MHz 

kHz 

V/u-s 
ns 

COMMON-MODE  REJECTION 

VCM  =  CMVR 

±5  V,  ±15  V 

114  130 
110  120 

120  130 
114  120 

dB 
dB 

POWER  SUPPLY  REJECTION 

Vs  =  ±5  Vto±18  V 
Tmin  to  Tmax 

114  130 
110  120 

120  130 
114  120 

dB 
dB 

INPUT  VOLTAGE  NOISE 

f  =  0.1  Hz  to  10  Hz 

f  =  10  Hz 

f  =  1  kHz 

f  =  10  Hz-1  MHz 

±15  V 
±15  V 
±15  V 
±15  V 

50 
1.7 

0.9  1.2 
1.0  1.3 

50 

1.7  2.5 
0.9  1.2 
1.0  1.2 

nV  p-p 

nV/\/Hz 
nVA/Hz 
u.V  rms 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

±15  V 

2.0 

2.0 

pA/VHz 

INPUT  COMMON-MODE 
VOLTAGE  RANGE 

±15  V 
±5  V 

±11  ±12 
±2.5  ±3 

±11  ±12 
±2.5  ±3 

V 
V 

OUTPUT  VOLTAGE  SWING 

Short-Circuit  Current 
Output  Current4 

Rload  =  2  kfl 
Rload  =  600  fl 
Rload  =  600  fl 

±15  V 
±15  V 
±5  V 

±5  V,  ±15  V 
±5  V,  ±15  V 

±12  ±13 
±11  ±13 
±2.5  ±3 
80 

30  50 

±12  ±13 
±11  ±13 
±2.5  ±3 
80 

30  50 

V 
V 
V 

mA 
mA 

TOTAL  HARMONIC  DISTORTION 

Rload  =  1  kfl,  CN  =  50  pF 
f  =  250  kHz,  3  V  rms 
Rload  =  1  kfl 
f  =  20  kHz,  3  V  rms 

±15  V 
±15  V 

-98  -90 
-120  -110 

-98  -90 
-120  -110 

dB 
dB 

INPUT  CHARACTERISTICS 
Input  Resistance  (Differential) 
Input  Resistance  (Common  Mode) 
Input  Capacitance  (Differential)5 
Input  Capacitance  (Common  Mode) 

7.5 
100 
20 
5 

7.5 
100 
20 
5 

kfl 
MA 
dF 
pF 

OUTPUT  RESISTANCE 

Av  =  +1,  f  =  1  kHz 

3 

3 

mfl 

POWER  SUPPLY 
Operating  Range 
Quiescent  Current 

±5  V,  ±15  V 

±5  ±18 
8.2  10.5 

±5  ±18 
8.2  10.5 

V 

mA 

NOTES 

'See  standard  military  drawing  for  883B  specifications. 

Specified  using  external  decompensation  capacitor,  see  applications  section. 

3Full  Power  Bandwidth  =  Slew  Rate/2  tt  Vpeak. 

4Output  Current  for  |VS  -  VOUT|  >  4  V,  AqL  >  200  kfl. 

'Differential  input  capacitance  consists  of  1.5  pF  package  capacitance  and  18.5  pF  from  the  input  differential  pair. 
Specifications  subject  to  change  without  notice. 
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±18  V 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation  @  +25°C2 

Input  Voltage   ±VS 

Differential  Input  Voltage3  ±0.7  V 

Output  Short  Circuit  Duration  Indefinite  Within  max 

Internal  Power  Dissipation 

Storage  Temperature  Range  (Q)  -65°C  to  +  150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD797A/B  -40°C  to  +85°C 

AD797S  -55°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

internal  Power  Dissipation: 
8-Pin  SOIC  =  0.9  Watts  -  (TA-25°C)/e,A 
8-Pin  Plastic  DIP  and  Cerdip  =  1.3  Watts  -  (TA-25°C)/eJA 
Thermal  Characteristics 
8-Pin  Plastic  DIP  Package:  8,A  =  95°C/W 
8-Pin  Cerdip  Package:  6JA  =  110°C/W 
8-Pin  Small  Outline  Package:  9JA  =  155°C/W 


'The  AD797's  inputs  are  protected  by  back-to-back  diodes.  To  achieve  low 
noise,  internal  current  limiting  resistors  are  not  incorporated  into  the  design  of 
this  amplifier.  If  the  differential  input  voltage  exceeds  ±0.7  V,  the  input 
current  should  be  limited  to  less  than  25  mA  by  series  protection  resistors. 
Note,  however,  that  this  will  degrade  the  low  noise  performance  of  the  device. 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD797  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


ORDERING  GUIDE 

Model 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD797AN 
AD797BN 
AD797BR 
AD797AR 
5962-9313301MPA 

-40°Cto  +85°C 
-40°Cto  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-55°Cto+125°C 

8-Pin  Plastic  DIP 
8-Pin  Plastic  DIP 
8-Pin  Plastic  SOIC 
8-Pin  Plastic  SOIC 
8-Pin  Cerdip 

N-8 
N-8 
R-8 
R-8 
Q-8 

AD797A  Chips 

-40°C  to  +85°C 

Die 

1  !  

*For  outline  information  see  Package  Information  section. 


METAL IZATION  PHOTO 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm) 

-                                0.1078  (2.74)   

♦V 

OUTPUT 

7  6 

DECOMP/ 
DISTORTION  8 
NEUTRALIZATION 


NOTE 

The  AD797  has  double  layer  metal.  Only  one  layer  is  shown  here  for  clarity. 
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Figure  1.  Common-Mode  Voltage  Range  vs.  Supply 


Figure  4.  0. 1  Hz  to  10  Hz  Noise 
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Figure  2.  Output  Voltage  Swing  vs.  Supply 
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Figure  5.  Input  Bias  Current  vs.  Temperature 
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Figure  3.  Output  Voltage  Swing  vs.  Load  Resistance 
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Figure  6.  Short  Circuit  Current  vs.  Temperature 
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Figure  7.  Quiescent  Supply  Current  vs.  Supply 
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Figure  10.  Power  Supply  and  Common-Mode  Rejection 
vs.  Frequency 
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Figure  8. 


age  vs.  Supply  for  0.01%  Distortion 
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Figure  11.  Total  Harmonic  Distortion  (T 
Output  Level 
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Figure  9.  Settling  Time  vs.  Step  Size  (±) 


10k  100k  1M  10M 

FREQUENCY  -  Hz 

Figure  12.  Large  Signal  Frequency  Response 
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AD797— Typical  Characteristics 


Figure  19.  Inverter  Figure  20.  Inverter  Large  Signal  Figure  21.  Inverter  Small  Signal 

Connection  Pulse  Response  Pulse  Response 


Figure  22.  Follower  Figure  23.  Follower  Large  Signal  Figure  24.  Follower  Small 

Connection  Pulse  Response  Signal  Pulse  Response 
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Positive  Input  Pulse  Negative  Input  Pulse 
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THEORY  OF  OPERATION 

The  new  architecture  of  the  AD797  was  developed  to  overcome 
inherent  limitations  in  previous  amplifier  designs.  Previous  pre- 
cision amplifiers  used  three  stages  to  ensure  high  open-loop 
gain,  Figure  27b,  at  the  expense  of  additional  frequency  com- 
pensation components.  Slew  rate  and  settling  performance  are 
usually  compromised,  and  dynamic  performance  is  not  adequate 
beyond  audio  frequencies.  As  can  be  seen  in  Figure  27b,  the 
first  stage  gain  is  rolled  off  at  high  frequencies  by  the  compensa- 
tion network.  Second  stage  noise  and  distortion  will  then  appear 
at  the  input  and  degrade  performance.  The  AD797  on  the  other 
hand,  uses  a  single  ultrahigh  gain  stage  to  achieve  dc  as  well  as 
dynamic  precision.  As  shown  in  the  simplified  schematic  (Figure 
28),  nodes  A,  B,  and  C  all  track  in  voltage  forcing  the  operating 
points  of  all  pairs  of  devices  in  the  signal  path  to  match.  By 
exploiting  the  inherent  matching  of  devices  fabricated  on  the 
same  IC  chip,  high  open-loop  gain,  CMRR,  PSRR,  and  low 
Vos  are  all  guaranteed  by  pairwise  device  matching  (i.e.,  NPN 
to  NPN  &  PNP  to  PNP),  and  not  absolute  parameters  such  as 
beta  and  early  voltage. 


GAIN  »gmR1  -5x10* 

a. 


This  matching  benefits  not  just  dc  precision  but  since  it  holds 
up  dynamically,  both  distortion  and  settling  time  are  also 
reduced.  This  single  stage  has  a  voltage  gain  of  >5  x  106  and 
Vos  <80  u.V,  while  at  the  same  time  providing  THD  +  noise 
of  less  than  - 120  dB  and  true  16  bit  settling  in  less  than  800  ns. 
The  elimination  of  second  stage  noise  effects  has  the  additional 
benefit  of  making  the  low  noise  of  the  AD797  (<0.9  nV/VHz) 
extend  to  beyond  1  MHz.  This  means  new  levels  of  performance 
for  sampled  data  and  imaging  systems.  All  of  this  performance 
as  well  as  load  drive  in  excess  of  30  mA  are  made  possible  by 
Analog  Devices'  advanced  Complementary  Bipolar  (CB)  process. 

Another  unique  feature  of  this  circuit  is  that  the  addition  of  a 
single  capacitor,  CN  (Figure  28),  enables  cancellation  of  distor- 
tion due  to  the  output  stage.  This  can  best  be  explained  by 
referring  to  a  simplified  representation  of  the  AD797  using  ide- 
alized blocks  for  the  different  circuit  elements  (Figure  29). 

fields  the  open-l( 
it  (at  Node  B)  « 


A  single  equation  ; 
amplifier,  solv'~ 


transfer  function  of  this 


1°  =_ 
V,N     CN  . 


gm 


pa 


r  .  Cc. 
■  CN  ]<o  -  —  )<i> 


gm  =  the  transconductance  of  Ql  and  Q2 
A  =  the  gain  of  the  output  stage,  (~  1) 
VQ  =  voltage  at  the  output 
V,N  =  differential  input  voltage 

When  CN  is  equal  to  Cc  this  gives  the  ideal  single  pole  op  amp 
response: 


Vm  jvoC 


GAIN  =  gmR1  *A2  *A3 


The  terms  in  A,  which  include  the  properties  of  the  output 
stage  such  as  output  impedance  and  distortion,  cancel  by  simple 
subtraction,  and  therefore  the  distortion  cancellation  does  not 
affect  the  stability  or  frequency  response  of  the  amplifier.  With 
only  500  pA  of  output  stage  bias  the  AD797  delivers  a  1  kHz 
sine  wave  into  600  fl  at  7  V  rms  with  only  1  ppm  of  distortion. 


Figure  27.  Model  of  AD797  vs.  That  of  a  Typical 
Three-Stage  Amplifier 


Figure  29.  AD797  Block  Diagram 


Figure  28.  AD797  Simplified  Schematic 
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current,  it  is  important  tnen  to  tonsiuci  uic  iuuu  mpui  icicucu 
noise  (eNiotal),  which  includes  contributions  from  voltage  noise 
(eN),  current  noise  (iN),  and  resistor  noise  (V4  kTrs). 

eNtotal  =  [eN2  +  4  kTrs  +4  to)2]"2    Equation  1 

where  rs  =  total  input  source  resistance. 

This  equation  is  plotted  for  the  AD797  in  Figure  30.  Since  opti- 
mum dc  performance  is  obtained  with  matched  source  resis- 
tances, this  case  is  considered  even  though  it  is  clear  from 
Equation  1  that  eliminating  the  balancing  source  resistance  will 
lower  the  total  noise  by  reducing  the  total  rs  by  a  factor  of  two. 

At  very  low  source  resistance  (rs  <50  fl),  the  amplifiers'  voltage 
noise  dominates.  As  source  resistance  increases  the  Johnson 
noise  of  rs  dominates  until  at  higher  resistances  (rs  >2  kft)  the 
current  noise  component  is  larger  than  the  resistor  noise. 


T 

OTAL 

NOISE 

RE 
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NOISE 
ONLY 

100  1000 
SOURCE  RESISTANCE  -  12 


Figure  30.  Noise  vs.  Source  Resistance 

The  AD797  is  the  optimum  choice  for  low  noise  performance 
provided  the  source  resistance  is  kept  <1  kfl.  At  higher  values 
of  source  resistance,  optimum  performance  with  respect  to  noise 
alone  is  obtained  with  other  amplifiers  from  Analog  Devices  (see 
Table  I). 

Table  I.  Recommended  Amplifiers  for  Different  Source 


Impedances 

rs,  ohms 

Recommended  Amplifier 

Oto  <1  k 



AD797 

1  k  to  <10  k 

AD707,  AD743/AD745,  OP-27/OP-37,  OP-07 

10kto<100k 

AD705,  AD743/AD745,  OP-07 

>100k 

AD548,  AD549,  AD645,  AD711, 

AD743/AD745 

lUVju^j    mi.  IUUI    IVI  ......  ~   . 

technique  involves  amplifying,  filtering,  and  measuring  the 
amplifiers  noise  for  a  predetermined  test  time.  The  noise  band- 
width of  the  filter  is  corrected  for  and  the  test  time  is  carefully 
controlled  since  the  measurement  time  acts  as  an  additional  low 
frequency  roll-off. 

The  plot  in  Figure  4  was  made  using  a  slightly  different  tech- 
nique. Here  an  FFT  based  instrument  (Figure  31)  is  used  to 
generate  a  10  Hz  "brickwall"  filter.  A  low  frequency  pole  at 

0.  1  Hz  is  generated  with  an  external  ac  coupling  capacitor,  the 
instrument  being  dc  coupled. 

Several  precautions  are  necessary  to  get  optimum  low  frequency 
noise  performance: 

1.  Care  must  be  used  to  account  for  the  effects  of  rs,  even  a 
10  n  resistor  has  0.4  nVVHz  of  noise  (an  error  of  9%  when 
root  sum  squared  with  0.9  nVVHz). 

2.  The  test  set  up  must  be  fully  warmed  up  to  prevent  eos  drift 
from  erroneously  contributing  to  input  noise. 

3.  Circuitry  must  be  shielded  from  air  currents.  Heat  flow  out 
of  the  package  through  its  leads  creates  the  opportunity  for  a 
thermo-electric  potential  at  every  junction  of  different  metals. 
Selective  heating  and  cooling  of  these  by  random  air  currents 
will  appear  as  1/f  noise  and  obscure  the  true  device  noise. 

4.  The  results  must  be  interpreted  using  valid  statistical 
techniques. 


HP  3465 

DYNAMIC  SIGNAL 
ANALYZER 


**  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  31.  Test  Setup  for  Measuring  0.1  Hz  to  10  Hz 


Noise 


WIDEBAND  NOISE 

The  AD797,  due  to  its  single  stage  design,  has  the  property  that 
its  noise  is  flat  over  frequencies  from  less  than  10  Hz  to  beyond 
1  MHz.  This  is  not  true  of  most  dc  precision  amplifiers  where 
second  stage  noise  contributes  to  input  referred  noise  beyond 
the  audio  frequency  range.  The  AD797  offers  new  levels  of  per- 
formance in  wideband  imaging  applications.  In  sampled  data 
systems,  where  aliasing  of  out  of  band  noise  into  the  signal  band 
is  a  problem,  the  AD797  will  out  perform  all  previously  avail- 
able IC  op  amps. 
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BYPASSING  CONSIDERATIONS 

To  take  full  advantage  of  the  very  wide  bandwidth  and  dynamic 
range  capabilities  of  the  AD797  requires  some  precautions. 
First,  multiple  bypassing  is  recommended  in  any  precision 
application.  A  1.0  u.F-4.7  u.F  tantalum  in  parallel  with  0.1  up 
ceramic  bypass  capacitors  are  sufficient  in  most  applications. 
When  driving  heavy  loads  a  larger  demand  is  placed  on  the  sup- 
ply bypassing.  In  this  case  selective  use  of  larger  values  of  tanta- 
lum capacitors  and  damping  of  their  lead  inductance  with  small 
value  (1.1  ft  to  4.7  ft)  carbon  resistors  can  be  an  improvement. 
Figure  32  summarizes  bypassing  recommendations.  The  symbol 
(**)  is  used  throughout  this  data  sheet  to  represent  the  parallel 
combination  of  a  0.1  p.F  and  a  4.7  u.F  capacitor. 
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Figure  32.  Recommended  Power  Supply  Bypassing 


THE  NONINVERTING  CONFIGURATION 

Ultralow  noise  requires  very  low  values  of  rBB'  (the  internal  par- 
asitic resistance)  for  the  input  transistors  (~  6  ft).  This  implies 
very  little  damping  of  input  and  output  reactive  interactions. 
With  the  AD797,  additional  input  series  damping  is  required  for 
stability  with  direct  input  to  output  feedback.  A  100  ft  resistor 
in  the  inverting  input  (Figure  33)  is  sufficient;  the  100  ft  bal- 
ancing resistor  (R2)  is  recommended,  but  is  not  required  for 
stability.  The  noise  penalty  is  minimal  (eNtotal  "2.1  nVVHz), 
which  is  usually  insignificant.  Best  response  flatness  is  obtained 
with  the  addition  of  a  small  capacitor  (CL  <33  pF)  in  parallel 
with  the  100  ft  resistor  (Figure  34).  The  input  source  resistance 
and  capacitance  will  also  affect  the  response  slightly  and  experi- 
mentation may  be  necessary  for  best  results. 


"USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  33.  Voltage  Follower  Connection 

Low  noise  preamplification  is  usually  done  in  the  noninverting 
mode  (Figure  35).  For  lowest  noise  the  equivalent  resistance  of 
the  feedback  network  should  be  as  low  as  possible.  The  30  mA 
minimum  drive  current  of  the  AD797  makes  it  easier  to  achieve 
this.  The  feedback  resistors  can  be  made  as  low  as  possible  with 
due  consideration  to  load  drive  and  power  consumption.  Table 
II  gives  some  representative  values  for  the  AD797  as  a  low  noise 
follower.  Operation  on  5  volt  supplies  allows  the  use  of  a  100  ft 


or  less  feedback  network  (R1+  R2).  Since  the  AD797  shows  no 
unusual  behavior  when  operating  near  its  maximum  rated  cur- 
rent, it  is  suitable  for  driving  the  AD600/AD602  (Figure  47) 
while  preserving  their  low  noise  performance. 

Optimum  flatness  and  stability  at  noise  gains  >1  sometimes 
requires  a  small  capacitor  (CL)  connected  across  the  feedback 
resistor  (Rl,  Figure  35).  Table  II  includes  recommended  values 
of  CL  for  several  gains.  In  general,  when  R2  is  greater  than 
100  ft  and  CL  is  greater  than  33  pF,  a  100  ft  resistor  should  be 
placed  in  series  with  CL.  Source  resistance  matching  is  assumed, 
and  the  AD797  should  never  be  operated  with  unbalanced 
source  resistance  >200  kft/G. 


•  SEE  TEXT 

-  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  34.  Alternative  Voltage  Follower  Connection 

"1 


Figure  35.  Low  Noise  Preamplifier 
Table  II.  Values  for  Follower  with  Gain  Circuit 


Noise 

Gain 

Rl 

R2 

& 

(Excluding  rs) 

2 

1  kft 

1  kft 

~20pF 

3.0  nVVHi 

2 

300  ft 

300  ft 

-lOpF 

1.8  nVVHz 

10 

33.2  ft 

300  ft 

-5  pF 

1.2  nVVHz 

20 

16.5  ft 

316  ft 

1.0  nVVHz 

>35 

10  ft 

(G-l)    10  ft 

0.98  nVVHz 

The  I-to-V  converter  is  a  special  case  of  the  follower  configura- 
tion. When  the  AD797  is  used  in  an  I-to-V  converter,  for 
instance  as  a  DAC  buffer,  the  circuit  of  Figure  36  should  be 
used.  The  value  of  CL  depends  on  the  DAC  and  again,  if  CL  is 
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•SEE  TEXT 

-  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  36.  l-to-V  Converter  Connection 

greater  than  33  pF  a  100  fi  series  resistor  is  required.  A 
by-passed  balancing  resistor  (Rs  and  Cs)  can  be  included  to 
minimize  dc  errors. 

THE  INVERTING  CONFIGURATION 

The  inverting  configuration  (Figure  37)  presents  a  low  input 
impedance,  Rl,  to  the  source.  For  this  reason,  the  goals  of  both 
low  noise  and  input  buffering  are  at  odds  with  one  another. 
Nonetheless,  the  excellent  dynamics  of  the  AD797  will  make  it 
the  preferred  choice  in  many  inverting  applications,  and  with 
careful  selection  of  feedback  resistors  the  noise  penalties  will 
be  minimal.  Some  examples  are  presented  in  Table  II  and 


 Wv  ii 


Figure  37.  Inverting  Amplifier  Connection 
Table  III.  Values  for  Inverting  Circuit 


Gain 

Rl 

R2 

% 

Noise 

(Excluding  rs) 

-1 
-1 
-10 

1  kfl 
300  fl 

150  n 

i  kn 
3oo  n 
i5oo  n 

-20  pF 
-10  pF 
-5  pF 

3.0  nVVHz 
1.8  nVVHz 
1.8  nVVHz 

DRIVING  CAPACITIVE  LOADS 

The  capacitive  load  driving  capabilities  of  the  AD797  are  dis- 
played in  Figure  38.  At  gains  over  10  usually  no  special  precau- 
tions are  necessary.  If  more  drive  is  desirable  the  circuit  in 
Figure  39  should  be  used.  Here  a  5000  pF  load  can  be  driven 
cleanly  at  any  noise  gain  >  =  2. 


10  100 
CLOSED-LOOP  GAIN 


Figure  38.  Capacitive  Load  Drive  Capability  vs. 
Closed-Loop  Gain 


MCI 


20OF 


-  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  39.  Recommended  Circuit  for  Driving  a  High 
Capacitance  Load 

SETTLING  TIME 

The  AD797  is  unique  among  ultralow  noise  amplifiers  in  that  it 
settles  to  16  bits  (<150  u.V)  in  less  than  800  ns.  Measuring  this 
performance  presents  a  challenge.  A  special  test  setup  (Figure 
40)  was  developed  for  this  purpose.  The  input  signal  was 
obtained  from  a  resonant  reed  switch  pulse  generator,  available 
from  Tektronix  as  calibration  Fixture  No.  067-0608-00.  When 
open,  the  switch  is  simply  50  SI  to  ground  and  settling  is  purely 
a  passive  pulse  decay  and  inherently  flat.  The  low  repetition  rate 
signal  was  captured  on  a  digital  oscilloscope  after  being  ampli- 
fied and  clamped  twice.  The  selection  of  plug-in  for  the  oscillo- 
scope was  made  for  minimum  overload  recovery. 
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Figure  40.  Settling  Time  Test  Circuit 
DISTORTION  REDUCTION 

The  AD797  has  distortion  performance  (THD  <  -120  dB,  @ 
20  kHz,  3  V  rms,  RL  =  600  n)  unequaled  by  most  voltage 
feedback  amplifiers. 

At  higher  gains  and  higher  frequencies  THD  will  increase  due 
to  reduction  in  loop  gain.  However  in  contrast  to  most  conven- 
tional voltage  feedback  amplifiers  the  AD797  provides  two  effec- 
tive means  of  reducing  distortion,  as  gain  and  frequency  are 
increased;  cancellation  of  the  output  stage's  distortion  and  gain 
bandwidth  enhancement  by  decompensation.  By  applying  these 
techniques  gain  bandwidth  can  be  increased  to  450  MHz  at 
G  =  1000  and  distortion  can  be  held  to  - 100  dB  at  20  kHz  for 

The  unique  design  of  the  AD797  provides  for  cancellation  of  the 
output  stage's  distortion  (patent  pending).  To  achieve  this  a 
capacitance  equal  to  the  effective  compensation  capacitance,  usu- 
ally 50  pF,  is  connected  between  Pin  8  and  the  output  (C2  in 
Figure  41).  Use  of  this  feature  will  improve  distortion  perfor- 
mance when  the  closed  loop  gain  is  more  than  10  or  when  fre- 
quencies of  interest  are  greater  than  30  kHz. 

Bandwidth  enhancement  via  decompensation  is  achieved  by  con- 
necting a  capacitor  from  Pin  8  to  ground  (CI  in  Figure  41) 
effectively  subtracting  from  the  value  of  the  internal  compensa- 
tion capacitance  (50  pF),  yielding  a  smaller  effective  compensa- 
tion capacitance  and,  therefore,  a  larger  bandwidth.  The 
benefits  of  this  begin  at  closed  loop  gains  of  100  and  up.  A  max- 
imum value  of  —33  pF  at  gains  of  1000  and  up  is  recom- 
mended. At  a  gain  of  1000  the  bandwidth  is  450  kHz. 

Table  IV  and  Figure  42  summarize  the  performance  of  the 
AD797  with  distortion  cancellation  and  decompensation. 
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CI,  SEE  TABLE 
C2  .  50pF  -  C1 

V  lb- 
Figure  4 1.  Recommended  Connections  for  Distortion 
Cancellation  and  Bandwidth  Enhancement 


Table  IV.  Recommended  External  Compensation 


A/B 

A 

B 

Rl 

R2 

CI  C2 

3  dB 

CI  C2 

3  dB 

n 

n 

(pF) 

BW 

(pF) 

BW 

G  = 

10 

909 

100 

0  50 

6  MHz 

0  50 

6  MHz 

G  = 

100 

1  k 

10 

0  50 

1  MHz 

15  33 

1.5  MHz 

G  = 

1000 

10  k 

10 

0  50 

110  kHz 

33  15 

450  kHz 

3k 
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Figure  42.  Total  Harmonic  Distortion  (THD)  vs.  Frequency 
@3V  rms  for  Figure  41b 
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Differential  Line  Receiver 

The  differential  receiver  circuit  of  Figure  43  is  useful  for  many 
applications  from  audio  to  MRI  imaging.  It  allows  extraction  of 
a  low  level  signal  in  the  presence  of  common-mode  noise.  As 
shown  in  Figure  44,  the  AD797  provides  this  function  with  only 
9  nV/VHz  noise  at  the  output.  Figure  45  shows  the  AD797's 
20-bit  THD  performance  over  the  audio  band  and  16-bit  accu- 
racy to  250  kHz. 


DIFFERENTIAL 


— *  O  OUTPUT 


•  OPTIONAL 
-  USE  POWER  SUPPLY 
BYPASSING  SHOWN  IN 
FIGURE  32. 
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Figure  43.  Differential  Line  Receiver 


1 


i  14 


k  10k  100k 

FREQUENCY  —  Hz 


Figure  44.  Output  Voltage  Noise  Spectral  Density  for 
Differential  Line  Receiver 


A  General  Purpose  ATE/Instrumentation  Input/Output  Driver 

The  ultralow  noise  and  distortion  of  the  AD797  may  be  com- 
bined with  the  wide  bandwidth,  slew  rate,  and  load  drive  of  a 
current  feedback  amplifier  to  yield  a  very  wide  dynamic  range 
general  purpose  driver.  The  circuit  of  Figure  46  combines  the 
AD797  with  the  AD811  in  just  such  an  application.  Using  the 


1k        3k        10k  30k 
FREQUENCY  —  Hz 


300k 


Figure  45.  Total  Harmonic  Distortion  (THD)  vs.  Frequency 
for  Differential  Line  Receiver 


component  values  shown,  this  circuit  is  capable  of  better  than 
-90  dB  THD  with  a  ±5  V,  500  kHz  output  signal.  The  circuit 
is  therefore  suitable  for  driving  high  resolution  A/D  converters 
and  as  an  output  driver  in  automatic  test  equipment  (ATE)  sys- 
tems. Using  a  100  kHz  sine  wave,  the  circuit  will  drive  a  600  CI 
load  to  a  level  of  7  V  rms  with  less  than  - 109  dB  THD,  and  a 
10  kn  load  at  less  than  - 117  dB  THD. 


•USE  POWER  SUPPLY 
BYPASSING  SHOWN  IN  T"~ VvV 
FIGURE  32. 

MKlj 


Figure  46.  A  General  Purpose  ATE/Instrumentation 
Input/Output  Driver 
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Ultrasound/Sonar  Imaging  Preat 

The  AD600  variable  gain  amplifier  provides  the  time  controlled 
gain  (TCG)  function  necessary  for  very  wide  dynamic  range 
sonar  and  low  frequency  ultrasound  applications.  Under  some 
circumstances,  it  is  necessary  to  buffer  the  input  of  the  AD600 
to  preserve  its  low  noise  performance.  To  optimize  dynamic 
range  this  buffer  should  have  at  most  6  dB  of  gain.  The  combi- 
nation of  low  noise  and  low  gain  is  difficult  to  achieve.  The 
input  buffer  circuit  shown  in  Figure  47  provides  1  nVVHz 
noise  performance  at  a  gain  of  two  (dc  to  1  MHz)  by  using 
26.1  CI  resistors  in  its  feedback  path.  Distortion  is  only  -50  dBc 
@  1  MHz  at  a  2  volt  p-p  output  level  and  drops  rapidly  to  bet- 
ter than  -70  dBc  at  an  output  level  of  200  mV  p-p. 

26.1S2 


•  USE  POWER  SUPPLY  Vs  =  aOVde 

"  BYPASSING  SHOWN  IN  FIGURE  32. 


Figure  47.  An  Ultrasound  Preamplifier  Circuit 
Amorphous  (Photodiode)  Detector 

Large  area  photodiodes  Cs  a  500  pF  and  certain  image  detec- 
tors (amorphous  Si),  have  optimum  performance  when  used  in 
conjunction  with  amplifiers  with  very  low  voltage  rather  than 
very  low  current  noise.  Figure  48  shows  the  AD797  used  with 
an  amorphous  Si  (Cs  =  1000  pF)  detector.  The  response  is 
adjusted  for  flatness  using  capacitor  CL,  while  the  noise  is  domi- 
nated by  voltage  noise  amplified  by  the  ac  noise  gain.  The  797's 
excellent  input  noise  performance  gives  27  u.V  rms  total  noise  in 
a  1  MHz  bandwidth,  as  shown  by  Figure  49. 
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-  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  48.  Amorphous  Detector  Preamp 
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Figure  49.  Total  Integrated  Voltage  Noise  &  VOUT  of 
Amorphous  Detector  Preamp 

Professional  Audio  Signal  Processing— D AC  Buffers 

The  low  noise  and  low  distortion  of  the  AD797  make  it  an  ideal 
choice  for  professional  audio  signal  processing.  An  ideal  I-to-V 
converter  for  a  current  output  DAC  would  simply  be  a  resistor 
to  ground,  were  it  not  for  the  fact  that  most  DACs  do  not  oper- 
ate linearly  with  voltage  on  their  output.  Standard  practice  is  to 
operate  an  op  amp  as  an  I-to-V  converter  creating  a  virtual 
ground  at  its  inverting  input.  Normally,  clock  energy  and  cur- 
rent steps  must  be  absorbed  by  the  op  amp's  output  stage. 
However,  in  the  configuration  of  Figure  50,  Capacitor  CF 
shunts  high  frequency  energy  to  ground,  while  correctly  repro- 
ducing the  desired  output  with  extremely  low  THD  and  IMD. 

82PF  100fi 


-  USE  POWER  SUPPLY  BYPASSING  SHOWN  IN  FIGURE  32. 

Figure  50.  A  Professional  Audio  DAC  Buffer 
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Figure  51.  Offset  Null  Configuration 
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FEATURES 
High  Speed 

80  MHz  Bandwidth  (3  dB,  G  =  +1) 

75  MHz  Bandwidth  (3  dB,  G  =  +2) 

1000  V/p.s  Slew  Rate 

50  ns  Settling  Time  to  0.1%  (VQ  =  10  V  Step) 
Ideal  for  Video  Applications 

30  MHz  Bandwidth  (0.1  dB,  G  =  +2) 

0.02%  Differential  Gain 

0.04°  Differential  Phase 
Low  Noise 

2.9  nV/VRi  Input  Voltage  Noise 

13  pA/Vfiz  Inverting  Input  Current  Noise 
Low  Power 

8.0  mA  Supply  Current  max 

2.1  mA  Supply  Current  (Power-Down  Mode) 
High  Performance  Disable  Function 

Turn-Off  Time  100  ns 
Break  Before  Make  Guaranteed 
Input  to  Output  Isolation  of  64  dB  (OFF  State) 
Flexible  Operation 
Specified  for  ±5  V  and  ±15  V  Operation 
±2.9  V  Output  Swing  Into  a  150  O  Load  (Vs  =  ±5  V) 

APPLICATIONS 
Professional  Video  Cameras 
Multimedia  Systems 

NTSC,  PAL  &  SECAM  Compatible  Systems 

Video  Line  Driver 

ADC/DAC  Buffer 

DC  Restoration  Circuits 


CONNECTION  DIAGRAM 
8-Pin  Plastic  Mini-DIP  (N),  SOIC  (R)  and  Cerdip  (Q)  Packages 

r=M  ^>-i  F=!  


OFFSET  f 
NULL  | 


AD810 

8  |  DISABLE 

m 

T]ws 

OUTPUT 

TOP  VIEW 

"Tl  OFFSET 
ZJ  NULL 

PRODUCT  DESCRIPTION 

The  AD810  is  a  composite  and  HDTV  compatible,  current 
feedback,  video  operational  amplifier,  ideal  for  use  in  systems 
such  as  multimedia,  digital  tape  recorders  and  video  cameras. 
The  0. 1  dB  flatness  specification  at  bandwidth  of  30  MHz 
(G  =  +2)  and  the  differential  gain  and  phase  of  0.02%  and 
0.04°  (NTSC)  make  the  AD810  ideal  for  any  broadcast  quality 
video  system.  All  these  specifications  are  under  load  conditions 
of  150  fi  (one  75  fl  back  terminated  cable). 
The  AD810  is  ideal  for  power  sensitive  applications  such  as 
video  cameras,  offering  a  low  power  supply  current  of  8.0  mA 
max.  The  disable  feature  reduces  the  power  supply  current  to 
only  2.1  mA,  while  the  amplifier  is  not  in  use,  to  conserve 
power.  Furthermore  the  AD810  is  specified  over  a  power  supply 
range  of  ±5  V  to  ±15  V. 

The  AD810  works  well  as  an  ADC  or  DAC  buffer  in  video  systems 
due  to  its  unity  gain  bandwidth  of  80  MHz.  Because  the  AD810 
is  a  transimpedance  amplifier,  this  bandwidth  can  be  maintained 
over  a  wide  range  of  gains  while  featuring  a  low  noise  of 
2.9  nV/VHz  for  wide  dynamic  range  applications. 
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(@  T»  =  +25°C  and  Vs  =  ±15  V  dc,RL  =  150  ft  unless  otherwise  noted) 


AD810 


Conditions 


Vs 


ADS10A 
Min       Typ  Max 


AD810S1 
Min  Typ 


Max 


DYNAMIC  PERFORMANCE 
3  dB  Bandwidth 


0.1  dB  Bandwidth 
Full  Power  Bandwidth 
Slew  Rate2 

Settling  Time  to  0. 1% 
Settling  Time  to  0.01% 


Differential  Phase 

Total  Harmonic  Distortion 


(G  =  +2)  RFB  =  715 

(G  =  +2)  RFB  =  715 

(G  =  +1)  RFB  =  1000 

(G  =  +10)Rre  =  270 

(G  =  +2)  RpB  =  715 

(G  =  +2)  RFB  =  715 

VD  =20  V  p-p, 

RL  =  400  n 

RL  =  150  n 

RL  =  400n 

10  V  Step,  G=  -1 

10  V  Step,  G  =  -1 

f  =  3.58  MHz 

f  =  3.58  MHz 

f  =  3.58  MHz 

f  =  3.58  MHz 

f  =  10  MHz,  V0  =  2  V  p-p 

RL  =  400  fl,  G  =  +2 


±5  V 
±15  V 
±15  V 
±15  V 
±5V 
±15  V 

±15  V 
±5  V 
±15  V 
±15  V 
±15  V 
±15  V 
±5  V 
±15  V' 
±5  V 

±15  V 


40 
55 
40 
50 
13 
15 


50 
75 
80 
65 
22 
30 

16 

350 

1000 

50 

125 

0.02 

0.04 

0.04 

0.045 

-61 


40 

55 
40 
50 
13 
15 


0.05 
0.07 
0.07 
0.08 


50 
75 
80 
65 
22 
30 

16 

350 

1000 

50 

125 

0.02 

0.04 

0.04 

0.045 

-61 


0.05 
0.07 
0.07 
0.08 


INPUT  OFFSET  VOLTAGE 
Offset  Voltage  Drift 


±5  V,  ±15  V 
±5  V,  ±15  V 


1.5 

2 
7 


6 

7.5 


1.5 

4 

15 


6 
15 


INPUT  BIAS  CURRENT 
-Input 
4- Input 


*  MIN    *  MAX 

Tmin~Tmax 


t5  V,  ±15  V 
t5V,  ±15  V 


0.7 
2 


5 

7.5 


0.8 
2 


5 

10 


OPEN-LOOP 
TRANSRESISTANCE 


Tmin-Tmax 

V0  =  ±10  V,  RL  =  400  fl 
V0  =  ±2.5  V,  R,  =  100  n 


tl5  V 
t5  V 


1.0 
0.3 


3.5 
1.2 


1.0 
0.2 


3.5 
1.0 


OPEN-LOOP 
DC  VOLTAGE  GAIN 


Twin-Tmax 

V0  =  ±  10  V,  RL  =  400  fl 
V0  =  ±2.5  V,  RL  =  100  n 


tl5  V 
t5  V 


86 
76 


100 
88 


72 


100 
88 


COMMON-MODE  REJECTION 

Vos 

±  Input  Current 


1  MIN- 1  MAX 

Vcm  =  ±12  V 
V™  =  ±2.5  V 
Tmin-Tmax 


tl5V 
t5  V 

►5  V,  ±15  V 


64 
60 

0.1  0.4 


56  64 
50  60 
0.1 


0.4 


POWER  SUPPLY  REJECTION 

Vos 

±  Input  Current 


±4.5  V  to  ±18  V 


1  MIN"1  MAX 

Tmin~ Tmax 


65 


72 
0.05 


60 


0.3 


72 
0.05 


0.3 


INPUT  VOLTAGE  NOISE 


±5V,  ±15  V 


2.9 


INPUT  CURRENT  NOISE 


-IIN,  f  =  1  kHz 
-Hm,  f  =  1  kHz 


t5  V,  ±15  V 
t5  V,  ±15  V 


13 
1.5 


13 
1.5 


INPUT  COMMON-MODE 
VOLTAGE  RANGE 


t5  V 
tl5  V 


±2.5 
±12 


±3.0 
±13 


t2.5  ±3 
tl2  ±13 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing3 


Short-Circuit  Current 
Output  Current 


RL  -  150  fl,  TMIN-TMAX 
RL  =  400n 

RL  =  400  O,  Tm^Tmax 
Tmin-Tmax 


t5  V 
tl5  V 
tl5  V 
tl5  V 

fc5  V,  ±15  V 


±2.5 

±12.5 

±12 

40 


±2.9 
±12.9 


150 
60 


±2.5 

±12.5 

±12 

30 


±2.9 
±12.9 


150 
60 


OUTPUT  RESISTANCE 


Open  Loop  (5  MHz) 


15 


15 


INPUT  CHARACTERISTICS 
Input  Resistance 

Capacitance 


+ Input 
-Input 
+ Input 


tl5  V 
tl5  V 
tl5  V 


2.5 


10 
40 

2 


2.5 


10 
40 

2 


DISABLE  CHARACTERISTICS" 
OFF  Isolation 
OFF  Output  Impedance 


f  =  5  MHz,  See  Figure  43 
See  Figure  43 


64 

(Rp+R^IM  pF 


64 

(Rp+RoillB  pF 
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AD810A 
Min       Typ  Max 

AD810S1 
Min       Typ  Max 

Parameter 

Conditions 

vs 

Units 

Turn  On  Time5 
Turn  Off  Time 
Disable  Pin  Current 

Min  Disable  Pin  Current  to 
Disable 



ZOUT  =  Low,  See  Figure  54 

Z0ut  =  H'gh 
Disable  Pin  =  0  V 

170 
100 

50  75 
290  400 

30 

170 
100 

50  75 
290  400 

30 

±5  V 
+  15  V 

±5  V,  ±15  V 

ns 
ns 
uA 
u-A 

|A 

POWER  SUPPLY 
Operating  Range 

■ 

Quiescent  Current 
Power-Down  Current 

+  25°C  to  TMAX 
Tmin 

Tmin-Tmax 

±5  V 
±15  V 

±5  V,  ±15  V 
±5V 
±15  V 

±2.5  ±18 
±3.0      |  ±18 

6.7  7.5 

6.8  8.0 
8.3  10.0 
1.8  2.3 
2.1  2.8 

±2.5  ±18 
±3.5  ±18 

6.7  7.5 

6.8  8.0 
9  11.0 
1.8  2.3 
2.1  2.8 

V 

V 

mA 

mA 

mA 

mA 

mA 

NOTES       'See  Analog  Devices  Military  Data  Sheet  for  883B  Specifications. 

*Slew  rate  measurement  is  based  on  10%  to  90%  rise  time  with  the  amplifier  configured  for  a  gain  of  -10. 
'Voltage  Swing  is  defined  as  useful  operating  range,  not  the  saturation  range. 
4Disable  guaranteed  break  before  make. 

5Turn  On  Time  is  defined  with  ±5  V  supplies  using  complementary  output  CMOS  to  drive  the  disable  pin. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2  Observe  Derating  Curves 

Output  Short  Circuit  Duration  Observe  Derating  Curves 

Common-Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  ±6V 

Storage  Temperature  Range 

Plastic  DIP  ....   -65°C  to  +125°C 

Cerdip   -65°C  to  +  150°C 

Small  Outline  IC  -65°C  to  +125°C 

Operating  Temperature  Range 

AD810A   .  -40°C  to  +  85°C 

AD810S  -55°C  to  +  125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  Package:  eJA  =  90°C/Watt;  8-Pin  Cerdip  Package:  6JA  = 
110°C/Watt;  8-Pin  SOIC  Package:  6JA  -  150°C/watt. 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD810  features  ESD  protection  cir- 
cuitry, permanent  damage  may  still  occur  on  these  devices  if 
they  are  subjected  to  high  energy  electrostatic  discharges.  There- 
fore, proper  ESD  precautions  are  recommended  to  avoid  any 
performance  degradation  or  loss  of  functionality. 

ORDERING  GUIDE 


MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD810  is  limited  by  the  associated  rise  in  junction  temperature. 
For  the  plastic  packages,  the  maximum  safe  junction  tempera- 
ture is  145°C.  For  the  cerdip  package,  the  maximum  junction 
temperature  is  175°C.  If  these  maximums  are  exceeded  momen- 
tarily, proper  circuit  operation  will  be  restored  as  soon  as  the  die 


Maximum  Power  Dissipation  vs.  Temperature 


ice  in  the  "overheated" 
It  in  device  burnout. 


temperature  is  reduced.  Leaving  the 
condition  for  an.extended  period  can 
To  ensure  proper  operation,  it  is  important  to  observe  the  derat- 
ing curves. 

While  the  AD810  is  internally  short  circuit  protected,  this  may 
not  be  sufficient  to  guarantee  that  the  maximum  junction  tem- 
perature is  not  exceeded  under  all  conditions. 

"  tf -  I  i  00+  --  ,51  1 


Model 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD810AN 
AD810AR 

-40°Cto+85°C 
-40°Cto  +85°C 

8-Pin  Plastic  DIP 
8-Pin  Plastic  SOIC 

N-8 
R-8 

AD8 10AR-REEL 
5962-931 320 1MPA 

-40°Cto  +85°C 
-55°Cto+125°C 

8-Pin  Plastic  SOIC 
8-Pin  Cerdip 

R-8 
Q-8 

•For  outline  informatic 

n  see  Package  Inform 

. 

Offset  Null  Configuration 
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5  10  15 

SUPPLY  VOLTAGE  -  *Vo1t» 


Figure  1.  Input  Common-Mode  Voltage  Range  vs. 
Supply  Voltage 


SUPPLY  VOLTAGE -.Volt. 

Figure  2.  Output  Voltage  Swing  vs.  Supply 
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figure  3.  Output  Voltage  Swing  vs. 
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Figure  4.  Supply  Current  vs.  Junction  Temperature 
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Figure  5.  Input  Bias  Current  vs.  Temperature 


10 
a 

>  6 


i  4 


N 

o 

-8 
-10 


-60    -40     -20       0       20      40      60      80     100     120  140 
JUNCTION  TEMPERATURE  -  'C 

Figure  6.  Input  Offset  Voltage  vs.  Junction  Temperature 
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V 
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> 
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Figure  7.  Short  Circuit  Current  vs.  Temperature 
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Figure  8.  Linear  Output  Current  vs.  Temperature 
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Figure  1 1.  Large  Signal  Frequency  Response  Figure  12.  Input  Voltage  and  Current  Noise  vs.  Frequency 
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1M 

FREQUENCY  -  H2 


Figure  13.  Common-Mode  Rejection  vs.  Frequency 
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Figure  14.  Power  Supply  Rejection  vs.  Frequency 
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Figure  15.  Harmonic  Distortion  vs.  Frequency  (RL  =  100  0)        Figure  16.  Harmonic  Distortion  vs.  Frequency  (RL  =  400  fl) 


N 

 0.1 

*— s 

-o.o 

% — 

\ 

1F  =  H 
<L  =  « 

,  =  1k 

i 

1 

0.1%- 

h 

-0.01 

% — ' 

)  80  100  120  140  160  180  200 
SETTLING  TIME  -  n» 


Figure  17.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  18.  Slew  Rate  vs.  Supply  Voltage 
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AD810— Typical  Characteristics,  Noninverting  Connection 


Figure  23.  Bandwidth  vs.  Supply  Voltage,  Gain  -  + 1,  ^ure  2*  ~3  dB  Bandwidth  vs.  Supply  Voltage  G  =  +1, 

rl  =  won  H<-  "  7  *" 
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Figure  25.  Small  Signal  Pulse  Response,  Gain  =  +10, 
RF  =  442I1,RL  t  750/2,  Vs  =  ±75  V 


Figure  26.  Large  Signal  Pulse  Response,  Gain  =  +  10, 
RF  =  442  ft  RL  =  400  fl,  Vs  =  ±  75  V 
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F/'gure  27.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +10,  RL  =  15011 
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Figure  29.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +10,  RL  =  150  (2 
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Figure  28.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +70,  RL.=  1  kfl 
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Figure  30.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +10,RL=1  kCl 
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AD810  —  Typical  Characteristics,  Inverting  Connection 


Figure  31.  Inverting  Amplifier  Connection 


Figure  32.  Small  Signal  Pulse  Response,  Gain  =  - 1, 
RF  =  681  n,  RL  =  750  O,  Vs  =  ±5  V 


Figure  33.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  -1,  RL  =  750  n,  RF  =  681  O  for  ±15  V,  620  fl  for 
±5  V  and  ±2.5  V 
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Figure  34.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  —1,RL  =  1  k{2,  RF  =  681  (1  for  Vs  =  ±15  V,  620  Q 
for  ±5  V  and  ±2.5  V 


2        4        6        8       10       12       14      16  18 
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Figure  35.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  —1,RL  —  150  O 
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Figure  36.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  —  —1,RL=  1  kO 
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Figure  37.  Small  Signal  Pulse  Response,  Gain  = 
RF  =  442  a,  RL  =  750  Cl,Vs  =  ±15V 


10,  Figure  38.  Large  Signal  Pulse  Response,  Gain  =  - 10, 

RF  =  442  O,  RL  =  400  fl,  Vs  =  ±75  V 
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Figure  39.  Closed-Loop  Gain  and  Phase  vs:  Frequency, 
G  =  -10,  RL  =  150  n 
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Figure  41.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
G=-10,RL  =  150  n 
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Figure  40.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  -10,  RL  —  1  kfl 
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Figure  42.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
G  =  -10,  RL  =  1  kfl 
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AD81Q  — Applications 


GENERAL  DESIGN  CONSIDERATIONS 

The  AD810  is  a  current  feedback  amplifier  optimized  for  use  in 
high  performance  video  and  data  acquisition  systems.  Since  it 
uses  a  current  feedback  architecture,  its  closed-loop  bandwidth 
depends  on  the  value  of  the  feedback  resistor.  Table  I  below 
contains  recommended  resistor  values  for  some  useful  closed- 
loop  gains  and  supply  voltages.  As  you  can  see  in  the  table,  the 
closed-loop  bandwidth  is  not  a  strong  function  of  gain,  as  it 
would  be  for  a  voltage  feedback  amp.  The  recommended  resis- 
tor values  will  result  in  maximum  bandwidths  with  less  than  0.1 
dB  of  peaking  in  the  gain  vs.  frequency  response. 

The  -  3  dB  bandwidth  is  also  somewhat  dependent  on  the 
power  supply  voltage.  Lowering  the  supplies  increases  the 
values  of  internal  capacitances,  reducing  the  bandwidth.  To 
compensate  for  this,  smaller  values  of  feedback  resistor  are 
sometimes  used  at  lower  supply  voltages.  The  characteristic 
curves  illustrate  that  bandwidths  of  over  100  MHz  on  30  V  total 
and  over  50  MHz  on  5  V  total  supplies  can  be  achieved. 

Table  I.  -3  dB  Bandwidth  vs.  Closed-Loop  Gain  and 
Resistance  Values  (RL  =  150  ft) 


Vs  =  ±15  V 
Closed-Loop 
Gain 





+2 
+  10 
-1 
-10 


Vs  =  ±5  V 

Closed-Loop 

Gain 


+  1 
+2 
+  10 
-1 
-10 


1  kfl 

715  n 

270  ft 

681  n 

249  a 


910  n 

715  ft 
270  ft 
620  ft 
249  ft 


715  ft 
30  ft 
681  ft 
24.9  ft 





715  ft 
30  ft 
620  ft 
24.9  ft 


-3  dB  BW 

(MHz) 


80 
75 
65 
70 
65 


-3  dB  BW 

(MHz) 


50 
50 
50 
55 
50 


ACHIEVING  VERY  FLAT  GAIN  RESPONSE  AT  HIGH 
FREQUENCY 

Achieving  and  maintaining  gain  flatness  of  better  than  0. 1  dB 
above  10  MHz  is  not  difficult  if  the  recommended  resistor  val- 
ues are  used.  The  following  issues  should  be  considered  to 
ensure  consistently  excellent  results. 

CHOICE  OF  FEEDBACK  AND  GAIN  RESISTOR 

Because  the  3  dB  bandwidth  depends  on  the  feedback  resistor, 
the  fine  scale  flatness  will,  to  some  extent,  vary  with  feedback 
resistor  tolerance.  It  is  recommended  that  resistors  with  a  1% 
tolerance  be  used  if  it  is  desired  to  maintain  exceptional  flatness 
over  a  wide  range  of  production  lots. 


PRINTED  CIRCUIT  BOARD  LAYOUT 

As  with  all  wideband  amplifiers,  PC  board  parasitics  can  affect 
the  overall  close-loop  performance.  Most  important  are  stray 
capacitances  at  the  output  and  inverting  input  nodes.  (An  added 
capacitance  of  2  pF  between  the  inverting  input  and  ground  will 
add  about  0.2  dB  of  peaking  in  the  gain  of  2  response,  and 
increase  the  bandwidth  to  105  MHz.)  A  space  (3/16"  is  plenty) 
should  be  left  around  the  signal  lines  to  minimize  coupling. 
Also,  signal  lines  connecting  the  feedback  and  gain  resistors 
should  be  short  enough  so  that  their  associated  inductance  does 
not  cause  high  frequency  gain  errors.  Line  lengths  less  than  1/4" 
are  recommended. 

QUALITY  OF  COAX  CABLE 

Optimum  flatness  when  driving  a  coax  cable  is  possible  only 
when  the  driven  Cable  is  terminated  at  each  end  with  a  resistor 
matching  its  characteristic  impedance.  If  coax  were  ideal,  then 
the  resulting  flatness  would  not  be  affected  by  the  length  of  the 
cable.  While  outstanding  results  can  be  achieved  using  inexpen- 
sive cables,  some  variation  in  flatness  due  to  varying  cable 
lengths  is  to  be  expected. 

POWER  SUPPLY  BYPASSING 

Adequate  power  supply  bypassing  can  be  critical  when  optimiz- 
ing the  performance  of  a  high  frequency  circuit.  Inductance  in 
the  power  supply  leads  can  contribute  to  resonant  circuits  that 
produce  peaking  in  the  amplifier's  response.  In  addition,  if  large 
current  transients  must  be  delivered  to  the  load,  then  bypass 
capacitors  (typically  greater  than  1  |xF)  will  be  required  to  pro- 
vide the  best  settling  time  and  lowest  distortion.  Although  the 
recommended  0.1  |a.F  power  supply  bypass  capacitors  will  be 
sufficient  in  most  applications,  more  elaborate  bypassing  (such 
as  using  two  paralleled  capacitors)  may  be  required  in  some 


•  t 

POWER  SUPPLY  OPERATING  RANGE 

The  AD810  will  operate  with  supplies  from  ±18  V  down  to 
about  ±2.5  V.  On  ±2.5  V  the  low  distortion  output  voltage 
swing  will  be  better  than  1  V  peak  to  peak.  Single  supply 
operation  can  be  realized  with  excellent  results  by  arranging  for 
the  input  common-mode  voltage  to  be  biased  at  the  supply 
midpoint. 

OFFSET  NULLING 

A  10  kft  pot  connected  between  Pins  1  and  5,  with  its  wiper 
connected  to  V+,  can  be  used  to  trim  out  the  inverting  input 
current  (with  about  ±20  uA  of  range).  For  closed-loop  gains 
above  about  5,  this  may  not  be  sufficient  to  trim  the  output  off- 
set voltage  to  zero.  Tie  the  pot's  wiper  to  ground  through  a 
large  value  resistor  (50  kft  for  ±5  V  supplies,  150  kft  for  ±15 
V  supplies)  to  trim  the  output  to  zero  at  high  closed-loop  gains. 
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CAPACITIVE  LOADS 

When  used  with  the  appropriate  feedback  resistor,  the  AD810 
can  drive  capacitive  loads  exceeding  1000  pF  directly  without 
oscillation.  By  using  the  curves  in  Figure  45  to  chose  the  resis- 
tor value,  less  than  1  dB  of  peaking  can  easily  be  achieved  with- 
out sacrificing  much  bandwidth.  Note  that  the  curves  were 
generated  for  the  case  of  a  10  kft  load  resistor,  for  smaller  load 
resistances,  the  peaking  will  be  less  than  indicated  by  Figure  45. 

Another  method  of  compensating  for  large  load  capacitances  is 
to  insert  a  resistor  in  series  with  the  loop  output  as  shown  in 
Figure  43.  In  most  cases,  less  than  50  fl  is  all  that  is  needed  to 
achieve  an  extremely  flat  gain  response. 

Figures  44  to  46  illustrate  the  outstanding  performance  that  can 
be  achieved  when  driving  a  1000  pF  capacitor. 


Figure  43.  Circuit  Options  for  Driving  a  Large  Capacitive 
Load 


6  -3 


1  1 

G-*2 

iV 

Vs  =  ,1 

-RL=10t 
CL  =  10 

MpF 

=  75 
=  11 

0 

-*i 

>  4. 
=  0 

FREQUENCY  -  MHz 


Figure  44.  Performance  Comparison  of  Two  Methods  for 
Driving  a  Large  Capacitive  Load 
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Figure  45.  Max  Load  Capacitance  for  Less  than  1  dB  of 
Peaking  vs.  Feedback  Resistor 


Figure  46.  AD810  Driving  a  1000  pF  Load,  Gain  =  +2, 
RF  =  750  n,  Rs  =  11  n,  RL  =  10  kn 

DISABLE  MODE 

By  pulling  the  voltage  on  Pin  8  to  common  (0  V),  the  AD810 
can  be  put  into  a  disabled  state.  In  this  condition,  the  supply 
current  drops  to  less  than  2.8  mA,  the  output  becomes  a  high 
impedance,  and  there  is  a  high  level  of  isolation  from  input  to 
output.  In  the  case  of  a  line  driver  for  example,  the  output 
impedance  will  be  about  the  same  as  for  a  1.5  kfl  resistor  (the 
feedback  plus  gain  resistors)  in  parallel  with  a  13  pF  capacitor 
(due  to  the  output)  and  the  input  to  output  isolation  will  be  bet- 
ter than  65  dB  at  1  MHz. 

Leaving  the  disable  pin  disconnected  (floating)  will  leave  the 
AD810  operational  in  the  enabled  state. 

In  cases  where  the  amplifier  is  driving  a  high  impedance  load, 
the  input  to  output  isolation  will  decrease  significantly  if  the 
input  signal  is  greater  than  about  1.2  V  peak  to  peak.  The  isola- 
tion can  be  restored  back  to  the  65  dB  level  by  adding  a  dummy 
load  (say  150  fl)  at  the  amplifier  output.  This  will  attenuate  the 
feedthrough  signal.  (This  is  not  an  issue  for  multiplexer  applica- 
tions where  the  outputs  of  multiple  AD810s  are  tied  together  as 
long  as  at  least  one  channel  is  in  the  ON  state.)  The  input 
impedance  of  the  disable  pin  is  about  35  kfl  in  parallel  with  a 
few  pF.  When  grounded,  about  50  u_A  flows  out  of  the  disable 
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supplies.  The  enable  time  can  be  extended  to  about  750  ns  by 
using  open  drain  logic  such  as  the  74HC05. 

When  operated  on  ±15  V  supplies,  the  AD810  disable  pin  may 
be  driven  by  open  drain  logic  such  as  the  74C906.  In  this  case, 
adding  a  10  kfi  pull-up  resistor  from  the  disable  pin  to  the  plus 
supply  will  decrease  the  enable  time  to  about  150  ns.  If  there  is 
a  nonzero  voltage  present  on  the  amplifier's  output  at  the  time  it 
is  switched  to  the  disabled  state,  some  additional  decay  time  will 
be  required  for  the  output  voltage  to  relax  to  zero.  The  total 
time  for  the  output  to  go  to  zero  will  generally  be  about  250  ns 
and  is  somewhat  dependent  on  the  load  impedance. 

OPERATION  AS  A  VIDEO  LINE  DRIVER 

The  AD810  is  designed  to  offer  outstanding  performance  at 
closed-loop  gains  of  one  or  greater.  At  a  gain  of  2,  the  AD810 
makes  an  excellent  video  line  driver.  The  low  differential  gain 
and  phase  errors  and  wide  -0. 1  dB  bandwidth  are  nearly 
independent  of  supply  voltage  and  load  (as  seen  in  Figures  49 
and  50). 


Figure  47.  A  Video  Line  Driver  Operating  at  a  Gain  of  +2 
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Figure  48.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +2,  RL  =  150,  RF  =  715  fl 
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Figure  49.  Differential  Gain  and  Phase  vs.  Supply  Voltage 
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Figure  50.  Fine-Scale  Gain  (Normalized)  vs.  Frequency  for 
Various  Supply  Voltages,  Gain  =  +2,  RF  =  715  (2 
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Figure  51.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +2,  RL  =  150  O 
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2:1  VIDEO  MULTIPLEXER 

The  outputs  of  two  AD810s  can  be  wired  together  to  form  a 
2:1  mux  without  degrading  the  flatness  of  the  gain  response. 
Figure  54  shows  a  recommended  configuration  which  results  in 
-0.1  dB  bandwidth  of  20  MHz  and  OFF  channel  isolation  of 
77  dB  at  10  MHz  on  ±5  V  supplies.  The  time  to  switch 
between  channels  is  about  0.75  (is  when  the  disable  pins  are 
driven  by  open  drain  output  logic.  Adding  pull-up  resistors  to 
the  logic  outputs  or  using  complementary  output  logic  (such  as 
the  74HC04)  reduces  the  switching  time  to  about  180  ns.  The 
switching  time  is  only  slightly  affected  by  the  signal  level. 


Figure  52.  Channel 
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Figure  54.  A  Fast  Switching  2: 1  Video  Mux 
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Figure  53.  2:1  Mux  OFF  Channel  Feedthrough  vs. 
Frequency 


Figure  55.  2:1  Mux  ON  Channel  Gain  and  Phase  vs. 
Frequency 
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N:l  MULTIPLEXER 

A  multiplexer  of  arbitrary  size  can  be  formed  by  combining 
the  desired  number  of  AD810s  together  with  the  appropriate 
selection  logic.  The  schematic  in  Figure  58  shows  a  recommen- 
dation for  a  4:1  mux  which  may  be  useful  for  driving  a  high 
impedance  such  as  the  input  to  a  video  A/D  converter  (such  as 
the  AD773).  The  output  series  resistors  effectively  compensate 
for  the  combined  output  capacitance  of  the  OFF  channels  plus 
the  input  capacitance  of  the  A/D  while  maintaining  wide  band- 
width. In  the  case  illustrated,  the  -0.1  dB  bandwidth  is  about 
20  MHz  with  no  peaking.  Switching  time  and  OFF  channel  iso- 
lation (for  the  4:1  mux)  are  about  250  ns  and  60  dB  at  10  MHz, 
respectively. 
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Figure  56.  4: 1  Mux  ON  Channel  Gain  and  Phase 
vs.  Frequency 
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Figure  58.  A  4: 1  Multiplexer  Driving  a  High  Impedance 


Figure  57.  4:1  Mux  OFF  Channel  Feedthrough 
vs.  Frequency 
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High  Performance 
Video  Op  Amp 


AD811 


FEATURES 
High  Speed 

140  MHz  Bandwidth  (3  dB,  G  =  +1) 

120  MHz  Bandwidth  (3  dB,  G  =  +2) 

35  MHz  Bandwidth  (0.1  dB,  G  =  +2) 

2500  V/us  Slew  Rate 

25  ns  Settling  Time  to  0.1%  (For  a  2  V  Step) 

65  ns  Settling  Time  to  0.01%  (For  a  10  V  Step) 
Excellent  Video  Performance  (Ru  =150  fl) 

0.01%  Differential  Gain,  0.01°  Differential  Phase 

Voltage  Noise  of  1.9  nVVfiz 
Low  Distortion:  THD  =  -74  dB  @  10  MHz 
Excellent  DC  Precision 

3  mV  max  Input  Offset  Voltage 
Flexible  Operation 

Specified  for  ±5  V  and  +15  V  Operation 

±2.3  V  Output  Swing  into  a  75  «  Load  (Vs  =  ±5 


CONNECTION  DIAGRAMS 


8-Pin  Plastic  (N-8), 
Cerdip  (Q-8)  and 
SOIC  (R-8)  Packages 


T]nc 


20-Pin  LCC  (E-20A)  Package 


NC[T 

-IN  [2 

,in[T 

-V5[4 

AD811 

NC  =  NO  CONNECT 


e 


V) 


9  10  1112  13 

$  „  „  „  „ 

NC  =  NO  CONNECT 


16-Pin  SOIC  (R-16)  Package        20-Pin  SOIC  (R-20)  Package 


tiers. 


Multimedia  Broadcast 


APPLICATIONS 
Video  Crosspoint  Switche 

Systems 
HDTV  Compatible  Systems 
Video  Line  Drivers,  Distribution  Amplifiers 
ADC/DAC  Buffers 
DC  Restoration  Circuits 

Medical  — Ultrasound,  PET,  Gamma  &  Counter 
Applications 

PRODUCT  DESCRIPTION 

The  AD811  is  a  wideband  current-feedback  operational  ampli- 
fier, optimized  for  broadcast  quality  video  systems.  The  -3  dB 
bandwidth  of  120  MHz  at  a  gain  of  +2  and  differential  gain  and 
phase  of  0.01%  and  0.01°  (RL  =  150  ri)  make  the  AD811  an 
excellent  choice  for  all  video  systems.  The  AD811  is  designed  to 
meet  a  stringent  0.1  dB  gain  flatness  specification  to  a  band- 
width of  35  MHz  (G  =  +2)  in  addition  to  the  low  differential 
gain  and  phase  errors.  This  performance  is  achieved  whether 
driving  one  or  two  back  terminated  75  fi  cables,  with  a  low 
power  supply  current  of  16.5  mA.  Furthermore,  the  AD811  is 
specified  over  a  power  supply  range  of  ±4.5  V  to  ±  18  V. 


NC  =  NO  CONNECT 


The  AD811  is  also  excellent  for  pulsed  applications  where  tran- 
sient response  is  critical.  It  can  achieve  a  maximum  slew  rate  of 
greater  than  2500  V/u.s  with  a  settling  time  of  less  than  25  ns  to 
0.1%  on  a  2  volt  step  and  65  ns  to  0.01%  on  a  10  volt  step. 

The  AD81 1  is  ideal  as  an  ADC  or  DAC  buffer  in  data  acquisi- 
tion systems  due  to  its  low  distortion  up  to  10  MHz  and  its  wide 
unity  gain  bandwidth.  Because  the  AD811  is  a  current  feedback 

indwidth  can  be  maintained  over  a  wide  range 
of  gains.  The  AD811  also  offers  low  voltage  and  current  noise  of 
1.9  nV/VHz  and  20  pA/\/Hz,  respectively,  and  excellent  dc 
accuracy  for  wide  dynamic  range  applications. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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T,  =  +  25°C  and  Vs  =  ±15  V  dc,  RL0A0  =  150  ft  unless  otherwise  noted) 


 1 

Model 

Conditions 

Vs 

AD811J/A1 
Mm     Typ  Max 

AD811S2 
Min      Typ  Max 

Up**8 

DYNAMIC  PERFORMANCE 

Small  Signal  Bandwidth  (No  Peaking) 
-3dB 
G  =  +1 

Rra  =  562  0 
Rpb  =  649  fl 
Rra  =  562  fl 

Rra  =  511  n 

RFB  =  562  fl 
RFB  =  649  0 
VOUT  =  20  V  p-p 
VOUT  =  4Vp-p 
VOUT  =  20  V  p-p 
10  V  Step,  Av  =  -1 

2  V  Step,  Av=  -1 

RFB  =  649,  Av  =  +2 

f  =  3.58  MHz 

f  =  3.58  MHz 

Vqut  =  2  V  p-p,  Av  =  +2 

(a  fc  =  10  MHz 

±15  V 
±15  V 
±5  V 
±15  V 

±5  V 
±15  V 
±15  V 
±5  V 
±15  V 
±15  V 

±5  V 
±15  V 
±15  V 
±15  V 
±15  V 
±5  V 
±15  V 

140 
120 

140 
120 

MHz 
MHz 

G  =  +2 
G  =  +2 
G  =  +10 
0.1  dBFlat 
G  =  +2 

Full  Power  Bandwidth3 
Slew  Rate 

Settling  Time  to  0.1% 
Settling  Time  to  0.01% 
Settling  Time  to  0.1% 
Rise  Time,  Fall  Time 
Differential  Gain 
Differential  Phase 
THD  @  fc  =  10  MHz 
Third  Order  Intercept" 

80 
100 

25 

35 

40 

400 

2500 

50 

65 

25 

3.5 

0.01 

-74 

36 

43 

80 
100 

25 

35 

40 

400 

2500 

50 

65 

25 

3.5 

0.01 

0.01 

-74 

36 

43 

MHz 
MHz 

MHz 
MHz 
MHz 

V/us 

V/us 

ns 

ns 

ns 

ns 

% 

Degree 
dBc 
dBm 
dBm 

INPUT  OFFSET  VOLTAGE 
Offset  Voltage  Drift 

Tmin  t0  Tmax 

±5  V,  ±15  V 

0.5  3 
5 

5 

0.5  3 
5 

5 

mV 
mV 

uV/°C 

INPUT  BIAS  CURRENT 
-Input 

+  Input 

Tmin  t0  TMax 
Tmin  to  TMax 

±5  V,  ±15  V 
±5  V,  ±15  V 

2  5 
15 

2  10 
20 

2  5 
30 

2  10 
25 

f& 
aA 
uA 
uA 

TRANSRESISTANCE 

Tmin~Tmax 
VOUT=  ±10  V 

Rl  =  x 
RL  =  200  n 
VOUT  =  ±2.5  V 
RL  =  150  n 

±15  V 
±15  V 

±5  V 

0.75  1.5 
0.5  0.75 

! 

0.25  0.4 

0.75  1.5 
0.5  0.75 

0.125  0.4 

Mfl 
Mfl 

Mfl 

COMMON-MODE  REJECTION 
V0s  Cvs-  Common  Mode) 
Tjvun- Tmax 
Tmin- Tmax 
Input  Current  (vs.  Common  Mode) 

Vcm  =  ±2.5 
Vcm  =  ±10  V 

T  T 
1  MIN- 1  MAX 

±5  V 
±15  V 

56  60 
60  66 

50  60 
56  66 

dB 

dB 

1  3 

1  3 

uA/V 

POWER  SUPPLY  REJECTION 

Vos 

+  Input  Current 
-Input  Current 

Vs  =  ±4.5  V  to  ±  18  V 
Tmin~Tmax 
Tmin-Tmax 
Tmin-Tmax 

60  70 

0.3  2 
0.4  2 

60  70 

0.3  2 
0.4  2 

dB 

uA/V 
uA/V 

INPUT  VOLTAGE  NOISE 

f  =  1  kHz 

1.9 

1.9 

nV/VHz 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

20 

20 

pA/VHz 

OUTPUT  CHARACTERISTICS 
Voltage  Swing,  Useful  Operating  Ranges 

Output  Current 

T,  =  +25°C 

±5  V 
±15  V 

±2.9 
±12 
100 

±2.9 
±12 
100 

V 
V 

mA 

Short -Circuit  Current 
Output  Resistance 

(Open  Loop  (5  5  MHz) 

150 
9 

150 
9 

mA 

n 

INPUT  CHARACTERISTICS 
-(-Input  Resistance 
-Input  Resistance 
Input  Capacitance 
Common-Mode  Voltage  Range 

+  Input 

±5  V 
±15  V 

1.5 
14 
7.5 
±3 

±13  • 

1.5 
14 
7.5 
±3 
±13 

Mfl 

a 

pF 
V 

v 

POWER  SUPPLY 
Operating  Range 
Quiescent  Current 

±5  V 
±15  V 

±4.5  ±18 
14.5  16.0 
16.5  18.0 

±4.5  ±18 
14.5  16.0 
16.5  18.0 

V 

mA 
mA 

TRANSISTOR  COUNT                        ]  #  of  Transistors 

40 

40 

NOTES 

'The  AD811JR  is  specified  with  ±5  V  power  supplies  only,  with  operation  up  to  ±  12  volts. 
2See  Analog  Devices'  military  data  sheet  for  883B  tested  specifications. 
'FPBW  =  slew  rate/(2  ir  VPEAK) 

4Output  power  level,  tested  at  a  closed  loop  gain  of  two. 

5Useful  operating  range  is  defined  as  the  output  voltage  at  which  linearity  begins  to  degrade. 
Specifications  subject  to  change  without  notice. 
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AD811 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±18V 

AD811JR  Grade  Only  ±  12  V 

Internal  Power  Dissipation2  Observe  Derating  Curves 

Output  Short  Circuit  Duration  Observe  Derating  Curves 

Common-Mode  Input  Voltage   ±VS 

Differential  Input  Voltage  ±6  V 

Storage  Temperature  Range  (Q,  E)    -65°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD811J    0°Cto  +70°C 

AD811A  -40°C  to  +85°C 

AD811S  -55°Cto  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

J8-Pin  Plastic  Package:  6,A  =  90°C/Watt 
8-Pin  Cerdip  Package:  6,A  =  110°C/Watt 
8-Pin  SOIC  Package:  8,A  =  155°C/Watt 
16-Pin  SOIC  Package:  6,A  =  85°C/Watt 
20-Pin  SOIC  Package:  8JA  =  80°C/Watt 
20-Pin  LCC  Package:  9JA  =  70°C/Watt 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package* 

AD811AN 

-40°Cto  +85°C 

N-8 

AD811AR-16 

-40°C  to  +85°C 

R-16 

AD811AR-20 

-40°C  to  +85°C 

R-20 

AD811JR 

0°C  to  +70°C 

R-8 

AD811SQ/883B 

-55°Cto  +  125°C 

Q-8 

5962-9313001MPA 

-55°Cto  +125°C 

Q-8 

AD811SE/883B 

-55°C  to  +  125°C 

E-20A 

5962-9313001M2A 

-55°C  to  +125°C 

E-20A 

AD811ACHIPS 

-40°C  to  +  85°C 

Die 

AD811SCHIPS 

-55°C  to  +125°C 

Die 

•E  =  Ceramic  Leadless  Chip  Carrier;  N  =  Plastic  DIP;  Q  =  Cerdip; 
R  =  Small  Oudine  IC  (SOIC).  For  outline  information  see  Package  Infor- 
mation section. 

MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD811  is  limited  by  the  associated  rise  in  junction  temperature. 
For  the  plastic  packages,  the  maximum  safe  junction  tempera- 
ture is  145°C.  For  the  cerdip  and  LCC  packages,  the  maximum 
junction  temperature  is  175°C.  If  these  maximums  are  exceeded 
momentarily,  proper  circuit  operation  will  be  restored  as  soon  as 
the  die  temperature  is  reduced.  Leaving  the  device  in  the  "over- 
heated" condition  for  an  extended  period  can  result  in  device 
burnout.  To  ensure  proper  operation,  it  is  important  to  observe 
the  derating  curves  in  Figures  17  and  18. 

While  the  AD811  is  internally  short  circuit  protected,  this  may 
not  be  sufficient  to  guarantee  that  the  maximum  junction  tem- 
perature is  not  exceeded  under  all  conditions.  One  important 
example  is  when  the  amplifier  is  driving  a  reverse  terminated 
75  fl  cable  and  the  cable's  far  end  is  shorted  to  a  power  supply. 
With  power  supplies  of  ±  12  volts  (or  less)  at  an  ambient  tem- 
perature of  +25°C  or  less,  if  the  cable  is  shorted  to  a  supply 
rail,  then  the  amplifier  will  not  be  destroyed,  even  if  this  condi- 
tion persists  for  an  extended  period. 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD811  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


METALIZATION  PHOTOGRAPH 

Contact  Factory  for  Latest  Dimensions. 
Dimensions  Shown  in  Inches  and  (ram). 
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AD812 


FEATURES 

Two  Video  Amplifiers  in  One  8-Pin  SOIC  Package 
Optimized  for  Driving  Cables  in  Video  Systems 
Excellent  Video  Specifications  (RL  =  150  £2): 

Gain  Flatness  0.1  dB  to  40  MHz 

0.02%  Differential  Gain  Error 

0.02°  Differential  Phase  Error 
Low  Power 

Operates  on  Single  +3  V  Supply 

5.5  mA/ Amplifier  Max  Power  Supply  Current 
High  Speed 

145  MHz  Unity  Gain  Bandwidth  (3  dB) 

1600  V/us  Slew  Rate 
Easy  to  Use 

50  mA  Output  Current 

Output  Swing  to  1  V  of  Rails  (150  Li  Load) 

APPLICATIONS 
Video  Line  Driver 
Professional  Cameras 
Video  Switchers 
Special  Effects 

PRODUCT  DESCRIPTION 

The  AD812  is  a  low  power,  single  supply,  dual  video  amplifier. 
Each  of  the  amplifiers  have  50  mA  of  output  current  and  are 
optimized  for  driving  one  back  terminated  video  load  (150  £2)  each. 
Each  amplifier  is  a  current  feedback  amplifier  and  features  gain 
flatness  of  0. 1  dB  to  40  MHz  while  offering  differential  gain  and 
phase  error  of  0.02%  and  0.02°.  This  makes  the  AD812  ideal  for 
professional  video  electronics  such  as  cameras  and  video  switchers. 


PIN  CONFIGURATION 
8-Pin  Plastic 
Mini-DIP  &  SOIC 


~5~|  +IN2 


The  AD812  offers  low  power  of  4.0  mA  per  amplifier  max  (Vs  = 
+5  V)  and  can  run  on  a  single  +3  V  power  supply.  The  outputs  of 
each  amplifier  swing  to  within  one  volt  of  either  supply  rail  to  easily 
accommodate  video  signals  of  1  Vp-p.  Also,  at  gains  of  +2  the 
AD812  can  swing  3  V  p-p  on  a  single  +5  V  power  supply.  All  this 
is  offered  in  a  small  8-pin  plastic  DIP  or  8-pin  SOIC  package. 
These  features  make  this  dual  amplifier  ideal  for  portable  and 
battery  powered  applications  where  size  and  power  is  critical. 

The  outstanding  bandwidth  of  145  MHz  along  with  1600  V/us  of 
slew  rate  make  the  AD812  useful  in  many  general  purpose  high 
speed  applications  where  a  single  +5  V  or  dual  power  supplies  up  to 
±  15  V  are  available.  The  AD812  is  available  in  the  industrial 
temperature  range  of  -40°C  to  +85°C. 
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SPECIFICATIONS 

Dual  Supply  i«t,  =  +25  C,  RL  =  150  £2,  unless  otherwise  noted) 


AD812 


Model 


Conditions 


Min 


AD812A 
Typ 


Max 


DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 

Bandwidth  for  0.1  dB  Flatness 
Slew  Rate' 


Settling  Time  to  0.1% 


G  =  +2,  No  Peaking 

Gain  =  +1 
G  =  +2 

G  =  +2,  RL  =  1  k£2 

20  V  Step 

G  =  -1,RL=  1  k£J 

G  =  -1,RL=  1  Ml 
V0  =  3  V  Step 
Vc=  10  V  Step 


±5  V 

50 

65 

±15  V 

75 

100 

±15  V 

100 

145 

±5  V 

20 

30 

±15  V 

25 

40 

±5  V 

275 

425 

±15  V 

1400 

1600 

±5  V 

250 

±15  V 

600 

±5V 

50 

±15V 

40 

NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error 

Differential  Phase  Error 


fc  =  1  MHz,  RL  =  1  kQ 

f=  10  kHz 

f=  10  kHz,  +In 

f=  10  kHz, -In 

NTSC,  G  =  +2,  RL  =  150  £1 


±15  V 
±5  V,±15  V 
±5  V,±15  V 
±5V,±15V 
±5  V 
±15V 
±5V 
±15  V 


-90 
3.5 
1.5 
18 

0.05 
0.02 
0.07 
0.02 


0.1 
0.06 
0.15 
0.06 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 

+Input  Bias  Current 

Open-Loop  Voltage  Gain 


Open-Loop  Transresistance 


Tmin  -  TM 


Tmin  "Tmax 

V0  =  ±2.5V,  RL=  150  £2 

Tmin  —  Tmax 

Vo  =  ±10  V,  RL=  1  k£2 

1*M1N  -  Tmax 

V0  =  ±2.5  V,RL=  150  Q 

Vo  =  ±10V,  RL=  1  k£2 
Tmin  ~  Tmax 


±5V,±15  V 

±5  V,±15  V 
±5V,±15  V 

±5  V,±15  V 

±5  V 

±15  V 

±5  V 

±15  V 


70 

69 

78 

75 

350 

270 

500 

370 


15 
7 

0.3 

76 

82 

550 

800 


5 
12 

20 
38 
1.0 
1.0 


INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 
Input  Common-Mode 
Voltage  Range 

Common  Mode  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 


+Input 
-Input 
+Input 


:±2.5  V 


VC„  =  ±12V 


±15  V 


±5  V 
±15  V 

±5V 


±15V 


54 


56 


15 

Mil 

65 

n 

1.7 

pF 

4.0 

±v 

13.5 

±v 

58 

dB 

2 

3.0 

uA/V 

0.07 

0.15 

uA/V 

60 

dB 

1.5 

3.0 

uA/V 

0.05 

0.1 

pA/V 
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Dual  Supply  (Continued) 


Model 


Conditions 


Min 


AD812A 
Typ 


Max 


Units 


OUTPUT  CHARACTERISTICS 


Output  Voltage  Swing 

Output  Current 

Short  Circuit  Current 

Output  Resistance 

RL  -  150  £2,  T^  -  Tmax 
R^I^Tm^-T^ 

G  =  +2,  RF  =  715£2 
VIN  =  2V 
Open-Loop 


±5  V 
±15  V 
±5  V 
±15  V 
±15  V 

±15  V 


±5V,±15V 
±15V 

±5  V,±15  V 
±5  V,±15V 




3.5 
13.6 
30 
40 


3.8 

14.0 

40 

50 

100 

15 


±V 
±V 
mA 
mA 
mA 

CI 





MATCHING  CHARACTERISTICS 
Dynamic 
Crosstalk 

Gain  Flatness  Match 
DC 

Input  offset  Voltage 
-Input  Bias  Current 


G  =  +2,f=5MHz 
G  =  +2,f=40MHz 

Tmin  ~  Tmax 


-75 
0.1 


0.5  3.6 
2  16 


dB 
dB 

mV 
MA 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


Power  Supply  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 





±5  V 
±15  V 
±15  V 


±1.2 


72 


±18 

3.5  4.0 
4.5  5.5 
6.0 

80 

0.3  0.6 
0.005  0.05 


V 

mA 
mA 
mA 

dB 

|WV 

HA/V 


■ 


- 
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AD812 


Single  Supply  <@ta=+25°crl= 


150  SI,  unless  otherwise  noted) 


Model 


Conditions 


Min 


AD812A 
Typ 


Max 


DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 


G  =  +2,  No  Peaking 


+2 


0  = 

G  =  +2,  RL  =  1  kfl 


+5  V 
+3V 


+5  V 
+3  V 
+5  V 
+3V 


35 
30 

13 
10 


50 
40 

20 
18 
125 
60 


NOISE/HARMONIC  PERFORMANCE 
Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error2 

Differential  Phase  Error2 


f=  10  kHz 

f=  10  kHz,  +In 

f  =  10  kHz, -In 

NTSC,  G  =  +2,  RL  =  150  li 

G  =  +l 

G  =  +2 

G=^  


+5  V,  +3  V 
+5  V,  +3  V 
+5  V,  +3  V 
+5  V 
+3  V 
+5V 
+3V 


3.5 

1.5 

18 

0.07 

0.15 

0.06 

0.15 


DC.  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 


Bias  Current 


+5  V,  +3  V 

+5  V,  +3  V 
+5  V,  +3  V 

+5  V,  +3  V 


Open-Loop  Voltage  Gain 
Open-Loop  Transresistance 


Vr=+2.5Vp-p 

Vo  =  +0.7Vp-p  +3V 

V0  =  +2.5Vp-p  +5V 

V0  =  +0.7  V  p-p  +3  V 


69 


250 

(  i!  sin  m 


1.5 

7 

a*" 

0.2 

73 
70 
400 
300 


3 

4.5 

10 
12 
1.0 
1.0 


INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 
Input  Common-Mode 
Voltage  Range 

Common-Mode  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 


+Input 
-Input 
+Input 


VCM=  1.25  V  to  3.75  V 


VCM  =  1  V  to  2  V 


+5V 
+5V 

+5V 
+3  V 

+5  V 


+3  V 


1.0 
1.0 


52 


*>.i:o;   no*.  '       <r  toon 

15 

90 
2 

4.0 
2.0 


55 

3 

0.1 

52 
3.5 
0.1 


5 

0.2 
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AD81 2— SPECIFICATIONS 

Single  Supply  (Continued) 


Model 


Conditions 


Min 


AD812A 
Typ 


Max 


Units 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  p-p 

Output 
Short  Ci 


RL  -  1  kft,  T^fj  -  Tmax 
Rl  =  150  fi,  Tj^n  -  Tju, 


G  =  +2,RF  =  715fi 


+5  V 

3.0 

3.2 

+5  V 

2.8 

3.1 

+3  V 

1.0 

1.3 

+5  V 

20 

30 

+3  V 

15 

25 

+5V 

40 

Vp-P 

Vp-p 

Vp-p 

mA 

mA 

mA 


MATCHING  CHARACTERISTICS 
Dynamic 
Crosstalk 

Gain  Flatness  Match 
DC 

Input  offset  Voltage 
-Input  Bias  Current 


G  =  +2,  f=5MHz 
G  =  +2,f^20MHz 

Tmin  ~  Tmax 

Tmin  —  TUAX 


+5  V,  +3 
+5  V,  +3 

+5  V,  +3 
+5  V,  +3 


-72 
0.1 


0.5 
2 


2.8 
11 


dB 
dB 

mV 
uA 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


Power  Supply  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 


Per  Amplifier 

Vs  =  +3Vto+30V 


+5V 
+3V 
+5  V 


2.4 
72 


3.2 
3.0 


80 
0.3 
0.005 


36 
4.0 
3.5 
4.5 


0.6 
0.05 


V 

mA 
mA 
mA 

dB 
uA/V 


TRANSISTOR  COUNT 


56 


NOTES 

'Slew  rate  measurement  is  based  on  10%  to  90%  rise  time  in  the  specified  closed-loop  gain. 
2Single  supply  differential  gain  and  phase  are  measured  with  the  ac  coupled  circuit  of  Figure  50. 
Specifications  subject  to  change  without  notice. 
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AD812 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  +  18  V 

Internal  Power  Dissipation2 

Plastic  (N)   1.3  Watts 

Small  Outline  (R)  0.9  Watts 

Input  Voltage  (Common  Mode)   ±Vs 

Differential  Input  Voltage   +1.2  V 

Output  Short  Circuit  Duration 

 Observe  Power  Derating  Curves 

Storage  Temperature  Range  N,  R   -65°C  to  +125°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  seconds)  ....  +300°C 
NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Specification  is  for  device  in  free  air:  8- Pin  Plastic  Package:  9jA  =  90°C/Watt;  8-Pin 
SOIC  Package:  6]A  =  140°C/Watt. 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD812AN 
AD812AR-8 

-40°C  to  +85°C 
-40°C  to  +85°C 

8-Pin  Plastic  DIP 
8-Pin  Plastic  SOIC 

N-8 
R-8 

*For  outline  infc 

rmation  see  Package  Information  section. 

METALIZATION  PHOTO 

Dimensions  shown  in  inches  and  (mm). 


MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD8 1 2  is  limited  by  the  associated  rise  in  junction  temperature. 
The  maximum  safe  junction  temperature  for  the  plastic  encap- 
sulated parts  is  determined  by  the  glass  transition  temperature 
of  the  plastic,  about  150°C.  Exceeding  this  limit  temporarily 
may  cause  a  shift  in  parametric  performance  due  to  a  change  in 
the  stresses  exerted  on  the  die  by  the  package.  Exceeding  a 
junction  temperature  of  1 75°C  for  an  extended  period  can  result 
in  device  failure. 

While  the  AD8 1 2  is  internally  short  circuit  protected,  this  may 
not  be  sufficient  to  guarantee  that  the  maximum  junction  tem- 
perature (150  degrees)  is  not  exceeded  under  all  conditions.  To 
ensure  proper  operation,  it  is  important  to  observe  the  derating 
curves. 

It  must  also  be  noted  that  in  high  (noninverting)  gain  configura- 
tions (with  low  values  of  gain  resistor),  a  high  level  of  input 
overdrive  can  result  in  a  large  input  error  current,  which  may  re- 
sult in  a  significant  power  dissipation  in  the  input  stage.  This 
power  must  be  included  when  computing  the  junction  tempera- 
ture rise  due  to  total  internal  power. 


Plot  of  Maximum  Power  Dissipation  vs.  Temperature 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD812  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on  devices 
subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are  recom- 
mended to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  1.  Input  Common-Mode  Voltage  Range  vs.  Supply 
Voltage 
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Figure  4.  Total  Supply  Current  vs.  Junction  Temperature 
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Output  Voltage  Swing  vs.  Supply 


Figure  5.  Total  Supply  Current  vs.  Supply  Voltage 
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Figure  7.  Input  Offset  Voltage  vs.  Junction  Temperature 


Figure  8.  Short  Circuit  Current  vs.  Junction  Temperature 
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Figure  10.  Linear  Output  Current  vs.  Supply  Voltage 
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Figure  1 1.  Closed-Loop  Output  Resistance  vs.  Frequency 
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Figure  9.  Linear  Output  Current  vs.  Junction  Temperature 
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Figure  12.  Large  Signal  Frequency  Response 
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Figure  13.  Input  Current  and  Voltage  Noise  vs.  Frequency 
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Figure  16.  Open-Loop  Transimpedance  vs.  Frequency 
(Relative  to  1  Q) 
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Figure  14.  Common-Mode  Rejection  vs.  Frequency 
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Figure  17.  Harmonic  Distortion  vs.  Frequency 
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Figure  15.  Power  Supply  Rejection  vs.  Frequency 
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Figure  18.  Output  Swing  and  Error  vs.  Settling  Time 
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19.  Slew  Rate  vs.  Output  Step  Size 
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Figure  22.  Maximum  Slew  Rate  vs.  Supply  Voltage 


Figure  20.  Large  Signal  Pulse  Response,  Gain  =  +7, 
<RF  =  750  n,  RL  =  150  C1,VS  =  ±5V) 


Figure  23.  Small  Signal  Pulse  Response,  Gain  =  +1, 
(RF  =  750  a,  RL  =  750  a,Vs  =  ±5V) 
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Figure  21.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +1 


Figure  24.  -3  dB  Bandwidth  vs.  Supply  Voltage,  G  =  +7 
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Figure  25.  Large  Signal  Pulse  Response,  Gain  =  +10, 
(FtF  =  357  Q,  RL  =  500  a  Vs  =  ±  15  V) 


Figure  28.  Small  Signal  Pulse  Response,  Gain  =  +  10, 
(RF  =  357 a  RL  =  750 Q,VS=±5V) 


■■■IMHlllWmi 


to 

1 

0  I 

-90  1 
t 

m 

l 

-270  gj 

S  1 
H 

3  o 

< 

i 
< 

a  -3 
a. 

8 

_i 

Si  -5 

1 

— i 

PH/ 

»SE 

1     1  II 
VS  =  ±15V 

G  = 

1 

+10 

I 

-  Rl  = 

3V*— 

at 

IN 

On 

5V 

115V- 

I  

-  ±5V 

\ 



_ 

_ 

J  1  1 

o  I 

I 

i 


-90 


-180  ^_ 
-270  {jj 
-360  E 


figure  26.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
Gain  =  +10,  RL=  150  a 


Figure  29.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
Gain  =  +10,RL=1k£l 
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Figure  27.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +10,  RL  =  150  Q. 


Figure  30.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +10,  RL  =  1  kn 
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Figure  31.  Large  Signal  Pulse  Response,  Gain  =  -7, 
<RF=  750n,RL=150n,Vs=±5V> 
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Figure  32.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
Gain  =  -1,  R,  =  150  SI 


Figure  34.  Small  Signal  Pulse  Response,  Gain  =  -1, 
(Rr  =  750  SI,  RL  =  150  SI,  Vs  =  ±5  V) 
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Figure  35.  Closed-Loop  Gain  and  Phase  vs.  Fre- 
quency, Gain  =  -10,RL=  1  kSl 
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Figure  33.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  -1,RL  =  150  SI 
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Figure  36.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  -10,RL=  1  kSl 
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General  Considerations 

The  AD812  is  a  wide  bandwidth,  dual  video  amplifier  which  offers 
a  high  level  of  performance  on  less  than  5.5  mA  per  amplifier  of 
quiescent  supply  current.  It  is  designed  to  offer  outstanding 
performance  at  closed-loop  inverting  or  noninverting  gains  of  one 
or  greater. 

Built  on  a  low  cost,  complementary  bipolar  process,  and  achieving 
bandwidth  in  excess  of  100  MHz,  differential  gain  and  phase  errors 
of  better  than  0.1%  and  0.1°  (into  150  £2),  and  output  current 
greater  than  40  mA,  the  AD812  is  an  exceptionally  efficient  video 
amplifier.  Using  a  conventional  current  feedback  architecture,  its 
high  performance  is  achieved  through  careful  attention  to  design 
details. 

Choice  of  Feedback  &  Gain  Resistors 

Because  it  is  a  current  feedback  amplifier,  the  closed-loop  band- 
width of  the  AD812  depends  on  the  value  of  the  feedback  resistor. 
The  bandwidth  also  depends  on  the  supply  voltage.  In  addition, 
attenuation  of  the  open-loop  response  when  driving  load  resistors 
less  than  about  250  £2  will  affect  the  bandwidth.  Table  I  contains 
data  showing  typical  bandwidths  at  different  supply  voltages  for 
some  useful  closed-loop  gains  when  driving  a  load  of  1 50  £2. 
(Bandwidths  will  be  about  20%  greater  for  load  resistances  above  a 
few  hundred  ohms.) 

The  choice  of  feedback  resistor  is  not  critical  unless  it  is  important 
to  maintain  the  widest,  flattest  frequency  response.  The  resistors 
recommended  in  the  table  are  those  (metal  film  values)  that  will 
result  in  the  widest  0. 1  dB  bandwidth.  In  those  applications  where 
the  best  control  of  the  bandwidth  is  desired,  1  %  metal  film  resistors 
are  adequate.  Wider  bandwidths  can  be  attained  by  reducing  the 
magnitude  of  the  feedback  resistor  (at  the  expense  of  increased 
peaking),  while  peaking  can  be  reduced  by  increasing  the  magni- 
tude of  the  feedback  resistor. 

Table  I.  -3  dB  Bandwidth  vs.  Closed-Loop  Gain  and 
Feedback  Resistor  (R,  =  150  12) 


vs 

Gain 

RF,£2 

BW.MHz 

±15  V 

+  1 

866 

145 

+2 

715 

100 

+  10 

357 

65 

-1 

715 

100 

-10 

357 

60 

90 

±5  V 

+  1 

750 

+2 

681 

65 

+  10 

154 

45 

715 

70 

-10 

154 

45 

+5  V 

+i 

750 

60 

+2 

681 

50 

+  10 

154 

35 

-1 

715 

50 

-10 

154 

35 

+3V 

+1 

750 

50 

+2 

681 

40 

+  10 

154 

30 

-1 

715 

40 

-10 

154 

25 

To  estimate  the  -3  dB  bandwidth  for  closed-loop  gains  or  feedback 
resistors  not  listed  in  the  above  table,  the  following  two  pole  model 
for  the  AD812  many  be  used: 


ACLZ 


|(Rf +Gr,w)C7.J  + 


2k{2 


S  (RF  +  GrIN)  CT  +  / 


where: 


Acl  — 

G  = 

r»  = 

CT  = 

RF  = 

Rg  = 

f,  = 

s  = 


closed-loop  gain 
1  +  Rf/Ro 

input  resistance  of  the  inverting  input 
"transcapacitance,"  which  forms  the  open-loop 
dominant  pole  with  the  tranresistance 
feedback  resistor 
gain  resistor 

frequency  of  second  (non-dominant)  pole 
2«SUf 


Appropriate  values  for  the  model  parameters  at  different  supply 
voltages  are  listed  in  Table  II.  Reasonable  approximations  for  these 
values  at  supply  voltages  not  found  in  the  table  can  be  obtained  by 
a  simple  linear  interpolation  between  those  tabulated  values  which 
"bracket"  the  desired  condition. 

Table  II.  Two-Pole  Model  Parameters  at  Various 
Suppy  Voltages 


rM(£2) 

Cr(pF) 

f.  (MHz) 

±15 

85 

2.5 

150 

±5 

90 

3.8 

125 

+5 

105 

4.8 

105 

+3 

115 

5.5 

95 

As  discussed  in  many  amplifier  and  electronics  textbooks  (such  i 
Roberge's  Operational  Amplifiers:  Theory  and  Practice),  the 
-3  dB  bandwidth  for  the  2-pole  model  can  be  obtained  as: 

f3  =fN  [  1  -  2d2  +  (2  -  4<P  +  id1)"1]"2 


and: 


f  h  1 

f»  -  I   (RF  +  Gr1N)  CT  J 


d  =  (.m){f!(RF  +  Gr,N)CT]< 


This  model  will  predict  -3  dB  bandwidth  within  about  10  to  15% 
of  the  correct  value  when  the  load  is  150  £2.  However,  it  is  not  an 
accurate  enough  to  predict  either  the  phase  behavior  or  the 
frequency  response  peaking  of  the  AD812. 

Printed  Circuit  Board  Layout  Guidelines 

As  with  all  wideband  amplifiers,  printed  circuit  board  parasitics  can 
affect  the  overall  closed-loop  performance.  Most  important  for 
controlling  the  0.1  dB  bandwidth  are  stray  capacitances  at  the 
output  and  inverting  input  nodes.  Increasing  the  space  between 
signal  lines  and  ground  plane  will  minimize  the  coupling.  Also, 
signal  lines  connecting  the  feedback  and  gain  resistors  should  be 
kept  short  enough  that  their  associated  inductance  does  not  cause 
high  frequency  gain  errors. 
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Power  Supply  Bypassing 

Adequate  power  supply  bypassing  can  be  very  important  when 
optimizing  the  performance  of  high  speed  circuits.  Inductance  in 
the  supply  leads  can  (for  example)  contribute  to  resonant  circuits 
that  produce  peaking  in  the  amplifier's  response.  In  addition,  if 
large  current  transients  must  be  delivered  to  a  load,  then  large 
(greater  than  1  pF)  bypass  capacitors  are  required  to  produce  the 
best  settling  time  and  lowest  distortion.  Although  0. 1  pF  capacitors 
may  be  adequate  in  some  applications,  more  elaborate  bypassing  is 
required  in  other  cases. 

When  multiple  bypass  capacitors  are  connected  in  parallel,  it  is 
important  to  be  sure  that  the  capacitors  themselves  do  not  form 
resonant  circuits.  A  small  (say  5  SI)  resistor  may  be  required  in 
series  with  one  of  the  capacitors  to  minimize  this  possibility. 

As  discussed  below,  power  supply  bypassing  can  have  a  significant 
impact  on  crosstalk  performance. 

Achieving  Low  Crosstalk 

Measured  crosstalk  from  the  output  of  amplifier  2  to  the  input  of 
amplifier  1  of  the  AD812  is  shown  in  Figure  37.  The  crosstalk 
from  the  output  of  amplifier  1  to  the  input  of  amplifier  2  is  a  few 
dB  better  than  this  due  to  the  additional  distance  between  critical 
signal  nodes. 

A  carefully  laid-out  PC  board  should  be  able  to  achieve  the  level  of 
crosstalk  shown  in  the  figure.  The  most  significant  contributors  to 
difficulty  in  achieving  low  crosstalk  are  inadequate  power  supply 
bypassing,  overlapped  input  and/or  output  signal  paths,  and 
capacitive  coupling  between  critical  nodes. 

The  bypass  capacitors  must  be  connected  to  the  ground  plane  at  a 
point  close  to  and  between  the  ground  reference  points  for  the  two 
loads.  (The  bypass  of  the  negative  power  supply  is  particularly 
important  in  this  regard.)  There  are  two  amplifiers  in  the  package, 
and  low  impedance  signal  return  paths  must  be  provided  for  each 
load.  (Using  a  parallel  combination  of  1  pF,  0.1  pF,  and  0.01  pF 
bypass  capacitors  will  help  to  achieve  optimal  crosstalk.) 


The  input  and  output  signal  return  paths  must  also  be  kept  from 
overlapping.  Since  ground  connections  are  not  of  perfectly  zero 
impedance,  current  in  one  ground  return  path  can  produce  a 
voltage  drop  in  another  ground  return  path  if  they  are  allowed  to 
overlap. 

Electric  field  coupling  external  to  (and  across)  the  package  can  be 
reduced  by  arranging  for  a  narrow  strip  of  ground  plane  to  be  run 
between  the  pins  (parallel  to  the  pin  rows).  Doing  this  on  both 
sides  of  the  board  can  reduce  the  high  frequency  crosstalk  by  about 
5  dB  or  6  dB. 

Driving  Capacitive  Loads 

When  used  with  the  appropriate  output  series  resistor,  any  load 
capacitance  can  be  driven  without  peaking  or  oscillation.  In  most 
cases,  less  than  50     is  all  that  is  needed  to  achieve  an  extremely 
flat  frequency  response.  As  illustrated  in  Figure  41,  the  AD812  can 
be  very  attractive  for  driving  largely  capacitive  loads.  In  this  case, 
the  AD812's  high  output  short  circuit  current  allows  for  a  150  V/ps 
slew  rate  when  driving  a  510  pF  capacitor. 
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Figure  38.  Circuit  for  Driving  a  Capacitive  Load 
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Figure  37.  Crosstalk  vs.  Frequency 


Figure  39.  Response  to  a  Small  Load  Capacitor  at±5V 
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Figure  40.  Response  to  Large  Load  Capacitor,  Vs  =±15  V 

I 


Figure  41.  Pulse  Response  of  Circuit  of  Figure  38  with 
CL  =  510  pF,  RL=1kCl,RF  =  RG  =  775a  Rs  =  15C1 

Overload  Recovery 

There  are  three  important  overload  conditions  to  consider.  They 
are  due  to  input  common  mode  voltage  overdrive,  input  current 
overdrive,  and  output  voltage  overdrive  .  When  the  amplifier  is 
configured  for  low  closed-loop  gains,  and  its  input  common-mode 
voltage  range  is  exceeded,  the  recovery  time  will  be  very  fast, 
typically  under  10  ns.  When  configured  for  a  higher  gain,  and 
overloaded  at  the  output,  the  recovery  time  will  also  be  short.  For 
example,  in  a  gain  of +  10,  with  6  dB  of  input  overdrive,  the 
recovery  time  of  the  AD812  is  about  10  ns. 


■ 


Figure  42.  6  dB  Overload  Recovery;  G  =  10, 
RL  =  500&,VS  =  ±5V 

In  the  case  of  high  gains  with  very  high  levels  of  input  overdrive,  a 
longer  recovery  time  may  occur.  For  example,  if  the  input 
common-mode  voltage  range  is  exceeded  in  a  gain  of  +  10,  the 
recovery  time  will  be  on  the  order  of  100  ns.  This  is  primarily  due 
to  current  overloadmg  ot  the  input  stage. 

As  noted  in  the  warning  under  "Maximum  Power  Dissipation",  a 
high  level  of  input  overdrive  in  a  high  noninverting  gain  circuit  can 
result  in  a  large  current  flow  in  the  input  stage.  For  differential 
input  voltages  of  less  than  about  1.25  V,  this  will  be  internally 
limited  to  less  than  20  mA  (decreasing  with  supply  voltage).  For 
input  overdrives  which  result  in  higher  differential  input  voltages, 
power  dissipation  in  the  input  stage  must  be  considered.  It  is 
recommended  that  external  diode  clamps  be  used  in  cases  where 
the  differential  input  voltage  is  expected  to  exceed  1.25  V. 

High  Performance  Video  Line  Driver 

At  a  gain  of +2,  the  AD812  makes  an  excellent  driver  for  a  back 
terminated  75  Q  video  line.  Low  differential  gain  and  phase  errors 
and  wide  0. 1  dB  bandwidth  can  be  realized  over  a  wide  range  of 
power  supply  voltage.  Outstanding  gain  and  group  delay  matching 
are  also  attainable  over  the  full  operating  supply  voltage  range. 


Vour 


Figure  43.  Cain  of +2  Video  Line  Driver  (RF  =  RG  from 
Table  I) 
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Figure  44.  Closed-Loop  Gain  and  Phase  vs.  Frequency 
for  the  Line  Driver 


Figure  47.  Fine-Scale  Gain  Flatness  vs.  Frequency, 
Gain  =  +2,  RL  =  150  £2 
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Figure  45.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +2,  RL  =  150  £2 
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Figure  48.  Closed-Loop  Gain  Matching  vs.  Frequency, 
Gain  =  +2,  RL  =  750  £2 
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Figure  46.  Differential  Gain  and  Phase  vs.  Supply 
Voltage,  Gain  =  +2,  RL  =  750  £2 
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Figure  49.  Group  Delay  and  Group  Delay  Matching  vs. 
Frequency,  G  =  +2,  RL  =  150  £2 
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Operation  Using  a  Single  Supply 

The  AD812  will  operate  with  total  supply  voltages  from  36  V  down 
to  2.4  V.  With  proper  biasing  (see  Figure  50),  it  can  be  an 
outstanding  single  supply  video  amplifier.  Since  the  input  and 
output  voltage  ranges  extend  to  within  1  volt  of  the  supply  rails,  it 
will  handle  a  1.3  V  p-p  signal  on  a  single  3.3  V  supply,  or  a  3  V  p-p 
signal  on  a  single  5  V  supply.  The  small  signal,  0. 1  dB  bandwidths 
will  exceed  10  MHz  in  either  case,  and  the  large  signal  bandwidths 
will  exceed  6  MHz. 

The  capacitively  coupled  cable  driver  in  Figure  50  will  achieve 
outstanding  differential  gain  and  phase  errors  of  0.07%  and  0.06 
degrees  respectively  on  a  single  5  V  supply.  Resistor  R2,  in  this 
circuit,  is  selected  to  optimize  the  differential  gain  and  phase  by 
operating  the  amplifier  in  its  most  linear  region.  To  optimize  the 
circuit  for  a  3  V  supply,  a  value  of  8  k£2  is  recommended  for  R2. 
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"igure  50.  Biasing  For  Single  Supply  Operation 


re  57.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
Circuit  of  Figure  50 
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Figure  52.  Pulse  Response  of  the  Circuit  of  Figure  50  with 
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Single  Supply,  Low  Power 
Triple  Video  Amplifier 


Uinl 


■inoiiibooO 


AD813 


FEATURES 
Low  Cost 

Three  Video  Amplifiers  in  One  Package 
Optimized  for  Driving  Cables  in  Video  Systems 
Excellent  Video  Specifications  (RL  =  150  SI) 

Gain  Flatness  0.1  dB  to  50  MHz 

0.03%  Differential  Gain  Error 

0.06°  Differential  Phase  Error 
Low  Power 

Operates  on  Single  +3  V  to  ±15  V  Power  Supplii 

5.5  mA/Amplifier  Max  Power  Supply  Current 
High  Speed 

125  MHz  Unity  Gain  Bandwidth  (-3  dB) 

500  V/ps  Slew  Rate 
High  Speed  Disable  Function  per  Channel 

Turn-Off  Time  80  ns 
Easy  to  Use 

50  mA  Output  Current 

Output  Swing  to  1  V  of  Rails 

APPLICATIONS 
Video  Line  Driver 
LCD  Drivers 

Computer  Video  Plug-In  Boards 
Ultrasound 
RGB  Amplifier 
CCD  Based  Systems 

PRODUCT  DESCRIPTION 

The  AD813  is  a  low  power,  single  supply  triple  video  amplifier. 
Each  of  the  three  current  feedback  amplifiers  has  50  mA  of  output 
current,  and  is  optimized  for  driving  one  back  terminated  video 
load  (150  SI).  The  AD813  features  gain  flatness  of  0.1  dB  to 
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I 


PIN  CONFIGURATION 
14-Pin  DIP  &  SOIC  Package 
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50  MHz  while  offering  differential  gain  and  phase  error  of  0.03% 
and  0.06°.  This  makes  the  AD813  ideal  for  broadcast  and 
consumer  video  electronics. 

The  AD813  offers  low  power  of  5.5  mA  per  amplifier  max  and 
on  a  single  +3  V  power  supply.  The  outputs  of  each  amplifier 
swing  to  within  one  volt  of  either  supply  rail  to  easily  accommodate 
video  signals.  While  operating  on  a  single  +5  V  supply  the  AD813 
still  achieves  0.1  dB  flatness  to  20  MHz  and  0.05%  &  0.05"  of 
differential  gain  and  phase  performance.  All  this  is  offered  in  a 
small  14-pin  plastic  DIP  or  SOIC  package.  These  features  make 
this  triple  amplifier  ideal  for  portable  and  battery  powered  applica- 
tions where  size  and  power  are  critical. 

The  outstanding  bandwidth  of  125  MHz  along  with  500  V/|is  of 
slew  rate  make  the  AD813  useful  in  many  general  purpose,  high 
speed  applications  where  a  single  +3  V  or  dual  power  supplies  up  to 
±15  V  are  needed.  Furthermore  the  AD813  contains  a  high  speed 
disable  function  for  each  amplifier  in  order  to  power  down  the 
amplifier  or  high  impedance  the  output.  This  can  then  be  used  in 
video  multiplexing  applications.  The  AD813  is  available  in  the 
industrial  temperature  range  of  -40°C  to  +85°C  in  plastic  DIP  and 
SOIC  packages  as  well  as  chips. 


POT  • 


Fine-Scale  Gain  Flatness  vs.  Frequency, 
G  =  +2,R  =  150S1 


Channel  Switching  Characteristics  for  a  3: 1  Mux 
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G  =  +2,  No  Peaking 


DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 


Bandwidth  for  0.1  dB 
Flatness 

Slew  Rate1 
Settling  Time  to  0.1% 


G  =  +2 


G  =  +2,  RL=  1  kfl 

G  =  -1,  Rl=  1  kfl 

G  =  -l,  RL=  1  kil 
VG=3VStep 
VQ=  10  V  Step 


±5  V 
±15  V 

±5  V 

±15V 

±5V 
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±5V 

±15V 

±5V 
±15V 
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65 
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50 
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NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error 

Differential  Phase  Error 


fc  =  1  MHz,  RL  =  1  kfi 
f  =  10  kHz 
f  =  10  kHz,  +In 
-In 

NTSC,  G  =  ±2,  RL=  150  £2 


±15  V 
±5  V,±15  V 
±5  V,±15  V 
±5V,±15  V 
±5  V 
±15  V 
±5  V 
±15  V 


-90 
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18 

0.08 

0.03  0.09 
0.13 

0.06  0.12 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 

+Input  Bias  Current 

Open-Loop  Voltage  Gain 


Open-Loop  Transresistance 


Tmin~Tmax 

V0  =  ±2.5  V,  RL=  150  Q 
Tmin-Tmax 

Vo  =  ±10V,RL=  1  kQ 
Tmin~Tmax 

V0  =  ±2.5V,RL=  150  £i 
T"min-Tmax 

Vo  =  ±10  V,  R,.=  1  k£J 
Tmin-Tmax 


±5V,±15  V 

±5  V,±15  V 
±5  V,  ±15  V 

±5  V,±15V 

±5  V 

±15  V 

±5  V 

±15  V 
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INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 
Input  Common  Mode 
Voltage  Range 

Common-Mode  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
±Input  Current 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 


+Input 
-Input 
+Input 


V™  =  ±2.5V 


VCM  =  ±10V 


±15  V 
±15  V 
±15  V 
±5  V 
±15  V 

±5  V 


±15V 


15 

65 

1.7 

±4.0 

±13.5 


54 
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Model 

conditions 

*s 

/vim 

&  net  a  a 

lyp 

Max 

units 

OUTPUT  CHARACTERISTICS 

Output  Voltage  Swing 

RL=  150  fl.T^-T^ 

±5  V 

3.5 

3.8 

±V 

■ 

RL  —  1  k£i,  Tyjj^— T^jyj 

±15  V 

13.6 

14.0 

±v 

Output  Current 

±5  V 

25 

40 

ml 
11 1A 

±15  V 

30 

50 

mA 

onun  v_iirt.uii  VjLutciil 

G  =  +2  R  =  715  Q 

±15  V 

100 

mA 

v„,  =  2  V 

*  IN       •  v 


MATCHING  CHARACTERISTICS 

Dynamic 

Crosstalk 

G  =  +2,  f=  5  MHz 

±5V,  ±15  V 

-65 

dB 

uam  riainess  iviaicn 

C,  —  4-9  f  —  Aft  MT-Tv 

X  1  J  V 

0.1 

UD 

llipUL  V-/1J.3CL  V  UlldgC 

1  MVtT  1  MAX 

+  5  V,  +15  V 

0.5 

2.5 

mV 

—Input  Bias  Current 

T  T 

1  MIN    1  MAX 

IJ  V,  113  V 

2 

10 

nA 

POWER  SUPPLY 

Operating  Range 

±1.2 

±18 

_V  

Quiescent  Current 

Per  Amplifier 

±5  V 

3.5 

4.0 

mA 

±15  V 

4.5 

5.5 

mA 

Tmin-Tmax 

±15  V 

6.7 

mA 

Quiescent  Current,  Powered  Down 

Per  Amplifier 

±5  V 

0.5 

0.6 

mA 

±15  V 

0.75 

0.9 

mA 

Power  Supply  Rejection  Ratio 

Input  Offset  Voltage 

Vs  =±1.5  Vto±15  V 

72 

80 

dB 

-Input  Current 

0.3 

0.7 

uA/V 

+Input  Current 

0.005 

0.05 

uA/V 

DISABLE  CHARACTERISTICS 
Off  Isolation 
Off  Output  Impedance 
Channel-to-Channel 
Isolation 
Turn-On  Time 
Turn-Off  Time 

f=5MHz 
G  =  +l 

±5V,±15V 
±5  V,±15V 

-57 
12.5 

dB 
pF 

2  or  3  Channels 
Mux,  f=5MHz 

±5V,±15  V 
±5  V,±15V 

-65 

100 
80 

dB 

ns 
ns 

NOTES 

'Slew  rate  measurement  is  based  on  10%  to  90% 
Specifications  subject  to  change  without  notice. 


rise  time  in  the  specified  closed-loop  gain. 
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AD81 3— SPECIFICATIONS 

Single  Supply  or..  +  25° C,  Rt  =  150  Q,  unless  otherwise  noted) 


Model 

Conditions 

vs 

AD813A 
Min        Typ  Max 

Units 

DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 

Bandwidth  for  0.1  dB 
Flatness 

Slew  Rate1 

G  =  +2,  No  Peaking 
G  =  +2 

G  =  +2,  RL=  1  k£2 

+5  V 
+3V 

+5  V 
+3  V 
+5  V 

35  50 
25  40 

12  20 
8  15 
100 

MHz 
MHz 

MHz 
MHz 

V/us 

+3  V 

50 

V/us 

NOISE/HARMONIC  PERFORMANCE 
Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error2 

f=  10  kHz 
f  =  10  kHz,  +In 
-In 

NTSC,  G  =  +2 
G  =  +l 

RL=  150  £2 

+5  V,  +3  V 
+5  V,  +3  V 
+5  V,  +3  V 
+5  V 
+3  V 

3.5 

1.5 

18 

0.05 

0.2 

nVVHz 
pAVHz 
pAVHz 

% 
% 

Differential  Phase  Error2 

G  =  +2 
G  =  +l 

+5V 
+3  V 

0.05 
0.2 



Degrees 
Degrees 

DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 

+Input  Bias  Current 

Open-Loop  Voltage  Gain 

Tmin-Tmax 

Tmin~Tmax 
V0=+2.5Vp-p 

+  D  V,  +D  V 

+5  V,  +3  V 

>  J  V ,  TJ  V 

+5  V,  +3  V 
+5  V 

1.5  3 
10 

7 

7  30 
35 

0.5  1.5 

2 

67  70 

. 

mv 
mV 
uV/°C 

ii  A 
UA 

uA 

uA 

uA 

dB 

Open-Loop  Transresistance 

Vo=+0.7  Vp-p 
V0  =  +3  V  p-p 
V0  =  +lVp-p 

+3V 
+5  V 
+3  V 

200  300 
225 

dB 

kn 

k£2 

INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 

+Input 
-Input 
+Input 

+5  V,  +3  V 
+5  V 

15 

90 
2 

MQ 

£i 

pF 

Input  Common  Mode 
Voltage  Range 

Common-Mode  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 

VCM=  1.25  V  to  3.75  V 
VCM=lVto2V 

+5  V 
+3  V 

+5  V 
+3  V 

1.0  4.0 
1.0  2.0 

. 

54  58 

3  5 

0.1  0.2 

56 

3.5 

0.1 

V 

v 

dB 

uA/V 

uA/V 

dB 

uA/V 

uA/V 
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Model 





Conditions 


AD813A 
Min  Typ 


Max 


Units 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  p-p 

Output  Current 

Short  Circuit  Current 


RL=  150n,TMDJ-TMAX 


G-- 


+2,RF  =  715£i 
=  1V 


+5  V 
+3  V 
+5  V 
+3V 
+5  V 







3.0  3.2 
T.O  1.3 
20  30 
15  25 
40 

. 




±Vp-p 

±Vp-p 

mA 

mA 

mA 




MATCHING  CHARACTERISTICS 
Dynamic 
Crosstalk 

Gain  Flatness  Match 

*G6i»qtro"f  Jns'ultnA  .*/  rtotliKjisiV 
Input  Offset  Voltage 
-Input  Bias  Current 


G  =  +2,f=5MHz 
G  =  +2,f=20MHz 

Tmin~Tmax 
Tmin~Tmax 


+5  V,  +3  V 
+5  V,  +3  V 

+5  V,  +3  V 
+5  V,  +3  V 


-65 
0.1 


0.5 
2 


2.5 
10 


dB 
dB 


mV 


uA 




POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


Quiescent  Current,  Powered  Down 


Power  Supply  Rejection  Ratio 
Input  Offset  Voltage 
-Input  Current 
+Input  Current 


2.4 


Per  Amplifier 


Per  Amplifier 


+5  V 
+3  V 
+5  V 
+5  V 
+3  V 


:  +3.0  V  to  +30  V 


3.2 
3.0 

0.4 
0.4 

76 

0.3 

0.005 



36 
4.0 
3.5 
5.0 
0.5 
0.5 


V 

mA 
mA 
mA 
mA 
mA 

dB 

uA/V 

uA/V 


DISABLE  CHARACTERISTICS 
Off  Isolation 
Off  Output  Impedance 
Channel-to-Channel 
Isolation 
Turn-On  Time 
Turn-Off  Time 


f=5MHz 
G  =  +l 

2  or  3  Channel 
Mux,f=5  MHz 


+5  V,  +3  V 
+5  V,  +3  V 
+5  V,  +3  V 

+5  V,  +3  V 


-55 

13 

-65 


100 
80 


dB 
pF 
dB 

ns 
ns 


TRANSISTOR  COUNT 


111 


NOTES 

'Slew  rate  measurement  is  based  on  10%  to  90%  rise  time  in  the  specified  closed-loop  gain. 
:Single  supply  differential  gain  and  phase  are  measured  with  the  ac  coupled  circuit  of  Figure  49. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  . 


.  ±18V 


Plastic  (N)  1.6  Watts 

Small  Outline  (R)  1.0  Watts 

Input  Voltage  (Common  Mode)  ±VS 

Differential  Input  Voltage  ±6V 

Output  Short  Circuit  Duration  .  .  .  Observe  Power  Derating  Curves 

Storage  Temperature  Range  N,  R  -65°C  to  +125°C 

Operating  Temperature  Range 

AD813A  -A0°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  sec)  +300°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  perma- 
nent damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation  of  the 
device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  section 
of  this  specification  is  not  implied.  Exposure  to  absolute  maximum  rating  conditions 
for  extended  periods  may  affect  device  reliability. 

"Specification  is  for  device  in  free  air: 
14-Pin  Plastic  DIP  Package:  8IA  =  75°C/Watt 
14-Pin  SOIC  Package:  6„  =  120°C/Wart 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Options* 

AD813AN 

-40°C  to  +85°C 

14-Pin  Plastic  DIP 

N-14 

AD813AR-14 

-40°C  to  +85°C 

14-Pin  Plastic  SOIC 

R-14 

AD813A  Chips 

-40°C  to  +85°C 

Die  Form 

*For  outline  information  see  Package  Information  section. 
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irTa^rfTrtltrTsaic  junction  icmpciaLuic  lui  utc  jjiasuc  cncajJ&uiaLtu 

parts  is  determined  by  the  glass  transition  temperature  of  the 
plastic,  about  150°C.  Exceeding  this  limit  temporarily  may  cause  a 
shift  in  parametric  performance  due  to  a  change  in  the  stresses 
exerted  on  the  die  by  the  package.  Exceeding  a  junction  tempera- 
ture of  175°C  for  an  extended  period  can  result  in  device  failure. 

While  the  AD8 1 3  is  internally  short  circuit  protected,  this  may  not 
be  enough  to  guarantee  that  the  maximum  junction  temperature 
(150°C)  is  not  exceeded  under  all  conditions.  To  ensure  proper 
operation,  it  is  important  to  observe  the  derating  curves. 

It  must  also  be  noted  that  in  (noninverting)  gain  configurations 
(with  low  values  of  gain  resistor),  a  high  level  of  input  overdrive  can 
result  in  a  large  input  error  current,  which  may  result  in  a  signifi- 
cant power  dissipation  in  the  input  stage.  This  power  must  be 
included  when  computing  the  junction  temperature  rise  due  to  total 
internal  power. 

METALIZATION  PHOTO 

Dimensions  shown  in  inches  and  (mm). 

  0.124   


3  4  5  6 

DISABLES  Vst  +IN1  -|N1 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD813  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on  devices 
subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are  recom- 
mended to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  2.  Output  Voltage  Swing  vs.  Supply 


Figure  S.  Supply  Current  vs.  Supply  Voltage  at  Low 
Voltages 
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Figure  3.  Output  Voltage  Swing  vs.  Load  Resistance 
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Figure  6.  Input  Bias  Current  vs.  Junction  Temperature 
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Temperature 
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Figure  10.  Linear  Output  Current  vs.  Supply  Voltage 
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Figure  8.  Short  Circuit  Current  vs.  Junction 
Temperature 
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Figure  1 1.  Closed-Loop  Output  Resistance  vs. 
Frequency 
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Figure  9.  Linear  Output  Current  vs.  Junction 
Temperature 
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Figure  12.  Output  Resistance  vs.  Frequency,  Disabled 
State 
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Figure  15.  Power  Supply  Rejection  vs.  Frequency 
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Figure  18.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  25.  Large  Signal  Pulse  Response,  Gain  =  +  10, 
(Rf  =  357  Q,  RL  =  500  a,  Vs  =  ±  15  V) 


Figure  28.  Small  Signal  Pulse  Response,  Gain  =  + 10, 
(RF  =  357  Q,  RL  =  750  Sl,Vs  =  ±5V) 
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Figure  31.  Large  Signal  Pulse  Respo, 
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Figure  34.  Small  Signal  Pulse  Response,  Gain  =  -7, 
<RF=  750n,RL=W0n,Vs  =  ±5V) 
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General  Consideration 

The  AD81 3  is  a  wide  bandwidth,  triple  video  amplifier  that  offers  a 
high  level  of  performance  on  less  than  5.5  mA  per  amplifier  of 
quiescent  supply  current.  With  its  fast  acting  power  down  switch,  it 
is  designed  to  offer  outstanding  functionality  and  performance  at 
closed-loop  inverting  or  noninverting  gains  of  one  or  greater. 

Built  on  a  low  cost,  complementary  bipolar  process,  and  achieving 
bandwidth  in  excess  of  100  MHz,  differential  gain  and  phase  errors 
of  better  than  0.1%  and  0.1°  (into  150  SI),  and  output  current 
greater  than  40  mA,  the  AD813  is  an  exceptionally  efficient  video 
amplifier.  Using  a  conventional  current  feedback  architecture,  its 
high  performance  is  achieved  through  careful  attention  to  design 
details. 

Choice  of  Feedback  &  Gain  Resistors 

Because  it  is  a  current  feedback  amplifier,  the  closed-loop  band- 
width of  the  AD813  depends  on  the  value  of  the  feedback  resistor. 
The  bandwidth  also  depends  on  the  supply  voltage.  In  addition, 
attenuation  of  the  open-loop  response  when  driving  load  resistors 
less  than  about  250  SI  will  also  affect  the  bandwidth.  Table  I 
contains  data  showing  typical  bandwidths  at  different  supply 
voltages  for  some  useful  closed-loop  gains  when  driving  a  load  of 
150  SI.  (Bandwidths  will  be  about  20%  greater  for  load  resistances 
above  a  few  hundred  ohms.) 

Table  I.  -3  dB  Bandwidth  vs.  Closed-Loop  Gain  and 
Feedback  Resistor  ,  (RL  =  150  SI) 


VS(V) 

Gain 

RF(i2) 

BW  (MHz) 



—  1  !  

±15 

+  1 

866 

125 

+2 

681 

100 

+  10 

357 

60 

-1 

681 

100 

-10 

357 

55 

±5 

+1 

750 

75 

+2 

649 

65 

+  10 

154 

40 

649 

70 

154 

40 

+5 

+  1 

715 

60 

+2 

619 

50 

+  10 

154  ' 

30 

-1 

619 

50 

-10 

154 

30 

+  3 

+  1 

681 

50 

+2 

619 

40 

+10 

619 

25 
40 

-10 

154 

20 

The  choice  of  feedback  resistor  is  not  critical  unless  it  is  important 
to  maintain  the  widest,  flattest  frequency  response.  The  resistors 
recommended  in  the  table  are  those  (metal  film  values)  that  will 
result  in  the  widest  0. 1  dB  bandwidth.  In  those  applications  where 
the  best  control  of  the  bandwidth  is  desired,  1  %  metal  film  resistors 
are  adequate.  Wider  bandwidths  can  be  attained  by  reducing  the 
magnitude  of  the  feedback  resistor  (at  the  expense  of  increased 
peaking),  while  peaking  can  be  reduced  by  increasing  the  magni- 
tude of  the  feedback  resistor. 


To  estimate  the  -3  dB  bandwidth  for  closed-loop  gains  or  feedback 
resistors  not  listed  in  the  above  table,  the  following  two  pole  model 
for  the  AD8 1 3  may  be  used: 


I,  1     2  7t  /2 


transcat 


acitance" 


Where:    AcL  =  closed-loop  gain  from 
G .  =  1  +  Rp/Ro 
rm  =  input  resistance  of  the  inverting  input 
Cx  =  "transcapacitance,"  which  forms  the 

open-loop  dominant  pole  with  the 

transresistance 
RF  =  feedback  resistor 

Ro  =  gain  resistor 

■ 

f2    =  frequency  of  second  (nondominant)  pole 
s     =  2  itj  f 

Appropriate  values  for  the  model  parameters  at  different  supply 
voltages  are  listed  in  Table  II.  Reasonable  approximations  for  these 
values  at  supply  voltages  not  found  in  the  table  can  be  obtained  by 
a  simple  linear  interpolation  between  those  tabulated  values  which 
'bracket'  the  desired  condition. 

Table  II.  Two  Pole  Model  Parameters  at  Various  Supplies 


VS(V) 

r,N(n> 

Cr(pF) 

f2  (MHz) 

±15 

85 

2.5 

150 

±5 

90 

3.8 

125 

+5 

105 

4.8 

105 

+3 

115 

5.5 

95 

As  discussed  in  many  amplifier  and  electronics  textbooks  (such  as 
Roberge's  Operational  Amplifiers:  Theory  and  Practice),  the  -3  dB 
bandwidth  for  the  2-pole  model  can  be  obtained  as: 

f3  =/n[l-2^+(2-4^  +  4^y'2f 


where: 


and: 


Jj_ 


(RF+Gr,N)CT 


•i  =  \[f2^F+arlN)CTf- 


This  model  will  predict  -3  dB  bandwidth  within  about  10%  to  15% 
of  the  correct  value  when  the  load  is  150  Q.  However,  it  is  not 
accurate  enough  to  predict  either  the  phase  behavior  or  the 
frequency  response  peaking  of  the  AD813. 
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affect  the  overall  closed-loop  performance.  Most  important  for 
controlling  the  0.1  dB  bandwidth  are  stray  capacitances  at  the 
output  and  inverting  input  nodes.  Increasing  the  space  between 
signal  lines  and  ground  plane  will  minimize  the  coupling.  Also, 
signal  lines  connecting  the  feedback  and  gain  resistors  should  be 
kept  short  enough  that  their  associated  inductance  does  not  cause 
high  frequency  gain  errors. 

Power  Supply  Bypassing 

Adequate  power  supply  bypassing  can  be  very  important  when 
optimizing  the  performance  of  high  speed  circuits.  Inductance  in 
the  supply  leads  can  (for  example)  contribute  to  resonant  circuits 
that  produce  peaking  in  the  amplifier's  response.  In  addition,  if 
large  current  transients  must  be  delivered  to  a  load,  then  large 
(greater  than  1  ]>F)  bypass  capacitors  are  required  to  produce  the 
best  settling  time  and  lowest  distortion.  Although  0. 1  uF  capacitors 
may  be  adequate  in  some  applications,  more  elaborate  bypassing  is 
required  in  other  cases. 

When  multiple  bypass  capacitors  are  connected  in  parallel,  it  is 
important  to  be  sure  that  the  capacitors  themselves  do  not  form 
resonant  circuits.  A  small  (say  5  £2)  resistor  may  be  required  in 
series  with  one  of  the  capacitors  to  minimize  this  possibility. 

As  discussed  below,  power  supply  bypassing  can  have  a  significant 
impact  on  crosstalk  performance. 

Achieving  Low  Crosstalk 

Measured  crosstalk  from  the  output  of  Amplifier  2  to  the  input  of 
Amplifier  1  of  the  AD813  is  shown  in  Figure  37.  All  other 
crosstalk  combinations,  (from  the  output  of  one  amplifier  to  the 
input  of  another),  are  a  few  dB  better  than  this  due  to  the  addi- 
tional distance  between  c 


difficulty  in  achieving  low  crosstalk  are  inadequate  power  supply 
bypassing,  overlapped  input  and/or  output  signal  paths,  and 
capacitive  coupling  between  critical  nodes. 

The  bypass  capacitors  must  be  connected  to  the  ground  plane  at  a 
point  close  to  and  between  the  ground  reference  points  for  the 
loads.  (The  bypass  of  the  negative  power  supply  is  particularly 
important  in  this  regard.)  This  requires  careful  planning  as  there 
are  three  amplifiers  in  the  package,  and  low  impedance  signal 
return  paths  must  be  provided  for  each  load.  (Using  a  parallel 
combination  of  1  pF,  0.1  pF,  and  0.01  pF  bypass  capacitors  will 
help  to  achieve  optimal  crosstalk.) 

The  input  and  output  signal  return  paths  (to  the  bypass  caps)  must 
also  be  kept  from  overlapping.  Since  ground  connections  are  not  of 
perfectly  zero  impedance,  current  in  one  ground  return  path  can 
produce  a  voltage  drop  in  another  ground  return  path  if  they  are 
allowed  to  overlap. 

Electric  field  coupling  external  to  (and  across)  the  package  can  be 
reduced  by  arranging  for  a  narrow  strip  of  ground  plane  to  be  run 
between  the  pins  (parallel  to  the  pin  rows).  Doing  this  on  both 
sides  of  the  board  can  reduce  the  high  frequency  crosstalk  by  about 
5  dB  or  6  dB. 

Driving  Capacitive  Loads 

When  used  with  the  appropriate  output  series  resistor,  any  load 
capacitance  can  be  driven  without  peaking  or  oscillation.  In  most 
cases,  less  than  50  £i  is  all  that  is  needed  to  achieve  an  extremely 
flat  frequency  response.  As  illustrated  in  Figure  41,  the  AD813  can 
be  very  attractive  for  driving  large  capacitive  loads.  In  this  case,  the 
AD813's  high  output  short  circuit  current  allows  for  a  150  V/|as 
slew  rate  when  driving  a  510  pF  capacitor. 
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Figure  38.  Circuit  for  Driving  a  Capacitive  Load 


Figure  37.  Worst  Case  Crosstalk  vs.  Frequency 
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Figure  39.  Response  to  a  Small  Load  Capacitor  at 
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Figure  40.  Response  to  a  Large  Load  Capacitor  at 
VS  =  ±15V 


Overload  Recovery 

There  are  three  important  overload  conditions  to  consider.  They 
are  due  to:  input  common-mode  voltage  overdrive,  output  voltage 
overdrive,  and  input  current  overdrive.  When  the  amplifier  is 
configured  for  low  closed-loop  gains,  and  the  input  common-mode 
voltage  range  is  exceeded,  the  recovery  time  will  be  very  fast, 
typically  under  30  ns.  When  configured  for  a  higher  gain,  and 
overloaded  at  the  output,  the  recovery  time  will  also  be  short.  For 
example,  in  a  gain  of  +  10,  with  6  dB  of  input  overdrive,  the 
recovery  time  of  the  AD813  is  about  25  ns  (see  Figure  42). 
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Figure  42.  6  dB  Overload  Recovery,  G 
<RL  =  500  a,  RF  =  357  £1,  Vs  =  ±5  V) 


+  10, 


In  the  case  of  high  gains  with  very  high  levels  of  input  overdrive,  a 
longer  recovery  time  will  occur.  For  example,  if  the  input  com- 
mon-mode voltage  range  is  exceeded  in  the  gain  of +10,  the 
recovery  time  will  be  on  the  order  of  100  ns.  This  is  primarily  due 
to  current  overloading  of  the  input  stage. 

As  noted  in  the  warning  under  "Maximum  Power  Dissipation,"  a 
high  level  of  input  overdrive  in  a  high  noninverting  gain  circuit  can 
result  in  a  large  current  flow  in  the  input  stage.  Though  this 
current  is  internally  limited  to  about  40  mA,  its  effect  on  the  total 
power  dissipation  may  be  significant. 


Figure  41.  Circuit  of  Figure  38  Driving  a  510  pF  Load 
Capacitor,  Vs  =  ±15  V  (RL=  1  kQ,  RF  =  RG  =  750  n, 
Rs=15il) 
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High  Performance  Video  Line  Driver 

At  a  gain  of  +2,  the  AD813  makes  an  excellent  driver  for  a  back 
terminated  75  £2  video  line.  Low  differential  gain  and  phase  errors 
and  wide  0.1  dB  bandwidth  can  be  realized  over  a  wide  range  of 
power  supply  voltage.  Excellent  gain  and  group  delay  matching  are 
also  attainable  over  the  full  operating  supply  voltage  range. 

Figures  47  and  48  show  the  worst  case  matching;  the  match 
between  amplifiers  2  and  3  is  typically  much  better  than  this. 


Figure  43.  A  Video  Line  Driver  Operating  at  a  Gain  of 
+2(RF=RGfrom  Tablet) 
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Figure  44.  Closed-Loop  Gain  &  Phase  vs.  Frequency  for 
the  Line  Driver 
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Figure  45.  -3  dB  Bandwidth  vs.  Supply  Voltage  for 
Gain  =  +2,  RL  =  150  Q 
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Figure  46.  Fine-Scale  Gain  (Normalized)  vs.  Frequency 
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Figure  48.  Group  Delay  and  Group  Delay  Matching  vs. 
Frequency,  G  =  +2,  RL  =  750  £2 
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Operation  Using  a  Single  Supply 

The  AD813  will  operate  with  total  supply  voltages  from  36  V  down 
to  2.4  V.  With  proper  biasing  (see  Figure  49)  it  can  make  an 
outstanding  single  supply  video  amplifier.  Since  the  input  and 
output  voltage  ranges  extend  to  within  1  V  of  the  supply  rails,  it  will 
handle  a  1.3  V  peak-to-peak  signal  on  a  single  3.3  V  supply,  or  a 
3  V  peak-to-peak  signal  on  a  single  5  V  supply.  The  small  signal 
0.1  dB  bandwidths  will  exceed  10  MHz  in  either  case,  and  the  large 
signal  bandwidths  will  exceed  6  MHz. 

The  capacitively  coupled  cable  driver  in  Figure  49  will  achieve 
outstanding  differential  gain  and  phase  errors  of  0.05%  and  0.05 
degrees  respectively  on  a  single  5  V  supply.  Resistor  R2,  in  this 
circuit,  is  selected  to  optimize  the  differential  gain  and  phase  by 
biasing  the  amplifier  in  its  most  linear  region. 

619£1  6190 

V  301 


Figure  49.  Biasing  for  Single  Supply  Operation 
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Figure  50.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
Circuit  of  Figure  49 


Disable  Mode  Operation 

Pulling  the  voltage  on  any  one  of  the  Disable  pins  about  2.5  V 
down  from  the  positive  supply  will  put  the  corresponding  amplifier 
into  a  disabled,  powered  down,  state.  In  this  condition,  the 
amplifier's  quiescent  supply  current  drops  to  about  0.5  mA,  its 
output  becomes  a  high  impedance,  and  there  is  a  high  level  of 
isolation  from  input  to  output.  In  the  case  of  the  gain  of  two  line 
driver  for  example,  the  impedance  at  the  output  node  will  be  about 
the  same  as  for  a  1.4  k£2  resistor  (the  feedback  plus  gain  resistors) 
in  parallel  with  a  12.5  pF  capacitor  and  the  input  to  output 
isolation  will  be  about  65  dB  at  1  MHz. 

Leaving  the  Disable  pin  disconnected  (floating)  will  leave  the 
corresponding  amplifier  operational,  in  the  enabled  state.  The 
input  impedance  of  the  disable  pins  is  about  35  kQ  in  parallel  with 
a  few  pF.  When  grounded,  about  50  uA  flows  out  of  a  disable  pin 
on  ±5  V  supplies. 

Input  voltages  greater  than  about  1.5  V  peak-to-peak  will  defeat  the 
isolation.  In  addition,  large  signals  (greater  than  3  V  peak-to-peak) 
applied  to  the  output  node  will  cause  the  output  impedance  to  drop 
significantly. 

When  the  Disable  pins  are  driven  by  complementary  output  CMOS 
logic  (such  as  the  74HC04),  the  disable  time  is  about  80  ns  (until 
the  output  goes  high  impedance)  and  the  enable  time  is  about 
1 00  ns  (to  low  impedance  output)  on  ±  1 5  V  supplies.  When 
operated  on  ±  15  V  supplies,  the  disable  pins  should  be  driven  by 
open  drain  logic.  In  this  case,  pull-up  resistors  from  the  disable 
pins  to  the  plus  supply  will  ensure  minimum  switching  time. 


Figure  51.  Pulse  Response  for  the  Circuit  of  Figure  49 
with  +VS  =  5V 


Figure  52.  A  Fast  Switching  3:1  Video  Mux 
(Supply  Bypassing  Not  Shown) 
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3:1  Video  Multiplexer 

Wiring  the  amplifier  outputs  together  will  form  a  3: 1  mux  with 
outstanding  gain  flatness.  Figure  52  shows  a  recommended 
configuration  which  results  in  -0. 1  dB  bandwidth  of  20  MHz  and 
OFF  channel  isolation  of  60  dB  at  10  MHz  on  ±5  V  supplies.  The 
time  to  switch  between  channels  is  about  180  ns.  Switching  time  is 
only  slightly  affected  by  signal  level. 


Figure  53.  Channel  Switching  Characteristic  for  the 
3:1  Mux 
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Figure  54.  3:1  Mux  OFF  Channel  Feedthrough  vs. 
Frequency 
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Figure  55.  3:1  Mux  ON  Channel  Gain  and  Phase  vs. 
Frequency 


Single  Supply  Differential  Line  Driver 

Due  to  its  outstanding  overall  performance  on  low  supply  voltages, 
the  AD813  makes  possible  exceptional  differential  transmission  on 
very  low  power.  The  circuit  of  Figure  56  will  convert  a  single- 
ended,  ground  referenced  signal  to  a  differential  signal  whose 
common-mode  reference  is  set  to  one  half  the  supply  voltage.  This 
allows  for  a  greater  than  2  V  peak-to-peak  signal  swing  on  a  single 
3  V  power  supply.  A  bandwidth  over  30  MHz  is  achieved  with 
20  mA  of  output  drive  on  only  30  mW  of  quiescent  power 
(excluding  load  current). 


1PF  715S1 

V|N°HI-t — vw 


Figure  56.  Single  3  V  Supply  Differential  Line  Driver 
with  2  V  Swing 


OUT  OUT 


Figure  57.  Differential  Driver  Pulse  Response  (Vs  =  3V, 
R„  =  R„  =  200a) 
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FEATURES 
Low  Cost 
High  Speed 

50  MHz  Unity  Gain  Band' 

350  V/(as  Slew  Rate 

45  ns  Settling  Time  to  0.1%  (10  V  Step) 
Flexible  Power  Supply 

Specified  for  Single  (+5  V)  and 
Dual  (±5  V  to  ±15  V)  Power  Supplies 

Low  Power:  7.5  mA  max  Supply  Current 
High  Output  Drive  Capability 

Drives  Unlimited  Capacitive  Load 

50  mA  Minimum  Output  Current 
Excellent  Video  Performance 

70  MHz  0.1  dB  Bandwidth  (Gain  =  +1) 

0.04%  &  0.08°  Differential  Gain  &  Phase  Errors 
@  3.58  MHz 

Available  in  8-Pin  SOIC  and  8-Pin  Plastic  Mini-DIP 
PRODUCT  DESCRIPTION 

The  AD817  is  a  low  cost,  low  power,  single/dual  supply,  high 
speed  op  amp  which  is  ideally  suited  for  a  broad  spectrum  of 
signal  conditioning  and  data  acquisition  applications.  This 
breakthrough  product  also  features  high  output  current  drive 
capability  and  the  ability  to  drive  an  unlimited  capacitive  load 
while  still  maintaining  excellent  signal  integrity. 

The  50  MHz  unity  gain  bandwidth,  350  V/u.s  slew  rate  and  set- 
tling time  of  45  ns  (0. 1%)  make  possible  the  processing  of  high 
speed  signals  common  to  video  and  imaging  systems.  Further- 
more, professional  video  performance  is  attained  by  offering  dif- 
i  &  phase  errors  of  0.04%  &  0.08°  @  3.58  MHz  and 
i  to  70  MHz  (gain  =  +1). 


NULL  [T 

-IN  [T 

♦IN  [T 

-vs[T 

CONNECTION  DIAGRAM 
8-Pin  Plastic  Mini-DIP  (N),  and 
SOIC  (R)  Packages 


~w — 

AD817 


NC  =  NO  CONNECT 


"a"|  NULL 

T|»VS 
T]  OUTPUT 
7|nC 

• 


■i 


The  AD817  is  fully  specified  for  operation  with  a  single  +5  V 
power  supply  and  with  dual  supplies  from  ±5  V  to  ±  15  V.  This 
power  supply  flexibility,  coupled  with  a  very  low  supply  current 
of  7.5  mA  and  excellent  ac  characteristics  under  all  power  sup- 
ply conditions,  make  the  AD817  the  ideal  choice  for  many 
demanding  yet  power  sensitive  applications. 

In  applications  such  as  ADC  buffers  and  line  drivers  the  AD8 17 
simplifies  the  design  task  with  its  unique  combination  of  a 
50  mA  minimum  output  current  and  the  ability  to  drive 
unlimited  capacitive  loads. 

TH'-iJWLlD  THS'T^il'  TLNm 
The  AD817  is  available  in  8-pin  plastic  mini-DIP  and  SOIC 

packages. 


PULSE 
GENERATOR 


:  3.3mF 


:  0.01  nF 


:±:o.oi|iF 
|V  lcL 


:3.3|>F 


TEKTRONIX 
P6201  FET 
PROBE 


1000pF 


AD817  Driving  a  Large  Capacitive  Load 
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DYNAMIC  PERFORMANCE 
Unity  Gain  Bandwidth 

±5  V 
±15  V 

30  35 
45  50 

MHz 
MHz 

Bandwidth  for  0.1  dB  Flatness 
Full  Power  Bandwidth1 

Slew  Rate 

Settling  Time  to  0.1% 

to  0.01% 

Total  Harmonic  Distortion 
Differential  Gain  Error 
(Rl  =  150  fi) 

Differential  Phase  Error 
(Rl  =  150  fl) 

Gain  =  +1 

Vout  =  5  V  p-p 
Rload  =  500  fl 
Vqut  =  20  V  p-p 
Rload  '  1  kfl 
Rload  =  1  k^ 
Gain  =  - 1 

-2.5  V  to  +2.5  V 

0  V-10  V  Step,  Av  =  -1 

-2.5  V  to  +2.5  V 

0  V-10  V  Step,  Av  =  -1 

Fc  =  1  MHz 

NTSC 

Gain  =  +2 

NTSC 
Gain  =  +2 

0,  +5  V 
±5  V 
±15  V 
0,  +5  V 

±5  V 

±15  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
±5  V 
±15  V 
±15  V 
±15  V 
±5  V 
0,  +5  V 
±15  V 
±5  V 
0,  +5  V 

25  29 
18  30 
40  70 
10  20 

15.9 

5.6 

200  250 
300  350 
150  200 

45 

45 

70 

70 

63 

0.04  0.08 
0.05  0.1 
0.11 

0.08  0.1 
0.06  0.1 
0.14 

MHz 
MHz 
MHz 
MHz 

MHz 

MHz 

V/us 

V/u.s 

V/u.s 

ns 

ns 

ns 

ns 

dB 

% 

% 

% 

Degrees 
Degrees 
Degrees 



INPUT  OFFSET  VOLTAGE 

i 

Offset  Drift 

TMin  to  TMAX 

±5  Vto  ±15  V 

0.5  2 
3 

10 

mV 
mV 
uATC 

INPUT  BIAS  CURRENT 

Tmax 

±5  V,  ±15  V 

3.3  6.6 
10 
4.4 

M-A 
p.A 
(jlA 

INPUT  OFFSET  CURRENT 
Offset  Current  Drift 

Twin  10  TMAX 

±5  V,  ±15  V 

25  200 
500 

0.3 

nA 
nA 

nA/°C 

OPEN  LOOP  GAIN 

Vout  =  ±2.5  V 
Rload  =  500  fl 
Tmin  t0  TMAX 
Rload  =  150  fl 
VOUT  =  ±10  V 
Rload  =  1  kfl 
Tmin  to 

VOUT  =  ±7.5  V 
Rload  =  150  fl 
(50  mA  Output) 

±5  V 

±15  V 
±15  V 

2  4 
1.5 

1.5  3 

4  6 

2.5  5 

^  j  4 

V/mV 
V/mV 
V/mV 

V/mV 
V/mV 

V/mV 

COMMON-MODE  REJECTION 

VCM  =  ±2.5  V 
VCM=  ±12  V 

±5 

±15  V 
±15  V 

78  100 
86  120 
80  100 

dB 
dB 
dB 

POWER  SUPPLY  REJECTION 

Vs  =  ±5  V  to  ±15  V 

TmIN  tO  Tjhax 

75  86 
72 

dB 
dB 

INPUT  VOLTAGE  NOISE 

f  =  10  kHz 

±5V,  ±15  V 

15 

nV/VHi 

INPUT  CURRENT  NOISE 

f  =  10  kHz 

±5  V,  ±15  V 

1.5 

pAA/Hz 
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Min      Typ  Max 


Units 


INPUT  COMMON-MODE  VOLTAGE  RANGE 


±5  V 
±15  V 
0,  +5  V 


+3.8 
-2.7 
+  13 
-12 
+3.8 
+  1.2 


+4.3 

-3.4 

+  14.3 

-13.4 

+4.3 

+0.9 


OUTPUT  VOLTAGE  SWING 


Rload  = 

500  n 

Rload  = 

150  n 

^LOAD  = 

1  kn 

Rload  = 

500  n 

Rload  = 

soon 

Output  Current 


- 


Short-Circuit  Current 


±5  V 
±5  V 
±15  V 
±15  V 
0,  +5  V 

±15  V 
±5  V 
0,  +5  V 
±15  V 


3.3 
3.2 
13.3 
12.8 

+3.5' 
50 
50 
30 


3.8 
3.6 
13.7 
13.4 


90 


±V 

±v 
±v 
±v 

V 

mA 
mA 
mA 
mA 


INPUT  RESISTANCE 


300 


INPUT  CAPACITANCE 


1.5 


pF 


OUTPUT  RESISTANCE 


Open  Loop 


POWER  SUPPLY 
Operating  Range 

Quiescent  Current 


Dual  Supply 
Single  Supply 

Tmin  to  Tmax 

Tmin  t0  Tmax 


±2.5 
+5 


t5  V 
t5  V 
tl5  V 
tl5  V 


7.0 


7.0 


±18 

+36 

7.5 

7.5 

7.5 

7.5 


V 
V 

mA 
mA 
mA 
mA 


NOTE 

'Full  power  bandwidth  =  slew  rate/2  tt  Vpeak. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±  18  V 

Internal  Power  Dissipation2 

Plastic  (N)   See  Derating  Curves 

Small  Outline  (R)   See  Derating  Curves 

Input  Voltage  (Common  Mode)    ±VS 

Differential  Input  Voltage    ±6  V 

Output  Short  Circuit  Duration  See  Derating  Curves 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  seconds)  .  .  .  .  +  300°C 
NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

Specification  is  for  device  in  free  air:  8-pin  plastic  package,  6JA  =  100°C/watt; 
8-pin  SOIC  package,  e,A  =  155°C/watt. 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD817AN 

-40"C  to  +  85°C 

8-Pin  Plastic  DIP 

N-8 

AD817AR 

-40°Cto  +85°C 

8-Pin  Plastic  SOIC 

R-8 

*For  outline  information  see  Package  Information  section. 


0 

-50  -40  -30  -20  -10    0   +10  +20  +30  +40  +50  +60  +70  +80  +90 
AMBIENT  TEMPERATURE  -  "C 

Maximum  Power  Dissipation  vs.  Temperature  for  Different 
Package  Types 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD817  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these  . 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 
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AD81 7— Typical  Characteristics 
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Figure  1.  Common-Mode  Voltage  Range  vs.  Supply 
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Figure  2.  Output  Voltage  Swing  vs.  Supply 
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Figure  4.  Quiescent  Supply  Current  vs.  Supply  Voltage 
for  Various  Temperatures 


SUPPLY  VOLTAGE  -±Volt. 

Figure  5.  Slew  Rate  vs.  Supply  Voltage 
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Figure  3.  Output  Voltage  Swing  vs.  Load  Resistance 


Figure  6.  Closed-Loop  Output  Impedance  vs.  Frequency 
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Figure  7.  Input  Bias  Current  vs.  Temperature 


Figure  10.  Open-Loop  Gain  and  Phase  Margin 
vs.  Frequency 
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Figure  8.  Short  Circuit  Current  vs.  Temperature 
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Figure  1 1.  Open  Loop  Gain  vs.  Load  Resistance 


Figure  9.  Unity  Gain  Bandwidth  and  Phase  Margin 
vs.  Temperature 
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Figure  12.  Power  Supply  Rejection  vs.  Frequency 
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Figure  13.  Common-Mode  Rejection  vs.  Finquency 
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Figure  16.  Harmonic  Distortion  vs.  Frequency 


Figure  14.  Large  Signal  Frequency  Response 

■  ■ 
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Figure  17.  input  Voltage  Noise  Spectrai  Density 
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Figure  15.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  18.  Slew  Rate  vs.  Temperature 
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AD81 7— Typical  Characteristics 


Figure  23.  Noninverting  Large  Signal  Pulse 
Response,  RL  =  1  kfl 


200m V  :  20ns 


Figure  24.  Noninverting  Small  Signal  Pulse 
Response,  RL  =  1  kfl 


Figure  25.  Noninverting  Large  Signal  Pulse 
Response,  RL  =  150  CI 
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Figure  26.  Noninverting  Small  Signal  Pulse 
Response,  RL  =  150  fi 
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Figure  27.  Inverting  Amplifier  Connection 

■ 
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Figure  29.  Inverting  Small  Signal  Pulse 
Response,  Ft,  =  1  kO 
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Figure  28.  Inverting  Large  Signal  Pulse 
Response,  RL  =  1  kU 


1000pF 


Figure  30a.  Inverting  Amplifier  Driving  a  WOO  pF  Capacitive  Load 


DRIVING  CAPACITIVE  LOADS 

The  internal  compensation  of  the  AD817,  together  with  its  high 
output  current  drive,  permit  excellent  large  signal  performance 
while  driving  extremely  high  capacitive  loads. 


Figure  30b.  Inverting  Amplifier  Pulse  Response  While 
Driving  Capacitive  Loads 
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Figure  31.  Simplified  Schematic 
THEORY  OF  OPERATION 

The  AD817  is  a  low  cost,  wide  band,  high  performance  opera- 
tional amplifier  which  effectively  drives  heavy  capacitive  or 
resistive  loads.  It  also  provides  a  constant  slew  rate,  bandwidth 
and  settling  time  over  its  entire  specified  temperature  range. 

The  AD817  (Figure  31)  consists  of  a  degenerated  NPN  differen- 
tial pair  driving  matched  PNPs  in  a  folded-cascode  gain  stage. 
The  output  buffer  stage  employs  emitter  followers  in  a  class  AB 
amplifier  which  delivers  the  necessary  current  to  the  load  while 
maintaining  low  levels  of  distortion. 

The  capacitor,  CF,  in  the  output  stage  mitigates  the  effect  of 
capacitive  loads.  At  low  frequencies,  and  with  low  capacitive 
loads,  the  gain  from  the  compensation  node  to  the  output  is 
very  close  to  unity.  In  this  case,  CF  is  bootstrapped  and  does 
not  contribute  to  the  overall  compensation  capacitance  of  the 
device.  As  the  capacitive  load  is  increased,  a  pole  is  formed  with 
the  output  impedance  of  the  output  stage.  This  reduces  the 
gain,  and  therefore,  CF  is  incompletely  bootstrapped.  Effec- 
tively, some  fraction  of  CF  contributes  to  the  overall  compensa- 
tion capacitance,  reducing  the  unity  gain  bandwidth.  As  the  load 
capacitance  is  further  increased,  the  bandwidth  continues  to  fall, 
maintaining  the  stability  of  the  amplifier. 

INPUT  CONSIDERATIONS 

An  input  protection  resistor  (RIN  in  Figure  22)  is  required  in 
circuits  where  the  input  to  the  AD817  will  be  subjected  to  tran- 
sient or  continuous  overload  voltages  exceeding  the  +6  V  maxi- 
mum differential  limit.  This  resistor  provides  protection  for  the 
input  transistors  by  limiting  their  maximum  base  current. 


For  high  performance  circuits,  it  is  recommended  that  a  "bal- 
ancing" resistor  be  used  to  reduce  the  offset  errors  caused  by 
bias  current  flowing  through  the  input  and  feedback  resistors. 
The  balancing  resistor  equals  the  parallel  combination  of  RIN 
and  RF  and  thus  provides  a  matched  impedance  at  each  input 
terminal.  The  offset  voltage  error  will  then  be  reduced  by  more 
than  an  order  of  magnitude. 

GROUNDING  &  BYPASSING 

When  designing  high  frequency  circuits,  some  special  precau- 
tions are  in  order.  Circuits  must  be  built  with  short  interconnect 
leads.  When  wiring  components,  care  should  be  taken  to  pro- 
vide a  low  resistance,  low  inductance  path  to  ground.  Sockets 
should  be  avoided,  since  their  increased  interlead  capacitance 
can  degrade  circuit  bandwidth. 

Feedback  resistors  should  be  of  low  enough  value  (  <  1  kfl)  to 
assure  that  the  time  constant  formed  with  the  inherent  stray 
capacitance  at  the  amplifier's  summing  junction  will  not  limit 
performance.  This  parasitic  capacitance,  along  with  the  parallel 
resistance  of  RF/RIN,  form  a  pole  in  the  loop  transmission  which 
may  result  in  peaking.  A  small  capacitance  (1-5  pF)  may  be 
used  in  parallel  with  the  feedback  resistor  to  neutralize  this 
effect. 

Power  supply  leads  should  be  bypassed  to  ground  as  close  as 
possible  to  the  amplifier  pins.  Ceramic  disc  capacitors  of  0.1  u.F 
are  recommended. 


Figure  32.  Offset  Null  Configuration 
OFFSET  NULLING 

The  input  offset  voltage  of  the  AD817  is  inherently  very  low. 
However,  if  additional  nulling  is  required,  the  circuit  shown  in 
Figure  32  can  be  used.  The  null  range  of  the  AD817  in  this 
configuration  is  ±15  mV. 
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AD817  SETTLING  TIME 

Settling  time  is  comprised  primarily  of  two  regions.  The  first  is 
the  slew  time  in  which  the  amplifier  is  overdriven,  where  the 
output  voltage  rate  of  change  is  at  its  maximum.  The  second  is 
the  linear  time  period  required  for  the  amplifier  to  settle  to 
within  a  specified  percent  of  the  final  value. 

Measuring  the  rapid  settling  time  of  AD817  (45  ns  to  0.1%  and 
70  ns  to  0.01%— 10  V  step)  requires  applying  an  input  pulse 


with  a  very  fast  edge  and  an  extremely  flat  top.  With  the  AD817 
configured  in  a  gain  of  - 1,  a  clamped  false  summing  junction 
responds  when  the  output  error  is  within  the  sum  of  two  diode 
voltages  (»*  1  volt).  The  signal  is  then  amplified  20  times  by  a 
clamped  amplifier  whose  output  is  connected  directly  to  a  sam- 
pling oscilloscope.  Figures  33  and  34  show  the  settling  time  of 
the  AD817,  with  a  10  volt  step  applied. 
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Figure  33.  Settling  Time  in  ns  0  V  to  +  10  V 
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Figure  34.  Settling  Time  in  ns  0  V  to  -10  V 
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Figure  35.  Settling  Time  Test  Circuit 
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Figure  36.  A  Differential  Input  Buffer  for  High  Bandwidth  ADCs 


A  HIGH  PERFORMANCE  ADC  INPUT  BUFFER 

High  performance  analog  to  digital  converters  (ADCs)  require 
input  buffers  with  correspondingly  high  bandwidths  and  very 
low  levels  of  distortion.  Typical  requirements  include  distortion 
levels  of  -60  dB  to  -70  dB  for  a  1  volt  p-p  signal  and  band- 
widths  of  10  MHz  or  more.  In  addition,  an  ADC  buffer  may 
need  to  drive  very  large  capacitive  loads. 

The  circuit  of  Figure  36  is  useful  for  driving  high  speed  con- 
verters such  as  the  differential  input  of  the  AD733,  10-bit  ADC 
This  circuit  may  be  used  with  other  converters  with  only  minor 
modifications.  Using  the  AD817  provides  the  user  with  the 
option  of  either  operating  the  buffer  in  differential  mode  or 
from  a  single  +5  volt  supply.  Operating  from  a  +5  volt  power 
supply  helps  to  avoid  overdriving  the  ADC  —  a  common  prob- 
lem with  buffers  operating  at  higher  supply  voltages. 

SINGLE  SUPPLY  OPERATION 

Another  exciting  feature  of  the  AD817  is  its  ability  to  perform 
well  in  a  single  supply  configuration.  The  AD817  is  ideally 
suited  for  applications  that  require  low  power  dissipation  and 
high  output  current  and  those  which  need  to  drive  large  capaci- 
tive loads,  such  as  high  speed  buffering  and  instrumentation. 

Referring  to  Figure  37,  careful  consideration  should  be  given  to 
the  proper  selection  of  component  values.  The  choices  for  this 
particular  circuit  are:  R1+  R3//R2  combine  with  CI  to  form  a 
low  frequency  corner  of  approximately  300  Hz. 

■ 


SELECT  CI,  R1.R2&R3 
FOR  DESIRED  LOW 
FREQUENCY  C 
(R2  =  R1  ♦  R3) 


Figure  37.  Single  Supply  Amplifier  Configuration 

Combining  R3  with  C2  forms  a  low-pass  filter  with  a  corner  fre- 
quency of  1.5  kHz.  This  is  needed  to  maintain  amplifier  PSRR, 
since  the  supply  is  connected  to  VIN  through  the  input  divider. 
The  values  for  RL  and  CL  were  chosen  to  demonstrate  the 
AD817's  exceptional  output  drive  capability.  In  this  configura- 
tion, the  output  is  centered  around  2.5  V.  In  order  to  eliminate 
the  static  dc  current  associated  with  this  level,  C3  was  inserted 
in  series  with  RL. 
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HIGH  SPEED  DAC  BUFFER 

The  wide  bandwidth  and  fast  settling  time  of  the  AD817  make 
it  a  very  good  output  buffer  for  high  speed  current-output  D/A 
converters  like  the  AD668.  As  shown  in  Figure  38,  the  op  amp 
establishes  a  summing  node  at  ground  for  the  DAC  output.  The 
output  voltage  is  determined  by  the  amplifier's  feedback  resistor 


DIGITAL  [— 
INPUTS  Li. 


IV  NOMINAL 
0  t  REFERENCE  INPUT 


AD817 


theDACgener- 


(10.24  V  for  a  1  kfl  resistor).  Note  that 
ates  a  positive  current  to  ground,  the  voltage  at  the  amplifier 
output  will  be  negative.  A  100  fl  series  resistor  between  the 
noninverting  amplifier  input  and  ground  minimizes  the  offset 
effects  of  op  amp  input  bias  currents. 


TO  ANALOG 
GROUND  PLANE 


-O-ISV 


Figure  38.  High  Speed  DAC  Buffer 
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Low  Cost,  Low  Power 
Video  Op  Amp 


:  : 

FEATURES 
Low  Cost 

Excellent  Video  Performance 

55  MHz  0.1  dB  Bandwidth  (Gain  =  +2) 

0.01%  &  0.05°  Differential  Gain  &  Phase  Errors 
High  Speed 

130  MHz  Bandwidth  (3  dB,  G  =  +2) 

100  MHz  Bandwidth  (3  dB,  G+  =  -1) 

500  VVs  Slew  Rate 

80  ns  Settling  Time  to  0.01%  (V0  =  10  V  Step) 
High  Output  Drive  Capability 

50  mA  Minimum  Output  Current 

Ideal  for  Driving  Back  Terminated  Cables 
Flexible  Power  Supply 

Specified  for  Single  (+5  V)  and  Dual  (±5  V  to  ±15  V) 
Power  Supplies 

Low  Power:  7.5  mA  max  Supply  Current 
Available  in  8-Pin  SOIC  and  8-Pin  Plastic  Mini-DIP 


AD818 


 —  ~ 

■ 


CONNECTION  DIAGRAMS 
8-Pin  Plastic  Mini-DIP  (N),  and 
SOIC  (R)  Packages 


. 1  i  Ml 


ULL  [T 
-IN  [T  . 

*in  [T  ■ 

-vs|T 


AD818 


3' 


NC  =  NO  CONNECT 


PRODUCT  DESCRIPTION 

The  AD818  is  a  low  cost,  video  op  amp  optimized  for  use  in 
video  applications  which  require  gains  equal  to  or  greater  than 
+2  or  -1.  The  AD818  low  differential  gain  and  phase  errors, 
single  supply  functionality,  low  power  and  high  output  drive 
make  it  ideal  for  cable  driving  applications  such  as  video  cam- 
eras and  professional  video  equipment. 

With  video  specs  like  0.1  dB  flatness  to  55  MHz  and  low  differ- 
ential gain  and  phase  errors  of  0.01%  and  0.05°,  along  with 
50  mA  of  output  current,  the  AD818  is  an  excellent  choice  for 
any  video  application.  The  130  MHz  3  dB  bandwidth  (G  =  +2) 


and  500  V/u^s  slew  rate  make  the  AD818  useful  in  many  high 
speed  applications  including:  video  monitors,  CATV,  color  copi- 
ers, image  scanners  and  fax  machines. 

The  AD818  is  fully  specified  for  operation  with  a  single  +5  V 
power  supply  and  with  dual  supplies  from  ±5Vto±15V.  This 
power  supply  flexibility,  coupled  with  a  very  low  supply  current 
of  7.5  mA  and  excellent  ac  characteristics  under  all  power  sup- 
ply conditions,  make  the  AD818  the  ideal  choice  for  many 
demanding  yet  power  sensitive  applications. 

The  AD818  is  a  voltage  feedback  op  amp  and  excels  as  a  gain 
stage  in  high  speed  and  video  systems  (gain  =  >2  or  -1).  It 
achieves  a  settling  time  of  45  ns  to  0.1%,  with  a  low  input  offset 
voltage  of  2  mV  max. 

The  AD818  is  available  in  low  cost,  small  8-pin  plastic  mini- 
DIP  and  SOIC  packages. 


DIFF  GAI 

J 

DIFF  PH 

4SE 

AD818  Video  Line  Driver 


SUPPLY  VOLTAGE  -  -Volts 

AD818  Differential  Gain  and  Phase  vs.  Supply 
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SPECIFICATIONS  «t, 


(@  TA  =  +25°C,  unless  otherwise  noted) 


Parameter 


Conditions 


Min 


AD818A 
Typ 


Max 


DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 


Bandwidth  for  0.1  dB  Flatness 


Full  Power  Bandwidth1 


Slew  Rate 


Settling  Time  to  0.1% 
to  0.01% 

■ 

Total  Harmonic  Distortion 
Differential  Gain  Error 
(Rl  =  150  CI) 

Differential  Phase  Error 
(Rl  =  150  n) 

Cap  Load  Drive 


Gain  =  +2 


Gain  =  -1 


Gain  =  +2 

Cc  =  2  pF 

c 

Gain  =  -1 
Cc  =  2  pF 

Vout  =  5  V  p-p 
Rload  =  500  a 
VOUT  =  20  V  p-p 
Rload  =  1  kft 
rload  =  1  kft 
Gain  =  -1 

-2.5  V  to  +2.5  V 
0  V-10  V  Step,  Av  = 
-2.5  V  to  +2.5  V 
0  V-10  V  Step,  Av  = 
Fc  =  1  MHz 
NTSC 
Gain  =  +2 

NTSC 
Gain  =  +2 


±5  V 
±15  V 
0,  +5  V 
±5.V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 

±5  V 

±15  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
±5  V 
±15  V 
±15  V 
±15  V 
±5  V 
0,  +5  V 
±15  V 
±5  V 
0,  +5  V 


70 
100 
40 
50 
70 
30 
20 
40 
10 
18 
40 
10 


350 
450 
250 


95 
130 
55 
70 
100 
50 
43 
55 
18 
34 
72 
19 

25.5 

8.0 
400 
500 
300 
45 
45 
80 
80 
63 

0.005 
0.01 
0.08 
0.045 
0.06 
0.1 
10 


0.01 
0.02 


0.09 
0.09 


INPUT  OFFSET  VOLTAGE 
Offset  Drift 


±5  Vto  ±15  V 


to  T* 


0.5 
10 


t5V,±15< 


INPUT  BIAS  CURRENT 


3.3 


6.6 
10 
4.4 


INPUT  OFFSET  CURRENT 
Offset  Current  Drift 


i  to  Tj, 


±5V,  ±15  V 


25  200 
500 


OPEN-LOOP  GAIN 


■ 


Vout  =  ±2.5  V 
Rload  =  500  fl 

TmIN  to  Tjvjax 

Rload  =  150  CI 
VOUX=±10V 

Rload  ~  ^ 
Tmin  t0  Tmax 
Vout  =  ±7.5  V 
Rload  =  150  CI 
(50  mA  Output) 


±5  V 


±15  V 


:15  V 


3 

5 

V/mV 

2 

V/mV 

2 

4  ' 

V/mV 

6 

9 

V/mV 

3 

V/mV 

COMMON-MODE  REJECTION 


=  ±2.5  V 
=  ±12  V 

to  Tmax 


±5  V 
±15  V 
±15  V 


82 
86 
84 


100 
120 
100 


POWER  SUPPLY  REJECTION 


Vs  =  ±5  V  to  i 


15  V 


80 
80 


90 


±5V,  ±15  V 


INPUT  VOLTAGE  NOISE 


10  kHz 


10 


INPUT  CURRENT  NOISE 


f  =  10  kHz 


±5  V,  ±15  V 


1.5 
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Conditions 

Vs 

AD818A 
Min       Typ  Max 

Units 

INPUT  COMMON-MODE  VOLTAGE 
RANGE 

±5  V 

+3.8  +4.3 
-2.7  -3.4 
+  13  +14.3 
-12  -13.4 
+3.8  +4.3 
+  1.2  +0.9 

V  . 

J 
V 
V 
V 

±15  V 
0,  +5  V 

OUTPUT  VOLTAGE  SWING 
Output  Current 

Shnrt-f^irpnif  (""lirrpnt 

Rload  =  500  (I 
Rload  =  150  fl 
Rload  =  1  kfl 
Rload  =  500  fl 
Rload  =  500  fl 

±5  V 
±5  V 
±15  V 
±15  V 
0,  +5  V 

-i-  1  C  \T 

±15  V 

±5  V 
0,  +5  V 
±15  V 

3.3  3.8 
3.2  3.6 
13.3  13.7 
12.8  13.4 

+  1.5, 
+3.5 

CA 

50 
30 

90 

±v 
±v 
±v 
±v 

V 

  A 

mA 
mA 
mA 

INPUT  RESISTANCE 

300 

kn 

INPUT  CAPACITANCE 

1.5 

pF 

OUTPUT  RESISTANCE 

Open  Loop 

'  

8 

n 

POWER  SUPPLY 
Operating  Range 

Quiescent  Current 

Dual  Supply 
Single  Supply 

TjiUN  10  1*max 
TMin  to  TMAX 

±5  V 
±5  V 
±15  V 
±15  V 

±2.5  ±18 
+  5  +36 
7.0  7.5 
7.5 
7.5 

7.0  7.5 

V 
V 

mA 
mA 
mA 
mA 

NOTE 

'Full  power  bandwidth  =  slew  rate/2  it  Vp^R. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±18V 

Internal  Power  Dissipation2 

Plastic  (N)   See  Derating  Curves 

Small  Outline  (R)   See  Derating  Curves 

Input  Voltage  (Common  Mode)    ±VS 

Differential  Input  Voltage    ±6V 

Output  Short  Circuit  Duration  See  Derating  Curves 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  seconds)  ....  +300°C 
NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

Specification  is  for  device  in  free  air:  8-pin  plastic  package,  6JA  =  90°C/watt; 
8-pin  SOIC  package,  6,A  =  155°C/watt. 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD818AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD818AR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD818AR-REEL 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

*For  outline  information  see  Package 


Maximum  Power  Dissipation  vs.  Temperature  for  Different 
Package  Types 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD817  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 
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Typical  Characteristics- AD81 8 


Figure  2.  Output  Voltage  Swing  vs.  Load  Resistance 
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Figure  4.  Output  Voltage  Swing  vs.  Supply 
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AD81 8—  Typical  Characteristics 
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1k  10k  100k  1M  10M         10OM  1G 

FHEOUENCY  -  Hz 


Figure  1 1.  Open-Loop  Gain  and  Phase  Margin  vs. 
Frequency 


0         20        40        60        80        100       120       140  160 
SETTLING  TIME  -  ns 

Figure  14.  Output  Swing  and  Error  vs.  Settling  Time 
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AD81 8— Typical  Characteristics 


Figure  17.  Harmonic  Distortion  vs.  Frequency  Figure  20.  Closed-Loop  Gain  vs.  Frequency  (G  =  +2) 


Figure  18.  Slew  Rate  vs.  Temperature  Figure  21.  Closed-Loop  Gain  vs.  Frequency  (G  =  -1) 

■ 


SUPPLY  VOLTAGE  -  »Volt« 


Figure  19.  Differential  Gain  and  Phase  vs.  Supply  Voltage 
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TEKTRONIX 

TEKTRONIX 

P6201  FET 

7A24 

PROBE 

PREAMP 

3* 

Figure  22.  Inverting  Amplifier  Connection 


Figure  25.  Inverter  Large  Signal  Pulse  Response  ±  15 
CF  =1  pF,RL  =  1  kO 


Figure  23.  Inverter  Large  Signal  Pulse  Response  ±5  Vs, 
CF  =  1  pF,RL=  1  kfl 
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Figure  26.  Inverter  Small  Signal  Pulse  Response  ±15  Vs, 
CF=  1pF,  RL  =  150  fl 


Figure  24.  Inverter  Small  Signal  Pulse  P" 
CF  =  1  pF,  RL  =  750  O 


Figure  27.  Inverter  Small  Signal  Pulse  Response  ±5  Vs, 
CF  =  0  pF,  RL  =  150  n 
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AD818 


0  ^  may  result  in  peaking.  A  small  capacitance  (1-5  pF)  may  be 

used  in  parallel  with  the  feedback  resistor  to  neutralize  this 


OUTPUT 


effect. 

Power  supply  leads  should  be  bypassed  to  ground  as  close  as 
possible  to  the  amplifier  pins.  Ceramic  disc  capacitors  of  0.1  u.F 
are  recommended. 


o  -vs 


Figure  34. 


THEORY  OF  OPERATION 

The  AD818  is  a  low  cost,  video  operational  amplifier  designed 
to  excel  in  high  performance,  high  output  current  video 
applications. 

The  AD818  (Figure  34)  consists  of  a  degenerated  NPN  differen- 
tial pair  driving  matched  PNPs  in  a  folded-cascode  gain  stage. 
The  output  buffer  stage  employs  emitter  followers  in  a  class  AB 
amplifier  which  delivers  the  necessary  current  to  the  load,  while 
maintaining  low  levels  of  distortion. 

The  AD818  will  drive  terminated  cables  and  capacitive  loads  of 
10  pF  or  less.  As  the  closed-loop  gain  is  increased,  the  AD818 
will  drive  heavier  cap  loads  without  oscillating. 

INPUT  CONSIDERATIONS 

An  input  protection  resistor  (RIN  in  Figure  28)  is  required  in 
circuits  where  the  input  to  the  AD818  will  be  subjected  to  tran- 
sient of  continuous  overload  voltages  exceeding  the  ±6  V  maxi- 
mum differential  limit.  This  resistor  provides  protection  for  the 
input  transistors  by  limiting  their  maximum  base  current. 

For  high  performance  circuits,  it  is  recommended  that  a  "bal- 
ancing" resistor  be  used  to  reduce  the  offset  errors  caused  by 
bias  current  flowing  through  the  input  and  feedback  resistors. 
The  balancing  resistor  equals  the  parallel  combination  of  RIN 
and  RF  and  thus  provides  a  matched  impedance  at  each  input 
terminal.  The  offset  voltage  error  will  then  be  reduced  by  more 
than  an  order  of  magnitude. 

GROUNDING  AND  BYPASSING 

When  designing  high  frequency  circuits,  some  special  precau- 
tions are  in  order.  Circuits  must  be  built  with  short  interconnect 
leads.  When  wiring  components,  care  should  be  taken  to  pro- 
vide a  low  resistance,  low  inductance  path  to  ground.  Sockets 
should  be  avoided,  since  their  increased  interlead  capacitance 
can  degrade  circuit  bandwidth. 

Feedback  resistors  should  be  of  low  enough  value  (si  kft)  to 
assure  that  the  time  constant  formed  with  the  inherent  stray 
capacitance  at  the  amplifier's  summing  junction  will  not  limit 
performance.  This  parasitic  capacitance,  along  with  the  parallel 
:  of  Rp/RIN,  form  a  pole  in  the  loop  transmission  which 


Vos  ADJUST 


Figure  35.  Offset  Null  Configuration 
OFFSET  NULLING 

The  input  offset  voltage  of  the  AD818  is  inherendy  very  low. 
However,  if  additional  nulling  is  required,  the  circuit  shown  in 
Figure  35  can  be  used.  The  null  range  of  the  AD818  in  this 
configuration  is  ±  10  mV. 

SINGLE  SUPPLY  OPERATION 

Another  exciting  feature  of  the  AD818  is  its  ability  to  perform 
well  in  a  single  supply  configuration.  The  AD818  is  ideally 
suited  for  applications  that  require  low  power  dissipation  and 
high  output  current. 

Referring  to  Figure  36,  careful  consideration  should  be  given  to 
the  proper  selection  of  component  values.  The  choices  for  this 
particular  circuit  are:  Rl  +  R3||R2  combine  with  CI  to  form  a 
low  frequency  corner  of  approximately  10  kHz.  C4  was  inserted 
in  series  with  R4  to  maintain  amplifier  stability  at  high  fre- 
quency. 

Combining  R3  with  C2  forms  a  low  pass  filter  with  a  corner  fre- 
quency of  approximately  500  Hz.  This  is  needed  to  maintain 
amplifier  PSRR,  since  the  supply  is  connected  to  VIN  through 
the  input  divider.  The  values  for  R2  and  C2  were  chosen  to 
demonstrate  the  AD818's  exceptional  output  drive  capability.  In 
this  configuration,  the  output  is  centered  around  2.5  V.  In  order 
to  eliminate  the  static  dc  current  associated  with  this  level,  C3 
was  inserted  in  series  with  R, . 


SELECT  C1.H1.R2 
FOR  DESIRED  LOW 
FREQUENCY  CORNER. 


VOUT  *  • 


150H 

_L  C3 

0.1  f.F 


5 

Figure  36.  Single  Supply  Amplifier  Configuration 
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Figure  37.  Settling  Time  Test  Circuit 
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AD818  SETTLING  TIME 

Settling  time  is  comprised  primarily  of  two  regions.  The  first  is 
the  slew  time  in  which  the  amplifier  is  overdriven,  where  the 
output  voltage  rate  of  change  is  at  its  maximum.  The  second  is 
the  linear  time  period  required  for  the  amplifier  to  settle  to 
within  a  specified  percent  of  the  final  value. 

Measuring  the  rapid  settling  time  of  AD818  (45  ns  to  0.1%  and 
80  ns  to  0.01%— 10  V  step)  requires  applying  an  input  pulse 
with  a  very  fast  edge  and  an  extremely  flat  top.  With  the  AD818 
configured  in  a  gain  of  - 1,  a  clamped  false  summing  junction 
responds  when  the  output  error  is  within  the  sum  of  two  diode 
voltages  (approximately  1  volt).  The  signal  is  then  amplified  20 
times  by  a  clamped  amplifier  whose  output  is  connected  directly 
to  a  sampling  oscilloscope. 

A  High  Performance  Video  Line  Driver 

The  buffer  circuit  shown  in  Figure  38  will  drive  a  back- 
terminated  75  fl  video  line  to  standard  video  levels  (IV  p-p) 
with  0.1  dB  gain  flatness  to  55  MHz  with  only  0.05°  and  0.01% 
differential  phase  and  gain  at  the  3.58  MHz  NTSC  subcarrier 
frequency.  This  level  of  performance,  which  meets  the  require- 
ments for  high-definition  video  displays  and  test  equipment,  is 
achieved  using  only  7  mA  quiescent  current. 


DIFFERENTIAL  LINE  RECEIVER 

The  differential  receiver  circuit  of  Figure  39  is  useful  for  many 
applications  from  audio  to  video.  It  allows  extraction  of  a  low 
level  signal  in  the  presence  of  common-mode  noise.  As  shown 
in  Figure  40,  the  AD818  provides  this  function  with  only 
10nV/VHz  noise  at  the  output. 


Figure  39.  Differential  Line  Receiver 


0.01  nF^  +|_2.2[iF 
1W         ^  ^ 


v  <™° 

v 


Figure  38.  Video  Line  Driver 


Figure  40.  Performance  of  Line  Receiver,  RL  = 
G  =  +2 
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A  HIGH  SPEED,  THREE  OP  AMP  IN  AMP 

The  circuit  of  Figure  41  uses  three  high  speed  op  amps:  two 
AD818s  and  an  AD817.  This  high  speed  circuit  lends  itself  well 
to  CCD  imaging  and  other  video  speed  applications.  It  has  the 
optional  flexibility  of  both  dc  and  ac  trims  for  common-mode 
rejection,  plus  the  ability  to  adjust  for  minimum  settling  time. 


EACH 
AMPLIFIER 


I    -J-ni,,F  I  -1— 


PIN  7 
EACH 
AMPLIFIER 


COMMON  O — 

10|iF 

-15V  O — 


I  — *—  ft  4.  c       1,,P  — *—  1 


IxrF-vs1;FTT, 


AMPLIFIER 


_  SETTLING 
2-8  PF  TIME  AC. 

"  CMR  ADJUST 


BANDWIDTH,  SETTLING  TIME,  t  TOTAL  HARMONIC  DISTORTION  VS.  GAIN 


GAIN 

CADJ 
(pF) 

SMALL 
SIGNAL 
BANDWIDTH 

SETTLING 
TIME 
TO  0.1% 

THD  +  NOISE 
BELOW  INPUT  LEVEL 
@  10kHz 

3 
10 
100 

1k 

222(1 
20Q 

2-a 

24 

2-e 

14.7  MHz 
4.5  MHz 
960  kHz 

200ns 
370ns 

2  5iiS 

82  dB 
81  dB 
71  dB 

Figure  41.  High  Speed  3  Op  Amp 


i 

All  brand  or  product  names  mentioned  are  trademarks  or  registered  trademarks  of  their  respective  holders. 
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ANALOG 
DEVICES 


Single  Supply,  Rail-to-Rail 
Low  Power  FET-lnput  Op  Amps 








 !_  I 


FEATURES 

TRUE  SINGLE  SUPPLY  OPERATION 

Output  Swings  Rail  to  Rail 

Input  Voltage  Range  Extends  Below  Ground 

Single  Supply  Capability  from  +3  V  to  +36  V 

Dual  Supply  Capability  from  +1.5  V  to  ±1B  V 
HIGH  LOAD  DRIVE 

Capacitive  Load  Drive  of  350  pF,  G  =  1 

Minimum  Output  Current  of  15  mA 
EXCELLENT  AC  PERFORMANCE  FOR  LOW  POWER 

800  p,A  Max  Quiescent  Current  per  Amplifier 

Unity  Gain  Bandwidth:  1.8  MHz 

Slew  Rate  of  3.0  V/|xs 
GOOD  DC  PERFORMANCE 

800  uV  Max  Input  Offset  Voltage 

2  (i.V/0C  Typ  Offset  Voltage  Drift 

25  pA  Max  Input  Bias  Current 
LOW  NOISE 

13nV/Vfii@  10  kHz 
NO  PHASE  INVERSION 

APPLICATIONS 

Battery  Powered  Precision  Instrumentation 
Photodiode  Preamps 
Active  Filters 

12-  to  14-Bit  Data  Acquisition  Systems 

Medical  Instrumentation 

Low  Power  References  and  Regulators 

PRODUCT  DESCRIPTION 

The  AD820/AD822  are  precision,  low  power  FET  input  op 
amps  that  can  operate  from  a  single  supply  of  +3.0  V  to  +36  V, 
or  dual  supplies  of  ±1.5  V  to  ±18  V.  They  have  true  single 
supply  capability  with  an  input  voltage  range  extending  below 
the  negative  rail,  allowing  them  to  accommodate  input  signals 
below  ground  in  the  single  supply  mode.  Output  voltage  swing 


100  1k 
FREQUENCY  -  Hz 

Input  Voltage  Noise  vs.  Frequency 


CONNECTION  DIAGRAMS 


8-Pin 
Plastic  Mini-DIP 


8-Pin 
SOIC 


null  rr 

-IN  n 
.IN  S" 

-v.E 


I]  NC 

6]V0UT 
|]  NULL 


NC  [7 
-IN  [J 
♦  IN  |f - 

Li 


e]  nc 

g*va 
Uvoul 

T]  NC 


8-Pin  Plastic  DIP, 
Cerdip  and  SOIC 


e]+vs 

!7]0UT2 
6]-IN2 
F|»IN2 


OUT1  [7  1 

-,N1[|£>J 

-VS|4 


'•4 


NC  ■  NO  CONNECT 


NC  =  NO  CONNECT 


extends  to  within  10  mV  of  each  rail  providing  the  maximum 
output  dynamic  range. 

Offset  voltage  of  800  u.V  max,  offset  voltage  drift  of  2  u.V/°C, 
input  bias  currents  below  25  pA  and  low  input  voltage  noise 
provide  dc  precision  with  source  impedances  up  to  a  Gigaohm. 
1.8  MHz  unity  gain  bandwidth,  -93  dB  THD  at  10  kHz  and 
3  V/u.s  slew  rate  are  provided  with  a  low  supply  current  of 
800  u-A  per  amplifier.  The  AD820  and  AD822  drive  up  to 
350  pF  of  direct  capacitive  load  as  a  follower,  and  provides  a 
minimum  output  current  of  15  mA.  This  allows  the  amplifier  to 
handle  a  wide  range  of  load  conditions.  This  combination  of  ac 
and  dc  performance,  plus  the  outstanding  load  drive  capability, 
results  in  an  exceptionally  versatile  amplifier  for  the  single  sup- 
ply user. 

The  AD820  and  AD822  are  available  in  four  performance 
grades.  The  A  and  B  grades  are  rated  over  the  industrial  tem- 
perature range  of  —  40°C  to  +85°C.  There  is  a  3  volt  grade— the 
AD820A-3V  or  AD822A-3V,  rated  over  the  industrial  tempera- 
ture range.  The  AD822  is  also  available  in  a  mil  grade,  is  rated 
over  the  military  temperature  range  of  -55°C  to  +  125°C,  and  is 
processed  on  a  standard  military  drawing. 

The  AD820  is  offered  in  8-pin  plastic  DIP  and  SOIC  packaging 
while  the  AD822  is  offered  in  three  varieties  of  8-pin  package: 
plastic  DIP,  hermetic  cerdip  and  surface  mount  (SOIC)  as  well 
as  die  form. 


Gain  of  +2  Amplifier;  Vs  -  +5,  0,  VIN  =  2.5  V  Sine 
Centered  at  1.25  Volts,  RL  =  100  kO 


■ 
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Conditions 

AD820A/AD822A 

AD820B/AD822B 

AD822S1 

Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DC  PERFORMANCE 

Initial  Offset 

0.1 

0.8 

0.1 

0.4 

0.1 

0.8 

mV 

Uqv  Offcpt  nupr  T"pmrv*raTllr^ 
iVldA  V'li^Cl  UVC1  IClU^ClaLLllC 

0.5 

1.2 

0.5 

0.9 

0.5 

mV 

Offset  Drift 

2.0 

2.0 

2.0 

M.vrc 

111LPUI  DJda  v^UlJClll 

vcm  =  0  V  to  4  V 

2 

25 

2 

10 

2 

25 

pA 

0.5 

5 

0.5 

2.5 

0.5 

nA 

Input  Offset  Current 

2 

20 

2 

10 

2 

20 

pA 

at  T.. ... 
<"  1  MAX 

0.5 

0.5 

1.5 

nA 

Open-Loop  Gain 

V0  =  0.2  V  to  4  V 

RL  =  100  kfl  (AD820) 

400 

1000 

400 

1000 

V/mV 

RL  =  100  kfl  (AD822) 

500 

1000 

500 

1000 

500 

1000 

V/mV 

TMIN  tO  TMAX 

RL  =  100  kfl 

400 

400 

V/mV 

RL  =  10  kfl 

80 

150 

80 

150 

80 

150 

V/mV 

RL  =  10  kfl 

80 

80 

V/mV 

■ 

RL  =  1  kfl 

15 

30 

15 

30 

15 

30 

V/mV 

^MIN  10  T«ax 

RL  =  1  kf! 

10 

10 

V/mV 

NOISE/HARMONIC  PERFORMANCE 

Input  Voltage  Noise 

0.1  Hz  to  10  Hz 

2 

2 

2 

jxv  p-p 

f  =  10  Hz 

25 

25 

25 

nV/VHz 

■ 

f  =  100  Hz 

21 

21 

21 

nV/VHz 

f  =  1  kHz 

16 

16 

16 

nV/VHz 

f  =  10  kHz 

13 

13 

13 

nV/VHz 

Input  Current  Noise 

0.1  Hz  to  10  Hz 

18 

18 

18 

fAp-p 

f =  1  kHz 

0.8 

0.8 

0.8 

fA/VHi 

Harmonic  Distortion 

RL  =  10  kfl 

-93 

f  =  10  kHz 

V0  =  0.25  V  to  4.75  V 

-93 

-93 

dB 

DYNAMIC  PERFORMANCE 

Unity  Gain  Frequency 

1.8 

1.8 

1.8 

MHz 

Full  Power  Response 

VoP-p  =  4.5V 

210 

210 

210 

kHz 

Slew  Rate 

3 

3 

3 

V/|xs 

Settling  Time 

to  0.1% 

V0  =  0.2  V  to  4.5  V 

1.4 

1.4 

1.4 

U.S 

to  0.01% 

1.8 

1.8 

1.8 

MATCHING  CHARACTERISTICS 

AD822  Only 

Initial  Offset 

1.0 

0.5 

1.6 

mV 

Max  Offset  over  Temperature 

1.6 

1.3 

mV 

Offset  Drift 

3 

3 

3 

u.WC 

Input  Bias  Currents 

20 

10 

20 

pA 

Crosstalk  @  f  =  1  kHz 

RL  =  5  kfl 

-130 

-130 

-130 

dB 

f  =  100  kHz 

-93 

-93 

-93 

dB 

Common-Mode  Voltage  Range2 

-0.2 

4 

-0.2 

"4 

-0.2 

4 

V 

-0.2 

.4  1 

-0.2 

4 

v     ■  1 

CMRR  (AD820) 

Vcm  =  0  V  to  +2  V 

66 

80 

72 

80 

dB 

CMRR  (AD822) 

Vcm  =  0  V  to  +2  V 

66 

80 

69 

80 

66 

80 

dB 

Tmin  t0  Tmax 

66 

66 

dB 

Input  Impedance 

10'3ll0.5 

10"ll0.5 

101JI|0.5 

nllpF 

Differential 

Common  Mode 

10"||2.8 

10"||2.8 

10"||2.8 

fl||pF 

OUTPUT  CHARACTERISTICS 



Output  Saturation  Voltage3 

V™  -VbJ 

yOL   *  EE 

*SINK       AVF  r-" 

5 

7 

5 

7 

5 

7 

mV 

AMIN  10  *MAX 

10 

10 

mV 

*  C<J    •  OH 

^SOURCE  —  20  uA 

10 

14 

10 

14 

10 

14 

mV 

T.™  to  T.,  ,v 

1  MIN  lu  1  MAX 

20 

20 

mV 

T  OL   *  EE 

hlNK  =  2  ™A 

40 

55 

40 

55 

40 

55 

mV 

80 

80 

mV 

Vrv— Vnu 
*  CC    *  OH 

^SOURCE       *•  nlrt 

80 

110 

80 

110 

80 

110 

mV 

300 

160 

160 

mV 

vOL-vEE 

ISINK  =15  mA 

500 

300 

500 

300 

500 

mV 

1000 

1000 

mV 

VCC"VOH 

T                   —    1  C  m  A 

Source  -  15  mA 

800 

1500 

800 

1500 

800 

1500 

mV 

Tmin  to  TMAX 

1900 

1900 

mV 

Operating  Output  Current 

15 

15 

15 

mA 

Tmin  to  TMAX 

12 

12 

mA 

Short  Circuit  Current 

25 

25 

25 

mA 

Capacitive  Load  Drive 

350 

350 

350 

pF 

POWER  SUPPLY 

620 

Quiescent  Current/ Amplifier 

Tmin  to  Tmax 

800 
800 

620 

800 
800 

uA 
uA 

Power  Supply  Rejection 

70 

80 

66 

80 

70 

80 

dB 

TMIN  tO  I'mAX 

70 

66 

dB 
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Initial  Offset 

0.1 

0.8 

0.1 

0.4 

0.1 

mV 

Max  Offset  over  Temperature 

0.5 

1.5 

0.5 

1 

0.5 

mV 

Offset  Drift 

2.0 

2.0 

2.0 

u-V/°C 

Input  Bias  Current 

VCM=  -5Vto4V 

2 

25 

2 

10 

2 

25 

pA 

at  TMAX 

0.5 

5 

0.5 

2.5 

0.5 

nA 

Input  Offset  Current 

2 

20 

2 

10 

2 

pA 

at  Tm^x 

0.5 

0.5 

1.5 

nA 

Open-Loop  Gain 

VQ 

=  -4  V  to  4  V 

Rl 

=  100  kn 

400 

1000 

400 

1000 

400 

1000 

V/mV 

T  M  TM  tO  T  u  AV 

Rl 

=  ioo  kn 

400 

400 

V/mV 

Rl 

=  io  kn 

80 

150 

80 

150 

80 

150 

V/mV 

TMIN  t0  TMAX 

Rl 

=  io  kn 

80 

80 

V/mV 

Rl 

=  l  kn 

20 

30 

20 

30 

20 

30 

V/mV 

Tmin  t0  Tmax 

Rl 

=  l  kn 

in 

in 

1U 

V/ttiV 

v/mv 

NOISE/HARMONIC  PERFORMANCE 

Input  Voltage  Noise 

0.1 

Hz  to  10  Hz 

2 

2 

2 

U.V  p-p 

f  = 

10  Hz 

25 

25 

25 

nV/VHz 

f 

100  Hz 

21 

21 

21 

nV/VHz 

• 

1  kHz 

16 

16 

16 

nV/\/Hz 

Input  Current  Noise 

f  = 

10  kHz 

13 

13 

13 

nV/VHz 

0.1 

Hz  to  10  Hz 

18 

18 

18 

f  A  p-p 

f  = 

1  kHz 

0.8 

0.8 

0.8 

fA/VHi 

Harmonic  Distortion 

Rl 

=  10  kn 

f  —  10  kHz 

Vo 

=  ±4.5  V 

— 93 

—93 

—93 

dB 

DYNAMIC  PERFORMANCE 

Unity  Gain  Frequency 

1.9 

1.9 

1.9 

MHz 

Full  Power  Response 

Vo 

p-p  =  9  V 

105 

105 

105 

kHz 

Slew  Rate 

3 

3 

3 

V/u.s 

Settling  Time 

to  0.1% 

Vo 

=  0  V  to  ±4.5  V 

1.4 

1.4 

1.4 

U.S 

to  U.Ulyo 

1.8 

1  R 

1.8 

U,S 

MATCHING  CHARACTERISTICS 

AD822  Only 

Initial  Offset 

1.0 

0.5 

1.6 

mV 

Max  Offset  over  Temperature 

3 

2 

2 

mV 

Offset  Drift 

3 

3 

|xV/°C 

Input  Bias  Currents 

25 

10 

25 

pA 

Crosstalk  @  f  =  1  kHz 

f          l  nr\  t,u_ 

I  —  1UU  KH.Z 

Rl 

=  5kn 

-130 

-130 

-130 

dB 

=59 

dB 

INPUT  CHARACTERISTICS 

Common-Mode  Voltage  Range2 

-5.2 

4 

-5.2 

4 

-5.2 

4 

V 

-5.2 

4 

-5.2 

4 

V 

CMRR(AD82ty 

VCM  =  -5  V  to  +2  V 

66 

80 

72 

80 

dB 

CMRR  (AD822) 

VCm  =  -5  V  to  +2  V 

66 

80 

69 

80 

66 

80 

dB 

Tjyjjj  to  T^^jj 
Input  Impedance 

66 

66 

dB 

1013ll0.5 

1013||0.5 

Differential 

1013l|0.5 

nllpF 

Common  Mode 

10,3||2.8 

10,3||2.8 

1013||2.8 

n||pF 

OUTPUT  CHARACTERISTICS 

Output  Saturation  Voltage3 

Vol-Veb 

Isink  =  20  U.A 

5 

7 

5 

7 

5 

7 

mV 

T"min  to  Tj^^x 

10 

10 

mV 

Vcc-Voh 

^SOURCE  —  20  U.A 

10 

14 

10 

14 

10 

14 

mV 

Tj^jjj  tO  Tj^^j^ 

20 

20 

mV 

Vol-Vee 

Isink  -  2  mA 

40 

55 

40 

55 

40 

-55 

mV 

80 

80 

mV 

Vcc-V0„ 

I  so  urge  -  2  mA 

80 

110 

80 

110 

80 

110 

mV 

'T'min  to  Tjy[j^j^ 

160 

160 

mV 

Vol-Vee 

Isink  -  15  mA 

300 

500 

300 

500 

300 

500 

mV 

^MIN  ^MAX 

1000 

1000 

mV 

Vqq— Vqh 

^source  -15  mA 

800 

1500 

800 

1500 

800 

1500 

mV 

^MIN  ^  "^MAX 

1900 

1900 

mV 

Operating  Output  Current 

15 

15 

15 

mA 

Tmin  t0  TMAX 

12 

12 

12 

mA 

Short  Circuit  Current 

25. 

25 

25 

mA 

Capacitive  Load  Drive 

350 

350 

350 

pF 

POWER  SUPPLY 

Quiescent  Current/ Amplifier 

650 

800 

650 

800 

650 

..  A 

800 

800 

\lA 

Power  Supply  Rejection 

vs 

=  5  V  to  15  V 

70 

80 

66 

80 

80 

dB 

TMIN  t0  TMAX 

70 

66 

dB 
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(¥s  =  ±15  V  @  T,  =  +25°E,  VCH  =  0  V,  V0UT  =  0  V  unless  otherwise  noted) 


Parameter 


AD820A/AD822A 
Min        Typ  Max 


ADS20B/AD822B 
Min        Typ  Max 


AD822S1 
Min       Typ  Max 


DC  PERFORMANCE 
Initial  Offset 

Max  Offset  over  Temperature 

Offset  Drift 
Input  Bias  Current 


Input  Offset  Current 

at  Tmax 
Open-Loop  Gain 

Tmin  to  Tmax 

Tmin  to  Tmax 

Tmin  10  Tmax 


AD820 
AD822 
AD820 
AD822 


Vcm  =  0  V,  AD820 
Vcm  =  0  V,  AD822 
Vcm  =  -10V 
Vcm  =  0V 
AD820 
AD822 


VQ  =  -10  Vto  +10  V 
RL  =  100  kfl 
RL  =  100  kn 
RL  =  10  k« 
RL  =  10  kfl 

rl=  ikn 

R,  =  1  kfl 


500 

500 

100 

100 

30 

20 


0.4 

0.4 

0.5 

0.5 

2.0 

2 

2 

40 

0.5 

2 

2 

0.5 
2000 


45 


2 
2 
3 
3 

25 
25 

5 

20 
20 


NOISE/HARMONIC  PERFORMANCE 
Input  Voltage  Noise 


Input  Current  Noise 

Harmonic  Distortion 
f  =  10  kHz 


500 

500 

100 

100 

30 

20 


0.3 

0.3 

0.5 

0.5 

2.0 

2 

2 

40 

0.5 

2 
2 

0.5 
2000 
500 
45 


1 

1.5 

2 

2.5 

10 
12 

2.5 
10 
12 


500 
100 
30 


0.5 
2.0 

2 

40 

0.5 

2 

1.5 
2000 
500 
45 


20 


0.1  Hz  to  10  Hz 
f  =  10  Hz 
f  =  100  Hz 
f  =  1  kHz 
f  =  10  kHz 
0.1  Hz  to  10  Hz 
f  =  1  kHz 
RL  =  10  kfl 
V0  =  ±10  V 


2 

25 

21 

16 

13 

18 

0.8 


2 

25 

21 

16 

13 

18 

0.8 


2 

25 

21 

16 

13 

18 

0.8 


DYNAMIC  PERFORMANCE 
Unity  Gain  Frequency 
Full  Power  Response 
Slew  Rate 
Settling  Time 

to  0.1% 

to  0.01% 


V0  p-p  =  20  V 
V„  =  0Vto±10V 


1.9 
45 
3 

4.1 
4.5 


1.9 
45 

3 

4.1 

4.5 


1.9 
45 

3 

4.1 
4.5 


MATCHING  CHARACTERISTICS 
Initial  Offset 

Max  Offset  over  Temperature 
Offset  Drift 
Input  Bias  Currents 
Crosstalk  @  f  =  1  kHz 
f  =  100  kHz 


AD822  Only 


RL  =  5  kfl 


2 

2.5 


0.8 
1.0 


-130 
-93 


-130 
-93 


25 


INPUT  CHARACTERISTICS 
Common-Mode  Voltage  Range2 

Tmin  to  Tmax 
CMRR 

Tmtn  t0  Tmax 
Input  Impedance 
Differential 
Common  Mode 


Vcm  =  -15  Vto  +12  V 


-15.2 
-15.2 

3 


14 
14 


-15.2 
-15.2 
74 
74 


10"ll0.5 
10"||2.8 


90 

10"ll0.5 
10I!||2.8 


14 

14 


-15.2 


10,3ll0.5 
1013||2.8 


OUTPUT  CHARACTERISTICS 
Output  Saturation  Voltage3 
Vol-Vee 

Tmin  10  Tmax 
Vcc-Voh 

Tmin  10  Tmax 

Tmin  to  TMAX 

Vcc-Voh 

Tmin  ro  Tmax 
Vol-Vee 

Tmin  to  Tmax 
Vcc~Voh 

Tmin  t0  Tmax 
Operating  Output  Current 

Tmin  W  Tmax 
Short  Circuit  Current 
Capacitive  Load  Drive 


Istnx  *  20  U.A 
Isource  =  20  nA 
Isink  =  2  mA 
I  so  urge  =  2  mA 
ISIN,K  =  15  mA 
'source  =  15  mA 


40 


300 
800 


45 
350 


7 

10 

14 

20 

55 

80 

110 

160 

500 

1000 

1500 

1900 


20 
15 


10 
40 


300 
800 


45 
350 


7 

10 

14 

20 

55 

80 

110 

160 

500 

1000 

1500 

1900 


5  . 

10 

40 

80 

300 

800 


45 
350 


7 

14 

55 

110 

500 

1500 


POWER  SUPPLY 
Quiescent  Current/ Amplifier 

Power  Supply  Rejection 


Tmin  to  TMax 
Vs+  =  5  V  to  15  V 
Tmin  to  Tmax 


700 


900 
900 


700 


900 
900 


70 
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AD820/AD822  -SPECIFICATIONS  iU.V.S'' = +at ""  """" " " — 


AD820A-3V 

AD822A-3V 

Parameter 

Conditions 

Min 

Tvd 

Max 

Min 

Typ 

Max 

Units 



DC  PERFORMANCE 

Initial  Offset 

0.2 

} 

0.2 

1 

mV 

Max  Offset  over  Temperature 

0.5 

1.5 

0.5 

1.5 

mV 

Offset  Drift 

1 

1 

p.V/°C 

Input  Bias  Current 

Vcm  =  0  v  to  +2  V 

2 

25 

2 

25 

pA 

0.5 

5 

0.5 

5 

nA 

Input  Offset  Current 

2 

20 

2 

20 

PA 

Open  Loop  Gain 

VQ 

=  0.2  V  to  2  V 

0.5 

0.5 

nA 

Rl 

=  ioo  kn 

300 

1000 

300 

1000 

V/mV 

1  MIN  10  1  MAX 

Rl 

=  ioo  kn 

400 

300 

V/mV 

Rl 

=  10  kn 

60 

150 

60 

150 

V/mV 

T        Tn  T 
1  MIN  10  1  MAX 

Rl 

=  10  kn 

80 

60 

V/mV 

Rl 

=  l  kn 

10 

30 

10 

30 

V/mV 

T      to  T 

1  MIN  10   1  MAX 

Rl 

=  l  kn 

8 

8  ' 

V/mV 

NOISE/HARMONIC  PERFORMANCE 

Input  Voltage  Noise 

0.1 

Hz  to  10  Hz 

2 

2 

u.V  p-p_ 

f  = 

10  Hz 

25 

25 

nV/VHz 

f  = 

100  Hz 

21 

21 

nV/\/Hz 

f  = 

1  kHz 

16 

16 

11  V  /  y  I  XL 

f  = 

10  kHz 

13 

13 

1 1  *  1  \  ILL 

Input  Current  JNoisc 

0.1 

Hz  to  10  Hz 

18 

18 

fA  n-n 
in  p  p 

f  = 

1  kHz 

0.8 

0.8 

fA  /\/Ft7 

„               •     TV  , 

riarmomc  Distortion 

Rl 

=  10  kn 

f  =  10  kHz 

v0 

=  ±1.25  V 

-92 

-92 

dB 

rww  iuir  pep  pop  m  a mpp 

Unity  Gain  Frequency 

1.5 

1.5 

MHz 

Pull  Pnoupr  D  ponnncp 
r  Uil  ruwci  INCapuHaC 

v0 

p-p  =  2.5  V 

240 

240 

kHz 

OlcW  IS.il  LC 

3 

3 

V/|xs 

Settling  Time 

to  0  1% 

v0 

=  0.2  V  to  2.5  V 

1 

1 

H-s 

to  0.01% 

1.4 

1.4 

u.s 

\A  A  TP  IT  T  XT  Pi  PH1D  APTPPTQTTPC 

initial  v^liaCl 

'  1 

mV 

Max  Offset  over  Temperature 

2 

mV 

l~}ffcor  Thrift 

•jirscL  .unit 

2 

u,v/  \j 

Input  Bias  Currents 

10 

nA 

■"mcct-allr  (n    f  —    1  L-I4v 
V,rOSSldlK  lit   I  —  1  KnZ 

Rl 

-  5  kn 

-130 

dB 

f  —  1  Oil  H-T v 

I  —  I  w  khz 

-93 

dB 

INPUT  CHARACTERISTICS 

■     *«i    '  '" 

Common-Mode  Voltage  Range2 

-0.2 

2 

-0.2 

2 

V 

T      tn  T 

1  MIN  LU  'MAX 

-0.2 

2 

-0.2 

2 

CMRR 

VCM  =  0Vto+lV 

60 

74 

60 

74 

dB 

T...KT  to  T.,.v 

1  MIN  w  1  MAX 

60 

60 

dB 

Input  Impedance 

10l3ll0.5 

nlpF 

Differential 

10"I|0.5 

Common  Mode 

OlnF 

10'3||2.8 

"IIPr 

OUTPUT  CHARACTERISTICS 

Output  Saturation  Voltage3 

Vol- ^ee 

•sink  =  20  uA 

5 

7 

5 

7 

mV 

1"min  t°  TMAX 

10 

10 

mV 

^CC— ^OH 

•source  ~  20  \lA 

10 

14 

10 

14 

mV 

"^"min  *°  ^MAX 

20 

20 

mV 

vOL-vEE 

•sink  _  2  mA 

40 

.55 

40 

55 

mV 

T      rn  T 

1  MIN  10  1  MAX 

80 

80 

mV 

•source  -  2  mA 

80 

110 

80 

110 

mV 

^MIN  t0  "^MAX 

160 

160 

mV 

Vol-Vee 

•sink  =  10  mA 

200 

400 

200 

400 

mV 

T       rn  T 

1  MIN  10  1  MAX 

400 

400 

mV 

Vcc-VOH 

•source  —  10  tnA 

500 

1000 

500 

1000 

mV 

T       rn  T 

1  MIN  Lu  1  MAX 

1000 

1000 

m  v 

Operating  Output  Current 

15 

15 

mA 

Tmin  t0  ^MAX 

12 

12 

mA 

Short  Circuit  Current 

25 

25 

mA 

Capacitive  Load  Drive 

350 

350 

PF 

POWER  SUPPLY 

;'.>;.'  v'' 

Quiescent  Current/ Amplifier 

620 

800 

620 

800 

MIN  ^0  1  MAX 

800 

800 

M-A 

Power  Supply  Rejection 

70 

80 

66 

80 

dB 

Tm 

n  to  TMAX 

70 

66 

dB 
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NOTES 

'See  standard  military  drawing  for  883B  s. 

2This  is  a  functional  specification.  Amplifier  bandwidth  decreases  when  the  input  common-mode  voltage  is  driven  in  the  range  (+VS  -1  V)  to  +VS.  Common- 
mode  error  voltage  is  typically  less  than  5  mV  with  the  common-mode  voltage  set  at  1  volt  below  the  positive  supply. 

3VOL-VEE  is  defined  as  the  difference  between  the  lowest  possible  output  voltage  (VOL)  and  the  minus  voltage  supply  rail  (VEE). 
Vcc-Voh  is  clefmed  as  ^  difference  between  the  highest  possible  output  voltage  (VOH)  and  the  positive  supply  voltage  (Vcc). 
Specifications  subject  to  change  without  notice. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD820  and  AD822  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18  V 

Internal  Power  Dissipation 

Plastic  DIP  (N)  Observe  Derating  Curves 

Cerdip  (Q)   Observe  Derating  Curves 

SOIC  (R)  Observe  Derating  Curves 

Input  Voltage   (+VS  +  0.2  V)  to  -  (20  V  +  Vs) 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  ±30  V 

Storage  Temperature  Range  (N)  -65°C  to  +  125°C 

Storage  Temperature  Range  (Q)  — 65°C  to  +  150°C 

Storage  Temperature  Range  (R)  -65°C  to  +150°C 

Operating  Temperature  Range 

AD820A/B  -40°C  to  +85°C 

AD822A/B  -40°C  to  +85°C 

AD822S  -55°C  to  +  125°C 

Lead  Temperature  Range 

(Soldering  60  sec)  +260°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  DIP  Package:  e,A  =  90°C/Watt 
8-Pin  Cerdip  Package:  8JA  =  110°C/Watt 
8-Pin  SOIC  Package:  8JA  =  160°C/Watt 

MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the  AD820 
or  AD822  is  limited  by  the  associated  rise  in  junction  tempera- 
ture. For  plastic  packages,  the  maximum  safe  junction  tempera- 
ture is  145°C.  For  the  cerdip  packages,  the  maximum  junction 
temperature  is  175°C.  If  these  maximums  are  exceeded  momen- 
tarily, proper  circuit  operation  will  be  restored  as  soon  as  the  die 
temperature  is  reduced.  Leaving  the  device  in  the  "overheated" 
condition  for  an  extended  period  can  result  in  device  burnout. 
To  ensure  proper  operation,  it  is  important  to  observe  the  derat- 
ing curves  shown  in  Figure  24. 

While  the  AD820  and  AD822  are  internally  short  circuit  pro- 
tected, this  may  not  be  sufficient  to  guarantee  that  the  maxi- 
mum junction  temperature  is  not  exceeded  under  all  conditions. 
With  power  supplies  ±  12  volts  (or  less)  at  an  ambient  tempera- 
ture of  +25°C  or  less,  if  the  output  node  is  shorted  to  a  supply 
rail,  then  the  amplifier  will  not  be  destroyed,  even  if  this  condi- 
tion persists  for  an  extended  period. 


ORDERING  GUIDE 


Model1 


AD820AN 

AD820BN 

AD820AR 

AD820BR 

AD820AR-3V 

AD820AN-3V 

AD822AN 
AD822BN 
AD822AR 
AD822BR 
AD822AR-3V 
AD822AN-3V 
AD822A  Chips 
Standard  Military 
Drawing3 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +S5°C 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40-C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 


-55°Cto+l 


Package 
Description 


NOTES 


8-Pin  Plastic  Mini-DIP 

8-Pin  Plastic  Mini-DIP 

8-Pin  SOIC 

8-Pin  SOIC 

8-Pin  SOIC 

8-Pin  Plastic  Mini-DIP 

8-Pin  Plastic  Mini-DIP 
8-Pin  Plastic  Mini-DIP 
8-Pin  SOIC 
8-Pin  SOIC 
8-Pin  SOIC 

8-Pin  Plastic  Mini-DIP 
Die 

8-Pin  Cerdip 

J 


'AD822  Spice  model  is  available  on  ADI  Model  Disc. 
2For  outline  information  see  Package  Information  section. 
'Contact  factory  for  availability. 

METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 

OUTPUT2  -IN2 


Package 
Option2 


N-8 
N-8 
R-8 
R-8 
R-8 
N-8 

N-8 
N-8 
R-8 
R-8 
R-8 
N-8 


Q-8 


0.0657 
(1.67) 


2  3 
-IN1  »IN1 


  0.1276   

(3.24) 

NOTE:  BACK  OF  DIE  IS  AT  *VS  POTENTIAL. 
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AD820/AD822 —Typical  Characteristics 


rf  _ 


0 


-flj    -0.2    -0.1       0      0.1      02     0.3     0.4  0.5 
OFFSET  VOLTAGE  -  mV 


Figure  la.  AD820  Typical  Distribution  of  Offset  Voltage 
(248  Units) 


S  30 
s 

D 

20 
10 


n  rf 


ifk 


-0.5   -0.4   -0.3   -0.2   -0.1      0      0.1     0.2     0.3     0.4  0.5 
OFFSET  VOLTAGE -mV 

figure  7i>.  AD822  Typical  Distribution  of  Offset  Voltage 
(390  Units) 


ii 

Mil 


■  VS==5V  . 

m  v.  =  ±i5v 


IE 

1 1 1  ■  ■  r. 


-12   -10    -8     -6     -4     -2      0      2      4      6      S  10 
OFFSET  VOLTAGE  DRIFT  -  MV/°C 

Figure  2b.  AD822  Typical  Distribution  of  Offset  Voltage 
Drift  (100  Units) 

■ 


40 

CO  35 

U. 

s» 

l» 

3 

*  15 
10 


i  n- 

 c 

n 

3  4  5  6  7  8 
INPUT  BIAS  CURRENT  -  pA 


Figure  3.  Typical  Distribution  of  Input  Bias  Current 
(213  Units) 


i 

■  Vs 

±5V 
=  i15V 

I 

■I 

Mi 

I 

-4-202468  10 
OFFSET  VOLTAGE  DRIFT  -  yWC 


Figure  2a.  AD820  Typical  Distribution  of  Offset  Voltage 
Drift  (120  Units) 


1 

I 


V_  =  0V,  +5V  AN  D  ±5V 


-3-2      -1        0        1  2345 
COMMON-MODE  VOLTAGE  -  V 

jure  4.  Input  Bias  Current  vs.  Common-Mode 


Vs  =  +5V0V  and  Vs  =  ±5  V 

i 
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1k  I  I  I  I  I  I  I  I  I  10M 


Figure  5.  Input  Bias  Current  vs.  Common-Mode  Figure  7b.  AD822  Open-Loop  Gain  vs.  Load  Resistance 

Voltage;  Vs  =  ±15  V 


Figure  7a.  AD820  Open-Loop  Gain  vs.  Load  Resistance  Figure  9.  Input  Error  Voltage  vs.  Output  Voltage  for 

Resistive  Loads 
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Figure  10.  Input  Error  Voltage  with  Output  Voltage  within  Figure  13.  Open-Loop  Gain  and  Phase  Margin  vs. 

300  mV  of  Either  Supply  Rail  for  Various  Resistive  Loads;  Frequency 
Vs  =  ±5  V 


Figure  12.  Total  Harmonic  Distortion  vs.  Frequency  Figure  15.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  16.  Common-Mode  Rejection  vs.  Frequency 
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-55" 

-10  12  3 

COMMON-MODE  VOLTAGE  FROM  SUPPLY  RAILS  -  Volts 

Figure  17.  Absolute  Common-Mode  Error  vs.  Common- 
Mode  Voltage  from  Supply  Rails  (Vs  -  VCM) 


0.1  1 
LOAD  CURRENT  -  mA 


Figure  18.  Output  Saturation  Voltage  vs.  Load  Current 


Figure  19.  Output  Saturation  Voltage  vs.  Temperature 


 ' — 

-60    -40    -20      0       20      40      60      80      100     120  140 
TEMPERATURE  - °C 

Figure  20.  Short  Circuit  Current  Limit  vs.  Temperature 


12  16  20  24  20 
TOTAL  SUPPLY  VOLTAGE  -  Volts 


Figure  21.  Quiescent  Current  vs.  Supply  Voltage  vs. 
Temperature 
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AD820/AD822— Typical  Characteristics 


Figure  25.  Crosstalk  vs.  Frequency  (AD822) 

Figure  22b.  AD822  Power  Supply  Rejection  vs.  Frequency 


Figure  27.  20  V  p-p,  25  kHz  Sine  Wave  Input;  Unity  Gain 
Follower;  RL  =  600  Si,  Vs  =  ±15  V 
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20V  p-p 


8        ^  ^ 


OUT 

o 


20k!i  2.2ks; 


CROSSTALK  =  20  LOG 


n 


V  V 


Figure  28.  Crosstalk  Test  Circuit 


Figure  29.  Large  Signal 
Vs  =  ±15  V,  RL  =  10  kO 


Unity  Gain  Follower; 


Figure  30.  Small  Signal  Response  Unity  Gain  Follower; 
Vs  =  ±15  V,  RL  =  10  kil 


AD820/AD822 


Figure  31.  Vs  =  +5V,  0  V;  Unity  Gain  Follower 
Response  to  0  V  to  4  V  Step 


Figure  32.  Unity-Gain  Follower 


VOUT 


f1> 

Figure  33.  Gain  of  Two  Inverter 


Figure  34.  Vs  =  +5V,0  V;  Unity  Gain  Follower 
Response  to  OVto  5  V  Step 
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Figure  35.  Vs  =  +5V,0  V;  Unity  Gain  Follower  Response, 
to  40  mVStep  Centered 40  mV  Above  Ground,  RL  =  10  kfl 


Figure  36.  Vs  =  +5V,  0  V;  Gain  of  Two  Inverter  Response 
to  20  mVStep,  Centered  20  mV  Below  Ground,  RL  =  10  kfl 


Figure  37.  Vs  =  +5V,  0  V;  Gain  of  Two  Inverter  Response 
to  2.5  V  Step  Centered  - 1.25  V  Below  Ground,  RL  =  10  kO 


Figure  38.  Vs  =  3  V,  0  V;  Gain  of  Two  Inverter,  VIN  =  1.25  V, 
25  kHz,  Sine  Wave  Centered  at  -0.75  V,  RL  =  600  (1 


Figure  39.  (a)  Response  with  RP  =  0;  VIN  from  0  to  +VS 
(b)  VIN  =  0to  +  VS  +  200  mV,  VOUT  =  0  to  + 
RP  =  49.9  kil 
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APPLICATION  NOTES 
INPUT  CHARACTERISTICS 

In  the  AD820  and  AD822,  n-channel  JFETs  are  used  to  provide 
a  low  offset,  low  noise,  high  impedance  input  stage.  Minimum 
input  common-mode  voltage  extends  from  0.2  V  below  —  Vs  to 
1  V  less  than  +VS.  Driving  the  input  voltage  closer  to  the  posi- 
tive rail  will  cause  a  loss  of  amplifier  bandwidth  (as  can  be  seen 
by  comparing  the  large  signal  responses  shown  in  Figures  3 1 
and  34)  and  increased  common-mode  voltage  error  as  illustrated 
in  Figure  17. 

The  AD820  and  AD822  do  not  exhibit  phase  reversal  for  input 
voltages  up  to  and  including  +VS.  Figure  39a  shows  the 
response  of  a  voltage  follower  to  a  0  V  to  +5  V  (+VS)  square 
wave  input.  The  input  and  output  are  superimposed.  The  out- 
put tracks  the  input  up  to  +VS  without  phase  reversal.  The 
reduced  bandwidth  above  a  4  V  input  causes  the  rounding  of 
the  output  wave  form.  For  input  voltages  greater  than  +VS,  a 
resistor  in  series  with  the  noninverting  input  will  prevent  phase 
reversal,  at  the  expense  of  greater  input  voltage  noise.  This  is 
illustrated  in  Figure  39b. 

Since  the  input  stage  uses  n-channel  JFETs,  input  current  dur- 
ing normal  operation  is  negative;  the  current  flows  out  from  the 
input  terminals.  If  the  input  voltage  is  driven  more  positive  than 
+VS  -  0.4V,  the  input  current  will  reverse  direction  as  internal 
device  junctions  become  forward  biased.  This  is  illustrated  in 
Figure  4. 

A  current  limiting  resistor  should  be  used  in  series  with  the  in- 
put of  the  AD820  or  AD822  if  there  is  a  possibility  of  the  input 
voltage  exceeding  the  positive  supply  by  more  than  300  mV,  or 
if  an  input  voltage  will  be  applied  to  the  AD820  or  AD822  when 
±VS  =  0.  The  amplifier  will  be  damaged  if  left  in  that  condi- 
tion for  more  than  10  seconds.  A  1  kfl  resistor  allows  the  ampli- 
fier to  withstand  up  to  10  volts  of  continuous  overvoltage,  and 
increases  the  input  voltage  noise  by  a  negligible  amount. 

Input  voltages  less  than  -Vs  are  a  completely  different  story. 
The  amplifier  can  safely  withstand  input  voltages  20  volts  below 
the  minus  supply  voltage  as  long  as  the  total  voltage  from  the 
positive  supply  to  the  input  terminal  is  less  than  36  volts.  In 
addition,  the  input  stage  typically  maintains  picoamp  level  input 
currents  across  that  input  voltage  range. 


s 100 


I      I      I  I 

WHENEVER  JOHNSON  NOISE  IS  GREATER  THAN 
AMPLIFIER  NOISE,  AMPLIFIER  NOISE  CAN  BE 
-CONSIDERED  NEGLIGIBLE  FOR  APPLICATION. 


RESISTOR  JOHNSON 
NOISE  > 


1M  10M         100M  1G 

SOURCE  IMPEDANCE  -  Q 


The  AD820  and  AD822  are  designed  for  13  nV/VHz  wideband 
input  voltage  noise  and  maintain  low  noise  performance  to  low 
frequencies  (refer  to  Figure  11).  This  noise  performance,  along 
with  the  low  input  current  and  current  noise  means  that  the 
AD820  and  AD822  contribute  negligible  noise  for  applications 
with  source  resistances  greater  than  10  kfl  and  signal  band- 
widths  greater  than  1  kHz.  This  is  illustrated  in  Figure  40. 

OUTPUT  CHARACTERISTICS 

The  AD820/AD822's  unique  bipolar  rail-to-rail  output  stage 
swings  within  5  mV  of  the  minus  supply  and  10  mV  of  the  posi- 
tive supply  with  no  external  resistive  load.  The  approximate  out- 
put saturation  resistance  is  40  fl  sourcing  and  20  fl  sinking. 
This  can  be  used  to  estimate  output  saturation  voltage  when 
driving  heavier  current  loads.  For  instance,  when  sourcing 
5  mA,  the  saturation  voltage  to  the  positive  supply  rail  will  be 
200  mV,  when  sinking  5  mA,  the  saturation  voltage  to  the 
minus  rail  will  be  100  mV. 

The  amplifier's  open-loop  gain  characteristic  will  change  as  a 
function  of  resistive  load,  as  shown  in  Figures  7  through  10.  For 
load  resistances  over  20  kfl,  the  AD820/AD822's  input  error 
voltage  is  virtually  unchanged  until  the  output  voltage  is  driven 
to  180  mV  of  either  supply. 

If  the  AD820/AD822's  output  is  overdriven  so  as  to  saturate 
either  of  the  output  devices,  the  amplifier  will  recover  within  2 
|xs  of  its  input  returning  to  the  amplifier's  linear  operating 
region. 

Direct  capacitive  loads  will  interact  with  the  amplifier's  effective 
output  impedance  to  form  an  additional  pole  in  the  amplifier's 
feedback  loop,  which  can  cause  excessive  peaking  on  the  pulse 
response  or  loss  of  stability.  Worst  case  is  when  the  amplifier  is 
used  as  a  unity  gain  follower.  Figure  41  shows  the  AD820/ 
AD822's  pulse  response  as  a  unity  gain  follower  driving  350  pF. 
This  amount  of  overshoot  indicates  approximately  20  degrees  of 
phase  margin— the  system  is  stable,  but  is  nearing  the  edge. 
Configurations  with  less  loop  gain,  and  as  a  result  less  loop 
bandwidth,  will  be  much  less  sensitive  to  capacitance  load 
effects.  Figure  42  is  a  plot  of  capacitive  load  that  will  result  in  a 
20  degree  phase  margin  versus  noise  gain  for  the  AD820/ 
AD822.  Noise  gain  is  the  inverse  of  the  feedback  attenuation 
factor  provided  by  the  feedback  network  in  use. 


Figure  41.  Small  Signal  Response  of  AD820/AD822  as 
Unity  Gain  Follower  Driving  350  pF  Capacitive  Load 


Figure  40.  Total  Noise  vs.  Source  Impedance 


REV- 0  OPERATIONAL  AMPLIFIERS  9-183 


AD820/AD822 


Ik  3k  10k 

CAPAC1T1VE  LOAD  FOR  20°  PHASE  h 


Figure  42.  Capacitive  Load  Tolerance  vs.  Noise  Gain 

Figure  43  shows  a  method  for  extending  capacitance  load  drive 
capability  for  a  unity  gain  follower.  With  these  component  val- 
ues, the  circuit  will  drive  5,000  pF  with  a  10%  overshoot. 

+v, 

.  0.01  tiF 


Figure  43.  Extending  Unit] 
Capability  Beyond  350  pF 


icitive  Load 


OFFSET  VOLTAGE  ADJUSTMENT 

The  AD820's  offset  voltage  is  low,  so  external  offset  voltage 
nulling  is  not  usually  required.  Figure  44  shows  the  recom- 
mended technique  for  AD820's  packaged  in  plastic  DIPs. 
Adjusting  offset  voltage  in  this  manner  will  change  the  offset 


Figure  44.  AD820  Offset  Null 

voltage  temperature  drift  by  4  uA7°C  for  every  millivolt  of 
induced  offset.  The  null  pins  are  not  functional  for  AD820s  in 
the  SO-8  "R"  package. 


APPLICATIONS  -  AD820 

Single  Supply  Half- Wave  and  Full-Wave  Rectifiers 

An  AD820  configured  as  a  unity  gain  follower  and  operated 
with  a  single  supply  can  be  used  as  a  simple  half-wave  rectifier. 
The  AD820's  inputs  maintain  picoamp  level  input  currents  even 
when  driven  well  below  the  minus  supply.  The  rectifier  puts 
that  behavior  to  good  use,  maintaining  an  input  impedance  of 
over  10ufl  for  input  voltages  from  1  volt  from  the  positive  sup- 
ply to  20  volts  below  the  negative  supply. 

The  full  and  half-wave  rectifier  shown  in  Figure  45  operates  as 
follows:  when  VIN  is  above  ground,  Rl  is  bootstrapped  through 
the  unity  gain  follower  Al  and  the  loop  of  amplifier  A2.  This 
forces  the  inputs  of  A2  to  be  equal,  thus  no  current  flows 
through  Rl  or  R2,  and  the  circuit  output  tracks  the  input. 
When  VIN  is  below  ground,  the  output  of  Al  is  forced  to 
ground.  The  noninverting  input  of  amplifier  A2  sees  the  ground 
level  output  of  Al,  therefore  A2  operates  as  a  unity  gain 
inverter.  The  output  at  node  C  is  then  a  full-wave  rectified  ver- 
sion of  the  input.  Node  B  is  a  buffered  half-wave  rectified  ver- 
sion of  the  input.  Input  voltages  up  to  ±  18  volts  can  be 
rectified,  depending  on  the  voltage  supply  used. 


AD820  FULL-WAVE 

RECTIFIED  OUTPUT 


HALF-WAVE 
RECTIFIED  OUTPUT 


Figure  45.  AD820  Single  Supply  Half-  and  Full-Wave 
Rectifier 

4.5  Volt  Low  Dropout,  Low  Power  Reference 

The  rail-to-rail  performance  of  the  AD820  can  be  used  to  pro- 
vide low  dropout  performance  for  low  power  reference  circuits 
powered  with  a  single  low  voltage  supply.  Figure  46  shows  a 
4.5  volt  reference  using  the  AD820  and  the  AD680,  a  low  power 
2.5  volt  bandgap  reference.  R2  and  R3  set  up  the  required  gain 
of  1.8  to  develop  the  4.5  volt  output.  Rl  and  C2  form  a  low- 
pass  RC  filter  to  reduce  the  noise  contribution  of  the  AD680. 
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Figure  46.  AD820  Single  Supply  4.5  Volt  Low  Dropout 
Reference 

With  a  1  mA  load,  this  reference  maintains  the  4.5  volt  output 
with  a  supply  voltage  down  to  4.7  volts.  The  amplitude  of  the 
recovery  transient  for  a  1  mA  to  10  mA  step  change  in  load  cur- 
rent is  under  20  mV,  and  settles  out  in  a  few  microseconds. 
Output  voltage  noise  is  less  than  10  jjlV  rms  in  a  25  kHz  noise 
bandwidth. 

Low  Power  Three-Pole  Sallen  Key  Low-Pass  Filter 

The  AD820's  high  input  impedance  makes  it  a  good  selection 
for  active  filters.  High  value  resistors  can  be  used  to  construct 
low  frequency  filters  with  capacitors  much  less  than  1  u.F.  The 
AD820's  picoamp  level  input  currents  contribute  minimal  dc 
errors. 

Figure  47  shows  an  example,  a  10  Hz  three-pole  Sallen  Key  Fil- 
ter. The  high  value  used  for  Rl  minimizes  interaction  with  sig- 
nal source  resistance.  Pole  placement  in  this  version  of  the  filter 
minimizes  the  Q  associated  with  the  two-pole  section  of  the  fil- 
ter. This  eliminates  any  peaking  of  the  noise  contribution  of 
resistors  Rl,  R2,  and  R3,  thus  minimizing  the  inherent  output 
voltage  noise  of  the  filter. 


APPLICATIONS-AD822 

Single  Supply  Voltage-to-Frequency  Converter 

The  circuit  shown  in  Figure  48  uses  the  AD822  to  drive  a  low 
power  timer,  which  produces  a  stable  pulse  of  width  tt.  The 
positive  going  output  pulse  is  integrated  by  Rl-Cl  and  used  as 
one  input  to  the  AD822,  which  is  connected  as  a  differential 
integrator.  The  other  input  (nonloading)  is  the  unknown  volt- 
age) VIN.  The  AD822  output  drives  the  timer  trigger  input, 
closing  the  overall  feedback  loop. 


|  v*  > — VA- 


0V  TO  2.5V 

FULL  SCALE     &  _|_ 
0.0VF,  2% 


C4. 
0.01nF 


NOTES: 

'OUT  ■  V|„/<VREFt,),  t,  =  1.1*R3'C6 
=  25kHz  fs  AS  SHOWN. 

*  =  1%  METAL  FILM,  <50ppnV°C  TC 
"  •  10%,  20T  FILM,  <100ppntf"C  TC 
t,  ■  33i.s  FOR  f0UT  •  20kHz  ®  VIN  •  2.0V 

Figure  48.  Single  Supply  Voltage-to-Frequency  Converter 

Typical  AD822  bias  currents  of  2  pA  allow  megaohm-range 
source  impedances  with  negligible  dc  errors.  Linearity  errors  on 
the  order  of  0.01%  full  scale  can  be  achieved  with  this  circuit. 
This  performance  is  obtained  with  a  5  volt  single  supply  which 
delivers  less  than  1  mA  to  the  entire  circuit. 

Single  Supply  Programmable  Gain  Instrumentation  Amplifier 

The  AD822  can  be  configured  as  a  single  supply  instrumenta- 
tion amplifier  that  is  able  to  operate  from  single  supplies  down 
to  3  V,  or  dual  supplies  up  to  ±  15  V.  Using  only  one  AD822 
rather  than  three  separate  op  amps,  this  circuit  is  cost  and 
power  efficient.  AD822  FET  inputs'  2  pA  bias  currents  mini- 
mize offset  errors  caused  by  high  unbalanced  source  impedances. 

Table  I.  AD822  In  Amp  Performance 


10 

FREQUENCY  -  Hz 

Figure  47.  AD820  10  Hz  Sallen  Key  Low-Pass  Filter 


Parameters 

Vs  =  3  V,  0  V 

Vs  =  ±5  V 

CMRR 

74  dB 

80  dB 

Common-Mode 

Voltage  Range 

-0.2  V  to  +2  V 

-5.2  V  to  +4V 

3  dB  BW,  G  =  10 

180  kHz 

180  kHz 

G  =  100 

18  kHz 

18  kHz 

^SETTLING 

2VStep(Vs  =  0V,  3  V) 

2  |xs 

5V(VS=  ±5V) 

5  u.s 

Noise  @  f  =  1  kHz,  G  =  10 

270  nV/VHz 

270  nV/VHz 

G  =  100 

2.2  u-V/VHz 

2.2  u-V/VHz 

Supply  (Total) 

1.10  mA 

1.15  mA 
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An  array  of  precision  thin-film  resistors  sets  the  in  amp  gain  to  be 
either  10  or  100.  These  resistors  are  laser-trimmed  to  ratio  match 
to  0.01%,  and  have  a  maximum  differential  TC  of  5  ppm/°C. 


Figure  49a.  Pulse  Response  of  In  Amp  to  a  500  mV  p-p 
Input  Signal;  Vs  =  +5V,  0  V;  Gain  =  10 


I    R1         R2         R3         R4        R5  R6 

+  c>-4-,^v-fA^^--Y--^^VY-Vvv-f-^M--t--^^^^ 

1k 
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1k!i  Rp 

v,N2  o  Wv- 


1k!2 


 1 


OHMTEK 
PART  #  1043 


V 


(G=10)    V0UT  =  (VIN1-V,N2)(U 


R6 


T..i)*v"EF 

(G  =100)    V0UT  =  (VIN,  -VIN2>  (H-5^55  )  *VnEF 
FOR  R1  =  R6,  R2  =  R5,  AND  R3  =  R4 


Figure  49b.  A  Single  Supply  Programmable 
Instrumentation  Amplifier  . 

3  Volt,  Single  Supply  Stereo  Headphone  Driver 

The  AD822  exhibits  good  current  drive  and  THD+N  perfor- 
mance, even  at  3  V  single  supplies.  At  1  kHz,  total  harmonic 
distortion  plus  noise  (THD+N)  equals  -62  dB  (0.079%)  for  a 
300  mV  p-p  output  signal.  This  is  comparable  to  other  single 
supply  op  amps  which  consume  more  power  and  cannot  run  on 
3  V  power  supplies. 

In  Figure  50,  each  channel's  input  signal  is  coupled  via  a  1  u.F 
Mylar  capacitor.  Resistor  dividers  set  the  dc  voltage  at  the  non- 
inverting  inputs  so  that  the  output  voltage  is  midway  between 
the  power  supplies  (+1.5  V).  The  gain  is  1.5.  Each  half  of  the 
AD822  can  then  be  used  to  drive  a  headphone  channel.  A  5  Hz 
high-pass  filter  is  realized  by  the  500  u.F  capacitors  and  the 
headphones,  which  can  be  modeled  as  32  ohm  load  resistors  to 
ground.  This  ensures  that  all  signals  in  the  audio  frequency 
range  (20  Hz-20  kHz)  are  delivered  to  the  headphones. 


CHANNEL  1  O 


illliF  ={=0.1j.F 

V  V 


CHANNEL  2  O 


Figure  50.  3  Volt  Single  Supply  Stereo  Headphone  Driver 

. 

Low  Dropout  Bipolar  Bridge  Driver 

The  AD822  can  be  used  for  driving  a  350  ohm  Wheatstone 
bridge.  Figure  5 1  shows  one  half  of  the  AD822  being  used  to 
buffer  the  AD589— a  1.235  V  low  power  reference.  The  output 
of  +4.5  V  can  be  used  to  drive  an  A/D  converter  front  end.  The 
other  half  of  the  AD822  is  configured  as  a  unity-gain  inverter, 
and  generates  the  other  bridge  input  of  -4.5  V.  Resistors  Rl 
and  R2  provide  a  constant  current  for  bridge  excitation.  The 
AD620  low  power  instrumentation  amplifier  is  used  to  condition 
the  differential  output  voltage  of  the  bridge.  The  gain  of  the 
AD620  is  programmed  using  an  external  resistor  RG,  and  deter- 
mined by: 


q  si  49,4  kCl  +  i 


Ot5V 


"FT  TT  V 

 •  •  0-5V 


Figure  51.  Low  Dropout  Bipolar  Bridge  Driver 
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High  Speed,  Low  Power 
Dual  Operational  Amplifier 


AD826 


FEATURES 
High  Speed: 

50  MHz  Unity  Gain  Bandwidth 

350  V/us  Slew  Rate 

70  ns  Settling  Time  to  0.01% 
Low  Power: 

7.5  mA  Max  Power  Supply  Current  Per  Amp 
Easy  to  Use: 

Drives  Unlimited  Capacitive  Loads 

50  mA  Min  Output  Current  Per  Amplifier 

Specified  for  +5  V,  ±5  V  and  ±15  V  Operation 

2.0  V  p-p  Output  Swing  into  a  150  fi  Load 
(Vs  =  +5  V) 
Good  Video  Performance 

Differential  Gain  &  Phase  Error  of  0.07%  &  0.11° 
Excellent  DC  Performance: 

2.0  mV  Max  Input  Offset  Voltage 

APPLICATIONS 
Unity  Gain  ADC/DAC  Buffer 
Cable  Drivers 

8-  and  10-Bit  Data  Acquisition  Systems 
Video  Line  Driver 


Active  Filters 


PRODUCT  DESCRIPTION 

The  AD826  is  a  dual,  high  speed  voltage  feedback  op  amp.  It  is 
ideal  for  use  in  applications  which  require  unity  gain  stability 
and  high  output  drive  capability,  such  as  buffering  and  cable 
driving.  The  50  MHz  bandwidth  and  350  V/u.s  slew  rate  make 
the  AD826  useful  in  many  high  speed  applications  including: 
video,  CATV,  copiers,  LCDs,  image  scanners  and  fax  machines. 


HP  PULSE 
GENERATOR 


TEKTRONIX 

TEKTRONIX 

P6201  FET 

7A24  FET 

PROBE 

CONNECTION  DIAGRAM 
8-Pin  Plastic  Mini-DIP  and  SO  Package 


fc- 


*IN1 

V- 


E 


AD826  ^ 


3 

3 
3 


v+ 

OUT2 
-IN2 


♦  IN2 


The  AD826  features  high  output  current  drive  capability  of 
50  mA  min  per  amp,  and  is  able  to  drive  unlimited  capacitive 
loads.  With  a  low  power  supply  current  of  15  mA  max  for  both 
amplifiers,  the  AD826  is  a  true  general  purpose  operational 
amplifier. 

The  AD826  is  ideal  for  power  sensitive  applications  such  as 
video  cameras  and  portable  instrumentation.  The  AD826  can 
operate  from  a  single  +5  V  supply,  while  still  achieving  25  MHz 
of  bandwidth.  Furthermore  the  AD826  is  fully  specified  from  a 
single  +5  V  to  ±15  V  power  supplies. 

The  AD826  excels  as  an  ADC/DAC  buffer  or  active  filter  in 
data  acquisition  systems  and  achieves  a  settling  time  of  70  ns  to 
0.01%,  with  a  low  input  offset  voltage  of  2  mV  max.  The 
AD826  is  available  in  small  8-pin  plastic  mini-DIP  and  SO 


Driving  a  Large  Capacitive  Load 
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(@  T,  =  +25°C, 


otherwise  noted) 


— 


Min  Typ 


Max 


Unity  Gain  Bandwidth 
Bandwidth  for  0.1  dB  Flatness 


Full  Power  Bandwidth1 


Slew  Rate 

Settling  Time  to  0.1% 
to  0.01% 


Gain  =  +1 


Vout  =  5  V  p-p 
Rload  =  500  n 
Vout  =  20  V  p-p 
Rload  =  1  kfl 
Rload  =  1  ^fl 
Gain  =  -1 

-2.5  V  to  +2.5  V 

0  V-10  V  Step,  Av  =  -1 

-2.5  V  to +2.5  V 

0  V-10  V  Step,  Av  =  -1 


±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 

±5  V 

±15  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
±5  V 
±15  V 


30 
45 
25 
10 
25 
10 


200 
300 
150 


35 
50 
29 
20 
55 
20 

15.9 

5.6 

250 

350 

200 

45 

45 

70 

70 


NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Input  Voltage  Noise 
Input  Current  Noise 
Differential  Gain  Error 
(Rl  =  150  O) 


Differential  Phase  Error 


(Rl  =  150  O) 


Fc  =  1  MHz 
f  =  10  kHz 
f  =  10  kHz 
NTSC 
Gain  =  +2 

NTSC 
Gain  =  +2 


±15  V 

±5  V,  ±15  V 
±5  V,  ±15  V 
±15  V 
±5  V 
0,  +5  V 
±15  V 
±5  V 
0,  +5  V 


-78 

15 

1.5 

0.07 

0.12 

0.15 

0.11 

0.12 

0.15 


0.1 
0.15 


0.15 
0.15 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
Input  Bias  Current 

I 

1 

Input  Offset  Current 

Offset  Current  Drift 
Open-Loop  Gain 


,  toTv 


"MIN 
TMAX 

TMIN  10  TW 

Vout  = 
Rload  : 
Tmin  10  Tmax 
Rload  =  150  n 
Vout  =  ±10  V 
^load  =  1  kfi 
Tmin  t0  TmaX 
VOUT  =  ±7.5  V 

rload  =  150  fl  (50  mA  Output) 


±2.5  V 
500  n 


±5Vto±15V 
±5V,  ±15  V 
±5  V,  ±15  V 
±5  V 

±15  V 
±15  V 


0.5 

2 

mV 

mV 

10 

t 

(iV/°C 

3.3 

6.6 

uA 

10 

fiA 

4.4 

uA 

25 

200 

nA 

500 

nA 

0.3 

nA/°C 

2 

1.5 
1.5 

3.5 

2 


3 

6 

5 


INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 
Input  Common-Mode  Voltage  R 


Common-Mode  Rejection  Ratio 


vcm  -  ±2-5  V,  Tmhj-Tmax 
Vcm=  ±12  V 

Tmin  to  tmax  


±5  V 

±15  V 

0,  +5  V 

±5  V 
±15  V 
±15  V 


+3.8 
-2.7 
+  13 
-12 
+3.8 
+  1.2 
80 
86 


300 

1.5 

+4.3 

-3.4 

+  14.3 

-13.4 

+4.3 

+0.9 

100 

120 

100 
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Parameter 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 


Short-Circuit  Current 
Output  Resistance 


Conditions 


Rload  =  500  n 
Rload  =  150  n 

i  kn 
soon 

500  SI 


Rload 
R, 


M.OAD 


Open  Loop 


±5  V 
±5  V 
±15  V 
±15  V 
0,  +5  V 

±15  V 
±5  V 
0,  +5  V 
±15  V 


Min      Typ       Max  Units 


3.3 

3.2 

13.3 

12.8 

+  1.5, 

+  3.5 

50 

50 

30 


3.8 
3.6 
13.7 
13.4 


90 
8 


±V 
±V 

±v 
±v 

V 

mA 
mA 
mA 
mA 
SI 


MATCHING  CHARACTERISTICS 
Dynamic 
Crosstalk 

Gain  Flatness  Match 
Slew  Rate  Match 
DC 

Input  Offset  Voltage  Match 
Input  Bias  Current  Match 
Open-Loop  Gain  Match 

Common-Mode  Rejection  Ratio  Match 
Power  Supply  Rejection  Ratio  Match 


f  =  5  MHz 

G=  +1,  f  =  40  MHz 

G  =  -1 


1  MIN- 1  MAX 

Tmin~Tmax 

V0  =  ±10  V, 

Tmin~Tmax 


i  kn, 


VCM=  ±12  V,T, 


MIN    1  MAX 


bl5  V 
tl5  V 
tl5  V 

fc5  V  to  ±15  V 
t5  Vto  ±15  V 

bl5  V 
tlSV 


±5  Vto  ±15  V,  WTm 


0.15 

80 

80 


-80 

0.2 

10 

0.5 
0.06 

0.01 
100 
100 


2 

0.8 


dB 
dB 

V/u.s 

mV 
p-A 

mV/V 

dB 

dB 


POWER  SUPPLY 
Operating  Range 


Quiescent  Current/Amplifier 


Power  Supply  Rejection  Ratio 


Dual  Supply 
Single  Supply 

Tmin  to  Tjvlax 

Tmin  10  Tmax 

Vs=  ±5  Vto  ±15  V,l 


±5  V 
±5  V 
±15  V 
±15  V 


jtoT 


MAX 


±2.5 
+  5 


75 


6.6 


6.8 
86 


±18 

+36 

7.5 

7.5 

7.5 

7.5 


V 
V 

mA 
mA 
mA 
mA 


NOTE 

'Full  power  bandwidth  =  slew  rate/2  it  Vpeak. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±  18  V 

Internal  Power  Dissipation2 

Plastic  (N)   See  Derating  Curves 

Small  Outline  (R)   See  Derating  Curves 

Input  Voltage  (Common  Mode)    ±VS 

Differential  Input  Voltage   ±6V 

Output  Short  Circuit  Duration  .  See  Derating  Curves 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  seconds)  ....  +300°C 
NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

Specification  is  for  device  in  free  air:  8-pin  plastic  package,  9JA  =  100°C/watt; 
8-pin  SOIC  package,  6JA  =  155°C/watt. 

ORDERING  GUIDE 


ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD826  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD826AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD826AR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD826AR-REEL 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

•For  outline  information  see  Package  Information  section. 
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AD826— Typical  Characteristics 


S  7-2 


*85"C 

+25°C 

-40"C 

S  10  15  20 

SUPPLY  VOLTAGE  -  ±  Volts 

Figure  1.  Common-Mode  Voltage  Range  vs.  Supply 


SUPPLY  VOLTAGE  -  iVolts 

. 

Figure  4.  Quiescent  Supply  Current  per  Amp  vs.  Supply 
Voltage  for  Various  Temperatures 

■ 

■ 


10  15 
SUPPLY  VOLTAGE  -  ±Volts 


Figure  2.  Output  Voltage  Swing  vs.  Supply 


SUPPLY  VOLTAGE  -  *Voll8 

Figure  5.  Slew  Rate  vs.  Supply  Voltage 
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TEMPERATURE  -  °C  FREQUENCY  -  Hz 

Figure  7.  Input  Bias  Current  vs.  Temperature  Figure  10.  Open-Loop  Gain  and  Phase  Margin 

vs.  Frequency 
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100k  1M 
FREQUENCY  -  Hz 


Figure  13.  Common-Mode  Rejection  vs.  Frequency 


FREQUENCY  -  Hz 

Figure  14.  Large  Signal  Frequency  Response 
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Figure  15.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  16.  Harmonic  Distortion  vs.  Frequency 
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Figure  17.  Input  Voltage  Noise  Spectral  Density 
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Figure  18.  Slew  Rate  vs.  Temperature 
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Figure  19.  Closed-Loop  Gain  vs.  Frequency 
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Figure  22.  Closed-Loop  Gain  vs.  Frequency,  Gain  =  - 1 
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Figure  20.  Differential  Gain  and  Phase  vs.  Supply  Voltage 
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Figure  23.  Gain  Flatness  Matching  vs.  Supply, 
G  =  +  1 
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Figure  21.  Crosstalk  vs.  Frequency 


RL  =  150Q  FOR  ±VS  >  5V,  1kQ  FOR  ±VS  =  15V 
USE  GROUND  PLANE 

PINOUT  SHOWN  IS  FOR  MINIDIP  PACKAGE 

Figure  24.  Crosstalk  Test  Circuit 
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AD826— Typical  Characteristics 
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Figure  25.  Noninverting  Amplifier  Configuration 
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figure  30.  Inverting  Amplifier  Configuration 
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7A24 




SV  J 

1 

5V 

Figure  31.  Inverting  Large  Signal  Pulse  Response, 
RL  =  1  k{l 


Figure  32.  Inverting  Large  Signal  Pulse  Response, 
RL  =  750  n 


Figure  33.  Inverting  Small  Signal  Pulse  Response, 
RL  =  1  kil 


Figure  34.  Inverting  Small  Signal  Pulse  Response, 
RL  =  150  n 
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THEORY  OF  OPERATION 

The  AD826  is  a  low  cost,  wide  band,  high  performance  dual 
operational  amplifier  which  can  drive  heavy  capacitive  and  resis- 
tive loads.  It  also  achieves  a  constant  slew  rate,  bandwidth  and 
settling  time  over  its  entire  specified  temperature  range. 

The  AD826  (Figure  35)  consists  of  a  degenerated  NPN  differen- 
tial pair  driving  matched  PNPs  in  a  folded-cascode  gain  stage. 
The  output  buffer  stage  employs  emitter  followers  in  a  class  AB 
amplifier  which  delivers  the  necessary  current  to  the  load  while 
maintaining  low  levels  of  distortion. 


NULL  1  NULL  8 


Figure  35.  Simplified  Schematic 

The  capacitor,  CF,  in  the  output  stage  mitigates  the  effect  of 
capacitive  loads.  With  low  capacitive  loads,  the  gain  from  the 
compensation  node  to  the  output  is  very  close  to  unity.  In  this 
case,  CF  is  bootstrapped  and  does  not  contribute  to  the  overall 
compensation  capacitance  of  the  device.  As  the  capacitive  load  is 
increased,  a  pole  is  formed  with  the  output  impedance  of  the 
output  stage.  This  reduces  the  gain,  and  therefore,  CF  is  incom- 
pletely bootstrapped.  Effectively,  some  fraction  of  CF  contrib- 
utes to  the  overall  compensation  capacitance,  reducing  the  unity 
gain  bandwidth.  As  the  load  capacitance  is  further  increased,  the 
bandwidth  continues  to  fall,  maintaining  the  stability  of  the 
amplifier. 


INPUT  CONSIDERATIONS 

An  input  protection  resistor  (RIN  in  Figure  25)  is  required  in 
circuits  where  the  input  to  the  AD826  will  be  subjected  to  tran- 
sient or  continuous  overload  voltages  exceeding  the  ±6  V  maxi- 
mum differential  limit.  This  resistor  provides  protection  for  the 
input  transistors  by  limiting  their  maximum  base  current. 

For  high  performance  circuits,  it  is  recommended  that  a  "bal- 
ancing" resistor  be  used  to  reduce  the  offset  errors  caused  by 
bias  current  flowing  through  the  input  and  feedback  resistors. 
The  balancing  resistor  equals  the  parallel  combination  of  RIN 
and  RF  and  thus  provides  a  matched  impedance  at  each  input 
terminal.  The  offset  voltage  error  will  then  be  reduced  by  more 
than  an  order  of  magnitude. 

APPLYING  THE  AD826 

The  AD826  is  a  breakthrough  dual  amp  that  delivers  precision 
and  speed  at  low  cost  with  low  power  consumption.  The  AD826 
offers  excellent  static  and  dynamic  matching  characteristics,  com- 
bined with  the  ability  to  drive  heavy  resistive  and  capacitive  loads. 

As  with  all  high  frequency  circuits,  care  should  be  taken  to  main- 
tain overall  device  performance  as  well  as  their  matching.  The 
following  items  are  presented  as  general  design  considerations. 
Circuit  Board  Layout 

Input  and  output  runs  should  be  laid  out  so  as  to  physically  isolate 
them  from  remaining  runs.  In  addition,  the  feedback  resistor  of 
each  amplifier  should  be  placed  away  from  the  feedback  resistor  of 
the  other  amplifier,  since  this  greatly  reduces  inter-amp  coupling. 
Choosing  Feedback  and  Gain  Resistors 
In  order  to  prevent  the  stray  capacitance  present  at  each  amplifier's 
summing  junction  from  limiting  its  performance,  the  feedback 
resistors  should  be  s  1  kfi.  Since  the  summing  junction  capaci- 
tance may  cause  peaking,  a  small  capacitor  (1-5  pF)  may  be  par- 
alleled with  Rf  to  neutralize  this  effect.  Finally,  sockets  should 
be  avoided,  because  of  their  tendency  to  increase  interlead 
capacitance. 

Power  Supply  Bypassing 

Proper  power  supply  decoupling  is  critical  to  preserve  the  integ- 
rity of  high  frequency  signals.  In  carefully  laid  out  designs, 
decoupling  capacitors  should  be  placed  in  close  proximity  to  the 
supply  pins,  while  their  lead  lengths  should  be  kept  to  a  mini- 
mum. These  measures  gready  reduce  undesired  inductive  effects 
on  the  amplifier's  response. 

Though  two  0.1  u.F  capacitors  will  typically  be  effective  in 
decoupling  the  supplies,  several  capacitors  of  different  values 
can  be  paralleled  to  cover  a  wider  frequency  range. 
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±  SINGLE  SUPPLY  OPERATION 

An  exciting  feature  of  the  AD826  is  its  ability  to  perform  well  in 
a  single  supply  configuration  (see  Figure  37).  The  AD826  is  ide- 
ally suited  for  applications  that  require  low  power  dissipation 
and  high  output  current  and  those  which  need  to  drive  large  capac- 
itive  loads,  such  as  high  speed  buffering  and  instrumentation. 

Referring  to  Figure  36,  careful  consideration  should  be  given  to 
the  proper  selection  of  component  values.  The  choices  for  this 
particular  circuit  are:  (R1+  R3)||R2  combine  with  CI  to  form  a 
low  frequency  corner  of  approximately  30  Hz. 


R3  and  C2  reduce  the  effect  of  the  power  supply  changes  on  the 

output  by  low  pass  filtering  with  a  corner  at  .  ,?  _  . 

The  values  for  RL  and  CL  were  chosen  to  demonstrate  the 
AD826's  exceptional  output  drive  capability.  In  this  configura- 
tion, the  output  is  centered  around  2.5  V.  In  order  to  eliminate 
the  static  dc  current  associated  with  this  level,  C3  was  inserted 
in  series  with  RL. 


Figure  37.  Single  Supply  Pulse  Response,  G  =  +  1, 
RL  =  150  O,  CL=200pF 


Figure  36.  Single  Supply  Amplifier  Configuration 


PARALLEL  AMPS  PROVIDE  100  mA  TO  LOAD 

By  taking  advantage  of  the  superior  matching  characteristics  of 
the  AD826,  enhanced  performance  can  easily  be  achieved  by 
employing  the  circuit  in  Figure  38.  Here,  two  identical  cells  are 
paralleled  to  obtain  even  higher  load  driving  capability  than  that 
of  a  single  amplifier  (100  mA  min  guaranteed).  Rl  and  R2  are 
included  to  limit  current  flow  between  amplifier  outputs  that 
would  arise  in  the  presence  of  any  residual  mismatch. 


1  VvV 


Figure  38.  Parallel  Amp  Configuration 
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SINGLE-ENDED  TO  DIFFERENTIAL  LINE  DRIVER 

Outstanding  CMRR  (>80  dB  @  5  MHz),  high  bandwidth,  wide 
supply  voltage  range,  and  the  ability  to  drive  heavy  loads,  make 
the  AD826  an  ideal  choice  for  many  line  driving  applications.  In 
this  application,  the  AD830  high  speed  video  difference  amp 
serves  as  the  differential  line  receiver  on  the  end  of  a  back  ter- 
minated, 50  ft.,  twisted-pair  transmission  line  (see  Figure  40). 
The  overall  system  is  configured  in  a  gain  of  + 1  and  has  a 
-3  dB  bandwidth  of  14  MHz.  Figure  39  is  the  pulse  response 
with  a  2  V  p-p,  1  MHz  signal  input. 


Figure  39.  Pulse  Response 

.OliiF 


Figure  40.  Differential  Line  Driver 


LOW  DISTORTION  LINE  DRIVER 

The  AD826  can  quickly  be  turned  into  a  powerful,  low  distor- 
tion line  driver  (see  Figure  41).  In  this  arrangement  the  AD826 
can  comfortably  drive  a  75  fl  back-terminated  cable,  with  a 
5  MHz,  2  V  p-p  input;  all  of  this  while  achieving  the  harmonic 
distortion  performance  outlined  in  the  following  table. 


- 

■ 


Configuration 



2nd  Harmonic 

1.  No  Load 

2.  150  a  RL  Only 

3.  150  a  RL  7.5  Rc 

-78.5  dBm 
-63.8  dBm 
-70.4  dBm 

In  this  application  one  half  of  the  AD826  operates  at  a  gain  of 
2.1  and  supplies  the  current  to  the  load,  while  the  other  pro- 
vides the  overall  system  gain  of  2.  This  is  important  for  two  rea- 
sons: the  first  is  to  keep  the  bandwidth  of  both  amplifiers  the 
same,  and  the  second  is  to  preserve  the  AD826's  ability  to  oper- 
ate from  low  supply  voltages.  Rc  varies  with  the  load  and  must 
be  chosen  to  satisfy  the  following  equation: 

Rc  =  MRL, 

where  M  is  defined  by  [(M+l)  Gs  =  GD]  and  GD  =  Driver's 
Gain,  Gs  -  System  Gain. 


Figure  41.  Low  Distortion  Amplifier 
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HIGH  PERFORMANCE  ADC  BUFFER 

Figure  42  is  a  schematic  of  a  12-bit  high  speed  analog-to-digital 
converter.  The  AD826  dual  op  amp  takes  a  single  ended  input 
and  drives  the  AD872  A/D  convener  differentially,  thus  reduc- 
ing 2nd  harmonic  distortion.  Figure  43  is  a  FFT  of  a  1  MHz 
input,  sampled  at  10  MHz  with  a  THD  of  -78  dB.  The  AD826 
can  be  used  to  amplify  low  level  signals  so  that  the  entire  range 
of  the  converter  is  used.  The  ability  of  the  AD826  to  perform 
on  a  ±5  volt  supply  or  even  with  a  single  5  volts  combined  with 
its  rapid  settling  time  and  ability  to  deliver  high  current  to  com- 
plicated loads  make  it  a  very  good  flash  A/D  converter  buffer  as 
well  as  a  very  useful  general  purpose  building  block. 


AD826 


-9ir 


Figure  42.  A  Differential  Input  Buffer  for  High  Bandwidth 
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Figure  43.  FFT,  Buffered  A/D  Converter 
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FEATURES 
HIGH  SPEED 

50  MHz  Unity  Gain  Stable  Operation 
300  V/|xs  Slew  Rate 
120  ns  Settling  Time 
Drives  Unlimited  Capacitive  Loads 

EXCELLENT  VIDEO  PERFORMANCE 
0.04%  Differential  Gain  @  4.4  MHz 
0.19°  Differential  Phase  @  4.4  MHz 

GOOD  DC  PERFORMANCE 
2  mV  max  Input  Offset  Voltage 
15  uV/°C  Input  Offset  Voltage  Drift 
Available  in  Tape  and  Reel  in  Accordance  with 
EIA-481 A  Standard 

LOW  POWER 

Only  10  mA  Total  Supply  Current  for  Both  Amplifiers 
±5Vto  ±15  V! 


PRODUCT  DESCRIPTION 

The  AD827  is  a  dual  version  of  Analog  Devices'  industry- 
standard  AD847  op  amp.  Like  the  AD847,  it  provides  high 
speed,  low  power  performance  at  low  cost.  The  AD827  achieves 
a  300  V/u.s  slew  rate  and  50  MHz  unity-gain  bandwidth  while 
consuming  only  100  mW  when  operating  from  ±5  volt  power 
supplies.  Performance  is  specified  for  operation  using  ±5  V  to 
±15  V  power  supplies. 

The  AD827  offers  an  open-loop  gain  of  3,500  V/V  into  500  fi^ 
loads.  It  also  features  a  low  input  voltage  noise  of  15  nV/\/Hz, 
and  a  low  input  offset  voltage  of  2  mV  maximum.  Common- 
mode  rejection  ratio  is  a  minimum  of  80  dB.  Power  supply 
rejection  ratio  is  maintained  at  better  than  20  dB  with  input  fre- 
quencies as  high  as  1  MHz,  thus  niinimizing  noise  feedthrough 
from  switching  power  supplies. 

The  AD827  is  also  ideal  for  use  in  demanding  video  applica- 
tions, driving  coaxial  cables  with  less  than  0.04%  differential 
gain  and  0.19°  differential  phase  errors  for  643  mV  p-p  into  a 
75  ft  reverse  terminated  cable. 

The  AD827  is  also  useful  in  multichannel,  high  speed  data  con- 
version systems  where  its  fast  (120  ns  to  0.1%)  settling  time  is  of 
importance.  In  such  applications,  the  AD827  serves  as  an  input 
buffer  for  8-bit  to  10-bit  A/D  converters  and  as  an  output  ampli- 
fier for  high  speed  D/A  converters. 


CONNECTION  DIAGRAMS 

8-Pin  Plastic  (N)  and  Cerdip  16-Pin  Small  Outline 

(Q)  Packages  (R)  Package 

p;  )_, 

■0 

I  NC 


20-Pin  LCC  (E)  Package 


m  [T  "Tlv.  r  i«]  oun 

nc  [T  i7ji> 
v-  |T  13]  \ 

nc  [T  i7|  > 


9    10  11   12  13 
NC  =  NO  CONNECT  ™ 

APPLICATION  HIGHLIGHTS 

1.  Performance  is  fully  specified  for  operation  using  ±5  V  to 
±15  V  supplies. 

2.  A  0.04%  differential  gain  and  0.19°  differential  phase  error  at 
the  4.4  MHz  color  subcarrier  frequency,  together  with  its 
low  cost,  make  it  ideal  for  many  video  applications. 

3.  The  AD827  can  drive  unlimited  capacitive  loads,  while  its 
30  mA  output  current  allows  50  ft  and  75  ft  reverse- 
terminated  loads  to  be  driven. 

4.  The  AD827's  50  MHz  unity-gain  bandwidth  makes  it  an 
ideal  candidate  for  multistage  active  filters. 

5.  The  AD827  is  available  in  8-pin  plastic  mini-DIP  and  cerdip, 
20-pin  LCC,  and  16-pin  SOIC  packages.  Chips  and  MIL- 
STD-883B  processing  are  also  available. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


9-200   OPERATIONAL  AMPLIFIERS 


REV.  B 


(@  T,  =  +25°C,  unless  otherwise  noted) 


AD827J 

AD827A/S 

Model 

Conditions 

Vs 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DC  PERFORMANCE 

Input  Offset  Voltage1 

±5  V 

0.5 

2 

0.3 

2  syttfl 

mv 

T^  to  T™, 

3.5 

4 

mV 

±15  V 

4 

4 

mV 

T„j„  to  TTO> 

6 

6 

mV 

Offset  Voltage  Drift 

±5  V  to 

±15 

V 

15 

15 

liVfC 

lll^JUl  Dido  V^UliClll 

±5  V  to 

±15 

V 

3.3 

7 

3.3 

7 

uA 

T  toT 

8.2 

9.5 

uA 

Input  Offset  Current 

±5  Vto 

±15 

V 

50 

300 

50 

300 

nA 

400 

400 

nA 

Offset  Current  Drift 

±5  V  to 

±15 

V 

0.5 

0.5 

nATC 

ritnunnn-Mndf  Rt*i(*rrion  Ratio 

V^„  =*2  5  V 

'CM  » 

±5  V 

78 

95 

80 

95 

dB 

Vr-U  =  +  12  V 
T  CM          "  T 

±15  V 

78 

95 

80 

95 

dB 

T     to  T 

1  min  lu  1  max 

±5  V  to 

±15 

V 

75 

75 

dB 

Power  Supply  Rejection  Ratio 

±5  Vto 

±15 

V 

75 

86 

75 

86 

dB 

T,,^  to  T„„ 

72 

72 

dB 

Open-Loop  Gain 

V0  =  ±2.5  V 

±5  V 

Rload  =  500  11 

2 

3.5 

2 

3.5 

V/mV 

T„,n  to  Tm 

1 

1 

V/mV 

Rload  =  150  fl 

1.6 

1.6 

V/mV 

VOUT  =  ±  10  V 

±15  V 

Rload  =  1  kfi 

a 

D 

e  e 
J.  J 

a 
3 

C  C 
J.  J 

V/mV 

1  nji,,  10  1  ma„ 

i  5 

1.5 

V/mV 

MATCHING  CHARACTERISTICS 

Input  Offset  Voltage 

±5  V 

0.4 

u.z 

mV 

Crosstalk 

f  =  5  MHz 

±5  V 

85 

85 

dB 

DYNAMIC  PERFORMANCE 

• 

Unity-Gain  Bandwidth 

±5V 

35 

35 

MHz 

±15  V 

50 

MHz 

Full  Power  Bandwidth2 

V„=5V  D-D, 

R,       =  500  n 

±5  V 

12.7 

li.f 

MHz 

.Till/. 

V«  =  20  V  d-d 

^LOAD  =  1  kH 

±15  V 

4.7 

4.7 

Slew  Rate3 

Rload  =  500  0 

R-LOAD  =  1  Wl 

±5  V 
±15  V 

200 
300 

200 
300 

Settling  Time  to  0.1% 

Av  =  -1 

—£.J  V  tO  +  Z.J  V 

±3  V 

BO 

65 

ns 

-5  V  to  +5  V 

±15  V 

120 

120 

ns 

Phase  Margin 

CLOAD  =  10  PF 

±15  V 

Rload  =  1  kft 

50 

50 

Degrees 

Differential  Gain  Error 

I  —  4.4  iviriz 

+  15  y 

0  04 

0.04 

% 

Differential  Phase  Error 

I  —  4.4  MHZ 

±  15  V 

0. 19 

0.19 

Degrees 

Input  Voltage  Noise 

f  =  10  kHz 

±15  V 

15 

15 

nV/VHz 

Input  Current  Noise 

f  =  10  kHz 

±15  V 

1.5 

1.5 

pAA/Hz 

Input  Common-Mode 

Voltage  Range 

±5  V 

+4.3 

+4.3 

V 

-3.4 

-3.4 

V 

±15  V 

+  14.3 

+  14.3 

V 

— 13.4 

-13.4 

V 

Output  Voltage  Swing 

Rload  =  500  fl 

±5  V 

3.0 

3.6 

3.0 

3.6 

±V 

Rload  =  150  fl 

±5  V 

2.5 

3.0 

2.5 

3.0 

±v 

Rload  =  1  kft 

±15  V 

12 

13.3 

12 

13.3 

±v 

Rload  =  500  fl 

±15  V 

10 

12.2 

10 

12.2 

±v 

Short-Circuit  Current  Limit 

±5  Vto 

±15 

V 

32 

32 

mA 

INPUT  CHARACTERISTICS 

Input  Resistance 

300 

300 

kfi 

Input  Capacitance 

1.5 

1.5 

pF 

OUTPUT  RESISTANCE 

Open  Loop 

15 

15 

n 
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AD827 


-  ■ 


AD827J 
Min  Typ 


AD827A/S 
Min      Typ  Max 


Units 



mA 
mA 
mA 
mA 


POWER  SUPPLY 
Operating  Range 


±4.5 


T„^,  to  Tm 
T„i„  to  Tm 


fc5  V 
±15  V 


10 


10.5 


±18 

13 

16 

13.5 

16.5 


±4.5 


10 


10.5 


±18 
13 

16.5/17.5 

13.5 

17/18 


TRANSISTOR  COUNT 





92 


 1 — 


92 


'Offset  voltage  for  the  AD827  is  guaranteed  after  power  is  applied  and  the 


equipment,  approximately  1  second  after  power  is 
2Full  Power  Bandwidth  =  Slew  Rate/2-ir  VPEAK. 
3Gain=  +1,  rising  edge. 
All  min  and  max  specifications  are  guarant« 
Specifications  subject  to  change  without  notice. 


device  is  fully  warmed  up.  All 


±18  V 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation2 

Plastic  (N)  Package  (Derate  at  10  mW/°C)   1.5  W 

Cerdip  (Q)  Package  (Derate  at  8.7  mW/°C)  1.3  W 

Small  Outline  (R)  Package  (Derate  at  10  mW/°C)  ....  1.5  W 

LCC  (E)  Package  (Derate  at  6.7  mW/°C)  1.0  W 

Input  Common  Mode  Voltage  ±VS 

Differential  Input  Voltage  6  V 

Output  Short  Circuit  Duration3   Indefinite 

Storage  Temperature  Range  (N,  R)  -65SC  to  +  125°C 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Operating  Temperature  Range 

AD827J  0  to  +70°C 

AD827A  -40°C  to  +85°C 

AD827S  -55°Cto  +  125°C 

Lead  Temperature  Range 
(Soldering  to  60  sec)   300°C 


using  high  speed  test 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  may  affect  device  reliability. 
2Maximum  internal  power  dissipation  is  specified  so  that  T,  does  not 
+  175°C  at  an  ambient  temperature  of  +25°C. 
Thermal  Characteristics: 
Mini-DIP:  9JA  =  100°C/w~att;  6,c  4  33°C/Watt 
Cerdip:  eJA  =  110"C/Watt;  9,c  =  30°C/Watt 
16-Pin  Small  Outline  Package:  9JA  =  100°C/Watt 
20-Pin  LCC:  9JA  =  150°C/Watt;  9,c  =  35"C/Watt 


.  short  circuit  cluration  is  ( 
i  power  rating  is  not  exceec 


■  permissible  as  long  as  the  absolute 


ORDERING  GUIDE 

Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD827JN 

0  to  +70°C 

8-Pin  Plastic  DIP 

N-8 

AD827JR 

0  to  +70°C 

16-Pin  Plastic  SO 

R-16 

AD827AQ 

-40°C  to  +  85°C 

8-Pin  Cerdip 

Q-8 

AD827SQ 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

AD827SQ/883B 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

5962-921 1701MPA 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

AD827SE/883B 

-55°C  to  +125X 

20-Pin  LCC 

E-20A 

5962-921 1701M2A 

-55°C  to  +125°C 

20-Pin  LCC 

E-20A 

AD827JR-REEL 

0  to  +70°C 

Tape  &  Reel 

AD827JChips 

0  to  +70°C 

Die 

AD827SChips 

-55°C  to  +125°C 

Die 

•For  outline  information  see  Package  Information  section. 


0.054 
11.371 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
Substrate  is  connected  to  V+. 
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ANALOG 


Dual,  Low  Power 
Video  Op  Amp 


AD828 


FEATURES 

Excellent  Video  Performance 

Differential  Gain  &  Phase  Error  of  0.01%  &  0.05° 
High  Speed 

130  MHz  3  dB  Bandwidth  (G  =  +2) 

450  V/(is  Slew  Rate 

80  ns  Settling  Time  to  0.01% 
Low  Power 

15  mA  Max  Power  Supply  Current 
High  Output  Drive  Capability: 

50  mA  Minimum  Output  Current  per  Amplifier 

Ideal  for  Driving  Back  Terminated  Cables 
Flexible  Power  Supply 

Specified  for  +5  V,  ±5  V  and  ±15  V  Operation 

±3.2  V  min  Output  Swing  into  a  150  11  Load 
(Vs  =  ±5  V) 
Excellent  DC  Performance 

2.0  mV  Input  Offset  Voltage 
Available  in  8-Pin  SOIC  and  8-Pin  Plastic  Mini-DIP 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD828  is  a  low  cost,  dual  video  op  amp  optimized  for  use 
in  video  applications  which  require  gains  of  +2  or  greater  and 
high  output  drive  capability,  such  as  cable  driving.  Due  to  its 
low  power  and  single  supply  functionality,  along  with  excellent 
differential  gain  and  phase  errors,  the  AD828  is  ideal  for  power 
sensitive  applications  such  as  video  cameras  and  professional 
video  equipment. 

With  video  specs  like  0.1  dB  flatness  to  40  MHz  and  low  differ- 
ential gain  and  phase  errors  of  0.01%  and  0.05°,  along  with 
50  mA  of  output  current  per  amplifier,  the  AD828  is  an  excel- 
lent choice  for  any  video  application.  The  130  MHz  gain  band- 
width and  450  V/u.s  slew  rate  make  the  AD828  useful  in  many 
high  speed  applications  including:  video  monitors,  CATV,  color 
copiers,  image  scanners  and  fax  machines. 


AD828  Video  Line  Driver 


■ 


■ 


The  AD828  is  fully  specified  for  operation  with  a  single  +5  V 
power  supply  and  with  dual  supplies  from  ±5  V  to  ±15  V.  This 
power  supply  flexibility,  coupled  with  a  very  low  supply  current 
of  15  mA  and  excellent  ac  characteristics  under  all  power  supply 
conditions,  make  the  AD828  the  ideal  choice  for  many  demand- 
ing yet  power  sensitive  applications. 

The  AD828  is  a  voltage  feedback  op  amp  which  excels  as  a  gain 
stage  (gains  >  +  2)  or  active  filter  in  high  speed  and  video  sys- 
tems and  achieves  a  settling  time  of  45  ns  to  0.1%,  with  a  low 
input  offset  voltage  of  2  mV  max. 

The  AD828  is  available  in  low  cost,  small  8-pin  plastic  mini- 
DIP  and  SOIC  packages. 
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AD828— SPECIFICATIONS 


(@  T,  =  +25°C,  unless  otherwise  noted) 





— 


Mill 


Max 


DYNAMIC  PERFORMANCE 


-3  dB  Bandwidth 


■ 


Bandwidth  for  0. 1  dB  Flatness 


Full  Power  Bandwidth1 
Slew  Rate 

Settling  Time  to  0.1% 
to  0.01% 


Gain  =  +2 


Gain  =  - 1 


Gain  =  +2 
Cc  =  1  pF 

Gain  =  — 1 
Cc=  lpF 

Vout  =  5  V  p-p 

R-load  =  500  n 

VOUT  =  20Vp-p 

RlOAD  =  1  kfl 
R-LOAD  =  1  kfl 

Gain  =  - 1 

-2.5  V  to  +2.5  V 
0-10  V  Step,  Av  =  - 1 
-2.5  V  to +2.5  V 
0-10  V  Step,  Av  =  -1 


±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
0,  +5  V 

±5  V 

±15  V 
±5  V 
±15  V 
0,  +5  V 
±5  V 
±15  V 
±5  V 
±15  V 


60 
100 
30 
35 
60 


85 
130 
45 
55 
90 


20  35 


30 
30 
10 
15 
30 
10 


300 
400 
200 


43 
40 
18 
25 
50 
19 

22.3 


MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 


MHz 


7.2 
350 
450 
250 
45 
45 
80 
80 


MHz 

Wilis 

Wlia 

Wilis 

ns 

ns 

ns 

ns 


NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Input  Voltage  Noise 
Input  Current  Noise 
Differential  Gain  Error 
(RL  =  150  fl) 

Differential  Phase  Error 
(RL  =  150  fl) 


Fc  =  1  MHz 
f  =  10  kHz 
f  =  10  kHz 
NTSC 
Gain  =  +2 

NTSC 
Gain  =  +2 


±15  V 

±5  V,  ±15  V 
±5  V,  ±15  V 
±15  V 
±5  V 
0,  +5  V 
±15  V 
±5  V 
0,  +5  V 


-78 

10 

1.5 

0.01 

0.02 

0.08 

0.05 

0.07 

0.1 


0.02 
0.03 


0.09 
0.1 


dB 

nV/VHz 
pA/VHz 


Degrees 
Degrees 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
Input  Bias  Current 

Input  Offset  Current 


Offset  Current  Drift 
Open  Loop  Gain 


TMin  10  TMax 

Tmin 
Tmax 

Tmin  10  TMax 

VOUT  =  ±2.5  V 
Rload  =  500  n 
Tmin  10  T*max 
Rload  =  150  fl 
VOUT=  ±10V 
Rload  =  ^ 
Tmin  t0  ^max 
Vout  =  ±7.5  V 

Rload  =  150  fl  (50  mA  Output) 


±5  V,  ±15  V 
±5V,  ±15  V 
±5  V,  ±15  V 
±5  V 

±15  V 
±15  V 


3 
2 
2 

5.5 
2.5 


0.5 

2 

3 

10 

3.3 

6.6 

10 

4.4 

25 

200 

500 

0.3 


mV 

mV 

u.V/°C 

ISA 

MA 

u.A 

nA 

nA 

nA/°C 

V/mV 
V/mV 
V/mV 

V/mV 
V/mV 

V/mV 


INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 

Input  Common-Mode  Voltage  Range 


Common-Mode  Rejection  Ratio 


VCM  =  +2.5  V,  TM1N-TMAX 
Vcm=  ±12  V 


,  toT 


MAX 




+5  V 

±15  V 

0,  +5  V 

±5  V 
±15  V 
±15  V 


+  3.8 

-2.7 

+  13 

-12 

+3.8 

+  1.2 

82 

86 

84 


300 

1.5 

+4.3 

-3.4 

+  14.3 

-13.4 

+4.3 

+0.9 

100 

120 

100 


kfi 

pF 

V 

V 

V 

V 

V 

V 

dB 

dB 

dB 
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Conditions 


Min 


AD828 
TyP 


Max 


AD828 


Units 


OUTPUT  CHARACTERISTICS 
Output  i 


Output  Current 

Short-Circuit  Current 
Output  Resistance 

MATCHING  CHARACTERISTICS 


»u»d  =  500  II 
Rload=  15011 

Rl.OAD  ~  1  Ml 

Rload  =  500  S! 
Rload  =  500  II 


Open  Loop 


±5  V 
±5V 
±15  V 
±15  V 

0,  +5  V 
±15  V 
±5  V 
0,  +5  V 
±15  V 


3.3 

3.2 

13.3 

12.8 

+  1.5, 

+3.5 

50 

40 

30 


3.8 
3.6 
13.7 
13.4 


90 
8 


±V 
±V 
±V 
±V 

±v 

mA 
mA 
mA 
mA 

n 


Dynamic 
Crosstalk 

Gain  Flatness  Match 
Skew  Rate  Match 
DC 

Input  Offset  Voltage  Match 
Input  Bias  Current  Match 
Open-Loop  Gain  Match 

Common-Mode  Rejection  Ratio  Match 
Power  Supply  Rejection  Ratio  Match 


f  =  5  MHz 

G  =  +l,f  =  40  MHz 

G=-l 

T  T 
1  MIN-1  MAX 

VQ=  —  10  V,  RL  =  lkQ 

Tmin~Tmax 
^cm  =  - 12  V,  TMIN-TMAX 
±5Vto±15V,  TM1N-TMAX 


1 15  V 
tl5  V 
1 15  V 

fcS  V,  ±15  V 
tS  V,  ±15  V 

1 15  V 
1 15  V 


2 

0.8 


0.15 


dB 
dB 

V/us 

mV 
mA 

mV/V 

dB 

dB 


POWER  SUPPLY 
Operating  Range 

Quiescent  Current 


Power  Supply  Rejection  Ratio 


Dual  Supply 
Single  Supply 

Tmin  10  Tmax 
1"min  t0  1"max 

Vs=±5Vto±15V,TM1N-TMAX 


±5V 
±5  V 
±5  V 


±2.5 
+  5 


80 


±18 

V 

+  36 

V 

14.0 

15 

mA 

14.0 

15 

mA 

15 

mA 

90 

dB 

NOTES 

'Full  power  bandwidth  =  slew  rate/2  tt  Vpeak. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2 

Plastic  DIP  (N)   See  Derating  Curves 

Small  Outline  (R)  See  Derating  Curves 

Input  Voltage  (Common  Mode)  ±VS 

Differential  Input  Voltage  ±6  V 

Output  Short  Circuit  Duration  See  Derating  Curves 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  seconds)    ....  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

Specification  is  for  device  in  free  air: 

8-Pin  Plastic  DIP  Package:  8,A  =  lOOX/Watt 
8-Pin  SOIC  Package:  8JA  =  155°C/Watt 


ORDERING  GUIDE 


Model 

Temperature 

Package 
Description 

Package 
Option* 

Range 

AD828AN 
AD828AR 
AD828AR-REEL 

-40°C  to  +  85°C 
-40°Cto  +85°C 
-40°Cto  +85°C 

8-Pin  Plastic  DIP 
8-Pin  Plastic  SOIC 
8-Pin  Plastic  SOIC 

N-8 
R-8 
R-8 

*For  outline  information  see  Package  Information  section. 
2.0 


-50  -40  -30  -20  -10    0    10    20    30    40    50    60    70    80  90 
AMBIENT  TEMPERATURE  -  "C 

Maximum  Power  Dissipation  vs.  Temperature  for  Different 
Package  Types 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD828  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  4.  Quiescent  Supply  Current  per  Amp  vs.  Supply 
Voltage  for  Various  Temperatures 
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Figure  2.  Output  Voltage  Swing  vs.  Supply  Voltage 
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Figure  .5.  Slew  Rate  vs.  Supply  Voltage 
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Figure  3.  Output  Voltage  Swing  vs.  Load  Resistance 
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Figure  7.  Input  Bias  Current  vs.  Temperature 
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Figure  11.  Open-Loop  Gain  vs.  Load  Resistance 
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Figure  12.  Power  Supply  Rejection  vs.  Frequency 
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AD828— Typical  Characteristics 
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Figure  13.  Common-Mode  Rejection  vs.  Frequency 


Figure  14.  Large  Signal  Frequency  Response 
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Figure  15.  Output  Swing  and  Error  vs.  Settling  Time 
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Figure  18.  Slew  Rate  vs.  Temperature 
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Figure  19.  Closed-Loop  Gain  vs.  Frequency 
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Figure  20.  Differential  Cain  and  Phase  vs.  Supply  Voltage 
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Figure  21.  Crosstalk  vs.  Frequency 
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Figure  22.  Closed-Loop  Gain  vs.  Frequency,  G  =  - 1 
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Figure  23.  Gain  Flatness  Matching  vs.  Supply,  G  =  +2 
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Figure  24.  Crosstalk  Test  Circuit 
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AD828— Typical  Characteristics 


Figure  25.  Inverting  Amplifier  Connection 
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Figure  26.  Inverter  Large  Signal  Pulse  Response  ±5  Vg, 
CF  =  1  pF,RL  =  1  kft 
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Figure  27.  Inverter  Small  Signal  Pulse  Response  ±5  V< 
CF  =  7  pF,  RL  =  150  O 
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Figure  28.  Inverter  Large  Signal  Pulse  Response  ±  15 
CF  =  1  pF,RL=  1  kfl 
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Figure  29.  Inverter  Small  Signal  Pulse  Response  ±  15  Vg, 
CF=  1  pF,  RL  =  150  n 
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Figure  30.  Inverter  Small  Signal  Pulse  Response  ±5  Vs 
CF  =  0pF,  RL  =  150O 
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Figure  31.  Noninverting  Amplifier  Connection 


Figure  34.  Noninverting  Large  Signal  Pulse  Response 
±15  Vg,  CF  =  1  pF,  FtL=  1  kn 


Figure  32.  Noninverting  Large  Signal  Pulse  Response 
±5  Vg,  CF=  1  pF,  RL  =  1  kfl 


Figure  33.  Noninverting  Small  Signal  Pulse  Response 
±5Vs,  CF=  1  pF,  RL  =  150 n 


Figure  35.  Noninverting  Small  Signal  Pulse  Response 
±1SVs,CF=1pF,RL  =  150n 


Figure  36.  Noninverting  Small  Signal  Pulse  Response 
±5  Vs,  CF  =  0  pF,  RL  =  150  O 
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THEORY  OF  OPERATION 

The  AD828  is  a  low  cost,  dual  video  operational  amplifier 
designed  to  excel  in  high  performance,  high  output  current 
video  applications. 

The  AD828  (Figure  37)  consists  of  a  degenerated  NPN  differen- 
tial pair  driving  matched  PNPs  in  a  folded-cascode  gain  stage. 
The  output  buffer  stage  employs  emitter  followers  in  a  class  AB 
amplifier  that  delivers  the  necessary  current  to  the  load  while 
maintaining  low  levels  of  distortion. 

The  AD828  will  drive  terminated  cables  and  capacitive  loads  of 
10  pF  or  less.  As  the  closed-loop  gain  is  increased,  the  AD828 
will  drive  heavier  cap  loads  without  oscillating. 


O  *VB 


O-v, 


Figure  37.  AD828  Simplified  Schematic 

. 

INPUT  CONSIDERATIONS 

An  input  protection  resistor  (RIN  in  Figure  31)  is  required  in 
circuits  where  the  input  to  the  AD828  will  be  subjected  to  tran- 
sient or  continuous  overload  voltages  exceeding  the  ±6  V  maxi- 
mum differential  limit.  This  resistor  provides  protection  for  the 
input  transistors  by  limiting  their  maximum  base  current. 

For  high  performance  circuits,  it  is  recommended  that  a  "bal- 
ancing" resistor  be  used  to  reduce  the  offset  errors  caused  by 
bias  current  flowing  through  the  input  and  feedback  resistors. 
The  balancing  resistor  equals  the  parallel  combination  of  RiN 
and  RF  and  thus  provides  a  matched  impedance  at  each  input 
terminal.  The  offset  voltage  error  will  then  be  reduced  by  more 
than  an  order  of  magnitude. 

APPLYING  THE  AD828 

The  AD828  is  a  breakthrough  dual  amp  that  delivers  precision 
and  speed  at  low  cost  with  low  power  consumption.  The  AD828 
offers  excellent  static  and  dynamic  matching  characteristics, 
combined  with  the  ability  to  drive  heavy  resistive  loads. 

As  with  all  high  frequency  circuits,  care  should  be  taken  to  main- 
tain overall  device  performance  as  well  as  their  matching.  The 
following  items  are  presented  as  general  design  considerations. 


Circuit  Board  Layout 

Input  and  output  runs  should  be  laid  out  so  as  to  physically  iso- 
late them  from  remaining  runs.  In  addition,  the  feedback  resis- 
tor of  each  amplifier  should  be  placed  away  from  the  feedback 
resistor  of  the  other  amplifier,  since  this  greatly  reduces  inter- 
amp  coupling. 

Choosing  Feedback  and  Gain  Resistors 
In  order  to  prevent  the  stray  capacitance  present  at  each  amplifi- 
er's summing  junction  from  limiting  its  performance,  the  feed- 
back resistors  should  be  s  1  k!l.  Since  the  summing  junction 
capacitance  may  cause  peaking,  a  small  capacitor  (1-5  pF)  may 
be  paralleled  with  Rf  to  neutralize  this  effect.  Finally,  sockets 
should  be  avoided,  because  of  their  tendency  to  increase  inter- 
lead  capacitance. 

Power  Supply  Bypassing 

Proper  power  supply  decoupling  is  critical  to  preserve  the  integ- 
rity of  high  frequency  signals.  In  carefully  laid  out  designs, 
decoupling  capacitors  should  be  placed  in  close  proximity  to  the 
supply  pins,  while  their  lead  lengths  should  be  kept  to  a  mini- 
mum. These  measures  greatly  reduce  undesired  inductive  effects 
on  the  amplifier's  response. 

Though  two  0.1  nF  capacitors  will  typically  be  effective  in 
decoupling  the  supplies,  several  capacitors  of  different  values 
can  be  paralleled  to  cover  a  wider  frequency  range. 

PARALLEL  AMPS  PROVIDE  100  mA  TO  LOAD 

By  taking  advantage  of  the  superior  matching  characteristics  of 
the  AD828,  enhanced  performance  can  easily  be  achieved  by 
employing  the  circuit  in  Figure  38.  Here,  two  identical  cells  are 

of  a  single  amplifier  (100  mA  min  guaranteed).  Rl  and  R2  are 
included  to  limit  current  flow  between  amplifier  outputs  that 
would  arise  in  the  presence  of  any  residual  mismatch. 


Figure  38.  Parallel  Amp  Configuration 
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Figure  39.  Bidirectional  Transmission  CKT 

Full-Duplex  Transmission 

Superior  load  handling  capability  (50  mA  min/amp),  high  band- 
width, wide  supply  voltage  range  and  excellent  crosstalk  rejec- 
tion makes  the  AD828  an  ideal  choice  even  for  the  most 
demanding  high  speed  transmission  applications. 

The  schematic  below  shows  a  pair  of  AD828s  configured  to 
drive  100  feet  of  coaxial  cable  in  a  full-duplex  fashion. 

Two  different  NTSC  video  signals  are  simultaneously  applied  at 
A1N  and  BIN  and  are  recovered  at  AoUT  and  BOUT,  respectively. 
This  situation  is  illustrated  in  Figures  40  and  41.  These  pictures 


■ 


clearly  show  that  each  input  signal  appears  undisturbed  at  its  out- 
put, while  the  unwanted  signal  is  eliminated  at  either  receiver. 

The  transmitters  operate  as  followers,  while  the  receivers'  gain  is 
chosen  to  take  full  advantage  of  the  AD828's  unparalled  CMRR. 
(In  practice  this  gain  is  adjusted  slightly  from  its  theoretical 
value  to  compensate  for  cable  nonidealities  and  losses.)  Rz  is 
chosen  to  match  the  characteristic  impedance  of  the  cable 
employed. 

Finally,  although  a  coaxial  cable  was  used,  the  same  topology 
applies  unmodified  to  a  variety  of  cables  (such,  i 
often  used  in  telephony). 


Figure  40.  A  Transmission/B  Reception 


Figure  41.  B  Transmission/A  Reception 


A  High  Performance  Video  Line  Driver 

The  buffer  circuit  shown  in  Figure  42  will  drive  a  back- 
terminated  75  fl  video  line  to  standard  video  levels  (IV  p-p) 
with  0.1  dB  gain  flatness  to  40  MHz  with  only  0.05°  and  0.01% 
differential  phase  and  gain  at  the  3.58  MHz  NTSC  subcarrier 
frequency.  This  level  of  performance,  which  meets  the  require- 
ments for  high-definition  video  displays  and  test  equipment,  is 
achieved  using  only  7  mA  quiescent  current/amplifier. 


Figure  42.  Video  Line  Driver 
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tion  line  driver  (see  Figure  43).  In  this  arrangement  the  AD828 
can  comfortably  drive  a  75  fi  back-terminated  cable,  with  a 
5  MHz,  2  V  p-p  input;  all  of  this  while  achieving  the  harmonic 
distortion  performance  outlined  in  the  following  table. 


Configuration 



2nd  Harmonic 

I.  No  Load 



-78.5  dBm 

2.  150  fl  RL  Only 

-63.8  dBm 

3.  150  n  RL  7.5  n  Rc 

-70.4  dBm 

In  this  application  one  half  of  the  AD828  operates  at  a  gain  of 
2. 1  and  supplies  the  current  to  the  load,  while  the  other  pro- 
vides the  overall  system  gain  of  2.  This  is  important  for  two  rea-  ^75" 
sons:  the  first  is  to  keep  the  bandwidth  of  both  amplifiers  the  \7 
same,  and  the  second  is  to  preserve  the  AD828's  ability  to  oper- 
ate from  low  supply  voltage.  Rc  varies  with  the  load  and  must 
be  chosen  to  satisfy  the  following  equation: 
Rc  =  MRL, 

where  M  is  defined  by  [(M+ 1)  Gs  =  GD]  and  GD  =  Driver's 
Gain,  Gs  =  System  Gain. 


Figure  43.  Low  Distortion  Amplifier 
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FEATURES 
High  Speed 

120  MHz  Bandwidth,  Gain  =  -1 

230  V/(as  Slew  Rate 

90  ns  Settling  Time  to  0.1% 
Ideal  for  Video  Applications 

0.02%  Differential  Gain 

0.04°  Differential  Phase 
Low  Noise 

1.7  nV/VHz  Input  Voltage  Noise 

1.5  pA/VHz  Input  Current  Noise 
Excellent  DC  Precision 

1  mV  max  Input  Offset  Voltage  (Over  Temp) 

0.3  (jtV/°C  Input  Offset  Drift 
Flexible  Operation 

Specified  for  ±5  V  to  ±15  V  Operation 

±3  V  Output  Swing  into  a  150  ft  Load 

External  Compensation  for  Gains  1  to  20 

5  mA  Supply  Current 
Available  in  Tape  and  Reel  in  Accordance  with 

EIA-481A  Standard 

PRODUCT  DESCRIPTION 

The  AD829  is  a  low  noise  (1.7  nV/VHz),  high  speed  op  amp 
with  custom  compensation  that  provides  the  user  with  gains 
from  ±1  to  ±20  while  maintaining  a  bandwidth  greater  than 
50  MHz.  The  AD829's  0.04°  differential  phase  and  0.02%  dif- 
ferential gain  performance  at  3.58  MHz  and  4.43  MHz,  driving 
reverse-terminated  50  ft  or  75  ft  cables,  makes  it  ideally  suited 
for  professional  video  applications.  The  AD829  achieves  its 
230  V/u,s  uncompensated  slew  rate  and  750  MHz  gain  band- 
width product  while  requiring  only  5  mA  of  current  from  the 
power  supplies. 

The  AD829's  external  compensation  pin  gives  it  exceptional  ver- 
satility. For  example,  compensation  can  be  selected  to  optimize 
the  bandwidth  for  a  given  load  and  power  supply  voltage.  As  a 
gain-of-two  line  driver,  the  -3  dB  bandwidth  can  be  increased 
to  95  MHz  at  the  expense  of  1  dB  of  peaking.  In  addition,  the 
AD829's  output  can  also  be  clamped  at  its  external  compensa- 
tion pin. 

The  AD829  has  excellent  dc  performance.  It  offers  a  minimum 
open-loop  gain  of  30  V/mV  into  loads  as  low  as  500  ft,  low 
input  voltage  noise  of  1.7  nV/\/Hz,  and  a  low  input  offset  volt- 
age of  1  mV  maximum.  Common-mode  rejection  and  power 
supply  rejection  ratios  are  both  120  dB. 

The  AD829  is  also  useful  in  multichannel,  high  speed  data  con- 
version where  its  fast  (90  ns  to  0.1%)  settling  time  is  of  impor- 
tance. In  such  applications,  the  AD829  serves  as  an  input  buffer 
for  8-to- 10-bit  A/D  converters  and  as  an  output  I/V  converter 
for  high  speed  D/A  converters. 


CONNECTION  DIAGRAM 

8-Pin  Plastic  Mini-DIP  (N), 
Cerdip  (Q)  and  SOIC  (R)  Packages 
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The  AD829  provides  many  of  the  same  advantages  that  a  trans- 
impedance  amplifier  offers,  while  operating  as  a  traditional  volt- 
age feedback  amplifier.  A  bandwidth  greater  than  50  MHz  can 
be  maintained  for  a  range  of  gains  by  changing  the  external 
compensation  capacitor.  The  AD829  and  the  transimpedance 
amplifier  are  both  unity  gain  stable  and  provide  similar  voltage 
noise  performance  (1.7  nV/yHz).  However,  the  current  noise  of 
the  AD829  (1.5  pAVHz)  is  less  than  10%  of  the  noise  of  trans- 
impedance  amps.  Furthermore,  the  inputs  of  the  AD829  are 
symmetrical. 

PRODUCT  HIGHLIGHTS 

t.  Input  voltage  noise  of  2  nV/yHz,  current  noise  of  1.5  pAi 
VHz  and  50  MHz  bandwidth,  for  gains  of  1  to  20,  make  the 
AD829  an  ideal  preamp. 

2.  Differential  phase  error  of  0.04°  and  a  0.02%  differential  gain 
error,  at  the  3.58  MHz  NTSC  and  4.43  MHz  PAL  and 
SECAM  color  subcarrier  frequencies,  make  it  an  outstanding 
video  performer  for  driving  reverse-terminated  50  ft  and 

75  ft  cables  to  ±1  V  (at  their  terminated  end). 

3.  The  AD829  can  drive  heavy  capacitive  loads. 

4.  Performance  is  fully  specified  for  operation  from  ±5  V  to 
±15  V  supplies. 

5.  Available  in  plastic,  cerdip,  and  small  outline  packages. 
Chips  and  MIL-STD-883B  parts  are  also  available. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44«-6212. 
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AD829— SPECIFICATIONS  <@  T,  =  +25°C  and  Vs  =  ±15  V  dc,  unless  otherwise  noted) 


model 

Conditions 

v 

AD829J 

Min        Tim  Mav 

iron      l  yp  max 

AD829  MS 

Min       Tun  Mav 

j  viiii      i  yp  max 

Unit. 

u  nils 

INPUT  OFFSET  VOLTAGE 

0.2  1 

0.1  0.5 

mV 

wiisei  voltage  ltui 

T^  to  T„„ 

±5  V,  ±15  V 
"•"5  V  ±  15  V 

1 

0  3 

0.5 

mV 

±5  V,  ±15  V 

uA 
uA 

INPUT  BIAS  CURRENT 

T™  to  T„„ 

3.3  7 
8.2 

3.3  7 
9.5 

INPUT  OFFSET  CURRENT 
Offset  Current  Drift 

±5  V,  ±15  V 
±5  V,  ±15  V 

50  500 
500 

0.5 

50  500 
500 

0.5 

nA 
nA 

nA/°C 

OPEN-LOOP  GAIN 

V0  =  ±2.5  V 
Rload  =  500  fl 

Train  10  Tm«x 

Rload  =  150  fl 
Vour=  ±10  V 
Rload  =  1  kft 
T™„  to  T_ 
Rload  =  500  fl 

±5  V 
±15  V 

30  65 
20 

40 

50  100 
20 

85 

30  65 
20 

40 

50  100 
20 

85 

V/mV 
V/mV 
V/mV 

V/mV 
V/mV 
V/mV 

DYNAMIC  PERFORMANCE 
Gain  Bandwidth  Product 

Full  Power  Bandwidth1'  2 
Slew  Rate2 

Settling  Time  to  0.1% 
Phase  Margin2 

V0  =  2Vp-p 
Rload  =  500  fl 
V0  =  20  V  p-p 
Rload  =  1  kfl 
R,  _ .  _  =  500  CI 

"LOAD       «»w  »• 

Rload  =  1  ^ 
Av  =  -19 
-2.5  V  to  +2.5  V 
10  V  Step 

Cload  =  10  PF 
Rload  =  1 

±5  V 
±15  V 

±5  V 

±15  V 
±5  V 
±15  V 

±5  V 
±15  V 
±15  V 

600 
750 

25 

3.6 
150 
230 

65 
90 

60 

600 

750 

3.6 
150 
230 

65 
90 

60 

MHz 
MHz 

MHz 

MHz 
V/us 

w 

ns 
ns 

Degrees 

DIFFERENTIAL  GAIN  ERROR3 

Rload  =  100  fl 
Ccomp  =  30  pF 

±15  V 

0.02 

0.02 

% 

DIFFERENTIAL  PHASE  ERROR3 

Rload  =  100  fl 
r*         —  an  «c 
Coomp  "  30  p* 

±15  V 

0.04 

0.04 

Degrees 

COMMON-MODE  REIECTION 

V™  =  +2  5  V 
Vcm=  ±12  V 
T^  to  T„ 

±5  V 
±15  V 

100  120 
100  120 
% 

100  120 
100  120 
96 

dB 
dB 
dB 

_  ,  

POWER  SUPPLY  REJECTION 

Vs  =  ±4.5  V  to  ±18  V 
Trai„  to  T„„ 

98  120 
94 

98  120 
94 

dB 
dB 

INPUT  VOLTAGE  NOISE 

f  =  1  kHz 

±15  V 

1.7  2 

1.7  2 

nV/VHz 

INPUT  CURRENT  NOISE 

f  =  1  kHz 

±15  V 

1.5 

1.5 

pA/VHi 

INPUT  COMMON-MODE 
VOLTAGE  RANGE 

±5  V 
±15  V 

+4.3 
-3.8 
+  14.3 
-13.8 

+4.3 
-3.8 
+  14.3 
-13.8 

V 
V 
V 
V 

OUTPUT  VOLTAGE  SWING 
Short  Circuit  Current 

Rload  =  500  fl 
Rload  =  150  fl 
Rload  =  50  fl 
Rload  =  1  kfl 
Rload  =  500  fl 

±5  V 
±5  V 
±5  V 
±15  V 
±15  V 

±5V,  ±15  V 

3.0  3.6 
2.5  3.0 
1.4 

12  13.3 
10  12.2 
32 

3.0  3.6 
2.5  3.0 
1.4 

12  13.3 
10  12.2 
32 

4v— 
±v 
±v 
±v 
±v 

mA 

INPUT  CHARACTERISTICS 
Input  Resistance  (Differential) 
Input  Capacitance  (Differential)4 
Input  Capacitance  (Common  Mode) 

13 

5 

1.5 

13 
5 

1.5 

kfl 
pF 
PF 

CLOSED-LOOP  OUTPUT 
RESISTANCE 

Av  -  +1,  f  -  1  kHz 

2 

2 

mfl 
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AD829 


Mode. 

Conditions 

Vs 

AD829J 
Min      Typ  Max 

Min  X'^Ma, 

Units 

POWER  SUPPLY 
Operating  Range 
Quiescent  Current 

±5  V 

±4.5  ±18 
5  6.5 
8.0 

±4.5  ±18 
5  6.5 

8.2/8.7 

V 

mA 
mA 

±15  V 

5.3  6.8 
8.3 

5.3  6.8 

8.5/9.0 

mA 
mA 

TRANSISTOR  COUNT 

Number  of  Transistors 

46 

46 

NOTES 

'Full  Power  Bandwidth  =  Slew  Rate/2  ir  VPEAK. 
!Tested  at  Gain  =  +20,  CCOMP  =  0  pF. 
33.58  MHz  (NTSC)  and  4.43  MHz  (PAL  &  SECAM). 

differential  input  capacitance  consists  of  1.5  pF  package  capacitance  plus  3.5  pF  from  the  input  differential  pair 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±18V 

Internal  Power  Dissipation2 

Plastic  (N)   1.3  Watts 

Small  Outline  (R)    0.9  Wans 

Cerdip  (Q)   1.3  Watts 

LCC  (E)  0.8  Watts 

Input  Voltage     ±VS 

Differential  Input  Voltage3  ±6  Volts 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  (Q,  E)  -6S°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD829J  0  to  +70°C 

AD829A  -40°C  to  +85°C 

AD829S  -55°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

^Maximum  internal  power  dissipation  is  specified  so  that  Tj  does  not  exceed 
-t-175°C  at  an  ambient  temperature  of  +25°C. 
Thermal  characteristics: 
8-pin  plastic  package:  eJA  =  100°C/watt  (derate  at  8.7  mW/°C) 
8-pin  cerdip  package:  8JA  =  1 10°C/watt  (derate  at  8.7  mW/X) 
20-pin  LCC  package:  8,A  =  150°C/watt 

8-pin  small  outline  package:  6,A  =  155°C/watt  (derate  at  6  mw7°C). 
3If  the  differential  voltage  exceeds  6  volts,  external  series  protection  resistors 
should  be  added  to  limit  the  input  current. 


METALIZATION  PHOTO 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


to  +v, 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD829  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of 


ORDERING  GUIDE 


Model 


AD829JN 

AD829JR 

AD829JR-REEL 

AD829AQ 

AD829SQ 

AD829SQ/883B 

5962-9312901MPA 

AD829SE/883B 

5962-9312901M2A 

AD829JChips 

AD829SChips 


Temperature 


0  to  +  70°C 
0  to  +70°C 
0  to  +70°C 
-40°C  to  +85°C 
-55°Cto  +125°C 
-55°Cto  +125X 
-55°Cto  +125X 
-55°C  to  +  125°C 
-55°C  to  +  125°C 
0  to  +70°C 
-55oCt0  +125°C 


Description 


8-Pin  Plastic  Mini-DIP 

8-Pin  Plastic  SOIC 

Tape  &  Reel 

8-Pin  Cerdip 

8-Pin  Cerdip 

8-Pin  Cerdip 

8-Pin  Cerdip 

20-Pin  LCC 

20-Pin  LCC 

Die 

Die 


Package 
Option* 


N-8 
R-8 

Q-8 

Q-8 

Q-8 

Q-8 

E-20A 

E-20A 


*E  =  Leadless  Chip  Carrier  (Ceramic);  N  =  Plastic  DIP;  Q  =  Cerdip;  R  = 
For  outline  information  see  Package  Information  section. 


Small  Outline  IC  (SOIC). 
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FEATURES 
Differential  Amplification 

Wide  Common-Mode  Voltage  Range:  +12.8  V,  -12  V 

Differential  Voltage  Range:  ±2  V 

High  CMRR:  60  dB  ft  4  MHz 

Built-in  Differential  Clipping  Level:  ±2.3  V 
Fast  Dynamic  Performance 

85  MHz  Unity  Gain  Bandwidth 

35  ns  Settling  Time  to  0.1% 

360  V/(is  Slew  Rate 
Symmetrical  Dynamic  Response 
Excellent  Video  Specifications 

Differential  Gain  Error:  0.06% 

Differential  Phase  Error:  0.08° 

15  MHz  (0.1  dB)  Bandwidth 
Flexible  Operation 

High  Output  Drive  of  ±50  mA  min 

Specified  with  Both  ±5  V  and  ±15  V  Supplies 
Low  Distortion:  THD  =  -72  dB  @  4  MHz 
Excellent  DC  Performance:  3  mV  max  Input  Offset 

Voltage 

APPLICATIONS 
Differential  Line  Receiver 
High  Speed  Level  Shifter 
High  Speed  In-Amp 


PRODUCT  DESCRIPTION 

The  AD830  is  a  wideband,  differencing  amplifier  designed  for 
use  at  video  frequencies  but  also  useful  in  many  other  applica- 
tions. It  accurately  amplifies  a  fully  differential  signal  at  the 


CONNECTION  DIAGRAM 
8-Pin  Plastic  Mini-DIP  (N), 


Cerdip  (Q)  and  SOIC  (R)  Packages 

 W 


X1 
X2 
Y1 


AD830 


T  ^  6 


NC  =  NO  CONNECT 


OUT 
NC 


input  and  produces  an  output  voltage  referred  to  a  user-chosen 
level.  The  undesired  common-mode  signal  is  rejected,  even  at 
high  frequencies.  High  impedance  inputs  ease  interfacing  to 
finite  source  impedances  and  thus  preserve  the  excellent 
common-mode  rejection.  In  many  respects,  it  offers  significant 
improvements  over  discrete  difference  amplifier  approaches,  in 
particular  in  high  frequency  common-mode  rejection. 

The  wide  common-mode  and  differential-voltage  range  of  the 
AD830  make  it  particularly  useful  and  flexible  in  level  shifting 
applications,  but  at  lower  power  dissipation  than  discrete  solu- 
tions. Low  distortion  is  preserved  over  the  many  possible  differ- 
ential and  common-mode  voltages  at  the  input  and  output. 

Good  gain  flatness  and  excellent  differential  gain  of  0.06%  and 
phase  of  0.08°  make  the  AD830  suitable  for  many  video  system 
applications.  Furthermore,  the  AD830  is  suited  for  general  pur- 
pose signal  processing  from  dc  to  10  MHz. 


10k  100k 

FREQUENCY  -  Hz 

Common-Mode  Rejection  Ratio  vs.  Frequency 


I  I  III 

Vs  -  *5V 

RL  =  15012 

=  3 

P 

=  " 

5 

c 

4 

=  1 

F 

! 

1M  10M 
FREQUENCY  -  Hz 


100M 


Closed-Loop  Gain  vs.  Frequency,  Gain  =  + 1 
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(Vs  =  ±15  V,  Rload  =  150  n,  CL0AD  =  5  pF,  T,  =  +25°C  unless  otherwise  i 


AD830J/A 

AD830S1 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DYNAMIC  CHARACTERISTICS 

3  dB  Small  Signal  Bandwidth 

Gain  =  1,  VOUT  =  100  mV  rms 

75 

85 

75 

85 

MHz 

0. 1  dB  Gain  Flatness  Frequency 

Gain  =  1,  Voux  =  100  mV  rms 

11 

15 

11 

15 

MHz 

Differential  Gain  Error 
Differential  Phase  Error 

0  to  +0.7  V,  Frequency  =  4.5  MHz 

0.06 

0.09 

0.06 

0.09 

% 

0  to  +0.7  V,  Frequency  =  4.5  MHz 

0.08 

0.12 

0.08 

0.12 

Degrees 

Slew  Rate 

2  V  Step,  RL  =  500  fl 
4  V  Step,  RL  =  500  fl 

360 
350 

360 
350 

V/|xs 
V/u.s 

3  dB  Large  Signal  Bandwidth 

Gain  =  1,  VOUT  =  1  V  rms 

38 

45 

38 

45 

MHz 

settling  1  une,  Lrain  —  i 

Vquj  —  l  v  oiep,  IO  U.I  /o 
•out  —  ^  v  otep,  to  u.i/o 

25 
35 

25 
35 

ns 

Harmonic  Distortion 

2  V  p-p,  Frequency  =  1  MHz 
2  V  p-p.  Frequency  —  4  MHz 

-82 

-72 

-82 
-72 

dBc 
dBc 

Input  Voltage  Noise 
Input  Current  Noise 

frequency  —  10  krlz 

27 

27 

nv/Vriz 

1.4 

1.4 

r.A/-v  /Hi 

DC  PERFORMANCE 

Offset  Voltage 

Gain  =  1 

±1.5 

±3 

±1.5 

±3 

mV 

Gain  =  1,  T^n-Tj^ax 
DC 

±5 

±7 

mV 

Open  Loop  Gain 

64 

69 

64 

69 

dB 

Gain  Error 

RL  =  1  kfl,  G  =  ±1 

±0.1 

±0.6 

±0.1 

±0.6 

% 

Peak  Nonlinearity,  RL=  1  kfi, 

- 1  V  <  A  <  +1V 

0.01 

0.03 

0.01 

0.03 

%  FS 

Gain  =  1 

0.035 

0.07 

0.035 

0.07 

%  FS 

1  XT         V  ^-     i  *>  \T 

/  V  <  A  <  +  Z  V 

0.15 

0.4 

0.15 

0.4 

%  FS 

Input  Bias  Current 

Vin  =  0  V,  +25  C  to  TMAX 
Vin  =  0  V,  TM1N 

5 
7 

10 
13 

5 
8 

10 
17 

llA 
jxA 

Input  Offset  Current 

VLN  —  U  V,  1  MIN~ 1  MAX 

0.1 

1 

0.1 

1 

|xA 

INPUT  CHARACTERISTICS 

Differential  Voltage  Range 

Vcm  =  0 

±2.0 

±2.0 

V; 

Differential  Clipping  Level2 

Pins  1  and  2  Inputs  Only 

±2.1 

±2.3 

±2.1 

±2.3 

V 

Common-Mode  Voltage  Range 

vDM  =  ±  1  v 

-12.0 

+  12.8 

-12.0 

+  12.8 

V 

CMRR 

DL.,  rms  1,  Z,  ±1U  V 

90 

100 

90 

100 

dB 

DC,  Pins  1,  2,  ±10  V,  TMIN-TMAX 

88 

86 

dB 

T7                                            1     ft  fl  T  T 

Frequency  =  4  MHz 

55 

60 

55 

60 

dB 

Input  Resistance 

370 

370 

Input  Capacitance 

2 

2 

pF 

OUTPUT  CHARACTERISTICS 

Output  Voltage  Swing 

RL  ^  1  kfl 

±12 

+  13.8, 

-13.8 

±12 

+  13.8,  -13.8 

V 

Rt>l  kfl,  ±16.5  Vs 

m  15 

^1S  3 

+ 1  J.5, 

_1<  7 
—  If.  / 

±:  13 

j- 1  *;  a     i  a  7 

±ij.3,  14./ 

V 

Short  Circuit  Current 

Short  to  Ground 

±80 

±80 

mA 

Output  Current 

Rl  =  150  fl 

±50 

±50 

mA 

POWER  SUPPLIES 

Operating  Range 

±4 

±16.5 

±4 

±16.5 

V 

Quiescent  Current 

Tmin-Tjvjax 

14.5 

17 

14.5 

17 

mA 

+  PSRR  (to  VP) 

DC,  G  =  1 

86 

86 

dB 

-  PSRR  (to  VN) 

DC,  G  =  1 

68 

68 

dB 

PSRR 

DC,  G  =  1,  ±5  to  ±15  Vs 

66 

71 

66 

71 

dB 

PSRR 

DC,  G  =  1,  ±5  to  ±15  Vs,  TMIN-TMAX 

62 

68 

60 

68 

dB 

NOTES 

'See  Standard  Military  Drawing  5962-9313001MPA  for  specifications. 
2Clipping  level  function  on  X  channel  only. 
Specifications  subject  to  change  without  notice. 
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±5  V,  Ru™  =  150  n,       =  5  PF.  W25-C  unless  otherwise  noted) 


Conditions 





AD830J/A 
Min    Typ  Max 


AD830S' 
Min  Typ 


Max 


Units 


DYNAMIC  CHARACTERISTICS 
3  dB  SmaU  Signal  Bandwidth 
0.1  dB  Gain  Flatness  Frequency 
Differential  Gain  Error 
Differential  Phase  Error 
Slew  Rate,  Gain  =  1 

3  dB  Large  Signal  Bandwidth 
Settling  Time 

Harmonic  Distortion 

Input  Voltage  Noise 
Input  Current  Noise 


Gain  =  1,  VOUT  =  100  mV  rms 
Gain  =  I,  Votrr  =  100  mV  rms 
0  to  +0.7  V,  Frequency  =  4.5  MHz,  G=+2 
0  to  +0.7  V,  Frequency  =  4.5  MHz,  G=+2 
2  V  Step,  RL  =  500  fl 
4  V  Step,  RL  =  500  n 
Gain  =  1,  VOUT  =  1  V  rms 
Vour  =  2  V  Step,  to  0.1% 
Vout  =  4  V  Step,  to  0.1% 
2  V  p-p,  Frequency  =  1  MHz 
2  V  p-p,  Frequency  =  4  MHz 
Frequency  =  10  kHz 


30 


40 

6.5 

0.14 

0.32 

210 


240 


36 
35 
48 
-69 
-56 
27 
1.4 


0.18 
0.4 


30 


40 

6.5 

0.14 

0.32 

210 

240 

It 


0.18 


0.4 


MHz 
MHz 

% 


35  ns 


48 

-69 

-56 

27 

1.4 


r 

us 
dBc 
dBc 

nV/VHz 
pAVHz 


DC  PERFORMANCE 
Offset  Voltage 

Open  Loop  Gain 

Unity  Gain  Accuracy 

Peak  Nonlinearity,  RL=  1  kfl 


Input  Bias  Current 
Input  Offset  Current 


Gain  =  1 

Gain  =  1,  T^m^-T^^Ax 
DC 

RL  =  1  kfl 
-IVsXs+IV 
-1.5  V  s  X  s  +1.5  V 
-2V<X<  +2V 
VIN  =  0V,  +25°CtoTMAX 
VrN  =  0  V,  TmN 


60 


VIN  =  0  V,  Tw 


i  to  T„ 


±1.5 

±3 
±4 

±1.5 

65 

60  65 

±0.1 

±0.6 

±0.1 

0.01 

0.03 

0.01 

0.045 

0.07 

0.045 

0.23 

0.4 

0.23 

5 

10 

5 

7 

13 

8 

0.1 

1 

0.1 

t3 
±5 

±0.6 
0.03 
0.07 
0.4 
10 
17 
1 

-  


mV 
mV 
dB 

% 

%  FS 

%FS 

%FS 

|xA 

u.A 




INPUT  CHARACTERISTICS 
Differential  Voltage  Range 
Differential  Clipping  Level2 
Common-Mode  Voltage  Range 
CMRR 


Input  Resistance 
Input  Capacitance 


Vcm  =  0 
Pins  1  and  2 
VD„  =  ±1  V 
DC,  Pins  1,2,  +4Vto-2V 
DC,  Pins  1,  2,  +4  V  to  -2  V,  T 
Frequency  =  4  MHz 


±2.0 

-2.0 

90 

88 

55 


±2.0 
±2.2 


+2.9 


±2.0 
±2.0  ±2.2 
-2.0 


100 


60 
370 
2 


+2.9 


55  60 
370 
2 


v 

V 

V 

dB 

dB 

dB 

kfl 

pF 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

Short  Circuit  Current 
Output  Current 


RL  ==  150  fl 

RL  2  150  fl,  ±4  Vs 

Short  to  Ground 


r3.2  ±3.5 
t2.2    +2.7,  -2.4 
-55,  +70 


3.2  ±3.5 

+2.7  -2.4 


±2.2 


■ 

v 

mA 
mA 


POWER  SUPPLIES 
Operating  Range 
Quiescent  Current 
+  PSRR  (to  VP) 
-  PSRR  (to  VN) 
PSRR  (Dual  Supply) 
PSRR  (Dual  Supply) 


Tmin~ Tmax 

DC,  G  =  1,  Offset 

DC,  G  =  1,  Offset 

DC,  G=  1,  ±5to±15Vs 

DC,  G  =  1,  ±5  to  ±15  Vs,  WW 


±4 


tl6.5 


13.5 

86 

68 

71 

68 


16 





±4 


=  16.5 


13.5 

86 

68 

71 

68 


16 


V 

mA 
dB 
dB 
dB 


NOTES 

'See  Standard  Military  Drawing  5962-9313001MPA  for 
^Clipping  level  function  on  X  channel  only. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  .  .  ±18  V 

Internal  Power  Dissipation2  Observe  Derating  Curves 

Output  Short  Circuit  Duration  Observe  Derating  Curves 

Common-Mode  Input  Voltage    ±VS 

Differential  Input  Voltage   ±VS 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Storage  Temperature  Range  (N)  -65°C  to  +125°C 

Storage  Temperature  Range  (R)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD830J  0°C  to  +70°C 

AD830A   -40°C  to  +  85°C 

AD830S  -55°C  to  +  125°C 

Lead  Temperature  Range  (Soldering  60  seconds)   ....  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  Package:  6,A  =  90°C/Watt 
8-Pin  SOIC  Package:  eJA  =  155°C/Watt 
8-Pin  Cerdip  Package:  6JA  =  110°C/Watt 


MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD830  is  limited  by  the  associated  rise  in  junction  temperature. 
For  the  plastic  packages,  the  maximum  safe  junction  tempera- 
ture is  145°C.  For  the  cerdip,  the  maximum  junction  tempera- 
ture is  175°C.  If  these  maximums  are  exceeded  momentarily, 
proper  circuit  operation  will  be  restored  as  soon  as  the  die  tem- 
perature is  reduced.  Leaving  the  AD830  in  the  "overheated" 
condition  for  an  extended  period  can  result  in  permanent  dam- 
age to  the  device.  To  ensure  proper  operation,  it  is  important  to 
observe  the  recommended  derating  curves. 

While  the  AD830  output  is  internally  short  circuit  protected, 
this  may  not  be  sufficient  to  guarantee  that  the  maximum  junc- 
tion temperature  is  not  exceeded  under  all  conditions.  If  the 
output  is  shorted  to  a  supply  rail  for  an  extended  period,  then 
the  amplifier  may  be  permanently  destroyed. 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD830  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


ORDERING  GUIDE 


Model 


AD830AN 
AD830JR 
5962-9313001MPA2 


Temperature  Range     Package  Description       Package  Option1 


-40°C  to  +85°C 
0°C  to  +70°C 
-55°C  to  +125°C 


8-Pin  Plastic  Mini-DIP 
8-Pin  SOIC 
8-Pin  Cerdip 


N-8 
R-8 
Q-8 


NOTES 

lFor  outline  information  see  Package  Information  section. 
2See  standard  military  drawing  5962-9313001MPA. 
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Figure  1.  Common-Mode  Rejection  Ratio  vs.  Frequency 


Figure  4.  Power  Supply  Rejection  Ratio  vs.  Frequency 
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Figure  2.  Harmonic  Distortion  vs.  Frequency 
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Figure  3.  Input  Bias  Current  vs.  Temperature 
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Figure  5.  Closed-Loop  Gain  vs.  Frequency  G  =  +1 
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Figure  6.  Input  Offset  Voltage  vs.  Temperature 
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Figure  7.  Differential  Gain  and  Phase  vs.  Supply  Voltage, 
RL  =  500 n 
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Figure  8.  Harmonic  Distortion  vs.  Peak  Amplitude, 
Frequency  =  100  kHz 
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Figure  10.  Differential  Gain  and  Phase  vs.  Supply  Voltage, 
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Figure  1 1.  Harmonic  Distortion  vs.  Peak  Amplitude, 
Frequency  =  4  MHz 
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Figure  9.  Noise  Spectral  Density 


Figure  12.  Supply  Current  vs.  Junction  Temperature 
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f.  Closed-Loop  Gain  vs. 
Common  Connections  of  Figure  16 


Figure  14.  Small  Signal  Pulse  Response,  RL  =  150  CI, 
CL  =  4.7  pF,  G  =  +1 
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Figure  15.  Closed-Loop  Gain  vs.  Frequency  vs.  CL, 

G  =  +1.  Vs  =  ±5  V 
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Figure  17.  Large  Signal  Pulse  ; 
RL  =  150  O,  CL  =4.7pF 
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common-mode  signals  superimposed  with  a  desired  signal;  most 
often  the  solution  used  was  the  classic  op  amp  based  difference 
amplifier  shown  in  Figure  19.  The  basic  function  VQ  =  V[-V2 
is  simply  achieved,  but  the  overall  performance  is  poor  and  the 
circuit  possesses  many  serious  problems  that  make  it  difficult 
to  realize  a  robust  design  with  moderate  to  high  levels  of 
performance. 


o,      ONLYIFB,  =  R2  =  R3=R4 
DOES  V0UT  =  V1-V2 


Figure  19.  Op  Amp  Based  Difference  Amplifier 

PROBLEMS  WITH  THE  OP  AMP  BASED  APPROACH 

•  Low  Common-Mode  Rejection  Ratio  (CMRR) 

•  Low  Impedance  Inputs 

•  CMRR  Highly  Sensitive  to  the  Value  of  Source  R 

•  Different  Input  Impedance  for  the  +  and  -  Input 

•  Poor  High  Frequency  CMRR 

•  Requires  Very  Highly  Matched  Resistors  Ri~R4  to  Achieve 
High  CMRR 

•  Halves  the  Bandwidth  of  the  Op  Amp 

•  High  Power  Dissipation  in  the  Resistors  for  Large  Common- 
Mode  Voltage 


listed  problems  with  the  discrete  difference  amplifier  approach. 
Its  topology,  discussed  in  detail  in  a  later  section,  by  design  acts 
as  a  difference  amplifier.  The  circuit  of  Figure  20  shows  how 
simply  the  AD830  is  configured  to  produce  the  difference  of  two 
signals  V,  and  V2,  in  which  the  applied  differential  signal  is 
exactly  reproduced  at  the  output  relative  to  a  separate  output 
common.  Any  common-mode  voltage  present  at  the  input  is 
removed  by  the  AD830. 


Figure  20.  AD830  as  a  Difference  Amplifier 


ADVANTAGEOUS  PROPERTIES  OF  THE  AD830 

•  High  Common-Mode  Rejection  Ratio  (CMRR) 

•  High  Impedance  Inputs 

•  Symmetrical  Dynamic  Response  for  + 1  and  —  1  Gain 

•  Low  Sensitivity  to  the  Value  of  Source  R 

•  Equal  Input  Impedance  for  the  +  and  -  Input 

•  Excellent  High  Frequency  CMRR 

•  No  Halving  of  the  Bandwidth 

•  Constant  Power  Distortion  vs.  Common-Mode  Voltage 

•  Highly  Matched  Resistors  Not  Needed 
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UNDERSTANDING  THE  AD830  TOPOLOGY 

The  AD830  represents  Analog  Devices'  first  amplifier  product 
to  embody  a  powerful  alternative  amplifier  topology.  Referred  to 
as  active  feedback,  the  topology  used  in  the  AD830  provides 
inherent  advantages  in  the  handling  of  differential  signals,  dif- 
fering system  commons,  level  shifting  and  low  distortion,  high 
frequency  amplification.  In  addition,  it  makes  possible  the 
implementation  of  many  functions  not  realizable  with  single  op 
amp  circuits  or  is  superior  to  op  amp  based  equivalent  circuits. 
With  this  in  mind,  it  is  important  to  understand  the  internal 
structure  of  the  AD830. 

The  topology,  reduced  to  its  elemental  form,  is  shown  below  in 
Figure  21.  Nonideal  effects  such  as  nonlinearity,  bias  currents 
and  limited  full  scale  are  omitted  from  this  model  for  simplicity, 
but  are  discussed  later.  The  key  feature  of  this  topology  is  the 
use  of  two,  identical  voltage-to-current  converters,  GM,  that 
make  up  input  and  feedback  signal  interfaces.  They  are  labeled 
with  inputs  Vx  and  VY,  respectively.  These  voltage  to  current 
converters  possess  fully  differential  inputs,  high  linearity,  high 
input  impedance  and  wide  voltage  range  operation.  This  enables 
the  part  to  handle  large  amplitude  differential  signals;  they  also 
provide  high  common-mode  rejection,  low  distortion  and  negli- 
gible loading  on  the  source.  The  label,  GM,  is  meant  to  convey 
that  the  transconductance  is  a  large  signal  quantity,  unlike  in 
the  front-end  of  most  op  amps.  The  two  GM  stage  current  out- 
puts Ix  and  IY,  sum  together  at  a  high  impedance  node  which  is 
characterized  by  an  equivalent  resistance  and  capacitance  con- 
nected to  an  "ac  common."  A  unity  voltage  gain  stage  follows 
the  high  impedance  node  to  provide  buffering  from  loads.  Rela- 
tive to  either  input,  the  open  loop  gain,  AqL,  is  set  by  the 
transconductance,  GM,  working  into  the  resistance,  RP;  AOL  = 
GM  x  Rp.  The  unity  gain  frequency  <a0  dB  for  the  open  loop 
gain  is  established  by  the  transconductance,  GM,  working  into 
the  capacitance,  Cc;  a>0  ^  =  GM/CC.  The  open  loop  description 
of  the  AD830  is  shown  below  for  completeness. 


Vxi  — 
Vx2  - 


VY1  - 


— 


VOUT 


Vx,-Vx2=VY2-VY, 
FORVY2  =  VOUT 
V0UT  =  (Vxi-Vx2  +  VY1) 


AqlS  = 


1  +S(CC/GM) 

Figure  22.  Closed-Loop  Connection 

Precise  amplification  is  accomplished  through  closed-loop  opera- 
tion of  this  topology.  Voltage  feedback  is  implemented  via  the 
Y  GM  stage  in  which  where  the  output  is  connected  to  the  -Y 
input  for  negative  feedback  as  shown  in  Figure  22.  An  input 
signal  is  applied  across  the  X  GM  stage,  either  fully  differentially 
or  single-ended  referred  to  common.  It  produces  a  current  signal 
which  is  summed  at  the  high  impedance  node  with  the  output 
current  from  the  Y  GM  stage.  Negative  feedback  nulls  this  sum 
to  a  small  error  current  necessary  to  develop  the  output  voltage 
at  the  high  impedance  node.  The  error  current  is  usually  negli- 
gible, so  the  null  condition  essentially  forces  the  Y  GM  output 
stage  current  to  exactly  equal  the  X  GM  output  current.  Since 
the  two  transconductances  are  identical,  the  differential  voltage 
across  the  Y  inputs  equals  the  negative  of  the  differential  voltage 
across  the  X  input;  VY  =  -Vx  or  more  precisely  VY2-VY1  = 
VXi-Vx2-  This  simple  relation  provides  the  basis  to  easily  ana- 
lyze any  function  possible  to  synthesize  with  the  AD830,  includ- 
ing any  feedback  situation. 

The  bandwidth  of  the  circuit  is  defined  by  the  GM  and  the 
capacitor  Cc.  The  highly  linear  GM  stages  give  the  amplifier  a 
single  pole  response,  excluding  the  output  amplifier  and  loading 
effects.  /( is  important  to  note  that  the  bandwidth  and  general 
dynamic  behavior  is  symmetrical  (identical)  for  the  noninverting  and 
the  inverting  connections  of  the  AD830.  In  addition,  the  input 
impedance  and  CMRR  are  the  same  for  either  connections.  This 
is  very  advantageous  and  unlike  in  a  voltage  or  current  feedback 
amplifier,  where  there  is  a  distinct  difference  in  performance 
between  the  inverting  and  noninverting  gain.  The  practical 
importance  of  this  cannot  be  overemphasized  and  is  a  key  fea- 
ture offered  by  the  AD830  amplifier  topology. 


1  +S(CCRP) 


Figure  21.  Topology  Diagram 
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INTERFACING  THE  INPUT 
Common-Mode  Voltage  Range 

The  common-mode  range  of  the  AD830  is  defined  by  the  ampli- 
tude of  the  differential  input  signal  and  the  supply  voltage.  The 
general  definition  of  common-mode  voltage,  VCM,  is  usually 
applied  to  a  symmetrical  differential  signal  centered  about  a  par- 
ticular voltage  as  illustrated  by  the  diagram  in  Figure  23.  This  is 
the  meaning  implied  here  for  common-mode  voltage.  The  inter- 
nal circuitry  establishes  the  maximum  allowable  voltage  on  the 
input  or  feedback  pins  for  a  given  supply  voltage.  This  con- 
straint and  the  differential  input  voltage  sets  the  common-mode 
voltage  limit.  Figure  24  shows  a  curve  of  the  common-mode 
voltage  range  vs.  differential  voltage  for  three  supply  voltage 
settings 

■  I 

Figure  23.  Common-Mode  Definition 
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Figure  24.  Input  Common-Mode  Voltage  Range  vs. 
Differential  Input  Voltage 


Differential  Voltage  Range 

The  maximum  applied  differential  voltage  is  limited  by  the  clip- 
ping range  of  the  input  stages.  This  is  nominally  set  at  2.4  volts 
magnitude  and  depicted  in  the  crossplot  (X-Y)  photo  of  Figure 
25.  The  useful  linear  range  of  the  input  stages  is  set  at  2  volts, 
but  is  actually  a  function  of  the  distortion  required  for  a  particu- 
lar application.  The  distortion  increases  for  larger  differential 
input  voltages.  A  plot  of  relative  distortion  versus  input  differ- 
ential voltage  is  shown  in  Figures  8  and  11  in  the  Typical  Char- 
acteristics section.  The  distortion  characteristics  could  impose  a 
secondary  limit  to  the  differential  input  voltage  for  high  accu- 
racy applications. 


Figure  25.  Clipping  Behavior 
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Figure  26.  Maximum  Output  Swing  vs.  Supply 
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Swapping  between  inverting  and  noninverting  gain  is  possible 
simply  by  reversing  the  input  connections.  The  response  of  the 
amplifier  is  identical  in  either  connection,  except  for  the  sign 
change.  The  bandwidth,  high  impedance,  transient  behavior, 
etc.,  of  the  AD830,  is  symmetrical  for  both  polarities  of  gain. 
This  is  very  advantageous  and  unlike  an  op  amp. 

Input  Impedance 

The  relatively  high  input  impedance  of  the  AD830,  for  a  differ- 
ential receiver  amplifier,  permits  connections  to  modest  imped- 
ance sources  without  much  loading  or  loss  of  common-mode 
rejection.  The  nominal  input  resistance  is  300  kft.  The  real  limit 
to  the  upper  value  of  the  source  resistance  is  in  its  effect  on 
common-mode  rejection  and  bandwidth.  If  the  source  resistance 
is  in  only  one  input,  then  the  low  frequency  common-mode 
R,N/RS.  The  source  resistance/ 


x  Rs  x  CIN)  limits  the  band- 


rejection  will  be  lowered  to 
input  capacitance  pole  (f  = 

width.  Furthermore,  the  high  frequency  common-mode 
rejection  will  be  additionally  lowered  by  the  difference  in  the 
frequency  response  caused  by  the  Rs  x  C1N  pole.  Therefore,  to 
maintain  good  low  and  high  frequency  common-mode  rejection, 
it  is  recommended  that  the  source  resistances  of  the  +  and  - 
inputs  be  matched  and  of  modest  value  (<10  kft). 

Handling  Bias  Currents 

The  bias  currents  are  typically  4  uA  flowing  into  each  pin  of  the 
GM  stages  of  the  AD830.  Since  all  applications  possess  some 
finite  source  resistance,  the  bias  current  through  this  resistor  will 
create  a  voltage  drop  (IBias  x  Rs)-  The  relatively  high  input 
impedance  of  the  AD830  permits  modest  values  of  Rs,  typically 
<10  kft.  If  the  source  resistance  is  in  only  one  terminal,  then  an 
objectional  offset  voltage  may  result  (e.g.,  4  uA  x  5  kft  = 
20  mV).  Placement  of  an  equal  value  resistor  in  series  with  the 
other  input  will  cancel  the  offset  to  first  order.  However,  due  to 
mismatches  in  the  resistances,  a  residual  offset  will  remain  and 
likely  be  greater  than  bias  current  (offset  current)  mismatches. 

Applying  Feedback 

The  AD830  is  intended  for  use  with  gain  from  1  to  100.  Gains 
greater  than  one  are  simply  set  by  a  pair  of  resistors  connected 
as  shown  in  the  difference  amplifier  (Figure  35)  with  gain  >1. 
The  value  of  the  bottom  resistor  R2,  should  be  kept  less  than 
1  kft  to  insure  that  the  pole  formed  by  CIN  and  the  parallel  con- 
nection of  R!  and  R2  is  sufficiently  high  in  frequency  so  that  it 
does  not  introduce  excessive  phase  shift  around  the  loop  and 
destabilizes  the  amplifier.  A  compensating  resistor,  equal  to  the 
parallel  combination  of  Rt  and  R2,  should  be  placed  in  series 
with  the  other  Y  GM  stage  input  to  preserve  the  high  frequency 
common-mode  rejection  and  to  lower  the  offset  voltage  induced 
by  the  input  bias  current. 

Output  Common  Mode 

The  output  swing  of  the  AD830  is  defined  by  the  differential 
input  voltage,  the  gain  and  the  output  common.  Depending  on 
the  anticipated  signal  span,  the  output  common  (or  ground)  may 
be  set  anywhere  between  the  allowable  peak  output  voltage  in  a 
manner  similar  to  that  described  for  input  voltage  common 
mode.  A  plot  of  the  peak  output  voltage  versus  supply  is  shown 
in  Figure  26.  A  prediction  of  the  common-mode  range  versus 


output  Current 

The  absolute  peak  output  current  is  set  by  the  short  circuit  cur- 
rent limiting,  typically  greater  that  60  mA.  The  maximum  drive 
capability  is  rated  at  50  mA,  but  without  a  guarantee  of  distor- 
tion performance.  Best  distortion  performance  is  obtained  by 
keeping  the  output  current  £20  mA.  Attempting  to  drive  large 
voltages  into  low  valued  resistances  (e.g.,  10  V  into  150  ft)  will 
cause  an  apparent  lowering  of  the  limit  for  output  signal  swing, 
but  is  just  the  current  limiting  behavior. 

Driving  Cap  Loads 

The  AD830  is  capable  of  driving  modest  sized  capacitive  loads 
while  maintaining  its  rated  performance.  Several  curves  of  band- 
width versus  capacitive  load  are  given  in  Figures  15  and  18.  The 
AD830  was  designed  primarily  as  a  low  distortion  video  speed 
amplifier,  but  with  a  tradeoff,  giving  up  very  large  capacitive 
load  driving  capability.  If  very  large  capacitive  loads  must  be 
driven,  then  the  network  shown  in  Figure  27  should  be  used  to 
insure  stable  operation.  If  the  loss  of  gain  caused  by  the  resistor 
Rs  in  series  with  the  load  is  objectionable,  then  the  optional 
feedback  network  shown  may  be  added  to  restore  the  lost  gain. 


Figure  27.  Circuit  for  Driving  Large  Capacitive  Loads 
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Figure  28.  Closed-Loop  Response  vs.  Frequency  with 
100  pF  Load  and  Series  Resistor  Compensation 
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SUPPLIES,  BYPASSING  AND  GROUNDING  (Figure  29) 

The  AD830  is  capable  of  operating  over  a  wide  range  of  supply 
voltages,  both  single  and  dual  supplies.  The  coupling  may  be  dc 
or  ac  provided  the  input  and  output  voltages  stay  within  the 
specified  common-mode  voltage  limits.  For  dual  supplies,  the 
device  works  from  ±4Vto±16.5V.  Single  supply  operation  is 
possible  over  +8  V  to  +33  V.  It  is  also  possible  to  operate  the 
pan  with  split  supply  voltages  (e.g.,  +24  V,  -5  V)  for  special 
applications  such  as  level  shifting.  The  primary  constraint  is  that 
the  total  potential  between  the  two  supplies  does  not  exceed  33  V. 

Inclusion  of  power  supply  bypassing  capacitors  is  necessary  to 
achieve  stable  behavior  and  the  specified  performance.  It  is 
especially  important  when  driving  low  resistance  loads.  At  a 
minimum,  connect  a  0. 1  u.F  ceramic  capacitor  at  the  supply  lead 
of  the  AD830  package.  In  addition,  for  the  best  by  passing,  we 
recommend  connecting  a  0.01  u.F  ceramic  capacitor  and  4.7  uP 
tantalum  capacitor  to  the  supply  lead  going  to  the  AD830. 


VnI  J_°-1i»f 

f-  <  LOAD 

I  GND 

V  1 


Figure  29.  Supply  Decoupling  Options 


The  AD830  is  designed  by  its  functionality  to  be  capable  of 
rejecting  noise  and  dissimilar  potentials  in  the  ground  lines. 
Therefore,  proper  care  is  necessary  to  realize  the  benefits  of  the 
differential  amplification  of  the  part.  Separation  of  the  input  and 
output  grounds  is  crucial  in  rejection  of  the  common  mode  noise 
at  the  inputs  and  eliminating  any  ground  drops  on  the  input 
signal  line.  For  example,  connecting  the  ground  of  a  coaxial 
cable  to  the  AD830  output  common  (board  ground)  could 
degrade  the  CMR  and  also  introduce  power-down  loading  on 
cable  grounds.  However,  it  is  also  necessary  as  in  any  electronic 
system,  to  provide  a  return  path  for  bias  currents  back  to  their 
original  power  supply.  This  is  accomplished  by  providing  a  con- 
nection between  the  differing  grounds  through  a  modest  imped- 
ance labeled  ZCM  (e.g.,  100  fl). 

Single  Supply  Operation 

The  AD830  is  capable  of  operating  in  single  power  supply  appli- 
cations down  to  a  voltage  of  +8  V,  with  the  generalized  connec- 
tion shown  in  Figure  30.  There  is  a  constraint  on  the  common- 
mode  voltage  at  the  input  and  output  which  establishes  the 
range  for  these  voltages.  Direct  coupling  may  be  used  for  input 
and  output  voltages  which  he  in  these  ranges.  Any  gain  network 
applied  needs  to  be  referred  to  the  output  common  connection 
or  have  an  appropriate  offset  voltage.  In  situations  where  the 
signal  lies  at  a  common  voltage  outside  the  common  mode  range 
of  the  AD830  direct  coupling  will  not  work,  so  ac  coupling 
should  be  used.  A  tested  application  included  later  in  this  data 
sheet  (Figure  42),  shows  how  to  easily  accomplish  coupling  to 
the  AD830.  For  single  supply  operation  where  direct  coupling  is 
desired  the  input  and  output  common-mode  curves  (Figures  31 
and  32)  should  be  used. 


30.  General  Single  Supply  Connection 


2s 


Vp  =  t10V 


0  0.4  0.8  1.2  1.6  2.0 

DIFFERENTIAL  INPUT  VOLTAGE  -  VPEAK 

Figure  31.  Input  Common-Mode  Range  for  Single  Supply 


g20 

* 


3  8 


TOV. 

[TO  G 

 J 

I 

14  18  22 

SUPPLY  VOLTAGE  -  Vote 


Figure  32.  Output  Swing  Limit  for  Single  Supply 
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Differential  Line  Receiver 

The  AD830  was  specifically  designed  to  perform  as  a  differential 
line  receiver.  The  circuit  in  Figure  33  shows  how  simple  it  is  to 
configure  the  AD830  for  this  function.  The  signal  from  system 
"A"  is  received  differentially  relative  to  A's  common,  and  that 
voltage  is  exactly  reproduced  relative  to  the  common  in  system 
B.  The  common-mode  rejection  versus  frequency,  shown  in  Fig- 
ure 1,  is  excellent,  typically  100  dB  at  low  frequencies.  The  high 
input  impedance  permits  the  AD830  to  operate  as  a  bridging 
amplifier  across  low  impedance  terminations  with  negligible 
loading.  The  differential  gain  and  phase  specifications  are  very 
good  as  shown  in  Figure  7  for  500  fi  and  Figure  10  for  150  ft. 
The  input  and  output  common  should  be  separated  to  achieve 
the  full  CMR  performance  of  the  AD830  as  a  differential  ampli- 
fier. However,  a  common  return  path  is  necessary  between  sys- 
tems A  and  B. 


system  b  \7 
Figure  33.  Differential  Line  Receiver 
Wide  Range  Level  Shifter 

The  wide  common-mode  range  and  accuracy  of  the  AD830 
allows  easy  level  shifting  of  differential  signals  referred  to  an 
input  common-mode  voltage  to  any  new  voltage  defined  at  the 
output.  The  inputs  may  be  referenced  to  levels  as  high  as  10  V 
at  the  inputs  with  a  ±2  V  swing  about  10  V.  In  the  circuit  of 
Figure  34,  the  output  voltage,  VOUT,  is  defined  by  the  simple 
equation  shown  below.  The  excellent  linearity  and  low  distortion 
are  preserved  over  the  full  input  and  output  common-mode 
range.  The  voltage  sources  need  not  be  of  low  impedance,  since 
the  high  input  resistance  and  modest  input  bias  current  of  the 
AD830  V-to-I  converters  permit  the  use  of  resistive  voltage 
dividers  as  reference  voltages. 


Figure  34.  Differential  Amplification  with  Level  Shifting 


Difference  Amplifier  with  Gain  >  1 

The  AD830  can  provide  instrumentation  amplifier  style  differen- 
tial amplification  at  gains  greater  than  1 .  The  input  signal  is 
connected  differentially  and  the  gain  is  set  via  feedback  resistors 
as  shown  in  Figure  35.  The  gain,  G  =  (R2  +  Ri)/R2.  The 
AD830  can  provide  either  inverting  or  noninverting  differential 
amplification.  The  polarity  of  the  gain  is  established  by  the 
polarity  of  the  connection  at  the  input.  Feedback  resistors  R2 
should  generally  be  R2  is  1  kft  to  maintain  closed-loop  stability 
and  also  keep  bias  current  induced  offsets  low.  Highest  CMRR 
and  lowest  dc  offsets  are  preserved  by  including  a  compensating 
resistor  in  series  with  Pin  3.  The  gain  may  be  as  high  as  100. 


Figure  35.  Gain  of  G  Differential  Amplifier,  G  >  1 


Offsetting  the  Output  with  Gain 

Some  applications,  such  as  A/D  drivers,  require  that  the  signal 
be  amplified  and  also  offset,  typically  to  accommodate  the  input 
range  of  the  device.  The  AD830  can  offset  the  output  signal 
very  simply  through  Pin  3  even  with  gain  >  1 .  The  voltage 
applied  to  Pin  3  must  be  attenuated  by  an  appropriate  factor  so 
that  V,xG  =  desired  offset.  In  Figure  36,  a  resistive  divider 
from  a  voltage  reference  is  used  to  produce  the  attenuated  offset 
voltage. 


Figure  36.  Offsetting  the  Output  with  Differential  Gain  >  1 
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Loop  Through  or  Line  Bridging  Amplifier  (Figure  37) 

The  AD830  is  ideally  suited  for  use  as  a  video  line  bridging  ampli- 
fier. The  video  signal  is  tapped  from  the  conductor  of  the  cable 
relative  to  its  shield.  The  high  input  impedance  of  the  AD830 
provides  negligible  loading  on  the  cable.  More  significantly,  the 
benign  loading  is  maintained  while  the  AD830  is  powered-down. 
Coupled  with  its  good  video  load  driving  performance,  the 
AD830  is  well  suited  to  video  cable  monitoring  applications. 
■ 


—  +\  AD830 


this  wired  connection.  The  output  is  exactly  twice  the  applied 
voltage,  Vjn;  VOUT  =  2  x  VIN.  Figure  39  below  shows  the 
connections  for  this  highly  useful  application.  The  most  notable 
characteristic  of  this  alternative  gain  of  two  is  that  there  is  no 
loss  of  bandwidth  as  in  a  voltage  feedback  op  amp  based  gain  of 
+2  where  the  bandwidth  is  halved,  therefore,  the  gain  band- 
width is  doubled.  Also,  this  circuit  is  accurate  without  the  need 
for  any  precise  valued  resistors,  as  in  the  op  amp  equivalents, 
and  it  possess  excellent  differential  gain  and  phase  performance 
as  shown  in  Figures  40  and  41. 


 1  0.1  f.F 


Figure  39.  Full  Bandwidth  Line  Driver  (G  =  +2) 


Figure  37.  Cable  Tap  Amplifier 
Resistorless  Summing 

Direct,  two  input,  resistorless  summing  is  easily  realized  from 
the  general  unity  gain  mode.  By  grounding  VH  and  applying 
the  two  inputs  to  Vxl  and  VY1,  the  output  is  the  exact  sum  of 
the  applied  voltages  V,  and  V3,  relative  to  common;  VOUT  —  Vj 
+  V3.  A  diagram  of  this  simple,  but  potent  application  is  shown 
below  in  Figure  38.  The  AD830  summing  circuit  possesses  sev- 
eral virtues  not  present  in  the  classic  op  amp  based  summing 
circuits.  It  has  high  impedance  inputs,  no  resistors,  very  precise 
summing,  high  reverse  isolation  and  noninverting  gain.  Achiev- 
ing this  function  and  performance  with  op  amps  requires  signifi- 
cantly more  components. 
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Figure  40.  Differential  Gain  and  Phase  for  the  Circuit  of 
Figure  39 
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Figure  38.  Resistorless  Summing  Amplifier 
2x  Gain  Bandwidth  Line  Driver 

A  gain  of  two,  without  the  use  of  resistors,  is  possible  with  the 
AD830.  This  is  accomplished  by  grounding  V^,  tying  the  two 
inputs  Vxl  and  VY1  together  and  applying  the  input,  Vm,  to 
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Figure  41.  0.1  dB  Gain  Flatness  for  the  Circuit 
of  Figure  39 
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tier  on  a  single  or  bipolar  supply  voltages.  All  that  is  needed  is 
inclusion  of  a  few  noncritical  passive  components  as  illustrated 
below  in  Figure  42.  A  simple  resistive  network  at  the  X  GM 
input  establishes  a  common-mode  bias.  Here,  the  common  mode 
is  centered  at  6  volts,  but  in  principle  can  be  any  voltage  within 
the  common-mode  limits  of  the  AD830.  The  10  kO  resistors  to 
each  input  bias  the  X  GM  stage  with  sufficiently  high  impedance 
to  keep  the  input  coupling  corner  frequency  low,  but  not  too 
large  so  that  residual  bias  current  induced  offset  voltage 

>  troublesome.  For  dual  supply  operation,  the  10  kfl 


preserve  the  high  frequency  CMR.  However,  a  simple  resistive 
divider  will  work  fine  and  good  high  frequency  CMR  can  be 
maintained  by  placing  a  compensating  resistor  in  series  with  the 
+Y  input.  The  excellent  CMRR  response  of  the  circuit  is  shown 
in  Figure  43.  A  plot  of  the  0.1  dB  flatness  from  10  Hz  is  also 
shown.  With  the  use  of  10  up  capacitors,  the  CMR  is  >90  dB 
down  to  a  few  tens  of  hertz.  This  level  of  performance  is  almost 
impossible  to  achieve  with  discrete  solutions. 


figure  42.  AC  Coupled  Line  Receiver 
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Figure  43.  Common-Mode  Rejection  vs.  Frequency  for 
Line  Receiver 


Figure  44.  Amplitude  Response  vs.  Frequency  for 
Line  Receiver 
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FEATURES 

Wideband  AC  Performance 

Gain  Bandwidth  Product:  400  MHz  (Gain  >  10) 

Fast  Settling:  100  ns  to  0.01%  for  a  10  V  Step 

Slew  Rate:  400  V/>s 

Stable  at  Gains  of  10  or  Greater 

Full  Power  Bandwidth:  6.4  MHz  for  20  V  p-p  into  a 
500  a  Load 
Precision  DC  Performance 

Input  Offset  Voltage:  0.3  mV  max 

Input  Offset  Drift:  3  |iV/°C  typ 

Input  Voltage  Noise:  4  nV/VHz 

Open-Loop  Gain:  130  V/mV  into  a  1  kfl  Load 

Output  Current:  50  mA  min 

Supply  Current:  12  mA  max 

APPLICATIONS 
Video  and  Pulse  Amplifiers 
DAC  and  ADC  Buffers 
Line  Drivers 

Available  in  14-Pin  Plastic  DIP,  Hermetic  Cerdip 

and  20-Pin  LCC  Packages  and  in  Chip  Form 
MIL-STD-883B  Processing  Available 

PRODUCT  DESCRIPTION 

The  AD840  is  a  member  of  the  Analog  Devices'  family  of  wide 
bandwidth  operational  amplifiers.  This  high  speed/high  precision 
family  includes,  among  others,  the  AD841,  which  is  unity-gain 
stable,  and  the  AD842,  which  is  stable  at  a  gain  of  two  or 
greater  and  has  100  mA  minimum  output  current  drive.  These 
devices  are  fabricated  using  Analog  Devices'  junction  isolated 
complementary  bipolar  (CB)  process.  This  process  permits  a 
combination  of  dc  precision  and  wideband  ac  performance  previ- 
ously unobtainable  in  a  monolithic  op  amp.  In  addition  to  its 
400  MHz  gain  bandwidth  product,  the  AD840  offers  extremely 
fast  settling  characteristics,  typically  settling  to  within  0.01%  of 
final  value  in  100  ns  for  a  10  volt  step. 

The  AD840  remains  stable  over  its  full  operating  temperature 
range  at  closed-loop  gains  of  10  or  greater.  It  also  offers  a  low 
quiescent  current  of  12  mA  maximum,  a  minimum  output  cur- 
rent drive  capability  of  50  mA,  a  low  input  voltage  noise  of 
4  nV/VHz  and  a  low  input  offset  voltage  of  0.3  mV  maximum 
(AD840K). 

The  400  V/u.s  slew  rate  of  the  AD840,  along  with  its  400  MHz 
gain  bandwidth,  ensures  excellent  performance  in  video  and 
pulse  amplifier  applications.  This  amplifier  is  ideally  suited  for 
use  in  high  frequency  signal  conditioning  circuits  and  wide 


CONNECTION  DIAGRAMS 


Plastic  DIP  (N)  Package 
and 

Cerdip  (Q)  Package 


LCC  (E)  Package 

d  i 


9  10  11  12  13 
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bandwidth  active  filters.  The  extremely  rapid  settling  time  of 
the  AD840  makes  it  the  preferred  choice  for  data  acquisition 
applications  which  require  12-bit  accuracy.  The  AD840  is  also 
appropriate  for  other  applications  such  as  high  speed  DAC  and 
ADC  buffer  amplifiers  and  other  wide  bandwidth  circuitry. 

APPLICATION  HIGHLIGHTS 

1 .  The  high  slew  rate  and  fast  settling  time  of  the  AD840  make 
it  ideal  for  DAC  and  ADC  buffers,  line  drivers  and  all  types 
of  video  instrumentation  circuitry. 

2.  The  AD840  is  truly  a  precision  amplifier.  It  offers  12-bit 
accuracy  to  0.01%  or  better  and  wide  bandwidth,  perfor- 
mance previously  available  only  in  hybrids. 

3.  The  AD840's  thermally  balanced  layout  and  the  high  speed 
of  the  CB  process  allow  the  AD840  to  settle  to  0.01%  in 
100  ns  without  the  long  "tails"  that  occur  with  other  fast  op 
amps. 

4.  Laser  wafer  trimming  reduces  the  input  offset  voltage  to 
0.3  mV  max  on  the  K  grade,  thus  eliminating  the  need  for 
external  offset  nulling  in  many  applications.  Offset  null  pins 
are  provided  for  additional  versatility. 

5.  Full  differential  inputs  provide  outstanding  performance  in 
all  standard  high  frequency  op  amp  applications  where  circuit 
gain  will  be  10  or  greater. 

6.  The  AD840  is  an  enhanced  replacement  for  the  HA2540. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD840— SPECIFICATIONS 


(@  +25°C  and  ±15  V  dc,  unless  otherwise  noted) 


Model 

Conditions 

AD840J 
Min    Typ  Max 

AD840K 
Min    Typ  Max 

AD840S 
Min    Typ  Max 

Units 

oi       o  * 

n  i  l 

mV 

Offset  Drift 

T  -T 

*  mm       *  max 

1.5 

5 

0.7 

3 

2 

5 

mV 
jiV/°C 

INPUT  BIAS  CURRENT 

3.5  8 
10 

3.5  5 
6 

3.5  8 

uA 

Hi 

T     —  T 

 mm  max  

0. 1  0.4 

0.5 

0  1        0  2 
0.3 

 —  

0  1         0  4 

0.6 

llA 
uA 

INPUT  CHARACTERISTICS 
Input  Resistance 
input  v^dpdLiidnLe 

Differential  Mode 

f 

30 

H-q  V  OJFtcI  sHiifl  * 

kfl 

nF 
pF 

INPUT  VOLTAGE  RANGE 
Common  Mode 
Common-Mode  Rejection 

VCM=  ±10  V 
T  •  -  T 

*  mm      *  max 

±10  12 
90  110 

85 

±10  12 
106  115 
90 

■ 

±10  12 
90  110 
85 

V 

dB 

dB 

INPUT  VOLTAGE  NOISE 
Wideband  Noise 

f  =  1  kHz 

10  Hz  to  10  MHz 

4 
10 

4 
10 

4 



nV/VHz 
u.V  rms 



OPEN-LOOP  GAIN 

V0  =  ±10  V 

Tmm-T,,^ 

Rload  =  500  O 
T  -T 

1  mm       1  max 

100  130 

50  80 

75 

50 



100  130 
75  100 
100 
75 

100  130 
50  80 

75 
50 

V/mV 
V/mV 
V/mV 
V/mV 



OUTPUT  CHARACTERISTICS 
Voltage 

Current 

Output  Resistance 

Rload  a  500  n 
T^,-T„ 

±10 

±10 

±10 

V 

VOUT  =  ±10  V 
Open  Loop 

50 

15 

50 

15 

50 

15 

mA 
fi 

FREQUENCY  RESPONSE 
Gain  Bandwidth  Product 

Full  Power  Bandwidth2 

Rise  Time 
Overshoot3 
Slew  Rate3 

Cprrlinp  Timp3  —10  V  Stpn 

VOUT  =  90  mV  p-p 

Av  =  -10 

Vo  =  20Vp-p 

Rload  £  500  fl 

Av  =  -10 

Av  =  -10 

Av  =  -10 

Av  =  — 10 

to  0.1% 

to  0.01% 

400 

5.5  6.4 
10 
20 

350  400 

80 
100 

400 

5.5  6.4 
10 
20 

350  400 

80 
100 

400 

5.5  6.4 
10 
20 

350  400 

80 
100 

MHz 

MHz 
ns 

% 

V/u.s 

ns 
ns 

OVERDRIVE  RECOVERY 

-Overdrive 
+ Overdrive 

190 
350 

190 
350 

190 
350 

ns 
ns 

DIFFERENTIAL  GAIN 

f  =  4.4  MHz 

0.025 

0.025 

0.025 

% 

DIFFERENTIAL  PHASE 

f  =  4.4  MHz 

0.04 

0.04 

0.04 

Degree 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

Power  Supply  Rejection  Ratio 

T      -  T 

*  min       A  max 

Vs  =  ±5  V  to  ±18  V 
T     -  T 

■  mm       1  max 

±15 

±5  ±18 
12  14 

16 

90  100 

80 

±15 

±5  ±18 
12  14 
io 

94  100 
86 

±15 

±5  ±18 
12  14 

1  fi 

90  100 
80 

V 
V 

mA 

m  A 

mA 
dB 
dB 

TEMPERATURE  RANGE 
Rated  Performance4 

0  +75 

0  +75 

-55  +125 

°C 

TRANSISTOR  COUNT 

#  of  Transistors 

72 

72 

72 
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NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 
2Full  power  bandwidth  =  slew  rate/2  it  Vpeak. 
3Refer  to  Figures  22  and  23. 

4"S"  grade  Tmin-Tm8!l  specifications  are  tested  with  automatic  test  equipment  at  TA  =  ~55°C  and  TA  =  +125X. 
All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 


±18  V 


ABSOLUTE  MAXIMUM  RATINGS1 

SX&gms® ' 

Plastic  (N)  1.5  W 

Cerdip  (Q)   .  ,  1.  3  W 

LCC(E)  .  1.0  W 

Input  Voltage   ±VS 

Differential  Input  Voltage  ±6  V 

Storage  Temperature  Range 

Q,  E  j   -65°Cto  +  150°C 

N     -65°Cto  +125°C 

Junction  Temperature  (Tj)  +  175°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Maximum  internal  power  dissipation  is  specified  so  that  Tj  does  not  exceed 
+  175°C  at  an  ambient  temperature  of  +25°C. 
Thermal  Characteristics: 

8jc         8JA  Derate  at 

Cerdip  Package  WCW  110°C/W  8.7  mW/°C 
Plastic  Package  30°C/W  KXTC/W  10  mWC 
LCC  Package     35°C/W   150°C7W  6.7  mW/°C 

Recommended  Heat  Sink: 
Aavid  Engineering6  #602B 


ORDERING  GUIDE 


Model1 





AD840JN 
AD840KN 
AD840JQ 
AD840KQ 
AD840SQ 
AD840SQ-883B 
5962-89640012A 
AD840SE-883B 
5962-896400 1CA 


Package  Options2 


M4 
N-14 
Q-14 
Q-14 
Q-14 
Q-14 
Q-14 
E-20A 


NOTES 

'J  and  S  Grade  Chips  also  available. 

2N  =  Plastic  DIP;  Q  =  Cerdip;  E  =  LCC  (Leadless 

Ceramic  Chip  Carrier).  For  outline  information  see 

Package  Information  section. 


Plastic  DIP  (N)  Package 
and 

Cerdip  (Q)  Package 


LCC  (E)  Package 

1  d 


■ 


AD840  Connection  Diagrams 

METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
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ANALOG 
DEVICES 


Wideband,  Unity-Gain  Stable, 
Fast  Settling  Op  Amp 


AD841 


FEATURES 
AC  PERFORMANCE 
Unity-Gain  Bandwidth:  40  MHz 
Fast  Settling:  110  ns  to  0.01% 
Slew  Rate:  300  V/jis 

Full  Power  Bandwidth:  4.7  MHz  for  20  V  p-p  into  a 
™>  n  Load 


DC  PERFORMANCE 
Input  Offset  Voltage:  1  mV  max 
Input  Voltage  Noise:  13  nV/Vfiz  typ 
Open-Loop  Gain:  45  V/mV  into  a  1  kO  Load 
Output  Current:  50  mA  min 
Supply  Current:  12  mA  max 

APPLICATIONS 

High  Speed  Signal  Conditioning 
i       Video  and  Pulse  Amplifiers 
Data  Acquisition  Systems 
Line  Drivers 
Active  Filters 

Available  in  14-Pin  Plastic  DIP,  Hermetic  Cerdip,  12-Pin 

TO-8  Metal  Can  and  20-Pin  LCC  Packages 
Chips  and  MIL-STD-883B  Parts  Available 

PRODUCT  DESCRIPTION 

The  AD841  is  a  member  of  the  Analog  Devices  family  of  wide 
bandwidth  operational  amplifiers.  This  high  speed/high  preci- 
sion family  includes,  among  others,  the  AD840,  which  is  stable 
at  a  gain  of  10  or  greater,  and  the  AD842,  which  is  stable  at  a 
gain  of  two  or  greater  and  has  100  mA  minimum  output  current 
drive.  These  devices  are  fabricated  using  Analog  Devices'  junc- 
tion isolated  complementary  bipolar  (CB)  process.  This  process 
permits  a  combination  of  dc  precision  and  wideband  ac  perfor- 
mance previously  unobtainable  in  a  monolithic  op  amp.  In  addi- 
tion to  its  40  MHz  unity-gain  bandwidth  product,  the  AD841 
offers  extremely  fast  settling  characteristics,  typically  settling  to 
within  0.01%  of  final  value  in  110  ns  for  a  10  volt  step. 

Unlike  many  high  frequency  amplifiers,  the  AD841  requires  no 
external  compensation.  It  remains  stable  over  its  full  operating 
temperature  range.  It  also  offers  a  low  quiescent  current  of 
12  mA  maximum,  a  minimum  output  current  drive  capability  of 
50  mA,  a  low  input  voltage  noise  of  13  nVA/Hz  and  low  input 
offset  voltage  of  1  mV  maximum. 

The  300  V/lis  slew  rate  of  the  AD841,  along  with  its  40  MHz 
gain  bandwidth,  ensures  excellent  performance  in  video  and 
pulse  amplifier  applications.  This  amplifier  is  well  suited  for  use 
in  high  frequency  signal  conditioning  circuits  and  wide  band- 
width active  filters.  The  extremely  rapid  settling  time  of  the 
AD841  makes  it  the  preferred  choice  for  data  acquisition  appli- 
cations which  require  12-bit  accuracy.  The  AD841  is  also  appro- 
priate for  other  applications  such  as  high  speed  DAC  and  ADC 
buffer  amplifiers  and  other  wide  1 


CONNECTION  DIAGRAMS 


Plastic  DIP  (N)  Package 
and 

Cerdip  (Q)  Package 


TO-8  (H)  Package 


TOP  VIEW 
NC  -  NO  CONNECT 


BOTTOM  VIEW 
NOTE:  CAN  TIED  TO  V 
NC  =  NO  CONNECT 


LCC  (E)  Package 


9    to    11    12  13 


i  >  i  s  s 

NC- NO  CONNECT 


APPLICATION  HIGHLIGHTS 

1.  The  high  slew  rate  and  fast  settling  time  of  the  AD841  make 
it  ideal  for  DAC  and  ADC  buffers,  and  all  types  of  video 
instrumentation  circuitry. 

2.  The  AD841  is  a  precision  amplifier.  It  offers  accuracy  to 
0.01%  or  better  and  wide  bandwidth  performance  previously 
available  only  in  hybrids. 

3.  The  AD841's  thermally  balanced  layout  and  the  speed  of  the 
CB  process  allow  the  AD841  to  settle  to  0.01%  in  110  ns 
without  the  long  "tails"  that  occur  with  other  fast  op  amps. 

4.  Laser  wafer  trimming  reduces  the  input  offset  voltage  to 
1  mV  max  on  the  K  grade,  thus  eliminating  the  need  for 
external  offset  nulling  in  many  applications.  Offset  null  pins 
are  provided  for  additional  versatility. 

5.  The  AD841  is  an  enhanced  replacement  for  the  HA2541. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  i 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


+25°C  and  ±15  V  dc,  unless  otherwise  noted) 


AD841 


AD841J 

AD841K 

AD841S 

Model 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

INPUT  OFFSET  VOLTAGE2 

0.8 

2.0 

0.5 

1.0 

0.5 

2.0 

mV 

T  T 

5  0 

3  3 

5.5 

mV 

Offset  Drift 

35 

35 

35 

u-W°C 

INPUT  BIAS  CURRENT 

3.5 

8 

3.5 

5 

3.5 

8 

u.A 

T  -T 

1  min    1  max 

10 

6 

12 

p.A 

Input  Offset  Current 

0.1 

0.4 

0.1 

0.2 

0.1 

0.4 

p,A 

0.5 

0.3 

0.6 

u.A 

INPUT  CHARACTERISTICS 

Differential  Mode 



Input  Resistance 

200 

200 

200 

kfl 

Input  Capacitance 

2 

2 

2 

pF 

INPUT  VOLTAGE  RANGE 

Common  Mode 

±10 

12 

±10 

12 

±10 

12 

V 

Common  Mode  Rejection 

Vcm  =  ±10  V 

86 

100 

103 

109 

86 

100 

dB 

T  -T 

*  min    *  max 

80 

100 

80 

dB 

INPUT  VOLTAGE  NOISE 

f  =  1  kHz 

15 

15 

15 

nV/VHz 

Wideband  Noise 

1  ft          rrt  1ft  M  U, 
1U  rlz  to  1U  /VlrtZ 

47 

ATI 

AT 

fjL,v  rms 

OPEN-LOOP  GAIN 

VQ  =  ±  10  V 

Rload£500  n 

25 

45 

25 

45 

25 

45 

V/mV 

T^-T^ 

12 

20 

12 

V/mV 

OUTPUT  CHARACTERISTICS 

Voltage 

Rload£500  n 

Tmin-T^ 

±10 

±10 

±10 

V 

Current 

VoTt  =  ±10V 

50 

50 

50 

mA 

OUTPUT  RESISTANCE 

Oivn  T  ivin 

5 

5 

ft 

FREQUENCY  RESPONSE 

Unity  Gain  Bandwidth 

Vout  =  90  mV  p-p 

40 

40 

40 

MHz 

Full  Power  Bandwidth3 

V0  =  20  V  p-p 

Rload^soo  n 

3.1 

4.7 

3.1 

4.7 

3.1 

4.7 

MHz 

I vioc  i  line 

Av  =  —  1 

10 

10 

10 

\-S  VCl  511U\J  L 

Av  =  —  1 

10 

10 

10 

% 

Slew  Rate4 

Av  =  -1 

200 

300 

200 

300 

200 

300 

V/(is 

Settling  Time  -  10  V  Step 

Av  =  -1 

to  0.1% 

90 

90 

90 

ns 

to  0.01% 

110 

no 

110 

ns 

OVERDRIVE  RECOVERY 

-Overdrive 

200 

200 

200 

ns 

-(-Overdrive 

700 

700 

700 

ns 

DIFFERENTIAL  GAIN 

f  =  4.4  MHz 

0.03 

0.03 

0.03 

% 

Differential  Phase 

f  =  4  4  MHz 

0.022 

0.022 

0.022 

Degree 

POWER  SUPPLY 

IXUltU  *  CI  1U1  induce 

±15 

±15 

±15 

v 

±5 

±18 

±5 

±18 

±5 

±18 

y 

Quiescent  Current 

11 

12 

11 

12 

11 

12 

mA 

Tmin-T,^ 

14 

14 

16 

mA 

Power  Supply  Rejection  Ratio 

V™=  ±Tv  to  ±18  V 

86 

100 

90 

100 

86 

100 

dB 

T  -T 

min    *  max 

80 

86 

80 

dB 

TEMPERATURE  RANGE 

Rated  Performance5 

0 

+  75 

0 

+75 

-55 

+  125 

°C 

PACKAGE  OPTIONS6 

LCC  (E-20A) 

AD841SE,  AD841SE/883B 

Cerdip  (Q-14) 

AD841JQ 

AD841KQ 

AD841SQ,  AD841SQ/883B 

Plastic  (N-14) 

AD841JN 

AD841KN 

TO-8  (H-12) 

AD841JH 

AD841KH 

AD841SH,  AD841SH/883B 

Chips 

AD841J  CHIPS 

AD841S  CHIPS 

NOTES 

'Standard  Military  Drawing  Available:  5962-89641012A  -  (SE/883B);  5962-8964101CA  -  (SQ/883B) 
2Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 
3Full  power  bandwidth  =  Slew  Rate/2ir  VPEAK. 
"Refer  to  Figure  19. 

5"S"  grade  T^  and  T„  specifications  are  tested  with  automatic  test  equipment  at  TA  =  -55°C  and  TA  =  +125°C. 
6 For  outline  information  see  Package  Information  section. 

All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 
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 ailUll 

TO-8(H)   

Plastic  (N)  

Cerdip  (Q)  

Input  Voltage   

Differential  Input  Voltage  

Storage  Temperature  Range 

Q,  H,  E  

N  .  .  .  . 

Junction  Temperature  

Lead  Temperature  Range  (Soldering  60  sec) 


1.4  W 

1.5  W 
1.3  W 

•  ±vs 

.  ±6  V 


-65°C  to  + 150°C 
-65°C  to  +125°C 

 +175°C 

 +300°C 


r  1.  tuuudgc  to  uie  aevice.  l  his  is  a  stress  rating  only,  and  functional 

operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

'Maximum  internal  power  dissipation  is  specified  so  that  Tj  does  not  exceed 
+  175°C  at  an  ambient  temperature  of  +25°C. 

Thermal  Characteristics: 

6jc  9jA  9gA 

Cerdip  Package  35°C/W  110°C/W  38°C/W  Recommended  Heat  Sink: 

TO-8  Package     30°C/W  100°OW  37°C/W  Aavid  Engineering  c#602B 

Plastic  Package   30°C/W  100°C/W 

LCC  Package     35°C/W  150°OW 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


■ 
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ANALOG 


Wideband,  High  Output  Current, 
Fast  Settling  Op  Amp 


AD842 








FEATURES 

AC  PERFORMANCE 

Gain  Bandwidth  Product:  80  MHz  (Gain  =  2) 

Fast  Settling:  100  ns  to  0.01%  for  a  10  V  Step 

Slew  Rate:  375  V/us 

Stable  at  Gains  of  2  or  Greater 

Full  Power  Bandwidth:  6.0  MHz  for  20  V  p-p 

DC  PERFORMANCE 

Input  Offset  Voltage:  1  mV  max 

Input  Offset  Drift:  14  |xV/°C 

Input  Voltage  Noise:  9  nV/Vfiz  typ 

Open-Loop  Gain:  90  V/mV  into  a  500  tl  Load 

Output  Current:  100  mA  min 

Quiescent  Supply  Current:  14  mA  max 

APPLICATIONS 

Line  Drivers 

DAC  and  ADC  Buffers 

Video  and  Pulse  Amplifiers 

Available  in  Plastic  DIP,  Hermetic  Metal  Can, 

Hermetic  Cerdip,  SOIC  and  LCC  Packages  and  in 

Chip  Form 
MIL-STD-883B  Parts  Available 
Available  in  Tape  and  Reel  in  Accordance  with 

EIA-481 A  Standard 

PRODUCT  DESCRIPTION 

The  AD842  is  a  member  of  the  Analog  Devices  family  of  wide 
bandwidth  operational  amplifiers.  This  family  includes,  among 
others,  the  AD840  which  is  stable  at  a  gain  of  10  or  greater  and 
the  AD841  which  is  unity-gain  stable.  These  devices  are  fabri- 
cated using  Analog  Devices'  junction  isolated  complementary 
bipolar  (CB)  process.  This  process  permits  a  combination  of  dc 
precision  and  wideband  ac  performance  previously  unobtainable 
in  a  monolithic  op  amp.  In  addition  to  its  80  MHz  gain  band- 
width, the  AD842  offers  extremely  fast  settling  characteristics, 
typically  settling  to  within  0.01%  of  final  value  in  less  than 
100  ns  for  a  10  volt  step. 

The  AD842  also  offers  a  low  quiescent  current  of  13  mA,  a  high 
output  current  drive  capability  (100  mA  minimum),  a  low  input 
voltage  noise  of  9  nVVHz  and  a  low  input  offset  voltage  (1  mV 
maximum). 

The  375  V/u.s  slew  rate  of  the  AD842,  along  with  its  80  MHz 
gain  bandwidth,  ensures  exceUent  performance  in  video  and 
pulse  amplifier  applications.  This  amplifier  is  ideally  suited  for 
use  in  high  frequency  signal  conditioning  circuits  and  wide 
bandwidth  active  filters.  The  extremely  rapid  settling  time  of 
the  AD842  makes  this  amplifier  the  preferred  choice  for  data 
acquisition  applications  which  require  12-bit  accuracy.  The 
AD842  is  also  appropriate  for  other  applications  such  as  high 
speed  DAC  and  ADC  buffer  amplifiers  and  other  wide  band- 
width circuitry. 


CONNECTION  DIAGRAMS 


:  DIP  (N)  Package 
and 

Cerdip  (Q)  Package 


LCC  (E)  Package 


S  2  2  2  "i 

3    2    1    20  19 


NC  4 
-IN  5 
NC  6 
♦IN  7 
NC  S 


NC  '  NO  COWrtCT 


-J 

I  

AD842 

18  NC 
17  *VS 
16  NC 
15  OUTPUT 
14  NC 


TO-8  (H) 
Package 


9   10  11  12  13 
NC  =  NO  CONNECT 

SOIC  (R-16)  Package 


APPLICATION  HIGHLIGHTS 

L  The  high  slew  rate  and  fast  settling  time  of  the  AD842  make 
it  ideal  for  DAC  and  ADC  buffers  amplifiers,  lines  drivers 
and  all  types  of  video  instrumentation  circuitry. 

2.  The  AD842  is  a  precision  amplifier.  It  offers  accuracy  to 
0.01%  or  better  and  wide  bandwidth;  performance  previously 
available  only  in  hybrids. 

3.  Laser-wafer  trimming  reduces  the  input  offset  voltage  of 

1  mV  max,  thus  eliminating  the  need  for  external  offset  null- 
ing in  many  applications. 

4.  Full  differential  inputs  provide  outstanding  performance  in 
all  standard  high  frequency  op  amp  applications  where  the 
circuit  gain  will  be  2  or  greater. 

5.  The  AD842  is  an  enhanced  replacement  for  the  HA2542. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Model 

Conditions 

AD842J/JR1 
Min      Typ  Max 

AD842K 
Min     Typ  Max 

AD842S2 
Min       Typ  Max 

Units 

INPUT  OFFSET  VOLTAGE3 

0.5  1.5 

0.3  1.0 

0.5  1.5 

mV 

^t'b^cukkent  

T  T 
1  rain    1  max 

14 

1.5 

14 

D.J 

14 

mV 
liWC 

4.2  8 

3.5  5 

4.2  8 

(J.A 

Input  Offset  Current 

r  t 

Imia-lmax 
Tmii.-Tm„ 

10 

0.1  0.4 

0.5 

0.05  0.2 
0.3 

12 

0.1  0.4 
0.6 



(i.A 

IxA 

INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 

Differential  Mode 

1  ATI 
1UU 

2.0 

2.0 

inn 

20 

kfl 
PF 

INPUT  VOLTAGE  RANGE 
Common  Mode 
Common-Mode  Rejection 

Vcm=  ±10  V 
T^-T^ 

±10 

86  115 

80 

±10 

90  115 
86 

±10 

86  115 
80 

dB 
dB 

INPUT  VOLTAGE  NOISE 
Wideband  Noise 

f  =  1  kHz 

10  Hz  to  10  MHz 

9 
28 

9 
28 

9 
28 

nV/ySl 
(jlV  rms 

OPEN-LOOP  GAIN 

Vc=  ±10  V 
RLOADa500  a 

Tmu.-Tm« 

Annn  art 
4U/3U  9U 

20/15 

cn  on 
30  9U 

25 

40  90 
20 

V/mV 
V/mV 

OUTPUT  CHARACTERISTICS 
Voltage 
Current 

Ri  ^.^soo  n 

"LOAD  

Vqut=  ±10V 
Open  Loop 

±10 
100 

5 

±10 
100 

5 

±10 

Too 

5 

v 

r 

FREQUENCY  RESPONSE 
Gain  Bandwidth  Product 
Full  Power  Bandwidth'' 

Rise  Time5 
Overshoot5 
Slew  Rate5 
Settling  Time5 

Differential  Gain 
Differential  Phase 

VOUT  =  90  mV 
V0  =  20  V  p-p 
Rload2500  n 

AVCL  ~  ~2 

Avcl  =  —  2 
10  V  Step 
to  0.1% 
to  0.01% 
f  =  4.4  MHz 
f  =  4.4  MHz 

80 

4.7  6 
10 
20 

300  375 

80 
100 
0.015 
0.035 

1  

80 

4.7  6 
10 
20 

300  375 

80 
100 
0.015 
0.035 



80 

■ 

4.7  6 
10 
20 

300  375 

80 

100 

0.015 

0.035 

MHz 

MHz 
ns 

% 

V/.s 

nl 

% 

Degree 

POWER  SUPPLY 
Rated  Performance 
Operating  Range 
Quiescent  Current 

Power  Supply  Rejection  Ratio 

T  -T 

1  nun    *  max 

Vs  =  ±5  V  to  ±18  V 

 ».  rmx  

±15 

±5  ±18 

13/14  14/10 

16/19.5 

86  100 
80 

±15 

±5  ±18 
13  14 
16 

90  105 
86 



±15 

±5  ±18 
13  14 
19 

86  100 
80 



V 
V 

mA 
mA 
dB 
dB 

TEMPERATURE  RANGE 
Rated  Performance6 

0  +75 

• 

0  +75 

-55  +125 

°C 

PACKAGE  OPTIONS7 
Plastic  (N-14) 
Cerdip  (Q-14) 
SOIC  (R-16) 
Tape  and  Reel 
TO-8  (H-12A) 
LCC(E-20A) 
Chips 





AD842JN 
AD842JQ 
AD842JR-16 
AD842JR-16-REEL 
AD842JH 

AD842JCHIPS 

AD842KN 
AD842KQ 

- 

AD842KH 

AD842SQ,  AD842SQ/883B 

AD842SH 
AD842SE/883B 
AD842SCHIPS 

NOTES 

'AD842JR  specifications  differ  from  those  of  the  AD842JN,  JQ  and  JH  due  to  the  thermal  characteristics  of  the  SOIC  package. 
Standard  Military  Drawing  available  5962-8964201jat 
2A  -  (SE/883B);  XA  -  (SH/883B);  CA  -  (SQ/883B). 
'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 
"FPBW  Slew  Rate/2n  VPEAK. 
'Refer  to  Figures  22  and  23. 

6"S"  grade  Tmia  and  Tm  specifications  are  tested  with  automatic  test  equipment  at  TA  =  -55°C  and  TA  =  +  125°C. 
'For  oudine  information  see  Package  Information  section. 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test, 
those  tests  are  used  to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  i 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation2 

Plastic  (N)  

Cerdip  (Q)  

TO-8  (H)  .  r— .-.-r-.  r-.-.  .  v  :  .  . 

SOIC(R)   

LCC(E)  

Input  Voltage   

Differential  Input  Voltage  

Storage  Temperature  Range 

(Q,  H,  E)  

(N,  R)  

Junction  Temperature  

Lead  Temperature  Range  (Soldering  60  sec) 


.  .  ±18  V 

.  .  1.3  W 
.  .  1.1  W 
.  .  1.3  W 
.  .  1.3  W 
..LOW 
•  •  .  ±VS 
.  .  .  ±6 V 


-65°C  to  +150°C 
-65°C  to  +125°C 
 +175°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

^Maximum  internal  power  dissipation  is  specified  so  that  T,  does  not  exceed 
+  150°C  at  an  ambient  temperature  of  +25°C. 

Thermal  Characteristics: 

8jc  ®SA 

Plastic  Package  30°C/W  100°C/W 

Cerdip  Package  WCW  110°C/W  380OW 

TO-8  Package  30°(m  100°C/W  27°C/W 

16-Pin  SOIC  Package  30°C/W  100°C/W 

20-Pin  LCC  Package  35°C/W  150°C/W 


Recommended  heat  sink:  Aavid  Engineering0  #602B 

METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
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FEATURES 

AC  PERFORMANCE 

Unity  Gain  Bandwidth:  34  MHz 

Fast  Settling:  135  ns  to  0.01% 

Slew  Rate:  250  V/ps 

Stable  at  Gains  of  1  or  Greater 

Full  Power  Bandwidth:  3.9  MHz 

DC  PERFORMANCE 

Input  Offset  Voltage:  1  mV  max  (AD843K/B) 

Input  Bias  Current:  0.6  nA  typ 

Input  Voltage  Noise:  19  nV/Vfiz 

Open  Loop  Gain:  30  V/mV  into  a  500  ft  Load 

Output  Current:  50  mA  min 

Supply  Current:  13  mA  max 

Available  in  8-Pin  Plastic  Mini-DIP  &  Cerdip,  16-Pin 

SOIC,  20-Pin  LCC  and  12-Pin  Hermetic  Metal  Can 

Packages 

Available  in  Tape  and  Reel  in  Accordance  with 

EIA-481A  Standard 
Chips  and  MIL-STD-883B  Parts  Also  Available 

APPLICATIONS 
High  Speed  Sample-and-Hold  Amplifiers 
High  Bandwidth  Active  Filters 
High  Speed  Integrators 
High  Frequency  Signal  Conditioning 

PRODUCT  DESCRIPTION 

The  AD843  is  a  fast  settling,  34  MHz,  CBFET  input  op  amp. 
The  AD843  combines  the  low  (0.6  nA)  input  bias  currents  char- 
acteristic of  a  FET  input  amplifier  while  still  providing  a 
34  MHz  bandwidth  and  a  135  ns  settling  time  (to  within  0.01% 
of  final  value  for  a  10  volt  step).  The  AD843  is  a  member  of  the 
Analog  Devices'  family  of  wide  bandwidth  operational  amplifi- 
ers. These  devices  are  fabricated  using  Analog  Devices'  junction 
isolated  complementary  bipolar  (CB)  process.  This  process  per- 
mits a  combination  of  dc  precision  and  wideband  ac  perform- 
ance previously  unobtainable  in  a  monolithic  op  amp. 
The  250  V/u.s  slew  rate  and  0.6  nA  input  bias  current  of  the 
AD843  ensure  excellent  performance  in  high  speed  sample-and- 
hold  applications  and  in  high  speed  integrators.  This  amplifier  is 
also  ideally  suited  for  high  bandwidth  active  filters  and  high  fre- 
quency signal  conditioning  circuits. 

Unlike  many  high  frequency  amplifiers,  the  AD843  requires  no 
external  compensation  and  it  remains  stable  over  its  full  operat- 
ing temperature  range.  It  is  available  in  five  performance  grades: 
the  AD843J  and  AD843K  are  rated  over  the  commercial  tempera- 
ture range  of  0°C  to  +  70°C.  The  AD843A  and  AD843B  are  rated 
over  the  industrial  temperature  range  of  -40°C  to  +85°C.  The 
AD843S  is  rated  over  the  military  temperature  range  of  -55°C 
to  +  125°C  and  is  available  processed  to  MIL-STD-883B,  Rev.  C. 


CONNECTION  DIAGRAMS 
16-Pin  SOIC  (R-16)  Package 


Plastic  (N-8)  and 
Cerdip  (Q-8)  Package 


BALANCE 
-INPUT 


3 

13  I  +y.  +  INPUT 

=; 

J2j  OUTPUT 

TT|  nc 

»n  nc 
3- 


NC  m  NO  CONNECT 


LCC  (E-20A)  Package 


TO-8  (H-12A)  Package 


NC  =  NO  CONNECT 


The  AD843  is  offered  in  either  8-pin  plastic  DIP  or  hermetic 
cerdip  packages,  in  16-pin  SOIC,  20-Pin  LCC,  or  in  a  12-pin 
metal  can.  Chips  are  also  available. 

PRODUCT  HIGHLIGHTS 

1 .  The  high  slew  rate,  fast  settling  time  and  low  input  bias 
current  of  the  AD843  make  it  the  ideal  amplifier  for  12-bit 
D/A  and  A'D  buffers,  for  high  speed  sample-and-hold  ampli- 
fiers and  for  high  speed  integrator  circuits.  The  AD843 

can  replace  many  FET  input  hybrid  amplifiers  such  as  the 
LH0O32,  LH4104  and  OPA600. 

2.  Fully  differential  inputs  provide  outstanding  performance  in 
all  standard  high  frequency  op  amp  applications  such  as  sig- 
nal conditioning  and  active  filters. 

3.  Laser  wafer  trimming  reduces  the  input  offset  voltage  to 
1  mV  max  (AD843K  and  AD843B). 

4.  Although  external  offset  nulling  is  unnecessary  in  many 
applications,  offset  null  pins  are  provided. 

5.  The  AD843  does  not  require  external  compensation  at  closed 
loop  gains  of  1  or  greater. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


9-242   OPERATIONAL  AMPLIFIERS 


REV.  C 


INPUT  OFFSET  VOLTAGE1 

1.0  2.0 

0.5 

1.0 

1.0 

2.0 

mV 

T  -T 

nun  max 

1.7  4.0 

1.2 

2.0 

3.0 

4.5 

mV 

Offset  Drift 

12 

12 

35 

12 

|iV/°C 

INPUT  BIAS  CURRENT 

Initial  (T,  =  +  25°C) 

50 

40 

50 

pA 

Warmed-Up2 

0.8  2.5 

0.6 

1.0 

0.8 

2.5 

nA 

T  -T 

*  mm    *  max 

60/160 

23/65 

2600 

nA 

INPUT  OFFSET  CURRENT 

Initial  (T,  =  +  25°C) 

30 

20 

30 

pA 

Warmed-Up2 

0.25  1.0 

0.2 

0.4 

0.25 

1.0 

nA 

T  -T 

nun  max 

23/64 

9/26 

1025 

nA 

INPUT  CHARACTERISTICS 

Input  Resistance 

10'° 

1010 

1010 

fl 

Input  Capacitance 

6 

6 

6 

pF 

INPUT  VOLTAGE  RANGE 

Common  Mode 

±10 

+  12, 

±10 

+  12, 

±10 

+  12, 

V 

— 13 

—  13 

—  13 

LUMMUN  MUUfc  KHJcCIlUIN 

VCM  —  ± lO  V 

(in 
OU 

11 

/u 

/o 

Ail 
OU 

ii 

dB 

 min  max  

60 

72 

68 

76 

60 

72 



dB 



INPUT  VOLTAGE  NOISE 

f  =  10  kHz 

19 

19 

19 

::V  \  Hz 

Wideband  Noise 

10  Hz  to  10  MHz 

60 

60 

60 

M.V  rms 

OPEN  LOOP  GAIN 

VQ=  ±10  V 

Rload^500  n 

15 

25 

20 

30 

15 

30 

V/mV 

T  -T 

1  mm    1  max 

10 

20 

10 

25 

10 

25 

V/mV 

OUTPUT  CHARACTERISTICS 

Voltage 

Rload^OO  a 

±10 

+  11.5, 

±10 

+  11.5, 

±10 

+  11.5, 

V 

-12.6 

-12.6 

-12.6 

Current 

VOUT  =  ±10  V 

50 

50 

50 

mA 

Output  Resistance 

Open  Loop 

12 

12 

12 

n 

FREQUENCY  RESPONSE 

34 

34 

Unity  Gain  Bandwidth 

Vout  =  90  mV  p-p 

34 

MHz 

Full  Power  Bandwidth3 

V0  =  20  V  p-p 

R1&500  fl 

2.5 

3.9 

2.5 

3.9 

2.5 

3.9 

MHz 

Rise  Time 

Avcl  =  ~  1 

10 

10 

10 

ns 

Overshoot 

Avcl  =  —  1 

15 

15 

15 

% 

Slew  Rate 

160 

250 

160 

250 

160 

250 

V/(is 

Settling  Time 

10VV~Step 

to0A% 

95 

95 

95 

ns 

to  0.01% 

135 

135 

135 

ns 

Overdrive  Recovery 

-Overdrive 

200 

200 

200 

ns 

+ Overdrive 

700 

700 

700 

ns 

Differential  Gain 

f  =  4.4  MHz 

0.025 

0.025 

0.025 

% 

Differential  Phase 

f  =  4.4  MHz 

0.025 

0.025 

0.025 

Degree 

POWER  SUPPLY 

Rated  Performance 

±15 

±15 

±15 

V 

Operating  Range 

±4.5 

±18 

±4.5 

±18 

±4.5 

±18 

V 

Quiescent  Current 

12  13 

12 

13 

12 

13 

mA 

Tmta-T^ 

12.3  14 

12.3 

14 

12.5 

16 

mA 

Rejection  Ratio 

±5  V  to  ±18  V 

65 

76 

70 

80 

65 

76 

dB 

Rejection  Ratio 

Tmi„-Tm« 

62 

76 

68 

80 

62 

76 

dB 

TEMPERATURE  RANGE 

Operating,  Rated  Performance 

Commercial  (0  to  +70°C) 

AD843J 

AD843K 

Industrial  (-40°C  to  +85°C) 

AD843A 

AD843B 

Military  (-55°C  to  +  125°C)4 

AD843S 

PACKAGE  OPTIONS5 

Plastic  (N-8) 

AD843JN 

AD843KN 

Cerdip  (Q-8) 

AD843AQ 

AD843BQ 

AD843SQ,  AD843SQ/883B 

Metal  Can  (H-12A) 

AD843BH 

AD843SH,  AD843SH/883B 

LCC  (E-20A) 

AD843SE/883B 

SOIC  (R-16) 

AD843JR 

Tape  &  Reel 

AD843JR-REEL 

Chips 

AD843JChips 

AD843SChips 

REV.C 
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NOTES 

'Standard  Military  Drawings  Available:  5962-9098001M2A  (SE/883B),  5962-9098001MXA  (SH/883B),  5962-909800 1MPA 
Specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 
3Full  power  bandwidth  =  Slew  Rate/2  irV  peak. 

4AU  "S"  grade  T^-T^,,  specifications  are  tested  with  automatic  test  equipment  at  TA  =  -55°C  and  TA  =  +125°C. 
sFor  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


1 


ABSOLUTE  MAXIMUM  RA 

Supply  Voltage  

Internal  Power  Dissipation 

Plastic  Package  .  . 

Cerdip  Package  . 

12-Pin  Header  Ps 

16-Pin  SOIC  Package 


±18  V 


 1.50  Watts 

 1.35  Watts 

 1.80  Watts 

 1.50  Watts 

20-Pin  LCC  Package  1.00  Watt 

Input  Voltage   ±VS 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Storage  Temperature  Range  (Q,  H,  E)  -65°C  to  +150°C 

Operating  Temperature  Range 

AD843J/K   0  to  +70°C 

AD843A/B  -40°C  to  +  85°C 

AD843S  -55°Cto  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

ESD  Rating   500  V 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  sections  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 


affect  device  reliability. 
28-Pin  Plastic  Package:  8,A  =  100°C/Watt 
8-Pin  Cerdip  Package:  8JA  =  110°C/Watt 
12-Pin  Header  Package:  6JA  =  80°C/Watt 
16-Pin  SOIC  Package:  9JA  =  100°C/Watt 
20-Pin  LCC  Package:  eJA  =  150°C/Watt 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
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ANALOG 
DEVICES 


60  MHz,  2000  V/|xs 
Monolithic  Op  Amp 




FEATURES 

Wide  Bandwidth:  60MHz  at  Gain  of  -1 

33MHz  at  Gain  of  -10 
Very  High  Output  Slew  Rate:  Up  to  2000V/u.s 
20MHz  Full  Power  Bandwidth,  20V  pk-pk,  RL=500ft 
Fast  Settling:  100ns  to  0.1%  (10V  Step) 
Differential  Gain  Error:  0.03%  at  4.4MHz 
Differential  Phase  Error:  0.15°  at  4.4MHz 
High  Output  Drive:  ±50mA  into  50J1  Load 
Low  Offset  Voltage:  150|jlV  max  (B  Grade) 
Low  Quiescent  Current:  6.5mA 
Available  in  Tape  and  Reel  in  Accordance  with 
EIA-481A  Standard 


APPLICATIONS 

Flash  ADC  Input  Amplifiers 

High  Speed  Current  DAC  Interfaces 

Video  Buffers  and  Cable  Drivers 

Pulse  Amplifiers 


PRODUCT  DESCRIPTION 

The  AD844  is  a  high  speed  monolithic  operational  amplifier  fab- 
ricated using  Analog  Devices'  junction  isolated  complementary 
bipolar  (CB)  process.  It  combines  high  bandwidth  and  very  fast 
large  signal  response  with  excellent  dc  performance.  Although 
optimized  for  use  in  current  to  voltage  applications  and  as  an 
inverting  mode  amplifier,  it  is  also  suitable  for  use  in  many  non- 
inverting  applications. 

The  AD844  can  be  used  in  place  of  traditional  op  amps,  but  its 
current  feedback  architecture  results  in  much  better  ac  perfor- 
mance, high  linearity  and  an  exceptionally  clean  pulse  response. 

This  type  of  op  amp  provides  a  closed-loop  bandwidth  which  is 
determined  primarily  by  the  feedback  resistor  and  is  almost 
independent  of  the  closed-loop  gain.  The  AD844  is  free  from 
the  slew  rate  limitations  inherent  in  traditional  op  amps  and 
other  current-feedback  op  amps.  Peak  output  rate  of  change  can 
be  over  2000V/u.s  for  a  full  20V  output  step.  Settling  time  is 
typically  100ns  to  0.1%,  and  essentially  independent  of  gain. 
The  AD844  can  drive  50fl  loads  to  ±2.5V  with  low  distortion 
and  is  short  circuit  protected  to  80mA. 

The  AD844  is  available  in  four  performance  grades  and  three 
package  options.  In  the  16-pin  SOIC  (R)  package,  the  AD844J 
is  specified  for  the  commercial  temperature  range  of  0  to  +70°C. 
The  AD844A  and  AD844B  are  specified  for  the  industrial 
temperature  range  of  -40°C  to  +85°C  and  are  available  in  the 
cerdip  (Q)  package.  The  AD844A  is  also  available  in  an  8-pin 
plastic  mini-DIP  (N).  The  AD844S  is  specified  over  the  military 
temperature  range  of  -55°C  to  +125°C.  It  is  available  in  the 
8-pin  cerdip  (Q)  package.  "A"  and  "S"  grade  chips  and  devices 
processed  to  MIL-STD-883B,  REV.  C  are  also  available. 


8-Pin 
Plastic  (N), 
and  Cerdip  (Q) 


16-Pin  SOIC 
(R)  Package 


ULLE  •aD844  HNULL 
♦  IN  [T  -\y^     j]  OUTPUT 


NC  [T  • 

1t"|  NC 

OFFKTNUU  [T  ^ 

-«E-i 

•"II 

TTl  OUTPUT 

77|tz 

v-fT 

j7|  wc 

NC  [7  TOP 

PRODUCT  HIGHLIGHTS 

1.  The  AD844  is  a  versatile,  low  cost  component  providing  an 
excellent  combination  of  ac  and  dc  performance.  It  may  be 
used  as  an  alternative  to  the  EL2020  and  CLC400/1. 

2.  It  is  essentially  free  from  slew  rate  limitations.  Rise  and  fall 
times  are  essentially  independent  of  output  level. 

The  AD844  can  be  operated  from  ±4.5V  to  ±18V  power 
supplies  and  is  capable  of  driving  loads  down  to  50ft,  as 
well  as  driving  very  large  capacitive  loads  using  an  external 
network. 

4.  The  offset  voltage  and  input  bias  currents  of  the  AD844  are 
laser  trimmed  to  minimize  dc  errors;  Vos  drift  is  typically 
lu.V/°C  and  bias  current  drift  is  typically  9nA/°C. 

5.  The  AD844  exhibits  excellent  differential  gain  and  differen- 
tial phase  characteristics,  making  it  suitable  for  a  variety  of 
video  applications  with  bandwidths  up  to  60MHz. 

6.  The  AD844  combines  low  distortion,  low  noise  and  low  drift 
with  wide  bandwidth,  making  it  outstanding  as  an  input 
amplifier  for  flash  A/D  converters. 


■ 
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AD844— SPECIFICATIONS 

 ■  


(@  TA+25°C  and  VS=±15V  dc,  unless  otherwise  noted) 


Model 


AD844J/A 
Min    Typ  Max 


AD844B 
Min    Typ  Max 


AD844S 
Min    Typ  Max 


Units 


INPUT  OFFSET  VOLTAGE1 
T  -T 

*  mm    *  max 

vs.  Temperature 
vs.  Supply 
Initial 

Tmin_Tmax 

vs.  Common  Mode 
Initial 
T  -T 

1  mm    *  max 


50 
75 
1 


300 

500 


5V-18V 


VCM=±10V 


4  20 
4 


50  150 
75  200 
1  5 


50  300 
125  500 

1  5 


u.V 
uV/°C 


10 
10 


35 


10 
10 


10 


20 
20 


10 
10 


20 


35 
35 


U.V/V 
U.V/V 

uV/V 
U.V/V 


INPUT 

-Input  Bias  Current1 
T  -T 

min    *  max 

vs.  Temperature 

vs.  Supply 

Initial 

X  — T 
1  min    1  max 

vs.  Common  Mode 
Initial 

Tmi»-Tmax 

+ Input  Bias  Current1 

vs.  Temperature 
vs.  Supply 

Initial 

T  -T 

*  nun   ■  max 

vs.  Common  Mode 
Initial 
Tmm-T,™, 


5V-18V 


Vr„  =  ±10V 


5V-18V 


VCM=±10V 


200 
800 
9 

175 
220 

90 

110 

150 

350 

3 

80 
100 

90 
130 


450 

1500 


250 


160 


700 


150 


150 


150  250 
750  1100 
9  15 


200  450 
1900  2500 
20  30 


175 
220 

90 

110 

100 

300 

3 

80 
100 

90 
130 


200 
240 

110 
150 
200 
500 

7 

100 
120 

120 
190 


175 
220 

90 
120 
100 
800 

7 

80 
120 

90 
140 


250 
300 

160 
200 
400 
1300 

15 

150 
200 

150 
200 


nA 
nA 

mVC 

nA/V 
nA/V 

nA/V 

nA/V 

nA 

nA 

nA/°C 

nA/V 
nA/V 

nA/V 
nA/V 


INPUT  CHARACTERISTICS 
Input  Resistance 

-Input 

+ Input 
Input  Capacitance 

-Input 

+ Input 
Input  Voltage  Range 

Common  Mode 


50 
10 

2 
2 


65 


50  65 
10 


±10 


±10 


50  65 
7  10 

2 
2 

±10 


Mfl 

pF 
pF 


INPUT  VOLTAGE  NOISE 


telkHz 


 — 





nV/VHz 


INPUT  CURRENT  NOISE 
-Input 
+ Input 




falkHz 
fa  1  kHz 


10 
12 


10 
12 


10 
12 


pA/VHz 
pA/VHz 


T  -T 

*  nun    *  max 

Transcapacitance 


VOUT=±10V 
RLoAD=500n 


2.2  3.0 

1.3  2.0 
4.5 


2.8 
1.6 


3.0 

2.0 
4.5 


2.2 
1.3 


3.0 
1.6 
4.5 


Mn 
Mn 

pF 


DIFFERENTIAL  GAIN  ERROR2 


f=4.4MHz 


0.03 


0.03 


0.03 


% 


DIFFERENTIAL  PHASE  ERROR2 


f=4.4MHz 


0.15 


0.15 


0.15 


Degree 


FREQUENCY  RESPONSE 
Small  Signal  Bandwidth 
'Gain — 1 
4Gain=-10 


60 
33 


60 
33 




0.005 


60 
33 



0.005 


MHz 
MHz 


TOTAL  HARMOMIC  DISTORTION 


f=100kHz, 
2Vrms5 


0.005 


SETTLING  TIME 
10V  Output  Step 
Gain — 1,  to  0.1%' 
Gain=-10,  to0.1%6 
2V  Output  Step 
Gain=-l,to0.1%3 
Gain=-10,  to0.1%6 


±15V  Supplies 
±5V  Supplies 


100 
100 

110 
100 


100 
100 

110 
100 


100 
100 

110 
100 
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Model 

Conditions 

AD844J/A 
Min    Typ  Max 

AD844B 
Min    Typ  Max 

AD844S 
Min    Typ  Max 

Units 

OUTPUT  SLEW  RATE 

Overdriven 

liWV  £\A/0 

V/U.S. 

FULL  POWER  BANDWIDTH 

VS=±15V 

VS=±5V 

THD=3% 

20 
20 

20 
20 

20 
20 

MHz 
MHz 

VOUT=20V  p-p5 
VOUT=2V  p-p5 

OUTPUT  CHARACTERISTICS 
Voltage 

Short  Circuit  Current 
T  -T 

*  min    *  max 

Output  Resistance 

Ri.OAD=500fi 
Open  Loop 

10  11 

80 
60 

K 
1 J 

10  11 

80 
60 

1  C 

I  J 

10  11 

80 
60 

i  « 

i  j 

±V 
mA 
mA 

POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
T  -T 

*  mm    4  max 

±4.5  ±18 
6.5  7.5 
7.5  8.5 

±4.5  ±18 
6.5  7.5 
7.5  8.5 



±4.5  ±18 
6.5  7.5 
8.5  9.5 

V 

mA 
mA 

NOTES 

'Rated  performance  after  a  5  minute  warmup  at  TA=25°C. 

2Input  signal  285mV  p-p  carrier  (40  IRE)  riding  on  0  to  642mV  (90  IRE)  ramp.  RL=  10011;  Rl,  R2  =  300fl. 
3Input  signal  OdBm,  CL=10pF,  RL=500fl,  Rl  =  500fl,  R2  =  500fl  in  Figure  26. 
"Input  signal  OdBm,  CL=10pF,  RL=500fi,  Rl  =  500n,  R2=50fl  in  Figure  26. 
5CL=10pF,  RL=500f!,  Rl  =  lkO,  R2=lkft  in  Figure  26. 
6CL=10pF,  RL=500f!,  Rl  =  500fl,  R2=50fi  in  Figure  26. 

Specifications  subject  to  change  without  notice.  All  min  and  max  specifications  are  guaranteed. 
Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Power  Dissipation2   1.1W 

Output  Short  Circuit  Duration  Indefinite 

Common  Mode  Input  Voltage  ±VS 

Differential  Input  Voltage   6V 

Inverting  Input  Current 

Continuous  5mA 

Transient  10mA 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

(N,  R)  -65°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60sec)  +300°C 

ESD  Rating   1000  V 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  sections  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 

J8-Pin  Plastic  Package:  6,A=  100°C/Watt 
8-Pin  Cerdip  Package:  eJA=l  ICC/Watt 
16-Pin  SOIC  Package:  6JA=100°C/Watt 


■ 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


ORDERING  GUIDE 

■ 

Temperature 

Package 

Model 

Range 

Option* 

AD844JR 

0°C  to  +70°C 

R-16 

AD844JR-REEL 

0°C  to  +70°C 

Tape  and  Reel 

AD844AN 

-40°C  to  +85°C 

N-8 

AD844AQ 

-40°C  to  +85°C 

Q-8 

AD844BQ 

-40°C  to  +85°C 

Q-8 

AD844SQ 

-55°C  to  +125°C 

Q-8 

AD844SQ/883B 

-55°C  to  +125°C 

Q-8 

5962-8964401PA 

-55°C  to  +  125°C 

Q-8 

AD844A  Chips 

-40°C  to  +85°C 

Die 

AD844S  Chips 

-55°C  to  +125°C 

Die 

-IN 

I 


NULL 


0.076 
(1.9) 


_;-SJ_:i.y  ~ 


*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline 
information  see  Package  Information  section. 


-v, 

0.095 
'  (2.4)  ' 


OUTPUT 


SUBTRATE  CONNECTED 
TO  +VS 
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ANALOG 


Precision,  16  MHz 
CBFET  Op  Amp 


AD845 


— 


— 


FEATURES 

Replaces  Hybrid  Amplifiers  in  Many  Applications 

AC  PERFORMANCE: 
Settles  to  0.01%  in  350  ns 
100  V/^  Slew  Rate 
12.8  MHz  min  Unity-Gain  Bandwidth 
1.75  MHz  Full-Power  Bandwidth  at  20  V  p-p 

DC  PERFORMANCE: 
0.25  mV  max  Input  Offset  Voltage 
5  nV/°C  max  Offset  Voltage  Drift 
0.5  nA  Input  Bias  Current 
250  V/mV  min  Open-Loop  Gain 
4  (XV  p-p  max  Voltage  Noise.  0.1  Hz  to  10  Hz 
94  dB  min  CMRR 

Available  in  Plastic  Mini-DIP,  Hermetic  Cerdip  and  SOIC 
Packages.  Also  Available  in  Tape  and  Reel  in  Accor- 


PRODUCT  DESCRIPTION 

The  AD845  is  a  fast,  precise,  N  channel  JFET  input,  mono- 
lithic operational  amplifier.  It  is  fabricated  using  Analog 
Devices'  complementary  bipolar  (CB)  process.  Advanced  laser- 
wafer  trimming  technology  enables  the  very  low  input  offset 
voltage  and  offset  voltage  drift  performance  to  be  realized.  This 
precision,  when  coupled  with  a  slew  rate  of  100  V/u.s,  a  stable 
unity-gain  bandwidth  of  16  MHz,  and  a  settling  time  of  350  ns 
0.01%— while  driving  a  parallel  load  of  100  pF  and  500  CI— 
represents  a  combination  of  features  unmatched  by  any  FET 
input  IC  amplifier.  The  AD845  can  easily  be  used  to  upgrade 
many  existing  designs  which  use  BiFET  or  FET  input  hybrid 
amplifiers  and,  in  some  cases,  those  which  use  bipolar  input  op 
amps. 

The  AD845  is  ideal  for  use  in  applications  such  as  active  filters, 
high  speed  integrators,  photo  diode  preamps,  sample-and-hold 
amplifiers,  log  amplifiers,  and  in  buffering  A/D  and  D/A  con- 
verters. The  250  u.V  max  input  offset  voltage  makes  offset  null- 
ing unnecessary  in  many  applications.  The  common-mode 
rejection  ratio  of  HO  dB  over  a  ±10  V  input  voltage  range  rep- 
resents exceptional  performance  for  a  JFET  input  high  speed  op 
amp.  This,  together  with  a  minimum  open-loop  gain  of 
250  V/mV  ensures  that  12-bit  performance  is  achieved,  even  in 
unity-gain  buffer  circuits. 


CONNECTION  DIAGRAMS 


Plastic  Mini-DIP  (N)  Package 


16-Pin  SOIC 
(R-16)  Package 


■ 


NC  =  NO  CONNECT 


The  AD845  conforms  to  the  standard  op  amp  pinout  except  that 
offset  nulling  is  to  V+.  The  AD845J  and  AD845K  grade 
devices  are  available  specified  to  operate  over  the  commercial  0 
to  +70°C  temperature  range.  AD845A  and  AD845B  devices  are 
specified  for  operation  over  the  -40°C  to  +85°C  industrial  tem- 
perature range.  The  AD845S  is  specified  to  operate  over  the  full 
military  temperature  range  of  -55°C  to  +125°C.  Both  the 
industrial  and  military  versions  are  available  in  8-pin  cerdip 
packages.  The  commercial  version  is  available  in  an  8-pin  plastic 
mini-DIP  and  16-pin  SOIC;  "J"  and  "S"  grade  chips  are  also 
available. 

and  dc  precision  of  the 
requiring 


PRODUCT  HIGHLIGHTS 

1.  The  high  slew  rate,  fast 
AD845  make  it  ideal  for 
12-bit  accuracy. 

2.  The  performance  of  circuits  using  the  LF400,  HA2520/2/5, 
HA2620/2/5,  3550,  OPA605,  and  LH0062  can  be  upgraded 
in  most  cases. 

3.  The  AD845  is  unity-gain  stable  and  internally  compensated. 

4.  The  AD845  is  specified  while  driving  100  pF/500  fl  loads. 

i 


This  is  an  abridged  data  sheet.  To  obtain  the  most  rec« 

,  call  our  fax  retrieval  system  at  l-800-446-«212. 


9-248    OPERATIONAL  AMPLIFIERS 


REV.  C 


(@  +25°C  and  ±15  V  dc,  unless  otherwise  noted) 


AD845 


Model 

AD845J/A 

AD845K7B 

AD845S 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

INPUT  OFFSET  VOLTAGE1 

Initial  Offset 

0.7 

1.5 

0.1 

0.25 

0.25 

1.0 

mV 

2.5 

0.4 

2.0 

mV 

Offset  Drift 

20 

1.5 

5.0 

10 

nV/°C 

INPUT  BIAS  CURRENT2 

0.75 

0.75 

nA 

Initial 

VCM  =  0  V 

2 

0.5 

1 

2 

Tni„-Tm„ 

45/75 

18/38 

500 

nA 

INPUT  OFFSET  CURRENT 

Initial 

Vcm=0V 

25 

300 

15 

100 

25 

300 

pA 

3/6.5 

1.2/2.6 

20 

nA 

INPUT  CHARACTERISTICS 

Input  Resistance 

10" 

10" 

1011 

kf! 

Input  Capacitance 

4.0 

4.0 

4.0 

PF 

TMPTTT  VAT  TAP.P  RAWflF 

UNI  U  1    V  yJL.  i  AuL  JtNrtlNOG 

Differential 

~*~20 

±20 

-*-20 
— 

y 

Common  Mode 

■*"10 

+  10-5/  — 13 

±10 

+  10.5/- 13 

±10 

+ 10.5/— 13 

V 

Common-Mode  Rejection 

\CM  =  ±10  V 

86 

no 

94 

113 

86 

110 

dB 

INPUT  VOLTAGE  NOISE 

0.1  to  10  Hz 

4 

4 

4 

liV  p-p 

f  =  10  Hz 

80 

80 

80 

nV/\/Hz 

f  =  100  Hz 

60 

60 

60 

nV/VHz 

f  =  1  kHz 

25 

25 

25 

nV/VHz 

f  =  10  kHz 

18 

18 

18 

nV/VHz 

f  —  1(V1  \r\A-7 

12 

12 

12 

n  v/ v  riz 

INPUT  CURRENT  NOISE 

f  =  1  kHz 



0.1 

0.1 

0.1 

pA/VHz 

flDCM  I  r\/~\13  C  A  IKT 

UrtN-LUUr  UA1M 

V0  =  ±  10  V 

200 

500 

250 

500 

200 

500 

V/mV 

Rload^soo  n 

100 

250 

125 

250 

100 

250 

V/mV 

Tm,„-Tro, 

70 

75 

50 

V/mV 

OUTPUT  CHARACTERISTICS 

Voltage 

Rload^500  n 

±12.5 

±12.5 

±12.5 

V 

Current 

Short  Circuit 

50 

50 

50 

mA 

Output  Resistance 

Open  Loop 

5 

5 

5 

fl 

FREQUENCY  RESPONSE 

Small  Signal 

Unity  Gain 

12.8 

16 

13.6 

16 

13.6 

16 

MHz 

Full  Power  Bandwidth3 

VQ=  ±10  V 

Rload  =  500  n 

1.75 

1.75 

1.75 

MHz 

Rise  Time 

20 

20 

20 

ns 

Overshoot 

20 

20 

20 

% 

Slew  Rate 

SO 

100 

94 

100 

94 

100 

V/u.s 

Settling  Time 

10  V  Step 

Cload  =  100  pF 

ns 

Rload  =  500  f! 

ns 

to  0.01% 

350 

350 

500 

350 

500 

ns 

to  0.1% 

250 

250 

250 

ns 

DIFFERENTIAL  GAIN 

f  =  4.4  MHz 

0.04 

0.04 

0.04 

% 

DIFFERENTIAL  PHASE 

f  =  4.4  MHz 

0.02 

0.02 

0.02 

Degree 

POWER  SUPPLY 

Rated  Performance 

±15 

±15 

±15 

V 

Operating  Range 

±4.75 

±18 

±4.75 

±18 

±4.75 

±18 

V 

Rejection  Ratio 

Vs  =  ±5  to  ±15  V 

88 

110 

95 

113 

88 

110 

dB 

Quiescent  Current 

Tmi„  to  Tm, 

10 

12 

10 

12 

10 

12 

mA 

NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +25°C. 

2Bias  current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  TA  =  +25°C. 

3FPBW=slew  rate/2ir  V  peak. 

***SM  grade  Tmio-Tmu  are  tested  with  automatic  test  equipment  at  TA  =  -55°C  and  TA  =  +125°C. 

AU  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  these  tests 
are  used  to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation2 

Plastic  Mini-DIP   1.6  Watts 

Cerdip  1.4  Watts 

16-Pin  SOIC  1.5  Watts 

Input  Voltage  ±VS 

Output  Short-Circuit  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range 

Q  -65°Cto  +150°C 

N,  R  -65°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating 
reliability. 

2Mini-DIP  package:  9M  = 
package:  6JA  =  lOOX/W. 


METALIZATION  PHOTOGRAPH 


periods  may  affect  device 
cerdip  package:  9JA  =  110°C/W;  SOIC 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD845JN 

0°C  to  +70°C 

8-Pin  Plastic  Mini-DIP 

N-8 

AD845KN 

0°C  to  +70°C 

8-Pin  Plastic  Mini-DIP 

N-8 

AD845JR 

rrc  w  +7o°c 

16-Pin  SOIC 

R-16 

AD845AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD845BQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD845SQ 

-55°C  to  +125"C 

8-Pin  Cerdip 

Q-8 

AD845SQ/883B 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

5962-8964501PA 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

AD845J  Chips 

0°C  to  +70°C 

Die 

AD845S  Chips 

-55°C  to  +125°C 

Die 

AD845JR-Reel 

0°C  to  +70°C 

Tape  &  Reel 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline  information 
see  Package  Information  section. 


9-250   OPERATIONAL  AMPLIFIERS 


REV.  C 
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450  V/juls,  Precision, 
Current-Feedback  Op  Amp 


AC  PERFORMANCE 

Small  Signal  Bandwidth:  80  MHz  (Av  =  -1) 
Slew  Rate:  450  V/|is 

Full  Power  Bandwidth:  6.8  MHz  at  20  V  p-p, 
RL  =  500  a 

Fast  Settling:  for  10  V  Step:  110  ns  to  0.01%, 

80  ns  to  0.1% 
Differential  Gain:    0.01%  @  4.4  MHz 
Differential  Phase:    0.028°  @  4.4  MHz 
Total  Harmonic  Distortion  (THD):  0.0005%  @ 
Open-Loop  Transimpedance:  200  Mfl 
Input  Voltage  Noise:  2  nV/Vfiz 

DC  PERFORMANCE 

Input  Offset  Voltage:  75  »iV  max  (B  Grade) 
Input  Offset  Drift:  3.5  jiV/X  max  (B  Grade) 
Quiescent  Supply  Current:  6.5  mA  max 


100  kHz 


APPLICATIONS 
High  Speed  DAC  Buffers 
Multiflash  ADC  Error  Amplifiers 
Flash  ADC  Buffers 
Coaxial  Cable  Drivers 
High  Performance  Audio  Circuitry 
Available  in  Plastic  Mini-DIP,  Hermetic  Cerdip,  and 

Hermetic  Metal  Can  Packages 
MIL-STD-883B  Parts  Available 

PRODUCT  DESCRIPTION 

The  AD846  is  a  monolithic,  very  high  speed  operational  ampli- 
fier offering  high  performance.  Although  technically  classed  as 
a  current-feedback  or  transimpedance  amplifier,  it  may  be  used 
in  much  the  same  way  as  traditional  op  amps  while  providing 
significant  performance  benefits.  Employing  Analog  Devices' 
junction  isolated  complementary  bipolar  (CB)  process,  the 
AD846  achieves  true  "12-bit"  (0.01%)  precision  on  critical  ac 
and  dc  parameters,  a  level  of  performance  unmatched  by  ampli- 
fiers fabricated  using  either  the  dielectrically  isolated  (DI)  or 
other  bipolar  processes. 

The  AD846  offers  significant  advantages  over  conventional  high 
speed  operational  amplifiers.  It  maintains  a  nearly  constant 
bandwidth  and  settling  time  to  0.01%  over  a  wide  range  of 
closed-loop  gains.  This  makes  the  AD846  ideal  for  amplifying 
the  residue  in  multiple-pass  analog-to-digital  converters. 


Plastic  Mini-DIP  (N)  Package 
and 

Cerdip  (Q)  Package 


NC 
-INPUT 

+  INPUTI  3  Ht 

-v, 


3 


OUTPUT 
COMPENSATION 


NC  =  NO  CONNECT 
TOP  VIEW 

Other  advantages  include:  low  input  errors  and  high  open-loop 
transresistance  (200  Mfl)  into  a  500  fl  load,  ensuring  true  12-bit 
dc  accuracy  for  closed-loop  gains  from  - 1  to  gains  greater  than 
-100.  This  combination  of  ac  and  dc  performance  makes  the 
AD846  an  excellent  choice  for  buffering  precision  high  speed 
DACs  and  flash  ADCs. 

The  AD846  is  available  in  three  performance  grades.  The 
AD846A  and  AD846B  are  rated  over  the  industrial  temperature 
range  of  -40°C  to  +85°C.  The  AD846S  is  rated  over  the  full 
military  temperature  range  of  -55°C  to  +125°C  and  is  available 
processed  to  MIL-STD-883B,  Rev  C. 

Extended  reliability  PLUS  screening  is  available  specified  over 
the  commercial  temperature  range.  PLUS  screening  includes 
168  hour  burn-in  as  well  as  other  environmental  and  physical 
tests.  The  AD846  is  available  in  two  types  of  8-pin  package: 
plastic  mini-DIP  and  hermetic  cerdip.  "A"  and  "S"  grade  chips 
are  also  available. 

PRODUCT  HIGHLIGHTS 

1.  The  AD846  achieves  settling  times  of  110  ns  to  0.01%  for 
gains  of  -1  to  -10,  with  a  450  V/jis  slew  rate,  while  con- 
suming only  5  mA  of  supply  current. 

2.  For  closed-loop  gains  of  -1  to  -100,  the  high  speed  perfor- 
mance of  the  AD846  is  achieved  without  sacrificing  full 
12-bit  dc  precision. 

3.  The  AD846  is  well  suited  to  line  driver  and  video  buffer 
applications  where  the  properties  of  low  distortion  and  high 
slew  rate  are  required. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD846— SPECIFICATIONS 


(@  +25°C  and  ±15  V  dc,  unless  otherwise  noted) 


Mode. 


INPUT  OFFSET  VOLTAGE1 
Initial 

vs.  Temperature 
vs.  Supply  (PSRR) 

Initial 

T  -T 

1  nun   *  nuut 

vs.  Common  Mode  (CMRR) 
Initial 
T  -T 

*  nun    *  max 

INPUT  BIAS  CURRENT3 
-Input  Bias  Current 
Initial 

T_|--T 

vs.  Temperature 
vs.  Supply 

Initial 

T  -T 

*  min    *  max 

vs.  Common  Mode 
Initial 

+  Input  Bias  Current 
Initial 
T  -T 

x  mm    *  max 

vs.  Temperature 
vs.  Supply 

Initial 

T  -T 

1min    1  max 

vs.  Common  Mode 
Initial 
T  -T 


5  V-18  V2 


VrM  =  ±10  V 


AD846A 
Min    Typ  Max 


25  200 

50  350 
0.8  5 


110  125 

110  120 

110  125 

110  120 


AD846B 
Min    Typ  Max 


25 
50 
0.8 

120  125 
116  120 


75 
125 

3.5 


120  125 
116  120 




110 
94 


25 

M.V 

100 

350 

uV 

1 

5.5 

u.V/°C 

125 

dB 

116  dB 


110  125' 
94  116 


dB 
dB 


5  V-18  V2 
VCM=  ±10  V 

5  V-18  V2 
Vc„=  ±10  V 


150 

450 

100 

250 

450 

1200 

400 

750 

6 

20 

6 

17 

9 

15 

9 

10 

11 

20 

11 

15 

5 

10 

3 

i 

5 

15 

3 

3 

15 

5 

4 

20 

4 

7 

15 

80 

15 

45 

5 

15 

5 

10 

5 

20 

5 

15 

5 

15 

3 

10 

5 

15 

3 

10 

150  450 
1000  1500 


nA 
nA 


9  20 


9 

11  25 


15  nA/V 
nA/V 


5 
5 

3 
5 

15 


10 

20 


15 
20 


5  15 
5  20 


15 
20 


nA/V 
nA/V 

uA 

nA/°C 

nA/V 
nA/V 

nA/V 
nA/V 


INPUT  CHARACTERISTICS 
Input  Resistance 

-Input 

+ Input 
Input  Capacitance 

-Input 

+ Input 


■ 


50 
10 

>  |  2 
2 


in 


2 
2 



10 


pF 
pF 


INPUT  VOLTAGE  RANGE 
Common  Mode 


:10 


:10 


INPUT  VOLTAGE  NOISE 
Input  Current  Noise 
-Input 
+ Input 


F  =  1  kHz 

1  kHz 
1  kHz 


20 
6 


20 
6 


20 
6 


nV/VHz 

pA/VfE 
pA/VHz 


OPEN  LOOP 
TRANSRESISTANCE 


VOUT=  ±10V 
Rload  =  500  n 
T  -T 


100  200 

50 


150  200 
75 




100  200 

ML 


 !  


Mn 

Mil 


OUTPUT  CHARACTERISTICS 
Voltage 
Current 

Output  Resistance 

FREQUENCY  RESPONSE 
Small  Signal  Bandwidth 
(-3dB) 


Rise  Time 
Overshoot 
Slew  Rate 
Settling  Time 

10  V  Step,  Av  =  -1 


Rload  =  500  il 
Short  Circuit 
Open  Loop 


±10 


±10 


±10 


65 
16 


65 
16 


65 
16 


V 

mA 

n 


Av  =  - 1  RF  =  lk 
Av  =  - 10  RF  =  875  fl 
Av  =  -30  RF  =  875  f! 
Voux  =  20  V  p-p 
R,  =  500  n 
Av  =  -1 
Av  =  -1 
Av  =  -1 

to  0.1% 
to  0.01% 


31 
15 

6.8 
10 
20 
450 


110 


80 
31 
15 

6.8 
10 
20 
450 


110 


31 
15 

6.8 
10 
20 
450 

80 
110 


MHz 


MHz 

ns 
% 

V/us 


TOTAL  HARMONIC 
DISTORTION' 


F  =  100  kHz 


0.0005 


0.0005 


0.0005 
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AD846 


Model 

Conditions 

AD846A 
Mm    Typ  Max 

AD846B 
Min    Typ  Max 

AD846S 
Min    Typ  Max 

Units 

DIFFERENTIAL  GAIN 

F  =  4.4  MHz,  RL  =  100  n 

0.01 

0.01 

0.01 

% 

DIFFERENTIAL  PHASE 

F  =  4.4  MHz,  RL  =  100  fl 

0.028 

0.028 

0.028 

Degree 

POWER  SUPPLY 

±15 

±5  ±18 

5  7 

V 
V 

mA 

Rated  Performance 
Operating  Range 
Quiescent  Current 

T  -T 

*  nun    *  max 

±15 

±5  ±18 
5  6.5 

±15 

±5  ±18 

5  6.5 

TRANSISTOR  COUNT 

72 

72 

72 

NOTES 

'Input  Offset  Voltage  Specifications  are  guaranteed  after  5  minutes  at  TA  "  +25°C. 
2Test  Conditions:  +VS  =  15  V,  -Vs  =  5  V  to  18  V  and  +VS  =  5  V  to  18  V,  -Vs  =  15  V. 
'Bias  Current  Specifications  are  guaranteed  maximum  after  5  minutes  at  TA  =  +25°C. 
4FPBW  =  Slew  Rate/2  n  VPEAK. 
"Total  Harmonic  Distortion. 

All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18  V 

Internal  Power  Dissipation2 

Plastic  Package  1.5  W 

Cerdip  Package  1.3  W 

Common-Mode  Input  Voltage,  Max  Safe  |VS|  -3  V 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Voltage  ±  1  V 

Continuous  Input  Current 

Inverting  or  Noninverting  2.0  mA 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Storage  Temperature  Range  (N)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD846A/B  -40°C  to  +85°C 

AD846S  -55°Cto  +  125°C 


ORDERING  GUIDE 


Model1 

Temperature  Range 

Package 
Option2 

AD846AN 

-40°C  to  +  85°C 

N-8 

AD846BN 

-40°Cto  +  85°C 

N-8 

AD846AQ 

-40°C  to  +85°C 

Q-8 

AD846BQ 

-40°C  to  +85°C 

Q-8 

AD846SQ 

-55°C  to  +125°C 

Q-8 

AD846SQ/883B 

-55°C  to  +125°C 

Q-8 

5962-8964601PA 

-55°C  to  +125"C 

Q-8 

NOTES 

'"A"  and  "S"  grade  chips  are  also  available. 
2N  =  Plastic  DIP  Package;  Q  =  Cerdip  Package. 
Package  Information  section. 


For  outline  information  see 


Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

ESD  Rating   3500  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only;  the  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Maximum  internal  power  dissipation  is  specified  so  that  T,  does  not  exceed 
+  175°C  at  an  ambient  temperature  of  +25°C,  derate  cerdip  (Q)  package  at 
8.7  mWfC  and  plastic  (N)  package  at  10  mW/°C. 
Plastic  Package:  8JA  =  100°C/Watt,  9JC  =33°C/W. 
Cerdip  Package:  eJA  =  110°C/Watt,  6JC  =  30°C/W. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 
Consult  factory  for  latest  c 
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□ 


ANALOG 
DEVICES 


High  Speed,  Low  Power 
Monolithic  Op  Amp 


FEATURES 

Superior  Performance 
High  Unity  Gain  BW:  50  MHz 
Low  Supply  Current:  5.3  mA 
High  Slew  Rate:  300  V/u* 
Excellent  Video  Specifications 

0.04%  Differential  Gain  (NTSC  and  PAL) 

0.19°  Differential  Phase  (NTSC  and  PAL) 
Drives  Any  Capacitive  Load 
Fast  Settling  Time  to  0.1%  (10  V  Step):  65  ns 
Excellent  DC  Performance 

High  Open-Loop  Gain  5.5  V/mV  (RLOAd  =  1  kO) 

Low  Input  Offset  Voltage:  0.5  mV 
Specified  for  ±5  V  and  ±15  V  Operation 
Available  in  a  Wide  Variety  of  Options 

Plastic  DIP  and  SOIC  Packages 

Cerdip  Package 

Die  Form 

MIL-STD-883B  Processing 

Tape  &  Reel  (EIA-481A  Standard) 
Dual  Version  Available:  AD827  (8  Lead) 
Enhanced  Replacement  for  LM6361 
Replacement  for  HA2544.  HA2520/2/5  and  EL2020 


CONNECTION  DIAGRAM 
Plastic  DIP  (N), 


APPLICATIONS 
Video  Instrumentation 
Imaging  Equipment 
Copiers,  Fax,  Scanners,  Cameras 
High  Speed  Cable  Driver 
High  Speed  DAC  and  Flash  ADC  Buffers 

PRODUCT  DESCRIPTION 

The  AD847  represents  a  breakthrough  in  high  speed  amplifiers 
offering  superior  ac  &  dc  performance  and  low  power,  all  at  low 
cost.  The  excellent  dc  performance  is  demonstrated  by  its  ±5  V 

■ 


S  10  15 

SUPPLY  VOLTAGE  - 1  Volts 


Quiescent  Current  vs.  Supply  Voltage 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  out  fax  retrieval  system  at  1-800-446-6212. 


Small  Outline  (R)  and 
Cerdip  (Q)  Packages 


NULL 

-IN 
+  IN 

-Vs 


AD847 


TOP  VIEW 


NULL 

+  VS 

OUTPUT 
NC 


■ 


NC  =  NO  CONNECT 


specifications  which  include  an  open-loop  gain  of  3500  V/V  (500 
ft  load)  and  low  input  offset  voltage  of  0.5  mV.  Common-mode 
rejection  is  a  minimum  of  78  dB.  Output  voltage  swing  is  ±3  V 
into  loads  as  low  as  150  ft.  Analog  Devices  also  offers  over  30 
other  high  speed  amplifiers  from  the  low  noise  AD829  (1.7 
nV/VHz)  to  the  ultimate  video  amplifier,  the  AD811,  which 
features  0.01%  differential  gain  and  0.01°  differential  phase. 

APPLICATION  HIGHLIGHTS 

1 .  As  a  buffer  the  AD847  offers  a  full-power  bandwidth  of 
12.7  MHz  (5  V  p-p  with  ±5  V  supplies)  making  it  outstand- 
ing as  an  input  buffer  for  flash  A/D  converters. 

2.  The  low  power  and  small  outline  package  of  the  AD847 
make  it  very  well  suited  for  high  density  applications  such 
as  multiple  pole  active  filters. 

3.  The  AD847  is  internally  compensated  for  unity  gain  opera- 
tion and  remains  stable  when  driving  any  capaciti 


IBBSSSSSS 


100pF 
LOAD 


lOOOpF 
LOAD 


AD847  Driving  Capacitive  Loads 
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SPECIFICATIONS 


(@  T,  =  +25°C,  unless  otherwise  noted) 


AD847 


AD847J 
Min       Typ  Max 


AD847AR 
Min      Typ  Max 


INPUT  OFFSET  VOLTAGE' 


±5  V 


Offset  Drifl 



Tmin  t0  TMAX 



0.5 
15 


0.5 


15 


bSV,  ±15  V 





INPUT  BIAS  CURRENT 


3.3 


t  MAX 


6.6 

7.2 


3.3 


6.6 
10 


INPUT  OFFSET  CURRENT 
Offset  Current  Drift 


±5V,  ±15  V 


Tmin  to  T 


MIN  lu  1  MAX 


50 


0.3 


300 

400 


50 
0.3 


300 

500 


±2.5  V 

>  500  n 


OPEN-LOOP  GAIN 


VOUT 

RlOAD= 

Tmin  10  TMAx 
Rload  =  150  n 
VOUT  =  ±10  V 
^load  =  1  kfl 

Tmin  to  Tmax 


t5  V 


±15  V 


3 

1.5 


3.5 
1.6 
5.5 


3 

1.5 


3.5 
1.6 

5.5 


DYNAMIC  PERFORMANCE 
Unity  Gain  Bandwidth 

Full  Power  Bandwidth2 


Slew  Rate3 


Settling  Time 
to0.1%,RLOAD  =  250  f! 


to  0.01%,  Rload  =  250  fl 

Phase  Margin 

Differential  Gain 
Differential  Phase 


Voux  =  5  V  p-p 
Rload  =  500  fl, 

VOUT  =  20  V  p-p, 
Rload  ~  1  kft 

Rload  =  '  kil 


-2.5  V  to  +2.5  V 
10  V  Step,  Av  =  - 1 
-2.5  V  to  +2.5  V 
10  V  Step,  Av  =  -1 
Cload  -  10  pF 
Rload  =  1 

f  -  4.4  MHz,  RLOAD  =  1  kfl 
f  -  4.4  MHz,  RLOAD  =  1 


±5  V 

35 

±15  V 

50 

±5  V 

12.7 

±15  V 

4.7 

±5  V 

200 

±15  V 

225 

300 

±5  V 

65 

±15  V 

65 

±5  V 

140 

±15  V 

120 

±15  V 

50 

±15  V 

0.04 

±15  V 

0.19 

±5  V 

78 

95 

±15  V 

78 

95 

225 


35 
50 

12.7 

4.7 
200 
300 

65 
65 
140 
120 

50 

0.04 

0.19 


COMMON-MODE  REJECTION 


"cm  - 


2.5  V 
12  V 


'CM 

Tmin  to  Tmax 


75 


95 
95 


POWER  SUPPLY  REJECTION 


Vs  =  ±5  V  to  ±15  V 
Tmin  to  TMax 


86 


86 


INPUT  VOLTAGE  NOISE 


f  =  10  kHz 


±15  V 


15 


INPUT  CURRENT  NOISE 


f  =  10  kHz 


±15  V 


1.5 


1.5 


INPUT  COMMON-MODE 
VOLTAGE  RANGE 


±5  V 
+  15  V 


+4.3 
-3.4 
+  14.3 
-13.4 


+4.3 
-3.4 
+  14.3 
-13.4 


OUTPUT  VOLTAGE  SWING 


Shon-Circuit  Current 


Rload  = 

500  n 

^load  = 

iso  n 

Rload  = 

i  kn 

Rload  = 

500  n 

±5  V 
±5  V 
±15  V 
±15  V 
±15  V 


3.0 
2.5 
12 
10 


3.6 
3 


32 


3.0 
2.5 
12 
10 


3.6 
3 


32 


INPUT  RESISTANCE 


300 


300 


INPUT  CAPACITANCE 


1.5 


1.5 


OUTPUT  RESISTANCE 


Open  Loop 


15 


15 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


±4.5 


Tmin  to  Tmax 
Tmin  to  TMAX 


±5  V 
±15  V 


4.8 
5.3 


±18 
6.0 

7.3 
6.3 
7.6 


±4.5 


4.8 


5.3 


±18 

6.0 
7.3 
6.3 
7.6 


NOTES 

'Input  Offset  Voltage  Specifications  are  guaranteed  after  5 
2Full  Power  Bandwidth  =  Slew  Rate/2ir  VraAK. 
3 Slew  Rate  is  measured  on  rising  edge. 
All  min  and  rr 


at  TA  -  +25°C. 


Specifications  in  boldface  are  100%  tested  at  final  electrical  test. 
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Offset  Drift 


i  to  1 M 


4 

15 


mV 

|iV/°C 


INPUT  BIAS  CURRENT 


±5  V.  ±15  V 


3.3 


to  Tw 


5 

7.5 


3.3 


5 

7.5 


uA 
HA 


INPUT  OFFSET  CURRENT 
Offset  Current  Drift 


±5V,  ±15  V 


4toTw 


50 
0.3 


300 


OPEN  LOOP  GAIN 


50 
0.3 


300 


nA 
nA 

nA/°C 


VOUT  =  ±2.5  V 
Rload=  500  fl 

Tmin  to  Tmax 
Rload  =  150  n 
VOUT  =  ±10V 
Rload  =  1  kfl 
Tmin  to  Tmax 


t5  V 


±15  V 


3 

1.5 


3.5 
1.6 
5.5 


3 

1.5 


3.5 
1.6 
5.5 


V/mV 
V/mV 
V/mV 

V/mV 
V/mV 


DYNAMIC  PERFORMANCE 
Unity  Gain  Bandwidth 

Full  Power  Bandwidth2 


SlewW 


to  0.1%,  RLoad  =  250  fl 

to  0.01%,  Rload  =  250  fl 

Phase  Margin 

Differential  Gain 
Differential  Phase 


Vout  =  5  V  p-p 
Rload  =  500  fl, 

Vout  =  20  V  p-p, 
Rload  =  1  kfl 

Rload  =  1  Ml 


-2.5  V  to  +2.5  V 
10  V  Step,  Av  =  -1 
-2.5  V  to  +2.5  V 
10  V  Step,  Av  =  -1 
Cload  =  10  pF 
Rload  -  1  Ml 
f  -  4.4  MHz,  RLoad  : 
f  •»  4.4  MHz,  Rload 


1  kfl 
1  kfl 


COMMON-MODE  REJECTION 


±5  V 
±15  V 

±5  V 

±15  V 
±5  V 
±15  V 

±5  V 
±15  V 
±5  V 
±15  V 
±15  V 

±15  V 
±15  V 


225 


35 
50 

12.7 

4.7 
200 
300 

65 
65 
140 
120 

50 

0.04 

0.19 


225 


35 
50 

12.7 

4.7 
200 
300 

65 
65 
140 
120 

50 

0.04 

0.19 


MHz 
MHz 

MHz 

MHz 
V/ns 
V/jls 

ns 


% 

Degree 


VCM  =  ±2.5  V 
Vc„  =  ±12  V 
Tmin  to  Tmax 


t5  V 
tl5  V 


95 
95 


75 


POWER  SUPPLY  REJECTION 


95 
95 


75 


dB 
dB 
dB 


Vs  =  ±5  V  to  : 
Tmin  t0  TMax 


15  V 


86 
~W1 


75 
72 


86 


dB 
dB 


nV/\  Hi 
pA/\  Hi 


INPUT  VOLTAGE  NOISE 


10  kHz 


±15  V 


INPUT  CURRENT  NOISE 


f  =  10  kHz 


±15  V 


1.5 


1.5 


INPUT  COMMON-MODE 
VOLTAGE  RANGE 


±5  V 


:15  V 


+4.3 
-3.4 
+  14.3 
-13.4 


+4.3 
-3.4 
+  14.3 
-13.4 


V 
V 
V 
V 


OUTPUT  VOLTAGE  SWING 


Short-Circuit  Current 


Rload  =  500  11 
Rload  =  150  fl 
Rload  =  1 
Rload  =  500  O 


t5  V 
►5  V 
tl5  V 
►15  V 
tl5  V 


3.0 
2.5 
12 
10 


3.6 
3 


32 


±v 


32 


±V 
±V 
±V 
mA 


INPUT  RESISTANCE 


300 


300 


kll 


INPUT  CAPACITANCE 


1.5 


1.5 


OUTPUT  RESISTANCE 


Open  Loop 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


±  4.5 


Tmin  to  TMAx 
Tmin  to  TMax 


t5  V 
t!5  V 


5.3 


±18 

5.7 
7.0 
6.3 
7.6 


t4.5 


4.8 


5.3 


±18 

5.7 
7.8 
6.3 
8.4 


V 

mA 
mA 
mA 
mA 
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AD847 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   ±18  V 

Internal  Power  Dissipation2 

Plastic  (N)   1.2  Watts 

Small  Outline  (R)  0.8  Watts 

Cerdip(Q)   1.1  Watts 

Input  Voltage   ±VS 

Differential  Input  Voltage  ±6V 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

(N,  R)  -65°C  to  +  125°C 

Junction  Temperature  175°C 

Lead  Temperature  Range  (Soldering  60  sec)   300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2Mini-DIP  Package:  6JA  =  100°C/Watt;  6JC  =  33°C/Watt 
Cerdip  Package:  8JA  =  110°C/Watt;  6,c  =  30°C/Watt 
Small  Outline  Package:  6JA  =  155°C/Watt;  9,c  =  33°C/Watt 


ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD847  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


■ 


7  +V, 


-I— 


SUBSTRATE  CONNECTED  TO  +VS 

ORDERING  GUIDE 


4-V, 

 ' 


Temperature 

Package 

Package 

Model1 

Range  -  °C 

Description 

Option2 

AD847JN 

0  to  +70 

Plastic 

N-8 

AD847JR 

0  to  +70 

SOIC 

R-8 

AD847AQ 

-40  to  +85 

Cerdip 

Q-8 

AD847AR 

-40  to  +85 

SOIC 

R-8 

AD847SQ 

-55  to  +125 

Cerdip 

Q-8 

AD847SQ/883B 

-55  to  +125 

Cerdip 

Q-8 

5962-8964701PA 

-55  to  +125 

Cerdip 

Q-8 

- 


NOTES 

'AD847  also  available  in  J  and  S  grade  chips,  and  AD847JR  and  AD847AR 
are  available  in  tape  and  reel. 

2For  outline  information  see  Package  Information  section. 
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ANALOG 
DEVICES 


-  


High  Speed,  Low 
Monolithic  Op  Amps 








AD848/AD849 


FEATURES 

725MHz  Gain  Bandwidth  -  AD849 
175MHz  Gain  Bandwidth  -  AD848 
4.8mA  Supply  Current 
300V/|is  Slew  Rate 

80ns  Settling  Time  to  0.1%  for  a  10V  Step  -  AD849 
Differential  Gain:  AD848  =  0.07%,  AD849  =  0.08% 
Differential  Phase:  AD848  =  0.08°,  AD849  =  0.04° 
Drives  Capacitive  Loads 

DC  PERFORMANCE 

3nV/  \  Hz  Input  Voltage  Noise  -  AD849 
85V/mV  Open  Loop  Gain  into  a  1kfi  Load  -  AD849 
1mV  max  Input  Offset  Voltage 
Performance  Specified  for  ±5V  and  ±15V  Operation 
Available  in  Plastic,  Hermetic  Cerdip  and  Small  Outline 

Packages.  Chips  and  MIL-STD-883B  Parts  Available. 
Available  in  Tape  and  Reel  in  Accordance  \ 

EIA-481 A  Standard 

APPLICATIONS 
Cable  Drivers 


CONNECTION  DIAGRAMS 


NULL 


+  IN 


Plastic  (N), 
Small  Outline  (R)  an 
Cerdip  (Q)  Packages 

~vs  I  4 
I 

NC  =  NO  CONNECT 


■ 


20-Terminal  LCC  Pinout 


i  i  8  §  g 


8-  and  10-Bit  Data  Acquisition  Systems 
Video  and  RF  Amplification 
Signal  Generators 


PRODUCT  DESCRIPTION 

The  AD848  and  AD849  are  high  speed,  low  power  monolithic 
operational  amplifiers.  The  AD848  is  internally  compensated  so 
that  it  is  stable  for  closed  loop  gains  of  5  or  greater.  The  AD849 
is  fully  decompensated  and  is  stable  at  gains  greater  than  24. 
The  AD848  and  AD849  achieve  their  combination  of  fast  ac  and 
good  dc  performance  by  utilizing  Analog  Devices'  junction  iso- 
lated complementary  bipolar  (CB)  process.  This  process  enables 
these  op  amps  to  achieve  their  high  speed  while  only  requiring 
4.8mA  of  current  from  the  power  supplies. 

The  AD848  and  AD849  are  members  of  Analog  Devices'  family 
of  high  speed  op  amps.  This  family  includes,  among  others,  the 
AD847  which  is  unity  gain  stable,  with  a  gain  bandwidth  of 
50MHz.  For  more  demanding  applications,  the  AD840,  AD841 
and  AD842  offer  even  greater  precision  and  greater  output  cur- 
rent drive. 

The  AD848  and  AD849  have  good  dc  performance.  When  oper- 
ating with  ±5V  supplies,  they  offer  open  loop  gains  of  13V/mV 
(AD848  with  a  500fl  load)  and  low  input  offset  voltage  of  ImV 
maximum.  Common-mode  rejection  is  a  minimum  of  92dB. 
Output  voltage  swing  is  ±3V  even  into  loads  as  low  as  150fi. 


LU  LULU  LULU 


APPLICATIONS  HIGHLIGHTS 

1 .  The  high  slew  rate  and  fast  settling  time  of  the  AD848  and 
AD849  make  them  ideal  for  video  instrumentation  circuitry, 
low  noise  pre-amps  and  line  drivers. 

2.  In  order  to  meet  the  needs  of  both  video  and  data  acquisition 
applications,  the  AD848  and  AD849  are  optimized  and  tested 
for  ±5V  and  ±15V  power  supply  operation. 

3.  Both  amplifiers  offer  full  power  bandwidth  greater  than 
20MHz  (for  2V  p-p  with  ±5V  supplies). 

4.  The  AD848  and  AD849  remain  stable  when  driving  any 
capacitive  load. 

5.  Laser  wafer  trimming  reduces  the  input  offset  voltage  to 
ImV  maximum  on  all  grades,  thus  eliminating  the  need  for 
external  offset  nulling  in  many  applications. 

6.  The  AD848  is  an  enhanced  replacement  for  the  LM6164 
series  and  can  function  as  a  pin-for-pin  replacement  for  many 
high  speed  amplifiers  such  as  the  HA2520/2/5  and  EL2020  in 
applications  where  the  gain  is  5  or  greater. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
:  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


=  +25°C,  unless  otherwise  noted) 


AD848/AD849 


AD848J 

AD848A/S 

Model 

Conditions 

V, 

 2  

Min 

Typ  Mai 

Min 

Typ 

Max 

Units 

INPUT  OFFSET  VOLTAGE1 

±5V 

0.2  1 

0.2 

1 

mV 

±15V 

0.5  2.3 

0.5 

2.3 

mV 

to  T_ 

±5V 

1.5 

2 

mV 

±J5V 

3.0 

3.5 

mV 

Offset  Drift 

±5V,  ±15V 

7 

7 

uV/°C 

INPUT  BIAS  CURRENT 

±5V,  ±15V 

3.3  6.6 

3.3 

6.6/5 

uA 

T„i„  to  T„„ 

±5V,  ±15V 

7.2 

7.5 

llA 

INPUT  OFFSET  CURRENT 

±5V,  ± I5V 

en  ann 

l@n 

DU 

300 

nA 

Tmi„  to  T„„ 

±5V,  ±  15V 

400 

nA 

Offset  Cur 

rent  Drift 

±5V,  ±  15V 

0.3 

0.3 

nA/  l. 

OPEN  LOO 

P  GAIN 

V    =  +2  w 

±5V 

/r.;  . 

rload  =  soon 

9 

13 

9 

13 

V/mV 

. 

to  T„ 

7 

7/5 

V/mV 

rload  =  ison 

8 

8 

V/mV 

VOUT  =  ±10V 

±15V 

"LOAD  * 

12 

20 

12 

20 

V/mV 

to 

8 

8/6 

V/mV 

DYNAMIC  PERFORMANCE 



Gain  Bandwidth 

Avcl— 5 

±5V 

125 

125 

MHz 

±15V 

175 

175 

MHz 

Full  Power  Bandwidth2 

V0  =  2V  p-p, 

RL  =  500f! 

±5V 

24 

24 

MHz 

V0  =  20V  p-p, 

RL  =  lkfi 

±  15V 

A  7 

A  7 

MHz 

Slew  Rate 

±5V 

200 

zoo 

V/u-s 

^LOAD  =  "WW 

±15V 

225 

300 

225 

300 

V/|ts 

Settling  T 

me  to  0.1% 

-2.5V  to  +2.5V 

±5V 

65 

65 

ns 

10V  Step,  Av  =  - 

-4 

±15V 

100 

100 

ns 

Phase  Margin 

Cload  =  10pF 

±15V 

Rload  =  1W1 

60 

60 

De  ees 
egrees 

DIFFERENTIAL  GAIN 

f  =  4.4MHz 

±15V 

0.07 

0.07 

% 

DIFFERENTIAL  PHASE 

f  =  4.4MHz 

±15V 

0.08 

0.08 

Degree 

COMMON- 

UODE  REJECTION 

Vc,,  =  ±2.5V 

±5V 

92 

105 

92 

105 

dB 

VCM  =  ±12V 

+  15V 

92 

105 

92 

105 

dB 

!"„»„  to  T„„ 

88 

88 

dB 

POWER  SUPPLY  REJECTION 

Vs  =  ±4.5V  to  ± 

18V 

85 



98 

85 

98 

■  

dB 

T„i„  to  Tm 

80 

80 

dB 

INPUT  VOLTAGE  NOISE 

f  =  10kHz 

±15V 

5 

5 

nV/VHz 

INPUT  CURRENT  NOISE 

f  =  10kHz 

±  15V 

1.5 

1.5 

p  .  V  \  11/ 

INPUT  COMMON-MODE 

VOLTAGE  RANGE 

±5V 

+4.3 

+4.3 

-3.4 

-3.4 

V 

±15V 

+  14.3 

+  14.3 

V 

-13.4 

-13.4 

V 

OUTPUT  VOLTAGE  SWING 

Rload  =  500O 

±5V 

3.0 

3.6 

3.0 

3.6 

±v 

Rload  =  150O 

±5V 

2.5 

3 

2.5 

3 

±v 

Rload  =  500 

±5V 

1.4 

1.4 

±v 

Rload  =  Ikfl 

±15V 

12 

12 

±v 

Rload  =  500" 

±15V 

10 

10 

±v 

SHORT  CIRCUIT  CURRENT 

±15V 

32 

32 

mA 

INPUT  RESISTANCE 

70 

70 

kn 

INPUT  CAPACITANCE 

1.5 

1.5 

nF 

OUTPUT  RESISTANCE 

Open  Loop 

15 

POWER  SUPPLY 

Operating  Range 

±4.5 

±18 

±4.5 

±18 

V 

Quiescent  Current 

±5V 

4.8  6.0 

4.8 

6.0 

mA 

T^  tO 

7.4 

7.4/8.3 

mA 

±15V 

5.1  6.8 

5.1 

6.8 

mA 

T^,  to  Tm 

8.0 

8.0/9.0 

mA 

NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 

2FuIl  power  bandwidth  =  slew  rate/2 tt  Vp^*.  Refer  to  Figure  1. 

All  min  and  max  specifications  are  guaranteed  SDecifications  in  boldface  are  tested  c 


S| 


i  all  production  units  at  final  electrical  test.  All  others  are  guaranteed  but  not 
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Offset  Drift 


,toTm 


E3V 

tl5V 

±5V 

tl5V 

t5V,  ±15V 


U.5 
0.3 


1 
1 

1.3 
1.3 


0.1 
0.1 


0.75 
0.75 
1.0 
1.0 


mV 
mV 
mV 
mV 

u.v/°c 


INPUT  BIAS  CURRENT 
Offset  Current  Drift 


t5V,  ±15V 
t5V,  ±15V 


3.3 


6.6 

7.2 


3.3 


6.6/5 
7.5 


HA 


,toT„ 


t5V,  ±15V 
i5V,  ±15V 
tS\,  ±15V 


50 
0.3 


300 

400 


50  300 
400 

0-3  


nA 
nA 
nATC 


LOOP  GAIN 


Vc  =  ±2.5V 

Rload  =  soon 

Tmi„  to  T„„ 
Rl.oad  =  150fl 
VOUT=  ±10V 

R..OAD  = 

Tmi„  to  T„„ 


i5V 


tl5V 


30 

20 


45 

30 


50 
32 
85 


30 

20/15 
45 

30/25 


50 
32 
85 


V/mV 
V/mV 
V/mV 

V/mV 
V/mV 


DYNAMIC  PERFORMANCE 
Gain  Bandwidth 

Full  Power  Bandwidth2 


Slew  Rate 

Settling  Time  to  0.1% 
Phase  Margin 


AVCLa25 
V0  =  2V  p-p, 

rl  =  soon 

VQ  =  20V  p-p, 
RL  =  lkn 

Rload  =  ik" 

-2.5V  to  +2.5V 
10V  Step,  Av  =  -24 
Cload  =  10pF 
Rload  =  lkf> 


±5V 
±15V 

±5V 

±15V 

±5V 

±15V 

±5V 

±15V 

±15V 


225 


520 
725 

20 

4.7 
200 
300 
65 


225 


520 
725 

20 

4.7 

200 

300 

65 

80 

60 


MHz 
MHz 

MHz 

MHz 

V/u* 
V/pj 
ns 
ns 

Degrees 


DIFFERENTIAL  GAIN 


f  =  4.4MHz 


:15V 


0.08 


0.08 


DIFFERENTIAL  PHASE 


f  =  4.4MHz 


±15V 


0.04 


0.04 


Degree 


COMMON-MODE  REJECTION 


V^  =  ±2.5V 
Vc„  =  ±12V 
T„,»  to  T„ 


±5V 
±15V 


100  115 
100  115 

% 


100 
100 
96 


115 
115 


dB 
dB 
dB 


POWER  SUPPLY  REJECTION 


Vs  =  ±4.5Vto  ±18V 
Tm,„  to  T„, 


98 

94 


120 


98 
94 


120 


dB 
dB 


INPUT  VOLTAGE  NOISE 


f  =  10kHz 


±15V 


nV/VHz 


INPUT  CURRENT  NOISE 


f  =  10kHz 


tl5V 


1-5 


pA/VHz 


INPUT  COMMON-MODE 
VOLTAGE  RANGE 


±5V 
±15V 


+4.3 
-3.4 
+  14.3 
-13.4 


+4.3 
-3.4 
+  14.3 
-13.4 


V 
V 
V 
V 


OUTPUT  VOLTAGE  SWING 


^■LOAD  = 

5oon 

■^LOAD  = 

ison 

^LOAD  = 

son 

Rload  = 

^LOAD  = 

500ft 

±5V 

±5V 

±5V 

±15V 

±15V 


3.0 

2.5 


3.6 
3 

1.4 


3.0 

2.5 


12 
10 


3.6 
3 

1.4 


±V 
±V 

±v 

±V 

±v 


SHORT  CIRCUIT  CURRENT 


tl5V 


32 


INPUT  RESISTANCE 


25 


25 


kn 


INPUT  CAPACITANCE 


1.5 


OUTPUT  RESISTANCE 


Open  Loop 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


Tm,„  to  Tm 
Tm,„  to  Tm 


±5V 
±15V 


4.8 
5.1 


±18 
6.0 

7.4 
6.8 

8.0 


±4.5 


4.8 
5.1 


±18 
6.0 

7.4/8.3 
6.8 

8.0/9.0 


V 

mA 
mA 
mA 
mA 


NOTES 

'Input  offset  voltage  specifications  are  guaranteed  after  5  minutes  at  TA  =  +25°C. 

2Full  power  bandwidth  =  slew  rate/2ir  VPEAK.  Refer  to  Figure  1 . 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested 


Specifications  subject  to  change  without  notice. 


on  all  production  units  at  final  electrical  test.  AU  others  are  guaranteed  but  not 
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AD848/AD849 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   


±18V 


Internal  Power  Dissipation2 

Plastic  (N)   1.1  Watts 

Small  Outline  (R)  0.9  Watts 

Cerdip  (Q)   1.1  Watts 

LCC  (E)  0.8  Watts 

Input  Voltage  ±VS 

Differential  Input  Voltage   ±6V 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

(N,  R)  -65°C  to  +  125°C 

Junction  Temperature  +  175°C 

Lead  Temperature  Range  (Soldering  60sec)  +300°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 

2LCC:  6JA  =  150oC/Watt 
Mini-DIP  Package:  9JA  =  1  ICC/Watt 
Cerdip  Package:  9JA  =  110°C/Watt 
Small  Outline  Package:  6,A  =  155°C/Waft. 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions.  (AD848  and  AD849  are  identical 
except  for  the  part  number  in  the  upper  right.) 
Dimensions  shown  in  inches  and  (mm). 


SUBSTRATE  CONNECTED  TO  +VS 


ORDERING  GUIDE 


Gain 

Min 

Max 

Bandwidth 

Stable 

Offset 

Voltage 

Temperature 

Package 

Model 

MHz 

Gain 

mV 

Range  -  °C 

Option1 

AD848JN 
AD848JR2 

175 

5 

0  to  +70 

N-8 

175 

5 

0  to  +70 

R-8 

AD848JCHIPS 

175 

5 

0  to  +70 

Die  Form 

AD848AQ 

175 

5 

-40  to  +85 

Q-8 

AD848SQ 

175 

5 

-55  to  +125 

Q-8 

AD848SQ/883B 

175 

5 

-55  to  +125 

Q-8 

AD848SE/883B 

175 

5 

-55  to +125 

E-20A 

AD849JN 

725 

25 

0  to  +70 

N-8 

AD849JR2 

725 

25 

0  to  +70 

R-8 

AD849AQ 

725 

25 

0.75 

-40  to  +85 

Q-8 

AD849SQ 

725 

25 

0.75 

-55  to  +125 

Q-8 

AD849SQ/883B 

725 

25 

0.75 

■>li  ■  S. 

-55  to  +125 

Q-8 

AD847J/A/S 

50 

1 

1 

See  AD847  Data  Sheet 

 '■  :  

- 


NOTES 

'E  =  LCC;  N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline  information  see 
Package  Information  section. 

2Plastic  SOIC  (R)  available  in  tape  and  reel.  AD848  available  in  S  grade  chips.  AD849  available  in 
J  and  S  grade  chips. 
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ANALOG 


Ultrahigh  Frequency 





AD5539 





: 




Plastic  DIP  (N)  Package 
or  Cerdip  (Q)  Package 


FEATURES 

Improved  Replacement  for  Signetics  SE/NE5539 

AC  PERFORMANCE 
Gain  Bandwidth  Product:  1.4  GHz  typ 
Unity  Gain  Bandwidth:  220  MHz  typ 
High  Slew  Rate:  600  V/|xs  typ 
Full  Power  Response:  82  MHz  typ 
Open-Loop  Gain:  47  dB  min,  52  dB  typ 

DC  PERFORMANCE 
All  Guaranteed  DC  Specifications  Are  100%  Tested 
For  Each  Device  Over  Its  Full  Temperature 
Range  -  For  All  Grades  and  Packages 

lB:  20  mA  max  (AD5539J) 
CMRR:  70  dB  min,  85  dB  typ 
PSRR:  100  M.V/V  typ 


INPUT  | 
NC  | 

Ncl 


NC 


AD5539 

TOP  VIEW 

[  INVERTING 
|  INPUT 


FREQUENCY 
I  COMPENSATION 


""Jr 


PRODUCT  DESCRIPTION 

The  AD5539  is  an  ultrahigh  frequency  operational  amplifier  de- 
signed specifically  for  use  in  video  circuits  and  RF  amplifiers. 
Requiring  no  external  compensation  for  gains  greater  than  S,  it 
may  be  operated  at  lower  gains  with  the  addition  of  external 
compensation . 

As  a  superior  replacement  for  the  Signetics  NE/SE5539,  each 
AD5539  is  100%  dc  tested  to  meet  all  of  its  guaranteed  dc  speci- 
fications over  the  full  temperature  range  of  the  device. 

The  high  slew  rate  and  wide  bandwidth  of  the  AD5539  provide 
low  cost  solutions  to  many  otherwise  complex  and  expensive 
high  frequency  circuit  design  problems. 

The  AD5539  is  available  specified  to  operate  over  either  the 
commercial  (AD5539JN/JQ)  or  military  (AD5539SQ)  tempera- 
ture range.  The  commercial  grade  is  available  either  in  14-pin 
plastic  or  cerdip  packages.  The  military  version  is  supplied  in 


PRODUCT  HIGHLIGHTS 

1.  All  guaranteed  dc  specifications  are  100%  tested. 

2.  The  AD5539  drives  50  fl  and  75  fl  loads  directly. 

3.  Input  voltage  noise  is  less  than  4  nVVHz. 

4.  Low  cost  RF  and  video  speed  performance. 

5.  ±2  volt  output  range  into  a  150  £1  load. 

6.  Low  cost. 

7.  Chips  available. 


the  cerdip  package.  Chip  versions  are  also  available. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(@  +25°C  and  Vs  =  ±8  V  dc,  unless  otherwise  noted) 


AD5539 


Parameter 


AD5539J 
Min  Typ 


Max 


AD5539S 
Min  Typ  Max 


Units 




INPUT  OFFSET  VOLTAGE 
Initial  Offset1 


5 
6 







3 
5 


mV 
mV 


INPUT  OFFSET  CURRENT 
Initial  Offset2 
T„ta  to  T_„ 


0.1 


0.1 


_!  


jjlA 


INPUT  BIAS  CURRENT 
Initial2 

Vcm  =  0 
Either  Input 

T,^,  to  Tm„ 


6 


20 


13 

25 


uA 
u.A 


FREQUENCY  RESPONSE 
RL  =  150  n3 
Small  Signal  Bandwidth 

Aci.  =  24 
Gain  Bandwidth  Product 

Ad.  =  26  dB 
Full  Power  Response 
Aci.  =  2* 
Acl  —  ^ 
=  20 

!  Time  (1%) 
Slew  Rate 

Large  Signal  Propagation  Delay 
Total  Harmonic  Distortion 
R,  =  cc 


RL  =  100  n3 
Vqut  =  2  V  p-p 
AcL  =  7,  f  =  1  kHz 


220 
1400 


68 

H 

12 

600 

4 

0.010 
0.016 


I 


220 
1400 


68 

82 

65 

12 

600 

4 


0.010 
0.016 


MHz 
MHz 


MHz 
MHz 
MHz 
ns 

V/|xs 
ns 

% 
% 


INPUT  IMPEDANCE 


100 


100 


OUTPUT  IMPEDANCE  (f  <10  MHz) 


n 


INPUT  VOLTAGE  RANGE 
Differential5 

(Max  Nondestructive) 
Common-Mode  Voltage 

(Max  Nondestructive) 
Common-Mode  Rejection  Ratio 

AVCM=  1.7  V 

rs  =  loo  n 

Tmi_  to  T™ 


250 
2.5 


■ 


70  85 
60 


2.5 

■ 

70  85 
60 


mV 
V 


dB 
dB 


INPUT  VOLTAGE  NOISE 
Wideband  RMS  Noise  (RTI) 

BW  =  5  MHz;  Rs  =  50  fl 
Spot  Noise 

F  =  1  kHz;  Rs  =  50  fl 


4 


'ZQWTAJI  Nl'JMI 
4 


nVvl 


OPEN-LOOP  GAIN 
V0  =  +2.3  V,  -1.7  V 
RL  =  150  n3 
RL  =  2  kfl 

to  T„„  -RL  =  2  kfl 


47 
47 
43 


52 


58 
58 
63 


47 
48 
46 


52 


58 
57 
60 


dB 
dB 
dB 
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OUTPUT  CHARACTERISTICS 
Positive  Output  Swing 
RL  =  150  n3 
R,  =  2  kn 


2kn 


t.   

Negative  Output  Swing 
RL  =  150  n3 
RL  =  2  kfl 
T^  to  T^  with 
R,  =  2  kn 


+2.3 
+2.3 

+2.3 


+2.8 
+  3.3 


-2.2 
-2.9 


-1.7 
-1.7 

-1.5 


+2.3 
+2.5 

+2.3 


+2.8 
+3.3 


-2.2  -1.7 
-2.9  -2.0 

-1.5 


V 
V 


V 

v 

v 


POWER  SUPPLY  ( 
Rated  Performance 
Operating  Range 
Quiescent  Current 
Initial  Icc+ 

T™,  to  T^ 
Initial  Icc- 
Tmin  to  Tm._ 


-Vs) 
±4.5 


14 
11 


±10 

18 
20 
15 
17 


±4.5 


±8 

14 
11 


±10 

17 
18 
14 
15 


V 
V 

mA 
mA 
mA 
mA 


PSRR 
Initial 


100 


1000 
2000 


100 


1000 

2000 


u,V/V 
|xV/V 


TEMPERATURE  RANGE 
Operating, 

Rated  Performance 
Commercial  (0  to  +70°C) 
Military  (-55°C  to  +125°C) 


AD5 


,  AD5539JQ 


AD5539SQ 


PACKAGE  OPTIONS6 
Plastic  (N-14) 
Cerdip  (Q-14) 


AD5539JN 
AD5539JQ 


AD5539SQ,  AD5539SQ/883B 



+  25°C. 


NOTES 

'Input  Offset  Voltage  specifications  are  guaranteed  after  5  minutes  of  operation  at  TA  =  +  25°C. 
2Bias  Current  specifications  are  guaranteed  maximum  at  either  input  after  5  minutes  of  operation  at  T 
3RX  =  470  a  to  -Vs. 
'Externally  compensated. 

5Defined  as  voltage  between  inputs,  such  that  neither  exceeds  +2.5  V,  -5.0  V  from  ground. 
6For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate 
levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


quality 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±10V 

Internal  Power  Dissipation    550  mW 

Input  Voltage   +2.5  V,  -5.0  V 

Differential  Input  Voltage  0.25  V 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Storage  Temperature  Range  (N)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD5539JN   0  to  +70°C 

AD5539JQ  0  to  +70°C 

AD5539SQ   -55°C  to  +125°C 

Lead  Temperature  Range  (Soldering  60  Seconds)    300°C 

NOTE 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


OFFSET  NULL  CONFIGURATION 


VIN  OR  GROUND 
OUTPUT  NULL  RANGE  s 

OFFSET  NULL  CONFIGURATION 


fv8(  *  Wo-vs(  *  ) 
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ANALOG 


C 


800  MHz,  50  mW 
Current  Feedback  Amplifier 


FEATURES 

Excellent  Video  Specifications  (RL  =  150  n,  G  =  +2) 

Gain  Flatness  0.1  dB  to  100  MHz 

0.01%  Differential  Gain  Error 

0.025°  Differential  Phase  Error 
Low  Power 

5.5  mA  max  Power  Supply  Current  (55  mW) 
High  Speed  and  Fast  Settling 

880  MHz,  -3  dB  Bandwidth  (G  =  +1) 

440  MHz,  -3  dB  Bandwidth  (G  =  +2) 

1200  V/us  Slew  Rate 

10  ns  Settling  Time  to  0.1% 
Low  Distortion 

-65  dBc  THD,  f c  =  5  MHz 

33  dBm  3rd  Order  Intercept,  F,  =  10  MHz 

-66  dB  SFDR,  f  =  5  MHz 
High  Output  Drive 

70  mA  Output  Current 

Drives  Up  to  4  Back-Terminated  Loads  (75  Q  Each) 
While  Maintaining  Good  Differential  Gain/Phase 
Performance  (0.05%/0.25°) 

APPLICATIONS 
A-to-D  Driver 
Video  Line  Driver 
Professional  Cameras 
Video  Switchers 
Special  Effects 
RF  Receivers 

PRODUCT  DESCRIPTION 

The  AD8001  is  a  low  power,  high  speed  amplifier  designed  ti 
operate  on  ±5  V  supplies.  The  AD8001  features  unique 


FUNCTIONAL  BLOCK  DIAGRAM 
8-Pin  Plastic  Mini-DIP  and  SOIC 


1    1  1 

S=±5V 

Rl  = 

■2 

'FB  = 

id 

loon 

V 
R 

S  =  ±5V 

fb  =  ikr 

\ 

\ 

\ 

IM  100M  1G 

FREQUENCY  -  Hz 

Figure  1.  Frequency  Response  of  AD8001 


■ 

ce  linearization  circuitry.  This  allows  it  to  drive 
video  loads  with  excellent  differential  gain  and  phase  perfor- 
mance on  only  50  mW  of  power.  The  AD8001  is  a  current 
feedback  amplifier  and  features  gain  flatness  of  0. 1  dB  to  100  MHz 
while  offering  differential  gain  and  phase  error  of  0.01%  and 
0.025°.  This  makes  the  AD8001  ideal  for  professional  video 
electronics  such  as  cameras  and  video  switchers.  Additionally, 
the  AD8001's  low  distortion  and  fast  settling  make  it  ideal  for 
buffer  high  speed  A-to-D  converters. 

The  AD8001  offers  low  power  of  5.5  mA  max  (Vs  =  ±5  V)  and 
can  run  on  a  single  +1 2  V  power  supply,  while  being  capable  of 
delivering  up  to  70  mA  of  load  current.  All  this  is  offered  in  a 
small  8-pin  DIP  or  8-pin  SOIC  package.  These  features  make 
this  amplifier  ideal  for  portable  and  battery  powered  applica- 
tions where  size  and  power  is  critical. 

The  outstanding  bandwidth  of  800  MHz  along  with  1200  V/|js 
of  slew  rate  make  the  AD8001  useful  in  many  general  purpose 
high  speed  applications  where  dual  power  supplies  of  up  to  ±6  V 
and  single  supplies  from  6  V  to  12  V  are  needed.  The  AD8001  is 
available  in  the  industrial  temperature  range  of-40°C  to  +85°C. 


Figure  2.  Transient  Response  of  AD800 1;  2  V  Step,  G  =  +2 
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(@  T,  =  +  25°C,  Vs  =  ±5  V,  RL  =  1 00  £2,  unless  otherwise  noted) 


Model 


Conditions 


Min 


AD8001A 
Typ  Max 


Units 


DYNAMIC  PERFORMANCE 
-3  dB  Small  Signal  Bandwidth,  N  Package 

R  Package 

Bandwidth  for  0. 1  dB  Flatness 

N  Package 
R  Package 

Slew  Rate 

Settling  Time  to  0.1% 
Rise  &  Fall  Time 


G  =  +2,  <  0.1  dB  Peaking,  RF  =  750  £2 
G  =  +1,  <  1  dB  Peaking,  RF  =  1  k£2 
G  =  +2,  <  0.1  dB  Peaking,  RF  =  681  £2 
G  =  +1,  <  0.1  dB  Peaking,  RF  =  845  £2 

G  =  +2,  RF=  750£2 

G  =  +2,  RF=  681  £2 

G  =  +2,  V0  =  2  V  Step 

G  =  -l,  V0=2  VStep 

G  =  -1,V0=2  VStep 

G  =  -1,  V0  =  2  V  Step,  RF  =  649  £2 


350 

440 

MHz 

650 

880 

MHz 

350 

440 

MHz 

575 

715 

MHz 

85 

110 

MHz 

100 

125 

MHz 

800 

1000 

V/ms 

960 

1200 

V/ns 

10 

ns 

1.4 

ns 

NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 

Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error 
Differential  Phase  Error 
Third  Order  Intercept 
1  dB  Gain  Compression 
SFDR 


fc  =  5  MHz,  V0  =  2  V  p-p 
G  =  +2,  RL=  100  £2 
f  =  10  kHz 
f=  10  kHz,  +In 
-In 

NTSC,  G  =  +2,  RL=  150  £2 
NTSC,  G  =  +2,  RL=  150  £2 
f=  10  MHz 
f  =  10  MHz 
f  =  5  MHz 


-65 

2.0 
2.0 
18 
0.01 

0.025 
33 
14 
-66 


0.025 
0.04 


dBc 

n  V/VHz 
pA/VHz 
pA/VHz 

% 

Degree 
dBm 
dBm 
dB 


DC  PERFORMANCE 


Input  Offset  Voltage 


Offset  Drift 
-Input  Bias  Current 

i 

+Input  Bias  Current 
Open  Loop  Transresistance 


l  MIN-1  MAX 


Tmin-Tmax 

■ 

Tmin-Tmax 
V0  =  ±2.5  V 

Tmin-Tmax 


250 
175 


2.0  5.5 

mV 

2.0  9.0 

mV 

10 

uV/°C 

5.0  25 

+HA 

35 

+uA 

3.0  6.0 

±uA 

10 

±uA 

900 

k£2 

k£2 

^CTERISTICS 


Input  Capacitance 

Input  Common-Mode  Voltage  Range 
Common-Mode  Rejection  Ratio 

Offset  Voltage 

-Input  Current 

+Input  Current 


+Input 
-Input 
+ Input 


VCM  =  ±2.5  V 

Vcm  =  ±2.5  V,  Tmin-Tmax 

VCm  =  ±2.5  V,  Tmin-Tmax 


50 


10 
50 
1.5 

3.2 

54 
0.3 
0.2 


1.0 
0.7 


M£2 

£2 

pF 

±V 

dB 

|JA/V 
uA/V 



OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Output  Current 
Short  Circuit  Current 


RL=  150  £2 
RL=  37.5  £2 


2.7 
50 
85 


3.1 
70 
110 


±v 

mA 
mA 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
Power  Supply  Rejection  Ratio 

-Input  Current 
+Input  Current 


Tmin-Tmax 

+VS  =  +4  V  to  +6V,  -Vs  =  -5  V 
-Vs  =  -4  V  to  -6  V,  +VS 
Tmin-Tmax 


=  +5V 


±3.0 

60 
50 


5.0 
75 
56 
0.5 
0.1 


±6.0 
5.5 


2.5 
0.5 


V 

mA 

dB 

dB 

uA/V 

uA/V 


Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  12.6  V 

Internal  Power  Dissipation2 

Plastic  Package  (N)   1.3  Watts 

Small  Outline  Package  (R)   0.9  Watts 

Input  Voltage  (Common  Mode)   ±VS 

Differential  Input  Voltage   ±1.2  V 

Output  Short  Circuit  Duration 

 Observe  Power  Derating  Curves 

Storage  Temperature  Range  N,  R   .  .-65°C  to  +125°C 

Operating  Temperature  Range  (A  Grade)  .  .  .  -40°C  to  +85°C 
Lead  Temperature  Range  (Soldering  10  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.   This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Specification  is  for  device  in  free  air: 
8-Pin  Plastic  Package:  9,A  =  90°C/Watt 
8-Pin  SOIC  Package:  9JA  =  HO'CAJCatt 


METALLIZATION  PHOTO 

Dimensions  shown  in  inches  and  (mm). 
Connect  Substrate  to  -Vs. 


MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD8001  is  limited  by  the  associated  rise  in  junction  tempera- 
ture. The  maximum  safe  junction  temperature  for  plastic 
encapsulated  devices  is  determined  by  the  glass  transition  tem- 
perature of  the  plastic,  approximately  +  150°C.  Exceeding  this 
limit  temporarily  may  cause  a  shift  in  parametric  performance 
due  to  a  change  in  the  stresses  exerted  on  the  die  by  the  package. 
Exceeding  a  junction  temperature  of +175°C  for  an  extended 
period  can  result  in  device  failure. 

While  the  AD8001  is  internally  short  circuit  protected,  this 
may  not  be  sufficient  to  guarantee  that  the  maximum  junction 
temperature  (+150°C)  is  not  exceeded  under  all  conditions.  To 
ensure  proper  operation,  it  is  necessary  to  observe  the  maximum 
power  derating  curves. 


-50  -40  -30  -20  -10     0    10    20    30    40  50 
AMBIENT  TEMPERATURE  -  °C 

Figure  3.  Plot  of  Maximum  Power  Dissipation  vs. 
Temperature 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option1 

AD8001AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD8001AR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD8001ACHIPS 

-40°C  to  +85°C 

Die  Form 

AD8001SMD2 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

AD8001R-EB+23 

SOIC  Eval  Board, 

G  =  +2 

NOTES 

'For  outline  information  see  Package  Information  section. 
2Standard  Military  Drawing  Device.  Ordering  Number  TBD.  Contact  our  local 
sales  office,  representative  or  distributor  for  availability. 
3Refer  to  Evaluation  Board  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8001  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  7.  2  V  Step  Response,  G  =  +2 
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Figure  5.  1  V  Step  Response,  G  =  +2 


Figure  8.  Test  Circuit ,  Gain  =  +1 


Figure  6.  2  V  Step  Response,  G  =  +  7 


Figure  9.  W0  mV  Step  Response,  G  =  +1 
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10k  100k  1M  10M  100M  0  100 


FREQUENCY  -  Hz 

Figure  12.  Distortion  vs.  Frequency,  RL  =  1  kSl  Figure  15.  Differential  Gain  and  Differential  Phase 
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FREQUENCY  -  Hi 

FigureW.  Frequency  Response,  G  =  +7 
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Figure  19.  -3  dB  Bandwidth  vs.  RF,  G  =  +1 
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Figure  22.  Frequency  Response,  G  =  +70,  G  =  +700 


SO       -U>       -20        0         20  40 

JUNCTION  TEMPERATURE  -  C 

Figure  25.  Input  Offset  vs.  Temperature 


JUNCTION  TEMPERATURE  -  C  JUNCTION  TEMPERATURE  -  =C 

Figure  23.  Output  Swing  vs.Temperature  Figure  26.  Supply  Current  vs.  Temperature 
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Figure  31.  Output  Resistance  vs.  Frequency 


Figure  29.  Noise  vs.  Frequency  Figure  32.  -3  dB  Bandwidth  vs.  Frequency,  G  = -1 


Figure  30.  CMRR  vs.  Temperature  Figure  33.  PSRR  vs.  Temperature 
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Figure  34.  CMRR  vs.  Frequency 
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Figure  37.  PSRR  vs.  Frequency 
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Figure  35.  -3  dB  Bandwidth  vs.  Frequency,  G  =  -2 


Figure  38.  2  V  Step  Response,  G  =  -  7 


Figure  36.  100  m  V  Step  Response,  G  = -1 
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Figure  39.  Input  Offset  Voltage  Distribution 
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AD8DQ1  

lu/uwi  5  open-ioop  oenavior  is  ex- 
pressed as  transimpedance,  AVo/ALiN,  or  Tz.  The  open  loop 
transimpedance  behaves  just  as  the  open  loop  voltage  gain  of  a 
voltage  feedback  amplifier,  that  is,  it  has  a  large  dc  value  and 
decreases  at  roughly  6  dB/octave  in  frequency. 

Since  the  Rnj  is  proportional  to  llgm,  the  equivalent  voltage 
gain  is  just  Tz  x  gM,  where  the  gM  in  question  is  the  trans- 
conductance  of  the  input  stage.  This  results  in  a  low  open  loop 
input  impedance  at  the  inverting  input,  a  now  familiar  result. 
Using  this  amplifier  as  a  follower  with  gain,  Figure  40,  basic 
analysis  yields  the  following  result. 

Y^  =  G,  t^l  


G  =  1  +  ^L 


in  =  VgM  *  50  a 


Recognizing  that  G  x  R1N  «  R,  for  low  gains,  it  can  be  seen  to 
the  first  order  that  bandwidth  for  this  amplifier  is  independent 
of  gain  (G).  This  simple  analysis  in  conjunction  with  Figure  41 
in  fact  can  predict  the  behavior  of  the  AD8001  over  a  wide 
range  of  conditions. 


Figure  40. 


Considering  that  additional  poles  contribute  excess  phase  at 
high  frequencies  there  is  a  minimum  feedback  resistance  below 
which  peaking  or  oscillation  may  result.  This  fact  is  used  to 
determine  the  optimum  feedback  resistance,  Rp.  In  practice 
parasitic  capacitance  at  Pin  2  will  also  add  phase  in  the  feedback 
loop,  so  picking  an  optimum  value  for  RF  can  be  difficult.  Fig- 
ure 42  illustrates  this  problem.  Here  the  fine  scale  (0.1  dB/div) 
flatness  is  plotted  vs.  feedback  resistance.  These  plots  were 
taken  using  an  evaluation  card  which  is  available  to  customers 
so  that  these  results  may  readily  duplicated  (see  Evaluation 
Board  section). 

Achieving  and  maintaining  gain  flatness  of  better  than  0.1  dB  at 
frequencies  above  10  MHz  requires  careful  consideration  of 
several  issues. 


1M  10M 

FREQUENCY  -  Hi 


Figure  41.  Transimpedance  vs.  Frequency 
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Figure  42.  0. 1  dB  Flatness  vs.  Frequency 


Choice  of  Feedback  and  Gain  Resistors 

Because  of  the  above  mentioned  relationship  between  the  band- 
width and  the  feedback  resistor,  the  fine  scale  gain  flatness  will, 
to  some  extent,  vary  with  feedback  resistance.  It,  therefore,  is 
recommended  that  once  optimum  resistor  values  have  been 
determined,  1  %  tolerance  values  should  be  used  if  it  is  desired 
to  maintain  flatness  over  a  wide  range  of  production  lots.  In  ad- 
dition, resistors  of  different  construction  have  different  associ- 
ated parasitic  capacitance  and  inductance.  Surface  mount 
resistors  were  used  for  the  bulk  of  the  characterization  for  this 
data  sheet.  It  is  not  recommended  that  leaded  components  be 
used  with  the  AD8001. 

Printed  Circuit  Board  Layout  Considerations 

As  to  be  expected  for  a  wideband  amplifier,  PC  board  parasitics 
can  affect  the  overall  closed  loop  performance.  Of  concern  are 
stray  capacitances  at  the  output  and  the  inverting  input  nodes.  If 
a  ground  plane  is  to  be  used  on  the  same  side  of  the  board  as 
the  signal  traces,  a  space  (5  mm  min)  should  be  left  around  the 
signal  lines  to  minimize  coupling.  Additionally,  signal  lines  con- 
necting the  feedback  and  gain  resistors  should  be  short  enough 
so  that  their  associated  inductance  does  not  cause  high  fre- 
quency gain  errors.  Line  lengths  on  the  order  of  less  than  5  mm 
are  recommended.  If  long  runs  of  coaxial  cable  are  being  driven, 
dispersion  and  loss  must  be  considered. 
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ing  the  performance  of  a  high  frequency  circuit.  Inductance  in 
the  power  supply  leads  can  form  resonant  circuits  that  produce 
peaking  in  the  amplifier's  response.  In  addition,  if  large  current 
transients  must  be  delivered  to  the  load,  then  bypass  capacitors 
(typically  greater  than  1  |iF)  will  be  required  to  provide  the  best 
settling  time  and  lowest  distortion.  A  parallel  combination  at 
least  4.7  |jF  and  between  0.1  pF  and  0.01  nF  is  recommended. 
Some  brands  of  electrolyic  capacitors  will  require  a  small  series 
damping  resistor  =4.7  £2  for  optimum  results. 

DC  Errors  and  Noise 

There  are  three  major  noise  and  offset  terms  to  consider  in  a 
current  feedback  amplifier.  For  offset  errors  refer  to  the  equa- 
tion below.  For  noise  error  the  terms  are  root-sum-squared  to 
give  a  net  output  error.  In  the  circuit  below  (Figure  43)  they  are 
input  offset  (Vio)  which  appears  at  the  output  multiplied  by  the 
noise  gain  of  the  circuit  (1  +  Rp/Ri),  Noninverting  input  current 
(IBN  x  RN)  also  multiplied  by  the  noise  gain,  and  the  inverting 
input  current,  which  when  divided  between  RF  and  Rj  and  sub- 
sequently multiplied  by  the  noise  gain  always  appears  at  the 
output  as  IBn  x  Rf-  The  input  voltage  noise  of  the  AD8001  is  a 
low  2  nV/VHz.  At  low  gains  though  the  inverting  input  current 
noise  times  RF  is  the  dominant  noise  source.  Careful  layout  and 
device  matching  contribute  to  better  offset  and  drift  specifica- 
tions for  the  AD8001  compared  to  many  other  current  feedback 
amplifiers.  The  typical  performance  curves  in  conjunction  with 
the  equations  below  can  be  used  to  predict  the  performance  of 
the  AD8001  in  any  application. 

Vour  =  Vio  x  |;  +  ^j±7BN  x  RN  x  |/  +  5e j  ±lm  x  Rf 


Figure  45.  Recommended  Rseries  vs.  Capacitive  Load 
Communications 

Distortion  is  a  key  specification  in  communications  applications. 
Intermodulation  distortion  (IMD)  is  a  measure  of  the  ability  of 
an  amplifier  to  pass  complex  signals  without  the  generation  of 
spurious  harmonics.  The  third  order  products  are  usually  the 
most  problematic  since  several  of  them  fall  near  the  fundamen- 
tals and  do  not  lend  themselves  to  filtering.  Theory  predicts  that 
the  third  order  harmonic  distortion  components  increase  in 
power  at  three  times  the  rate  of  the  fundamental  tones.  The 
specification  of  third  order  intercept  as  the  virtual  point  where 
fundamental  and  harmonic  power  are  equal  is  one  standard 
measure  of  distortion  performance.  Op  amps  used  in  closed- 
loop  applications  do  not  always  obey  this  simple  theory.  At  a 
gain  of  two  the  AD8001  has  performance  summarized  in  Figure 
46.  Here  the  worst  third  order  products  are  plotted  vs.  input 
power.  The  third  order  intercept  of  the  AD8001  is  +33  dBm  at 
10  MHz. 


Figure  43.  Output  Offset  Voltage 


Driving  Capacitive  Loads 

The  AD8001  was  designed  primarily  to  drive  nonreactive  loads. 
If  driving  loads  with  a  capacitive  component  is  desired,  best  fre- 
quency response  is  obtained  by  the  addition  of  a  small  series  re- 
sistance as  shown  in  Figure  44.  The  accompanying  graph  shows 
the  optimum  value  for  Rseries  vs-  capacitive  load.  It  is  worth 
noting  that  the  frequency  response  of  the  circuit  when  driving 
large  capacitive  loads  will  be  dominated  by  the  passive  roll-off 
of  Rseries  and  CL. 
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Figure  46.  Third  Order  IMD;  F,  =  70  MHz,  F2  =  12  MHz 


Figure  44.  Driving  Capacitive  Loads 
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Operation  as  a  Video  Line  Driver 

The  AD8001  has  been  designed  to  offer  outstanding  perfor- 
mance as  a  video  line  driver.  The  important  specifications  of  dif- 
ferential gain  (0.01%)  and  differential  phase  (0.025°)  meet  the 
most  exacting  HDTV  demands  for  driving  one  video  load.  The 
AD8001  also  drives  up  to  two  back  terminated  loads,  as  shown 
in  Figure  47,  with  equally  impressive  performance  (0.01%, 
0.07°).  Another  important  consideration  is  isolation  between 
loads  in  a  multiple  load  application.  The  AD8001  has  more  than 
40  dB  of  isolation  at  5  MHz  when  driving  two  75  SI  back  termi- 
nated loads. 

75Q 

909(2  75Q  ' 


-Vyv-fy- 


;75Q 


'0UT« 


?  47.  Video  Line  Driver 


Driving  A-to-D  Converters 

The  AD8001  is  well  suited  for  driving  high  speed  analog-to- 
digital  converters  such  as  the  AD9058.  The  AD9058  is  a  dual  8- 
bit  50  Msps  ADC.  In  the  circuit  below  two  AD8001s  are  shown 
driving  the  inputs  of  the  AD9058  which  are  configured  for  0  V 
to  +2  V  ranges.  Bipolar  input  signals  are  buffered,  amplified 
(-2x),  and  offset  (by  +1.0  V)  into  the  proper  input  range  of  the 
ADC.  Using  the  AD9058's  internal  +2  V  reference  connected 
to  both  ADCs  as  shown  in  Figure  48  reduces  the  number  of  ex- 
ternal components  required  to  create  a  complete  data  acquisi- 
tion system.  The  20  £1  resistors  in  series  with  ADC  input  are 
used  to  help  the  AD8001s  drive  the  10  pF  ADC  input  capaci- 
tance. The  two  AD8001s  only  add  100  mW  to  the  power  con- 
sumption while  not  limiting  the  performance  of  the  circuit 

Layout  Considerations 

The  specified  high  speed  performance  of  the  AD8001  requires 
careful  attention  to  board  layout  and  component  selection. 
Proper  RF  design  techniques  and  low  parasitic  component  selec- 
tion are  mandatory. 

The  PCB  should  have  a  ground  plane  covering  all  unused 
portions  of  the  component  side  of  the  board  to  provide  a  low 
impedance  ground  path.  The  ground  plane  should  be  removed 
from  the  area  near  the  input  pins  to  reduce  stray  capacitance. 


■  . 
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Figure  48.  AD8001  Driving  a  Dual  A-to-D  Converter 
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Chip  capacitors  should  be  used  for  supply  bypassing  (see  Figure 
49) .  One  end  should  be  connected  to  the  ground  plane  and  the 
other  within  1/8  in.  of  each  power  pin.  An  additional  large 
(4.7  uF-10  pF)  tantalum  electrolytic  capacitor  should  be 
connected  in  parallel,  but  not  necessarily  so  close,  to  supply 
current  for  fast,  large-signal  changes  at  the  output. 

The  feedback  resistor  should  be  located  close  to  the  inverting 
input  pin  in  order  to  keep  the  stray  capacitance  at  this  node  to  a 
minimum.  Capacitance  variations  of  less  than  1  pF  at  the 
inverting  input  will  significantly  affect  high  speed  performance. 

Stripline  design  techniques  should  be  used  for  long  signal  traces 


(greater  than  about  1  in.).  These  should  be  designed  wit] 
characteristic  impedance  of  50  £2  or  75  £2  and  be  i 
terminated  at  each  end. 

Evaluation  Board 

An  evaluation  board  for  the  AD8001  is  available  that  has  been 
carefully  laid-out  and  tested  to  demonstrate  that  the  specified 
high  speed  performance  of  the  device  can  be  realized.  For  order- 
ing information,  please  refer  to  the  Ordering  Guide. 

The  layout  of  the  evaluation  board  can  be  used  as  shown  or 
serve  as  a  guide  for  a  board  layout. 
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Figure  49.  Inverting  and  Noninverting  Configurations  for  Evaluation  Boards 


Table  I.  Recommended  Component  Values 


AD8001AN  (DIP) 

AD8001AR  (SOIC) 

Gain 

Gain 

Component 

-1 

+1 

+2 

+10 

+100 

-1 

+1 

+2 

+10 

+100 

RF 

649  n 

1050  £2 

750  £2 

470  £2 

1000  £2 

604  £2 

953  £2 

681  £2 

470  £2 

1000  £2 

Rg 

649  n 

750  n 

51  £2 

10£2 

604  £2 

681  £2 

51  £2 

10  £2 

Ro  (Nominal) 

49.9  n 

49.9  £1 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

Rs 

on 

on 

RT  (Nominal) 

54.9  £2 

49.9  £1 

49.9  SI 

49.9  £2 

49.9  a 

54.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

49.9  £2 

Small  Signal  BW  (MHz) 

340 

880 

460 

260 

20 

370 

710 

440 

260 

20 

0.1  dB  Flatness  (MHz) 

 1 

105 

70 

105 

- 



130 

100 

120 

1  1 
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FEATURES 

Excellent  Video  Specifications  (RL  =  150  Q,  G  =  +2) 

Gain  Flatness  0.1  dB  to  100  MHz 

0.01%  Differential  Gain  Error 

0.025°  Differential  Phase  Error 
Low  Power 

5.5  mA/Amp  max  Power  Supply  Current  (55  mW) 
High  Speed  and  Fast  Settling 

880  MHz,  -3  dB  Bandwidth  (G  =  +1) 

440  MHz.  -3  dB  Bandwidth  (G  =  +2) 

1200  V/us  Slew  Rate 

10  ns  Settling  Time  to  0.1% 
Low  Distortion 

-65  dBc  THD.  f c  =  5  MHz 

33  dBm  3rd  Order  Intercept,  F,  =  10  MHz 

-66  dB  SFDR.  f  =  5  MHz 

-60  dB  Crosstalk,  f  =  5  MHz 
High  Output  Drive 

70  mA  Output  Current 

Drives  Up  to  8  Back-Terminated  Loads  (75  Q  Each) 
While  Maintaining  Good  Differential  Gain/Phase 
Performance  (0.05%/0.25°) 
Available  in  Small  8-Pin  PDIP  or  SOIC 

APPLICATIONS 
A-to-D  Driver 
Video  Line  Driver 
Professional  Cameras 
Video  Switchers 
Special  Effects 
RF  Receivers 

PRODUCT  DESCRIPTION 

The  AD8002  is  a  dual,  low  power,  high  speed  amplifier  de- 
signed to  operate  on  +  5  V  supplies.  The  AD8002  features 
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FUNCTIONAL  BLOCK  DIAGRAM 
8-Pin  Plastic  Mini-DIP  and  SOIC 
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unique  transimpedance  linearization  circuitry.  This  allows  it  to 
drive  video  loads  with  excellent  differential  gain  and  phase  per- 
formance on  only  50  mW  of  power  per  amplifier.  The  AD8002 
is  a  current  feedback  amplifier  and  features  gain  flatness  of  0.1  dB 
to  100  MHz  while  offering  differential  gain  and  phase  error  of 
0.01%  and  0.025°.  This  makes  the  AD8002  ideal  for  profes- 
sional video  electronics  such  as  cameras  and  video  switchers. 
Additionally,  the  AD8002's  low  distortion  and  fast  settling  make 
ideal  for  buffer  high  speed  A-to-D  converters. 

The  AD8002  offers  low  power  of  5.5  mA/amplifier  max  (Vs  = 
V)  and  can  run  on  a  single  + 1 2  V  power  supply,  while  being 
ipable  of  delivering  up  to  70  mA  of  load  current.  All  this  is 
offered  in  a  small  8-pin  DIP  or  8-pin  SOIC  package.  These 
features  make  this  amplifier  ideal  for  portable  and  battery 
powered  applications  where  size  and  power  is  critical. 

The  outstanding  bandwidth  of  800  MHz  along  with  1200  V/us 
of  slew  rate  make  the  AD8002  useful  in  many  general  purpose 
high  speed  applications  where  dual  power  supplies  of  up  to  +  6  V 
and  single  supplies  from  6  V  to  12  V  are  needed.  The  AD8002  is 
available  in  the  industrial  temperature  range  of  -40°C  to  +85°C. 


M  100M  1G 

FREQUENCY -Hz 

Figure  1.  Frequency  Response  of AD8002 

wySb    •i.vfc.vv.r.-  i.&va"  ■  A.  --; 


Figure  2.  Transient  Response  of  AD8002;  2  V  Step,  G  = +2 


1  at  1-800-446-6212. 
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a  =  +  25°C,  Vs  =  ±5  V,  RL  =  1 00  n,  unless  otherwise  noted) 


Model 


Hons 


AD8002A 


Typ 

Max 

Units 

■ 

440 

MHz 

880 

MHz 

440 

MHz 

715 

MHz 

110 

MHz 

125 

MHz 

1000 

V/us 

1200 

V/us 

10 

ns 

1.4 

ns 

DYNAMIC  PERFORMANCE 


3  dB  Small  Signal  Bandwidth,    N  Package 


R  Package 


N  Package 
R  Package 


Slew  Rate 

Settling  Time  to  0.1% 
Rise  &  Fall  Time 


G  =  +2,  <  0.1  dB  Peaking,  Rp  =  681  ft 
G  =  +1,  <  1  dB  Peaking,  RF  =  1.2  kft 
G  =  +2,  <  0.1  dB  Peaking,  Rp  =  681  ft 
G  =  +1,  <  0.1  dB  Peaking,  Rp  =  845  ft 

G  =  +2,  RF=  681  ft 

G  =  +2,  RF=  681  ft 

G  =  +2,  V0  =  2  V  Step 

G  =  -1,V0=  2  VStep 

G  =  -1,  V0  =  2  V  Step 

G  =  -1,  V0  =  2  V  Step,  RF  =  649  ft 


NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 

Crosstalk 

Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error 
Differential  Phase  Error 
Third  Order  Intercept 
1  dB  Gain  Compression 
SFDR 


fc  =  5  MHz,  V0  =  2  V  p-p 
G  =  +2,  RL=  100  ft 
f=5MHz 
f=  10  kHz 
f=  10  kHz,  +In 
-In 

NTSC,  G  =  +2,  RL=  150  ft 
NTSC,  G  =  +2,  RL  =  150  ft 
f=  10  MHz 

f=  10  MHz  »*|A 
f=5MHz  Alk* 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 

+Input  Bias  Current 


Tmin-Tmax 


■ 


Open  Loop  Transresistance 


Tmin-Tmax 
Tmin-Tmax 


'tit* 


 -  _ 


—65 

-60 

2.0 

2.0 

18 

0.01 

0.025 

33 

14 

-66 


2.0 
2.0 
10 


250 
175 


3.0 
900 


5.5 


25 
35 
6.0 
10 


INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 

Input  Common-Mode  Voltage  Range 
Common-Mode  Rejection  Ratio 

Offset  Voltage 

-Input  Current 

+Input  Current 


+Input 
-Input 
+Input 


VCM  =  +2.5  V 

VCm  =  ±2.5  V,  Tmin-Tmax 

Vcm  =  ±2-5  V,  Tmin-Tmax 


50 


10 

Mft 

50 

ft 

1.5 

pF 

3.2 

±V 

54 

dB 

0.3 

1.0 

uA/V 

0.2 

0.7 

uA/V 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Output  Current1 
Short  Circuit  Current1 


Rl  =  1 50  ft 
RL  =  37.5ft 


2.7 
50 
85 


3.1 
70 
110 


POWER  SUPPLY 
Operating  Range 

Quiescent  Current/Both  Amplifiers 
Power  Supply  Rejection  Ratio 

-Input  Current 
+Input  Current 


Tmin-Tmax 

+VS  =  +4  V  to  +6  V,  -Vs  = 
-Vs  =  -4Vto-6V, +VS  = 
Tmin-Tmax 
Tmin-Tmax 


-5  V 
+5  V 


t3.0 


60 
50 


10.0 

75 

56 

0.5 

0.1 


±6.0 
11.0 


2.5 
0.5 


NOTES 

'Output  current  is  limited  by  the  maximum 
Specifications  subject  to  change  without  notice 


power  dissipation  in  the  package.  See  the  power  derating  curves. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  12.6  V 

Internal  Power  Dissipation2 

Plastic  Package  (N)   1.3  Watts 

Small  Outline  Package  (R)   0.9  Watts 

Input  Voltage  (Common  Mode)   +Vs 

Differential  Input  Voltage   ±  1 .2  V 

Output  Short  Circuit  Duration 

 Observe  Power  Derating  Curves 

Storage  Temperature  Range  N,  R  -65°C  to  +125°C 

Operating  Temperature  Range  (A  Grade)  .  .  .  -40°C  to  +85°C 
Lead  Temperature  Range  (Soldering  10  sec)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device 

Specification  is  for  device  in  free  air: 
8-Pin  Plastic  Package:  eJA  =  90°C/Watt 
8-Pin  SOIC  Package:  8,A  =  140°C/watt 


MAXIMUM  POWER  DISSIPATION 

The  maximum  power  that  can  be  safely  dissipated  by  the 
AD8002  is  limited  by  the  associated  rise  in  junction  tempera- 
ture. The  maximum  safe  junction  temperature  for  plastic 
encapsulated  devices  is  determined  by  the  glass  transition  tem- 
perature of  the  plastic,  approximately  +150°C.  Exceeding  this 
limit  temporarily  may  cause  a  shift  in  parametric  performance 
due  to  a  change  in  the  stresses  exerted  on  the  die  by  the  package. 
Exceeding  a  junction  temperature  of  +  175°C  for  an  extended 
period  can  result  in  device  failure. 

While  the  AD8002  is  internally  short  circuit  protected,  this 
may  not  be  sufficient  to  guarantee  that  the  maximum  junction 
temperature  (+150°C)  is  not  exceeded  under  all  conditions.  To 
ensure  proper  operation,  it  is  necessary  to  observe  the  maximum 
power  derating  curves. 





ORDERING  GUIDE 


Model 


AD8002AN 
AD8002AR 


Temperature 


-40°C  to  +85°C 
-40°C  to  +85°C 


Package  Option 


8-Pin  Plastic  DIP 
8-Pin  Plastic 


*For  outline 

■ 


= Package 


Figure  3.  Plot  of 
Temperature 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8002  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
ons  are  rec< 
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Figure  10.  Frequency  Response,  G  = +2  Figure  13.  Crosstalk  (Output-to-Output)  vs.  Frequency 
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Figure  12.  Distortion  vs.  Frequency,  RL  =  1  kQ. 


Figure  15.  Differential  Gain  and  Differential  Phase 
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Figure  18.  Distortion  vs.  Frequency,  RL  =  1  *Q  Figure  21.  Large  Signal  Frequency  Response,  G  =  +7 
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JUNCTION  TEMPERATURE  -  "C 


Figure  22.  Frequency  Response,  G  =  +10,  G  =  +100  Figure  25.  Input  Offset  vs.  Temperature 


Figure  24.  Input  Bias  Current  vs.  Temperature  Figure  27.  Short  Circuit  Current  vs.  Temperature 
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Figure  28.  Transresistance  vs.  Temperature 
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Figure  29.  Noise  vs.  Frequency 
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Figure  32.  -3  dB  Bandwidth  vs.  Frequency,  G  = -1 


-48 
-»9 

-50 
-51 
-52 
-53 

-CM 

RR  . 

- 

+cr> 

RR 

2. 

vsp; 

N 

-54 
-55 

-56 

-60     -40     -20      0       20      40      60      80     100     120  140 
JUNCTION  TEMPERATURE  -  °C 

Figure  30.  CMRR  vs.  Temperature 
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Figure  33.  PSRR  vs.  Temperature 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


OPERATIONAL  AMPLIFIERS  9-285 


AD8002 


Figure  36.  100  mV  Step  Response,  G  =  -1 


Figure  39.  Input  Offset  Voltage  Distribution 
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THEORY  OF  OPERATION 

A  very  simple  analysis  can  put  the  operation  of  the  AD8002,  a 
current  feedback  amplifier,  in  familiar  terms.  Being  a  current 
feedback  amplifier,  the  AD8002's  open-loop  behavior  is  ex- 
pressed as  transimpedance,  AVo/ALdj,  or  Tz-  The  open  loop 
transimpedance  behaves  just  as  the  open  loop  voltage  gain  of  a 
voltage  feedback  amplifier,  that  is,  it  has  a  large  dc  value  and 
decreases  at  roughly  6  dB/octave  in  frequency. 

Since  the  RiN  is  proportional  to  l/gM,  the  equivalent  voltage 
gain  is  just  Tz  x  gM,  where  the  gM  in  question  is  the  trans- 
conductance  of  the  input  stage.  This  results  in  a  low  open  loop 
input  impedance  at  the  inverting  input,  a  now  familiar  result. 
Using  this  amplifier  as  a  follower  with  gain,  Figure  40,  basic 
analysis  yields  the  following  result. 


Considering  that  additional  poles  contribute  excess  phase  at 
high  frequencies  there  is  a  minimum  feedback  resistance  below 
which  peaking  or  oscillation  may  result.  This  fact  is  used  to  de- 
termine the  optimum  feedback  resistance,  Rp.  In  practice  para- 
sitic capacitance  at  Pin  2  will  also  add  phase  in  the  feedback 
loop,  so  picking  an  optimum  value  for  Rp  can  be  difficult.  Fig- 
ure 42  illustrates  this  problem.  Here  the  fine  scale  (0. 1  dB/div) 
flatness  is  plotted  vs.  feedback  resistance. 

Achieving  and  maintaining  gain  flatness  of  better  than  0.1  dB  at 
frequencies  above  10  MHz  requires  careful  consideration  of  sev- 
eral issues. 
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Figure  42.  0. 1  dB  Flatness  vs.  Frequency,  G  =  +2 


Figure  40. 

Recognizing  that  G  x  RIN  «  R,  for  low  gains,  it  can  be  seen  to 
the  first  order  that  bandwidth  for  this  amplifier  is  independent 
of  gain  (G).  This  simple  analysis  in  conjunction  with  Figure  41 
in  fact  can  predict  the  behavior  of  the  AD8002  over  a  wide 
range  of  conditions. 
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Figure  4 1.  Frequency  Response,  G  =  +2 


ce  of  Feedback  and  Gain  Resistors 

use  of  the  above  mentioned  relationship  between  the  band- 
and  the  feedback  resistor,  the  fine  scale  gain  flatness  will, 
:o  some  extent,  vary  with  feedback  resistance.  It,  therefore,  is 
recommended  that  once  optimum  resistor  values  have  been 
determined,  1  %  tolerance  values  should  be  used  if  it  is  desired 
to  maintain  flatness  over  a  wide  range  of  production  lots.  In  ad- 
dition, resistors  of  different  construction  have  different  associ- 
ated parasitic  capacitance  and  inductance.  Surface  mount 
resistors  were  used  for  the  bulk  of  the  characterization  for  this 
data  sheet.  It  is  not  recommended  that  leaded  components  be 
used  with  the  AD8002. 

Printed  Circuit  Board  Layout  Considerations 

As  to  be  expected  for  a  wideband  amplifier,  PC  board  parasitics 
can  affect  the  overall  closed  loop  performance.  Of  concern  are 
stray  capacitances  at  the  output  and  the  inverting  input  nodes.  If 
a  ground  plane  is  to  be  used  on  the  same  side  of  the  board  as 
the  signal  traces,  a  space  (5  mm  min)  should  be  left  around  the 
signal  lines  to  minimize  coupling.  Additionally,  signal  lines  con- 
necting the  feedback  and  gain  resistors  should  be  short  enough 
so  that  their  associated  inductance  does  not  cause  high  fre- 
quency gain  errors.  Line  lengths  on  the  order  of  less  than  5  mm 
are  recommended.  If  long  runs  of  coaxial  cable  are  being  driven, 
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the  power  supply  leads  can  form  resonant  circuits  that  produce 
peaking  in  the  amplifier's  response.  In  addition,  if  large  current 
transients  must  be  delivered  to  the  load,  then  bypass  capacitors 
(typically  greater  than  1  iiF)  will  be  required  to  provide  the  best 
settling  time  and  lowest  distortion.  A  parallel  combination  at 
least  4.7  |xF  and  between  0.1  iiF  and  0.01  |iF  is  recommended. 
Some  brands  of  electrolyic  capacitors  will  require  a  small  series 
damping  resistor  =4.7  £2  for  optimum  results. 

DC  Errors  and  Noise 

There  are  three  major  noise  and  offset  terms  to  consider  in  a 
current  feedback  amplifier.  For  offset  errors  refer  to  the  equa- 
tion below.  For  noise  error  the  terms  are  root-sum-squared  to 
give  a  net  output  error.  In  the  circuit  below  (Figure  43)  they  are 
input  offset  (Vio)  which  appears  at  the  output  multiplied  by  the 
noise  gain  of  the  circuit  (1  +  RF/Ri),  Noninverting  input  current 
(Ibn  x  Rn)  also  multiplied  by  the  noise  gain,  and  the  inverting 
input  current,  which  when  divided  between  RF  and  Ri  and  sub- 
sequently multiplied  by  the  noise  gain  always  appears  at  the  out- 
put as  IgN  x  Rp.  The  input  voltage  noise  of  the  AD8002  is  a  low 
2  nVA/Hz.  At  low  gains  though  the  inverting  input  current  noise 
times  RF  is  the  dominant  noise  source.  Careful  layout  and  de- 
vice matching  contribute  to  better  offset  and  drift  specifications 
for  the  AD8002  compared  to  many  other  current  feedback  am- 
plifiers. The  typical  performance  curves  in  conjunction  with 
equations  below  can  be  used  to  predict  the  performai 
r  application. 
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Vout  =  VlO  X 


±  Ibn  x  Rnx\1  + 


±IbixRf 


Figure  43.  Output  Offset  Voltage 
Driving  Capacitive  Loads 

The  AD8002  was  designed  primarily  to  drive  nonreactive  loads. 
If  driving  loads  with  a  capacitive  component  is  desired,  best 
frequency  response  is  obtained  by  the  addition  of  a  small  series 
resistance  as  shown  in  Figure  44.  The  accompanying  graph 
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Figure  45.  Ftecom 
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(IMD)  is  a  measure  of  the  ability  of 
ignals  without  the  generation  of 
:s,.;  pie  tnird  order  products  are  usually  the 
ce  several  of  them  fall  near  the  fundamen- 
emselves  to  filtering.  Theory  predicts  that 
distortion  components  increase  in 
e  times  the  rate  of  the  fundamental  tones.  The 
third  order  intercept  as  the  virtual  point  where 
fundamental  and  harmonic  power  are  equal  is  one  standard 
measure  of  distortion  performance.  Op  amps  used  in  closed- 
loop  applications  do  not  always  obey  this  simple  theory.  At  a 
gain  of  two,  the  AD8002  has  performance  summarized  in  Fig- 
ure 46.  Here  the  worst  third  order  products  are  plotted  vs.  input 
power.  The  third  order  intercept  of  the  AD8002  is  +33  dBm  at 
10  MHz. 
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Figure  46.  Third  Order  IMD;  F,  =  70  MHz,  F2  =  12  MHz 

Figure  44.  Driving  Capacitive  Loads 
shows  the  optimum  value  for  Rseries  vs.  capacitive  load.  It  is 
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Operation  as  a  Video  Line  Driver 

The  AD8002  has  been  designed  to  offer  outstanding  perfor- 
mance as  a  video  line  driver.  The  important  specifications  of 
differential  gain  (0.01%)  and  differential  phase  (0.025°)  meet 
the  most  exacting  HDTV  demands  for  driving  one  video  load 
with  each  amplifier.  The  AD8002  also  drives  up  to  four  back 
terminated  loads,  as  shown  in  Figure  47,  with  equally  impres- 
sive performance.  Another  important  consideration  is  isolation 
between  loads  in  a  multiple  load  application.  The  AD8002  has 
more  than  40  dB  of  isolation  at  5  MHz  when  driving  two  75  SI 
back  terminated  loads. 

Driving  A-to-D  Converters 

The  AD8002  is  well  suited  for  driving  high  speed  analog-to- 
digital  converters  such  as  the  AD9058.  The  AD9058  is  a  dual 
8-bit  50  Msps  ADC.  In  the  circuit  below  the  AD8002  is  shown 
driving  the  inputs  of  the  AD9058  which  are  configured  for  0  V 
to  +2  V  ranges.  Bipolar  input  signals  are  buffered,  amplified 
(-2x),  and  offset  (by  +1.0  V)  into  the  proper  input  range  of  the 
ADC.  Using  the  AD9058's  internal  +2  V  reference  connected 
to  both  ADCs  as  shown  in  Figure  48  reduces  the  number  of  ex- 
ternal components  required  to  create  a  complete  data 
acquisition  system.  The  20  Q  resistors  in  series  with  ADC  in- 
puts are  used  to  help  the  AD8002s  drive  the  10  pF  ADC  input 
capacitance.  The  two  AD8002s  only  add  100  mW  to  the  power 
consumption  while  not  limiting  the  performance  of  the  circuit. 


Figure  47.  Video  Line  Driver 


=  2.000S2  SIP  (8-PKG) 


Figure  48.  AD8002  Driving  a  Dual  A-to-D  Converter 
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Layout  Considerations 

The  specified  high  speed  performance  of  the  AD8002  requires 
careful  attention  to  board  layout  and  component  selection. 
Proper  RF  design  techniques  and  low  parasitic  component  selec- 
tion are  mandatory. 

The  PCB  should  have  a  ground  plane  covering  all  unused  por- 
tions of  the  component  side  of  the  board  to  provide  a  low  im- 
pedance ground  path.  The  ground  plane  should  be  removed 
from  the  area  near  the  input  pins  to  reduce  stray  capacitance. 

Chip  capacitors  should  be  used  for  supply  bypassing  (se> 
49).  One  end  should  be  connected  to  the  ground  plane  and  I 
other  within  1/8  in.  of  each  power  pin.  An  additional  large 
(4.7  nF-10  jiF)  tantalum  electrolytic  capacitor  should  be  con- 
nected in  parallel,  but  not  necessarily  so  close,  to  supply  current 
for  fast,  large-signal  changes  at  the  output. 

The  feedback  resistor  should  be,  located  close  to  the  inverting 
input  pin  in  order  to  keep  the  stray  capacitance  at  this  node  to  a 
minimum.  Capacitance  variations  of  less  than  1  pF  at  the  invert- 
ing input  will  significantly  affect  high  speed  performance. 

Stripline  design  techniques  should  be  used  for  long  signal  traces 
(greater  than  about  1  in.).  These  should  be  designed  with  a 
characteristic  impedance  of  50  £2  or  75  £2  and  be  properly  termi- 
nated at  each  end. 


Inverting  Configuration 
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Table  I.  Recommended  Component  Values 


Noninverting  Configuration 
averting  and  Noninverting  Configurations 


AD8002AR  (SOIC) 
Gain 


AD8002AN  (DIP) 
Gain 


Component 


+1* 


+2 


+10 


+100 


-1 


+1* 


+2 


+10 


+100 


Rt  (Nominal) 

Small  Signal  BW  (MHz) 

0.1  dB  Flatness  (MHz) 


576  £2 
576  £2 
49.9  £2 

on 

54.9  £2 
355 

r35_ 


1210  n 

49.9  £2 

49.9  £2 

580 

35 


750  £2 
750  O 
49.9  £2 

49.9  £2 

650 

50 


499  £2 
54.9  £2 
49.9  £2 

49.9  £2 

170 

24 


1000  £2 
10£2 
49.9  £2 

49.9  £2 
17 

I  


549  £2 
549  £2 
49.9  £2 
0£2 
54.9  £2 
410 
100 


1210  £2 

49.9  £2 

49.9  £2 

580 

35 


681  £2 
681  a 
49.9  £2 

49.9  £2 
440 

120  24 


499  a 
54.9  £2 
49.9  £2 


49.9  £2 
170 




1000  £2 

io  a 

49.9  £2 

49.9  £2 
17 


NOTES 

MOO  £2  resistor  used  in  series  with  the  noninverting  input. 
**90.9  £2  resistor  used  in  series  with  the  noninverting  input. 
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Quad  3000  V/|iS,  35  mW 
Current  Feedback  Amplifier 


AD8004 


FEATURES 
High  Speed 

400  MHz  -3  dB  Bandwidth  (G  =  +1) 

3000  V/us  Slew  Rate 

10  ns  Settling  Time  to  0.1% 

0.9  ns  Rise  Time  for  2  V  Step 
Low  Power 

3.5  mA/Amp  Power  Supply  Current  (35  mW/Amp) 
Single  Supply  Operation 

Fully  Specified  for  +5  V  Supply 
Great  Video  Specifications  (RL  =  150  Q,  G  =  +2) 


FUNCTIONAL  BLOCK  DIAGRAM 


10  MHz 


and  SOIC 


Gain  Flatness  0.1  dB  to  30  MHz 
0.05%  Differential  Gain  Error 
0.05°  Differential  Phase  Error 
Low  Distortion 
-65  dBc  THD  at  10  MHz 
33  dBm  Third  Order  Intercept,  f 
-65  dB  SFDR,  f  =  20  MHz 
High  Output  Current  of  50 
Available  in  a  Small  14-Pin 

APPLICATIONS 
Image  Scanners 
Active  Filters 
Video  Switchers 
Special  Effects 

PRODUCT  DESCRIPTION 

The  AD8004  is  a  quad,  low  power,  high  speed  amplifier  de- 
signed to  operate  on  +5  V  or  ±5  V  supplies.  It  utilizes  a  current 
feedback  architecture  and  features  high  slew  rate  of  3000  V/us 
making  the  AD8004  ideal  for  handling  large  amplitude  pulses.  Ad- 
ditionally, the  AD8004  provides  gain  flatness  of  0.1  dB  to  30  MHz 
while  offering  differential  gain  and  phase  error  of  0.05%  and 
0.05°.  This  makes  the  AD8004  suitable  for  professional  video 
electronics  such  as  cameras  and  video  switchers. 

The  AD8004  offers  low  power  of  3.5  mA/amplifier  and  can  run 
on  a  single  +5  V  or  +12  V  power  supply,  while  being  capable  of 
delivering  up  to  50  mA  of  load  current.  All  this  is  offered  in  a 
small  14-pin  DIP  or  14-pin  SOIC  package.  These  features 
make  this  amplifier  ideal  for  portable  and  battery  powered  appli- 
cations where  size  and  power  is  critical. 

The  outstanding  bandwidth  of  400  MHz  along  with  3000  V/us 
of  slew  rate  make  the  AD8004  useful  in  many  general  purpose 
high  speed  applications  where  dual  power  supplies  of  up  to  ±6  V 
and  single  supplies  from  5  V  to  12  V  are  needed.  The  AD8004 
is  available  in  the  industrial  temperature  range  of-40°C  to 
+85°C. 
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Figure  1.  4  V  Step  Response  of  AD8004 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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DYNAMIC  PERFORMANCE 

-3< 


Bandwidth  for  0.1  dB  Flatness 
Slew  Rate 


Settling  Time  to  0.1% 
Rise  &  Fall  Time 


G  =  +2,  <  0.1  dB  Peaking 
G  =  +1 
G  =  +2 
G  =  +2 
G  =  -l 

G  =  -l,V0=2VStep 
G=  1,  V0=2VStep 


250 
400 
30 

3000 
TBD 
10 
0.9 










MHz 

MHz 

MHz 

V/us 

V/us 

ns 

ns 




NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Crosstalk 

Input  Voltage  Noise 
Input  Current  Noise 


Differential  Gain  Error 
Differential  Phase  Erroi 
Third  Order  Intercept 
SFDR 


1  dB  Gain  Compression 


fc=  10MHz,Vo  =  2Vp-p 
f=5MHz 
f  =  10  kHz 
f=  10kHz,+In 
-In 

NTSC,G  =  +2,  RL=  150  £2 
NTSC,G  =  +2,RL=  150  £2 
f=  10  MHz 
f=20MHz 
f=  10  MHz 


-65 
-60 
3.0 
2.0 
18 
0.05 
0.05 


DC  PERFORMANCE 
Input  Offset  Voltage 

Offset  Drift 
-Input  Bias  Current 

+Input  Bias  Current 

Open-Loop  Transresistance 


»  MIN~"  i  MAX 


 ^  


Degree 
dBm 
dB 
dBm 


Tmin-Tmax 
V0  =  ±2.5 
Tmin-Tmax 


TBD 

30 
5.0 

5.0 

300 
TBD 


15 

TBD 

25 

TBD 
15 

TBD 


mV 
mV 
uV/°C 
±uA 
±uA 
±uA 
±uA 
kQ 
kQ 


INPUT  CHARA< 
Input  Resistance 


CTERISTICS 


Input  Capacitance 

Input  Common-Mode  Voltage  Range 
Common-Mode  Rejection  Ratio 

Offset  Voltage 

-Input  Current 

+Input  Current 


+Input 
-Input 
+Input 


VCM  =  ±2.5V 

VCM  =  ±2.5  V,  Tmin-Tmax 

VCM  =  ±2.5  V,  Tmjn-Tmax 


50 


2 
50 
1.5 
3.2 

54 

TBD 
TBD 


TBD 
TBD 


MQ 

n 

PF 

±V 

dB 

pA/V 
MAV 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Output  Current 
Short  Circuit  Current 


RL=  150  0 


s  ni  i  is 


1.1  to  3.9 
50 

TBD 


±V 
mA 
mA 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
Power  Supply  Rejection  Ratio 
-Input  Current 
+Input  Current 


+  2.5 


Tmin-Tmax 

Vs  =  ±1.75Vto±6V 

Tmin-Tmax 
Tmin-Tmax 


±6.0 

V 

3.5 

mA 

60 

dB 

TBD 

TBD 

uA/V 

TBD 

TBD 

MA/V 
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AD8004 


Parameter 


Conditions 


AD8004A 
Min  Typ 


Max 


Units 


DYNAMIC  PERFORMANCE 
-3  dB  Bandwidth 

Bandwidth  for  0.1  dB  Flatness 
Slew  Rate 

Settling  Time  to  0.1% 
Rise  &  Fall  Time 


G  =  +2,  <  0.1  dB  Peaking 
G  =  +l 
G  =  +2 
G  =  +2 
G  =  -l 

G  =  -l,V0=2VStep 
G=  1,  V0=2VStep 


250 
400 
30 

3000 
TBD 
10 
0.9 


MHz 
MHz 
MHz 

V/ps 
V/us 


NOISE/HARMONIC  PERFORMANCE 
Total  Harmonic  Distortion 
Crosstalk 

Input  Voltage  Noise 
Input  Current  Noise 

Differential  Gain  Error 
Differential  Phase  Error 
Third  Order  Intercept 
SFDR 

1  dB  Gain  Compression 


fc=  10MHz,Vo  =  2Vp-p 
f=  5  MHz 
f=  10  kHz 
f=  10  kHz,  +In 
-In 

NTSC,  G  =  +2,  RL=  150  £2 
NTSC,  G=  +2,  Rl  =  150  £2 
f=  10  MHz 
f=20  MHz 
f=  10  MHz 


— - 

is  I 


-65 

-60 

3.0 

2.0 

18 

0.07 

0.07 

33 

-65 

14 


dBc 
dB 

nV/VHz 
pAA/Hz 
pA/VHz 

% 

Degree 
dBm 
dB 
dBm 


DC  PERFORMANCE 
Input  Offset  Voltage 


Offset  Dn~ 
-Input  Bias  Current 


+Input  Bias  Current 
Open  Loop  Transresistance 


1  MIN-  ' 


1  MIN-  1  MAX 


Tmin-Tmax 
V0  =  +lVto  +3.9  V 
Tmin-Tmax 


5.0 
TBD 
30 
5.0 

5.0 

300 
TBD 


15 

TBD 

25 

TBD 
15 

TBD 


mV 

mV 

uV/°C 

±U.A 

±uA 

±uA 

±uA 

k£2 

k£2 


INPUT  CHARACTERISTICS 
Input  Resistance 

Input  Capacitance 

Input  Common-Mode  Voltage  Range 
Common-Mode  Rejection  Ratio 
Offset  Voltage 
-Input  Current 
ut  Current 


+Input 
-Input 
+Input 


VCM  =  +lVto  +3V 

VCM  =  +1  V  to  +3  V,  Tmin-Tmax 

VCM  =  +1  V  to  +3  V,  TMIN-TMAx 


50 


2 

50 
1.5 
3.2 

54 

TBD 
TBD 


TBD 
TBD 


MO 
£2 
pF 
V 

dB 

uA/V 
uA/V 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Output  Current 
Short  Circuit  Current 


Rc=  150  £2 


1.1  to  3.9 
50 

TBD 


V 

mA 
mA 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
Power  Supply  Rejection  Ratio 
-Input  Current 
+Input  Current 


0,  +5 


1  MIN—  1  MAX 

Vs  =  +3.5Vto+12V 

Tmin-Tmax 

Tmin-Tmax 


3.5 
60 

TBD 
TBD 


+  12 


TBD 
TBD 


V 

mA 
dB 

pA/V 
uA/V 
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AD8004 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation2 

Plastic  Package  (N)   1.6  Watts 

Small  Outline  Package  (R)   1.0  Watts 

Input  Voltage  (Common  Mode)   ±VS 

Differential  Input  Voltage   ±1.2V 

Output  Short  Circuit  Duration 

 Observe  Power  Derating  Curves 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range  (A  Grade)   -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  10  sec)   +300°C 


MAXIMUM  POWER  DISSIPATION 

.  12.6  V      The  maximum  power  that  can  be  safely  dissipated  by  the 

AD8004  is  limited  by  the  associated  rise  in  junction  tempera- 
ture. The  maximum  safe  junction  temperature  for  plastic  en- 
capsulated devices  is  determined  by  the  glass  transition 
temperature  of  the  plastic,  approximately  +150°C.  Exceeding 
this  limit  temporarily  may  cause  a  shift  in  parametric  perfor- 
mance due  to  a  change  in  the  stresses  exerted  on  the  die  by  the 
package.  Exceeding  a  junction  temperature  of  +  175°C  for  an 
extended  period  can  result  in  device  failure. 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  raring  conditions  for  extended  periods  may  affect  device  reliability. 

Specification  is  for  device  in  free  air: 
14-Pin  plastic  DIP  package:  6,A  =  75X/W 
14-pin  SOIC  package:  6,ft  =  120°C/W. 

ORDERING  GUIDE 


While  the  AD8004  is  internally  short  circuit  protected,  this 
may  not  be  sufficient  to  guarantee  that  the  maximum  junction 
temperature  (+150°C)  is  not  exceeded  under  all  conditions.  To 
ensure  proper  operation,  it  is  necessary  to  observe  the  maximum 
power  derating  curve  below. 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD8004AN 
AD8004AR 

-40°C  to  +85°C 
-40°C  to  +85°C 

14-Pin  Plastic  DIP 
14-Pin  Plastic  SOIC 

N-14 
R-14 

*For  outline  inform 


1-20  -10     0    10    20    30    40    50    60    70    80  90 
t  TEMPERATURE  —  °C 

Figure  2.  Maximum  Power  Dissipation  vs.  Ambient 
Temperature 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD8004  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


■ 

■ 


■ 
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Low  Distortion,  Wide  Bandwidth 
Voltage  Feedback  Clamp  Amps 


— 





AD8036/AD8037 


FEATURES 

Superb  Clamping  Characteristics 
<25  mV  Clamp  Accuracy 
3  ns  Overdrive  Recovery 
Minimized  Nonlinear  Clamping  Region 


FUNCTIONAL  BLOCK  DIAGRAM 
8-Pin  Plastic  Mini-DIP  (N),  Cerdip  (Q),  and  SO  (R)  Packages 


Wide  Bandwidth  AD8036  AD8037 

Small  Signal  350  MHz    240  MHz 

Large  Signal  (4  V  p-pl  200  MHz    150  MHz 
Good  DC  Characteristics 

2  m  V  Offset 

10nV/°C  Drift 
Ultralow  Distortion,  Low  Noise 

-90  dBc  typ  @  5  MHz 

-64  dBc  typ  @  20  MHz 

5.6  nV/VHz  Spectral  Noise  Density 
High  Speed 

Slew  Rate  1600  V/us 

Settling  11  ns  to  0.1%,  16  ns  to  0.01% 
±3  V  to  ±  5  V  Supply  Operation 

APPLICATIONS 
ADC  Buffer 

IF/RF  Signal  Processing 
High  Quality  Imaging 
Broadcast  Video  Systems 
Video  Amplifier 

PRODUCT  DESCRIPTION 

The  AD8036  and  AD8037  are  very  high  speed  and  wide  band- 
width input  clamping  amplifiers.  The  AD8036  is  unity-gain 
stable.  The  AD8037  is  stable  at  a  gain  of  two.  Utilizing  propri- 
etary input  clamping  architecture,  the  AD8036  and  AD8037  of- 
fer unparalleled  clamp  amp  performance.  Also,  utilizing  a 
voltage  feedback  architecture,  their  exceptional  settling  time, 
bandwidth,  and  low  distortion  performance  meet  the  require- 
ments of  many  applications  that  previously  depended  on  current 
feedback  amplifiers.  Their  classical  op  amp  structure  works 
much  more  predictably  in  many  designs.  This  product  can  be 
used  as  a  classical  op  amp  or  a  clamp  amp  where  a  high  and  low 
output  voltage  is  specified. 

A  proprietary  design  architecture  has  produced  an  amplifier  that 
combines  many  of  the  best  characteristics  of  both  current  feed- 
back and  voltage  feedback  amplifiers.  The  AD8036  and 
AD8037  exhibit  exceptionally  fast  and  accurate  pulse  response 
(16  ns  to  0.01%)  as  well  as  extremely  wide  small  signal  and 
large  signal  bandwidth  and  ultralow  distortion.  The  AD8036 
achieves  -68  dBc  at  20  MHz  with  350  MHz  small  signal  and 
200  MHz  large  signal  bandwidths.  The  AD8036  and  AD8037's 
clamp  accuracy  is  25  mV  or  less  and  it  recovers  from  overdrive 
!  ns. 


This  is  a  preliminary  data  sheet.  To  obtain  the  m< 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44*-6212. 


cteristics  position  the  AD8036/AD8037  ideally  for 
buffering  flash  and  high  resolution  ADCs. 
tear  functions  with  high  speed  and  wide 
made  possible  by  the  balanced  high  impedance 
the  voltage  feedback  architecture. 

e  AD8036  is  offered  in  industrial  (-i0°C  to  +85°C)  and  mili- 
tary (-55°C  to  +  125°C)  temperature  ranges  and  the  AD8037  in 
industrial.  Industrial  versions  are  available  in  plastic  DIP  and 
SOIC;  MIL  versions  are  packaged  in  cerdip. 


SSSSSSSHSSPSSSSSgSKSgSSS 
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INPUT  VOLTAGE  —  V  dc 


Figure  1.  Clamp  Accuracy 
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Parameter 

DYNAMIC  PERFO: 
Bandwidth  (-3  dB) 
Small  Signal  AD8036 
AD8037 
nal  AD8036 
AD8037 
Amplitude  of  Peaking 
Flatness 

Common-Mode  Rejection  Ratio 
Slew  Rate 


i 


Rise/Fall  Time 

Overshoot 
Settling  Time 
To  0.1% 
To  0.01% 
To  0.1% 
To  0.02% 


Conditions 


Vout  ^  0.4  V  p-p 

Full 

Voux  <  0.4  V  p-p 

Full 

Vout  =  4  V  p-p 

Full 

Vout  =  4  V  p-p 

Full 

Full  Spectrum 

Full 

40  MHz 

Full 

@  20  MHz 

+25°C 

Vout  =  4  V  Step 

Full 

Vout  =  0.5  V  Step 

+25°C 

Vout  =  4  V  Step 

Full 

Vout  =  2  V  Step 

Full 

Vout  =  2  V  Step 

+25°C 

Vout  =  2  V  Step 

Full 

Vout  =  4  V  Step 

+25°C 

Vout  =  4  V  Step 

+25°C 

Temp.  Min 


Typ 


Max 





350 
240 
200 
150 
0.1 
0.1 
+28 
1600 
1.5 
3.6 
0 

11 
16 


MHz 

MHz 

MHz 

MHz 

dB 

dB 

dB 

V/us 

ns 

ns 

% 


ns 
ns 
ns 
ns 


CLAMP  PERFORMANCE 
Clamp  Voltage  Range 
Clamp  Accuracy 
Clamp  Nonlinearity  Range1 
Bias  Current  (VH  or 
Clamp  Input  Bandwidth  (-3  dB) 
Clamp  Overshoot 
Overdrive  Recovery 


VHorVL 
2x  Overdrive 
2x  Overdrive 


2x 


'L=2V 
rdrive 


Fun°C 

+25°C 


HARMONIC/NOISE  PERFORMANCE 
2nd  Harmonic 

AD8036 

AD8037 
3rd  Harmonic  Distortion 

AD8036 

AD8037 
3rd  Order  Intercept 
Spectral  Input  Noise  Voltage 
Spectral  Input  Noise  Current 
Average  Equivalent  Integrated 

Input  Noise  Voltage 
Differential  Gain  (4.3  MHz) 
Differential  Phase  (4.3  MHz) 
Phase  Nonlinearity 


2  V  p-p;  20  MHz 

Full 

2  V  p-p;  20  MHz 

Full 

2  V  p-p;  20  MHz 

Full 

2  V  p-p;  20  MHz 

Full 

25  MHz 

Full 

1  MHz  to  200  MHz 

+25°C 

1  MHz  to  200  MHz 

+25°C 

0.1  MHz  to  200  MHz 

+25°C 

RL=  150  £2 

+25°C 

RL=  150  Q 

+25°C 

DC  to  100  MHz 

+25°C 

±25 


±50 


100 


— — 


50 
250 

4  5 
1  10 




V 

mV 

PA 
MHz 

% 
ns 




-68 

dBc 

-60 

dBc 

-77 

dBc 

-70 

dBc 

+40 

dBm 

5.6 

nVA/Hz 

3.6 

pA/VHz 

80 

uV  rms 

0.01 

0.05 

% 

0.01 

0.05 

Degrees 

1.1 

Degrees 

DC  PERFORMANCE2 
Input  Offset  Voltage3 
Offset  Voltage  Drift 
Input  Bias  Current 

Input  Bias  Current  TC 
Input  Offset  Current 

Input  Offset  Current  TC 
Common-Mode  Rejection  Ratio 
Open  Loop  Gain 


AVCM  =  1  V 
Vqut  =  ±2  V  p-p 


+25°C 

Full 

+25°C 

Full 

+25°C 

Full 

+25°C 

+25°C 


±2 

mV 

±10 

uV/°C 

7 

uA 

35 

nA/°C 

3 

MA 

2.5 

nA/°C 

60 

dB 

56 

dB 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


9-296   OPERATIONAL  AMPLIFIERS 


REV.O 


AD8036/AD8037 


Parameter 

i^unuiuuna 

Temp* 

Mitt                 i  \rr»  Unv 

i  vi  in           i  yp  ividx 

INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 
Common-Mode  Input  Range 

+25°C 
+25°C 
run 

500 
1.2 

PF 

V 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Range 
Output  Current 
Output  Resistance 

Full 
Full 
+25°C 

±3.4 

70 

0.3 

V 

mA 

Q 

POWER  SUPPLY 
Supply  Voltage  (±VS) 
Quiescent  Current 
Power  Supply  Rejection  Ratio 

Full 
Full 
+25°C 

3.0          5.0  5.5 
17  20 
66 

V 

mA 
dB 

NOTES 

'Nonlinearity  is  defined  as  signal  distortion  as  the  output  approaches  the  clamping 
2Measured  at  Av  =  20. 

'Measured  with  respect  to  the  inverting  input. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)   ±6.5  V 

Common-Mode  Input  Voltage  ±VS 

Differential  Input  Voltage   6  V 

Continuous  Output  Current2   90  mA, 

Operating  Temperature  Ranges  *  % 

AN,  AR   -40°C  to  +85°C 

SQ/883B   -55*Cto+125°C 

Storage  Temperature  (Ceramic)   -65°C  to  +150°C 

Storage  Temperature  (Plastic)   -65°C  to  +125°C 

Junction  Temperature  (Ceramic)3  .*\%,1750C 

Junction  Temperature  (Plastic)3   +1 50°C 

Lead  Soldering  Temperature  (1  Minute)4   +220°C 


levels. 


NOTES  VAk  » 

'Absolute  maximurri:  ratings  are  limiting  values  to  be  applied  individually,  and 

beyond :  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 

operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
(  conditions  for  an  eltteflded  period  of  time  may  affect  device  reliability. 
^Output  is  short-circuit  protected  to  ground,  but  not  to  supplies.  Continuous  short 

circuit  to  ground  may  affect  device  reliability. 
Typical  thermal  impedances  (part  soldered  onto  board;  no  air  flow): 

Ceramic  DIP:  8M  =  110°C/W;  BjC  =  20°C/W" 

Plastic  SOIC:  0,A  =  I50°C/W;  9JC  =  30°C/W 

Plastic  DIP:  fl,A  =  140°C/W;  9,c  =  30°C/W. 

■'Temperature  shown  is  for  surface  mount  devices,  mounted  by  vapor  phase 
soldering.  Through-hole  devices  (ceramic  and  plastic  DIPs)  can  be  soldered  at 
+300°C  for  10  seconds. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Description 

Package  Option* 

AD8036AN 

AD8036AR 

AD8036SQ/883B 

AD8036-EB 

AD8037AN 

AD8037AR 

-40°C  to  +85°C 
-40°C  to  +85°C 
-55°C  to  +125°C 

-40°C  to  +85°C 
-40°C  to  +85°C 

Plastic  DIP 

SOIC 

Cerdip 

Evaluation  Board 
Plastic  DIP 
SOIC 

N-8 
R-8 
Q-8 

N-8 
R-8 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC  (Small  Outline  Integrated  Circuit.)  For  outline  information  see  Package  Information  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AD8036/AD8037 


The  AD8036/AD8037  have  been  designed  with  internal  ties 
from  the  clamp  voltage  pins  to  ±VCc,  and  if  the  clamp  pins  are 
left  floating,  the  low  clamp  voltage  (VJ  will  be  set  to  -VCc  and 
the  high  clamp  voltage  (VH)  will  be  set  to  +VCC-  In  this  con- 
figuration, the  AD8036/AD8037  will  perform  as  a  standard  c 
erational  amplifier  and  will  not  c 


Figure  2.  Noninverting  Operation 
Clamp  Operation 

The  AD8036/AD8037  have  built-in  input  clamps  that  can  be 
used  to  protect  sensitive  devices  connected  to  the  amplifier  out- 
put. Clamp  operation  can  only  be  performed  in  the  noninvert- 
ing configuration.  By  utilizing  input  clamps,  the  maximum 
linear  range  is  achieved  in  conjunction  with  the  highest  clamp 
accuracy. 

The  clamp  voltages  (high  and  low)  are  connected  to  pins  VHigh 
(input)  and  Vlow  (input)  accordingly.  These  are  high  im, 
ance  nodes  with  minimal  current  drawn.  These  input 
voltages  multiplied  by  the  amplifier  gain  sets  the  limii 
swing  range.  VH  (output)  =  VH  (input)  x  Av  and  VL  (output) 
VL  (input)  x  Av.  The  chart  on  the  cover  page  shows  the  char- 
acteristics of  the  AD8036/AD8037  in  clamped  operation  versus 
competitors  who  use  output  clamping  techniques.  The  im- 
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ortion  Near  Clamp  Values 

Layout  Consideratio 

The  specified  high  speed  performance  of  the  AD8036/AD8037 
requires  careful  attention  to  board  layout  and  component  selec- 
tion. Proper  RF  design  techniques  and  low-pass  parasitic  com- 
ponent selection  are  mandatory. 

The  PCB  should  have  a  ground  plane  covering  all  unused  por- 
tions  of  the  component  side  of  the  board  to  provide  a  low  im- 
pedance path.  The  ground  plane  should  be  removed  from  the 


proved  accuracy  and  hard  clamping  characteristics  of  the 
AD8036/AD8037  allow  clamps  to  be  used  in  applications  where      area  near  the  input  pins  to  reduce  the  stray  capacitance, 
output  clamps  cannot  be  used.  Also,  the  recovery  from  over-  chip  capacitors  should  be  used  for  the  supply  bypassing  (see 


drive  will  be  1  ns  typical. 

The  proprietary  input  clamp  architecture  has  also  been  designed 
to  minimize  signal  distortion  as  you  approach  the  clamp  volt- 
ages. This  characteristic  is  fundamental  to  the  signal  integrity  in 
the  clamp  region  and  allows  for  maximum  useful  amplifier 
range.  Figure  3  shows  the  distortion  of  the  AD8037  as  you  ap- 
proach a  high  clamp  voltage  value  of  1  V  versus  the  competitors. 

In  addition,  the  clamp  voltage  range  is  only  limited  by  the  out- 
put voltage  range  (±3.4  V),  and  the  clamp  voltages  can  be  set  to 
any  value  between  the  ±3.4  V  swing.  Of  course,  the  clamps  can 
be  set  beyond  the  output  voltage  swing,  but  then  the  output  will 
not  be  limited  by  the  clamp  voltages,  but  by  the  swing  range. 
Output  clamps  typically  have  limited  clamp  voltage  settings  and 
cannot  be  set  to  any  voltage  between  ±Vcc.  For  example,  it  is 
typical  that  a  low  clamp  voltage  can  be  set  only  as  high  as  +2  V, 
and  the  high  clamp  voltage  as  low  as  -2  V.  This  can  be  a  limit- 
ing feature  in  many  applications. 


Figure  2).  One  end  should  be  connected  to  the  ground  plane 
and  the  other  within  1/8  inch  of  each  power  pin.  An  additional 
large  (0.47  pF-10  |jF)  tantalum  electrolytic  capacitor  should  be 
connected  in  parallel,  but  not  necessarily  so  close,  to  supply  cur- 
rent for  fast,  large  signal  changes  at  the  output. 

The  feedback  resistor  should  be  located  close  to  the  inverting 
input  pin  in  order  to  keep  the  stray  capacitance  at  this  node  to  a 
minimum.  Capacitance  variations  of  less  than  1  pF  at  the  in- 
verting input  will  significantly  affect  high  speed  performance. 

Stripline  design  techniques  should  be  used  for  long  signal  traces 
(greater  than  about  1  inch).  These  should  be  designed  with  a 
characteristic  impedance  of  50  Q  or  75  £i  and  be  properly  termi- 
nated at  each  end. 

Evaluation  Board 

An  evaluation  board  for  the  AD8036  is  available  that  has  been 
carefully  laid-out  and  tested  to  demonstrate  that  the  specified 
high  speed  performance  of  the  device  can  be  realized.  For 
ordering  information,  please  refer  to  the  ordering  guide. 

The  layout  of  the  evaluation  board  can  be  used  as  shown  or 
serve  as  a  guide  for  a  board  layout. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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0  woi 


AD8036// 


Table  I. 


AD8036AN  (DIP) 

AD8036AR  (SOIC) 

Gain 

Gain 

Component 

-1 

+1 

+2 

+10 

+100 

-1 

+1 

+2 

+10 

+100 

270  n 

470  £2 

100  £2 

320  £2 

190  £2 

320  £2 

470  £2 

100  £2 

Rf 

270  n 

140  a 

Rg 

270  a 

49.9  a 

270  n 

51  n 

ion 

320  £2 

320  £2 

51  £2 

ion 

Ro  (Nominal) 

49.9  n 

49.9  £2 

49.9  £2 

49.9  £2 

100  £2 

100  £2 

100  £2 

49.9  £2 

49.9  n 

Rs 

ioo  n 

130  n 

100  Q 

100  £2 

100  £2 

150  £2 

180  £2 

150  £2 

100  £2 

ioo  n 

Rx  (Nominal) 

49.9  Q 

49.9  n 

1  !  

49.9  n 

49.9  £2 

49.9  a 

100  £2 

100  £2 

100  £2 

49.9  £2 

49.9  n 

T*7 

Noninverting  Configuration 


within  their  input  stages,  these  amplifiers  can  clamp  only  in  the 
noninverting  mode.  In  this  circuit,  only  U2  is  configured  as  a 
clamping  amplifier  while  Ul  and  U3  function  as  a  buffer  and 
difference  amplifier,  respectively. 


♦vso- 


1000pF  O.OIpF  JlO|lF 

C3  i:  C5 


—J —  OJ  -j—  \,o  -j— 

I  "  T 


-Vs  O- 


Supply  Bypassing 


Figure  4.  Noninverting  Configuration  for  Evaluation 
Boards 

A  Diodeless,  High  Speed,  Full-Wave  Rectifier 

A  high  speed,  full-wave  rectifier  (or  absolute-value  amplifier) 
circuit  using  high  speed,  clamping  amplifiers  is  shown  in  Fig- 
ure 5.  This  circuit  topology  provides  both  speed  and  perfor- 
mance enhancements  over  the  traditional  diode-based  topolo- 
gies that  contain  diodes  in  the  amplifier  feedback  path.  These 
diode-based  topologies  have  performance  limitations  at  both 
lower  signal  input  levels  and  higher  bandwidths.  One  limitation 
is  due  to  the  increase  in  dynamic  resistance  of  the  diode  that 
reduces  the  amount  of  feedback  at  lower  signal  levels.  Another 
limitation  is  due  to  the  reduction  of  the  amplifier's  open-loop 
gain  at  higher  frequencies  which  is  required  to  over  come  the 
forward-bias  voltage  drop  of  the  diode.  These  limitations  are 
most  visible  at  the  zero  crossings  of  the  input  signal  when  the  di- 
odes must  change  states. 

This  circuit  in  Figure  5  consists  of  three  high  speed,  clamping 
amplifiers  (U1-U3:  AD8037)  along  with  1%  metal-film  resistors 
used  for  gain  control  and  input  bias  current  compensation.  The 
high  speed,  clamp  accuracy  and  large  signal  bandwidth  of  the 
AD8037  make  this  application  feasible.  They  can  accurately 
clamp  the  input  signal  within  5  ns  to  a  user  defined  level.  Since 
the  internal  clamping  circuitry  of  these  amplifiers  is  located 


I      VVV ! 

V 


-vs 
Figure  5. 

The  circuit  is  configured  for  positive  full-wave  rectification  by 
configuring  U2  as  a  gain-of-two,  positive  half-wave  rectifier. 
This  is  accomplished  by  setting  the  positive  clamping  threshold 
level  (Pin  8  of  U2)  to  the  positive  supply  (hence,  outside  the  in- 
put voltage  range  of  the  amplifiers  input)  and  the  negative 
clamping  threshold  level  (Pin  5  of  U2)  to  ground.  For  negative 
full-wave  rectification,  U2  must  be  configured  as  a  gain-of-two, 
negative  half-wave  rectifier  by  setting  the  positive  clamping 
threshold  level  to  ground  and  the  negative  clamping  threshold 
level  to  the  negative  supply.  Ul  is  simply  configured  as  a  gain 
of  two  buffer  and  is  required  to  buffer  the  input  signal  source, 
VIN,  from  the  dynamic  input  impedance  presented  by  U3  as  well 
as  match  the  signal  delay  of  U2.  U3  subtracts  the  output  of  the 
half-wave  rectifier  (U2)  from  the  buffer  output  (Ul)  to  produce 
the  desired  gain-of-two  full-wave  rectification.  An  optional  trim 
network  consisting  of  a  potentiometer  can  be  used  to  trim  out 
any  clamping  offset  error  of  U2.  Precision  1%  resistors  for  the 
gain  controlling  elements  of  Ul  and  U2  will  typically  maintain 
under  2%  gain  accuracy  while  values  under  250  n  will  not  de- 
grade the  phase  margin  of  these  high  speed  amplifiers. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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FEATURES 

Usable  Closed-Loop  Gain  Range:  ±1  to  ±40 
Low  Distortion:  -67  dBc  (2nd)  at  20  MHz 
Small  Signal  Bandwidth:  190  MHz  (Av  =  +3) 
Large  Signal  Bandwidth:  150  MHz  at  4  V  p-p 
Settling  Time:  10  ns  to  0.1%;  14  ns  to  0.02% 
Overdrive  and  Output  Short  Circuit  Protected 
Fast  Overdrive  Recovery 
DC  Nonlinearity  10  ppm 

APPLICATIONS 

Driving  Flash  Converters 

D/A  Current-to-Voltage  Converters 

IF,  Radar  Processors 

Baseband  and  Video  Communications 


GENERAL  DESCRIPTION 

The  AD9617  is  a  current  feedback  amplifier  which  utilizes  a 
proprietary  architecture  to  produce  superior  distortion  and  dc 
precision.  It  achieves  this  along  with  fast  settling,  very  fast  slew 
rate,  wide  bandwidth  (both  small  signal  and  large  signal)  and 
exceptional  signal  fidelity.  The  device  achieves  -67  dBc  2nd 
harmonic  distortion  at  20  MHz  while  maintaining  190  MHz 
small  signal  and  150  MHz  large  signal  bandwidfhs. 

These  attributes  position  the  AD9617  as  an  ideal  choice  for  driv- 
ing flash  ADCs  and  buffering  the  latest  generation  of  DACs. 
Optimized  for  applications  requiring  gain  between  ±1  to  ±15, 
the  AD9617  is  unity  gain  stable  without  external  compensation. 

Additional  benefits  of  the  AD9617B  and  T  grades  include  input 
offset  voltage  of  500  u.V  and  temperature  coefficient  (TC)  of 
3  nWC.  These  accuracy  performance  levels  make  the  AD9617 
an  excellent  choice  for  driving  emerging  high  resolution 
(12-16  bits),  high  speed  analog-to-digital  converters  and  flash 
converters. 


Auat)  i  r 





PIN  CONFIGURATION 

^  ' 

AD9617 


-I 


OUTPUT 


•OPTIONAL  +V, 


"OPTIONAL  -Vs 


NOTE:  FOR  BEST  SETTLING  TIME  AND  DISTOR- 
TION PERFORMANCE,  USE  OPTIONAL  SUPPLY 
CONNECTIONS.  PERFORMANCE  INDICATED  IN 
SPECIFICATIONS  IS  BASED  ON  SUPPLY  CON- 
NECTIONS TO  THESE  PINS. 


The  AD9617  offers  outstanding  performance  in  high  fidelity, 
wide  bandwidth  applications  in  instrumentation  ranging  from 
network  and  spectrum  analyzers  to  oscilloscopes  and  in  military 
systems  such  as  radar,  SIGINT,  and  ESM  systems.  The  supe- 
rior slew  rate,  low  overshoot  and  fast  settling  of  the  AD9617 
allow  the  device  to  be  used  in  pulse  applications  such  as  com- 
munications receivers  and  high  speed  ATE.  Most  monolithic  op 
amps  suffer  in  these  precision  pulse  applications  due  to  slew  rate 

The  AD9617J  operates  over  the  range  of  0  to  +70°C  and  is 
available  in  either  an  8-pin  plastic  mini-DIP  or  an  8-lead  plastic 
small  outline  package  (SOIC).  The  AD9617A  and  B  versions  are 
rated  over  the  industrial  temperature  range  of  -40°C  to  +85°C. 
The  AD9617S  and  T  versions  are  rated  over  the  military  tem- 
perature range  of  -55°C  to  +125°C  and  are  available  processed 


to  MIL-STD-883B. 


I! 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-80M46-6212. 
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SPECIFICATIONS 


AD9617 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltages  (±VS)  ±7  V 

Common  Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  3  V 

Continuous  Output  Current2   70  mA 

Operating  Temperature  Ranges 

AD9617JN/JR  0  to  +70°C 

AD9617AQ/BQ  -4CC  to  +85°C 

AD9617SQ/TQ  -55°C  to  +125"C 


Storage  Temperature 

AD9617JN/JR  -65°C  to  +125°C 

AD96 1 7 AQ/BQ/SQ/TQ  -65°C  to  +  150°C 

Junction  Temperature3 

AD9617JN/JR  +150°C 

AD96 1 7AQ/BQ/SQ/TQ   +175°C 

Lead  Soldering  Temperature  (10  Seconds)  +300°C 


DC  ELECTRICAL  CHARACTERISTICS  (Unless  otherwise  noted. 

Av  = 

+3;  ±V 

s  =  ±5  V;RF 

=  400  ft;  R 

aut  =  100  ft) 

Test 

AD9617JN/JR 

AD9617AQ/SQ 

AD9617BQ/TQ 

Conditioi 

■ 

Temp 

Level 

Min 

Typ 

Mu 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Input  Offset  Voltage'' 5 

+25°C 

I 

-1.1 

+0.5 

+2.2 

-1.1 

+0.5 

+2.2 

+0.0 

+0.5 

+  1.1 

mV 

Input  Offset  Voluge  TC 

FuU 

IV 

—4 

+3 

+25 

—4 

+  3 

+25 

—4 

+  3 

+25 

M.WC 

Input  Bias  Current' 

T  n  vprf  i  n  tr 

+25°C 

I 

-50 

0 

+  50 

-50 

0 

+50 

-25 

0 

+25 

uA 

Nonin  verting 

+25°C 

I 

-25 

+  5 

+  35 

-25 

+5 

+35 

-15 

+5 

+20 

uA 

Input  Bias  Current  TCS 

Full 

Noninverting 

IV 

-50 

+  30 

+  125 

-50 

+  30 

+  125 

-50 

+  30 

+  125 

nATC 

Inverting 

Full 

IV 

-50 

+  50 

+  150 

-50 

+  50 

+  150 

-50 

+50 

+  150 

nA/°C 

Input  Resistance 

Noninverting 

+25°C 

V 

60 

60 

60 

kfl 

Input  Capacitance 

■ 

Noninverting 

+25°C 

V 

1.5 

1.5 

1.5 

pF 

Common-Mode  Input  Range6 

T  =  T„, 

n 

±1.4 

±1.5 

±1.4 

±1.5 

±L4 

±1.5 

V 

T  =  ~^tma 

to  +25°C 

ii 

±1.7 

±1.8 

±1.7 

±1.8 

±1.7 

±1.8 

V 

Common-Mode  Rejection  Ratio7 

T  =  T 

ii 

44 

48 

44 

48 

44 

48 

dB 

T  =  T^, 

to  +25°C 

ii 

50 

53 

50 

53 

50 

53 

dB 

Power  Supply  Rejection  Ratio 

AVS=  ± 

5% 

FuU 

ii 

50 

60 

50 

60 

50 

60 

dB 

Open  Loop  Gain 

To 

Atdc 

+25°C 

V 

500 

500 

500 

kn 

Nonlineahty 

Atdc 

+25°C 

IV 

10 

10 

ppm 

Output  Voltage  Range 

+25°C 

ii 

±3.4 

±3.8 

±3.4 

±3.8 

±3.4 

±3.8 

Son 

Output  Impedance 

Atdc 

+25°C 

V 

0.07 

0.07 

0.07 

n 

Output  Current  (50  n  Load) 

T  =  +25t  to  T„ 

ii 

60 

60 

60 

mA 

T  =  Tmi„ 

ii 

50 

50 

50 

mA 

1  



- 









AC  ELECTRICAL  CHARACTERISTICS  (Unless  otherwise  noted,  Ay  =  +3;  ±VS  =  ±5  V;  RF  =  400  ft;  Rl0JU)  =  100  ft) 


Test 

AD9617JN/JR 

AD9617AQ/SQ 

AD9617BQ/TQ 

Parameter 

Conditions 

Temp 

Level 

Min  Typ 

Max 

Min  Typ 

Max 

Min 

Typ 

Max 

Units 

FREQUENCY  DOMAIN 

Bandwidth  (-3  dB) 

Small  Signal 

Vom-  s2  V  p-p 

Full 

n 

145  190 

145  190 

145 

190 

MHz 

Large  Signal 
Bandwidth  Variation  vs.  Av 

Vqut  =  4  V  p-p 

Full 

rv 

150 

115  150 

115 

150 

MHz 

Av  =  -1  to  ±15 

+25°C 

V 

40 

40 

40 

MHz 

Amplitude  of  Peaking  (<50  MHz) 

T  =  T,^  to  +25°C 

ii 

0 

0 

0.3 

0 

0.3 

dB 

T  =  T„„ 

ii 

0 

0 

0.6 

0 

0.6 

dB 

Amplitude  of  Peaking  (>50  MHz) 

T  =  T„.  to  +25T 

ii 

-0  

0 

0.8 

0 

0.8 

dB 

T  -  T„„ 

ii 

0 

0 

1.0 

0 

1.0 

dB 

Amplitude  of  Roll-Off  (<75  MHz) 

Full 

ii 

0.1 

0.1 

0.6 

0.1 

0.6 

dB 

Phase  Nonlineanty 

dc  to  75  MHz 

+25"C 

V 

0.5 

0.5 

0.5 

Degree 

2nd  Harmonic  Distortion 

2  V  p-p;  4.3  MHz 

Full 

rv 

-86 

-78 

-86 

-78 

-86 

-78 

dBc 

2  V  p-p;  20  MHz 

Full 

rv 

-67 

-59 

-67 

-59 

-67 

-59 

dBc 

2  V  p-p;  60  MHz 

Full 

n 

-51 

-43 

-51 

-43 

-51 

-43 

dBc 

3rd  Harmonic  Distortion 

2  V  p-p;  4.3  MHz 

Full 

rv 

-83 

-75 

-83 

-75 

-83 

-75 

dBc 

2  V  p-p;  20  MHz 

Full 

rv 

-69 

-61 

-69 

-61 

-69 

-61 

dBc 

Input  Noise  Voltage 

2  V  p-p;  60  MHz 

FuU 

ii 

-54 

-46 

-54 

-46 

-54 

-46 

dBc 

10  MHz 

+25°C 

v 

1.2 

1.2 

1.2 

nWV(Hz) 

Inverting  Input  Noise  Current 

10  MHz 

+25-C 

v 

29 

29 

29 

pA/V(Hz) 

Average  Equivalent  Integrated 

Input  Noise  Voltage 

0.1  to  200  MHz 

+25"C 

v 

55 

55 

55 

jiV,  rms 
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Test 

AD9617JN/JR 

AD9617AQ/SQ 

AD9617BQ/TQ 

Parameter 

Conditions 

Temp 

Level 

Min     Typ  Max 

Min  Tvn 

Max 

Min  Tim 

Max 

Units 



TIME  DOMAIN 
Slew  Rate 

vOUT  —  4  v  step 

Full 

IV 

1100  1400 

1100  1400 

■ 

V/nc 
V/LLS 

Rise/Fall  Time 

■  v 

Voux  -  2  V  Step 

Full 

IV 

70 

2.0 

2.5 

2.0 

2.5 

ns 

VOUT  -  4  V  Step 

T  =  +25°C  to  T„, 

IV 

2.4 

2.4 

3.3 

2.4 

3.3 

ns 

V^.tt  =  4  V  Step 

OUT              *    v  f 

T  =  Tmi„ 

IV 

2.4 

2.4 

3.5 

2.4 

3.5 

ns 

Overshoot 

vout  -  2  V  Mep 

Full 

r\7 
IV 

3 

14 

3 

14 

% 

Settling  Time 

To  0.1% 

VOUT  =  2  V  Step 

Full 

IV 

10 

10 

15 

10 

15 

ns 

n  mo/ 
1 0  U.Ui to 

vOUT  -  2  V  step 

dill 
1*1111 

TV 
IV 

14 

14 

23 

14 

23 

ns 

To  0.1% 
To  0.02% 

Vout  =  4  V  Step 
Vqut  =  4  V  Step 

Full 
Full 

rv 
rv 

ii 

16.  : 

11  16 
16  24 

I 

16 
24 

ns 

go  M 

2  x  Overdrive  Recovery  to 

±2  mV  of  Final  Value 

Vm  =  1.7  V  Step 

+25°C 

V 

50 

50 

50 

ns 

Propagation  Delay 
Differential  Gain8 

+25°C 

V 

2 

2 

2 

ns 

Full 

v 

<0.01 

<0.01 

<0.01 

% 

Differential  Phase8 

Full 

V  : 

0.01 

0.01 

0.01 

Degree 

POWER  SUPPLY  REQUIREMENT] 
Quiescent  Current 

+Is 

-'s 

S 

FuU 
FuU 

n 
» 

34  48 
34  48 

34 
34 

48 
48 

34  48 

34  48 

1  

mA 
inA 



NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operabiUty  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Output  is  short  circuit  protected  to  ground,  but  not  to  supplies.  Continuous  short  circuit  to  ground  may  affect  device  r 
'Typical  thermal  impedances  (part  soldered  onto  board): 

Mini-DIP:  8JA  =  140°C/W;  6,c  =  30»C/W.    Side  Brazed/Cerdip:  eM  =  110°C/W;  9JC  =  20°C/W.    SOIC  Package:  6JA  =  1* 
4Measured  with  respect  to  the  inverting  input. 


'Typical  is  defined  as  the  mean  of  the  distribution. 
'Measured  in  voltage  follower  configuration. 
'Measured  with  V1N  =  ±0.25  V. 
'Frequency  =  4.3  MHz;  RL  =  150  0;  Av  =  +3. 
Specifications  subject  to  change  without  notice. 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C  and  sample  tested  at 

specified  temperatures.  AC  testing  of  J  grade  devices  done 
on  sample  basis. 

-  Sample  tested  only. 

-  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

-  Parameter  is  a  typical  value  only. 

-  All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature 
extremes  for  commercial/industrial  devices. 


Die  Connections 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9617JN 

0  to  +70°C 

Plastic  DIP 

N-8 

AD9617JR 

0  to  +70°C 

SOIC 

R-8 

AD9617AQ 

-40°Cto  +85°C 

Cerdip 

Q-8 

AD9617BQ 

-40°C  to  +85°C 

Cerdip 

Q-8 

AD9617SQ 

-55°Cto  +125°C 

Cerdip 

Q-8 

AD9617TQ 

-55°Cto  +125°C 

Cerdip 

Q-8 

ion  see  Package  Informatio 

n  section. 

□  □ 


TOP  VIEW 
(Not  to  Scale) 


□  OUTPUT 


_Q  □  Ql 

-V.  -V. 


E  SIZE  ■  53  x  »7  *  IS  mils 
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ANALOG 
DEVICES 


Low  Distortion,  Precision, 
Wide  Bandwidth  Op  Amp 


AD9618* 


FEATURES 

Usable  Closed-Loop  Gain  Range:  +5/-1  to  ±100 
Low  Distortion:  -63  dBc  (2nd)  at  20  MHz 
Small  Signal  Bandwidth:  160  MHz  (Av  =  +10) 
Large  Signal  Bandwidth:  150  MHz  at  S  V  p-p 
Settling  Time:  10  ns  to  0.1%;  14  ns  to  0.02% 
Overdrive  and  Output  Short  Circuit  Protected 
Fast  Overdrive  Recovery 
DC  Nonlinearity  5  ppm 

APPLICATIONS 
Driving  Flash  Converters 
D/A  Current  to  Voltage  Converters 
IF,  Radar  Processors 
Baseband  and  Video  Communications 
Photodiode,  CCD  Preamps 


■ 


PIN  CONFIGURATION 


NC  1 


-  INPUT  2 


+  INPUT    3  - 


7  +VS 


6  OUTPUT 


•OPTIONAL  +VS       "OPTIONAL  -Vs 


NOTE:  FOR  BEST  SETTLING  TIME  AND  DISTOR- 
TION PERFORMANCE,  USE  OPTIONAL  SUPPLY 
CONNECTIONS.  PERFORMANCE  INDICATED  IN 
SPECIFICATIONS  IS  BASED  ON  SUPPLY  CON- 
NECTIONS TO  THESE  PINS. 


GENERAL  DESCRIPTION 

The  AD9618  is  a  current  feedback  amplifier  which  utilizes  a 
proprietary  architecture  to  produce  superior  distortion  and  dc 
precision.  It  achieves  this  along  with  fast  settling,  very  fast  slew 
rate,  wide  bandwidth  (both  small  signal  and  large  signal),  and 
exceptional  signal  fidelity.  The  device  achieves  -63  dBc  2nd 
harmonic  distortion  at  20  MHz  while  maintaining  160  MHz 
small  signal  and  150  MHz  large  signal  bandwidths. 

These  attributes  position  the  AD9618  as  an  ideal  choice  for  driv- 
ing flash  ADCs  and  buffering  the  latest  generation  of  DACs. 
Optimized  for  applications  requiring  gain  between  +  5/- 1 
to  ±40,  the  AD9618  is  unity  gain  stable  without  external 
compensation. 

Additional  benefits  of  the  AD9618B  and  T  grades  include 
input  offset  voltage  of  500  u.V  and  temperature  coefficient  (TC) 
of  3  (j.V/°C.  These  accuracy  performance  levels  make  the 
AD9618  an  excellent  choice  for  driving  emerging  high  resolution 
(12-16  bits),  high  speed  analog  to  digital  converters  and  flash 
converters. 

The  AD9618  offers  outstanding  performance  in  high  fidelity, 
wide  bandwidth  applications  in  instrumentation  ranging  from 
network  and  spectrum  analyzers  to  oscilloscopes,  and  in  military 
systems  such  as  radar,  SIGINT,  and  ESM  systems.  The  supe- 
rior slew  rate,  low  overshoot,  and  fast  settling  of  the  AD9618 
allow  the  device  to  be  used  in  pulse  applications  such  as  com- 
munications receivers  and  high  speed  ATE.  Most  monolithic  op 
amps  suffer  in  these  precision  pulse  applications  due  to  slew  rate 
limiting. 

"Patent  pending. 


The  AD9618J  operates  over  the  range  of  0  to  +70°C  and  is 
available  in  either  an  8-pin  plastic  mini-DIP  or  an  8  lead  plastic 
small  outline  package  (SOIC).  The  AD9618A  and  B  versions  are 
rated  over  the  industrial  temperature  range  of  -40°C  to  +85°C. 
The  AD9618S  and  T  versions  are  rated  over  the  military  tem- 
perature range  of  -55°C  to  +  125°C;  and  are  available  processed 
to  MIL-STD-883B. 

■ 

■ 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD961 8 — SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltages  (±VS) 


.  .  ±7  V 

Common  Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  3  V 

Continuous  Output  Current2  70  mA 

Operating  Temperature  Ranges 

AD9618JN/JR  0  to  +70°C 

AD9618AQ/BQ  -40°C  to  +85°C 

AD9618SQ/TQ  -55°C  to  +125°C 




Storage  Temperature 

AD9618JN/JR  -65°C  to  +125°C 

AD%  1 8 AQ/BQ/SQ/TQ  -65°C  to  +  150°C 

Junction  Temperature3 

AD9618JN/JR   150°C 

AD96 1 8  AQ/BQ/SQ/TQ  175°C 

Lead  Soldering  Temperature  (10  Seconds)   +300°C 


DC  ELECTRICAL  CHARACTERISTICS 


(unless  otherwise  noted,  Av  =  +10;  ±VS  =  ±5  V;  RF  =  1000  ft; 
Rlow  =  100  ft) 


Test 

AD9618JN/JR 

AD9618AQ/SQ 

AD9618BQ/TQ 

Parameter 

Conditions 

Tem 

Min  Typ 

Max 

Min  Typ 

Max 

Min 

Typ 

Max 

Units 

Input  Offset  Voltage4-  5 



+25°C 

I 

-1.1  +0.5 

+2.2 

-1.1  +0.5 

+2.2 

0.0 

+  0.5 

+  1.1 

mV 

Input  Offset  Voltage  TC5 

Full 

IV 

-4  +3 

+25 

-4  +3 

+25 

-4 

+  3 

+25 

|iV/°C 

Input  Bias  Current5 

+25°C 

I 

-45  0 

+45 

-45  0 

Inverting 

+45 

-20 

0 

+20 

u.A 

Noninverting 

+25°C 

I 

-25  +5 

+  35 

-25  +5 

+  35 

-13 

+  5 

+  18 

^A 

Input  Bias  Current  TC5 

Noninverting 

Full 

IV 

-50  +30 

+  125 

-50   +30  +125 

-50 

+  30 

+  125 

Inverting 

Full 

IV 

-50  +40 

+  130 

-50  +40 

+  130 

-50  +40 

Input  Resistance 

Noninverting 

+25°C 

V 

75 

75 

kfl 

Input  Capacitance 

Noninverting 

+25°C 

V 

1.5 

1.5 

1.5 

pF 

Common  Mode  Input  Range6 

T  =  T_ 

II 

±1.0  ±1.2 

±1.0  ±1.2 

±1.0 

±1.2 

y 

T  =        to  +25°C 

II 

±1.4  ±1.5 

±1.4  ±1.5 

±1.4  ±1.5 

v 

Common  Mode  Rejection  Ratio7 

T  =  T 

4 — 

II 

44  48 
48  52 

44  48 

48  52 

44  48 

dB 
arj 

*         *  max 

T  =  +25°C 

<— 

II 

48 

52 

T  = 

II 

50  54 

50  54 

50 

54 

dB 

Power  Supply  Rejection  Ratio 

AVS  ="±5% 

Full 

II 

50  60 

50  60 

50 

60 

ATI 

Open  Loop  Gain 

To 

Atdc 

+  25°C 

V 

3 

3 

3 

Mfl 

Nonlinearity 

Atdc 

+  25°C 

V 

5 

5 

5 

ppm 

Output  Voltage  Range 

+  25°C 

II 

±3.3  ±3.7 

±3.3  ±3.7 

±3.3 

±3.7 

V 

Output  Impedance 

Atdc 

+  25°C 

V 

0.08 

0.08 

0.08 

n 

12 

Output  Current  (50  fl  Load) 

T  =  +25°C  to  Tm„ 

II 

60 

60 

60 

mA 

T  =  Tab 

II 

50 

50 

50 

mA 

ma  mm  pamami  »i>.4aMw*M»a4kM  (unless  otherwise  noted,  Av  = 

AC  ELECTRICAL  CHARACTERISTICS  Rlo„  =  iooft) 

+  10;  ±VS 

=  ±5  V;  Rp  =  1  kft; 

Test 

AD9618JN/JR 

AD9618AQ/SQ 

AD9618BQ/TQ 

Parameter 

Conditions 

Temp 

Level 

Min  Typ 

Max 

Min  Typ 

Max 

Min 

Typ 

Max 

Units 

FREQUENCY  DOMAIN 

Bandwidth  (-3  dB) 

Small  Signal 

Vout  s  2  V  p-p 

Full 

II 

130  160 

130  160 

130 

160 

MHz 

Large  Signal 

Vout  s  5  V  p-p 

Full 

IV 

150 

120  150 

120 

150 

MHz 

Bandwidth  Variation  vs.  Av 

Av  =  - 1  to  ±40 

+25°C 

V 

35 

35 

35 

MHz 

Amplitude  of  Peaking  (<50  MHz) 

T  =        to  +25°C 

II 

0 

0 

0.4 

0 

0.4 

dB 

Amplitude  of  Peaking  (>50  MHz) 

T  =  T„„ 

II 

"•  0 

0 
0 

0.7 

0 

0.7 

dB 
dB 

T  =        to  +25°C 

II 

0 

0.6 

0 

0.6 

T  =  T„, 

II 

0 

0 

1.2 

0 

1.2 

dB 

Amplitude  of  Roll-Off  (<75  MHz) 

Full 

II 

0.5 

0.5 

1.2 

0.5 

1.2 

dB 

Phase  Nonlinearity 

dc  to  75  MHz 

+  25°C 

V 

0.5 

0.5 

0.5 

Degree 

2nd  Harmonic  Distortion 

2  V  p-p;  4.3  MHz 

Full 

rv 

-83 

-75 

-83 

-75 

-83 

-75 

dBc 

2  V  p-p;  20  MHz 

Full 

IV 

-63 

-55 

-63 

-55 

-63 

-55 

dBc 

2  V  p-p;  60  MHz 

Full 

ii 

-51 

-43 

-51 

-43 

-51 

-43 

dBc 

3rd  Harmonic  Distortion 

2  V  p-p;  4.3  MHz 

Full 

IV 

-85 

-77 

-85 

-77 

-85 

-77 

dBc 

2  V  p-p;  20  MHz 

Full 

rv 

-70 

-62 

-70 

-62 

-70 

-62 

dBc 

2  V  p-p;  60  MHz 

Full 

ii 

-62 

-54 

-62 

-54 

-62 

-54 

dBc 

Input  Noise  Voltage 

10  MHz 

+25°C 

V 

1.2 

1.2 

1.2 

nV/V(Hz) 

Inverting  Input  Noise  Current 

10  MHz 

+25°C 

V 

24 

24 

24 

pA/V(Hz) 
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AD9618 


Parameter 


Temp 


Test 
Level 


AD9618JN/JR 
Miri  Typ  Max 


AD9618AQ/SQ 
Min  Typ  Max 


AD9618BQ/TQ 


Average  Equivalent  Integrated 
Input  Noise  Voltage 


0.1  to  200  MHz 


+25°C 


38 


M-V,i 


TIME  DOMAIN 

Slew  Rate 

Rise/Fall  Time 
voi'T  =  2  V  Step 
Vour  "  5  V  Step 

Overshoot 
Settling  Time 

To  0.1% 

To  0.02% 

To  0.1% 

To  0.02% 
2  x  Overdrive  Recovery  to 

±2  mV  of  Final  Value 
Propagation  Delay 
Differential  Gain8 
Differential  Phase8 


Vout  =  4  v  SteP 

T  =  +25°C  to 

T  =  Tmin 

Vout  =  2  V  Step 

VOUT  =  2  V  Step 
Vout  =  2  V  Step 
Vout  =  *  V  Step 
Vout  »4V  Step 

V,N  =  0.6  V  Step 


Full 


Full 


Full 

Full 
Full 
FuU 
FuU 

+  25°C 
+  25°C 
FuU 
Full 


2.2 
2.3 
2.3 
2 

9 
14 
10 
16 

50 
2 

0.01 
0.02 


2.2  2.6 

2.3  2.8 
2.3  3.1 
2  10 

9  15 
14  23 

10  16 
16  24 

50 

2 

0.01 
0.02 


1400  1800 

2.2 
2.3 
2.3 
2 

9 
14 
10 
16 

50 
2 

0.01 
0.02 


2.6 
2.8 
3.1 
10 

15 
23 
16 
24 


V/us 

ns 
ns 
ns 

% 


ns 

% 

Degree 


POWER  SUPPLY  REQUIREMENTS 
Quiescent  Current 


Full 
Full 


31  43 
31  43 


31  43 
31  43 


31  43 
31  43 


A 




NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 

operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Output  is  short  circuit  protected  to  ground,  but  not  to  supplies.  Continuous  short  circuit  to  ground  may  affect  device  reliability. 
'Tvpical  thermal  impedances  (part  soldered  onto  board): 

Mini-DIP:  6M  =  140°C/W;  8|c  =  30°C/W. 

Side  Brazed/Cerdip:  eJA  =  110°C/W;  8JC  =  20"C/W. 

SOIC  Package:  6JA  =  150°C/W;  6,c  =  3CC/W. 
'Measured  with  respect  to  the  inverting  input. 
'Typical  is  defined  as  the  mean  of  the  distribution. 
'Measured  in  voltage  follower  configuration. 
'Measured  with  VIN  =  ±0.25  V. 
■Frequency  =  4.3  MHz;  RL  =  150  fl;  Av  -  +10. 
Specifications  subject  to  change  without  notice. 
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EXPLANATION  OF  TEST  LEVELS 

Test  Level 


III 
IV 

V 
VI 


100%  production  tested. 

100%  production  tested  at  +25°C  and  sample  tested  at 
specified  temperatures.  AC  testing  of  J  grade  devices  done 
on  sample  basis. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 
All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature 
extremes  for  commercial/industrial  devices.  


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9618JN 

0  to  +70°C 

Plastic  DIP 

N-8 

AD9618JR 

0  to  +70°C 

SOIC 

R-8 

AD9618AQ 

-40°C  to  +85°C 

Cerdip 

Q-8 

AD9618BQ 

-40°C  to  +85°C 

Cerdip 

Q-8 

AD9618SQ 

-55°Cto  +  125°C 

Cerdip 

Q-8 

AD9618TQ 

-55°Cto  +125°C 

Cerdip 

Q-8 

*For  outline  information  see  Package  Information  section. 

DIE  CONNECTIONS 


+v, 

□ 

□ 

□ 

TOP  VIEW 
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□ 
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□ 
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□ 
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Ultralow  Distortion, 
600  MHz  Buffer 





FEATURES 

Excellent  Gain  Accuracy:  0.994  V/V 
Wide  Bandwidth:  600  MHz 
Slew  Rate:  2200  V/^s 
Ultralow  Distortion: 

-73  dBc  @  20  MHz 

-91  dBc  @  2.3  MHz 
Fast  Settling  Time:  8  ns  to  0.02% 
Low  Noise:  2.0  nV/Vfiz 

APPLICATIONS 
IF/Communications 
Impedance  Transformations 


AD9620' 


— 





DIP  CONFIGURATION 


GENERAL  DESCRIPTION 

The  AD9620  is  a  monolithic,  unity  gain  buffer  amplifier  that 

i  i_  ■   -     :j_  ,  i  i  i  


Available  in  side-brazed  ceramic  DIP  packages,  the  "A"  suffix 
unit  is  guaranteed  for  -40°C  to  +85°C  operating  temperatures; 
sets  new  standards  in  gain  accuracy,  wide  bandwidth  and  low  fa  «S"  sufflx  device  is  guaranteed  from  -55°C  to  +  125°C. 

distortion.  Its  large  signal  bandwidth,  ultralow  distortion  over  AD9620  die  are  dc  tested  at  +25°C. 

frequency,  and  drive  capabilities  of  the  AD9620  make  this 
buffer  an  ideal  driver  for  flash  ADCs.  Other  applications  which 
require  increased  current  drive  at  unity  voltage  gain,  such  as 
cable  driving,  also  benefit  from  the  AD9620's  performance. 


In  addition  to  innovative  (patent  pending)  feedback  architecture, 
special  packaging  techniques  improve  dynamic  performance  by 
minimizing  the  reactive  effects  associated  with  standard  pack- 
ages. The  result  is  -73  dBc  harmonic  suppression  at  20  MHz, 
and  -91  dBc  at  2.3  MHz.  The  AD9620  also  outperforms  other 
amplifiers,  including  its  predecessor  AD9630,  in  terms  of  small- 
signal  pulse  response  and  dc  linearity.  These  features  make  the 
AD9620  the  premier  driver  for  high  speed,  high  resolution 
ADCs. 


*Patent(s)  Pending. 


I. 


- 

- 


This  is  an  abridged  data  sheet.  To  obtain  the  most  race 

,  call  our  fax  retrieval  system  at  1-8WW46-6212. 


9-306   OPERATIONAL  AMPLIFIERS 


REV.  A 


SPECIFICATIONS  

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±7  V 

Input  Voltage  Range  ±VS 

Continuous  Output  Current2   70  mA 

Operating  Temperature  Ranges 

AD9620AD   -40°C  to  +85°C 

AD9620SD  -55°C  to  +125°C 


AD9620 


Storage  Temperature 

AD9620AD   -65°C  to  +150°C 

AD9620SD  -65°C  to  +  150°C 

Junction  Temperature3   +  175°C 

Lead  Soldering  Temperature  (10  seconds)4   +300°C 


DC  ELECTRICAL  CHARACTERISTICS  (unless  otherwise  noted,  ±VS  =  ±  5  V;  R1N  =  50  ft,  R^n  =  100  ft) 


Parameter 


Conditions 


Temp 


Test 
Level 


AD9620AD 
Min    Typ  Max 


AD9620SD 

Min    Typ  Max 




DC  SPECIFICATIONS 
Output  Offset  Voltage 

Offset  Voltage  TC 
Input  Bias  Current 

Bias  Current  TC 
Input  Resistance 
Input  Resistance 
Input  Capacitance 
Gain 

Output  Voltage  Range 
Output  Current  (50  fl  Load) 
Output  Impedance 
Power  Supply  Rejection  Ratio 
DC  Nonlinearity  


V0ut  =  2  V  p-p 

At  DC 

AVS  =  ±5% 
±2  V  Full  Scale 


+25°C 
Full 
+25°C 
Full 

+25°C  to  T„ 

Tmi„ 

+25°C 

Full 

Full 

Full 

+25°C 

Full 

+25°C 


I 

IV 
I 

IV 
VI 
VI 
V 
VI 
VI 
VI 
V 
VI 
VI 


-8  ±2 
-25  ±5 
-35     ±6  +35 
-150  ±50  +150 
400  800 
190 

1.0 

0.989 
+2.8 
40 

0.4 

52  60 
0.0 


-2.8 





-8      ±2  +8 
-25    ±5  +25 
-35    ±6  +35 
-150  ±50  +150 
400  800 
190 

1.0 

0.989  0.994 

+2.8  -2.8 

40 

0.4 

52  60 

0.005 


FREQUENCY  DOMAIN 
Bandwidth  (-3  dB) 

Small  Signal 

Small  Signal 

Large  Signal 

Large  i 
Amplin 
Amplitude  of  Peaking 
Amplitude  of  Rolloff 
Group  Delay 
Phase  Nonlinearity 
2nd  Harmonic  Distortion 


3rd  Harmonic  Distortion 


Spectral  Input  Noise  Voltage 
Average  Equivalent  Integrated 
Output  Noise  Voltage 


Vour  =  s«.7  V  p-p 
Vqut  =  ^0.7  V  p-p 
Vour  =  4  V  p-p 
Vour  =  4Vp-p 
s  150  MHz 
S150  MHz 
<150  MHz 
DC  to  150  MHz 
DC  to  150  MHz 
2  V  p-p;  2.3  MHz 
2  V  p-p;  2.3  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  60  MHz 
2  V  p-p;  60  MHz 
2  V  p-p;  2.3  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  60  MHz 
10  MHz 

0.1  to  200  MHz 


T^  to  +25°C 
Tm"to+25°C 
T™"to  +25°C 

Full 

+25°C 
+25°C 

+25°C  to  T„„ 
T 

min 

Full 

+  25 

T^„  and  Tmax 

Full 

Full 

+25°C 
+25°C 

+25°C 


II 
II 
IV 
IV 

II 
II 
II 

V 
V 
IV 

rv 

IV 

i 

v 

IV 
IV 

I 

V 


320 
260 
60 
45 


600 


80 


0.8 
1.5 
0 

0.75 

1.4 

-91 

-81 

-71 

-69 

-62 

-94 

-81 

-60 

2.0 

28 


1.5 
2.2 
0.3 


-82 
-73 
-63 
-60 

-86 
-71 
-52 


320  600 
260 

60  80 

0.8  1.5 

1.5  2.2 

0  0.3 
0.75 
1.4 

-91  -82 

-81  -73 

-71  -63 

-69  -60 
-62 

-94  -86 

-81  -71 

-60  -52 
2.0 

28 


TIME  DOMAIN 
Slew  Rate 
Rise/Fall  Time 


Overshoot 
Settling  Time 

To  0.1% 

To  0.02% 
Differential  Gain 
Differential  Phase 


'OUT 

4.4  MHz 
4.4  MHz 


4  V  Step 
1  V  Step 

1  V  Step 
4  V  Step 
4  V  Step 

2  V  Step 

2  V  Step 
2  V  Step 


+25°C 

T^  to  +25°C 

T^  to  +25°C 

Full 

Full 
Full 

+25°C 
+25°C 


IV 
IV 
IV 
IV 
IV 
IV 

IV 
IV 

V 
V 


1500 


2200 

0.8 

1.1 

1.7 

2.3 

3 

6 
8 

0.02 
0.02 


1.2 
1.5 
2.5 
3.4 
12 

10 
16 


1500  2200 

0.8  1.2 

1.1  1.5 

1.7  2.5 

2.3  3.4 

3  12 


6  10 
8  16 
0.02 
0.02 
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Parameter 


Conditions 


Temp 


Test 
Level 


AD9620AD 

Min  T™  Ma* 


AD9620SD 
Min    Typ  Max 


Units 


POWER  SUPPLY  REQUIREMENTS 
Quiescent  Current 

+IS  +VS  =  +5  V 
 ll§  |  -Vs  =  -5  V 


Full 





VI 
VI 


40 
40 


48 
48 


40 
40 


48 


mA 
mA 





NOTES 

"Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional  opera- 
bility  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Output  is  short-circuit  protected  to  ground,  but  not  to  supplies.  Continuous  short  circuit  to  ground  may  affect  device  reliability. 
Typical  side-brazed  thermal  impedances  (part  soldered  onto  board):  eJA  =  110°C/W;  8JC  =  20°QW. 

'External  capacitor  of  AD9620  is  attached  with  62  Sn/36  Pb/2  Ag  solder.  Board  attachment  temperatures  should  be  reviewed  to  insure  the  capacitor  does  not 
reflow  during  board  mounting. 
Specifications  subject  to  change  without  notice. 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I  -       100%  production  tested. 

II  -      100%  production  tested  at  +  25°C,  and  sample  tested 

at  specified  temperatures. 

III  -     Sample  tested  only. 

IV  -     Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -      Parameter  is  a  typical  value  only. 

VI  -    All  devices  are  100%  production  tested  at  +25"C. 

100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at  temper- 
ature extremes  for  commercial/industrial  devices. 

AD9620  DIE  LAYOUT 

60  (length)  x  50  (width)  x  15  (height)  mils 


ORDERING  GUIDE 




Model 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD9620AD 

-40°C  to  +85°C 

8-Pin  DIP 

D-8 

AD9620SD 

-55°C  to  +125°C 

8-Pin  DIP 

D-8 

AD9620  Chips 

+25°C 

Dice 

♦For  outline  information  see  Package  Information  section. 
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AD9620  Bonding  Diagram 


THEORY  OF  OPERATION 

The  AD9620  is  a  wide  bandwidth,  unity  gain  buffer  amplifier 
that  utilizes  innovative  (patent  pending)  voltage  feedback  archi- 
tecture. Large  loop  gain  and  high  slew  rate  significantly  improve 
dc  linearity  and  large  signal  bandwidth  when  compared  with 
that  achieved  with  more  conventional  designs. 

Its  large-signal  bandwidth  compares  favorably  with  competitive 
devices  of  open-loop  design  without  their  limitations.  Open-loop 
devices  often  sacrifice  dc  linearity  and  introduce  frequency  dis- 
tortion when  driving  low  load  impedances;  the  AD9620  does 
not.  Its  design  yields  low  distortion  products  that  are  relatively 
constant  for  any  resistive  load  greater  than  50  ohms. 


The  AD9620  will  satisfy  any  high  performance  analog  signal 
processing  application  requiring  isolation  or  current  boosting 
between  the  signal  source  and  load.  Its  combination  of  high 
input  resistance  and  low  capacitance,  dc  precision, ; 
tional  dynamic  characteristics  sets  a  new  standard  in  ] 
mance  that  has  no  equal. 

Excessive  peaking  may  occur  when  using  the  AD9620  to  directly 
drive  loads  with  more  than  3  pF  of  capacitance.  To  prevent  this, 
a  small  value  of  resistance  (Rs)  should  be  placed  in  series  with 
the  buffer  output. 
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Wideband  Voltage 


AD9621 


FEATURES 

350  MHz  Small  Signal  Bandwidth 

130  MHz  Large  Signal  BW  (4  V  p-p) 

High  Slew  Rate:  1200  V/us 

Fast  Settling:  11  ns  to  0.01  %/7  ns  to  0.1% 

±3  V  Supply  Operation 

APPLICATIONS 

ADC  Input  Driver 

Differential  Amplifiers 

IF/RF  Amplifiers 

Pulse  Amplifiers 

Professional  Video 

DAC  Current-to-Voltage 

Baseband  and  Video  Communications 

Pin  Diode  Receivers 

Active  Filters/Integrators/Log  Amps 

GENERAL  DESCRIPTION 

The  AD9621  is  one  of  a  family  of  very  high  speed  and  wide 
bandwidth  amplifiers  utilizing  a  voltage  feedback  architecture. 
These  amplifiers  define  a  new  level  of  performance  for  voltage 
feedback  amplifiers,  especially  in  the  categories  of  large  signal 
bandwidth,  slew  rate,  settling,  and  low  noise. 

Proprietary  design  architectures  have  resulted  in  an  amplifier 
family  that  combines  the  most  attractive  attributes  of  both  cur- 
rent feedback  and  voltage  feedback  amplifiers.  The  AD9621 
exhibits  extraordinarily  accurate  and  fast  pulse  response  charac- 
teristics (7  ns  settling  to  0.1%)  as  well  as  extremely  wide  small 
and  large  signal  bandwidth  previously  found  only  in  current 
feedback  amplifiers.  When  combined  with  balanced  high  imped- 
ance inputs  and  low  input  noise  current  more  common  to  volt- 
age feedback  architectures,  the  AD9621  offers  performance  not 
previously  available  in  a  monolithic  operational  amplifier. 

'Protected  by  U.S.  Patent  5,130,074  and  others  pending. 


CONNECTION  DIAGRAM 


NC»  |T 

-INPUT  [T  — 
+INPUT  [T 


AD9621 


T]nc# 
t|  +vs 

H OUTPUT 


3' 


I  OPTIONAL  CAPACITOR  CB  CONNECTED  HERE 
DECREASES  SETTLING  TIME 

Other  members  of  the  AD962X  amplifier  family  are  the 
AD9622  (G  =  +2),  AD9623  (G  =  +4),  and  the  AD9624 
(G  =  +6).  A  separate  data  sheet  is  available  from  Analog 
Devices  for  each  model.  Each  generic  device  has  been  designed 
for  a  different  minimum  stable  gain  setting,  allowing  users 
flexibility  in  optimizing  system  performance.  Dynamic  perfor- 
mance specifications  such  as  slew  rate,  settling  time,  and  distor- 
tion vary  from  model  to  model.  The  table  below  summarizes 
key  performance  attributes  for  the  AD962X  family  and  can  be 
used  as  a  selection  guide. 

The  AD9621  is  offered  in  industrial  and  military  temperature 
ranges.  Industrial  versions  are  available  in  plastic  DIP,  SOIC, 
and  cerdip;  MIL  versions  are  packaged  in  cerdips. 


PRODUCT  HIGHLIGHTS 

r  Wide  Large  Signal  Bandwidth 

2.  High  Slew  Rate 

3.  Fast  Settling 

4.  Output  Short-Circuit  Protected 


Parameter 

AD9621 

AD9622 

AD9623 

AD9624 

Units 

Minimum  Stable  Gain 

+  1 

+2 

+4 

+6 

V/V 

Harmonic  Distortion  (20  MHz) 

-52 

-66 

-64 

-66 

dB 

Large  Signal  Bandwidth  (4  V  p-p) 

130 

160 

190 

200 

MHz 

SSBW  (0.5  V  p-p) 

350 

220 

270 

300 

MHz 

Slew  Rate 

1200 

1500 

2100 

2200 

V/u.s 

Rise/Fall  Time  (0.5  V  Step) 

2.4 

1.7 

1.6 

1.5 

ns 

Settling  Time  (to  0.1%/0.01%) 

7/11 

8/14 

8/14 

8/14 

ns 

Input  Noise  (0.1  MHz  -  200  MHz) 

80 

49 

36 

32 

|j.V  rms 

This  is  an  : 


i  at  1-800-446-6212. 
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AD9621  -SPECIFICATIONS 

DC  ELECTRICAL  CHARACTERISTICS  <±».  ■  ± 


=  ±5  V,  RL0(D  =  100  SI;  Av  =  1,  unless  otherwise  noted) 





Parameter 


Conditions 


Temp 


Test 
Level 


AD9621AN/AQ/AR 
Min     Typ  Max 


AD9621SQ 
Min    Typ     Max  Units 


DC  SPECIFICATIONS1 
Input  Offset  Voltage 

Input  Bias  Current 

Input  Bias  Current  TC 
Input  Offset  Current 

Offset  Current  TC 
Input  Resistance 
Input  Capacitance 
Common-Mode  Range 
Common-Mode  Reji 
Open  Loop  Gain 
Output  Voltage  Range 
Output  Current 
Output  Resistance 


cm  -  IV 
Vout  =  ±2  V  p-p 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

Full 

+25°C 


I 

VI 
I 

VI 
V 

I 

VI 
V 
V 
V 
VI 

I 

V 
VI 
VI 
V 


-12  ±2  +12 
-15  +15 

7  16 
-20  +20 

35 

-2.0  ±0.3  +2.0 
-3.0  +3.0 

2.5 

500 

1.2 

±3.0  ±3.4 
46  49 
56 

±3.0  ±3.4 
60  70 
0.3 




-12 
-15 

-20 


7 
35 


-30 

2.5 
500 
1.2 
±3.4 
49 
56 

±3.0  ±3.4 
60  70 
0.3 


+  12 
+  15 
16 
+20 

+2.0 
+  3.0 


±3.0 
46 


FREQUENCY  DOMAIN 
Bandwidth  (-3  dB) 

Small  Signal 

Large  Signal 
Amplitude  of  Peaking 
Amplitude  of  Roll-off 
Phase  Nonlinearity 
2nd  Harmonic  Distortion 
3rd  Harmonic  Distortion 
Common-Mode  Rejection  Mode 
Spectral  Input  Noise  Voltage 
Spectral  Input  Noise  Current 
Average  Equivalent  Integrated 

Input  Noise  Voltage 


Vqut  «  0.4  V  p-p 
Vqut  *  4.0  V  p-p 
Full  Spectrum 
=s  100  MHz 
dc  to  100  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  20  MHz 
@  20  MHz 
1  to  200  MHz 
1  to  200  MHz 

0.1  to  200  MHz 


Full 
Full 
Full 
FuU 

+25°C 

Full 

Full 

+25°C 
+25°C 
+25°C 

+25°C 


230 


350 
130 

0.1  1.2 
0  0.6 
1.1 

-55  -44 

-52  -43 

+28 

5.6 

3.6 

80  


230 


350 
130 
0.1 
0 

1.1 

-55 

-52 

+28 

5.6 

3.6 

80 


1.2 
0.6 

-44 
-43 


TIME  DOMAIN 
Slew  Rate 
Rise/Fall  Time 

Overshoot 
Settling  Time 

To  0.1% 

To  0.01% 

To0.1%2 

To  0.012 
Overdrive  Recovery 
Differential  Gain  (4.3  MHz) 
Differential  Phase  (4.3  MHz) 


Vqut  =  5  V  Step 
Vout  =  0.5  V  Step 
Vout  =  5  V  Step 
Vout  =  2  V  Step 


Vout  =  2  V  Step 
Vout  =  2  V  Step 
Vqut  =  4  V  Step 
Vout  =  4  V  Step 
1.5xto  ±2mV 
RL  =  150  a 
RL  =  150  n 


Full 
+25°C 
Full 
Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 

+25°C 

+25°C 


IV 
V 
IV 
IV 

v 

IV 

V 
V 

v 

V 
V 


850 


1200 
2.4 

4.8  7 
0  15 


850 


7 

11 

9 

13 

50 

0.01 

<0.01 


15 


1200 
2.4 
4.8 
0 

7 

11 

9 

13 

50 

0.01 

<0.01 


7 
15 


15 


POWER  SUPPLY  REQUIREMENTS1 
Supply  Voltage  (±VS) 
Quiescent  Current 

+  Is 

"Is 

Power  Supply  Rejection  Ratio 


+VS  =  +5  V 
-Vs  =  -5  V 
AVS  =  0.5  V 


Full 

Full 
Full 

+25°C 


IV 

VI 
VI 
I 


3.0      5.0  5.5 


3.0  5.0 


54 


23 
23 
66 


29 
29 


54 


23 
23 
66 


5.5 

29 
29 


NOTES 

'Measured  at  Av  -  21 . 

^Measured  with  a  0.001  (j.F  Cj  capacitor  connected  across  Pins  1  and  8. 
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-65°C  to  +  150°C 
-65°C  to  +125°C 


&ssss3$»m  -» 

Common-Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  6  V 

Continuous  Output  Current2  90  mA 

Operating  Temperature  Ranges 

AN,  AQ,  AR   -40°C  to  +85°C 

SQ  -55°C  to  +125°C 

Storage  Temperature 

Ceramic  

Plastic  

Junction  Temperature 

Ceramic3   :  i  +  175°C 

Plastic3   '   +  150°C 

Lead  Soldering  Temperature  (1  minute)4   +220°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Output  is  short-circuit  protected;  for  maximum  reliability,  90  mA  continuous 
current  should  not  be  exceeded. 

^Typical  thermal  impedances  (part  soldered  onto  board;  no  air  flow): 
Ceramic  DIP:   eJA  =  100°C/W;  <tJC  =  30*C/W 
Plastic  SOIC:   eJA  =  125°C/W;  8,c  =  45°C/W 
Plastic  DIP     8JA  m  90°C/W;  6JC  =  45°C/W 
4Temperature  shown  is  for  surface  mount  devices,  mounted  by  vapor  phase 
soldering.  Throughhole  devices  (ceramic  and  plastic  DIPs)  can  be  soldered  at 
+  300°C  for  10  seconds. 


GUIDE 


Model 


AD9621AN 
AD9621AQ 
AD9621AR 
AD9621SQ 


Temperature 
Range 


-40°C  to  H 
-40°C  to  +  85°C 
-40°C  to  +  85°C 
-55°C  to  +125°C 


Package 
Description 


8-Pin  Plastic  DIP 
8-Pin  Cerdip 
8-Pin  SOIC 
8-Pin  Cerdip 


Package 
Option* 


N-8 
Q-8 
R-8 
Q-8 


*For  outline  information  see  Package  Information  section. 

EXPLANATION  OF  TEST  LEVELS 
Test  Level 


I 
II 


III 
IV 

V 
VI 


100%  production  tested. 
100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures.  AC  testing  of  "A"  grade  devices 
done  on  sample  basis. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 
All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 
temperature  extremes  for  commercial/industrial  devices. 


AD9621 


THEORY  OF  OPERATION 

The  AD9621  is  a  wide  bandwidth,  unity  gain  stable  i 
feedback  amplifier.  Since  its  open-loop  frequency  response  fol- 
lows the  conventional  6  dB/octave  roll-off,  its  gain  bandwidth 
product  is  basically  constant.  Increasing  its  closed-loop  gain 
results  in  a  corresponding  decrease  in  small  signal  bandwidth. 
The  AD9621  typically  maintains  a  55  degree  unity  loop  gain 
phase  margin.  This  high  margin  minimizes  the  effects  of  signal 
and  noise  peaking. 

Feedback  Resistor  Choice 

At  minimum  stable  gain  (+ 1),  the  AD9621  provides  optimum 
dynamic  performance  with  RF  =  51  fi.  This  resistor  acts  only 
as  a  parasitic  suppressor  against  damped  RF  oscillations  that  can 
occur  due  to  lead  (input,  feedback)  inductance  and  parasitic 
capacitance.  For  settling  accuracy  to  0.1%  or  less,  this  resistor 
should  not  be  required  if  layout  guidelines  are  closely  followed. 
This  value  for  RF  provides  the  best  combination  of  wide  band- 
width, low  parasitic  peaking,  and  fast  settling  time. 

When  the  AD962 1  is  used  in  the  transimpedance  (I-to-V)  mode, 
such  as  for  photo-diode  detection,  the  value  for  RF  and  diode 
capacitance  (C,)  are  usually  known.  See  Figure  1 .  Generally,  the 
value  of  RF  selected  will  be  in  the  kfi  range,  and  a  shunt  capac- 
itor (CF)  across  RF  will  be  required  to  maintain  good  amplifier 
stability.  The  value  of  CF  required  to  maintain  <1  dB  of  peak- 
ing can  be  estimated  as: 


CF^  [\2u0C,RF-  DW/V]"2 


RF  £  IkSl 


where  u>0  is  equal  to  the  unity  gain  bandwidth  product  of  the 
amplifier  in  RAD/sec,  and  Cj  is  the  equivalent  total  input  capac- 
itance at  the  inverting  input.  Typically  oj0  is  700  x  106  RAD/ 
sec  (See  Open  Loop  Frequency  Response  curve). 

As  an  example,  choosing  RF  of  10  kf2  and  Cj  of  5  pF,  requires 
CF  to  be  1.1  pF  (Note:  C,  includes  both  the  source  and  parasitic 
circuit  capacitance).  The  bandwidth  of  the  amplifier  can  be  esti- 
mated using  the  CF  calculated  as: 


2  it  Rp  Cp 


For  general  voltage  gain  ap 
can  be  estimated  as: 


nplifier  bandwidth 


hdB^ 


1  + 


This  estimation  loses  accuracy  for  gains  approaching  +21—1  or 
lower  due  to  the  amplifier's  damping  factor.  For  these  "low 
gain"  cases,  the  bandwidth  will  actually  extend  beyond  the  cal- 
culated value.  See  Closed  Loop  BW  plots. 

As  a  rule  of  thumb,  capacitor  CF  will  not  be  required  if: 

NG 

\RF\\RG)  C,r~  — 
4  0J0 

where  NG  is  the  Noise  Gain  (1  +  RF/RG)  of  the  circuit.  For 
most  voltage  gain  applications,  this  should  be  the  case. 
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AD9622* 


FEATURES 

220  MHz  Small  Signal  Bandwidth 

160  MHz  Large  Signal  BW  (4  V  p-p) 

High  Slew  Rate:  1500V/|is 

Low  Distortion:  -66  dB  @  20  MHz 

Fast  Settling:  14  ns  to  0.01% 

3.5  nV/Vfiz  Spectral  Noise  Density 

±3  V  Supply  Operation 

APPLICATIONS 

ADC  Input  Signal  Amplifier 

Differential  Amplifiers 

IF/RF  Amplifiers 

Pulse  Amplifiers 

Professional  Video 

DAC  Current-to-Voltage 

Baseband  and  Video  Communications 

Active  Filters/Integrators/Log  Amps 

GENERAL  DESCRIPTION 

The  AD9622  is  one  of  a  family  of  very  high  speed  and  wide 
bandwidth  amplifiers  utilizing  a  voltage  feedback  architecture. 
These  amplifiers  define  a  new  level  of  performance  for  voltage 
feedback  amplifiers,  especially  in  the  categories  of  large  signal 
bandwidth,  slew  rate,  settling,  low  distortion,  and  low  noise. 

Proprietary  design  architectures  have  resulted  in  an  amplifier 
family  that  combines  the  most  attractive  attributes  of  both  cur- 
rent feedback  and  voltage  feedback  amplifiers.  The  AD9622 
exhibits  extraordinarily  accurate  and  fast  pulse  response  charac- 
teristics (8  ns  settling  to  0.1%)  as  well  as  extremely  wide  small 
and  large  signal  bandwidth  previously  found  only  in  current 
feedback  amplifiers.  When  combined  with  balanced  high  imped- 
ance inputs  and  low  input  noise  more  common  to  voltage  feed- 
back architectures,  the  AD9622  offers  performance  not 
previously  available  in  a  monolithic  operational  amplifier. 

'Protected  by  U.S.  Patent  5,150,074  and  others  pending. 




CONNECTION  DIAGRAM 


 1 

§  OUTPUT 

#  OPTIONAL  CAPACITOR  CB  CONNECTED  HERE 
DECREASES  SETTLING  TIME  (SEE  TEXT). 


Other  members  of  the  AD962X  amplifier  family  are  the 
AD9621  (G  =  +1),  AD9623  (G  =  +4),  and  the  AD9624 
(G  =  +6).  A  separate  data  sheet  is  available  from  Analog 
Devices  for  each  model.  Each  generic  device  has  been  designed 
for  a  different  minimum  stable  gain  setting,  allowing  users  flexi- 
bility in  optimizing  system  performance.  Dynamic  performance 
specifications  such  as  slew  rate,  settling  time,  and  distortion 
vary  from  model  to  model.  The  table  below  summarizes  key 
performance  attributes  for  the  AD962X  family  and  can  be  used 
as  a  selection  guide. 

The  AD9622  is  offered  in  industrial  and  military  temperature 
ranges.  Industrial  versions  are  available  in  plastic  DIP,  SOIC, 
and  cerdip;  MIL  versions  are  packaged  in  cerdips. 


PRODUCT  HIGHLIGHTS 

1.  Wide  Large  Signal  Bandw 

2.  High  Slew  Rate 

3.  Fast  Settling 

4.  Low  Distortion 

5.  Output  Short-Circuit  Protected 

6.  Low  Intermodulation  Distortion  of  High  Frequencies 


1 


Parameter 

AD9621 

AD9622 

AD9623 

AD9624 

Units 

Minimum  Stable  Gain 

+  1 

+2 

+4 

+6 

V/V 

Harmonic  Distortion  (20  MHz) 

-52 

-66 

-64 

-66 

dB 

Large  Signal  Bandwidth  (4  V  p-p) 

130 

160 

190 

200 

MHz 

SSBW  (0.5  V  p-p) 

350 

220 

270 

300 

MHz 

Slew  Rate 

1200 

1500 

2100 

2200 

V/|as 

Rise/Fall  Time  (0.5  V  Step) 

2.4 

1.7 

1.6 

1.5 

ns 

Settling  Time  (to  0.1%/0.01%) 

7/11 

8/14 

8/14 

8/14 

ns 

Input  Noise  (0.1  MHz-200  MHz) 

80 

49 

36 

32 

M.V  rms 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
[  retrieval  system  at  1-800-446-6212. 


> 
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SPECIFICATIONS 

DC  ELECTRICAL  CHARACTERISTICS  (Unless  otherwise  noted,  ±VS 


AD9622 


±5  V;  RL0A0  =  100  ft;  Av  =  2;  Rf  =  270  ft) 


Parameter 


Conditions 


Temp 


Test 
Level 


AD9622AN/AQ/AR 
Min      Typ  Max 


AD9622SQ 
Min    Typ  Max 


DC  SPECIFICATIONS' 
Input  Offset  Voltage 

Input  Bias  Current 

Bias  Current  TC 
Input  Offset  Current 

Offset  Current  TC 
Input  Resistance 
Input  Capacitance 
Common-Mode  Range 
Common-Mode  Rejection  Ratio 
Open-Loop  Gain 
Output  Voltage  Range 
Output  Current 
Output  Resistance 


AVcm  =  1  V 
Vqut  -  ±2  V  p-p 


+25°C 

I 

Full 

VI 

+25°C 

I 

Full 

VI 

Full 

V 

+25°C 

I 

Full 

VI 

Full 

V 

+25°C 

v 

*  • 
V 

+25°C 

Full 

VI 

+25°C 

I 

+25°C 

V 

Full 

VI 

Full 

VI 

+25°C 

V 

-10      ±2  +10 
-12  +12 
7  14 
18 

-2  ±0.3  +2 
-3  +3 

2.5 

500 

1.2 

±3.0  ±3.4 
47  57 
60 

±3.0  ±3.4 
60  70 


-10     ±2  +10 
-12  +12 
7  14 
18 

35 

-2  ±0.3  +2 
-3  +3 

2.5 

500 

1.2 

±3.0  ±3.4 
47  57 
60 

±3.0  ±3.4 
60  70 
0.3 


FREQUENCY  DOMAIN 
Bandwidth  (-3  dB) 

Small  Signal 

Large  Signal2 
Amplitude  of  Peaking 
Amplitude  of  Roll-off 
Phase  Nonlinearity 
2nd  Harmonic  Distortion 
3rd  Harmonic  Distortion 
Common-Mode  Rejection  Ratio 
Spectral  Input  Noise  Voltage 
Spectral  Input  Noise  Current 
Average  Equivalent  Integrated 

Input  Noise  Voltage 


Vqut  S  0.4  V  p-p 
Vout  =  4  V  p-p 
Full  Spectrum 
DC  to  100  MHz 
0.3  MHz  to  100  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  20  MHz 
@  20  MHz 
1  MHz  to  200  MHz 
1  MHz  to  200  MHz 

0.1  MHz  to  200  MHz 


Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

+25°C 

+25°C 


160 


220 
160 
0.2 
0 

1.3 

-66 

-68 

+23 

3.5 

3.2 


160 


1.2 
0.8 


-56 
-56 


49 


220 
160 

0.2  1.2 
0  0.8 
1.3 

-66  -56 

-68  -56 

+23 

3.5 

3.2 

49 


TIME  DOMAIN 
Slew  Rate 
Rise/Fall 


Overshoot 
Settling  Time 

To  0.1% 

To  0.01% 

To0.1%3 

To  0.01%3 
Overdrive  Recovery 
Differential  Gain  (4.3  MHz) 
Differential  Phase  (4.3  MHz) 


Vqut  =  5  V  Step 
VOUT  =  0.5  V  Step 
Vout  =  5  V  Step 
Vqut  =  2  V  Step 

Vqut  =  2  V  Step 
Vqut  =  2  V  Step 
Vqut  =  4  V  Step 
Vout  =  4V  Step 
2x  to  ±2  mV 
RL  =  150  fl 
RL  =  150  n 


Full 
+25°C 
Full 
Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 

+25°C 

+25°C 


IV 
V 
IV 
IV 

V 

IV 

V 

V 

V 

V 

V 


1150 


1500 
1.7 

3.1  4.2 
3  15 


1150 


1500 
1.7 

3.1  4.2 
3  15 


14 

10 

17 

150 

0.01 

<0.01 


19 


8 

14 

10 

17 

150 

0.01 

<0.01 


19 


POWER  SUPPLY  REQUIREMENTS1 

Supply  Voltage  (±VS) 

Quiescent  Current 

+IS  +VS  =  5  V 

-Is  -Vs  =  -5  V 

Power  Supply  Rejection  Ratio     AVS  -  0.5  V 


Full 

Full 
Full 

+25°C 


IV 

VI 
VI 

I 


- 

3.0  5.0 


54 


23 
23 
63 


5.5 

29 
29 


3.0      5.0  5.5 


54 


23 
23 
63 


29 
29 


NOTES 

'Measured  at  Av  =  21. 

Effective  large  signal  bandwidth;  the  device  should  not  be  stressed  above  250  V  x  MHz  (Voux  p-p  x  Frequency)  to  ensure  long  term  reliability. 
'Measured  with  a  0.001  u.F  CB  capacitor  connected  across  Pins  1  and  8. 
Specifications  subject  to  change  without  notice. 
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AD9622 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±6  V 


Common-Mode  Input  Voltage   ±VS 

Voltage  Swing  x  Bandwidth  Product   250  V  x  MHz 

Differential  Input  Voltage  6  V 

Continuous  Output  Current2  90  mA 

Operating  Temperature  Ranges 

AN,  AQ,  AR  -40°C  to  +85°C 

SQ  -55°C  to  +125°C 

Storage  Temperature 

Ceramic  -65°C  to  +150°C 

Plastic  -65°Cto  +125°C 

Junction  Temperature 

Ceramic3  +175°C 

Plastic3  +  150°C 

Lead  Soldering  Temperature  (1  minute)4  +220°C 

NOTES 


'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

zOutput  is  short-circuit  protected;  for  maximum  reliability,  90  mA  continuous 
current  should  not  be  exceeded. 

'Typical  thermal  impedances  (part  soldered  onto  board;  no  air  flow): 
Ceramic  DIP:  9JA  =  100°C/W;  8,c  =  XTC/V/ 
Plastic  SOIC:  8,A  =  125°C/W;  8JC  =  45°C/W 
Plastic  DIP:  6JA  =  90°C/W;  6,c  =  45°C/W 
Temperature  shown  is  for  surface  mount  devices,  mounted  by  vapor  phase 
soldering.  Through-hole  devices  (Ceramic  and  Plastic  DIPs)  can  be  soldered  at 
+  300°C  for  10  seconds. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9622AN 

-40°C  to  +  85°C 

8-Pin  Plastic  DIP 

N-8 

AD9622AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD9622AR 

-40°Cto  +85°C 

8-Pin  SOIC 

R-8 

AD9622SQ 

-55°Cto  +125°C 

8-Pin  Cerdip 

Q-8 

*For  outline  information  see  Package  Information  section. 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures.  AC  testing  of  "A"  grade  devices 
done  on  sample  basis. 

III-  Sample  tested  only. 

IV-  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

V  -  Parameter  is  a  typical  value  only. 

VI-  All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature  extremes 
for  commercial/industrial  devices. 


OUTPUT 


'S)  □ 

1 

cm* 

54 

nils 

D  □ 

OB- 

n 

□  □ 

| 

-INPUT  tlNPUT 

<        46.5m!ls   ft» 

Chip  Layout 


THEORY  OF  OPERATION 

The  AD9622  is  a  wide  bandwidth  voltage  feedback  amplifier 
that  is  guaranteed  for  minimum  gain  stability  of  +2.  Since  its 
open  loop  frequency  response  follows  the  conventional  6  dB/ 
octave  roll-off,  its  gain  bandwidth  product  is  basically  constant. 
Increasing  its  closed-loop  gain  results  in  a  corresponding  de- 
crease in  small  signal  bandwidth.  The  AD9622  typically  main- 
tains a  60  degree  unity  loop  gain  phase  margin  with  RF  = 
270  fl.  This  high  margin  minimizes  the  effects  of  signal  and 
noise  peaking. 

Feedback  Resistor  Choice 

At  minimum  stable  gain  (+2),  the  AD9622  provides  optimum 
dynamic  performance  with  RF  =  270  CI.  When  using  this  value 
and  following  the  high  speed  layout  guidelines,  a  shunt  capacitor 
(CF)  should  not  be  required.  This  value  for  RF  provides  the  best 
combination  of  wide  bandwidth,  low  peaking,  and 
distortion. 

However,  if  improved  gain  flatness  is  desired,  a  shunt  capacitor 
(CF)  will  provide  extra  phase  margin.  This  reduces  both  over- 
shoot and  peaking  with  only  a  slight  reduction  of  bandwidth. 

As  an  example,  if  the  amplifier  exhibits  (worst  case)  peaking  of 
1  dB  with  Rg||Rf  =  135  fl  (Av  =  2),  then  using  a  CF  of 
—  1.5  pF  across  RF  will  reduce  this  peaking  to  0  dB.  In  addi- 
tion, overshoot,  noise,  and  settling  time  (0.01%)  will  also 
improve.  This  comes  at  the  expense  of  slightly  decreased  closed- 
loop  bandwidth  due  to  the  RF  x  CF  time  constant  created. 

If  the  equivalent  input  capacitance  greatly  exceeds  2  pF  (due  to 
source  drive  or  long  input  traces  to  the  amplifier),  then  added 
shunt  capacitance  (CF)  will  be  necessary  to  maintain  stability. 

Likewise,  if  larger  Rg/Rf  minimum-gain  setting  resistors  are 
used,  CF  will  be  necessary.  As  a  rule  of  thumb,  if  the  product 
of  RF||R<3  x  C  s  270  x  10~12  seconds,  then  CF  is  not  required 
(for  maximum  bandwidth  applications)  and  the  amplifier's  phase 
margin  will  maintain  about  60°. 

For  Rf||Rg  >150  0.,  use  a  CF  equal  to  C,  x  Rg/Rf.  As  the 
value  of  RpllRc  increases,  the  bandwidth  of  the  amplifier  will 
begin  to  be  controlled  by  the  RF  x  CF  time  constant.  Increasing 
CF  much  beyond  these  guidelines  will  also  cause  amplifier 
instabihty. 

Pulse  Response 

Unlike  a  traditional  voltage  feedback  amplifier  in  which  slew 
speed  is  usually  dictated  by  its  front  end  dc  quiescent  current 
and  gain  bandwidth  product,  the  AD9622  provides  "on 
demand"  transconductance  current  that  increases  proportionally 
to  the  input  "step"  signal  amplitude.  This  results  in  slew  speeds 
(1500  V/u-s)  comparable  to  wideband  current  feedback  designs. 
This,  combined  with  relatively  low  input  noise  current  (3.2  pA/ 
VHz),  gives  the  AD9622  the  best  attributes  of  both  voltage  and 
current  feedback  amplifiers. 

Bootstrap  Capacitor  (Cb) 

In  most  applications,  the  CB  capacitor  should  not  be  required. 
Under  certain  conditions,  it  can  be  used  to  further  enhance  set- 
tling time  performance. 
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■ 


Wideband  Voltage 
Feedback  Amplifier 


AD9623* 

FEATURES 

270  MHz  Small  Signal  Bandwidth 

190  MHz  Large  Signal  BW  (4  V  p-p) 

High  Slew  Rate:  2100  V/|jls 

Low  Distortion:  -64  dB  <S  20  MHz 

Fast  Settling:  15  ns  to  0.01 

2.6  nV/Vfiz  Spectral  Noise  Density 

±3  V  Supply  Operation 

APPLICATIONS 

ADC  Input  Driver 

Differential  Amplifiers 

IF/RF  Amplifiers 

Pulse  Amplifiers 

Professional  Video 

DAC  Current-to-Voltage 

Baseband  and  Video  Communications 

Active  Filters/Integrators/Log  Amps 

GENERAL  DESCRIPTION 

The  AD9623  is  one  of  a  family  of  very  high  speed  and  wide 
bandwidth  amplifiers  utilizing  a  voltage  feedback  architecture. 
These  amplifiers  define  a  new  level  of  performance  for  voltage 
feedback  amplifiers,  especially  in  the  categories  of  large  signal 
bandwidth,  slew  rate,  settling,  low  distortion,  and  low  noise. 

Proprietary  design  architectures  have  resulted  in  an  amplifier 
family  that  combines  the  most  attractive  attributes  of  both  cur- 
rent feedback  and  voltage  feedback  amplifiers.  The  AD9623 
exhibits  extraordinarily  accurate  and  fast  pulse  response  charac- 
teristics (8  ns  settling  to  0.1%)  as  well  as  extremely  wide  small 
and  large  signal  bandwidth  previously  found  only  in  current 
feedback  amplifiers.  When  combined  with  balanced  high  imped- 
ance inputs  and  low  input  noise  current  more  common  to  volt- 
age feedback  architectures,  the  AD9623  offers  performance  not 
previously  available  in  a  monolithic  operational  amplifier. 


CONNECTION  DIAGRAM 


#  OPTIONAL  CAPACI 
DECREASES 


'Protected  by  U.S.  Patent  5,150,074  and  others  pending. 


Other  members  of  the  AD962X  amplifier  family  are  the 
AD9621  (G  =  + 1),  AD9622  (G  =  +2),  and  the  AD9624 
(G  =  +6).  A  separate  data  sheet  is  available  from  Analog 
Devices  for  each  model.  Each  generic  device  has  been  designed 
for  a  different  minimum  stable  gain  setting,  allowing  users  flexi- 
bility in  optimizing  system  performance.  Dynamic  performance 
specifications  such  as  slew  rate,  settling  time,  and  distortion 
vary  from  model  to  model.  The  table  below  summarizes  key 
performance  attributes  for  the  AD962X  family  and  can  be  used 
as  a  selection  guide. 

The  AD9623  is  offered  in  industrial  and  military  temperature 
ranges.  Industrial  versions  are  available  in  plastic  DIP,  SOIC, 
and  cerdip;  MIL  versions  are  packaged  in  cerdips. 

PRODUCT  HIGHLIGHTS 

1 .  Wide  Large  Signal  Bandwidth 

2.  High  Slew  Rate 

3.  Fast  Settling 

4.  Low  Distortion 

5.  Output  Short-Circuit  Protected 

6.  Low  Intermodulation  Distortion  at  High  Frequencies 


AD9621  AD9622 


AD9624  Units 


Minimum  Stable  Gain 
Harmonic  Distortion  (20  MHz) 
Large  Signal  Bandwidth  (4  V  p-p) 
SSBW  (0.5  V  p-p) 
Slew  Rate 

Rise/Fall  Time  (0.5  V  Step) 
Settling  Time  (to  0.1«* 
Input  Noise  (0.1 


+  1 

-52 

130 

350 

1200 

2.4 

7/11 

80 


+2 

-66 

160 

220 

1500 

1.7 

8/14 

49 


+4 

-64 

190 

270 

2100 

1.6 

8/14 

36 


+6 

-66 

200 

300 

2200 

1.5 

8/14 

32 


V/V 

dB 

MHz 

MHz 

V/u.s 

ns 

ns 

u.V  rms 


This  is  an  abridged  data  sheet.  To  obtain  the  n 
complete  data  sheet,  call  our  fax  retrieval  systei 


i  at  1-800-446-6212. 
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"Conditions 


Temp 


Level 


Min     Typ  Max 


AD9623SQ 
Mm     Typ  Max 


Units 


DC  SPECIFICATIONS1 
t  Voltage 


Input  Bias  Current 

Bias  Current  TC 
Input  Offset  Current 

Offset  Current  TC 
Input  Resistance 
Input  Capacitance 
Common-Mode  Range 
Common-Mode  Rejection  Ratio 
Open  Loop  Gain 
Output  Voltage  Range 
Output  Current 
Output  Resistance 


AVr 


IV 


Vour  =  ±2  V  p-p 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

Full 

+25°C 


I 

VI 
I 

VI 

V 

I 

VI 
V 
V 
V 
VI 

I 

V 
VI 
VI 
V 


-8        ±2  +8 
-10  +10 
6  12 
16 

30 

-2  ±0.3  +2 
-3  +3 

2.0 

600 

1.2 

±3.0  ±3.4 
52  63 
69 

±3.0  ±3.4 
60  70 
0.3 


-8 
-10 


±2 


30 

-2  ±0.3 
-3 

2.0 
600 
1.2 

±3.0  ±3.4 
52  63 
69 

±3.0  ±3.4 
60  70 
0.3 


+8 
+  10 
12 
16 

+2 
+3 


mV 
mV 
uA 

ma 

nA/°C 

)iA 

uA 

nA/°C 

Ml 

pF 

V 

dB 

dB 

V 

mA 

n 


FREQUENCY  DOMAIN 
Bandwidth  (-3  dB) 

Small  Signal 

Large  Signal 
Amplitude  of  Peaking 
Amplitude  of  Roll-off 
Phase  Nonlinearity 
2nd  Harmonic  Distortion 
3rd  Harmonic  Distortion 
Common-Mode  Rejection  Ratio 
Spectral  Input  Noise  Voltage 
Spectral  Input  Noise  Current 
Average  Equivalent  Integrated 

Input  Noise  Voltage 


VOUT  =  0.4  V  p-p 
VOUT  =  4Vp-p 
Full  Spectrum 
DC  to  100  MHz 
0.3  MHz  to  100  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  20  MHz 
@  20  MHz 
1  MHz  to  200  MHz 
1  MHz  to  200  MHz 


TIME  DOMAIN 
Slew  Rate 
Rise/Fall  Time 

Overshoot 
Settling  Time 

To  0.1% 

To  0.01% 

To0.1%2 

To  0.01%2 
Overdrive  Recovery 
Differential  Gain  (4.3  MHz) 
Differential  Phase  (4.3  MHz) 


0.1  MHz  to  200  MHz 

 1  


Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

+25°C 

+25°C 


190 


270 

190 

0.1 

1.2 

0 

0.7 

1.0 

-64 

-56 

-72 

-65 

+21 

2.6 

2.5 

36 

190 


270 
190 

0.1  1.2 
0  0.7 
1.0 

-64  -56 

-72  -65 

+21 

2.6 

2.5 


36 


MHz 
MHz 
dB 
dB 

Degree 
dBc 
dBc 
dB 

nV/VHz 
pA/VHz 


^Vnns 


VoUT 
Voirx  1 


5  V  Step 
0.5  V  Step 
5  V  Step 
2  V  Step 


Vout  =  2  V  Step 
Vout  =  2  V  Step 
Vout  =  *  V  Step 
VOUT  =  4VStep 
2x  to  ±2  mV 
RL  =  150  fl 
RL  =  150  n 


Full 
+25°C 
Full 
Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 

+25°C 

+25°C 


IV 
V 
VI 
IV 

V 

IV 

V 

V 

V 

V 

V 


1500 


2100 
1.6 

2.4  3.1 

3  15 


■ 


1500  2100 
1  6 

2.4  3.1 
3  15 


V/(i.s 


8 

15 

9 

17 

150 

0.01 

<0.01 


20 


8 

15 

9 

17 

150 

0.01 

<0.01 


20 


ns 

% 

ns 
ns 
ns 
ns 
ns 
% 

Degree 


POWER  SUPPLY  REQUIREMENTS1 

Supply  Voltage  (±VS) 

Quiescent  Current 

+IS  +VS 
-Is  -Vs 

Power  Supply  Rejection  Ratio  AVS 


5  V 

■  -5  V 
1  V 


Full 

Full 
Full 

+25°C 


IV 

VI 
VI 

I 


3.0  5.0 


60 


23 
23 
71 


5.5 

29 
29 


5.0 

5.5 

V 

23 

29 

mA 

23 

29 

mA 

71 

dB 

NOTES 

'Measured  at  Av  =  21. 

JMeasured  with  a  0.0O1  uF  CB  capacitor  connected  across  Pins  1  and  8. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±6  V 

Common-Mode  Input  Voltage    ±VS 

Differential  Input  Voltage   6  V 

Continuous  Output  Current2  90  mA 

Operating  Temperature  Ranges 

AN,  AQ,  AR  -40°C  to  +85°C 

SQ  -55°Cto  +125°C 

Storage  Temperature 

Ceramic  -65°C  to  +  150°C 

Plastic  -65°C  to  +125°C 

Junction  Temperature 

Ceramic3  +175°C 

Plastic3  +  150°C 

Lead  Soldering  Temperature  (1  minute)4   +220°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 

2Output  is  short-circuit  protected;  for  maximum  reliability,  90  mA  continuous 
current  should  not  be  exceeded. 

'Typical  thermal  impedances  (part  soldered  onto  board;  no  air  flow): 

Ceramic  DIP:  8JA  =  100°C/W;  8JC  =  30°C/W 

Plastic  SOIC:  8,A  =  125°C/W;  8,c  =  45X/W 

Plastic  DIP:  8,A  =  90°C/W;  8JC  =  45°C/W 
temperature  shown  is  for  surface  mount  devices,  mounted  by  vapor  phase 
soldering.  Throughhole  devices  (Ceramic  and  Plastic  DIPs)  can  be  soldered  at 
+300"C  for  10  seconds. 

ORDERING  GUIDE 


AD9623 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9623AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD9623AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD9623AR 

-40°C  to  +85°C 

8-Pin  SOIC 

R-8 

AD9623SQ 

-55°Cto  +  125°C 

8-Pin  Cerdip 

Q-8 

*For  outline  information  see  Package  Information  section. 

EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures.  AC  testing  of  A-grade  devices  done 
on  sample  basis. 

III-  Sample  tested  only. 

IV-  Parameter  is  guaranfc 
testing. 

V  -  Parameter  is  a  typical  value  only. 

VI-  All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature  extremes 
for  commercial/industrial  devices. 
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THEORY  OF  OPERATION 

The  AD9623  is  a  wide  bandwidth  voltage  feedback  amp 
that  is  guaranteed  for  minimum  gain  stability  of  +4.  Since  its 
open-loop  frequency  response  follows  the  conventional  6  dB/ 
octave  roll-off,  its  gain  bandwidth  product  is  basically  constant. 
Increasing  its  closed-loop  gain  results  in  a  corresponding 
decrease  in  small  signal  bandwidth.  The  AD9623  typically  main- 
tains a  60  degree  unity  loop  gain  phase  margin.  This  high  mar- 
gin minimizes  the  effects  of  signal  and  noise  peaking. 

Feedback  Resistor  Choice 

At  minimum  stable  gain  (+4),  the  AD9623  provides  optimum 
dynamic  performance  with  RF  3  390  fi.  When  using  this  value 
and  following  the  high  speed  layout  guidelines,  a  shunt  capacitor 
(CF)  should  not  be  required.  This  value  RF  provides  the  best 
combination  of  wide  bandwidth,  low  peaking,  and  distortion. 

However,  if  improved  gain  flatness  is  desired,  a  shunt  capacitor 
(CF)  will  provide  extra  phase  margin.  This  reduces  both  over- 
shoot and  peaking  with  only  a  slight  reduction  of  bandwidth. 
See  Figure  l. 

As  an  example,  if  the  amplifier  exhibits  (worst  case)  peaking  of 
l  dB  with  RolIRp  =  98  fi  (Av  =  4),  then  using  an  effective  CF 
of  =>  0.5-1  pF  across  RF  will  reduce  this  peaking  to  0  dB.  In 
addition,  overshoot,  noise,  and  settling  time  (0.01%)  will  also 
improve.  This  comes  at  the  expense  of  slightly  decreased  closed- 
loop  bandwidth  due  to  the  RF  x  CF  time  constant  created. 

If  total  input  capacitance  greatly  exceeds  3  pF  (due  to  source 
drive  or  long  input  traces  to  the  amplifier),  then  added  shunt 
capacitance  (CF)  will  be  necessary  to  maintain  stability  for  mini- 
mum gain. 

Likewise,  if  larger  Rg/Rf  minimum-gain  setting  resistors  are 
used,  CF  will  be  necessary.  As  a  rule  of  thumb,  if  the  product 
of  Rf||Rg  x  d  s  300  x  10" 12  seconds,  then  CF  is  not  required 
(for  maximum  bandwidth  at  minimum  gain)  and  the  amplifier's 
phase  margin  will  maintain  about  60°. 

For  Rf||Rg  >  150  fi,  use  a  CF  equal  to  Cr  x  Ro/RF.  For  Q 
(total)  @  2  pF,  requires  CF  to  be  0.5  pF.  This  can  be  achieved 
by  two  1  pF  capacitors  in  series,  or  by  using  a  resistor  divider 
network  at  the  amplifier's  output  in  conjunction  with  a  larger 
capacitor.  Increasing  CF  much  beyond  these  guidelines  will  also 
cause  amplifier  instability. 

Pulse  Response 

Unlike  a  traditional  voltage  feedback  amplifier  in  which  slew 
speed  is  usually  dictated  by  its  front  end  dc  quiescent  current 
and  gain  bandwidth  product,  the  AD9623  provides  "on 
demand"  transconductance  current  that  increases  proportionally 
to  the  input  "step"  signal  amplitude.  This  results  in  slew  speeds 
(2100  V/u-s)  comparable  to  wideband  current  feedback  designs. 
This,  combined  with  relatively  low  input  noise  current  (2.5  pA/ 
VHz),  gives  the  AD9623  the  best  attributes  of  both  voltage  and 
current  feedback  amplifiers. 

Bootstrap  Capacitor  (CB) 

In  most  applications,  the  CB  capacitor  will  not  be  required. 
Under  certain  conditions,  it  can  be  used  to  further  enhance  set- 
tling time  performance. 
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Wideband  Voltage 
Feedback  Amplifier 


AD9624' 


FEATURES 

300  MHz  Small  Signal  Bandwidth 
200  MHz  Large  Signal  BW  (4  V  p-p) 
High  Slew  Rate:  2200  V/|is 
Low  Distortion:  -60  dB  @  20  MHz 
Fast  Settling:  15  ns  to  0.01% 


2.2  nV/VRz  Spectral  Noise  Density 
±3  V  Sudd  v  Ooeration 


±3  V  Supply  Operation 

APPLICATIONS 
ADC  Input  Driver 
Differential  Amplifiers 
IF/RF  fi 
Pulse  Ami 
Professional  Video 
DAC  Current-to-Voltage 
Baseband  and  Video  Communications 
Active  Filters/Integrators/Log  Amps 

GENERAL  DESCRIPTION 

The  AD9624  is  one  of  a  family  of  very  high  speed  and  wide 
bandwidth  amplifiers  utilizing  a  voltage  feedback  architecture. 
These  amplifiers  define  a  new  level  of  performance  for  voltage 
feedback  amplifiers,  especially  in  the  categories  of  large  signal 
bandwidth,  slew  rate,  settling,  low  distortion,  and  low  noise. 

Proprietary  design  architectures  have  resulted  in  an  amplifier 
family  that  combines  the  most  attractive  attributes  of  both  cur- 
rent feedback  and  voltage  feedback  amplifiers.  The  AD9624 
exhibits  extraordinarily  accurate  and  fast  pulse  response  charac- 
teristics (8  ns  settling  to  0.1%)  as  well  as  extremely  wide  small 
and  large  signal  bandwidth  previously  found  only  in  current 
feedback  amplifiers.  When  combined  with  balanced  high  imped- 
ance inputs  and  low  input  noise  current  more  common  to  volt- 
age feedback  architectures,  the  AD9624  offers  performance  not 
previously  available  in  a  monolithic  operational  amplifier. 

•Protected  by  U.S.  Patent  5,150,074  and  others  pending. 


CONNECTION  DIAGRAM 
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AD9624 


a]  nc# 

H+Vs 

■  ^  OUTPUT 
T|  NC 


#  OPTION ALCAPACrrOR  CB  CONNECTED  HERE 
DECREASES  SETTLING  TIME  (SEE  TEXT), 

■ 

Other  members  of  the  AD962X  amplifier  family  are  the 
AD9621  (G  =  +1),  AD9622  (G  =  +2),  and  the  AD9623  (G  = 
+4).  A  separate  data  sheet  is  available  from  Analog  Devices  for 
each  model.  Each  generic  device  has  been  designed  for  a  differ- 
ent minimum  stable  gain  setting,  allowing  users  flexibility  in 
optimizing  system  performance.  Dynamic  performance  specifica- 
tions such  as  slew  rate,  settling  time,  and  distortion  vary  from 
model  to  model.  The  table  below  summarizes  key  performance 
attributes  for  the  AD962X  family  and  can  be  used  as  a  selection 
guide. 

The  AD9624  is  offered  in  industrial  and  military  temperature 
ranges.  Industrial  versions  are  available  in  plastic  DIP,  SOIC, 
and  cerdip;  MIL  versions  are  packaged  in  cerdips. 


PRODUCT  HIGHLIGHTS 

I.  Wide  Large  Signal  Bandwidth 


2.  High  Slew  Rate 

3.  Fast  Settling 

4.  Low  Distortion 

5.  Output  Short-Circuit  Protected 

6.  Low  Intermodulation  Distortion  at  High  Frequencies 

■ 


Parameter 


AD9621     AD9622     AD9623     AD9624  Units 


Minimum  Stable  Gain 
Harmonic  Distortion  (20  MHz) 
Large  Signal  Bandwidth  (4  V  p-p) 
SSBW  (0.5  V  p-p) 
Slew  Rate 

Rise/Fall  Time  (0.5  V  Step) 
Settling  Time  (to  0.1%/0.01%) 
Input  Noise  (0.1  MHz-200  MHz) 


+  1 

+2 

+4 

+6 

V/V 

-52 

-66 

-64 

-66 

dB 

130 

160 

190 

200 

MHz 

350 

220 

270 

300 

MHz 

1200 

1500 

2100 

2200 

V/(is 

2.4 

1.7 

1.6 

1.5 

ns 

7/11 

8/14 

8/14 

8/14 

ns 

80 



49 

36 

32 

(jlV  rms 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


9-378   OPERATIONAL  AMPLIFIERS 


REV.  0 


SPECIFICATIONS 

DC  ELECTRICAL  CHARACTERISTICS  (Unless  otherwise  noted, 


AD9624 

±VS  =  ±5  V;  RL0AD  =  100  ft;  A¥  =  +8;  RF  =  510  ft) 


Parameter 


Conditions 


Temp 


Test 
Level 


AD9624AN/AQ/AR 
Min     Typ  Max 


AD9624SQ 
Min    Typ  Max 


DC  SPECIFICATIONS1 
Input  Offset  Voltage 

Input  Bias  Current 

Bias  Current  TC 
Input  Offset  Current 

Offset  Current  TC 
Input  Resistance 
Input  Capacitance 
Common-Mode  Range 
Common-Mode  Rejection  Ratio 
Open-Loop  Gain 
Output  Voltage  Range 
Output  Current 
Output  Resistance 


AVCM  =  1  V 
Vqut  =  ±2  V  p-p 


+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

Full 

+25°C 

+25°C 

Full 

Full 

+25°C 


I 

VI 
I 

VI 

V 

I 

VI 
V 
V 
V 
VI 

I 

V 
VI 

II 

V 


-10 


-2 
-3 


±3.0 
52 

±3.0 
60 


±2 


35 

±0.3 

2.5 

500 

1.2 

±3.4 

63 

74 

±3.4 

70 

0.3 


+8 
+  10 
12 
16 

+2 
+3 


-10 


35 

-2  ±0.3 
-3 

2.5 
500 
1.2 

±3.0  ±3.4 
52  63 
74 

±3.0  ±3.4 
60  70 
0.3 


+8 
+  10 
12 
16 

+2 

+3 


FREQUENCY  DOMAIN 
Small  Signal  Bandwidth 

Av  =  6 

Av  =  8 
Large  Signal  Bandwidth 
Amplitude  of  Peaking 
Amplitude  of  Peaking  (Av  =  6) 
Amplitude  of  Roll-off 
Phase  Nonlinearity 
2nd  Harmonic  Distortion 
3rd  Harmonic  Distortion 
Common-Mode  Rejection  Ratio 
Spectral  Input  Noise  Voltage 
Spectral  Input  Noise  Current 
Average  Equivalent  Integrated 

Input  Noise  Voltage 


VOUT  =  0.4  V  p-p 
V0„T  =  0.4  V  p-p 
VouT  =  4Vp-p 
Full  Spectrum 
Full  Spectrum 
DC  to  100  MHz 
0.3  MHz  to  100  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  20  MHz 
@  20  MHz 
1  MHz  to  200  MHz 
1  MHz  to  200  MHz 

0.1  MHz  to  200  MHz 


Full 
Full 

+25°C 

Full 

+25°C 

Full 

+25°C 

Full 

Full 

+25°C 

+25°C 

+25°C 

+25°C 


IV 

II 

V 

II 

IV 

II 

V 

II 

II 

V 

V 

V 


200 
130 


300 
190 
170 
0 

0.2 

0.6 

0.7 

-60 

-72 

+30 

a 

32 


200 
130 


0.4 
1.2 
1.6 

-52 
-64 


300 
190 
170 
0 

0.2 

0.6 

0.7 

-60 

-72 

+30 

2.2 

2.5 


0.4 
1.2 
1.6 

-52 
-64 


 —  


TIME  DOMAIN 
Slew  Rate 
Rise/Fall  Time 

Overshoot 
Settling  Time 

To  0.1% 

To  0.01% 

To0.1%2 

To  0.01%2 
Overdrive  Recovery 
Differential  Gain  (4.3  MHz) 
Differential  Phase  (4.3  MHz) 


Vqut  =  5  V  Step 
Vout  m  0.5  V  Step 
Vout  =  5  V  Step 
Vqut  =  2  V  Step 

Vqut  =  2  V  Step 
Vout  =  2  V  Step 
Vout  =  4  V  Step 
Vout  =  4  V  Step 
2x  to  ±2  mV 
RL  =  150  (1 
RL  =  150  fl 


Full 
+25°C 
Full 
Full 

+25°C 

Full 

+25°C 

+25°C 

+25°C 

+25°C 

+25°C 


IV 
V 
IV 
IV 

V 

IV 

V 

V 

V 

V 

V 


1400 


2000 
1.8 
2.6 
0 

8 

15 

9 

17 

130 

0.015 

<0.01 


(76  ,  %J 

3.2 
7 


20 


1400  2000 
1.8 
2.6 
0 

8 
15 

Hfea  9 
17 
130 
0.015 


3.2 
7 

20 


POWER  SUPPLY  REQUIREMENTS1 
Supply  Voltage  (±VS) 
Quiescent  Current 

+IS  +VS 
-Is  -Vs 
Power  Supply  Rejection  Ratio  AVS 


■■  5  V 
■  -5  V 
IV 


Full 

Full 
Full 

+25°C 


IV 

VI 
VI 

I 


3.0       5.0  5.5 


3.0  5.0 


23 
23 


29 
29 


60 


23 
23 
70 


5.5 

29 
29 


NOTES 

'Measured  at  Av  -  21. 

'Measured  with  a  0.001  up  CB  capacitor  connected  across  Pins  1  and  8. 
Specifications  subject  to  change  without  notice. 
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Common-Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  

Continuous  Output  Current2   

Operating  Temperature  Ranges 

AN,  AQ,  AR  -40°C  to  +85°C 

SQ  -55°Cto  +125°C 

Storage  Temperature 

Ceramic  -65°C  to  +150°C 

Plastic  -65°Cto  +  125°C 

Junction  Temperature 

Ceramic3  >  +  175°C 

Plastic3  +150°C 

Lead  Soldering  Temperature  (1  minute)4   +220°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
zOutput  is  short -circuit  protected;  for  maximum  reliability,  90  mA  continuous 
current  should  not  be  exceeded. 

'Typical  thermal  impedances  (part  soldered  onto  board;  no  air  flow): 
Ceramic  DIP:  6,A  =  lOO'C/W;  eJC  =  30XJW 
Plastic  SOIC:  9JA  =  125°C/W;  6,c  =  45"C/W 
Plastic  DIP:  6JA  =  90°C/W;  8JC  =  45°C/W 
^Temperature  shown  is  for  surface  mount  devices,  mounted  by  vapor  phase 
soldering.  Through-hole  devices  (ceramic  and  plastic  DIPs)  can  be  soldered  at 
+300°C  for  10  seconds. 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9624AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD9624AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD9624AR 

-40°C  to  +85°C 

8-Pin  SOIC 

R-8 

AD9624SQ 

-55°Cto  +  125°C 

8-Pin  Cerdip 


Q-8 

*For  outline 


LEVELS 


EXPLANATION  ( 
Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested  at 

specified  temperatures.  AC  testing  of  A-grade  devices  done 
on  sample  basis. 

III-  Sample  tested  only. 

IV-  Parameter  is  guaranteed  by  design  and  characterization 


V  -  Parameter  is  a  typical  value  only. 

VI-  All  devices  are  100%  production  tested  at  +25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature  extremes 
for  commercial/industrial  devices. 


 .  wt*a  Tunagv  iVWUAbA  OUipUllCr 

that  is  guaranteed  for  minimum  gain  stability  of  +6.  Since  its 
open  loop  frequency  response  follows  the  conventional  6  dB/ 
octave  roll-off,  its  gain  bandwidth  product  is  basically  constant. 
Increasing  its  closed-loop  gain  results  in  a  corresponding  de- 
crease in  small  signal  bandwidth.  The  AD9624  typically  main- 
tains a  60  degree  unity  loop  gain  phase  margin  with  RF  = 
510  n.  This  high  margin  minimizes  the  effects  c 
noise  peaking. 

Feedback  Resistor  Choice 

At  minimum  stable  gain  (+6),  the  AD9624  provides  optimum 


and  following  the  high  speed  layout  guidelines,  a  shunt  capacitor 
(CF)  should  not  be  required.  This  value  for  RF  provides  the  best 
combination  of  wide  bandwidth,  low  peaking,  and  distortion. 

However,  if  improved  gain  flatness  is  desired,  a  shunt  capacitor 
(CF)  will  provide  extra  phase  margin.  This  reduces  both  over- 
shoot and  peaking  with  only  a  slight  reduction  of  bandwidth. 

As  an  example,  if  the  amplifier  exhibits  (worst  case)  peaking  of 
1.2  dB  with  RgI|Rf  =  85  fl  (Av  =  6),  then  using  a  CF  of 
■»  0.5  pF  (two  1  pF  capacitors  in  series)  across  RF  will  reduce 
this  peaking  to  0  dB.  In  addition,  overshoot,  noise,  and  settling 
time  (<0.01%)  will  also  improve.  This  comes  at  the  expense  of 
slightly  decreased  closed-loop  bandwidth  due  to  the  RF  x  CF 
time  constant  created. 

If  the  equivalent  input  capacitance  greatly  exceeds  4  pF  (due  to 
source  drive  or  long  input  traces  to  the  amplifier),  then  added 
shunt  capacitance  (CF)  will  be  necessary  to  maintain  stability  at 
minimum  gain. 

As  a  rule  of  thumb,  if  the  product  of  RF||Ro  x  C,  <  300  x 
10" 12  seconds,  then  CF  is  not  required  (for  maximum  band- 
width applications)  and  the  amplifier's  phase  margin  will  main- 
tain about  60°.  Generally,  this  should  be  the  case. 

Pulse  Response 

Unlike  a  traditional  voltage  feedback  amplifier  in  which  slew 
speed  is  usually  dictated  by  its  front  end  dc  quiescent  current 
and  gain  bandwidth  product,  the  AD9624  provides  "on 
demand"  transconductance  current  that  increases  proportionally 
to  the  input  "step"  signal  amplitude.  This  results  in  slew  speeds 
(2000  V/p.s)  comparable  to  wideband  current  feedback  designs. 
This,  combined  with  relatively  low  input  noise  current  (2.5  pA/ 
VHz),  gives  the  AD9624  the  best  attributes  of  both  voltage  and 
current  feedback  amplifiers. 
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Low  Distortion,  750  MHz 
Closed-Loop  Buffer  Amp 


AD9630' 


FEATURES 

Excellent  Gain  Accuracy:  0.99  V/V 
Wide  Bandwidth:  750  MHz 
Slew  Rate:  1200  V/jjis 
Low  Distortion 

-65  dBc  @  20  MHz 

-80  dBc  @  4.3  MHz 
Settling  Time 

6  ns  to  0.1% 

8  ns  to  0.02% 
Low  Noise:  2.4  nV/VHz 
Improved  Source  for  CLC-110 

APPLICATIONS 
IF/Communications 
Impedance  Transformations 
Drives  Flash  ADCs 
Line  Driving 


■ 


PIN  CONFIGURATION 


E 
E 
E 
EJ 


-  T]  OUTPUT 
7]  NC 

7j~ 

AD9630    j]  "vs 


General  Description 

The  AD9630  is  a  monolithic  buffer  amplifier  that  utilizes  inno- 
vative (patent  pending)  closed-loop  design  techniques  to  achieve 
exceptional  gain  accuracy,  wide  bandwidth,  and  low  distortion. 
Slew  rate  limiting  has  been  overcome  as  indicated  by  the 
1200  V/u.s  slew  rate;  this  improvement  allows  the  user  greater 
flexibility  in  wideband  and  pulse  applications.  The  second  har- 
monic distortion  terms  for  an  analog  input  tone  of  4.3  MHz  and 
20  MHz  are  -80  dBc  and  -66  dBc,  respectively.  Clearly,  the 
AD9630  establishes  a  new  standard  by  combining  in  one  part 
outstanding  dc  and  dynamic  performance. 

The  large  signal  bandwidth,  low  distortion  over  frequency,  and 
drive  capabilities  of  the  AD9630  make  the  buffer  an  ideal  flash 
ADC  driver.  The  AD9630  provides  better  signal  fidelity  than 
many  of  the  flash  ADCs  that  it  has  been  designed  to  drive. 


•Patent(s)  Pending 


♦Vs      —OPTIONAL  -V9 
NC  =  NO  CONNECT 
NOTE:  FOR  BEST  SETTLING  TIME  PERFORMANCE 
USE  OPTIONAL  POWER  SUPPLIES.  ALL  SPECIFICATIONS 
ARE  BASED  ON  USING  SINGLE  ±VS  CONNECTIONS 
EXCEPT  FOR  SETTLING  TIME  TO  0.02%  AND  SMALL 
SIGNAL  S21.  CONSULT  THE  FACTORY  FOR  VERSIONS 
WITH  OPTIONAL  POWER  SUPPLY  PINS  DISCONNECTED 
INTERNAL  TO  THE  PACKAGE. 

- 


Other  applications  which  require  increased  current  drive  at 
unity  voltage  gain  such  as  cable  driving  benefit  from  the 
AD9630's  performance. 

The  AD9630  is  available  in  Plastic  DIP  (N),  Ceramic  DIP  (Q), 
and  SOIC  (R).  Consult  with  the  factory  concerning  availability 
of  MIL-STD-883  parts.  Die  are  dc  tested  at  +25°C. 

DIE  LAYOUT 
Die  Dimensions  60x50x15  mils 

■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9630— SPECIFICATIONS 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltages  (±VS)  ±7  V 

Continuous  Output  Current2   70  mA 

Temperature  Range  over  Which  Specifications  Apply 
AD9630AN/AR/AQ  -40°C  to  +85°C 


Lead  Soldering  Temperature  (10  sec)  ..-„,..»  +300°C 

Storage  Temperature 

AD9630AN/AR/AQ  -65°C  to  +150°C 

Junction  Temperature3 

AD9630AN/AR/AQ  +  150°C 


ELECTRICAL  CHARACTERISTICS  (unless  otherwise  noted,  ±VS  = 


±  5  V;  R,N  =  50  ft,  Rujjo  =  100  ft) 


Parameter 


Conditions 


Temp 


Test 
Level 


AD9630AN/AR/AQ 
Min         Typ  Max 


Units 


DC  SPECIFICATIONS 
Output  Offset  Voltage 

Offset  Voltage  TC 
Input  Bias  Current 

Bias  Current  TC 
Input  Resistance 
Input  Resistance 
Input  Capacitance 
Gain 
Gain 

Output  Voltage  Range 
Output  Current  (50  fl  Load) 
Output  Current  (50  a  Load) 
Output  Impedance 
PSRR 

DC  Nonlinearity 


vout  =  2  V  p-p 
Vour  =  2  V  p-p 


At  dc 

AVS  =  ±5% 
±2  V  Full  Scale 




+25°C 
Full 
+25°C 
Full 

+25  to  T„ 
T 

mm 

+25°C 
+25  to  T„ 
T 

*  nun 

Full 

+25toT„ 
T 

*  min 

+25°C 
Full 

+25°C 


I 

IV 
I 

rv 
ii 

VI 

v 
ii 

VI 
VI 

II 

VI 
V 
VI 
V 


-40 

-25 

-100 

300 

150 

0.983 

0.980 

+3.2 

50 

40 


±3  ■  +8 

±8  +40 

±2  +25 

±20  +100 

450 

250 

1.0 

0.990 

0.985 

±3.6  -3.2 


0.6 

55 

0.03 

 — 


mV 
M.WC 
uA 
nA/°C 

kn 
kn 

pF 

v/v 
v/v 
v 

mA 
mA 

n 

dB 

% 


_ 


FREQUENCY  DOMAIN 
Bandwidth  (-3  dB) 

Small  Signal 

Small  Signal 

Large  Signal 

Large  Signal 
Output  Peaking 
Output  Rolloff 
Group  Delay 
Linear  Phase  Deviation 
2nd  Harmonic  Distortion 


3rd  Harmonic  Distortion 


Spectral  Input  Noise  Voltage 
Integrated  Output  Noise 


Vo<0.7  V  p-p 
Vos0.7  V  p-p 
V0  =  5  V  p-p 
V0  =  5  V  p-p 
<200MHz 
£200  MHz 
dc  to  150  MHz 
dc  to  150  MHz 
2  V  p-p;  4.3  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  50  MHz 
2  V  p-p;  4.3  MHz 
2  V  p-p;  20  MHz 
2  V  p-p;  50 
2  V  p-p;  50 
10  MHz 

100  kHz  -  200  MHz 


T„un  tO  25 

II 

Tmax 

II 

Tnun  tO  25 

V 

Tn™ 

V 

Full 

II 

Full 

II 

+25°C 

V 

+25°C 

V 

Full 

IV 

Full 

IV 

Full 

II 

Full 

rv 

Full 

rv 

T^  to  +25 

ii 

T 

*  max 

ii 

+25°C 

V 

+25°C 

V 

400 
330 


750 
550 
120 


105 

0.4  1.2 

0  0.3 
0.7 
0.7 

-80  -73 

-66  -58 

-52  -43 

-86  -79 

-75  -68 

-47  -41 

-46  -40 
2.4 
32 


MHz 

MHz 

MHz 

dB 

dB 

ns 

Degrees 

dBc 

dBc 

dBc 

dBc 

dBc 

dBc 

dBc 

nV/VHz 
M-V 


TIME  DOMAIN 
Slew  Rate 
Rise/Fall  Time 


Overshoot  Amplitude 
Settling  Time 

To  0.1% 

To  0.1% 

To  0.02%4 

To  0.02%4 
Differential  Gain 
Differential  Phase 


Vout  : 
Vout  : 
Vout  : 
Vout  : 
Vout  : 
Vout  : 


•out 
^out  : 


V, 

v< 

Vout 
Vout 
4.4  MHz 
4.4  MHz 


5  V  Step 
1  V  Step 

1  V  Step 
5  V  Step 
5  V  Step 

2  V  Step 

2  V  Step 
2  V  Step 
2  V  Step 
2  V  Step 


+25°C 
+25°C 

Tnin  tO  T„ 

+25°C 

Tnun  »  T„ 

Full 


T 
T 
T 


,  to  +25 


to  +25 


max 

+25°C 
+25°C 


rv 
rv 
rv 

IV 

rv 

IV 
IV 

rv 

v 

v 

v 

v 


700 


1200 

1.1 

1.7 

1.3 

1.9 

4.2 

5.7 

5.0 

6.5 

2 

12 

6 

10 

7 

12 

8 

12 

0.015 

0.025 

V/u-s 

ns 

ns 

ns 

ns 

% 


ns 
ns 

% 

Degree 


SUPPLY  CURRENTS 

Vo=  (+IS) 


Vcc  =  +5  V 
VEE  =  -5  V 


Full 


II 
II 


19 
19 


26 
26 


mA 
mA 
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naximum  rating  conditions 


NOTES  £ 
'Absolute  maximum 
operabihty  is  not  ne— . 

2Output  is  short-circuit  protected  to  ground,  but  not  to  suppues.  rrolonged 
'Typical  thermal  impedances  (part  soldered  onto  board):  Mini-DIP  (N):  8,A 
Cerdip  (Q):  eJA  =  110°C/W;  9JC  =  20»C/W 
"Short-term  settling  with  50  fi  source  ' 


AD9630 


the  serviceability  of  the  circuit  may  be  im 
extended  period  of  time  may  affect  device 
_  lurid  may  affect  device  reliability. 
110°C/W;  6JC  =  30°C/W;  SOIC  (R):  9,A  =  150°C/W;  e,c  =  50°C/W: 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 


I 

II 


III 
IV 

V 
VI 


100%  Production  tested. 

100%  Production  tested  at  +25°C  and  sample  tested  at 
specified  temperatures.  AC  testing  of  AN  and  AR  grades 
done  on  sample  basis  only. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 

testing. 

Typical  value. 

S  versions  are  100%  production  tested  at  temperature 
extremes.  Other  grades  are  sample  tested  at  extremes. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD9630AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD9630AR 

-40°C  to  +85°C 

8-Pin  SOIC 

R-8 

AD9630AQ 

-40°C  to  +85°C 

8-Pin  Cerdip 

Q-8 

AD9630  Chips 

+25"C 

Dice 

*For  outline  information  see  Package  Information  section. 


;  0.\ 


q»tf>  V  I  VfO.O  o;  *o  3r  anilrtoS 





♦5V-J-  [7 

O.luF  —  Ncf7 
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AD9630 
TOP  VIEW 
(Not  to  Scale) 


100a 

(5%,0.25W) 


JJ— Vv\  1 

TJnc  V 


JJnc 

7}—^  5.2V 


O.luF 


NC  =  NO  CONNECT 


AD9630  Burn-In  Circuit 
THEORY  OF  OPERATION 

The  AD9630  is  a  wide-bandwidth,  closed-loop,  unity-gain  buffer 
which  makes  use  of  a  new  voltage-feedback  architecture  (Patent 
Pending).  This  architecture  brings  together  wide  bandwidth  and 
high  slew  rate  along  with  exceptional  dc  linearity.  Most  previous 
wide  bandwidth  buffers  achieved  their  bandwidth  by  utilizing  an 
open-loop  topology  which  sacrificed  both  dc  linearity  and  fre- 
quency distortion  when  driven  into  low  load  impedances.  The 
design's  high  loop  correction  factor  radically  improves  dc  linear- 
ity and  distortion  characteristics  without  dirninishing  bandwidth. 
This,  in  combination  with  high  slew  rate,  results  in  exception- 
ally low  distortion  over  a  wide  frequency  range. 

The  AD9630  is  an  excellent  choice  to  drive  high  speed  and  high 
resolution  analog-to-digital  Converters.  Its  output  stage  is 
designed  to  drive  high  speed  flash  converters  with  minimal  or 
no  series  resistance.  A  current  booster  built  into  the  output 
driver  helps  to  maintain  low  distortion. 

Parasitic  or  load  capacitance  (>7  pF)  connected  directly  to  the 
AD9630  output  will  result  in  frequency  peaking.  A  small  series 
resistor  (Rs)  connected  between  the  buffer  output  and  capacitive 
load  will  negate  this  effect.  Figure  1  shows  the  optimal  value  of 
Rs  as  a  function  of  CL  to  obtain  the  flattest  frequency  response. 
Figure  2  illustrates  frequency  response  for  various  capacitive 
loads  utilizing  the  recommended  Rs. 


 1  

1 

1 

1 
1 

1 

•RX  L 1 

— I  

1 
1 
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— 1  

I 

I      NO  R  s  NEEDED 
1  WHENCL<7pF; 

i 

0  7 


40  60 

CL-pF 


aure  1.  Recommended  Rs  vs.  C, 
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T  0 
8!-i 

Z 

2-  2 

in 
in 

oc-3 
> 
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3-  5 
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25pF 
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Figure  2.  Frequency  Response  vs.  CL 
with  Recommended  Rs 

In  pulse  mode  applications,  with  Rs  equal  to  approximately 
12  ohms,  capacitive  loads  of  up  to  50  pF  can  be  driven  with 
minimal  settling  time  degradation. 
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 1  


AD9631/AD9632  


+2 


FEATURES 

Wide  Bandwidth  AD9631,  G  =  +1  AD9632.  G 

Small  Signal  320  MHz  250  MHz 

Large  Signal  (4  V  p-p)  175  MHz  180  MHz 

Ultralow  Distortion  (SFDR),  Low  Noise 

-113dBctyp@1  MHz 

-95  dBc  typ  @  5  MHz 

-72  dBc  typ  @  20  MHz 

+46  dBc  3rd  Order  Intercept  @  25  MHz 

7.0  nV/VHz  Spectral  Noise  Density 
High  Speed 

Slew  Rate  1300  V/us 

Settling  16  ns  to  0.01%,  2  V  Step 
±3  V  to  ±5  V  Supply  Operation 

17  mA  Supply  Current 

APPLICATIONS 
ADC  Input  Driver 
Differential  Amplifiers 
IF/RF  Amplifiers 
Pulse  Amplifiers 
Professional  Video 
DAC  Current  to  Voltage 
Baseband  and  Video  Communications 

Active  Filters/Integrators/Log  Amps 
PRODUCT  DESCRIPTION 

The  AD9631  and  AD9632  are  very  high  speed  and  wide  band- 
width amplifiers.  They  are  an  improved  performance  alternative 
to  the  AD9621  and  AD9622.  The  AD9631  is  unity  gain  stable. 
The  AD9632  is  stable  at  gains  of  two  or  greater.  Utilizing  a 
voltage  feedback  architecture,  the  AD9631/AD9632's  excep- 
tional settling  time,  bandwidth,  and  low  distortion  meet  the 
requirements  of  many  applications  which  previously  depended 
on  current  feedback  amplifiers.  Its  classical  op  amp  structure 
works  much  more  predictably  in  many  designs. 

A  proprietary  design  architecture  has  produced  an  amplifier  that 
combines  many  of  the  best  characteristics  of  both  current  feed- 
back and  voltage  feedback  amplifiers.  The  AD963 1  and 
AD9632  exhibit  exceptionally  fast  and  accurate  pulse  response 
(16  ns  to  0.01%)  as  well  as  extremely  wide  small  signal  and 
large  signal  bandwidth  and  ultralow  distortion.  The  AD9631 
achieves  -72  dBc  at  20  MHz  with  320  MHz  small  signal  and 
175  MHz  large  signal  bandwidths. 


FUNCTIONAL  BLOCK  DIAGRAM 
8-Pin  Plastic  Mini-DIP  (N),  Cerdip  (Q), 
and  SO  (R)  Packages 


NC  [T 

-INPUT  [T  - 
I— 

rfF  J  -fc, 


-V.  IT  AD9631/32 
'  1      (Top  View) 


NC  =  NO  CONNECT 


These  characteristics  position  the  AD9631/AD9632  ideally  for 
driving  flash  as  well  as  high  resolution  ADCs.  Additionally,  the 
balanced  high  impedance  inputs  of  the  voltage  feedback  archi- 
tecture allow  maximum  flexibility  when  designing  active  filters. 

The  AD9631  is  offered  in  industrial  (-40°C  to  +85°C)  and  mili- 
tary (-55°C  to  +125°C)  temperature  ranges  and  the  AD9632  in 
industrial.  Industrial  versions  are  available  in  plastic  DIP  and 
SOIC;  MIL  versions  are  packaged  in  cerdip. 


«  -so 
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Figure  1.  AD9631  Harmonic  Distortion  vs.  Frequency, 
G  =  +1 


I 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  AD9631/AD9632 


ELECTRICAL  CHARACTERIST 

CS  (±VS  =  ±5  V;  RLoad  =  100  £2;  Av  =  1  (AD9631);  Av  =  2  (A09632),  unless  otherwise  noted) 

Parameter 

Conditions 

AD9631A 
Min   Typ  Max 

AD9632A 
Min    Typ  Max 

Units 

DYNAMIC  PERFORMANCE 
Bandwidth  (-3  dB) 

Small  Signal 

Large  Signal1 
Bandwidth  for  0.1  dB  Flatness 

Slew  Rate,  Average  +/— 
Rise/Fall  Time 

Settling  Time 
To  0.1% 
To  0.01% 

Vom-  <  0.4  V  p-p 

Vour  =  4  V  p-p 

V0UT  =  300  mV  p-p 

9631,  RF  =  140  CI;  9632,  RF  =  425  CI 

Vour  =  4  V  Step 

Vout  =  0.5  V  Step 

VOUT  =  4  V  Step 

Vout  =  2  V  Step 
Vour  =  2  V  Step 

220  320 
150  175 

130 
1000  1300 
1.2 
2.5 

11 
16 

180  250 
155  180 

130 
1200  1500 
1.4 
2.1 

11 
16 

MHz 
MHz 

MHz 

V/us. 

ns 

ns 

ns 
ns 

HARMONIC/NOISE  PERFORMANCE 
2nd  Harmonic  Distortion 

3rd  Harmonic  Distortion 

3rd  Order  Intercept 
Noise  Figure 
Input  Voltage  Noise 
Input  Current  Noise 
Average  Equivalent  Integrated 

Input  Noise  Voltage 
Differential  Gain  Error  (3.58  MHz) 
Differential  Phase  Error  (3.58  MHz) 
Phase  Nonlinearity 

2  V  p-p;  20  MHz,  RL  =  100  £1 
RL  =  500  £2 

2  V  p-p;  20  MHz,  RL  =  100  £2 

RL  =  500  a 

25  MHz 

Rs  =  50  £2 

1  MHz  to  200  MHz 

1  MHz  to  200  MHz 

0.1  MHz  to  200  MHz 
RL=  150  £2 
RL=  150  £2 
dcto  100  MHz 

-64  -57 

-72  -65 

— io  -oy 

-81  -74 

+46 

18 

7.0 

2.5 

100 

0.03  0.06 
0.02  0.04 
1.1 

-54  -47 
-72  -65 
-74  -67 
-81  -74 
+41 
14 
4.3 
2.0 

60 

0.02  0.04 
0.02  0.04 
!.l 

dBc 

dBc 

dBc 

dBc 

dBm 

dB 

nVVHz 
pA%/Hi 

|rV  rms 

% 

Degree 
Degree 

DC  PERFORMANCE2,  RL  =  150  £2 
Input  Unset  Voltage 

Offset  Voltage  Drift 
Input  Bias  Current 

Input  Offset  Current 

Tmjn-Tmax 

- 

Tmin-Tmax 

3  10 
13 

±10 

2  "  7 

10 
0.1  3 

2  5 

8, 

±10 

10 
0.1  3 

mV 

mV 

uV/°C 

uA 

MA 

uA 

Common-Mode  Rejection  Ratio 
Open-Loop  Gain 

Tmin-Tmax 
Vcm  -  ±2.5  V 
Vour  =  ±2.5  V 
Tmin_Tmax 

70 
46 
40 

52 

.i     1  5 
70  90 
46  52 
40 

uA 
dB 
dB 
dB 

INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 

Input  Common-Mode  Voltage  Range 

500 
1.2 
±3.4 

500 

\.Z 

±3.4 

k£2 

Pr 
V 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Range,  RL  =  150  £2 
Output  Current 
Output  Resistance 
Short  Circuit  Current 

±3.; 

!  ±3.9 
70 
0.3 
240 

±3.2  ±3.9 
70 
0.3 
240 

V 

mA 
£2 

mA 

POWER  SUPPLY 
Operating  Range 
Quiescent  Current 

Tmin-Tmax 

±3.0  ±5.0  ±6.0 
17  18 
21 

±3.0   ±5.0  ±6.0 
16  17 
20 

V 

mA 
mA 

Power  Supply  Rejection  Ratio 

Tmin-Tmax 

50 

60 

56  66 

dB 

NOTES 

'See  Max  Ratings  and  Theory  of  Operation  sections  of  data  sheet. 
2Measured  at  Av  =  50. 

3Measured  with  respect  to  the  inverting  input. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  12.6  V 

Voltage  Swing  x  Bandwidth  Product  550  V  x  MHz 

Internal  Power  Dissipation2 

Plastic  Package  (N) 

Small  Outline  Package  (R) 
Input  Voltage  (Common  Mode) 
Differential  Input  Voltage 
Output  Short  Circuit  Duration 

Observe  Power  Derating  Curves 
Storage  Temperature  Range  N,  R  -65°C  to  +125°C 

Operating  Temperature  Range  (A  Grade)  -40°C  to  +85°C 
Lead  Temperature  Range  (Soldering  10  sec)  +300°C 


1  DISSIPATION 


1.3  Watts 
0.9  Watts 
±VS 
±1.2V 


NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
'Specification  is  for  device  in  free  air: 

METALIZATION  PHOTO 

Dimensions  shown  in  inches  and  (mm) 
Connect  Substrate  to  -Vs. 


The  maximum  power  that  can  be  safely  dissipated  by  these  de- 
vices is  limited  by  the  associated  rise  in  junction  temperature. 
The  maximum  safe  junction  temperature  for  plastic  encapsu- 
lated devices  is  determined  by  the  glass  transition  temperature 
of  the  plastic,  approximately  +150°C.  Exceeding  this  limit  tem- 
porarily may  cause  a  shift  in  parametric  performance  due  to  a 
change  in  the  stresses  exerted  on  the  die  by  the  package.  Exceed- 
ing a  junction  temperature  of  + 1 75°C  for  an  extended  period  can 
result  in  device  failure. 

While  the  AD9631  and  AD9632  are  internally  short  circuit  pro- 
tected, this  may  not  be  sufficient  to  guarantee  that  the  maxi- 
mum junction  temperature  (+150°C)  is  not  exceeded  under  all 
conditions.  To  ensure  proper  operation,  it  is  necessary  to  ob- 
serve the  maximum  power  derating  curves. 


8-Pin  Plastic  Package:  6,A  =  90°C/Watt 
8-Pin  SOIC  Package:  8,A  =  140°C/Watt 


0    30    40    50    60    70    80  90 
AMBIENT  TEMPERATURE  -  °C 

- 

Figure  2.  Plot  of  Maximum  Power  Dissipation  vs. 
Temperature 


ORDERING 


GUIDE 


Model 


AD9631AN 
AD9631AR 
AD9631(SMD) 
AD9631-EB 

AD9632AN 
AD9632AR 
AD9632-EB 


Temperature 
Range 


-40C  to  +85°C 
-A0°C  to  +85°C 
-55°C  to+125°C 


-A0°C  to  +85°C 
-40°C  to  +85°C 


Package 
Description 


Plastic  DIP 
SOIC 
Cerdtp 
Evaluation 

Board 
Plastic  DIP 
SOIC 
Evaluation 

Board 


Package 
Option* 


N-8 
R-8 
Q-8 


N-8 
R-8 


*N  =  Plastic  DIP;  Q 
For  outline  information 


Cerdip;  R=  SOIC  (Small  Outline  Integrated  Circuit). 
'  n  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  these  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING!  ir<\ 
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THEORY  OF  OPERATION 
General 

The  AD9631  and  AD9632  are  wide  bandwidth,  voltage  feed- 
back amplifiers.  Since  their  open-loop  frequency  response  fol- 
lows the  conventional  6  dB/octave  roll-off,  their  gain  bandwidth 
product  is  basically  constant.  Increasing  their  closed-loop  gain 
results  in  a  corresponding  decrease  in  small  signal  bandwidth. 
This  can  be  observed  by  noting  the  bandwidth  specification 
between  the  AD9631  (gain  of  1)  and  AD9632  (gain  of  2).  The 
AD9631/AD9632  typically  maintain  65  degrees  of  phase  mar- 
gin. This  high  margin  minimizes  the  effects  of  signal  and  noise 
peaking. 

Feedback  Resistor  Choice 

The  value  of  the  feedback  resistor  is  critical  for  optimum  perfor- 
mance on  the  AD9631  (gain  +1)  and  less  critical  as  the  gain  in- 
creases. Therefore,  this  section  is  specifically  targeted  at  the 
AD9631. 

At  minimum  stable  gain  (+1),  the  AD9631  provides  optimum 
dynamic  performance  with  Rp  =  140  £).  This  resistor  acts  only 
as  a  parasitic  suppressor  against  damped  RF  oscillations  that 
can  occur  due  to  lead  (input,  feedback)  inductance  and  parasitic 
capacitance.   This  value  of  RF  provides  the  best  combination  of 
wide  bandwidth,  low  parasitic  peaking,  and  fast  settling  time. 

In  fact,  for  the  same  reasons,  a  100-130  £1  resistor  should  be 
placed  in  series  with  the  positive  input  for  other  AD9631 
noninverting  and  all  AD9631  inverting  configurations.  The  cor- 
rect connection  is  shown  in  Figures  57  and  58. 


i 

G 


''term 


■1|iF  J 

V 


Figure  57.  Noninverting  Operation 


Figure  58.  Inverting  Operation 

When  the  AD9631  is  used  in  the  transimpedance  (I  to  V)  mode, 
such  as  in  photodiode  detection,  the  value  of  Rp  and  diode  ca- 
pacitance (CO  are  usually  known.  Generally,  the  value  of  Rp  se- 
lected will  be  in  the  k£i  range,  and  a  shunt  capacitor  (CF)  across 
RF  will  be  required  to  maintain  good  amplifier  stability.  The 
value  of  CF  required  to  maintain  optimal  flatness  (<  1  dB  Peak- 
ing) and  settling  time  can  be  estimated  as: 

cF  =  [<2  0)oc^-iya)o2  V]"2 

where  a>o  is  equal  to  the  unity  gain  bandwidth  product  of  the 
amplifier  in  rad/sec,  and  Q  is  the  equivalent  total  input 
capacitance  at  the  inverting  input.  Typically  (Do  =  800  x  1 06 
rad/sec  (see  Open-Loop  Frequency  Response  curve  (Fig- 
ure 17). 

As  an  example,  choosing  RF  =  1 0  k£2  and  Q  =  5  pF,  requires 
CF  to  be  1.1  pF  (Note:  Q  includes  both  source  and  parasitic 
circuit  capacitance).  The  bandwidth  of  the  amplifier  can  be  es- 


timated using  the  CFcalc 


1.6 


2nRFCF 


Figure  59.  Transimpedance  Configuration 
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This  estimation  loses  accuracy  for  gains  of  +2/-1  or  lower  due 
to  the  amplifier's  damping  factor.  For  these  "low  gain"  cases, 
the  bandwidth  will  actually  extend  beyond  the  calculated  value 
(see  Closed-Loop  BW  plots,  Figures  15  and  27). 

As  a  rule  of  thumb,  capacitor  CF  will  not  be  required  if: 

(i?F||i?G)xC;<-j^- 
4  (0o 

where  NG  is  the  Noise  Gain  (1  +  Rf/Rg)  of  the  circuit.  For 
most  voltage  gain  applications,  this  should  be  the  case. 

Pulse  Response 

Unlike  a  traditional  voltage  feedback  amplifier,  where  the  slew 
speed  is  dictated  by  its  front  end  dc  quiescent  current  and  gain 
bandwidth  product,  the  AD9631  and  AD9632  provide  "on  de- 
mand" current  that  increases  proportionally  to  the  input  "step" 
signal  amplitude.  This  results  in  slew  rates  (1300  V/|is)  compa- 
rable to  wideband  current  feedback  designs.  This,  combined 
with  relatively  low  input  noise  current  (2.0  pAA/Hz),  gives  the 
AD9631  and  AD9632  the  best  attributes  of  both  voltage  and 
current  feedback  amplifiers. 

Large  Signal  Performance 

The  outstanding  large  signal  operation  of  the  AD9631  and 
AD9632  is  due  to  a  unique,  proprietary  design  architecture. 
In  order  to  maintain  this  level  of  performance,  the  maximum 
550  V-MHz  product  must  be  observed,  (e.g.,  @  100  MHz, 
V0<5.5Vp-p). 


the  power  supply  leads  can  form  resonant  circuits  that  produce 
peaking  in  the  amplifier's  response.  In  addition,  if  large  current 
transients  must  be  delivered  to  the  load,  then  bypass  capacitors 
(typically  greater  than  1  nF)  will  be  required  to  provide  the  best 
settling  time  and  lowest  distortion.  A  parallel  combination  of  at 
least  4.7  \iF,  and  between  0.1  |iF  and  0.01  ^F,  is  recommended. 
Some  brands  of  electrolytic  capacitors  will  require  a  small  series 


Driving  Capacitive  Loads 

The  AD9631  and  AD9632  were  designed  primarily  to  drive 
nonreactive  loads.  If  driving  loads  with  a  capacitive  component 
is  desired,  the  best  frequency  response  is  obtained  by  the  addi- 
tion of  a  small  series  resistance  as  shown  in  Figure  60.  The  ac- 
companying graph  shows  the  optimum  value  for  Rseries  vs. 
capacitive  load.  It  is  worth  noting  that  the  frequency  response  of 
the  circuit  when  driving  large  capacitive  loads  will  be  dominated 
by  the  passive  roll-off  of  Rseries  and  CL. 


Figure  60.  Driving  Capacitive  Loads 


10  15 

cl-pf 


Figure  61.  Recommended  Rseries  vs.  Capacitive  Load 
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ANALOG 
DEVICES 


improved  Second  Source 
to  the  EL2020 


ADEL2020 


FEATURES 

Ideal  for  Video  Applications 

0.02%  Differential  Gain 

0.04°  Differential  Phase 

0.1  dB  Bandwidth  to  25  MHz  (G  =  +2) 
High  Speed 

90  MHz  Bandwidth  (-3  dB) 

500  V/us  Slew  Rate 

60  ns  Settling  Time  to  0.1%  (VD  =  10  V  Step) 
Low  Noise 

2.9  nV/Vfii  Input  Voltage  Noise 
Low  Power 

6.8  mA  Supply  Current 

2.1  mA  Supply  Current  (Power-Down  Mode) 
High  Performance  Disable  Function 

Turn-Off  Time  of  100  ns 

Input  to  Output  Isolation  of  54  dB  (Off  State) 


CONNECTION  DIAGRAMS 
8-Pin  Plastic  Mini-DIP  (N)      20-Pin  Small  Outline  Package 


3  DISABLE 


BAL  fT 

-IN  [7 

♦  IN  [7 

V-  [7  ADEL2020  BAL 

TOP  VIEW 


£ — [j^-  •-«]  OUTPUT 


nc  rr 

BAL  [7 

NC  f£ 

-in  rz 


NC  [J. 

♦  IN  [7  

NC  f£ 

v-  n 

[I 

NC  go 


NC  =  NO  CONNECT 


jo]  NC 

w\  DISABLE 

ijj  NC 

j3  V+ 

j«J  NC 

iJJ  OUTPUT 

3  NC 

13]  BAL 

12]  NC 

il]  NC 


PRODUCT  DESCRIPTION 

The  ADEL2020  is  an  improved  second  source  to  the  EL2020. 
This  op  amp  improves  on  all  the  key  dynamic  specifications 
while  offering  lower  power  and  lower  cost.  The  ADEL2020 
offers  50%  more  bandwidth  and  gain  flatness  of  0.1  dB  to 
beyond  25  MHz.  In  addition,  differential  gain  and  phase  are  less 
than  0.05%  and  0.05°  while  driving  one  back  terminated  cable 
(150  fi). 

The  ADEL2020  offers  other  significant  improvements.  The 
most  important  of  these  is  lower  power  supply  current,  33%  less 


than  the  competition  while  offering  higher  output  drive.  Impor- 
tant specs  like  voltage  noise  and  offset  voltage  are  less  than  half 
of  those  for  the  EL2020. 

The  ADEL2020  also  features  an  improved  disable  feature.  The 
disable  time  (to  high  output  impedance)  is  100  ns  with  guaran- 
teed break  before  make.  Finally  the  ADEL202O  is  offered  in  the 
industrial  temperature  range  of  -40°C  to  +85°C  in  both  plastic 


DIP  and  SOIC  package. 
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0.18 
0.16 
0.14 
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0.10 
0.08 
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Fine-Scale  Gain  (Normalized)  vs.  Frequency  for  Various 
Supply  Voltages.  RF  =  750  CI,  Gain  =  +2 


Differential  Gain  and  Phase  vs.  Supply  Voltage 
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ADEL2020  -  SPECIFICATIONS  (@  T> = +OT  and  vs  -  ±n  v  fc  rl  =  ,M  »  ^ 


otherwise  i 


Temperature 


INPUT  OFFSET  VOLTAGE 
:  Drift 


1.5  7.5 
2.0  10.0 

JL  


COMMON-MODE  REJECTION 
±  Input  Current 


VCM  =  ±10  V 


Tmin-Tmax 
Tmin~Tmax 


SO  64 

0.1  1.0 




POWER  SUPPLY  REJECTION 

VOS 

±  Input  Current 


Vs  =  ±4.5  V  to  ±18  V 


Tmin-Tmax 


65  72 
0.05 


0.5 


INPUT  BIAS  CURRENT 


-Input 

.  -■ 

HlnPut  


T„IN-TMAX 


0.5  7.5 
1  15 


INPUT  CHARACTERISTICS 
+ Input  Resistance 
-Input  Resistance 
+ Input  Capacitance 


1  10 
40 

2 


OPEN-LOOP  TRANSRESISTANCE 


V0  =  ±10  V 
RL  =  400  n 


3.5 


OPEN-LOOP  DC  VOLTAGE  GAIN 


R,  =  400  n,  Vn 


=  ±10  V 


RL  =  100  n,  Vqut  =  ±2.5  V 


Tmin_Tmax 
Tmin-Tmax 


80 
76 


100 
88 


OUTPUT  VOLTAGE  SWING 
Short-Circuit  Current 
Output  Current 




RL  =  400  O 


:12.0 








1  MIN    1  MAX 


30 


±13.0 

150 

60 





POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
Power-Down  Current 
Disable  Pin  Current 
Min  Disable  Pin  Current  to  Disable 


Disable  Pin  =  0  V 


Tmin~Tmax 
Tmin-Tmax 
Tmin-Tmajj 
Tmin_Tmax 


±3.0  ±18 

6.8  10.0 

2.1  3.0 

290  400 
30 


DYNAMIC  PERFORMANCE 
3  dB  Bandwidth 


0.1  dB  Bandwidth 
Full  Power  Bandwidth 


Slew  Rate 

Settling  Time  to  0.1% 
Differential  Gain 
Differential  Phase 


G=  +1;Rpb  =  820 
G  =  +2;  RFB  =  750 
G  =  +10;  RFB  =  680 
G  =  +2;  RFB  =  750 
V0  =  20  V  p-p, 
RL  =  400  n 
RL  =  400  n,  G  =  +1 
10  V  Step,  G  =  -1 
f  =  3.58  MHz 
f  =  3.58  MHz 


8 

70 
30 
25 

8 

500 
60 
0.02 
0.04 


INPUT  VOLTAGE  NOISE 


1  kHz 


2.9 


INPUT  CURRENT  NOISE 


-IIN)  f  =  1  kHz 
+IIN,  f  =  1  kHz 


13 
1.5 


OUTPUT  RESISTANCE 


Open  Loop  (5  MHz) 


15 


Specifications  subject  to  change  without  notice. 
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Internal  Power  Dissipation2  Observe  Derating  Curves 

Output  Short  Circuit  Duration  Observe  Derating  Curves 

Common-Mode  Input  Voltage  ±VS 

Differential  Input  Voltage  ±6  V 

Storage  Temperature  Range 

Plastic  DIP  and  SOIC  -65°C  to  +  125<C 

Operating  Temperature  Range  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

!8-Pin  Plastic  Package:  8JA  =  WC/Watt 
20-Pin  SOIC  Package:  9JA  =  150°C/Watt 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  ADEL2020  features  ESD  protection 
circuitry,  permanent  damage  may  still  occur  on  these  devices  if 
they  are  subjected  to  high  energy  electrostatic  discharges.  There- 
fore, proper  ESD  precautions  are  recommended  to  avoid  any 

performance  degradation  or  loss  of  functionality. 

ill       T    I  M^-  i       I  )  I  j  '  O 

... 

O.tnF  y 

V 

TJ" 

w 

I  ADEL2020  I 

L*i  0.1|iF 

Offset  Null  Configuration 


ADEL2020  is  limited  by  the  associated  rise  in  junction  tempera- 
ture. For  the  plastic  packages,  the  maximum  safe  junction  tem- 
perature is  145°C.  If  the  maximum  is  exceeded  momentarily, 
proper  circuit  operation  will  be  restored  as  soon  as  the  die  tem- 
perature is  reduced.  Leaving  the  device  in  the  "overheated"  con- 
dition for  an  extended  period  can  result  in  device  burnout.  To 
ensure  proper  operation,  it  is  important  to  observe  the  derating 
curves  below. 

While  the  ADEL2020  is  internally  short  circuit  protected,  this 
may  not  be  sufficient  to  guarantee  that  the  maximum  junction 
temperature  is  not  exceeded  under  all  conditions. 
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Maximum  Power  Dissipation  vs.  Temperature 


ORDERING  GUIDE 


 • . .  

Package 

Model 

Package 

Range 

Description 

Option* 

ADEL2020AN 

-40°C 

to 

+  85°C 

8-Pin  Plastic  DIP 

N-8 

ADEL2020AR-20 

-40°C 

to 

+85°C 

20-Pin  Plastic  SOIC 

R-20 

ADEL2020AR-20-REEL 

-40°C 

to 

+85°C 

20-Pin  Plastic  SOIC 

 1  1 

R-20 

*For  outline  information  see  Package  Information  section. 
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Figure  1.  Connection  Diagram  for  AVCL  -  + 1 
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Figure  2.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
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Figure  3.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 


G  =  +1,RL  =  WO  CI,  RF  =  1  kfl  for  ±15  V,  910(1  for  ±5  V       G  =  +1,  RL  =  1  kfl,  RF  —  1  kfl  for  ±15  V,  910  fl  for  ±5  V 


SI  for  ±15  V,  9 
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Figure  4.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +1,RL  =  150  fl 
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Figure  9.  Connection  Diagram  for  AVCL  =  +2 


20 


2        4        e        8       10      12      14      16  18 
SUPPLY  VOLTAGE  -  iVolts 

Figure  12.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +Z  ftL  =  150  O 
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Figure  13.  Connection  Diagram  for  AVCL  =  +10 
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Figure  14.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +10,  RL  =  150  kfl 
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figure  75.  Closed-Loop  Gain  and  Phase  vs.  Frequency, 
G  =  +10,  RL  =  1  kfl 
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Figure  16.  -3  dB  Bandwidth  vs.  Supply  Voltage, 
Gain  =  +10,  RL  =  ISO  O 
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Figure  17.  Maximum  Undistorted  Output  Voltage  vs. 
Frequency 


Figure  20.  Closed-Loop  Output  Resistance  vs.  Frequency 
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Figure  18.  Power  Supply  Rejection  vs.  Frequency 


Figure  21.  Supply  Current  vs.  Junction  Temperature 
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Figure  19.  Input  Voltage  and  Current  Noise  vs.  Frequency 
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Figure  22.  Slew  Rate  vs.  Supply  Voltage 
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GENERAL  DESIGN  CONSIDERATIONS 

The  ADEL2020  is  a  current  feedback  amplifier  optimized  for 
use  in  high  performance  video  and  data  acquisition  systems. 
Since  it  uses  a  current  feedback  architecture,  its  closed-loop 
bandwidth  depends  on  the  value  of  the  feedback  resistor.  The 
-3  dB  bandwidth  is  also  somewhat  dependent  on  the  power 
supply  voltage.  Lowering  the  supplies  increases  the  values  of 
internal  capacitances,  reducing  the  bandwidth.  To  compensate 
for  this,  smaller  values  of  feedback  resistor  are  used  at  lower 
supply  voltages. 

POWER  SUPPLY  BYPASSING 

Adequate  power  supply  bypassing  can  be  critical  when  optimiz- 
ing the  performance  of  a  high  frequency  circuit.  Inductance  in 
the  power  supply  leads  can  contribute  to  resonant  circuits  that 
produce  peaking  in  the  amplifier's  response.  In  addition,  if  large 
current  transients  must  be  delivered  to  the  load,  then  bypass 
capacitors  (typically  greater  than  1  p.F)  will  be  required  to  pro- 
vide the  best  settling  time  and  lowest  distortion.  Although  the 
recommended  0.1  u.F  power  supply  bypass  capacitors  will  be 
sufficient  in  most  applications,  more  elaborate  bypassing  (such 
as  using  two  paralleled  capacitors)  may  be  required  in  some  cases. 

CAPACIITVE  LOADS 

When  used  with  the  appropriate  feedback  resistor,  the  ADEL2020 
can  drive  capacitive  loads  exceeding  1000  pF  directly  without 
osculation.  Another  method  of  compensating  for  large  load 
capacitance  is  to  insert  a  resistor  in  series  with  the  loop  output. 
In  most  cases,  less  than  50  (1  is  all  that  is  needed  to  achieve  an 
extremely  flat  gain  response. 

OFFSET  NULLING 

A  10  kfl  pot  connected  between  Pins  1  and  5,  with  its  wiper 
connected  to  V+,  can  be  used  to  trim  out  the  inverting  input 
current  (with  about  ±20  u.A  of  range).  For  closed-loop  gains 
above  about  5,  this  may  not  be  sufficient  to  trim  the  output  off- 
set voltage  to  zero.  Tie  the  pot's  wiper  to  ground  through  a 
large  value  resistor  (50  kfl  for  ±5  V  supplies,  150  kfl  for  ±  15  V 
supplies)  to  trim  the  output  to  zero  at  high  closed-loop  gains. 

OPERATION  AS  A  VIDEO  LINE  DRIVER 

The  ADEL2020  is  designed  to  offer  outstanding  performance  at 
closed-loop  gains  of  one  or  greater.  At  a  gain  of  2,  the  ADEL2020 
makes  an  excellent  video  line  driver.  The  low  differential  gain 
and  phase  errors  and  wide  -0.1  dB  bandwidth  are  nearly  inde- 
pendent of  supply  voltage  and  load.  For  applications  requiring 
widest  0.1  dB  bandwidth,  it  is  recommended  to  use  715  ft  feed- 
back and  gain  resistors.  This  will  result  in  about  0.05  dB  of 
peaking  and  a  -0. 1  dB  bandwidth  of  30  MHz  on  ±  15  V  supplies. 


DISABLE  MODE 

By  pulling  the  voltage  on  Pin  8  to  common  (0  V),  the 
ADEL2020  can  be  put  into  a  disabled  state.  In  this  condition, 
the  supply  current  drops  to  less  than  2.8  mA,  the  output 
becomes  a  high  impedance,  and  there  is  a  high  level  of  isolation 
from  input  to  output.  In  the  case  of  a  line  driver  for  example, 
the  output  impedance  will  be  about  the  same  as  for  a  1.5  kfl 
resistor  (the  feedback  plus  gain  resistors)  in  parallel  with  a 
13  pF  capacitor  (due  to  the  output)  and  the  input  to  output  iso- 
lation will  be  better  than  50  dB  at  10  MHz. 

Leaving  the  disable  pin  disconnected  (floating)  will  leave  the 
part  in  the  enabled  state. 

In  cases  where  the  amplifier  is  driving  a  high  impedance  load, 
the  input  to  output  isolation  will  decrease  significantly  if  the 
input  signal  is  greater  than  about  1.2  V  peak  to  peak.  The  isola- 
tion can  be  restored  to  the  50  dB  level  by  adding  a  dummy  load 
(say  150  fl)  at  the  amplifier  output.  This  will  attenuate  the  feed- 
through  signal.  (This  is  not  an  issue  for  multiplexer  applications 
where  the  outputs  of  multiple  ADEL2020s  are  tied  together  as 
long  as  at  least  one  channel  is  in  the  ON  state.)  The  input 
impedance  of  the  disable  pin  is  about  35  kfl  in  parallel  with  a 
few  pF.  When  grounded,  about  50  uA  flows  out  of  the  disable 
pin  for  ±5  V  supplies. 

Break  before  make  operation  is  guaranteed  by  design.  If  driven 
by  standard  CMOS  logic,  the  disable  time  (until  the  output  is 
high  impedance),  is  about  100  ns  and  the  enable  time  (to  low 
impedance  output)  is  about  160  ns.  Since  it  has  an  internal  pull- 
up  resistor  of  about  35  kfl,  the  ADEL2020  can  be  used  with 
open  drain  logic  as  well.  In  this  case,  the  enable  time  is 
increased  to  about  1  u,s. 

If  there  is  a  nonzero  voltage  present  on  the  amplifier's  output 
at  the  time  it  is  switched  to  the  disabled  state,  some  additional 
decay  time  will  be  required  for  the  output  voltage  to  relax 
to  zero.  The  total  time  for  the  output  to  go  to  zero  will 
generally  be  about  250  ns  and  is  somewhat  dependent  on  the 
load  impedance. 


REV.  A 


OPERATIONAL  AMPLIFIERS  9-337 


ANALOG 
DEVICES 


Closed-Loop 
Speed  Buffer 


BUF04' 


FEATURES 

Bandwidth -110  MHz 

Slew  Rate -3000  V/ (is 

Low  Offset  Voltage  -  <  1  mV 

Very  Low  Noise  -  <  4  nV/Vfiz 

Low  Supply  Current  —  8.5  mA  Mux 

Wide  Supply  Range  -  ±5  to  ±15  V 

Drives  Capacrtive  Loads 

Pin  Compatible  with  BUF03 

APPLICATIONS 
Instrumentation  Buffer 
RF  Buffer 
Line  Driver 

High  Speed  Current  Source 
Op  Amp  Output  Current  Booster 
High  Performance  Audio 
High  Speed  AD/DA 

GENERAL  DESCRIPTION 

The  BUF04  is  a  wideband,  closed-loop  buffer  that  combines 
state  of  the  art  dynamic  performance  with  excellent  dc 
performance.  This  combination  enables  designers  to  maximize 
system  performance  without  any  speed  versus  dc  accuracy 
compromises. 

Built  on  a  high  speed  Complementary  Bipolar  (CB)  process  for 
better  power  performance  ratio,  the  BUF04  consumes  less  than 
8.5  mA  operating  from  ±5  V  or  ±  15  V  supplies.  With  a 
2000  V/(ls  min  slew  rate,  and  100  MHz  gain  bandwidth  prod- 
uct, the  BUF04  is  ideally  suited  for  use  in  high  speed  applica- 
tions where  low  power  dissipation  is  critical. 

Full  ±  10  V  output  swing  over  the  extended  temperature  range 
along  with  outstanding  ac  performance  and  high  loop  gain  accu- 
racy makes  the  device  useful  in  high  speed  data  acquisition 


•Patent 


FUNCTIONAL  BLOCK  DIAGRAM 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


Plastic  DIP 
8-Lead  and  Cerdip 
(P,  Z  Suffix) 


1C 

c 
c 
c 


•  □ 

BUF04  □ 
□ 
□ 


High  slew  rate  and  very  low  noise  and  THD,  coupled  with  wide 
input  and  output  dynamic  range,  make  the  BUF04  an  excellent 
choice  for  video  and  high  performance  audio  circuits. 

The  BUF04's  inherent  ability  to  drive  capacitive  loads  over  a 
wide  voltage  and  temperature  range  makes  it  extremely  useful 
for  a  wide  variety  of  applications  in  military,  industrial,  and 
commercial  equipment. 

The  BUF04  is  specified  over  the  extended  industrial  (-40°C  to 
+85°C)  and  military  (-55°C  to  +125°C)  temperature  range. 
BUF04s  are  available  in  plastic  and  ceramic  DIP  plus  SO-8  sur- 
face mount  packages. 

Contact  your  local  sales  office  for  MIL-STD-883  data  sheet  and 
availability. 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  ±15.0  ,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

r.. 

Min        Typ  Max 

Units 

0.3  1 

1.3  4 

0.7  5 

2.2  10 

±13 

30 

±25 

INPUT  CHARACTERISTICS 

WllaCl  V  Ullage 

Input  Bias  Current 

Input  Voltage  Range 
Offset  Voltage  Drift 
Offset  Null  Range 

V 

vos 
Ib 

VCM 

AVos/AT 

-40°C  S  TA  s  +85°C 
VCM  =  0 

-40°C  <  TA  <  +85°C 

mv 
mV 
u.A 
uA 
V 

uW°C 
mV 

Output  Voltage  Swing 

Ontnnt  fnrrpnt  —  Cnntiniimis 

Peak  Output  Current 

Vo 

T 

AOUT 
loUTP 

RL  =  150  fi, 

-40°C  £  TA  £  +  85°C 

RL  =  2  kfi, 

-40°C  s  TA  <  +85°C 

Note  2 

±10.5  ±11.1 
±10  ±11 
±13  ±13.5 
±13  ±13.15 
±50  ±65 
±80 

v 

V 
V 

mA 
mA 

RL  =  2  kfi 

-40°C  <  TA  £  +85°C 
RL=  lkfi,VG=  ±10  V 
R,  =  150  kfi 

Gain 

vjdiii  ijiiicdiiiy 

Avcl 
NL 

0.995  0.9985  1.005 
0.995       0.9980  1.005 

0.005 

0.008 

V/V 

v/v 

% 

% 

POWER  SUPPLY 
Power  Supply  Rejection  Ratio 

Supply  Current 

PSRR 

IsY 

Vs  =  ±4.5  V  to  ±18  V 
-40°C  <  TA  s  +85°C 
V0  =  0  V,  RL  =  =c 
-40°C  -=  T.  -=  +85°C 

7( 
7( 

93 
93 

6.9  8.5 
6.9  8.5 

dB 
dB 
mA 
mA 

DYNAMIC  PERFORMANCE 
Slew  Rate 
Bandwidth 
Bandwidth 
Bandwidth 
Settling  Time 
Differential  Phase 

Differential  Gain 

CD 

BW 
BW 
BW 

RL  =  2  kfi,  CL  =  70  pF 
-3dB,  CL  =  20  pF,  RL  =  = 
-3  dB,  CL  =  20  pF,  RL  =  1  kfi 
-3  dB,  CL  =  20  pF,  RL  =  150  fi 
VIN  =  ±10  V  Step  to  0.1% 
f  =  3.58  MHz,  RL  =  150  fi 
f  =  4.43  MHz,  RL  =  150  ft 
f  =  3.58  MHz,  RL  =  150  ft 

2000  3000 
110 
110 
110 
60 
0.02 
0.03 
0.014 

\TI..  « 
V/U.S 

MHz 
MHz 
MHz 

ns 

Degrees 
Degrees 

% 

Input  Capacitance 

f  =  4.43  MHz,  RL  =  150  ft 

0.008 
3 

% 

pF 

NOISE  PERFORMANCE 
Voltage  Noise  Density 
Current  Noise  Density 

fn 

f =  1  kHz 
f  =  1  kHz 

4 

2 

nV/VHi 
pA/VHz 

NOTE 

'Long  term  offset  voltage  is  guaranteed  by  a  1000  hour  life  test  performed  on  three  independent  lots  at  +125°C,  with  an  LTPD  of  1.3. 
Specifications  subject  to  change  without  notice. 
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ELECTRICAL  CHARACTERISTICS  (@  Vs  =  ±5.0  V,  TA  =  +25°C  unless  otherwise  noted) 


Parameter 

s 

irmbol 

Conditions 

Min         Typ  Max 

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

Input  Bias  Current 

Input  Voltage  Range 
Offset  Voltage  Drift 
Offset  Null  Range 

V 

k 

V 
A 

OS 
CM 

Vos/AT 

-40°C  s  TA  <  +85°C 

Vc«  =  0V 

-40°C  s  TA  s  +85°C 



0.8  2.0 

1.0  4 

0.15  5 

1.6  10 

±3.0 

30 

±25 

mV 
mV 
|xA 
nA 
V 

uV/°C 
mV 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

Output  Current  -  Continuous 
Peak  Output  Current 

Vo 
Wt 

IoUTP 

RL  =  150  n, 

-40°C  <  TA  <  +85°C 

RL  =  2  kn, 

-40°C  s  TA  i  +85°C 

Note  2 

±3.0 

±2.75  ±3.00 
±3.0  ±3.6 
±3.0  ±3.35 
±40 

±75 

1 

v 
V 
V 

v 

mA 
mA 

TRANSFER  CHARACTERISTICS 
Gain 

Gain  Linearity 

NL 

RL  =  2  kn, 

-40°C  s  TA  s  +85°C 

RL  =  1  kfl 

■ 

0.995       0.9977  1.005 
0.995  1.005 
0.005 

V/V 

v/v 

% 

Power  Supply  Rejection  Ratio 
Supply  Current 

P 

Is 

SRR 

Y 

Vs  =  ±4.5  V  to  ±18  V 
-40°C  s  TA  s  +85°C 
V0  =  0  V,  RL  =  x 
-40»CTA.+85»C 

76 
76 

93 
93 

6.60  8 
6.70  8 

dB 
dB 
mA 
mA 

HBti 

Bandwidth 
Bandwidth 
Differential  Phase 

Differential  Gain 

s 

B 
B 
B 

i 

w 

RL  =  2  kfl,  CL  =  70  pF 
-3  dB,  CL  =  20  pF,  RL  =  = 
-3  dB,  CL  =  20  pF,  RL  =  1  kn 
-3  dB,  CL  =  20  pF,  RL  =  150  n 
f  =  3.58  MHz,  RL  =  150  n 
f  =  4.43  MHz,  RL  =  150  n 
f  =  3.58  MHz,  RL  =  150  n 
f  =  4.43  MHz,  RL  =  150  n 

2000 

100 

100 

100 

0.13 

0.15 

0.04 

0.06 

%fs 

MHz 

MHz 

MHz 

Degrees 

Degrees 

% 

% 

NOISE  PERFORMANCE 
Voltage  Noise  Density 
Current  Noise  Density 

<=» 
in 

f  =  1  kHz 
f  =  1  kHz 

4 

2 

nV/VHi 
pAVHz 

NOTE 

'Long  term  offset  voltage  is  guaranteed  by  a  1000  hour  life  test  performed  on  three  independent  lots  at  +125°C,  with  an  LTPD  of  1.3. 
Specifications  subject  to  change  without  notice. 
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WAFER  TEST  LIMITS  (@  Vs  =  ±15.0  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 


Limit 


Units 


Offset  Voltage 

Input  Bias  Current 

Power  Supply  Rejection  Ratio 

Output  Voltage  Range 

Supply  Current 

Gain 


VOS 
Vos 
Ib 

PSRR 

Vo 

AVCL 


Vs=  ±15  V 

Vs  =  ±5  V 

VCM  =  0  V 

V=  ±4.5  V  to  ±18  V 

RL  =  150  n 

V0  =  0  V,  RL  =  2  kO 

V0  =  ±10  V,  RL  =  2kO 


1 

2 

Is — • — 

76 

±10.5 
8.5 

1  ±  0.005 


mV  max 
mV  max 
M.A  max 

a 

V  min 
mA  max 

v/v 


NOTE 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Input  Voltage  

Maximum  Power  Dissipation   

Storage  Temperature  Range 

Z  Package   

P,  S  Package   

Operating  Temperature  Range 

BUF04Z   

BUF04S,  P   .  

Junction  Temperature  Range 

Z  Package   

P,  S  Package  

Lead  Temperature  Range  (Soldering  60  sec) 


 ±18  V 

 ±18  V 

See  Figure  16 


-65°C  to  +175°C 
-65°C  to  +150°C 

-55°Cto  +125°C 
-40°C  to  +85°C 

-65°C  to  +150°C 
-65°C  to  +  150°C 
 +300°C 


Package  Type 

<*JC 

Units 

8-Pin  Cerdip  (Z) 
8-Pin  Plastic  DIP  (P) 

8-Pin  SOIC  (S) 



148 
103 

16 
43 

°C/W 

°c/w 

158 



43 

°c/w 

■ 

atings  apply  to  both  DICE  and 


packaged  parts,  unless 


NOTES 

'Absolute  maximum  ratings 
otherwise  noted. 

26JA  is  specified  for  the  worst  case  conditions,  i.e.,  6JA  is  specified  for  device  in 
socket  for  cerdip,  P-DIP,  and  LCC  packages;  8JA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 

ORDERING  GUIDE 


Package 
Option* 

Model 

Temperature 
Range 

Package 
Description 

BUF04AZ/883 

-55°C  to  +125°C 

Cerdip 

Q-8 

BUF04GP 

-40°Cto  +85°C 

Plastic  DIP 

N-8 

BUF04GS 

-40°C  to  +85°C 

SO 

SO-8 

BUF04GBC 

+25°C 

DICE 

DICE 

*For  outline  information  see  Package  Information 


DICE  CHARACTERISTICS 


BUF04  Die  Size  0.075  x  0.064  inch,  5,280  Sq.  Mils 
Substrate  (Die  Backside)  Is  Connected  to  V+ 
Transistor  Count  45. 
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315  PLASTIC  WPS  

T.=  *2S-C 


-0.1        0.0        0.1         0.2         0.3        0.4        0.5  0.6 
OFFSET  -  mV 

Figure  1.  Input  Offset  Voltage  (Vos)  Distribution  (u 
±15  V,  P-DIP 


315CERDIPS 

♦25*C 


Figure  4.  Input  Offset  Voltage  (Vos)  Distribution  <S  ±  15  V, 
Cerdip 


VS  =  *5V 

315  PLASTIC  DIPS 
"  T.  =  .25'C 


V 


I  I 

Vs  =  ±5V 
315  CERDIPS 

=  »25-< 



0  0.2        0.4         0.6        0.8        1.0         1.2  1.4 

OFFSET  -  mV 


0  0.2         0.4         0.6         0.8         1.0         1.2  1.4 

OFFSET  -  mV 


Figure  2.  Input  Offset  Voltage  (Vos)  Distribution  (ft  ±5  V,  Figure  5.  Input  Offset  Voltage  (Vos)  Distribution  (S  ±5  V, 
P-DIP  Cerdip 


Figure  3.  Input  Offset  Voltage  IVos)  vs.  Temperature 


Figure  6.  Input  Bias  Current  vs.  Temperature 
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I 

>  6.5 

i 
■ 

6.0 


VS=-5V 


-75      -50      -25       0         25        50        75       100  125 
TEMPERATURE  -  DC 

Figure  7.  Supply  Current  vs.  Temperature 


-T 

1  1 

A 

's 

1 

1 

i 

•15V 

10M  100M 


10k  „ 

ure  10.  Output  Impedance  vs.  Frequency 


13 


-75  -SO 


-RL  =  1kQ" 


-Rj  =  IkQ- 


-  RL  =  2kQ" 
 I  


0  25  50  75  100  125 
TEMPERATURE  -  °C 


Figure  8.  Output  Voltage  Swing  vs.  Temperature 
@  ±15  V 


-75       -50  -S 


100  125 


TEMPERATURE  -  "C 

Figure  11.  Output  Voltage  Swing  vs.  Temperature  @  ±5  V 


100  1k  10k  100k 

LOAD  RESISTANCE  -  !.! 


5  8 

6  6 

3 

O  . 


POSITIVE 

SWING 

^  

- 

\l 

S  NEC 

iATIVi 

! 

»V 

ANG 

V 

j*±1! 
v  =  *2! 

V 

"C 

Figure  9.  Maximum  VOUT  Swing  vs.  Load  @  ±5  V 


LOAD  RESISTANCE -Q 

Figure  12.  Maximum  VOUT  Swing  vs.  Load  @  ±15  V 
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-10     -8      -6      -4      -2      0       2       4       6        8  10 
COMMON  MODE  VOLTAGE  -  Volts 

Figure  13.  Bias  Current  vs.  Input  Voltage 


Figure  16.  Maximum  Power  Dissipation  vs.  Ambt 
Temperature 


ient 


in 

90 

Ml     I  I 
TA  =  »25'C  - 

80 

Vs  =  «5,  .15V 

70 

P 

60 

K 

i 

50 

40 

\ 

30 

>SRR 

20 

1 

10 

9 

s 

i 

100k  1M  10 

FREQUENCY  -  Hz 


Figure  14.  Power  Supply  Rejection  vs.  Frequency 


100         1k  10k 
FREQUENCY  -  Hz 


Figure  17.  Input  Noise  Voltage  vs.  Frequency 


50  100  150  200 

CAPACITIVE  LOAD  -  pF 


Figure  15.  Slew  Rate  vs.  Temperature  Figure  18.  Slew  Rate  vs.  Capacitive  Loads 
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I  100 

s 


T4  =  »25'C 
_V,  B  *5V  _ 


PHASE  <§> 
R.  =  150S! 


PHASE @ 

_R,=2kS!_ 


I 

-112.5  u 


0  50  100  150  2O0  250 

CAPACITANCE  -  pF 

Figure  19.  Bandwidth  and  Phase  vs.  Capacitive  Loads 

<ff  ±5V 


50  100  150 

CAPACITANCE -pF 

Figure  22.  Bandwidth  &  Phase  vs.  Capacitive  Loads 

<®±  15  V 


o  110 
■ 
B 
z 

m  100 
90 


Rj_=  2kQ 

^^-55"C_^--- f4""" 

 "^IgC 

SUPPLY  VOLTAGE  -Volts 


Figure  20.  Bandwidth  vs.  Supply  Voltage  and 
Temperature 


Q  100 

| 
a 
z 

I 


TA  =  +25-C 
V,  =  »15V 


RESISTIVE  LOAD  -  Q 

Figure  23.  Bandwidth  vs.  Loads 


-4  -2  0  2  4  6  8  10 
OUTPUT  VOLTAGE  -  Volts 


- 1 — i — i — r 

VS  =  .15V 
V,K  =  0.1VRMS 
~  FREQUENCY  =  10MHz 

=  2kS2 


Figure  21.  Gain  and  Phase  Deviation,  RL  =  150  (1 


Figure  24.  Gain  and  Phase  Deviation,  RL  =  2  kO 
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(SOmVYDIV) 


Vs  =  ±15V,  RL  =  2k!!,  CL  =  15pF 

Figure  25.  Small-Signal  Transient  Response 


(2WDIV) 


(2V7DIV) 


Vs  =  i15V,  RL.2kS2,  CL  =  15pF 

Figure  26.  Large-Signal  Transient  Response 


AUDIO  PRECISION  BUF04  THD+N  (%)  vs  FREQ  (Hz) 


07  MAR  93  21:31:53 
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B):  V,N  =  7.75Vrm,  HL=  600W     (j>):  V,n  =  0.77^^,  HL=  60OW 


10k 


Figure  27.  THD  +  Noise  vs.  Amplitude 


FUNCTIONAL  DESCRIPTION 

The  BUF04  is  a  closed-loop  voltage  buffer  based  on  a  current- 
feedback  architecture.  Its  high  open-loop  transimpedance,  high 
output  current  drive  capability,  and  its  low  input  offset  voltage 
makes  it  useful  in  a  variety  of  applications,  such  as  buffering  the 
inputs  of  sampling  and  flash  A/D  converters,  audio  and  video 
line  drivers,  active  filters,  and  precision  op  amp  boosters. 

A  transistor-level  equivalent  circuit  for  the  BUF04  is  illustrated 
in  Figure  29.  The  input  stage  consists  of  a  pair  of  emitter- 
follower  transistors,  Ql  and  Q2,  whose  outputs  drive  a  second 
set  of  transistors,  Q3  and  Q4.  The  emitters  of  Q3  and  Q4  are 
connected  together  through  diodes,  Dl  and  D2,  to  form  a  low- 
impedance  input  for  the  feedback  signal  (in  current  mode)  from 
the  output  stage.  The  outputs  of  Q3  and  Q4  are  then  "mir- 
rored" to  Q5  and  Q6  which  form  the  gain  stage  of  the  BUF04. 
The  signal  is  taken  from  the  collectors  of  Q5  and  Q6  which 
drive  a  "Darlington-connected"  output  stage  made  up  of  transis- 
tors Q7-Q10.  Three  R-C  networks  (Rl-Cl,  R2-C2,  and  R3-C3) 
form  feed-forward  paths  which  bypass  certain  sections  of  the 
BUF04  for  improved  high  frequency  performance  and  capacitive 
load  drive  capability.  Since  the  signal  conveyed  internally  in  the 
BUF04  is  a  current,  the  frequency  response  and  slew  rate  of  the 
BUF04  are  insensitive  to  supply  voltage  variations. 


Vj  =  l15V 

TA  =  *25°C 
R.  =  150Q 

( 

L  * 

100 

-1 — 

F 

1 

CL  =  50pF 

L  " 

3UF04]>-J-W 

_Lio 

I 

v  L 

I  III  I  I  I  II  I  I 

100k 


100M 


1M  10M 
FREQUENCY  -  Hi 

Figure  28.  Bandwidth  vs.  Frequency 


Figure  29.  Transistor-Level  Equivalent  Circuit 

An  interesting  feature  of  the  BUF04  architecture  is  the  use  of 
"slew-enhancement"  transistors,  Q11-Q14.  Under  normal  small- 
signal  (ViN  <  2  Vb)!s)  conditions,  these  transistors  are  normally 
"OFF."  In  large  signals,  high  speed  transient  applications  where 
the  input  signal  is  >  2  V^s,  these  transistors  turn  on  and  liter- 
ally "brute-force"  the  output  to  follow  the  input.  When  the 
input  signal  drops  below  2  V^s,  the  transistors  return  to  their 
normally  "OFF"  state. 
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A  two-terminal  equivalent  circuit  of  the  BUF04  is  shown  in  Fig- 
ure 30  where  the  transistor-level  equivalent  circuit  is  reduced  to 
its  essential  elements.  The  input  stage  develops  a  signal  current, 
IIN,  that  is  replicated  by  an  internal  current  conveyor  so  as  to 
flow  through  R„  the  transimpedance  of  the  BUF04.  The  voltage 
developed  across  Rt  is  buffered  by  a  unity-gain  output  voltage 
follower.  With  an  open-loop  R,  of  400  kft  and  an  R,N  of  30  CI, 
the  voltage  gain  of  the  BUF04,  given  by  the  ratio  R,/RIN  is 
approximately  13,000— accurate  to  approximately  13.5  bits.  The 
BUF04's  open-loop  ac  transimpedance  response  is  determined 
by  the  open-loop  pole  formed  by  R,  and  Ct.  Since  C,  is  typically 
8  pF,  the  open-loop  pole  occurs  at  approximately  50  kHz. 


R(N  =  300 
R,  =  400k£! 
C,  =  8pF 
RFB  =  100<> 


Figure  30.  Current-Feedback  Functional  Equivalent  Circuit 
of  the  BUF04 

Grounding  and  Bypassing  Considerations 

To  take  full  advantage  of  the  BUF04's  very  wide  bandwidth, 
high  slew  rates,  and  dynamic  range  capabilities  requires  due  dili- 
gence with  regard  to  supply  bypassing.  In  high  speed  circuits, 
the  supply  bypassing  network  must  provide  a  very  low- 
impedance  return  path  for  currents  flowing  to  and  from  the  load 
network.  As  with  any  high  speed  application,  multiple  bypassing 
is  always  recommended.  A  10  (j-F  tantalum  electrolytic  in  paral- 
lel with  a  0.1  u.F  ceramic  capacitor  is  sufficient  for  most  applica- 
tions. For  those  high  speed  applications  where  output  load 
currents  approach  50  mA,  small-valued  resistors  (1.1  fl  to 
4.7  fl)  in  series  with  the  tantalum  capacitors  may  improve  cir- 
cuit transient  response  by  damping  out  the  capacitor's  self- 
inductance.  Figure  31  illustrates  bypassing  recommendations. 

<^|-$V-, 


KELVIN  RETURN 
FOR  LOAD  CURRENT 


KELVIN  RETURN 
FOR  LOAD  CURRENT 

NOTE 

USE  SHORT  LEAD  LENGTHS  (<Smm) 

Figure  31.  Recommended  Power-Supply  Bypassing 


To  minimize  the  effects  of  high-frequency  coupling,  circuits 
must  be  built  with  short  interconnect  leads,  and  large  ground 
planes  should  be  used  whenever  possible  to  provide  a  low  resis- 
tance, low-inductance  circuit  path.  Sockets  should  be  avoided 
because  the  increased  interlead  capacitance  can  degrade  band- 
width and  stability.  If  sockets  are  necessary,  individual  pin  sock- 
ets (oftentimes  called  "cage  jacks,"  AMP  Part  No.  5-330808-3  or 
5-330808-6)  should  be  used.  They  contribute  far  less  stray  reac- 
tance than  molded  socket  assemblies. 

Offset  Voltage  Nulling 

Although  the  offset  voltage  of  the  BUF04  is  very  low  (1  mV, 
maximum)  for  such  a  high  speed  buffer,  the  circuit  shown  in 
Figure  32  can  be  used  if  additional  offset  voltage  nulling  is 
required.  A  potentiometer  ranging  from  lk  to  10k  can  be  used 
for  Vos  nulling;  with  a  10  kfi  potentiometer,  the  trim  range  is 
±30  mV. 


TRIM  RANGE 

*30mv 


Figure  32.  Optional  Offset  Voltage  Nulling  Scheme 

APPLICATIONS 

Output  Short-Circuit  Protection 

To  optimize  the  transient  response  and  output  voltage  swing  of 
the  BUF04,  internal  output  short-circuit  current  limiting  was 
omitted.  Although  the  BUF04  can  provide  continuous  output 
currents  of  50  mA  without  protection,  direct  connection  of  the 
BUF04's  output  to  ground  or  to  the  supplies  will  destroy  the 
device.  An  active  current  limit  technique,  illustrated  in  Figure 
33,  provides  the  necessary  short-circuit  protection  while  retain- 
ing full  dc  output  voltage  swing  to  the  load. 


SET  ISC  .(ISC-)  <60mA, 
CONTINUOUS 
RSC1  (RSC2)  


ISC.(ISC-) 


Figure  33.  Short-Circuit  Current  Limiting  Using  Current 
Sources 
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Output  Current  Transient  Recovery 

Settling  characteristics  of  high  speed  buffers  also  include  the 
buffer's  ability  to  recover,  i.e.,  settle,  from  a  transient  output 
current  load  condition.  When  driving  the  input  of  an  A/D  con- 
verter, especially  the  successive-approximation  converter  types, 
the  buffer  must  maintain  a  constant  output  voltage  under 
dynamically  changing  load  current  conditions.  In  these  types  of 
converters,  the  comparison  point  is  usually  diode-clamped,  but 
it  may  deviate  several  hundred  millivolts  resulting  in  high  fre- 
quency modulation  of  the  A/D  input  current.  Open-loop  and 
closed-loop  buffers  (also,  op  amps  configured  as  followers)  that 
exhibit  high  closed-loop  output  impedances  and/or  low  unity- 
gain  crossover  frequencies  recover  very  slowly  from  output  load 
current  transients.  This  slow  recovery  leads  to  linearity  errors  or 
missing  codes  because  of  errors  in  the  instantaneous  input  volt- 
age. Therefore,  the  buffer  (or  op  amp)  chosen  for  this  type  of 
application  should  exhibit  low  output  impedance  and  high  unity- 
gain  bandwidth  so  that  its  output  has  had  a  chance  to  settle  to 
its  nominal  value  before  the  converter  makes  its  comparison. 

The  circuit  in  Figure  34  illustrates  a  settling  measurement  cir- 
cuit for  evaluating  the  recovery  time  of  high  speed  buffers  from 
an  output  load  current  transient.  The  input  to  the  buffer  is 
grounded  for  ease  of  measuring  the  recovery  time,  and  two 
resistors  are  used  to  sum  steady-state  and  transient  load  currents 
at  the  output.  As  a  worst-case  condition,  Rl,  was  chosen  such 
that  the  BUF04  would  source  (or  sink)  a  steady-state  current  of 
25  mA.  R2  was  then  chosen  to  add  a  10  mA  transient  current 
upon  the  steady-state  value.  To  set  accurately  the  nodal  voltages 
internal  to  the  BUF04,  the  supply  voltages  were  offset  by  the 
voltage  applied  to  Rl.  Because  of  its  high  transimpedance,  wide 
bandwidth,  and  low  output  impedance,  the  BUF04  exhibits  an 
extremely  fast  recovery  time  of  60  ns  to  0.01%,  as  shown  in  Fig- 
regardless  whether  the  BUF04 
current. 

ov„ 

SOURCE:  0  -2.5  V 
SINK:  IT  »2.5V 


ure  34.  Results 


SOURCE:  -5V 
SINK:  *5V 


•nt  Output  Load  Current  Test  Circuit 


Figure  35.  BUF04's  Output  Load  Current  Recovery 


Time 


Terminated  Line  Drivers 

The  BUF04's  high  output  current,  large  slew  rate,  and  wide 
bandwidth  all  combine  to  make  it  an  ideal  device  for  high  speed 
line  driver  applications.  As  shown  in  Figure  36,  the  BUF04  can 
be  configured  for  driving  doubly  terminated  50  SI  and  75  fi 
cables.  To  optimize  the  circuit's  pulse  response,  a  capacitor,  C-r 
(Cx  +  CrRIM),  is  connected  across  the  series  back  termination. 
The  BUF04  can  drive  a  50  fl  line  to  ±2.5  V  and  a  75  fi  line  to 
±3.75  V  when  operating  on  ±15  V  supplies. 


z0 

COAX 

HS,RL 

"x 

Cx 

Ct 

son 

RG-58 

50Q 

50 

91  pF 

3-1 5pF 

750 

RG-59 

750 

75 

62pF 

3-15pF 

Figure  36.  Line  Driver  Configuration 
Low-Pass  Active  Filter 

In  many  signal-conditioning  applications,  filters  are  required  to 
band-limit  noise  or  altogether  eliminate  other  unwanted  signals 
prior  to  conversion.  Often,  high  frequency  filters  are  needed  for 
these  applications;  however,  there  are  few  op  amps  that  exhibit 
the  high  open-loop  gain  and  wide  unity-gain  crossover  frequency 
required  for  these  applications.  As  illustrated  in  Figure  37,  the 
BUF04  and  a  handful  of  passive  components  can  be  configured 
as  a  high  frequency,  low-pass  active  filter.  Since  the  filter  con- 
figuration is  a  unity-gain  Sallen-Key  topology,  the  BUF04  is 
particularly  well  suited  for  this  application.  In  this  circuit,  an 
additional  resistor,  R3,  was  added  to  prevent  interaction 
between  C2  and  the  BUF04's  input  capacitance. 


Ci* 

44pF(22pFx2) 


R1 

„  499Q 
Vl»0  VW- 


T 


R3 

47Q  3 
-WV  H 


-O»0UT 


22pFT 

4  -SILVERED^MICAOR 

w0  =  VrT- R2    Ci    a  ; 
Figure  37.  A  10  MHz  Low-Pass  Active  Filter 
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Operation  Within  an  Op  Amp  Feedback  Loop 

The  BUF04  is  well  suited  as  a  current  booster  or  isolation  buffer 
within  the  closed  loop  of  precision  op  amps  such  as  the  OP177, 
the  OP97,  the  OP27,  or  the  OP77.  Since  the  BUF04  is  a  closed- 
loop  voltage  buffer,  no  interstage  coupling  resistor  between  the 
op  amp  and  the  buffer's  input  is  required  for  circuit  stability. 
The  wide  bandwidth  and  high  slew  rate  of  the  BUF04  assure 
that  the  loop  has  the  characteristics  of  the  op  amp;  hence,  no 
additional  rolloff  is  required. 


v,No 


500!!  TJ  tOOOpF 


Figure  38.  BUF04  as  Booster  Stage  for  a  Precision  Op 
Amp 


Paralleling  BUF04s  for  Increased  Load  Drive  Capability 

In  applications  where  continuous  output  currents  greater  than 
50  mA  are  required  or  where  heat  management  is  an  issue,  a 
number  of  BUF04s  can  be  connected  in  parallel  to  reduce  the 
drive  requirement  of  any  one  buffer.  An  example  of  one  such 
application  is  illustrated  in  Figure  39.  In  this  circuit,  the 
BUF04s  are  required  to  drive  a  doubly  terminated  50  fi  line  to 
±5  V.  This  type  of  a  load  for  a  single  BUF04  would  certainly 
cause  a  power  dissipation  problem.  Parallel  operation  results  in 
lower  input  and  output  impedances  and  increased  bias  currents; 
on  the  other  hand,  input  equivalent  noise  voltage  is  reduced  and 
input  offset  voltage  remains  unchanged. 

R3 
100Q 


Figure  39.  Paralleling  BUF04s  for  High  Output  Currents 

Overdrive  Recovery  and  Phase  Reversal 

In  applications  where  the  inputs  could  be  driven  to  the  supply 
rails,  the  BUF04  recovers  in  10  ns  from  positive  or  negative 
overdrive.  The  BUF04  does  not  exhibit  any  output  voltage 
phase  reversal  when  the  input  signal  exceeds  its  input  voltage 
range. 
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*  BUF04  SPICE  Macro-model 


*  Copyright  1993  by  Analog  Devices,  Inc. 


*  Node  assignments 


4 
* 

.SUBCKT  BUF04 

*  INPUT  STAGE 
* 


7/93,  Rev.  A 
JCB  /  PMI 


noninverting  input 
positive  supply 
negative  supply 
output 


Rl 

R2 

VI 

Dl 

V2 

D2 

II 

12 

Qi 
Q2 


99 
10 
99 
9 


4.4 
DX 

11  50  4.4 
10  11  DX 
99  5  1.8E-3 
4    50  1.8E-3 
50  3    5  QP 
99  3    4  QN 


Q3       8    61  30  QN 


Q4 

R3 

R4 

CP1 

CP2 

RFB 


10 
5 
4 
61 

7 
6 


30 


QP 

50E3 

50E3 

14E-15 

14E-15 

100 


*  INPUT  ERROR  SOURCES 


IB1      99  1 

0.7E-6 

VOS     3  1 

0.3E-3 

LSI     30  2 

1E-9 

CS1      99  2 

2.0E-12 

CS2      99  1 

* 

3.0E-12 

EREF  97  0 

* 

22  0  1 

*  TRANSCONDUCTANCE  STAGE 

+ 

R5       12  97 

365E3 

C3       12  97 

8E-12 

Gl       97  12 

99  8  5E-3 

G2       12  97 

10  50  5E-3 

E3       13  97 

POLY(l)     99  97 

-2.5  1.1 

E4       97  14 

POLY(l)    97  50 

-2.5  1.1 

D3       12  13 

DX 

D4       14  12 

DX 

R6       12  15 

200 

C2       15  6 

20E-12 

*  POLE  AT  200  MHz 
* 

Rll  20  97  1E6 

C7  20  97  0.759E-15 

G7  97  20       12  22  1E-6 

*  <>-•  »n>d  ;<jms  cio  srfj  lo  rxii'mwfrj  •-•■>  I  aid  qool  vb  vi» 
R12  21  97  1E6 

C8  21  97  0.759E-15 

G8  97  21        20  22  1E-6 


*  POLE  AT  200  MHz 


*  OUTPUT  STAGE 


FSY 

R13 

R14 

R15 

R16 

L2 

GU 

G12 

V5 

V6 

D5 

D6 

G10 

D7 

D8 

V7 

V8 


99 

22 
22 
27 
27 
27 
27 
50 
23 
27 
21 
24 
97 
70 
72 
71 
97 


POLY(2)  V7  V8  1.85 
16.67E3 
16.67E3 
80 
80 

10E-9 
99  21  12.5 
21  50  12.5 
3.3 
3.3 
DX 
DX 

27  21  12.5E-3 
DX 
DX 
DC0 
DC0 


E-3  1  1 


- 


*  MODELS  USED 

* 

.MODEL  QNNPN(BF=  1000  IS=1E-15) 
.MODEL  QPPNP(BF=  1000  IS  =  1E-15) 
.MODEL  DX  D(IS  =  1E-15) 
.ENDS  BUF04 
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FEATURES 

•  Low  Vos  25^V  Max 

•  Low  Vos  Drift  0.6MV/°CMax 

•  Ultra-Stable  vs  Time    1.0^V/Month  Max 

•  Low  Noise  0.6^iVp.p  Max 

•  Wide  Input  Voltage  Range    14V 

•  Wide  Supply  Voltage  Range    ±3Vto±18V 

•  Fits  725,  108A/308A,  741,  AD510  Sockets 

•  125°  C  Temperature-Tested  Dice 

ORDERING  INFORMATION  1 


♦25°C 
MAX 


CERDIP  PLASTIC 


OPERATING 
TEMPERATURE 


TO-99 

8-PIN 

8-PIN 

20-CONTACT 

RANGE 

25 

OP07AJ- 

OP07AZ- 

MIL 

75 

OP07EJ 

OP07EZ 

OP07EP 

COM 

75 

OP07J- 

OP07Z- 

OP07RC/883 

MIL 

150 

OP07CJ 

OP07CZ 

OP07CP 

XIND 

150 

OP07CS" 

XIND 

150 

OP07DJ 

OP07DP 

XIND 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt    For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-07  has  very  low  input  offset  voltage  (25jiV  max  for 
OP-07A)  which  is  obtained  by  trimming  at  the  wafer  stage. 
These  low  offset  voltages  generally  eliminate  any  need  for 
external  nulling.  The  OP-07  also  features  low  input  bias  cur- 
rent (±2nAfor  OP-07A)  and  high  open-loop  gain  (300V/mVfor 
OP-07A).  The  low  offsets  and  high  open-loop  gain  make  the 
OP-07  particularly  useful  for  high-gain  instrumentation 
applications. 

The  wide  input  voltage  range  of  ±13V  minimum  combined 
with  high  CMRR  of  110dB  (OP-07A)  and  high  input  impedace 
provides  high  accuracy  in  the  noninverting  circuit  configura- 
tion. Excellent  linearity  and  gain  accuracy  can  be  maintained 


PIN  CONNECTIONS 


VOS  TRIM  [T    •  ±)  Vqs  TRIM 

V-fT  7]  N.C. 


TO-99  (J-Suffix) 


EPOXY  MINI-DIP  (P-Suffix) 
8-PIN  HERMETIC  DIP 

(Z-Suffix) 

8-PIN  SO 
(S-Sufflx) 


OP-07RC/883 
LCC 
(RC-Suffix) 


even  at  high  closed-loop  gains. 

Stability  of  offsets  and  gain  with  time  or  variations  in  temper- 
ture  is  excellent.  The  accuracy  and  stability  of  the  OP-07, 
even  at  high  gain,  combined  with  the  freedom  from  external 
nulling  have  made  the  OP-07  a  new  industry  standard  for 
instrumentation  and  military  applications. 

The  OP-07  is  available  in  five  standard  performance  grades.  The 
OP-07A  and  the  OP-07  are  specified  for  operation  over  the  full  mili- 
tary rangeof-55°Cto+1 25°C;theOP-07E  is  specifiedfor  operation 
over  the  0°C  to  +70°C  range,  and  OP-07C  and  D  over  the  -40°C  to 
+85°C  temperature  range. 

The  OP-07  is  available  in  hermetically-sealed  TO-99  metal  can  or 
ceramic  8-pin  Mini-DIP,  and  in  epoxy  8-pin  Mini-DIP.  It  is  a  direct 
replacement  for  725,  108A,  and  OP-05  amplifiers;  741 -types  may 
be  directly  replaced  by  removing  the  741  's  nulling  potentiometer.  The 
OP-207,  a  dual  OP-07,  is  available  for  applications  requiring  close 
matching  of  two  OP-07  amplifiers.  For  ii 
theOP-77/OP-177. 


SIMPLIFIED  SCHEMATIC 


6 


•NOTE: 
R2A  AND  R2B  ARE 
ELECTRONICALLY 
ADJUSTED  ON  CHIP 
AT  FACTORY  FOR 
MINIMUM  INPUT 
OFFSET  VOLTAGE. 


 rs^3  WJ\ — — t"0' 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fas  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  2)  ±22 V 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 

J,  RC  and  Z  Packages  -65°C  to  +150°C 

P  Package  -65°C  to  +125<>C 

Operating  Temperature  Range 

OP-07A,  OP-07,  OP-07RC  -55°Cto  +125°C 

OP-07E  0°Cto+70'>C 

OP-07C,  OP-07D  -40°C  to  +85°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  (Tp  +150°C 


PACKAGE  TYPE 

e. .  (Note  3) 

®1C 

TO-99  (J) 

150 

18  °C/W 

8-Pin  Hermetic  DIP  (Z) 

148 

16  °C/W 

8-Pin  Plastic  DIP  (P) 

103 

43  °C/W 

20-Contact  LCC 

98 

38  °C/W 

8-Pin  SO  (S) 

158 

43  °C/W 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  For  supply  voltages  less  than  ±22V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  SjA  is  specified  for  worst  case  mounting  conditions,  i.e.,  ©jJk  is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  25°  C,  unless  otherwise  noted. 


OP-07A 

OP-07 
vnvf 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

(NoteD 

- 

10 

25 

30 

75 



Long-Term  Input  Offset 
Voltage  Stability 

AVos/Time 

(Note  2) 

- 

0.2 

1.0 

0.2 

1.0 

xV/Mo 

Input  Offset  Current 

I  OS 

0.3 

2.0 

0.4 

2.8 

nA 

Input  Bias  Current 

If 

— 

±0.7 

±2.0 

±1.0 

±3.0 

nA 

Input  Noise  Voltage 

e"P-P 

0.1Hzto10Hz(Note3) 

— 

0.35 

0.6 

— 

0.35 

0.6 

f0=  10Hz  iNote  3) 

— 

10.3 

18.0 

— 

10.3 

18.0 

en 

10.0 

13.0 

13  0 

nU/,  /  u7 

f0=  1000Hz  (Note  3) 

- 

9.6 

11.0 

- 

9.6 

11.0 

Input  Noise  Current 

Vp 

0.1  Hz  to  10Hz  (Note  3) 

14 

30 

14 

30 

fD=  10Hz  (Note  3) 

0.32 

0.80 

0.32 

0.80 

Input  Noise  Current  Density 

In 

f0=  100Hz  (Note  3) 
f0=  1000Hz  (Note  3) 

0.14 
0.12 

0.23 
0.17 

0.14 
0.12 

0.23 
0.17 

pAA/Hz 

Input  Resistance  — 
Differential-Mode 

"in 

(Note  4) 

30 

80 

20 

60 

M(l 

Input  Resistance  — 
Common-Mode 

RINCM 

200 

200 

Gn 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

V 

Common-Mode  Rejection  Ratio 

CMRR 

Vc  =  ±13V 

110 

126 

110 

126 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 

4 

10 

4 

10 

jiV/V 

RL>2kfl.  Vo=±10V 

300 

500 

200 

500 

Large-Signal  Voltage  Gain 

Avo 

RL>500n,  Vo  =  ±0.5V, 
Vs=±3V(Note4) 

150 

400 

150 

400 

V/mV 

RL>10kn 

±12.5 

±13.0 

±12.5 

±13.0 



Output  Voltage  Swing 

Vo 

RL>2kn 

±12.0 

±12.8 

+  12.0 

±12.8 

V 

RL>1kfl 

±10.5 

±12.0 

±10.5 

±12.0 

Slew  Rate 

SR 

RL>2kfi  (Note  3) 

0.1 

0.3 

0.1 

0.3 

V/„s 

Closed-Loop  Bandwidth 

BW 

avol  =  +1  (Note  3) 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

Ro 

v0=o,i0=o 

60 

60 

n 

Power  Consumption 

Pd 

VS  =  ±15V,  No  Load 
Vs=>±3V,NoLoad 

75 
4 

120 
6 

75 
4 

120 
6 

mW 

Offset  Adjustment  Range 

Rp  =  20kn 

±4 

±4 

mV 

NOTES: 

1.  OP-07A  grade  Vos  is  measured  approximately  one  minute  after  applica- 
tion of  power.  For  all  other  grades  vos  is  measured  approximately  0.5 
seconds  after  application  of  power. 

2.  Long-Term  Input  Offset  Voltage  Stability  refer*  to  the  averaged  trend  line  of 
Vos  v»  Time  over  extended  periods  after  the  first  30  days  of  operation. 


Excluding  the  Initial 
Operating  days  are 
Parameter  Is  sample  tested. 

3.  Sample  tested. 

4.  Guaranteed  by 


of  operation,  changes  in  Vos  during  the  first  30 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  -55°  C  <  TA  <  + 125°  C,  unless  otherwise  not 


PARAMETER 


SYMBOL  CONDITIONS 


OP-07A 




MAX  UNITS 


Input  Offset  Voltage 


Vos 


(Note!) 


-  60       200  MV 

 ra  

-  0,3       1,3  „wC 

-  0.3       1.3  „V/°C 

—  — 


Average  Input  Offset 
Voltage  Drift  With- 
out External  Trim 
With  External  Trim 


TCV0 


(Note  2) 


TCV0 


Rp=20kfl(Note3) 


-  0.2 

 =  bT" 


0.6 


0.6 


Input  Offset  Current 


—       08         4  - 
 oo  «  


Average  Input  Offset  Current 
Drift 


TCIos  (Note  2) 





5  25 

 :  


8        50  pA/°C 



Input  Bias  Current  [b  

Average  Input  Bias  Current 
Drift  TC'B 





(Note  2) 


50 


pA/°C 


Input  Voltage  Range 


IVR 


+13    ±13.5  — 


±13 


 I 

dB 


Common-Mode  Rejection  Ratio  CMRR 


Power  Supply  Rejection  Ratio  PSRR 
Large-Signal  Voltage  Gain 


VCM  =  ±13V 


123 


Vs  =  ±3Vt0±18V 
RL>2kn,Vo  =  ±10V 


-  5 


20 


MWV 


— 


400  - 


V/mV 



Output  Voltage  Swing 


RL>2kfl 


±12    ±12.6  — 


1.  OP-07A  grade  vos  is  measured  approximately  one  minute  after  applica- 
tion of  power.  For  all  other  grades  Vos  is  measured  approximately  0.5 
seconds  after  application  of  power. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 


 !  


TYPICAL  OFFSET  VOLTAGE  TEST  CIRCUIT 





2o»n 


-ov0 


v°s"45oo 


TYPICAL  LOW-FREQUENCY  NOISE  TEST  CIRCUIT 




INPUT  REFERRED  NOISE  =  5^555-  ^Mit  "  200,'v'om 
(SEE  SCOPE  PHOTO  IN  TYPICAL  PERFORMANCE  CURVES) 

PINOUTS  SHOWN  FOR  J,  P,  AND  Z  PACKAGES 




OPTIONAL  OFFSET  NULLING  CIRCUIT 


BURN-IN  CIRCUIT 


PINOUTS  SHOWN  FOR  J,  P,  AND  Z  PACKAGES 




P+18V 

z 

3 

OF  ■( 
* -X* 

— ° 

4 

1-18V 

PINOUTS  SHOWN  FOR  J,  P.  AND  Z  PACKAGES 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-07E 

TYP 

^ ^  *■ 

OP-07C 

TYP  MAX 

c 

• 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN 

MIN 

IP-07C 
TYP 

MAX 

UNITS 

input  uiiwji  vuiisyo 

v.. 

 :  

30 

75 

60 

150 

150 

vos 

(Notel) 

Long-Term  Vos 
Maomty 

Vos/Time 

(Note  2) 

0.3 

1.5 



0.4 

2.0 

0.5 

3.0 

,.V/Mo 

Input  Off  sot  Current 

Inc 
■OS 

0.5 

3.8 

0  8 

6  0 

_ 

0.6 

6.0  nA 

Input  Bias  Current 

!■ 

- 

±1.2 

±4.0 

- 

±1.8 

±7.0 

— 

±2.0 

±12 

nA 

Input  Noise  Voltage 

•np-p 

0.1Hz  to  10Hz 
(Note  3i 

_ 

0.35 

0.6 

— 

0.38 

0.65 

0.38 

0.65 

"Vp 

Input  Noise 

fo=10Hz 

- 

10.3 

18.0 

- 

10.5 

20.0 

10.5 

20.0 

Voltage  Density 

•n 

Iq  —  1WHZ  (NOI0  J) 

fQ=  1000Hz 

- 

10.0 
9.6 

13.0 
11.0 

- 

10.2 
9.8 

13.5 
11.5 

10.3 
9.6 

13.5 
11.5 

nv/v  Hz 

Input  Noise  Current 

Wp 

0. 1  Hz  to  10Hz 
(Note  3 1 

14 

30 

15 

35 

_ 

15 

35 

pAp.p 

Iq  =  10Hz 

f0=  100Hz  (Note  3) 
f0=  1000Hz 

0.32 

0.80 

0.35 

0.90 

0.35 

090 

Input  Noise 
Current  Density 

"ft  »e 

0.14 
0.12 

0.23 
0.17 

0.15 
0.13 

0  27 
0.18 

-  0.15 

-  0.13 

0.27  pA/x/hT 
0.16 

Input  Resistance  — 
Differential-Mode 

"in 

(Note  4) 

15 

50 

t  — 

8 

33 

7 

31 

Mn 

Input  Resistance  — 
Common-Mode 

HINCM 

— 

160 

120 

120 

Gn 

Input  Voltage  Range 

IVR 

113 

±14 

- 

±13 

±14 

±13 

±14 

v 

Common-Mode 





Rejection  Ratio 

CMRR 

106 

123 

100 

120 

94 

110 

dB 

Power  Supply 

PSRR 

VS  =  ±3V 
to  ±18V 

- 

S 

20 

.    —           7  32 

— 

7 

mV/V 

Urge-Signal 
Voltage  Gain 

*vo 

RL>2kO. 

Vo  =  ±10V 

RL>  500(1 

Vo  =  ±0.5V 

Vs  =  ±3V  [Note  4) 

200 
150 

500 
400 

- 

120 
100 

400 
400 

120 

400 
400 

V/mV 

Output  Voltage 
Swing 

RL>iokn 

RL  ^  2k(l 
RL>  1kn 

±12.5 
±12.0 
±10.5 

±13.0 
±12.8 
±12.0 

- 

- 

±12.0 
±11.5 

±13.0 
±12.8 
±12.0 

±12.0 
±11.5 

+13.0 
±12.6 
±12.0 

V 

Slew  Rate 

SR 

RL>2k(l(Note3) 

0.1 

0.3 

0.1 

0.3 

0.1 

0.3 

Closed-Loop 
Bandwidth 

BW 

Avcl  =  +1 
(Note  5) 

0.4 

0.6 

— 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output 
Resistance 

Ro 

Vo  =  0,  lo  =  0 

60 

60 

60 

n 

Power  Consumption 

VS  =  ±15V.  No  Load 
VS  =  ±3V,  NoLoad 

75 
4 

120 
6 

80 
4 

150 
8 

80 
4 

150 
8 

mW 

Offset  Adjustment 
Range 

Rp=20k(l 

±4 

±4 

±4 

tnV 

NOTES: 

1.  Input  Offset  Voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power. 

2.  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line 
of  Vos  vs  Time  ovw  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
operating  days  are  typically  2.5/iV  —  refer  to  typical  performance  curves. 
Parameter  is  sample  tested. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 

5.  Guaranteed  but  not  tested. 
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UKU/ 

mm      i  if 

MAX 

mm  tip 

MAX 

UNITS 

input  onset  voltage 

Vos 

(Notel) 

—  46 

130 

—  65 

250 

—  85 

250 

«v 

Average  Input  Offset 

Voltage  Drift  With- 
out External  Trim 

TCVos 

(Note  3) 

-  03 

1.3 

-  0.5 

1.8 

0.7 

2.5 

(•V/*C 

With  External  Trim 

TCVOSn 

Rp=20kn(Nc 

te31 

-  0.3 

1.3 

0.4 

1.6 

0.7 

2.5 

Input  Offset  Current 

'OS 

0.9 

5.3 

1.6 

8.0 

8.0  nA 

Average  input  unset 
Current  Drift 

'  ^'OS 

o 
0 

12 

50 

12 

50 

p/VC 



Input  Bin  Current 

'B 

— 

±1.5 

±53 

— 

±2.2 

±9.0 

- 

±3.0 

±14 

nA 

Average  Input  Bias 
Current  Drift 

TCIB 

(Note  2) 

13 

35 

18 

50 

18 

so 

pA/*C 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

±13.0 

±13.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±13V 

103 

123 

97 

120 

94 

106 

—  dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±18V 

7 

32 

10 

51 

•HUM,  — 

10 

51 

xV/V 

Large-Signal 
Voltage  Gain 

Ayo 

RL>2kn 
V0  =  ±10V 

180 

450 

100 

400 

100 

400 

V/mV 

Output  Voltage 

±12 

±12.6 

±11 


±12.6 

±11 

±12.6 

V 



Swing 

Vo 

RL>2»n 



NOTES: 

1.  Input  offset  voltage  measurements  are  performed  by  automated 
equipment  approximately  0.5  seconds  after  application  of  power. 

2.  Sample  tested. 

3.  Guaranteed  by  dealgn. 


test 
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FEATURES 

•  Low  Noise   80nVp.p  (0.1  Hz  to  10Hz) 

 3nV/vOHT 

•  Low  Drift   0.2MV7°C 

•  High  Speed   2.8V/Ms  Slew  Rate 

 8MHz  Gain  Bandwidth 

•  Low  Vos   10MV 

•  Excellent  CMRR    126dB  at  VCM  of  ±11V 

•  High  Open-Loop  Gain   1.8  Million 

•  Fits  725,  OP-07,  OP-05.  AD510,  AD517,  5534A  sockets 

•  Available  in  Die  Form 

ORDERING  INFORMATION  '  

PACKAGE 

TA  =  t25°C    OPERATING 

V0SMAX  CERDIP      PLASTIC  LCC  TEMPERATURE 

(uV)        TO-99         8-PIN  8-PIN       20-CONTACT  RANGE 

25  OP27AJ-  OP27AZ'  -  MIL 

25  OP27EJ  OP27EZ  OP27EP  -  IND/COM 

60  OP27BJ'  OP27BZ-  -  OP27BR/883  MIL 

60  OP27FJ  OP27FZ  OP27FP  -  IND/COM 

100  OP27CJ  OP27CZ  -  -  MIL 

100  OP27GJ  OP27GZ  OP27GP  -  XIND 

100  -  -  OP27GStT  -  XIND 

•  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt    For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-27  precision  operational  amplifier  combines  the  low 
offset  and  drift  of  the  OP-07  with  both  high  speed  and  low 
noise.  Offsets  down  to  25/iV  and  drift  of  0.6/iV/°C  maximum 
make  the  OP-27  ideal  for  precision  instrumentation  applica- 
tions. Exceptionally  low  noise,  en  =  3.5nV/V  Hz  ,  at  10Hz,  a 
low  1/f  noise  corner  frequency  of  2.7Hz,  and  high  gain  (1.8 
million),  allow  accurate  high-gain  amplification  of  low-level 

SIMPLIFIED  SCHEMATIC 


Low  Noise,  Precision 


0P27 


signals.  A  gain-bandwidth  product  of  8MHz  and  a  2.8V//isec 
slew  rate  provides  excellent  dynamic  accuracy  in  high-speed 
data-acquisition  systems. 

A  low  input  bias  current  of  ±10nA  is  achieved  by  use  of  a 
bias-current-cancellation  circuit.  Over  the  military  temper- 
ature range,  this  circuit  typically  holds  lB  and  ios  to  ±20nA 
and  15nA  respectively. 

The  output  stage  has  good  load  driving  capability.  A  guaran- 
teed swing  of  ±  10V  into  600fl  and  low  output  distortion  make 
the  OP-27  an  excellent  choice  for  professional  audio  applica- 
tions. 

PSRR  and  CMRR  exceed  120dB.  These  characteristics, 
coupled  with  long-term  drift  of  0.2n V/month,  allow  the  circuit 
designer  to  achieve  performance  levels  previously  attained 
only  by  discrete  designs. 


PIN  CONNECTIONS 


BAL1 


bal|T  9^  TJbal 
-'"  EE  3  v+ 

+in  [T  Jr^-  T]  out 

v  (T  TIn.c 


<  lilLiJLiiyhiJS 

N.C.   JJ  [l£  N.C 

-in  7]  Q7  v+ 

N.C.  7]  fje  N.C. 

+IN  TJ  [16  OUT 

N.c.  TJ  \2±  Nc' 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 

EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  SO 

(S-Suffix) 

OP-27BRC/883 
LCC  PACKAGE 
(RC-Suffix) 


This  is  an 


To 


at  1-800-444-6212. 
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Low  cost,  high-volume  production  of  OP-27  is  achieved  by 
using  an  on-chip  zener-zap  trimming  network.  This  reliable 
and  stable  offset  trimming  scheme  has  proved  its  effective- 
ness over  many  years  of  production  history. 

The  OP-27  provides  excellent  performance  in  low-noise 
high-accuracy  amplification  of  low-level  signals.  Applica- 
tions include  stable  integrators,  precision  summing  ampli- 
fiers, precision  voltage-threshold  detectors,  comparators, 
and  professional  audio  circuits  such  as  tape-head  and 
microphone  preamplifiers. 

The  OP-27  is  a  direct  replacement  for  725,  OP-06,  OP-07  and 
OP-05  amplifiers;  741  types  may  be  directly  replaced  by 
removing  the  741 's  nulling  potentiometer. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 

Supply  Voltage  ±22V 

Input  Voltage  (Note  1)  ±22V 

Output  Short-Circuit  Duration   Indefinite 

Differential  Input  Voltage  (Note  2)  ±0.7V 

Differential  Input  Current  (Note  2)  ±25mA 

r~Tiperature  Range  - 


Operating  Temperature  Range 

OP-27A,  OP-27B,  OP-27C  (J,  Z,  RC)  -55°C  to  +125°C 

OP-27E,  OP-27F  (J.  Z)  -^S-'C  to  +85°C 

OP-27E,  OP-27F  (P)  0°C  to  +70'C 

OP-27G  (P,  S,  J,  Z)  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  -65°C  to  +150°C 


PACKAGE  TYPE 

e|A(Note3) 

e|C  UNITS 

TO-99(J) 

150 

18  °C/W 

8-Pin  Hermetic  DIP  (Z) 

148 

16  "C/W 

8-Pin  Plastic  DIP  (P) 

103 

43  °C/W 

20-Contact  LCC  (RC) 

98 

38  °C/W 

8-Pin  SO  (S) 

158 

43  °C/W 

NOTES 

1 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°C,  unless  otherwise  noted. 


For  supply  voltages  less  than  122V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

The  OP-2Ts  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 

resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input  voltage 

exceeds  ±0.7V,  the  input  current  should  be  limited  to  25mA. 

e.A  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 

device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages:  ejA  is  specified 

for  device  soldered  to  printed  circuit  board  for  SO  package. 

Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


PARAMETER  SYMBOL 

input  Offset  voltage  Vos 


CONDITIONS 





OP-27A/E 
MIN       TYP  MAX 


OP-27B/F 
MIN       TYP  MAX 


MIN 


OP-27C/G 

TYP  MAX 


- 


20  60 


Long-Term  Vos 
Stability 


Vos/Time    I  Notes  2,  3) 


Input  Offset  Current  los 


Input  Bias  Current  lB 


-        ±15  ±80 


0.1Hz  to  10Hz 
(Notes  3,  5| 


-  0.08 


0.18 


J-Vp-p 


Input  Noise 
Voltage  Density 





=  10Hz  l  Note  3) 
=  30Hz  (Note  3) 
=  1000Hz  (Note  3) 


—  3.5  5.5 

—  3.1  4.5 

—  3.0  3.8 


3.5 
3.1 
3.0 


5.5 
4.5 
3.8 


3.8 
3.3 
3.2 


8.0 

5.6  MI-JW 




f0=  10Hz  (Notes  3.6: 
f0=  30Hz  (Notes  3.  6) 
f0=  1000Hz  (Notes 3,  6) 


Input  Noise 

Current  Density  n 


1.7 
1.0 
0.4 


4.0 
2.3 
0.6 


1.7 
1.0 
0.4 


4.0 
2.3 
0.6 


1.7 
1.0 
0.4 


PA/x/hT 


Input  Resistance  — 
Differential-Mode 


(Note  7) 





Input  Resistance  — 
Common-Mode 


Input  Voltage  Range  IVR 


±11.0  ±12.3 


±11.0  ±12.3 


Common-Mode 
Rejection  Ratio 


114 


126 


120 


Power  Supply 
Rejection  Ratio 


Vs  =  +4Vto±18V 


/iWV 


Large-Signal 
Voltage  Gain 


RL>2kn.Vo  =  ±10V 
RL>600qVo  =  ±10V 


1000 
800 


1800 
1500 


1000 
800 


1800 
1500 


700 
600 


1500 


Output  Voltage 
Swing 


V0 


RL>2kfl 

R,  >  eoon 


±12.0 
±10.0 


±13.8 
±11.5 


+  12.0 
+  10.0 


±13.8 
±11.5 


±11.5  ±13.5 
±10.0  ±11.5 


RL>2kfl(Note4| 


Mi  ^  ZKW  (NO 


 1^8_ 


-   17  2.8 


V/„s 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

OP-27A/E 

OP-27B/F 

OP-27C/G 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

MIN       TYP  MAX 

UNITS 

Gain  Bandwidth  Prod. 

GBW 

(Note  4) 

5.0  8.0 

5.6  6.0 

5.0         8.0  — 

MHz 

Open-Loop  Output 
Resistance 

"o 

Vo  =  0,  lo  =  0 

-  ?o 

-  70 

'   -  .       70"  - 

11 

Power  Consumption 

Pd 

v0 



90 

140 

-  90 

140 

-          100  170 

mW 

Oftset  Adjustment 
Range 

Rp  =  10ktl 

—  ±4.0 

—  ±4.0 

—        ±40  - 

mV 

NOTES:  days  are  typically  2.5jiV  -  refer  to  typical  performance  curve. 

1.  Input  offset  voltage  measurements  are  performed  -  0.5  seconds  after  3.  Sample  tested, 
application  of  power.  A/E  grades  guaranteed  fully  warmed-up.  4.  Guaranteed  by  design. 

2.  Long-term  input  offset  voltage  stability  refers  to  the  average  trend  line  of  5.  See  test  circuit  and  frequency  response  curve  for  0.1  Hz  to  10Hz  tester. 
Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation.  6.  See  test  circuit  for  current  noise  measurement. 

excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30  7.  Guaranteed  by  input  bias  current. 

ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±15V,  -55°C  <  TA<  +  125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-27A 
MIN  TYP 

MAX 

OP-27B 
MIN       TYP  MAX 

MIN 

OP-27C 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

(Note  11 



—  30 

60 

-          50  200 

70  300 

*v 

Average  Input 
Offset  Drift 

TCVos 
TCV0Sn 

(Note  2) 
(Note  3) 

 s  

"Tr<  °-2 

0.6 

—         03  1.3 

0.4  1.8 

liV/"C 

Input  Offset  Current 

'os 

15 

50 

-          22  85 

30  135 

nA 

Input  Bias  Current 

*B 

—  ±20 

±60 

—        ±28  ±95 

±35  ±150 

nA 

Input  Voltage  Range 

IVR 

±10.3  ±11.5 

±10.3      ±11.5  - 

±10.2 

±11.5  — 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 

108  122 

100         119  - 

94 

116  - 

IB 

 !  

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5Vto±18V 

nnt-t 

2 

r  i 

16 

—           2  20 

4  5, 

Large-Signal 
voltage  Gain 

AVO 

RL>2kn,Vo  =  ±10V 

600  1200 

500       1000  — 

300 

800  — 

V/mV 

Output  Voltage  ^ 
Swing 

RL>2M1                       ±11.5      ±13.5          —            ±11.0      ±13.2          —  ±10:5 

±13.0  — 



V  ; 

ELECTRICAL  CHARACTERISTICS  at  V 

s  =  ±1 5V,  -25°C sTAi  +85°C for  OP-27J  and  OP-27Z,  0°C  s 

TAs+70°CforOP-27EP, 

A 

fp  ana  -40"c  s 

TA  s  +85°C  for  OP-27GP,  GS,  unless  otherwise  noted 

OP-27E 
MIN  TYP 

OP-27F 

MIN       TYP  MAX 

OP-27G 

TYP  MAX 

PARAMETER 

SYMBOL 

CONDITIONS 

MAX 

MIN 

UNITS 

Input  Olfset  Voltage 

Vos 

-  20 

50 

—           40  140 

55  220 

*v 

Average  Input 

TCVos 

(Note  2) 

—  0.2 

0.6 

—        0.3  1.3 

0.4  1.8 

liV/'C 

Offset  Drift 

TCVOSn 

(Note  3) 

Input  Offset  Current 

'os 

—  10 

50 

-           14  85 

20  135 

nA 

Input  Bias  Current 

Ib 

±14 

±80 

-         ±18  ±9S 

±25  ±150 

nA 

Input  Voltage  Range 

IVR 

±10.5  ±11.8 

±10.5      ±11.8  — 

±10.5 

±11.8  — 

V 

Common-Mode 

Rejection  Ratio 

CMRR 

VCM=±10V 

110  124 

102         121  — 

96 

118  - 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5Vto±18V 

—  2 

15 

-           2  16 

2  32 

,iV/V 

Large-Signal 

RL22kfl.Vo  =  ±10V 

750  1500 

Voltage  Gain 

*VO 

700       1300  - 

450 

1000 

V/mV 

Output  Voltage 

v0 

RL>2l<n 

±11.7  ±13.6 

±11.4      ±13.5  — 

±11.0 

+  133  - 

V 

Swing 

NOTES:  2.  The  TCV0S  performance  Is  within  the  specifications  unnulled  or  when 

1.   Input  offset  voltage  measurements  are  performed  by  automated  test  nulled  with  RP  =  8kn  to  20m  TCVos  ia  100%  tested  for  A/E  grades, 

equipment  approximately  0.5  seconds  after  application  of  power.  A/E  sample  tested  for  B/C/F/G  grades. 

grades  guaranteed  fully  warmed-up.  3.  Guaranteed  by  design. 
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X.  {-)  INPUT 

3.  (+)  INPUT 

4.  V- 

6.  OUTPUT 

7.  V+ 

8.  NULL 


DIE  SIZE  0.109  X  0.0S5  inch,  599S  sq.  mils 
(2.77  x  1.40mm,  3.88  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  = 

±15V,  TA=  25°  C  for  OP-27N,  OP-27G,  and  OP-27GR  dev 

ices;  TA  = 

125° C fori 

3P-27NT  and 

OP-27GT  devices,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-27NT 

LIMIT 

OP-27N  OP-27GT 

LIMIT  LIMIT 

OP-27G 

LIMIT 

OP-27GR 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

(Notel) 

60 

35 

200 

60 

100 

MVMAX 

Input  Offset  Current 

'os 

50 



35 

85 

50 

75 

nA  MAX 



Input  Bias  Current 

lB 

±60 

±40 

±95 

±55 

±80 

nA  MAX 



Input  Voltage  Range 

IVR 

±10.3 

±11 

±10.3 

±11 

±11 

VMIN 

Common-Mode 

CMRR 

V™=  IVR 

108 

114 

100 

106 

100 

dB  MIN 

Rejection  Ratio 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4Vto±18V 

10 

10 

20          ,iV/V  MAX 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kn,  Vo=±10V 
RL>6O0n,  Vo=±10V 

600 

1000 
800 

500 

1000 
800 

700 
600 

V/mV  MIN 

Output  Voltage  Swing  VQ 

RL>2kfl 
RL>600n 

±11.5 

±12.0 
±10.0 

±11.0 

±12.0 
±10.0 

±11.5 
±10.0 

VMIN 

Power  Consumption 

Pa 

v0  =  o 

140 

— 

140 

170 

mW  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-27N 

OP-27G 

OP-27GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average  Input  Offset 

TCV0S  or 

Nulled  or  Unnulled 

0.2 

0.3 

0.4 

|iV/*C 

Voltage  Drift 

TCV0Sn 

Rp=8kflto20kn 







Average  Input  Offset 
Current  Drift 

TCIos 

80 

130 

180 

pA/°C 

Average  Input  Bias 
Current  Drift 



TCIB 

100 

160 

200 

pA/°C 

fQ  =  10Hz 
f0=30Hz 

3.5 

3.5 

3.8 

Input  Noise 
Voltage  Density 

e„ 

3.1 

3.1 

3.3 

nVA/HT 

f0=  1000Hz 

3.0 

3.0 

3.2 

Input  Noise 
Current  Density 

f0=  10Hz 

1.7 

1.7 

1.7 

'n 

fo=30Hz 
f0=  1000Hz 

1.0 
0.4 

1.0 
0.4 

1.0 
0.4 

Input  Noise  Voltage 

"np-p 

0.1Hz  to  10Hz 

0.08 

0.08 

0.09 

(iVp-p 

 1 — 

Slew  Rate 

SR 

■ 

RL>2kfl 

2.8. 

2.8 

2.8 

V/„s 

Gain  Bandwidth  Product 

GBW 

8 



8 

8 

MHz 

NOTE: 



1.   Input  offset  voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power. 

I 

■. 

9-360   OPERATIONAL  AMPLIFIERS 


REV.  A 


ANALOG 


Low  Noise,  Precision,  High  Speed 

,cl  55  5) 





— 





0P37 


FEATURES 

•  Low  Noise   80nV  p-p  (0.1  Hz  to  10Hz) 

  3nV/N/Hz~at  1kHz 

•  Low  Drift    0.2jiV/°C 

•  High  Speed  17V/ijS  Slew  Rate 

 63MHz  Gain  Bandwidth 

•  Low  Input  Offset  Voltage    10^V 

•  Excellent  CMRR  ...  126dB  (Common-Voltage  of  ±  11V) 

•  High  Open-Loop  Gain   1.8  Million 

•  Replaces  725,  OP-05,  OP-06,  OP-07,  AD510,  AD517, 
SE5534  in  Gains  > 5 

•  Available  in  Die  Form 

ORDERING  INFORMATION ' 




Vos  TRIM  1 


PIN  CONNECTIONS 

8_V0s  TRIM 

,+  Vqs  TR1M  LT  • 


OUT 


5  N.C. 


-IN  [T 
+IN  (T 


T}  VOS  TRIM 

Tl  v+ 

^OUT 
T]  N.C. 


TO-99 
(J-Sufflx) 


TA  =  +25^ 
VQSMAX 

<uV) 


PACKAGE 


TO-99 


CERDIP 
8-PiN 


PLASTIC 
8-PIN 


LCC 
20-OONTACT 


OPERATING 
TEMPERATURE 
RANGE 


25 

OP37AJ- 

OP37AZ- 

OP37EP 

OP37BRC/883 

MIL 
IND/COM 
MIL 

25 
60 

OP37EJ 
OP37BJ- 

OP37EZ 
OP37BZ- 

60 

OP37FJ 

OP37FZ 

OP37FP 

IND/COM 

100 

OP37CZ 

OP37GP  I 

MIL 

100 

OP37GZ 

XIND 

100 

OP37GStt 

XIND 

i$  i  I  i 

N.C.  JJ  \n  N.C. 

-in  JJ  [w  v+ 

NX.  JJ  Qb  N.C. 

+IN  JJ  Qs  OUT 

N.C.  JJ  \u  N.C. 

9  ■   u   u  cj 


8-PIN  HERMETIC  DIP 
(Z-Sufflx) 
EPOXY  MINI-DIP 
(P-Sufflx) 

8-PIN  SO 

(S-Sufflx) 


OP-37BRC/883 
LCC  PACKAGE 
(RC-Sufflx) 


For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  pan 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP.  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  package,  contact  your  local 
sales  office. 


GENERAL  DESCRIPTION 

The  OP-37  provides  the  same  high  performance  as  the  OP-27, 
but  the  design  is  optimized  for  circuits  with  gains  greater 
than  five.  This  design  change  increases  slew  rate  to  17V/>sec 
and  gain-bandwidth  product  to  63MHz. 


The  OP-37  provides  the  low  offset  and  drift  of  the  OP-07  plus 
higher  speed  and  lower  noise.  Offsets  down  to  25^V  and  drift 
of  0.6/uV/°C  maximum  make  the  OP-37  ideal  for  precision 
instrumentation  applications.  Exceptionally  low  noise 
(en=3.5nV/VHz  at  10Hz),alow  1/f  noise  corner  frequency  of 
2.7Hz,  and  the  high  gain  of  1 .8  million,  allow  accurate  high-gain 
amplification  of  low-level  signals. 

The  low  input  bias  current  of  ±  10nA  and  offset  current  of  7nA  are 
achieved  by  using  a  bias-current-cancellation  circuit.  Over 
the  military  temperature  range  this  typically  holds  lBand  los 
to  ±20nA  and  15nA  respectively. 

The  output  stage  has  good  load  driving  capability.  A  guaran- 
teed swing  of  ±  10V  into  600n  and  low  output  distortion  make 
the  OP-37  an  excellent  choice  for  professional  audio 
applications. 


SIMPLIFIED  SCHEMATIC 


•  Rl  »  R2  ARE  PERMANENTLY  ADJUSTED 
AT  WAFER  TEST  FOR  MINIMIM 
OFFSET  VOLTAGE 


This  is  an  abridged  data  sheet.  To  obtain  the 
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Sed^thWerm  drift  of  0.2,V/mon,h,  all 
designer  to  achieve  performance  levels  previously  attained 
only  by  discrete  designs. 

Low-cost,  high-volume  production  of  the  OP-37  isachieved  by 
using  on-chip  zener-zap  trimming.  This  reliable  and  stable 
offset  trimming  scheme  has  proved  its  effectiveness  over 
many  years  of  production  history. 

The  OP-37  brings  low-noise  instrumentation-type  perfor- 
mance to  such  diverse  applications  as  microphone,  tape- 
head,  and  RIAA  phono  preamplifiers,  high-speed  signal  con- 
ditioning for  data  acquisition  systems,  and  wide-bandwidth 
instrumentation. 


ABSOLUTE  MAXIMUM  RATINGS  ( 

Supply  Voltage  ±22V 

Internal  Voltage  (Note  1)  ±22V 

Output  Short-Circuit  Duration  Indefinite 

Differential  Input  Voltage  (Note  2)  ±0.7V 

Differential  Input  Current  (Note  2)  ±25mA 

Storage  Temperature  Range  -65°C  to  + 1 50°C 


Operating  Temperature  R 
OP-37A,  OP-37B,  OP-3 
OP-37E,  OP-37F  (J,  Z) 
OP-37E.  OP-37F  (P) ... 
OP-37G(P,  S.J.Z). 


I7C9(J,  Z,  RC)  -55°C  to  +1 25"C 


.-25°C  to  +85°C 
..0°Cto+70,,C 
..-40°Cto+85»C 


Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

Junction  Temperature  -65°Cto  +150°C 


PACKAGE  TYPE 

e|A  (NOTE  3) 

9|C 

UNITS 

TO-99  (J) 

150 

18 

•c/w 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

•c/w 

8-Pin  Plastic  DIP  (P) 

103 

43 

•c/w 

20-Contact  LCC  (RC,  TC) 

98 

38 

•c/w 

8-Pin  SO  (S) 

158 

43 

•c/w 

NOTES: 

1 .  For  supply  voltages  less  than  ±22V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

2.  The  OP-37's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input  voltage 
exceeds  ±0.7V,  the  input  current  should  be  limited  to  25mA. 

3.  ejA  Is  specified  for  worst  case  mounting  conditions,  I.e.,  e|A  is  specified  for 


device  in  socket  tor  TO,  CerDIP,  P-DIP,  and  LCC  packages;  8|A  Is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 
Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-37A/E 
MIN      TYP  MAX 

OP-37B/F 
MIN      TYP  MAX 

OP-37C/G 
MIN      TYP  MAX 

UNITS 

input  Offset  Voltage  Vos 

(Note!) 

,0 

25 

20 

60 

30  100 

uV 

Long-Term  V0S  WTinw 

(Notes  2.  3, 

_ 

0.2 

1.0 

03 

,5 

0  4  ?n 

..V/Mo 

Stability 

Input  Offset  Current 

'OS 

7 

35 



9 

50 

-          12  75 

nA 

Input  Bias  Current 

1 

'b 

±10 

±40 

±12 

±55 

-        ±15  ±80 

nA 

Input  Noise  Voltage 

e„p-p 

0.1Hz  to  10Hz 
(Notes 3,  5) 

0.06 

■ 

0.18                -        0.08  0.18 

—        0.09        0.25  ^Vp-p 

Input  Noise 
Voltage  Density 

fQ=  10Hz  (Note 3 1 
tD  =  30Hz  (Note3l 
f0  =  1000Hz  (Note3l 

3.5 
3.1 
3.0 

5.5 
4.5 
3.8 

3.5 
3.1 
3.0 

5.5 
4.5 
3.8 

-  3.8  8.0 

-  3.3  5.6 

-  3.2  4.5 

hV/n/hT 

Input  Noise 
Current  Density 

f0  =  10Hz  (Notes  3,  6) 
t0  =  30Hz  (Notes  3,  6) 
f0=  1000Hz  (Notes  3,  6i 

1.7 
1.0 
0.4 

4.0 
2.3 
0.6 

1.7 
1.0 
0.4 

4.0 

2.3 
0.6 

-  1.7  '  — 

-  1.0  — 

-  0.4      "  0.6 

pA/vTir 

Input  Resistance  — 
Differential-Mode 

RIN 

(Note  7) 

3 

6 

0.94 

"•■•I 

5          -               0.7            4          -  MO 

Input  Resistance  — 
Common-Mode 

RINCM 

3 

M>< 

2.5 

-            2  — 

Gn 

Input  Voltage  Range 

IVH 

±11.0 

±12.3 

±11.0 

±12.3 

±11 

.0     ±12.3  - 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±11V 

114 

126 

106 

123 

100        120  - 

dB 

Power  Supply 
Rejection  Ratio 

PSSR 

Vs  =  ±4Vto±18V 

,0 

- 

1 

10 

-           2  20 

■ 

,iV/V 

RL>2kn,  V0-±10V 

1000 

1800 

1000 

1800 

700      1500  — 

Large-Signal 

AVO 

RL>ikn,v0  =  ±iov 

800 

1500 

800 

1500 

400       1500  — 
200        500  — 

V/mV 

Voltage  Gain 

RL  =  600fl,  V0  =  ±1V, 
VS  =  ±4V,  (Note  4) 

250 

700 

250 

700 

Output  Voltage 
Swing 

Vo 

RL>2kn 
RL  >  60011 

±12.0 
±10.0 

±13.8 
±11.5 

- 

±12.0 
+  10.0 

±13.8 
±11.5 

±11.5      ±13.5  — 
±10.0      ±11.5  - 

V 

Slew  Rate 

SR 

RL>2kn(Note4) 

11 

11 

11            17  - 

Gain 


Prod. 


'0  = 

«o= 


10kHz  (Note  4) 
1MHz 


45  63 
-  40 


^        'in  _  45 

 i  _  


MHz 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA=  25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL  CONDITIONS 

Ur-iiA/t 
MIN       TYP  MAX 

MIN       TYP      MAX           MIN      TYP      MAX  UNITS 

Open-Loop  Output 
Resistance 

"o          .Vo  O.I^Q 

-jfc        70  - 

-          70          -                            70           -  11 

Power  Consumption 

Pd           v0  =  0 

-         90  140 

-         90        140              -        100        170  mW 

Ottset  Adjustment 
Range 

Rp=10kfj 

-       ±4.0          -               -       ±4.0          -  mV 

NOTES: 


1.  Input  offset  voltage  measurements  are  performed  by  automated  test  days  are  typically  2.5/iV  —  refer  to  typical  performance  curve, 
equipment  approximately  0.5  seconds  after  application  of  power.  A/E  3.  Sample  tested. 

grades  guaranteed  fully  warmed  up.  4.  Guaranteed  by  design. 

2.  Long-term  input  offset  voltage  stability  refers  to  the  average  trend  line  of  5.  See  test  circuit  and  frequency  response  curve  for  0.1  Hz  to  10Hz  tester. 
Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation.  6.  See  test  circuit  tor  current  noise  measurement. 

Excluding  the  initial  hour  of  operation,  changes  in  Vosduring  the  first  30  7.  Guaranteed  by  input  bias  current. 


ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±15V,  -55°  C  <  TA  <  +125°C,  unless  otherwise  noted. 


OP-37A 

OP-37B 

OP-37C 

PARAMETER 

SYMBOL 

CONDITIONS  MIN 

TYP 

MAX 

MIN  TYP 

MAX 

MIN 

TYP 

MAX  UNITS 

Input  Offset  Voltage 

Vos 

i  Note  1 1  — 

30 

60 

-  50 

200 

70 

300  l(1V 

■ 

Average  Input 

TCV0S 

iNote2i 



0.2 

0  6 

'.«     ■  ■■    ~»   0.3— 

-  r.s  - 

0.4 

1.8  ,iV/°C 

■ 

Ollset  Drilt 

TCV0Sri 

i  Note  3 1 

Input  Offset  Current 

•os 

_ 

15 

50 

85 

30 

135  '  nA 

Input  Bias  Current 

<B 

_ 

±20 

±60 

-  ±28 

±95 

±35 

±150          '  nA 

Input  Voltage  Range 

IVR 

±10.3 

±11.5 

±10.3  ±11.5 

±10.2 

±11.5 

-  V 

Common-Mode 

CMRR 

VCM  =  ±10V  108 

122 

100  119 

94 

116 

-  dB 

Rejection  Ratio 



Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5Vto±18V  — 

2 

16 

-  2 

20 

4 

51  „V/V 

Large-Signal 

RL>2kt).  Vo  =  ±10V  600 

1200 

500  1000 

300 

800 

Voltage  Gain 

*VO 

—  V/mV 

niitnut  ufatfiim*  ■'            * ,r  '  i        iDuo-ilt  noilaoilllBuo  k'l  tjjlt)  no  batftd  snorts^3M  aaif&Mn    VU4361 'i  ianoO 

P           9                                R  >2kn                          ±11.5       ±13.5           -              ±11.0      ±13.2  - 
Swing  u 

±10.5 

±13.0           —  V 

ELECTRICAL  CHARACTERISTICS  for  Vs  -  ±1 5V,  -25°C  <  T.  <  +85°C  for  OP-37EJ/FJ  and  OP-37EZ/FZ,  0°C  <  T.  <  +70°C  for 

OP-37EP/FP  and  -40°C  sTAi  +85°  for  OP-37GP/GS/GJ/GZ,  unless  otherwise  noted. 

CONDITIONS  MIN 

OP-37E 

OP-37F 

OP-37G 

to  uqnl  ep«iisvA 

PARAMETER 

SYMBOL 

TYP 

MAX 

MIN  TYP 

MIN 

TYP 

MAX  UNITS 

Input  Offset  Voltage 

Vos 

20 

50 

-  40 

140 

 =— 

55         220  ^V 

Average  Input 
Offset  Drift 

TCVos 
TCVosn 

— 

(Note  2 1 
,No.e3, 

0.6 

0.2 

1    -  0.8" 



0.4 

1.8  WV/°C 

Input  Offset  Current 

'os 

10 

50 

-  14 

85 

20 

135  nA 

Input  Bias  Current 

>B 

 !  

±14 

±60 

-  ±18 

±95 



±25 

±150  nA 

Input  Voltage  Range 

IVR 

±10.5 

±11.8 

±10.5  ±11.8 

±10.5 

±11.8 

.  _  v 

Common-Mode 
Rejection  Ratio  . 

CMRR 

VCM  =  ±10V  110 

124 

102  121 

96 

118 

-  dB 

Power  Supply 
Rejection  Ratio 



PSRR          Vs  =  ±4.5Vto±18V  - 

2 

15 

—  2 

16 

2          32  nWV 

Large-Signal 
Voltage  Gain 

AyO 

HL>2kn,  Vo  =  ±10V  750 

1500 

700  1300 

450 

1000 

—  V/mV 

Output  Voltage 
Swing 

v0 

RL>2kn  +11.7 

±13.6 

■ 

±11.4  ±13.5 

±11.0 

±13.3 

—  :5r(kV. 

NOTES:  2.  The  TCV0S  performance  is  within  the  specifications  unnulled  or  when 
1.   Input  offset  voltage  measurements  are  performed  by  automated  test  nulledwithRP=8knto20kn.TCVOsisl00%testedforA/Egrades,sample 

equipment  approximately  0.5  seconds  after  application  of  power.  A/E  tested  for  B/C/F/G  grades. 

grades  guaranteed  fully  warmed  up.  3.  Guaranteed  by  design. 
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WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA=  25°  C  for  OP-37N,  OP-37G  and  OP-37GR  devices;  TA  = 
OP-37GT  devices,  unless  otherwise  noted. 


125°CforOP-37NT  and 


OP-37NT 

OP-37N  OP-37GT 

OP-37G  OP-37GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT  UNITS 

Input  Offset  Voltage 

vos 

(NoteD 

60 

35 

200 

60 

100      Mv  max 

Input  Offset  Current 

!os 

50 

35 

85 

50 

75        nA  MAX 

Input  Bias  Current 

■a 

±60 

±40 

±95 

±55 

±80        nA  MAX 

Input  Voltage  Range 

IVR 

±10.3 

±11 

±10.3 

±11 

±11  VMIN 

Common-Mode 

108 



Rejection  Ratio 

CMRR 

VCM  =  ±11V 

114 

100 

108 

100         dB  MIN 



Power  Supply 

TA=25°C,  Vs=±4Vto±18V 

10 

10 

10 

10 

20 

Rejection  Ratio 

PSRR 

TA  =  125°C.  Vs  =  ±4.5V  to  ±18V 

16 

20 

— 

(<WV  MAX 

— 

Large-Signal 

Ave 

RL>2kn,  Vo  =  ±10V 

600 

1000 

500 

1000 

700     V/mV  MIN 

Voltage  Gain 

RL>1kn.  Vo=±10V 

800 



Output  Voltage  Swing 

v0 

RL>2kfl 
RL>6O0fl 

±11.5 

±12.0 
±10.0 

±11.0 
— 

±12.0 
+  10.0 

±iao  VMIN 

Power  Consumption  Pd 

Vo  =  0 

140 

140 

170       mW  MAX 

NOTES: 

For  25°  C  characteristiesof  0P-37NT  and  OP-37GT  devices,  see  OP-37N  and 
OP-37G  characteristics,  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  a 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  asembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-37NT 

TYPICAL 

OP-37N 
TYPICAL 

OP-37GT 

TYPICAL 

OP-37G 
TYPICAL 

OP-37GR 

TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S  or 
TCVOSn 

Nulled  or  Unnulled 
RP  =  8kflto20kn 

0.2 

0.2 

0.3 

0.3 

0.4 

(iV/"C 

Average  Input  Offset 

TCIos 

80 

80 

130 

130 

180 

pA/°C 

Current  Drift 

Average  Input  Bias 

TCIB 

100 

100 

160 

160 

200 

pA/'C 

Current  Drift 

Input  Noise 

fo=10Hz 

3.5 
3.1 

3.5 
3.1 

3.5 
3.1 

3.5 
3.1 

3.8 
3.3 

nV/VHT 

Voltage  Density 

e„ 

fo  =  30Hz 
f0- 1000Hz 

3.0 

3.0 

3.0 

3.0 

3.2 

Input  Noise 
Current  Density 

in 

fo=10Hz 
fo=30Hz 

1.7 
1.0 

1.7 
1.0 

1.7 
1.0 

1.7 
1.0 

1-7 
1.0 

pA/vTiT 

fG=  1000Hz 

0.4 

0.4 

0.4 

0.4 

0.4 

Input  Noise  Voltage 

«np-p 

0.1Hz  tolOHz 

0.08 

0.08 

0.08 

0.08 

0.09 

Slew  Rate 

SR 

RL>2kn 

17 

17 

17 

17 

17 

V/MS 

Gain  Bandwidth  Product 

GBW 

f0=  10kHz 

63 

63 

63 

63 

63 

MHz 

1.  Input  offset  voltage  measurements  are  performed  by  automated  I 
equipment  approximately  0.5  seconds  after  application  of  power. 
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High  Speed,  Fast  Settling 
Precision  Operational  Amplifier 


■ 


FEATURES 
Fast 

•  Slew  Rate  50V/(is  Min 

•  Settling-Time  (0.01%)  1(xsMax 

•  Gain-Bandwidth  Product  10MHzTyp 

Precise 

•  Common-Mode  Rejection  88dB  Min 

•  Open-Loop  Gain   500V/mV  Min 

•  Offset  Voltage   750liV  Max 

•  Bias  Current   200pA  Max 

Excellent  Radiation  Hardness 
Available  in  Die  Form 

ORDERING  INFORMATION  ' 


PIN  CONNECTIONS 


N.C. 
+IN 
N.C. 


.  LiJUJLJHNN  n 

T]  \n  N.C. 

7]  Q7  v+ 

7}  [«  n.c.  -' 

7]  [is  OUT 

T\  [u   N.C.  *ip 

o  i  o  -i  o 
z      z  3  i 

(J-Suffix) 

20-CONTACTLCC 


T,  =  25X  

VosMAX 
(mV)  T0-99 


PACKAGE 


CEROIP  PLASTIC 
8-PIN  8-PIN 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


(RC-Suffix) 

NULL  [T  T]  N.C. 

-IN  fT  A.       J]  v* 

+IN  [T  -p^^—  ±]  OUT 
V-  U  T]  NULL 


1.0  OP42AJ* 

0.75  OP42EJ 

1.5  OP42FJ 
5.0 


OP42AZ" 
OP42EZ 
OP42FZ 


OP42GP  OP42GS 


IND 
INO 
XINO 


8-PIN  CERDIP 
(Z  Suffix) 

EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  SO 

(S-Suffix) 

58V/lis  slew  rate  and  is  internally  compensated  for  unity-gain 
operation.  OP-42  speed  is  achieved  with  a  supply  current  of  less 
than  6mA.  Unity-gain  stability,  a  wide  full-power  bandwidth  of 
900kHz,  and  afast  settling-time  of  800ns  to  0.01  %  make  the  OP- 
42  an  ideal  output  amplifier  for  fast  digital-to-analog  converters. 

Equal  attention  was  given  to  both  speed  and  precision  in  the  OP- 
42  design.  Its  tight  750|iV  maximum  input  offset  voltage  com- 
bined with  well-controlled  drift  of  less  than  10u-V/°C  eliminates 
Similar  in  speed  to  the  OP-17,  the  OP-42  offers  a  symmetric      ,ne  need  for  external  nulling  in  many  circuits.  The  OP-42's 

Continued 


"    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter  part 

number.  Consult  factory  lor  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages. 

GENERAL  DESCRIPTION 

The  OP-42  is  a  fast  precision  JFET-input  operational  amplifier. 


SIMPLIFIED  SCHEMATIC 


6 


6 


6 


1 


6 


6 

NULL 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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CMR  combined  with  a  minimum  500V/mV  gain  into  10kQ  load 
ensure  excellent  linearity  in  both  noninverting  and  inverting  gain 
configurations.  The  low  input  bias  and  offset  currents  provided 
by  the  JFET  input  stage  suit  the  OP-42  for  use  in  high-speed 
sample  and  hold  circuits,  peak  detectors,  and  log  amplifiers. 
Excellent  radiation  hardness  characteristics  make  the  OP-42 
ideal  for  military  and  aerospace  applications. 

The  OP-42  conforms  to  the  standard  741  pinout  with  nulling  to 
V-.  The  OP-42  upgrades  the  performance  of  circuits  using  the 
AD544,  AD61 1 ,  AD71 1 ,  and  LF400  by  direct  replacement.  In 
circuits  without  nulling,  the  OP-42  offers  an  upgrade  for  designs 
using  the  OP-16,  OP-17,  LT1022,  LT1056,  and  HA2510. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Input  Voltage  (Note  2)  ±20V 

Differential  Input  Voltage  (Note  2)  40V 

Output  Short-Circuit  Duration  Indefined 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-42E 

OP-42F 

OP-42G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX  MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

vos 

- 

0.3 

075 

- 

0.4 

1.5 

1.5 

50 

mV 

Input  Bias  Current 

lR 

B 

V.u  =  0V  T=25°C 

CM  J 

80 

200 

130 

250 

130 

250 

pA 

Input  Offset  Current 

'os 

vcM  =  0VV25°c 

- 

4 

40 

- 

6 

50                           6        50  pA 

Input  Voltage  Range 

IVR 

(Notel) 

±11 

+12.5 
-12.0 

- 

±11 

+12.5 
-12.0 

±11 

+  12.5 

-12.0 

V 

Common-Mode 
Rejection 

CMR 

vcm  =  *11v 

88 

98 

_ 

80 

92 

80 

92 

dB 

Power-Supply 

Qaior-tinr,  Satin 

PSRR 

vs  =  ±10V 

to  ±20V 

9 

40 

12 

50 

12 

50 

uV/V 

Large-Signal 
Voltage  Gain 

RL  = 10kQ 

RL  =  2kSJ  *0-*°V 

RL  =  tko  Tr25C 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

V/mV 

Output  Voltage 
Swing 

vo 

RL  =  1kQ 

±11.5 

+12.5 
-11.9 

±11.5 

+12.5 
-11.9 

±11.5 

+12.5 
-11.9 

V 

Short-Circuit 
Current  Limit 

>sc 

Output  Shorted 
to  Ground 

±20 

+33 
-28 

±60 

±20 

+33 
-28 

±60  ±20 

+33 
-28 

±60 

mA 

Supply  Current 

'sv 

No  Load 
v0  =  ov 

5.1 

60 

5.1 

6.5                -  5.1 

6.5 

mA 

Slew  Rate 

SR 

50 

58 

40 

50 

40 

50 

V/us 

Full-Power 
Bandwidth 

BWp 

(Note  2) 

750 

900 

600 

800 

600 

800 

kHz 

Gain-Bandwidth 
Product 

GBW 

f0  =  10kHz 

10 

10 

10 

MHz 

Settling  -Time 

10V  Step  0.01% 
(Note  3) 

0.8 

1.0 

0.9 

0.9 

1.2 

us 

Overload  Recovery 
Time 

'on 

700 

700 

700 

ns 

Phase  Margin 

♦o 

Odb  Gain 

47 

47 

47 

-  d 

agrees 

Gain  Margin 

Ateo 

1 80*  Open-Loop 
Phase  Shift 

9 

- 

9 

9 

dB 

Capacitive  Load 
Drive  Capability 

CL 

Unity-Gain  Stable 
(Note  4) 

100 

300 

100  300 

100 

300 

PF 

OP42E,  F  (J,  Z)  -25°C  to  +85°C 

OP42G  -40°C  to  +85°C 

Junction  Temperature  -65°C  to  +175°C 

Lead  Temperature  Range  (Soldering,  60  sec.)  +300°C 


PACKAGE  TYPE 

9|A(NOTE3) 

eic 

UNITS 

TO-99  (J) 

150 

18 

°C/W 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

°c/w 

8-Pin  Plastic  DIP  (P) 

103 

43 

°c/w 

20-Contact  LCC  (RC.TC) 

98 

38 

•c/w 

8-Pin  SO  (S) 

158 

43 



,cw  



NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


otherwise  noted. 

2.  For  supply  voltages  less  than  ±20V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  e|A  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  TO.  CERDIP,  P-DIP.  and  LCC  packages;  8]A  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  Continued 


OP-42E 

OP-42F 

0P-42G 

UNITS 

PARAMETER  SYMB 

OL  CONDITIONS 

MIN 

TYP  1 

.AX 

MIN         TYP  MAX 

MIN 

TYP  MAX 

Differential  Input 
Impedance  'N 

- 

10,s||6 

- 

-  10'2||6 

- 

10u||6 

0||pF 

Open-Loop 
Output  Resistance  ° 

- 

50 

- 

50 

- 

50 

o 

Voltage  Noise 

0.1Hz  to  10Hz 

- 

2 

- 

-           2  - 

- 

2 

*VP-P 

Voltage  Noise 

'o  10HZ 
f0  =  100Hz 

- 

38 
16 

- 

38 

-         16  - 

— 
- 

38  — 
16 

nV/v^Hz" 

Density  9" 

f0  =  1kHz 
f0  =  10kHz 

13 
12 

— 

— =j  T3   -- 

12 

13 
12 

Current  Noise 
Density 

f0  =  1kHz 

0007 

-  0.007 

0.007 

pAMtl 

External  VQS 
Trim  Range 

Rpo,  =  20kQ 

4 

-           4  - 

4 



mV 

Long-Term 

5 

-          5  - 

5 

uV/month 

VQS  Drift 

Supply  Voltage  Range  Vs 

±8 

±15 

±20 

±8       ±15  ±20 

±8 

±15  ±20 

V 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  by  slew-rate  test  and  formula  BWp  =  SR/(2k1 0VPEAK). 

3.  Settling-time  is  sample  tested  tor  A  ai 
Figure  4.  Settling-time  for  F  grade  Is  c 

id  E  grades.  Test  circuit  is  s 
luaranteed  but  not  tested. 

hown  in 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  *15V,  TA  =  +25°C, 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

coNDmoNS 

MIN 

OP-42A 
TYP 

MAX 

UNITS 

Offset  Voltage 

vos 

0.3 

1.0 

mV 

Input  Bias  Current 

'b 

VCM  =  0VT|  =  25'C 

80 

200 

OA 

Input  Offset  Current 

'os 

VCH  =  0VT|  =  25-C 

* 

40 

DA 
PH 

Input  Voltage  Range 

IVR 

(Notel) 

±11 

+12.5 
-12.0 

_ 

V 

Common-Mode 
Rejection 

CMR 

ve;,-«itv 

86 

98 



dB 

Power-Supply 

PSRR 

VS  =  ±10V 
tO±20V 

9 

40 

uV/V 

Rejection  Ratio 

RL  =  1 0kQ 

RL  =  2kQ  v 

RL  =  1kQ 

500 
200 
100 





Large-Signal 
Voltage  Gain 

*vo 

Q=*10V 
•  25#C 

900 
260 
170 

V/mV 

Output  Voltage 
Swing 

vo 

RL  =  1kO 

±11.5 

+12.5 
-11.9 

V 

Short-Circuit 
Current  Limit 

'sc 

Output  Shorted 
to  Ground 

±20 

+33 
-28 

±60 

mA 

Supply  Current 

'sY 

No  Load 

Vo  =  0V 

5.1 

8.0 

mA 

Slew  Rate 

SR 

45 

52 

V/us 

Full-Power 
Bandwidth 

BWp 

(Note  2) 

700 

850 

kHz 



Gain-Bandwidth 
Product 

GBW 

f0  =  10kHz 

10 

MHz 

10V  Step  0.01% 
(Note  3) 

Settling  -Time 

«. 

0.8 

1.0 

Overload  Recovery 
Time 

700 

ns 

Phase  Margin 

♦o                                 0db  Galn 

47 

decrees 
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ELECTRICAL  CHARACTERISTICS  at  V„  =  ±15V,  T.  =  25°C,  unless  otherwise  noted.  Continued 

 S  A  


PARAMETER 


SYMBOL 


CONDITIONS 


UNITS 


1 80°  Open-Loop 

- 





fiain  Margin 
VjdlM  maFyill 

"l  80 

Phase  Shift 

9 

dB 

Capacitive  Load 

Unity-Gain  Stable 

Drive  Capability 

c 

L 

(Note  4) 

100 

300 

oF 

Differential  Input 
Impedance 

7 

£IN 

- 

QlInF 

Open-Loop 
Output  Resistance 

p 

50 

o 
M 



Voltage  Noise 

,                       0  1Hzto10Hz 



2 



Voltage  Noise 
Density 

% 

f0  =  10Hz 
f0  =  100Hz 

- 

38 
16 
13 

nV^/Hz 

f0  =  1kHz 
f0  =  10kHz 

■ 

12 

Current  Noise 

Density 

in 

f0  =  1kHz 

0.007 

paVhI 

External  VQS 
Trim  Range 

Rp<>1  =  20kO. 

4 

mV 

Long-Term 
vos  °"n 

5 

„V/mon.h 

Supply  Voltage  Range 

20 

NOTES: 

1 .  Guaranteed  by  CMR  test. 

2.  ( 


3  Settling-time  is  sample  tested  tor  A  and  E  grades.  Test  circuit  is  shown  in 
Figure  4.  Settling-time  for  F  grade  is  guaranteed  but  not  tested. 
1  but  not  tested. 


Figun 
4  Guara 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -25°C  «TAi  85°C  for  E/F  grades,  and  ^»0°C  s  TA  s  +85°C  for  G  grade, 
unless  otherwise  noted. 


OP-42E 

OP-42F 

OP-42G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP  1 

AAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

0.4 

1.2 

0.6 

2.5 

2.0 

6.0 

mV 

OtfSAt  VnltanA 

Temperature 
Coefficient 

TCVOS 

4 

10 

8 

8 

_ 

|iV/°C 

Input  Bias  Current 

'b 

(Note  1) 

0.5 

1.2 

0.6 

2.0 

0.6 

2.0 

nA 

(Note  f) 

_  n 

0.2 

0.06 

0.4 

0.06 

0.4 

nA 

'os 

Input  Voltage  Range 

IVR 



(Note  2) 

±11 

+  12.5 
-12.0 

~ 

±11 

+12.5 
-12.0 

±11 

+  12.5 
-12.0 

v 

Common-Mode 
Rejection 

CMR 

86 

96 

80 

94 

80 

94 



dB 



Power-Supply 
Rejection  Ratio 

PSRR 

VS  =  ±10V 
to  ±20V 

2 

40 

6 

50 

6 

50 

(iV/V 

Large-Signal 
Voltage  Gain 

Ave 

)  200 
0V  100 

500 
160 

200 
100 

500 
160 

200 
100 

500 
160 

V/mV 

Output  Voltage 
Swing 

v0 

RL  =  2kQ 

±11.0 

+  12.3 
-11.8 

±11.0 

+12.3 
-11.8 

±11.0 

+12.3 
-11.8 

V 

Short-Circuit 
Current  Limit 

Output  Shorted 
to  Ground 

±8 

±60 

±8 

±60 

±8 

±60 

mA 

Supply  Current 

No  Load 

v0  =  ov 

5.1 

6.0 

5.1 

6.5 

5.1 

6.5 

mA 

Slew  Rate 

SR 

RL  =  2kQ 

45 

57 





40 

50 

40 

50 

V/us 

Capacitive  Load 
Drive  Capability 

CL 

Unity-Gain  Stable 
(Note3) 

100 

250 

100 

250 

100 

250 

PF 

NOTES: 

1  T  _  new  <Ar  c/c/ri  r*.~A 

2.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vg  =  *15V,  -55°C  *  Tj 

C»or  A 

grade,  unless  otherwise  noted. 

OP-42A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

Offset  Voltage 

vos 

- 

0.5 

2.0 

mV 

Offset  Voltage 
Temperature 
Coefficient 

TCVOS 

- 

4 

10 

uvrc 

Input  Bias  Current 

'b 

(Note  1) 

- 

6 

20 

nA 

Input  Offset  Current 

I  

OS 

(Note  1 ) 

 7^  

0.2 

1.0 

nA 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

+12.5 
-12.0 

V 

Vtffl  i  * 

Common-Mode 
Rejection 

CMR 

VCH  =  ±11V 

80 

94 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

V8  =  ±10V 
to  ±20V 

10 

50 

i»wv 



Large-Signal 
Voltage  Gain 



RL  =  iOkQ  (Notel) 
RL  =  2KO  Vo*±10V 

\o 

'  60 
80 

350 
110 

V/mV 

Output  Voltage 
Swing 

vo 

RL  =  2kQ 

±11.0 

♦  12.3 
-11.8 

V 

Short-Circuit 
Current  Limit 

'sc 

Output  Shorted 
to  Ground 



±8 

±60 

mA 



Supply  Current 

'■V 

No  Load 

v0  =  ov 

_ 



5.1 

8.0 

mA 

Slew  Rate 

SR 

RL  =  2kO 

40 

52 

V/us 

Capacitlve  Load 
Drive  Capability 

CL 

Unity-Gain  Stable 
(Note  3) 

100 

250 

pF 

NOTES: 

1 .  T,  =  85*C  for  E/F  Grades;  Tj 

2.  Guaranteed  by  CMR  test. 
3  Guaranteed  but  not  tested. 

=  125*CforAgrade. 

■ 

- 

■ 

- 


oiTAM3Hoe  tsamitmt 
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FEATURES 

•  Outstanding  Gain  Linearity 

•  Ultra  High  Gain  


PIN  CONNECTIONS 


5000V/mV  Min 


Excellent  TCV„ 


Low  Vos  Over  Temperature  60nV  Max 

.  0.3m V/°C  Max 

 3uV7V  Max 

 60mW  Max 


HighPSRR  

Low  Power  Consumption  ... 
Fits  OP-07, 725, 108 A/308 A,  741  Sockets 
Available  in  Die  Form 


Vos  TRIM  [T    «*'      JJ  Vos  TRIM 
-""LI  T_J^  3V* 

v-|T  7]  n.c. 


EPOXY  MINI-DIP  (P-Sutflx) 

8-PIN  HERMETIC  DIP  MN 
(Z-Sufllx) 


ORDERING  INFORMATION ' 


8-PIN  SO 


PACKAGE 



OPERATING 

(S-Suffix) 

CERDIP 

PLASTIC 

LCC 

TEMPERATURE 

2  :P  2  :?  2 

TO-99 

8-PIN 

8-PIN 

20-PIN 

RANGE 

NC 

f  [jjiiJUHlHlS 
3  L» 
3  Is 
3  L» 

KC 

OP77AJ- 
OP77EJ 

OP77AZ" 
OP77EZ 

MIL 
IND 

-IN 
MC 

V+ 
NC 

OP-77BRC/883 
LCC 

OP77BJ- 
OP77FJ 

OP77BZ- 
OP77FZ 

OP77BRC/883 

MIL 
IND 

+IN 
HC 

3  g 

OUT 
MC 

(RC-Suffix) 

OP77FP 
OP77GP 

COM 
COM 
COM 

•\.I'II-II"II"II"IX 

y  i  a  a  a 

OP77GS" 

OP77HP 

XIND 

OP77HS" 

XIND 

For  devices  processed  in  total  compliance  to  MIL-SDT-883.  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


GENERAL  DESCRIPTION 

The  OP-77  significantly  advances  the  state-of-the-art  in  preci- 
sion op  amps.  The  OP-77's  outstanding  gain  of  10,000,000  or 
more  is  maintained  over  the  full  ±1 0V  output  range.  This  excep- 
tional gain-linearity  eliminates  incorrectable  system  nonlineari- 
ties  common  in  previous  monolithic  op  amps,  and  provides 


superior  performance  in  high  closed-loop-gain  applications. 
Low  initial  Vos  drift  and  rapid  stabilization  time,  combined  with 
only  50mW  power  consumption,  are  significant  improvements 
over  previous  designs.  These  characteristics,  plus  the  excep- 
tional TCV0S  of  0.3u.V/°C  maximum  and  the  low  VQS  of  25uV 
maximum,  eliminates  the  need  for  VQS  adjustment  and  in- 
creases system  accuracy  over  temperature. 

PSRR  of  3uV/V  (1 1 0dB)  and  CMRR  of  1 .0|iV/V  maximum  virtu- 
ally eliminiate  errors  caused  by  power  supply  drifts  and  com- 
mon-mode signals.  This  combination  of  outstanding  character- 
istics makes  the  OP-77  ideally  suited  for  high-resolution  instru- 
mentation and  other  tight  error  budget  systems.  Continued 

SIMPLIFIED  SCHEMATIC 


This  is  an  abridged  data  sheet.  To  obtain  the  most  reel 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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This  product  is  available  in  six  standard  grades  and  five  stan- 
dard packages:  the  TO-99  can,  the  8-pin  mini-DIP  in  ceramic, 
SO  or  epoxy,  and  the  20-contact  LCC. 

The  OP-77  is  adirect  or  upgrade  replacement  for  the  OP-07, 05, 
725,  or  108A  op  amps.  741 -types  can  be  replaced  by  eliminat- 
ing the  Vos  adjust  pot.  For  higher  precision  performance  referto 
OP-177. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  1 )  ±22V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J,  Z,  and  RC  Packages  -65"C  to  +150°C 

P  Package  -65°C  to  +1 25°C 

Operating  Temperature  Range 

OP-77  A,  OP-77B  (J,  Z,  RC)  -55°C  to  +125°C 

OP-77E,  OPP-77F  (J,  Z)  -25°Cto  +85°C 


OP-77E,  OP-77F,  OP-77G  (P,  S)  

/~\D  77U  /D    C\           -  - 

 0°C  to  70° 

-40°Cto  +85°C 

Innptinn  Tomnorsitiira  IT  ) 
vui  iviiui  i  i  vi  i  ipoi  aiui  o  V   i/  * 

-65°Cto+150C 

Lead  Temperature  (Solderi 

no  60  sec  ) 

 +300  C 

PACKAGE  TYPE 

e)4(Note3) 

eic 

UNITS 



TO-99  (J) 

150 

18 

•c/w 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

°c/w 

8-Pin  Plasiic  DIP(P) 

103 

43 

•c/w 

20-Contact  LCC  (RC,  TC) 

98 

38 

•c/w 

8-Pin  SO  (S) 

158 

43 

°c/w 

NOTES: 

1 .  For  supply  voltages  less  than  ±22V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

3.  .  is  specified  for  worst  case  mounting  conditions,  i.e.,  e.A  is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  SjA  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  V.  =  ±15V,  T.  -  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-77A 
TYP 

MAX 

MIN 

OP-77B 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

10 

25 

20 

60 

uV 

Long-Term  Input  Off  set 



AU  (Tim. 



Voltage  Stability 

AVosmme 

(Note  1) 

0.2 

0.2 

|iV/Mo 

Input  Offset  Current 

l„. 

OS 

0.3 

^s 

0.3 

2.8 

nA 

Input  Bias  Currant 

8 

-0.2 

1.2 

2.0 

-0.2 

1.2 

2.8 

nA 

Input  Noise  Voltage 

*np-p 

0.1Hz  to  10Hz  (Note  2) 

0.35 

0.6 

0.35 

0.6 

uVp-p 

Input  Noise  Voltage  Density 

•» 

fo.10Hz(Note2) 
fQ  -  100Hz  (Note  2) 
fQ  -  1000Hz  (Note  2) 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

V/-/HZ 

Input  Noise  Current 

0.1Hz  to  10Hz  (Note  2) 

14 

30 

14 

30 

pAp-p 



Input  Noise  Current  Density 

f0»  10Hz  (Note  2) 
f0  =  100Hz  (Note  2) 
f0-  1000Hz  (Note  2) 

0.32 
0.14 
0.12 

0.80 
0.23 
0.17 

0.32 
0.14 
0.12 

0.80 
023 
0.17 

pA/v'Hz" 

Differential-Mode 

RIN 

(Note  3) 

26 

45 

'8  5 

45 

MQ 

Input  Resistance  - 
Common-Mode 

RINCM 

1 

200 

200 

GO. 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM.±13V 



0.1 

1.0 

0.1 

1.0 

(I.V/V 

Power  Supply  Rejection  Ratio 

PSRR 

V_-±3Vto±18V 

0.7 

3 

0.7 

3 

(lV/V 

Large-Signal  Voltage  Gain 

Avo 

RL2  2kn,VO-±10V 

5000 

12000 

2000 

8000 

V/mV 

Output  Voltage  Swing 

vo 

RL*ioi<n 

R,  2  2kQ 
RL21kO. 

±13.5  ±14.0 
±12.5  ±13.0 
±12.0  ±12.5 

±13.5 
±12.5 
±12.0 

±14.0 
±13.0 
±12.5 

Slew  Rate 

SR 

RL2  2kQ  (Note  2) 

0.1 

0.3 

0.1 

0.3 

V/us 

Closed-Loop  Bandwidth 

BW 

AVCL.+1(Note2) 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

"o 

60 

60 

a 

Power  Consumption 

p« 

Vs.±15V,NoLoad 
Vs.  13V,  No  Load 

50 
3.5 

60 
4.5 

50 
35 

60 
4,5 

mW 

Offset  Adjustment  Range 

Rp-20kQ 

±3 

±3 

mV 

NOTEST 
1 .  Long-Term  Input  Offset  V 


VQS  vs  Time  over  extended  periods  after  the  first  30  days  of  operation. 


i  trend  line  of 


Excluding  the  initial  hour  of  operation,  changes  in  Vosduring  the  first  30  oper- 
ating days  are  typically  2.5uV. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 
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ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  -55°  C  <  TA<  +125°C,  unless  otherwise  noted. 


'<          CQND  T[ONS 

MIN 

OP-77A 

MAX 

OP-77B 

MAX 

UNITS 

PARAMETER 

TYP 

MIN 

TYP 

Input  Offset  Voltage 

Vos  . 

_ 

25 

60 

45 

120 

fV 

Average  Input  Offset 

TCV0S 

(Note  1) 

0.1 

03 

0.2 

0.6 

iM/°C 

Voltage  Drift 

Input  Offset  Current 

'os 



0.5 

2.2 

0.5 

4.5 

nA 

Average  Input  Offset  Current 

TCI0S 

(Note  j;J 

1.5 



25 

 — 



1.5 



50 

pA/°C 

Drift 

Input  Bias  Current 

>B 

-0.2 

2.4 

-0.2 

2.4          6  nA 

Average  Input  Bias  Current 
Drift  B 

(Note  2) 

_ 

8 

25 

-  15 

35 

pATC 

Input  Voltage  Range 

IVR 

±13 

±13.5 

±13 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  ±13V 



0.1 

1.0 

0.1 

3 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=  ±3V  to  ±  18V 

1 

1 

5 

„MI\I 

Large-Signal  Voltage  Gain 

Avo 

RL>2kll.  Vo  =  ±10V 

2000 

6000 

1000 

4000 

V/mV 

Output  Voltage  Swing 

v0 

RL>2kll 

±12 

±13.0 

±12 

±13.0 

V 

Power  Consumption 

Pd 

VS  =  ±15V,  No  Load 

 5  

 — 

50 

75                -         60  75 

mW 

NOTES: 

1.  OP-77A:  TCVos  is  100%  tested. 

2.  Guaranteed  by  end-point  limits. 


TYPICAL  OFFSET  VOLTAGE  TEST  CIRCUIT 




TYPICAL  LOW-FREQUENCY  NOISE  TEST  CIRCUIT 




OPTIONAL  OFFSET  NULLING  CIRCUIT 


_  L 

^4. 

OP-77 

0  

INPUT 

*  a 

o  

( 

>V- 




— 
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ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN 

OP-77F 
TYP  MAX 

MIN 

°^Gm1x 

UNITS 

input  unset  voiiage 

vOS 

10 

25 

20  60 

50 

 100 



Long-Term  Vos 
Stability 



Vos/Time 

(NoteD 

0.3 

-  0.4 

0.4 

„V/Mo 

Input  Offset  Current 



0.3 

1.5 

0.3 

2.8 

0.3 

2.8 



nA 

'os 

Input  Bias  Current 

'b 

 1  

-0.2 

1.2 

2.0 

-0.2 

1.2 

2.8 

-0.2 

1.2 

2.8 



nA 

Input  Noise  Voltage 

enp-p 

0.1Hz  (o  10Hz 
(Note  2) 

0.35 

0.6 

0.38 

0.65 

-  0.38 

0.65  mVo-o 



Input  Noise 

fQ  =  10Hz 

f0  =  100Hz  (Note  2) 
f0  =  1000Hz 

10.3 

18.0 
13.0 
11.0 

10.5 
10.2 
9.8 

20.0 
13.5 
11.5 

10.5 
10.2 
9.8 

20.0 

Voltage  Density 

e„ 

10.0 
9.6 

13.5 
11.5 

nV/\/Hz 

Input  Noise  Current  inp_p 

0.1Hz  to  10Hz 
(Note  2) 

— 

14 

30 

15 

35 

15 

35 

pAp-p 

Input  Noise 

'n 

fo  =  10Hz 

f0  =  100Hz  (Note  2) 
f0  =  1000Hz 

0.32 
0.14 

0.12 

0.80 
0.23 
0.17 

0.35 
0.15 
0.13 

0.90 
0.27 
0.18 

0.35 
0.15 
0.13 

0.90 
0.27 

pA/s/Hz 

Current  Density 

0.18 

Input  Resistance  — 
Differential-Mode 

R|N 

(Note  3) 

26 

45 

18.5 

45 



18.5 

45 

Mil 

Input  Resistance  — 
Common-Mode 

RINCM 

_ 

200 

200 

200 

Gfl 

Input  Voltage  Range 

IVR 

±13 

+  14 

±13 

±14 

±13 

±14 



V 



Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±13V 

0.1 

1.0 

0.1 

1.6 

0.1 

1.6 

m 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±3V  to  ±  18V 

0.7 

3.0 

0.7  3.0 

—        0.7        3.0  jiV/V 

Large-Signal 

Avo 

RL>2kn, 

5000 

12000 

2000 

6000 

_ 

V/mV 

Voltage  Gain 

Vo=±10V 

Output  Vottage 
Swing 

Vo 

RL>  10kfl 
RL>2kfl 
RL>  1kfl 

±13.5 
±12.5 
±12.0 

±14.0 
±13.0 
±12.5 

±13.5 
±12.5 
±12.0 

±14.0 
±13.0 
±12.5 

±13.5 
±12.5 
±12.0 

+  14.0 
±13.0 
±12.5 

V 

Slew  Rate 

SR 

RL>2kfl(Note2) 

0.1 

0.3 

0.1 

0.3 

0.1 

0.3 

Closed- Loop 

BW 

AVCL=+1 

0.4 

0.6 

0.4 

0.6 

0.4 

0.6 

MHz 

Bandwidth 

(Note  2) 

Open-Loop  Output 
Resistance 

Ro 

60 

-  60 

60 

n 

Power  Consumption 

Pd 

VS  =  ±15V,  No  Load 
VS  =  ±3V.  No  Load 

50 
3.5 

60 
4.5 

50 
3.5 

60 
4.5 

50 

3.5 

60 
4.5 

mW 

Offset  Adjustment 
Range 

Rp=20kfl 

±3 

±3 

K%  i 

±3 

— 

mV 

NOTES: 

1.  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line 
of  Vosvs.  Time  overextended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  Vosduring  the  first  30 
operating  days  are  typically  2.5„V. 

3    GuTrantreo^by  design 
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Input  Offset  Voltage 

vos 

%J ,  i-  r  aLftayoo 

10 

45 

20 

100 

liV 

P  Package 

10 

55 

20 

100 

80 

150 

Average  Input  Offset 
Voltage  Drift 

J, Z Packages  ....  " 

0.1 

0.3 

0.2 

0.6 

nWC 

P  Package  (No,e1) 

0.3 

0.6 

0.4 

1.0 

0.7 

1.2 

input  unset  uurrem 

'os 

0.5 

2.Z 

0.5 

4.5 

0.5 

4.5 

nA 

Average  input  unset 
Current  Drift 

™os 

(Note  2) 

1.5 

40 

1.5 

85 

1.5 

85 

pATC 

-0.2 

2.4 
_ 

4.0 
_ 

-0.2 

2.4 



6.0 

6.0 
±6.0 

Input  Bias  Current 

'b 

E,  F,  G  Grades 
H  Grade 

-0.2 

2.4 

nA 

Average  Input  Bias 
Current  Drift 

TCIB 

(Note  2) 

8 

40 

15 



60 



15 

60 

PA/-C 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

±13.0 

±13.5 

V 

Common-Mode 

CMRR 

VCH  =  ,13V 

0.1 

1.0 

0.1 

3.0 

0.1 

3.0 

uV/V 

Power  Supply 

PSRR 

Vs=*3Vto±18V 



1.0 

3.0 



1.0 



5.0 



1.0 

5.0 

ttV/V 

Rejection  Ratio 

Large-Signal 
Voltage  Gain 

^VO 

RL»2kO 
VQ=±10V 

2000 

6000 

1000 

4000 

1000 

4000 

V/mV 

Output  Voltage 
Swing 

vo 

RL  >  2kQ 

±12 

±13.0 

±12 

±13.0 

±12 

±13.0 

V 

Power  Consumption 

VS  =  ±15V,  No  Load 

60 

75 

60 

75 

60 

75 

mW 

NOTES: 





2.  Guaranteed  by  end-point  limits. 

on  J  and  Z  packages. 

OPEN-LOOP  GAIN  LINEARITY 


-LV|N-"< 

1  II 


NOTES: 

1.  GAIN  NOT  CONSTANT  CAUSES  NONLINEAR  ERRORS. 


2.  Av0  SPEC  IS  ONLY  PART  OF  THE  SOLUTION 

3.  CHECK  YOUR  OP  AMP 


ESPECIALLY  AT  TEMPERATURES. 


AVQ  -  10.00OV/mV 
R,  -  2kSl 


OP-77 


I -10V  !» 





Actual  open-loop  voltage  gain  can  vary  greatly  at  various  output 
voltages.  All  automated  testers  use  end-point  testing  and  there- 
fore only  show  the  average  gain.  This  causes  errors  in  high 
closed-loop  gain  circuits.  Since  this  is  so  difficult  for  manufac- 
turers to  test,  you  should  make  your  own  evaluation.  This  simple 
test  circuit  makes  it  easy.  An  ideal  op  amp  would  show  a  hori- 
zontal scope  trace. 


This  is  the  output  gain  linearity  trace  for  the  new  OP-77.  The 
output  trace  is  virtually  horizontal  at  all  points,  assuring  ex- 
tremely high  gain  accuracy.  The  average  open-loop  gain  is  truly 
impressive  -  approximately  1 0,000,000. 
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Precision,  Low  Voltage  Micropower 
Operational  Amplifier 





0P90 


FEATURES 

•  Single/Dual  Supply  Operation   +1 .6V  to  +36V 

+0.8Vto±18V 

•  True  Single-Supply  Operation;  Input  and  Output 
Voltage  Ranges  Include  Ground 

•  Low  Supply  Current  20iiA  Max 

•  High  Output  Drive  5mA  Min 

•  Low  Input  Offset  Voltage  150nV  Max 

•  High  Open-Loop  Gain    700V/mV  Min 

•  Outstanding  PSRR   5.6fj" 

•  Standard  741  Pinout  with  Nulling  to  V- 

•  Available  in  Die  Form 


3  U. 


-iK  EE  -f-N>^  jD 
•in  rr  -Lf"^  2  0UT 
v-  IT  TJ  Vo,  hull 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 

8-PIN  EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  SO  (S-Suffix) 


PIN  CONNECTIONS 

i  i 

K.C.    H  QI  H.C. 

-tw  7]  [w  v. 

H.c.  g  [»  nt 

•  IN    7]  [Ts  OUT 

N.C.    ■]  [m  NX. 


OP-90  ARC/883 
LCC(RC-Suffix) 


GENERAL  DESCRIPTION 

The  OP-90  is  a  high  performance  micropower  op  amp  that 
operates  from  a  single  supply  of  +1.6V  to+36V  or  from  dual 
supplies  of  ±0.8  to  ±18V.  Input  voltage  range  includes  the 
negative  rail  allowing  the  OP-90  to  accommodate  input 
signals  down  to  ground  in  single  supply  operation.  The 
OP-90's  output  swing  also  includes  ground  when  operating 
from  a  single  supply,  enabling  "zero-in,  zero-out"  operation. 

The  OP-90  draws  less  than  20^A  of  quiescent  supply  current, 
while  able  to  deliver  over  5mA  of  output  current  to  a  load. 
Input  offset  voltage  is  below  150/iV  eliminating  the  need  for 
external  nulling.  Gain  exceeds  700,000  and  common-mode 
rejection  is  better  than  100dB.  The  power  supply-rejection 
ratio  of  under  5.6mV/V  minimizes  offset  voltage  changes 
experienced  in  battery  powered  systems. 

The  low  offset  voltage  and  high  gain  offered  by  the  OP-90 
bring  precision  performance  to  micropower  applications. 
The  minimal  voltage  and  current  requirements  of  the  OP-90 

SIMPLIFIED  SCHEMATIC 


suit  it  for  battery  and  solar  powered  applications,  such  as 
portable  instruments,  remote  sensors,  and  satellites. 

ORDERING  INFORMATION  1 


PACKAGE 

TA  =  25°C 
VosMAX 
(mV) 

CERDIP 
8-PIN 

PLASTIC 
8-PIN 

LCC 
20-CONTACT 

OPERATING 
TEMPERATURE 
RANGE 

150 
150 

OP90AZ* 
OP90EZ 

- 

OP90ARC/883 

MIL 
IND 

250 
450 
450 

OP90FZ 

OP90GP 

IND 
XIND 
XIND 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP  plastic  DIP,  and  TO-can  packages, 
tt    For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
office. 


tt   For  availa 
your  local 


6 


6 


6 


6 


6 


6 


=r    6  0 


This  is  an  abridged  data  sheet.  To  obtain  the  n 
complete  data  sheet,  call  our  fax  retrieval  syste 


.  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Differential  Input  Voltage  [(V-)  -  20V]  to  [(V+)  +  20V] 

Common-Mode  Input  Voltage 

.[(V-)- 20V]  to  [(V+)  +  20V] 


Junction  Temperature  (Tj)  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 


UNITS 


B-Pin  Hermetic  DIP  (Z) 


148 


16 


•C/W 


Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

Z  Package  -65°C  to  +150°C 

P  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-90A  -SS-Cto+^S-C 

OP-90E,  OP-90F  -25°C  to  +85°C 

OP-90G  -40°C  to  +85°C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  +1.5V  to  ±15V,  t, 


8-Pln  Plastic  DIP  (P) 


•C/W 


20-ContactLCC(RC) 


•C/W 


158 


43 


•C/W 


8-PlnSO(S) 
NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  other- 
wise noted. 

2.  e|A  Is  specified  for  worst  case  mounting  conditions,  i.e.,  e|A  is  specified  for  device 
in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  e|A  is  specified  for  device  sol- 
dered to  printed  circuit  board  for  SO  package. 


A  =  +25°C,  u 
-  


unless  otherwise  noted. 


PARAME 


TER 


SYMBOL  CONDITIONS 


OP-90A/E 
MIN      TYP  MAX 


OP-90F 
MIN      TYP  MAX 


OP-90G 

MIN      TYP     MAX  UNITS 


Input  Offset  Voltage 


Input  Offset  Current 


3  -       0.4         5  -  0.4 




5 



 12  22  z  12  21  !!*_ 


Input  Bis 


VCM  =  0V 


4 


_JL_ 


Voltage  Gain 


Vs  =  ±15V,Vo  =  ±10V 

RL  =  100kl!  700  1200 

RL=10kll  350  600 

R,  =  2kll  125  250 


500      1000         —  400       800  — 

250       500         -  200  400 


— 


V+  =  5V,  V-  =  0V, 
1V<V0<4V 

RL=  100kl! 

RL=  10kll 

V+  =  5V,  V-  =  0V 


200 
100 


400 
180 


125  300  — 
75        140  — 


100  250  — 
70        140  — 


Input  Voltage  Range  IVR 


0/4 


VS  =  ±15V    (Note  2)  -15/13.5 


0/4  — 
-15/13.5  — 


.-    .  0/4 
-15/13.5 


V 


Vs  -  +  15V 

VD  RL=10kfl  ±14  ±14.2 

R,=2kn  ±11  +12 


—  ±14     ±14.2  — 


±14  ±14.2 
±11  ±12 


Output  Voltage  Swing  VOH 


V+  =  5V,  V-  =  0V 
RL=2kl> 


4.0 




V+  =  5V.  V-  =  0V 
RL=  10kll 


-               4.0        4.2         -               4.0        4.2  — 



100  500 


-        100  500 


-       100  500 


XV 


Common  Mode 
Rejection 

CMR 

V+  =  5V,  V-  =  0V, 
0V  <  VCM  <  4V 
VS  =  ±15V, 
-15V  <  VCM  <  13.5V 

90 

100 



110 
130 

80 
90 

100 
120 

80 
90 

100 
120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

1.0 

5.6 

3.2 

10 

jjV/V 

Slew  Rate 

SR 

VS=+15V 

5 

12 

5 

12 

5 

12 

V/ms 

Supply  Current 

Isv 

VS=±1.5V 
VS=±15V 

9 
14 

15 
20 

9 
14 

15 
20 

9 
14 

15 
20 

pA 

Capacitive  Load 

Av=+1 

No  Oscillations 

250 

650 

250 

650 

f 

250 

650 

pF 

Stability 

(Note  1) 

f0=  0.1Hz  to  101- 
VS=±15V 

Input  Noise  Voltage 

enp-p 

z 

3 

3 

3 

"Vp 

Input  Resistance 
Differential  Mode 

RIN 

VS=±15V 

30 

30 

_ 

30 

Mn 

Input  Resistance 
Common  Mode 

R|NCM 

VS=+15V 

20 

20 

20 

Gfl 

NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2.  Guaranteed  by  CMR  test. 


■ 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  -55°C  <  TA  <  125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-90A 

MIN  TVP 

MAX 

UNITS 

Input  Offset  voltage 

v0s 



—  BO 

400 



#y 

Average  Input  Offset 
Voltage  Drift 

TCVos 

—  0.3 

2.5 

(iW°C 

Input  Offset  current 

'os 

VCM=0V 

—  1.5 

5 

nA 

Input  Bias  Current 



VCM  =  0V 

-  4.0 

20 



nA 

Large  Signal 
Voltage  Gain 


VS=±15V,  Vo=±10V 
RL=  100kl! 
RL=  10ktt 
RL=2kt! 


225 
125 
50 


400 
240 
110 


V+  =  5V,  V-  =  0V. 
1V<VC<4V 

RL=  100kl! 

RL=  10kli 

V+  =  5V,  V-  =  0V 
Vs  =  ±15V 


V/mV 


100 

50 


200 
110 


Input  Voltage  Range 


(Note  1) 


0/3.5 
-15/13.5 


Vo 


VS=+15V 
RL=  10kll 
RL=2kIl 


Output  Voltage  Swing 





+  13.5 
±10.5 


±13.7 
±11.5 


V+  =  5V.  V-  =  0V 
R,  =  2kll 


V+  =  5V,  V-  =  0V 
R,=  10ka 


100 


500 


cV 


 ;  

Common  Mode  Rejection 

CMR 

V+  =  5V,  V-  =  0V,  0V  <  VCM  <  3.5V 
VS=±15V,  -15V  <  VCM  <  13.5V 

85 
95 

105 
115 

dB 

Power  Supply 
Rejection  Ratio 

m  psrr 

3.2 

10 

(iV/V 

Supply  Current 

VS=±1.5V 
Vs  =  +15V 

15 
19 

25 
30 

pi 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-UOE 


OP-90F 


PARAMETER 

Input  Offset  Voltage 


SYMBOL  CONDITIONS 


70  270 




1.2  5  „WC 


Average  Input  Offset 
Voltage  Drift 


TCVos 


-  0.6 


Input  Offset  C 


=  0V 


-        0.8  3 


1.3 


nA 


Input  Bias  Current 


Vr-M  =  0V 


-        4.0  15 


VS  =  ±15V,  Vo=±10V 
=  100M1 


Large  Signal 


-  10kil 
RL  =  2kil 


500 
250 


800 
400 


350 
175 
75 


700 
350 
150 


300 
150 
75 


600  - 


125 


■ 


Voltage  Gain 

■  -vu 

V+  =  5V.  V-  =  0V. 

1V<Vo<4V 
r  —  mnkn 

150 

280 

100 

220 

  gQ 

160 

75 

140 

50 

110 

-  40 

90 

Rj_  =  lOkfl 

- 

Input  Voltage  Range 

IVR 

V+  —  5V  V-  =  0V 
VS=±15V  (Notel) 

0/3  5 
-15/13.5 

- 

0/3  5 
-15/13.5 

- 

—  U/J.O 

—  -15/13.5 

- 

~  V 

VS  =  ±15V 

Vo 

RL=  10k(l 
RL=2k(l 

±13.5 

±14 

±13.5 

±14 

-  ±13.5 

±14 

-  V 

±10.5 

±11.8 

±10.5 

±11.8 

-  ±10.5 

±11.8 

Output  Voltage  Swing 

V0H 

V+  =  5V,  V-  =  0V 
RL=  2kit 

3.9 

4.1 

3.9 

4.1 

—  3.9 

4.1 

V 

V+  =  5V,  V-  =  0V 

500 

Vol 

RL  =  10kll 

100 

500 

100 

500  — 

100 

Common  Mode 
Rejection 

CMR 

V+  =  5V.  V-  =  0V, 
OV  <  VCM  <  3.5V 
VS=±15V. 
-15V  <VCM<  13.5V 

90 
100 

110 
120 

80 
90 

100 
110 

- 

—  90 

100 
110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

3.2 

10  - 

5.6 

17.8  «V/V 

Supply  Current 

'sv 

VS=+1.5V 
VS  =  ±15V 

13 
17 

25 
30 

13 
17 

25 
30 

12 
16 

25  ,A 
30  M 

NOTE: 

1.  Guaranteed  by  CMR  t 
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FEATURES 

•  Low  Supply  Current   600uA  Max 

•  OP-07  Type  Performance 

Offset  Voltage  20uV  Max 

Offset  Voltage  Drift  0.6uV/°C  Max 

•  Very  Low  Bias  Current 

25°C  "lOOpA  Max 

-55°C  to  +125X   250pA  Max 

•  High  Common-Mode  Rejection  114dB  Min 

•  Extended  Industrial  Temp.  Range  -40°C  to  +85  C 

•  Available  in  Die  Form 

i  INFORMATION  ' 


GENERAL  DESCRIPTION 

The  OP-97  is  a  low-power  alternative  to  the  industry-standard 
OP-07  precision  amplifier.  The  OP-97  maintains  the  standards 
of  performance  set  by  the  OP-07  while  utilizing  only  600u.A 
supply  current,  less  than  1/6  that  of  an  OP-07.  Offset  voltage  is 
an  ultra-low 25u.V,  and  drift  overtemperature  is  below  0.6u.V/°C. 
External  offset  trimming  is  not  required  in  the  majority  of  circuits. 


PIN  CONNECTIONS 


PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

TO-99 

CERDIP 

PLASTIC 

OP97W 
OP97EJ 
OP97FJ 

OP97AZ' 
OP97EZ 
OP97FZ 

OP97EP 
OP97FP 
OP97FS,f 

MIL 
XINO 
XIND 
XIND 

For  devices  processed  in  total  compliance  to  M IL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


NULL  [T 

-IN  [T 
+IN  \T 

T]  NULL 
T)  V+ 
T]  OUT 

T1  OVER 
-U  COMP 



NULL 
6 

NULL  1ry^~>^Sn7  v+ 
-IN  2Q-1        \    ^  6  6  0UT 

EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 

+IN  3^»w-w«^B  OVER 
COMP 

V-  (CASE) 

TO-99 

EPOXY  SOft 
(S-Suffix) 

(J-Suffix) 

SIMPLIFIED  SCHEMATIC 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Improvements  have  been  made  over  OP-07  specifications  in 
several  areas.  Notable  is  bias  current,  which  remains  below 
250pA  over  the  full  military  temperature  range.  The  OP-97  is 
ideal  for  use  in  precision  long-term  integrators  or  sample-and- 
hold  circuits  that  must  operate  at  elevated  temperatures. 

Common-mode  rejection  and  power-supply  rejection  are  also 
improved  with  the  OP-97,  at  114dB  minimum  over  wider  ranges 
of  common-mode  or  supply  voltage.  Outstanding  PSR,  a 
supply  range  specified  from  ±2.25V  to  ±20V  and  the  OP-97's 
minimal  power  requirements  combine  to  make  the  OP-97  a 
preferred  device  for  portable  and  battery-powered  instruments. 

The  OP-97  conforms  to  the  OP-07  pinout,  with  the  null 
potentiometer  connected  between  pins  1  and  8  with  the  wiper 
to  V+.  The  OP-97  will  upgrade  circuit  designs  using  725,  OP05, 
OP07,  OP12,  and  1012  type  amplifiers.  It  may  replace  741-type 
amplifiers  in  circuits  without  nulling  or  where  the  nulling 

/  hac  hoon  r 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Input  Voltage  (Note  3)  ±20V 

Differential  Input  Voltage  (Note  4)  ±1 V 

Differential  Input  Current  (Note  4)  ±10mA 


Output  Short-Circuit  Duration   Indefinite 

Operating  Temperature  Range 

OP-97A  (J,  Z)  -55°C  to  +125°C 

OP-97E,  F  (J,  P,  Z,  S)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 


PACKAGE  TYPE 

e|s  (Note  2)  e|C 

UNITS 

TO-99  (J) 

150  18 

°c/w 

8-Pin  Hermetic  DIP  (Z) 

148  16 

•c/w 

8-Pin  Plaslic  DIP  (P) 

103  43 

•c/w 

8-Pin  SO  (S) 

158  43 

°c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  e.A  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  TO,  CerDIP,  and  P-DIP  packages;  elA  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  package. 

3.  For  supply  voltages  less  than  ±20V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

4.  The  OP-97's  inputs  are  protected  by  back-to-back  diodes.  Current-limiting  re- 
sistors are  not  used  in  order  to  achieve  low  noise.  Differential  input  voltages 
greater  than  1 V  will  cause  excessive  current  to  flow  through  the  input  protec- 
tion diodes  unless  limiting  resistance  is  used. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  VCM  =  0V,  TA  =  +25°C,  unless  otherwise  noted 

- 


PARAMETER 


SYMBOL      CONDITIONS  MIN^ 


OP-97A/E  OP-97F 

TYP  MAX  MIN  TYP  MAX 


UNITS 


Input  Offset 
Voltage 


30 


75 


Long-Term 

Offset  Voltage  AVos/Time 
Stability 


0.3 


03 


Input  Offset 
Current 

'os 

_ 

30 

100 

30 

150 

PA 

Input  Bias 

"b 

±30 

±100 

±30 

±150 

PA 

Current 

Input  Noise 
Voltage 

e«w 

0.1Hz  to  10Hz 

0.5 

0.5 

"Vp 

Input  Noise 

«0  = 

10Hz  (Note  2) 

17 

30 

17 

30 

nVA/RF 

Voltage  Density 

«n 

'o  = 

1000Hz  (Note  3) 

14 

22 

14 

22 

nVA/HF 

Input  Noise 
Current  Density 

in 

<0  = 

10Hz 

20 

20 

fAA/RF 

Large-Signal 
Voltage  Gain 

"vo 

V 

o~ 

±10V;  RL  =  2kfl 

300 

20 

00 

200 

2000 

V/mV 

Common-Mode 
Rejection 

CMR 

VCM 

=  ±13.5V 

114 

1 

32 

110 

132 

dB 

Power-Supply 
Rejection 

PSR 

Vs  = 

±2V  to  ±20V 

114 

1 

32 

110 

132 

dB 

Input  Voltage 
Range 

IVR 

( 

Mote  1) 

±13.5 

±1' 

.0 

±13.5 

±14.0 

V 

Output  Voltage 
Swing 

Vo 

RL  = 

10kll 

±13 

14 

±13 

±14 

V 

— !? — 

0, 

_ 



0, 

0.2 

V/„s 

■ 

1*4 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  OV,  TA  =  +25°C,  unless  otherwise  noted.  (Continued.) 


0P97 


OP-97A/E 

TYP 

OP-97F 
TYP 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Differential 
Input  Resistance 

RIN 

(Note  4) 

30 

30 

Mfl 

Closed- Loop 
Bandwidth 

BW 

AWCL  =  +1 

0.4 

0.9 

0.4 

0.9 

MHz 

Supply  Current 

'SY 



— i- 

380 

600 

380 

600 

„A 

Supply  Voltage 

vs 

Operating  Range 

±2 

±15 

±20 

±2 

±15 

±20 

V 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  10Hz  noise  voltage  density  is  sample  tested.  Devices  100%  tested  for  noise 
are  available  on  request. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 


ELECTRICAL  CHARACTERISTICS  at  V,.  =  ±15V,  Vru  =  0V.  -^0°C  <  T.  <  +85°C  for  the  OP-97E/F  and  -55°C  <  T.  <  +1 25°C 


for  the  OP-97A,  unless  otherwise  noted. 


a  - 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-97A/E 

MIN  TYP 

MAX 

MIN 

OP-97F 
TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

VOS 

25 

60 

60 

200 

Average  Temperature 
Coefficient  of  VQS 

TCVos 

S-Package 

- 

0.2 

0.6 

0.3 
0.3 

2.0 

|lV/°C 

Input  Offset 
Current 

'os 





60 

250 

80 

750 



PA 

Average  Temperature 
Coefficient  of  los 

TC'os 



0.4 

2.5 

0.6 

7.5 

pA/°C 

Input  Bias 
Current 

'b 



±60 

±250 

±80 

±750 

pA 

Average  Temperature 
Coefficient  of  lB 

TCIB 

0.4 

0.6 

7.5 

pATC 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  +10V;RL=2kn 

200 

1000 

- 

150  1000 

V7rnV 




Common-Mode 

Rejection 

CMR 

VCM-±13.5V 

108 

128 

108 

128 

dB 

Power-Supply 
Rejection 

PSR 

Vs-±2.5Vto±20V 

108 

126 

108 

128 

dB 

Input  Voltage 
Range 

IVR 

(Notel) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  Voltage 
Swing 



RL  -  10ka 





±13 



±14 

±13 

±14 





V 

Slew  Rate 

SR 



0.05 

0.15 


0.05 

0.15 

V/|is 



Supply  Current 

—  

'SY 



— 

400 

800 

400 

800 

HA 

Supply  Voltage 

Operating  Range 

±2.5 

±15 

±20 

±2.5 

±15 

±20 

V 

NOTES: 

1.  Guaranteed  by  CMR  test. 
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1^  ANA 

Udev 


ANALOG 





Low  Noise,  Low  Drift 
Single-Supply  Operational  Amplifier 


OP-1 1 3/0P-21 3/0P-41 3* 


FEATURES 

Single-  or  Dual-Supply  Operation 
Low  Noise:  4.7  nV/Vfiz  @  1  kHz 
Wide  Bandwidth:  3.4  MHz 
Low  Offset  Voltage:  100  uV 
Very  Low  Drift:  0.2  u.V/°C 
Unity  Gain  Stable 
No  I 


APPLICATIONS 
Digital  Scales 
Multimedia 
Strain  Gages 

Battery  Powered  Instrumentation 
Temperature  Transducer  Amplifier 

GENERAL  DESCRIPTION 

The  OP-1 13  family  dual  operational  amplifier  features  the  lowest 
noise  and  drift  of  any  single-supply  amplifier.  It  has  been 
designed  for  systems  with  internal  calibration.  Often  these  pro- 
cessor based  systems  are  capable  of  calibrating  corrections  for 
offset  and  gain,  but  they  cannot  correct  for  temperature  drifts 
and  noise.  Optimized  for  these  parameters,  the  OP-113  family 
can  be  used  to  take  advantage  of  superior  analog  performance 
combined  with  digital  correction.  Many  systems  using  internal 
calibration  operate  from  unipolar  supplies,  usually  either  +5 
volts  or  +12  volts.  The  OP-113  family  is  designed  to  operate 
from  single  supplies  from  +4  volts  to  +36  volts,  and  to  main- 

The  OP-113  family  is  unity  gain  stable  and  has  a  typical  gain 
bandwidth  product  of  3.4  MHz.  Slew  rate  is  in  excess  of  1  V/u.s. 
Noise  density  is  a  very  low  4.7  nVA/Hz,  and  noise  in  the  0. 1  Hz 
to  10  Hz  band  is  120  nV  p-p.  Input  offset  voltage  is  guaranteed 
and  offset  drift  is  guaranteed  to  be  less  than  0.8  u.V/°C.  Input 
common-mode  range  includes  the  negative  supply  and  to  within 
1  volt  of  the  positive  supply  over  the  full  supply  range.  Phase 
reversal  protection  is  designed  into  the  OP-113  family  for  cases 
where  input  voltage  range  is  exceeded.  Output  voltage  swings 
also  include  the  negative  supply  and  go  to  within  1  volt  of  the 
positive  rail.  The  output  is  capable  of  sinking  and  sourcing  cur- 
rent throughout  its  range  and  is  specified  with  600  O  loads. 

Digital  scales  and  other  strain  gage  applications  benefit  from  the 
very  low  noise  and  low  drift  of  the  OP-113  family.  Other  appli- 
cations include  use  as  a  buffer  or  amplifier  for  both  A/D  and 
D/A  sigma-delta  converters.  Often  these  converters  have  high 
resolutions  requiring  the  lowest  noise  amplifier  to  utilize  then- 
full  potential.  Many  of  these  converters  operate  in  either  single- 
supply  or  low-supply  voltage  systems,  and  attaining  the  greater 
signal  swing  possible  increases  system  performance.  No  other 

by  U.S.  Patent  No.  5,146,181. 


PIN  CONNECTIONS 

8-Lead  Epoxy  DIP 
(P  Suffix) 

8-Lead  Narrow-Body  SO  8-Lead  Ceramic  DIP 

(S  Suffix)  (Z  Suffix) 


nullCT 

-IN  A  ( 
♦  IN  A  | 

V-l 


OP-113 


]  NC 


]  OUT  A 
]  NULL 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


8-Lead  Epoxy  DIP 

(P  Suffix) 
8-Lead  Ceramic  DIP 
(Z  Suffix) 


OUTA[ 
-INA[ 
+  IN  A  [ 
V-[ 


OP-213 


]  OUT  B 
]-INB 
]*MB 


14-Lead  Epoxy  DIP 

(P  Suffix) 
14-Lead  Ceramic  DIP 

(Y  Suffix) 


v-[T 


16-Lead  Wide-Body  SC 
(S  Suffix) 


UT  A  [T  ,  r  


+IN  A 


w  [T  OP-413 

OUT  B  IT  J  I  


OUT  A  I 
-IN  A  I 
♦IN  A  | 
V*  I 


l7]  OUT  D 
iTI  -IN  D 
iz]  »IN  D 

—1       +inb  nz 

111  V- 

 1  -INB 

™]*INC  OUTBLZ 
T]  -IN  C 

OUTC 


OP-413 


J  OUTD 
3  -IN  D 
3  *IND 
]V- 
3  tINC 
3  -IN  c 
J  OUTC 
1  NC 


NC  =  NO  CONNECT 


single  supply  amplifier  provides  better  ] 
applications. 

The  OP-113  family  is  specified  for  single  +5  volt  and  dual  ±15 
volt  operation  over  the  XIND— extended  industrial  (-40°C  to 
+85°C)  temperature  range.  They  are  available  in  plastic  and 
ceramic  8-pin  DIPs,  plus  SOIC-8  surface  mount  packages. 

Contact  your  local  sales  office  for  MIL-STD-883  data  sheet  and 
availability. 
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SPEC  I  Fl  CATIONS  dpi  1 3/OP21 3/0P41 3 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  ±15.0  V,  T,  =  +25°C  unless  otherwise  noted) 


OP-113E/OP-413E 

OP-113F/OP-413F 

Pa  ram  e- 1  e  r 

Symbol 

r  jiiLll 

l_/Ouulu  uns 

Min 

Typ 

Max 

Min 

Typ  Max 

I  Tnitfi 

units 

INPUT  CHARACTERISTICS 

Offset  Voltage 

OP-113 

75 

150 

uV 

-40°C  <  TA  <  +  85°C 

125 

225 

H.V 

OP-213 

100 

250 

uV 

-40°C  <  TA     +  85°C 

150 

325 

M.V 

OP-413 

125 

275 

M-V 

-40°C  <  TA  <  +85°C 

175 

350 

U.V 

Input  Bias  Current 

Is 

Vcm  =  0V, 

240 

600 

600 

nA 

-40°C  s  TA  <  +85°C 

700 

700 

nA 

Input  Offset  Current 

Ios 

VCm  =  0V 

-40°C  i  TA  <  +85°C 

50 

50 

nA 

Input  Voltage  Range 

VCM 

-15 

+  14 

-15 

+  14 

V 

Common-Mode  Rejection 

CMR 

-15  V<  VCM<  +14  V 

100 

116 

96 

dB 

-15  V  s  VCMs  +14  V, 

-40°C  $  TA  s=  +85°C 

97 

116 

94 

dB 

Large  Signal  Voltage  Gain 

AVo 

OP-113,  OP-213,  RL  =  600  O, 

*HJ      —   1  A  —    1  0  J  \j 

1 

2.4 

1 

V/U,  V 

OP-413.    P.     —  1  IrO 

W  ^  —    1  A  —  TOJ  L 

1 

2.4 

1 

V/nV 
V/U.V 

U     _  7  L-O 
RL  —  L  Klf, 

- 

^  —    1  A  —     '  O  J  Kj 

2 

g 

2 

V/u,V 

1        t       r\ec     \j  1  1 
Long  1  erm  Onset  voltage 

vos 

Note  1 

150 

300 

Ill7 

Offcjaf  \7nlrafM>  Thrift 

v_tisei  vonage  unit 

AV  /AT 

Note  2 

0.2 

0.8 

1.5 

(XV/  ^ 

OUTPUT  CHARACTERISTICS 

Output  Voltage  Swing  High 

VOH 

RL  =  2  kfl 

+  14 

+  14 

V 

I?       —    1  IrO 

—  ZKil, 

W  L.  —   1A        +83  ^ 

+  13.9 

+  13.9 

XT 
V 

Output  Voltage  Swing  Low 

V 

VOL 

-14.5 

-14.5 

V 

RL  =  2  kfl 

— 4U  U  =  *  a  +o)X 

-14.5 

-14.5 

17 

V 

Short  Circuit  Limit 

T 

lsc 

±40 

±40 

mA 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

1  olxrv 

17    -  +1Vm  +18  V 
Vg  —  —  L  V  lO  —10  V 

103 

120 

100 

UT3 

\T     —    -4-  "5  V  tn  -+-  1  fi  17 

Vs  —          V  lO  "15  V 

WL/S   1AS:  to)  L 

100 

120 

97 

015 

Supply  Current/Amplifier 

! 

SY 

VOUT  =  0  V,  RL  =  =0, 

V    —  +1R  v 
Vs  -  2  16  V 

2 

2 

mA 

UlA 

2.5 

2.5 

mA 

Supply  Voltage  Range 

vs 

+4 

±18 

+4 

±18 

V 

A  T  T'mrx  T>£7P  CAD  \A  A  Mrc 

1  lIU  t  in oise 

VjN  —  3  v  rms,  kl  —  z  Kii 

f    —      1  L-1J-T 

i—l  Kriz, 

0.0009 

0.0009 

17  1        XT  •  r* 

Voltage  Noise  L/ensity 

en 

f  =  10  Hz 

9 

9 

nv/  vriz 

C           1  KIT 

I—l  KrIZ 

4.7 

4.7 

nv/vriz 

Current  Noise  Density 

in 

f  =  1  kHz 

0.4 

0.4 

pA/VHz 

Voltage  Noise 

e„P"P 

0.1  Hz  to  10  Hz 

120 

120 

nVp-p 





DYNAMIC  PERFORMANCE 

Slew  Rate 

SR 

RL  =  2  kfl 

0.8 

1.2 

0.8 

1.2 

V/(U 

Gain  Bandwidth  Product 

GBP 

3.4 

3.4 

MHz 

Channel  Separation 

VOUT=  10Vp-p 

RL  =  2  kfl,  f  =  1  kHz 

105 

105 

dB 

Settling  Time 

k 

to  0.01%,  0  to  10  V  Step 

9 

9 

us 

NOTES 

'Long  term  offset  voltage  is  guaranteed  by  a  1000  hour  life  test  performed  on  three  independent  lots  at  120°C,  with  an  LTPD  of  1.3. 
'Guaranteed  specifications,  based  on  characterization  data. 
Specifications  subject  to  change  without  notice. 


REV.  A 


OPERATIONAL  AMPLIFIERS  9-383 


Parameter 

Symbol 

Conditions 

Mill 

Typ 

Max 

Min  Typ 

Max 

Units 

TV  TT>T  TT  /"*T  T  A  T»  A  /""T^T^TI  TOTTrC 

INPUT  CHARACTERISTICS 

Offset  Voltage 

vos 

OP-113 

125 

175 

u-V 

— 40  C  —  1 A  —  +  85  C 

175 

250 

M-V 

OP-213 

150 

300 

|xV 

-40  C  <  1 A  <  +  85  C 

225 

375 

M-V 

OP-413 

175 

325 

uV 

-40°C  <  TA  <  +85°C 

250 

400 

M-V 

• 

Input  Bias  Current 

Ib 

vcm  =  0  V,  VOUT  =  2 

300 

650 

650 

nA 

-40  C  £  TA  s  +  85T. 

750 

750 

nA 

Input  Offset  Current 

T 

k>s 

\r              ft  \r    \r    -j 

VCM  _  u  v!  vOUT  _  L 

— 40  C  <  TA  <  +  85  C 

50 

50 

nA 

Input  Voltage  Range 

VCM 

u 

+  4 

+4 

V 

Common-Mode  Rejection 

CMR 

0  ^  VCm  ^  4  V 

93 

106 

90 

dB 

0  s  VCM  <4V 

—  4U  L.  ^  1a  —  +  oj 

90 

87 

dB 

Large  Signal  Voltage  Gain 

Avo 

OP-113,  OP-213,  RL  =  600,  2k 

U.U1  V  S  VOUx  —  v 

2 

2 

V/uV 

Ur-413,  KL  =  600,  2k 

0.01  V  <  VOUT  <  3.9  V 

1 

1 

V/u.V 

Long  Term  Offset  Voltage1 

Vos 

Note  1 

200 

350 

u.V 

Offset  Voltage  Drift 

AVos/AT 

Xote  2 

0.2 

1.0 

1.5 

|iV/°C 

OUTPUT  CHARACTERISTICS 

Output  Voltage  Swing  High 

VOH 

RL  =  600  fl 

4.0 

4.0 

V 

RL  =  100  kil,  —40  C  s  i  A  <  +85  C 

4.1 

4.1 

V 

KL  =  600  Si,  —40  C  :£  TA  ^  +85  C 

3.9 

3.9 

V 

Output  Voltage  Swing  Low 

Vol 

RL  =  600  fi 

3.0 

3.0 

mV 

KL  =  100  kil 

3.5 

3.5 

mV 

RL  =  600  n,  -40°C  s  TA  s  +85°C 

4.0 

4.0 

mV 

RL  =  100  kfl,  -40°C  s  TA  s  +85°C 

5.0 

5.0 

mV 

Short  Circuit  Limit 

Isc 

±30 

±30 

mA 

POWER  SUPPLY 

Supply  Current 

IsY 

VOUT  =  2.0  V,  No  Load 

1.35 

1.75 

1.75 

mA 

Supply  Current 

IsY 

-40°C  £  TA  <  +  85°C 

2.0 

2.0 

mA 

AUDIU  PERFORMANCE 

THD  +  Noise 

T  r                       A    JTj                       1    1  TT 

VOUT  =  0  dBu,  f  =  1  kHz 

0.001 

0.001 

% 

Voltage  Noise  Density 

en 

I  =  10  Hz 

9 

9 

nV/VHz 

Voltage  Noise  Density 

f  =  1  kHz 

4.7 

4.7 

11  V  /  \/  11Z 

Current  Noise  Density 

in 

f  =  1  kHz 

0.45 

0.45 

pA/VHz 

Voltage  Noise 

e„  P-P 

0.1  Hz  to  10  Hz 

120 

120 

nV  p-p 

DYNAMIC  PERFORMANCE 

Slew  Rate 

SR 

RL  =  2  kft 

0.6 

0.9 

0.6 

V/(iS 

Gain  Bandwidth  Product 

GBP 

3.5 

3.5 

MHz 

Settling  Time 

tS 

to  0.1%,  2  V  Step 

5.8 

5.8 

US 

NOTES 

'Long  term  offset  voltage  is  guaranteed  by  a  1000  hour  life  test  performed  on  three  independent  lots  at  120°C,  with  an  LTPD  of  1.3. 
Guaranteed  specifications,  based  on  characterization  data. 
Specifications  subject  to  change  without  notice. 


■ 
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0P113/0P213/0P413 


WAFER  TEST  LIMITS  <@  vs  =  +5.o  v,  t,  =  +25°c 


unless  otherwise  noted) 


11.,      ,          ,  f  , 

rarameter 

oymooi 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

Vs=  ±15  V 

±100 

uV  max 

VCM  =  0,  VOUT  =  2  V 

±150 

U.V  max 

Input  Bias  Current 

Is 

VCM  =  0V 

650 

nA  max 

Input  Offset  Current 

los 

Vcm  =  0V 

50 

nA  max 

Input  Voltage  Range1 

0  to  4 

V  min 

Common-Mode  Rejection 

CMRR 

0  s  VCM  £  4  V 

90 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  +2  Vto  ±18  V 

100 

uV/V 

Large  Signal  Voltage  Gain 

Avo 

RL  =  2kfl,  Vs  =  ±15  V 

2 

V/uVmin 

Output  Voltage  Swing  High 

VOH 

RL  =  600  n 

4.0 

V  min 

Supply  Current/Amplifier 

Isv 

Vo  =  0V,RL  =  *,  VS,VS  =  ±18  V 

2.0 

mA  max/amp 

NOTES 


Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 


standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot 
'Guaranteed  by  CMR  test. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Input  Voltage  

Differential  Input  Voltage  

Output  Short-Circuit  Duration  to  GND  .... 
Storage  Temperature  Range 

Z,  Y  Package   

P,  S  Package  

Operating  Temperature  Range 

OP-113/OP-2B/OP-413A,  B  

OP-113/OP-213/OP-413E,  F   

Junction  Temperature  Range 

Z,  Y  Package   

P,  S  Package  

Lead  Temperature  Range  (Soldering,  60  sec)  . 


 ±18  V 

 ±18  V 

 ±10  V 

....  Indefinite 

65°Cto  +175°C 
65°Cto  +150°C 

55X10  +  125°C 
-40°Cto  +85°C 

■65°Cto  +150°C 
65°C  to  +150°C 
 +300°C 


Package  Type 

Units 

8-Pin  Cerdip  (Z) 

148 

16 

°C/W 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

14-Pin  Cerdip  (Y) 

108 

16 

°C/W 

14-Pin  Plastic  DIP  (P) 

83 

39 

°C/W 

16-Pin  SOL  (S) 

92 

27 

°C/W 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

26,x  is  specified  for  the  worst  case  conditions,  i.e.,  8JA  is  specified  for  device  in 
socket  for  cerdip,  P-DIP,  and  LCC  packages;  8]A  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 

DICE  CHARACTERISTICS 


qualifications  through  sample  lot  assembly  and  testing. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP113AZ/883 

-55°C 

to 

+  125°C 

8-Pin  Cerdip 

Q-8 

OP113BZ/883 

-55°C 

to 

+  125°C 

8-Pin  Cerdip 

Q-8 

OP113EZ 

-40°C 

to 

+  85°C 

8-Pin  Cerdip 

Q-8 

OP113EP 

-40°C 

to 

+  85°C 

8-Pin  Plastic  DIP 

N-8 

OP113ES 

-40°C 

to 

+85°C 

8-Pin  SOIC 

SO-8 

OP113FP 

-40°C 

to 

+  85°C 

8-Pin  Plastic  DIP 

N-8 

OP113FS 

-40°C 

to 

+85°C 

8-Pin  SOIC 

SO-8 

OP113GBC 

+25°C 

DICE 

OP213AZ/883 

-55°C 

to 

+  125°C 

8-Pin  Cerdip 

Q-8 

OP213BZ/883 

-55°C 

to 

+  125°C 

8-Pin  Cerdip 

Q-8 

OP213EZ 

-40°C 

to 

+85°C 

8-Pin  Cerdip 

Q-8 

OP213EP 

-40°C 

to 

+85°C 

8-Pin  Plastic  DIP 

N-8 

OP213ES 

-40°C 

to 

+85°C 

8-Pin  SOIC 

SO-8 

OP213FP 

-40°C 

to 

+85°C 

8-Pin  Plastic  DIP 

N-8 

OP213FS 

-40°C 

to 

+  85°C 

8-Pin  SOIC 

SO-8 

OP213GBC 

+25°C 

DICE 

OP413AY/883 

-55°C 

to 

+ 125°C 

14-Pin  Cerdip 

Q-14 

OP413BY/883 

-55°C 

to 

+  125°C 

14-Pin  Cerdip 

Q-14 

OP413EY 

-40°C 

to 

+85°C 

14-Pin  Cerdip 

Q-14 

OP413EP 

-40°C 

to 

+85°C 

14-Pin  Plastic  DIP 

N-14 

OP413ES 

-40°C 

to 

+85°C 

16-Pin  SOL 

SOL-16 

OP413FP 

-40°C 

to 

+  85°C 

14-Pin  Plastic  DIP 

N-14 

OP413FS 

-40°C 

to 

+85°C 

16-Pin  SOL 

SOL-16 

OP413GBC 

+25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


OUTA 


OP-113  Die  Size  0.064  X  0.0627  inch,  3,968  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  66. 
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OUTA 


-  OUTB 


I    "  ' 
tlNB 

OP-213  Die  Size  0.062  X  0.097  inch,  6,014  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  132. 

OUTA  OUTD 


Spf  ^^^^ 


OUTB  OUTC 


OP-413  Die  Size  0. 106  X  0. 106  inch,  10, 176  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  256. 

APPLICATIONS 

The  OP-113,  OP-213  and  OP-413  form  a  new  family  of  high 
performance  amplifiers  that  feature  precision  performance  in 
standard  dual  supply  configurations,  and,  more  importantly, 
maintain  precision  performance  when  a  single  power  supply  is 
used.  In  addition  to  accurate  dc  specifications,  it  is  the  lowest 
noise  single  supply  amplifier  available  with  only  4.7  nV/\/Hz 
typical  noise  density. 

Single  supply  applications  have  special  requirements  due  to  the 
generally  reduced  dynamic  range  of  the  output  signal.  Single 
supply  applications  are  often  operated  at  voltages  of  +5  volts  or 
+  12  volts,  compared  to  dual  supply  applications  with  supplies 
of  ±  12  volts  or  ±  15  volts.  This  results  in  reduced  output 
swings.  Where  a  dual  supply  application  may  often  have  20  volts 
of  signal  output  swing,  single  supply  applications  are  limited  to 
at  most  the  supply  range,  and  more  commonly  several  volts 
below  the  supply.  In  order  to  attain  the  greatest  swing  the  single 
supply  output  stage  must  swing  closer  to  the  supply  rails  than  in 
dual  supply  applications. 

The  OP-113  family  has  a  new  patented  output  stage  that  allows 
the  output  to  swing  closer  to  ground,  or  the  negative  supply, 


than  previous  bipolar  output  stages.  Previous  op  amps  had  out- 
puts that  could  swing  to  within  about  ten  millivolts  of  the  nega- 
tive supply  in  single  supply  applications.  However  the  OP-113 
family  combines  both  a  bipolar  and  a  CMOS  device  in  the  out- 
put stage,  enabling  it  to  swing  to  within  a  few  hundred  micro- 
volts of  ground. 

When  operating  with  reduced  supply  voltages,  the  input  range 
is  also  reduced.  This  reduction  in  signal  range  results  in  reduced 
signal-to-noise  ratio,  for  any  given  amplifier.  There  are  only  two 
ways  to  improve  this;  increase  the  signal  range  or  reduce  the 
noise.  The  OP-113  family  addresses  both  of  these  parameters. 
Input  signal  range  is  from  the  negative  supply  to  within  one  volt  of 
the  positive  supply  over  the  full  supply  range.  Competitive  parts 
have  input  ranges  that  are  a  half  a  volt  to  five  volts  less  than  this. 
Noise  has  also  been  optimized  in  the  OP-113  family.  At  4.7  nV/ 
VHz,  it  is  less  than  one  fourth  that  of  competitive  devices. 

Phase  Reversal 

The  OP-113  family  is  protected  against  phase  reversal  as  long  as 
both  of  the  inputs  are  within  the  supply  ranges.  However,  if  there 
is  a  possibility  of  either  input  going  below  the  negative  supply 
(or  ground  in  the  single  supply  case),  then  the  inputs  should  be 
protected  with  a  series  resistor  to  hmit  input  current  to  2  mA. 

OP-113  Offset  Adjust 

The  OP-113  has  the  facility  for  external  offset  adjustment,  using 
the  industry  standard  arrangement.  Pins  1  and  5  are  used  in 
conjunction  with  a  potentiometer  of  10  kfi  total  resistance,  con- 
nected with  the  wiper  to  V-  (or  ground  in  single  supply  appli- 
cations). The  total  adjustment  range  is  about  ±2  mV  using  this 
configuration. 

Adjusting  the  offset  to  zero  has  minimal  effect  on  offset  drift 
(assuming  the  potentiometer  has  a  tempco  of  less  than  1000  ppm/ 
°C).  Adjustment  away  from  zero,  however,  (like  all  bipolar 
amplifiers)  will  result  in  a  TCVos  of  approximately  3.3  u-V/°C 
for  every  millivolt  of  induced  offset. 

It  is,  therefore,  not  generally  recommended  that  this  trim  be 
used  to  compensate  for  system  errors  originating  outside  of  the 
OP-113.  The  initial  offset  of  the  OP-113  is  low  enough  that 
external  trimming  is  almost  never  required,  but  if  necessary,  the 
2  mV  trim  range  may  be  somewhat  excessive.  Reducing  the 
trimming  potentiometer  to  a  2  kfl  value  will  give  a  more  reason- 
able range  of  ±400  u-V. 


10nF 


CMRR  TRIM 
10-TURN 

T.C.  LESS  THAN  SOPPM^C 


Figure  1.  Precision  Load 


.Je  Amplifier 
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APPLICATION  CIRCUITS 

A  High  Precision  Industrial  Load-Cell  Scale  Amplifier 

The  OP-1 13  family  makes  an  excellent  amplifier  for  conditioning 
a  load-cell  bridge.  Its  low  noise  greatly  improves  the  signal  reso- 
lution, allowing  the  load  cell  to  operate  with  a  smaller  output 
range,  thus  reducing  its  nonlinearity.  Figure  1  shows  one  half  of 
the  OP-113  family  used  to  generate  a  very  stable  10.000  V 
bridge  excitation  voltage  while  the  second  amplifier  provides  a 
differential  gain.  R4  should  be  trimmed  for  maximum  common- 
mode  rejection. 

A  Low  Voltage  Single  Supply,  Strain-Gage  Amplifier 

The  true  zero  swing  capability  of  the  OP-113  family  allows  the 
amplifier  in  Figure  2  to  amplify  the  strain-gage  bridge  accurately 
even  with  no  signal  input  while  being  powered  by  a  single  +5 
volt  supply.  A  stable  4.000  V  bridge  voltage  is  made  possible  by 
the  rail-to-rail  OP-295  amplifier,  whose  output  can  swing  to 
within  a  millivolt  of  either  rail.  This  high  voltage  swing  greatly 
increases  the  bridge  output  signal  without  a  corresponding 


Figure  2.  Single  Supply  Strain-Gage  Amplifier 


A  High  Accuracy  Linearized  RTD  Thermometer  Amplifier 

Zero-suppressing  the  bridge  facilitates  simple  linearization  of  the 
RTD  by  feeding  back  a  small  amount  of  the  output  signal  to  the 
RTD  (Resistor  Temperature  Device).  In  Figure  3  the  left  leg  of 
the  bridge  is  servoed  to  a  virtual  ground  voltage  by  amplifier 
Al,  while  the  right  leg  of  the  bridge  is  also  servoed  to  zero-volt 
by  amplifier  A2.  This  eliminates  any  error  resulting  from 
common-mode  voltage  change  in  the  amplifier.  A  three-wire 
RTD  is  used  to  balance  the  wire  resistance  on  both  legs  of  the 
bridge,  thereby  reducing  temperature  mismatch  errors.  The 
5.000  V  bridge  excitation  is  derived  from  the  extremely  stable 
AD588  reference  device  with  1.5  ppm/°C  drift  performance. 

Linearization  of  the  RTD  is  done  by  feeding  a  fraction  of  the 
output  voltage  back  to  the  RTD  in  the  form  of  a  current.  With 
just  the  right  amount  of  positive  feedback,  the  amplifier  output 
will  be  linearly  proportional  to  the  temperature  of  the  RTD. 


-15V  +15V 


Figure  3.  Ultraprecision  RTD  Amplifier 


To  calibrate  the  circuit,  first  immerse  the  RTD  in  a  zero-degree 
ice  bath  or  substitute  an  exact  100  (I  resistor  in  place  of  the 
RTD.  Adjust  the  ZERO  ADJUST  potentiometer  for  a  0.000  V 
output,  then  set  R9  LINEARITY  ADJUST  potentiometer  to 
the  middle  of  its  adjustment  range.  Substitute  a  280.9  CI  resistor 
(equivalent  to  500°C)  in  place  of  the  RTD,  and  adjust  the 
FULL-SCALE  ADJUST  potentiometer  for  a  full-scale  voltage 
of  5.000  V. 

To  calibrate  out  the  nonlinearity,  substitute  a  194.07  ft  resistor 
(equivalent  to  250°C)  in  place  of  the  RTD,  then  adjust  the  LIN: 
EARITY  ADJUST  potentiometer  for  a  2.500  V  output.  Check 
and  readjust  the  full-scale  and  half-scale  as  needed. 

Once  calibrated,  the  amplifier  outputs  a  10  mV/°C  temperature 
coefficient  with  an  accuracy  better  than  ±0.5°C  over  an  RTD 
measurement  range  of  -150°C  to  +500°C.  Indeed  the  amplifier 
can  be  calibrated  to  a  higher  temperature  range,  up  to  850°C. 

A  High  Accuracy  Thermocouple  Amplifier 

Figure  4  shows  a  popular  K-type  thermocouple  amplifier  with 
cold-junction  compensation.  Operating  from  a  single  +12  volt 
supply,  the  OP-113  family's  low  noise  allows  temperature  mea- 
surement to  better  than  0.02°C  resolution  from  0°C  to  1000°C 
range.  The  cold-junction  error  is  corrected  by  using  an  inexpen- 
sive silicon  diode  as  a  temperature  measuring  device.  It  should 
be  placed  as  close  to  the  two  terminating  junctions  as  physically 
possible.  An  aluminum  block  might  serve  well  as  an  isothermal 
system. 


Figure  4.  Accurate  K-Type  Thermocouple  Amplifier 
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calibrating,  be  sure  to  adjust  R6  initially  to  cause  the  output  to 
swing  in  the  positive  direction  first.  Then  back  off  in  the  nega- 
tive direction  until  the  output  just  stops  changing. 

An  Ultralow  Noise,  Single  Supply  Instrumentation  Amplifier 

Extremely  low  noise  instrumentation  amplifiers  can  be  built 
using  the  OP- 113  family.  Such  an  amplifier  that  operates  off  a 
single  supply  is  shown  in  Figure  5.  Resistors  R1-R5  should  be 
of  high  precision  and  low  drift  type  to  maximize  CMRR  perfor- 
mance. Although  the  two  inputs  are  capable  of  operating  to  zero 
volt,  the  gain  of  - 100  configuration  will  limit  the  amplifier 
input  common  mode  to  not  less  than  0.33  V. 


+  o- 


i. 


-  o- 


R1* 
10kQ 


j— VvV 


(20OQ  ♦  12.7Q) 

— wv  


•out 
-O 


•ALL  RESISTORS  ±0.1%, 


:25PPM/°C 


 1 

GAIN  = 


Figure  5.  Ultralow  Noise,  Single  Supply  Instrumentation 
Amplifier 

Supply  Splitter  Circuit 

The  OP-113  family  has  excellent  frequency  response  characteris- 
tic that  makes  it  an  ideal  pseudo-ground  reference  generator  as 
shown  in  Figure  6.  The  OP-113  family  serves  as  a  voltage  fol- 
lower buffer.  In  addition,  it  drives  a  large  capacitor  that  serves 
as  a  charge  reservoir  to  minimize  transient  load  changes,  as  well 
as  a  low  impedance  output  device  at  high  frequencies.  The 
circuit  easily  supplies  25  mA  load  current  with  good  settling 
characteristics. 


Vs*  =  *5V  -  »12V 


Figure  6.  False  Ground  Generator 


capabilities.  Figure  7  shows  the  OP-113  family  used  as  a  two- 
pole  active  filter  that  band  limits  the  noise  of  the  2.500  V  refer- 
ence. Total  noise  measures  3  nV  p-p. 


Figure  7.  Low  Noise 


+5  V  Only  Stereo  DAC  For  Multimedia 

The  OP-113  family's  low  noise  and  single  supply  capability  are 
ideally  suited  for  stereo  DAC  audio  reproduction  or  sound  syn- 
thesis applications  such  as  multimedia  systems.  Figure  8  shows 
an  18-bit  stereo  DAC  output  setup  that  is  powered  from  a  single 
+5  volt  supply.  The  low  noise  preserves  the  18-bit  dynamic 
range  of  the  AD  1868.  For  DACs  that  operate  on  dual  supplies, 
the  OP-113  family  can  also  be  powered  from  the  same  supplies. 


Figure  8.  +5  V  Only  18-Bit  Stereo  DAC 

Low  Voltage  Headphone  Amplifiers 

Figure  9  shows  a  stereo  headphone  output  amplifier  for  the 
AD1849  16-bit  SoundPort®  Stereo  Codec  device.  The  pseudo- 
reference  voltage  is  derived  from  the  common-mode  voltage  gen- 
erated internally  by  the  AD  1849,  thus  providing  a  convenient 
bias  for  the  headphone  output  amplifiers. 


SoundPort  is  a  registered  trademark  of  Analog  Devices,  Inc. 
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Figure  9.  Headphone  Output  Amplifier  for  Multimedia 
Sound  Codec 

Low  Noise  Microphone  Amplifier  for  Multimedia 

The  OP- 113  family  is  ideally  suited  as  a  low  noise  microphone 
preamp  for  low  voltage  audio  applications.  Figure  10  shows  a 
gain  of  100  stereo  preamp  for  the  AD  1849  16-bit  SoundPort  Ste- 
reo Codec  chip.  The  common-mode  output  buffer  serves  as  a 
"phantom  power"  driver  for  the  microphones. 


Precision  Voltage  Comparator 

With  its  PNP  inputs  and  zero  volt  common-mode  capability,  the 
OP- 113  family  can  make  useful  voltage  comparators.  There  is 
only  a  slight  penalty  in  speed  in  comparison  to  IC  comparators. 
However,  the  significant  advantage  is  its  voltage  accuracy.  For 
example,  Vos  can  be  a  few  hundred  microvolts  or  less,  com- 
bined with  CMRR  and  PSRR  exceeding  100  dB,  while  operating 
on  5  V  supply.  Standard  comparators  like  the  111/311  family 
operate  on  5  volts,  but  not  with  common-mode  at  ground,  nor 
with  offset  below  3  mV.  Indeed  no  commercially  available  single 
supply  comparator  has  a  Vos  less  than  200  |xV. 

Figure  11  shows  the  OP-113  family  response  to  a  10  mV  over- 
drive signal  when  operating  in  open  loop.  The  top  trace  shows 
the  output  rising  edge  has  a  15  u.s  propagation  delay,  while  the 
bottom  trace  shows  a  7  (is  delay  on  the  output  falling  edge.  This 
ac  response  is  quite  acceptable  in  many  applications. 


Figure  1 1.  Precision  Comparator 

The  low  noise  and  250  \xV  (maximum)  offset  voltage  enhance 
the  overall  dc  accuracy  of  this  type  of  comparator.  Note  that 
zero  crossing  detectors  and  similar  ground  referred  comparisons 
can  be  implemented  even  if  the  input  swings  to  -0.3  volts 
below  ground. 


Figure  10.  Low  Noise  Stereo  Microphone  Amplifier  for 
Multimedia  Sound  Codec 
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Figure  12a.  OP-113  Input  Offset  (Vos)  Distribution 
@  ±15  V 
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Figure  12b.  OP-213  Input  Offset  (Vos)  Distribution 
@  ±15  V 
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Figure  13a.  OP-113  Temperature  Drift  (TCVos) 
Distribution  @  ±15  V 
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Figure  13b.  OP-213  Temperature  Drift  (TCVosl 
Distribution®  ±15 
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Figure  12c.  OP-41 3  Input  Offset  (Vos)  Distribution 
@±15V 
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Figure  13c.  OP-41 3  Temperature  Drift  (TCVos) 
Distribution  @  ±15  V 
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Figure  14.  OP-113  Input  Bias  Current  vs.  Temperature 
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Figure  17.  OP-213  Input  Bias  Current  vs.  Temperature 


Figure  15.  Output  Swing  vs.  Temperature  and  RL  @  +5  V        Figure  18.  Output  Swing  vs.  Temperature  and  RL  @±15V 
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Figure  16.  Channel  Separation 


19.  Open-Loop  Gain  vs.  Temperature  @  +5  V 
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Figure  20.  OP-413  Open-Loop  Gain  vs.  Temperature 


V 

s = *15V 

V 

0  =  «10> 

f 

—  RL 

■  2kS!- 

«l  = 

600Q 

Figure  23.  OP-213  Open-Loop  Gain  vs.  Temperature 
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F/gure  27.  Open-Loop  Gain,  Phase  vs.  Frequency  @  +5  V       Figure  24.  Open-Loop  Gain  Phase  vs.  Frequency  @±15V 
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Figure  22.  Closed-Loop  Gain  vs.  Frequency  @  +5  V 


Figure  25.  Closed-Loop  Gain  vs.  Frequency  @±15V 
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Figure  26.  Gain  Bandwidth  Product  and  Phase  Margin  vs. 
Temperature  @  +5  V 


50 


=  »15V 

GBW 

dm 

& 

O 

S 

a. 

I 

z 

2  1 


-75      -50       -25  0 


50        75        100  125 

-•c 


Figure  29.  Gain  Bandwidth  Product  and  Phase  Margin 
vs.  Temperature  @  ±  15  V 
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Figure  27.  Voltage  Noise  Density  vs.  Frequency 
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Figure  30.  Current  Noise  Density  vs.  Frequency 
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Figure  31.  Common-Mode  Rejection  vs.  Frequency 
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Figure  35.  Closed-Loop  Output  Impedance  vs.  Frequency 
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Figure  33.  Maximum  Output  Swing  vs.  Frequency  @  +5  V 
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Figure  34.  Small  Signal  Overshoot  vs.  Load  Capacitance 
@+5V 


100k 
FREQUENCY  -  Hz 


Figure  36.  Maximum  Output  Swing  vs.  Frequency 
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Figure  37.  Small  Signal  Overshoot  vs.  Load  Capacitance 
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Figure  38.  Slew  Rate  vs.  Temperature  @  +5  V 
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Figure  39.  Input  Voltage  Noise  @±15V 
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Figure  41.  Slew  Rate  vs.  Temperature  (3  ±15V 
(-10V^VoutS+10.0V) 


Figure  42.  Input  Voltage  Noise  @  +5  V 
(20  nV/div) 
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FEATURES  _ 
Low  Noise:  6  nV/VHz 
High  Slew  Rate:  25  V/us 
Wide  Bandwidth:  10  MHz 
Low  Supply  Current:  2.5  mA 
Low  Offset  Voltage:  1  mV 
Unity  Gain  Stable 
SO-8  Package 

APPLICATIONS 
Line  Driver 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


8-Lead  Epoxy  DIP 
(P  Suffix) 


Active  Filters 
Fast  Amplifier 
Integrators 


GENERAL  DESCRIPTION 

The  OP176  is  a  low  noise,  high  output  drive  op  amp  that 
features  the  Butler  Amplifier  front-end.  This  new  front-end 
design  combines  both  bipolar  and  JFET  transistors  to  attain 
amplifiers  with  the  accuracy  and  low  noise  performance  of 
bipolar  transistors,  and  the  speed  and  sound  quality  of  JFETs. 
Total  Harmonic  Distortion  plus  Noise  equals  previous  audio 
amplifiers,  but  at  much  lower  supply  currents. 

Improved  dc  performance  is  also  provided  with  bias  and  offset 
currents  greatly  reduced  over  purely  bipolar  designs.  Input 
offset  voltage  is  guaranteed  at  1  mV  and  is  typically  less  than 


•Protected  by  U.S.  Patent  No.  5101 126 


200  pV.  This  allows  the  OP176  to  be  used  in  many  dc  coupled 
or  summing  applications  without  the  need  for  special  selections 
or  the  added  noise  of  additional  offset  adjustment  circuitry. 

The  output  is  capable  of  driving  600  Q  loads  to  10  V  rms  while 
maintaining  low  distortion.  THD  +  Noise  at  3  V  rms  is  a  low 
0.0006%. 

The  OP  176  is  specified  over  the  extended  industrial  (-40°C  to 
+85°C)  temperature  range.  OP176s  are  available  in  both  plastic 
DIP  and  SO-8  packages.  SO-8  packages  are  available  in  2500 
piece  reels.  Many  audio  amplifiers  are  not  offered  in  SO-8 
surface  mount  packages  for  a  variety  of  reasons,  however,  the 
OP  176  was  designed  so  that  it  would  offer  full  performance  in 
surface  mount  packaging. 
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fs  =  ±1 5.0  V,  T»  =  +25°C  unless  otherwise  noted) 


i  drdmcicr 

Svmhnl 

Conditions 

Min 

Typ 

Max 

1  Tnirc 

INPUT  CHARACTERISTICS 



Offset  Voltage 

v„s 

1 

mV 

Offset  Voltage 

-40°C  <  TA  <  +85°C 

1.25 

mV 

Input  Bias  Current 

Ib 

v(:M  =  ov 

350 

nA 

V(  „  =  0  V,  -40°C  <  TA  <  +85°C 

400 

nA 

Input  Offset  Current 

v(M  =  ov 

±50 

nA 

Vc.m  =  0  v>  -40°c  s  ta  ^  +85°C 

■ 

nA 

Input  Voltage  Range 

-10.5 

+  10.5 

V 

Common-Mode  Rejection 

VCM  =  ±10.5V, 

-40°C  <  T.  <  +85°C 

80 

106 

UD 

Large  Signal  Voltage  (jam 

R,. 

=  2  kQ 

250 

V/mv 

Rl 

=  2  kQ,  -40°C  <  TA  <  +85°C 

175 

V/mV 

R 

=  600  a 

200 

V/mV 

Offset  Voltage  Drift 

AV0S/AT 

5 

uV/°C 

UU  1  1  U  1  L.ri/YKAL- 1  tlKlo  I  IK^o 

Output  Voltage  Swing 

v0 

R,. 

=  2  HI,  -40°C  <  TA  <  +85°C 

—  1  J.J 

4- 1  3  ^ 
i  1  J .  J 

V 

Ri. 

=  600  £i,  V5  =  ±18  V 

-14.8 

+  14.8 

V 

Output  Short  Circuit  Current 

Isc 

+  25 

±50 

mA 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

PSRR 

vs 

=  ±4.5  V  to  ±  18  V 

86 

108 

dB 

-40°C  <  TA  <  +85°C 

80 

dB 

O  UUUI  V  U1LU11L 

I™ 

*SY 

Vs 

=  ±4.5Vto±18V,Vo  =  0V, 

Rl 

=  =«,  -40°C  <  TA  <  +85°C 

2.5 

mA 

Supply  Current 

Vs 

=  ±22V,  Vo  =  0V,  RL  =  =o, 

-40°C  <  T.  <  +85°C 

2.75 

mA 

Supply  Voltage  Range 

Vs 

±4.5 

±22 

V 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 

SR 

Rl 

=  2kQ 

15 

25 

V/us 
MHz 

GBP 

10 

AUDIO  PERFORMANCE 
THD  +  Noise 

% 
Rl 
f  = 
f  = 

=  3  V  rms, 
=  2k£J,f=  1  kHz 
1  kHz 
1  kHz 

0.001 
6 

0.5 



% 

nV/VFE 

pA/VFE 

Voltage  Noise  Density 
Current  Noise  Density 

in 

Specifications  subject  to  change  without  notice. 
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WAFER  TEST  LIMITS  (@  Vs  =  ±1 5.0  V,  T,  =  +25°C  unless  otherwise  noti 


Parameter 


Symbol 


Conditions 


Limit 


Units 


Offset  Voltage 
Input  Bias  Current 
Input  Offset  Current 
Input  Voltage  Range' 
Common-Mode  Rejection 
Power  Supply  Rejection  Ratio 
Large  Signal  Voltage  Gain 
Output  Voltage  Range 

Supply  Current 


I, 

Vc„ 

CMRR 

PSRR 

V0 


VCM  =  0V 
VCM  =  0V 

VCM  =  ±10.5V 
V  =  ±4.5  Vto±18V 
RL  =  2  k£2 
Rt  =  2  kQ 
Vs  =  ±18.0  V,  RL  =  600! 
Vs  =  +22.0  V,  V0  =  0  1 
Vs  =  ±4.5  Vto±18V, 
V0  =  0  V,  RL  =  oo 


1 

350 
±50 
±10.5 
80 
86 
250 

i 

2.5 


mVmax 
nA  max 
nA  max 

V  min 
dB  min 
dB  min 
V/mV  min 

V  min 

mA  max 


NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for  standard 
product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 
'Guaranteed  by  CMR  test. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±22  V 

Input  Voltage2  ±18  V 

Differential  Input  Voltage'  ±7.5  V 

Output  Short-Circuit  Duration  to  GND   Indefinite 

Storage  Temperature  Range 

P,  S  Package   -65°C  to  +150°C 

Operating  Temperature  Range 

OP176G  -40°Cto+85°C 

Junction  Temperature  Range 

P,  S  Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   +300°C 


DICE  CHARACTERISTICS 


V.  OUT  NULL 


Package  Type 

,  

V 

.  

6jc 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°C/W 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

'For  input  voltages  greater  than  ±7.5  V  limit  input  current  to  less  than  5  mA. 
56,A  is  specified  for  the  worst  case  conditions,  i.e.,  8JA  is  specified  for  device  in  socket 

for  P-DIP  packages;  8JA  is  specified  for  device  soldered  in  circuit  board  for  SOIC 

package. 


OP176  Die  Size  0.069x  0.067  Inch,  4,623  Sq.  Mils. 
Substrate  (Die  Backside)  Is  Connected  to  V-. 
Transistor  Count,  26. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Description 

Package  Option* 

OP176GP 
OP176GS 
OP176GSR 
OP176GBC 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
+25°C 

8-Pin  Plastic  DIP 

8-Pin  SOIC 

SO-8  Reel,  2500  Pieces 

DICE 

N-8 
SO-8 

*For  outline  information  see  Package  Information  section. 


CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  OP176  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Figure  1.  Input  Offset  Voltage  Drift  Distribution  @±15V 


Figure  4.  Maximum  Output  Swing  vs.  Frequency 
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Figure  2.  Output  Swing  vs.  Temperature 
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Figure  5.  Maximum  Output  Swing  vs.  Load  Resistance 


Figure  3.  Input  Bias  Current  vs.  Temperature 


Figure  6.  Supply  Current  per  Amplifier  vs.  Supply  Voltage 
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Figure  7.  Short  Circuit  Current  vs.  Temperature  @±15V 
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Figure  8.  Open-Loop  Gain  &  Phase  vs.  Frequency 


Figure  10.  Power  Supply  Reject 
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Figure  1 1.  Open-Loop  Gain  vs.  Temperature 
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Figure  9.  Closed-Loop  Gain  vs.  Frequency 


Figure  12.  Closed-Loop  Output  Impedance  vs.  Frequency 
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Figure  15.  Slew  Rate  vs.  Differential  Input  Voltage 
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APPLICATIONS 
Short  Circuit  Protection 

The  OP  176  has  been  designed  with  output  short  circuit 
protection.  The  typical  output  drive  current  is  ±50  mA.  This 
high  output  current  and  wide  output  swing  combine  to  yield  an 
excellent  audio  amplifier,  even  when  driving  large  signals,  at  low 
power  and  in  a  small  package. 

Total  Harmonic  Distortion 

Total  Harmonic  Distortion  +  Noise  (THD  +  N)  of  the  OP  176 
is  well  below  0.001%  with  any  load  down  to  600  £2.  However, 
this  is  dependent  upon  the  peak  output  swing.  In  Figure  23  it  is 
seen  that  the  THD  +  Noise  with  3  V  rms  output  is  below 
0.001%.  In  the  following  Figure  24,  THD  +  Noise  is  below 
0.001%  for  the  10  kQ  and  2  k£2  loads  but  increases  to  above 
0.01%  for  the  600  £2  load  condition.  This  is  a  result  of  the 
output  swing  capability  of  the  OP176.  Notice  the  results  in 
Figure  25,  showing  THD  vs.  VIN  (V  rms). 


FIGURE  23.  THD  +  Noise  vs.  Frequency 


4    Vs  =  t1»V 
R,  t  600i! 
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Figure  25.  THD  +  Noise  vs.  Output  Amplitude  (V  rms) 

The  output  of  the  OP  176  is  designed  to  maintain  low  harmonic 
distortion  while  driving  600  £2  loads.  However,  driving  600  £2 
loads  with  very  high  output  swings  results  in  higher  distortion  if 
clipping  occurs. 

To  attain  low  harmonic  distortion  with  large  output  swings, 
supply  voltages  may  be  increased.  Figure  26  shows  the  perfor- 
mance of  the  OP  1 76  driving  600  £2  loads  with  supply  voltages 
varying  from  ±18  volts  to  ±20  volts.  Notice  that  with  ±18  volt 


supplies  the  distortion  is  fairly  high, 
it  is  a  very  low  0.0007%. 


volt  supplies 


Figure  26.  THD  +  Noise  vs.  Supply  Voltage 


Figure  24.  THD  +  Noise  vs.  RLOAD 
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Noise   

The  voltage  noise  density  of  the  OP  176  is  below  6  nVA/Hz  from 
30  Hz.  This  enables  low  noise  designs  to  have  good  perfor- 
mance throughout  the  full  audio  range.  Figure  27  shows  a 
typical  OP176  with  a  1/f  corner  at  6  Hz. 
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Figure  27.  1/f  Noise  Corner 

Noise  Testing 

For  audio  applications  the  noise  density  is  usually  the  most 
important  noise  parameter.  For  characterization  the  OP176  is 
tested  using  an  Audio  Precision,  System  One.  The  input  signal 
to  the  Audio  Precision  must  be  amplified  enough  to  measure 
accurately.  For  the  OP176  the  noise  is  gained  by  approximately 
1020  using  the  circuit  shown  in  Figure  28.  Any  readings  on  the 
Audio  Precision  must  then  be  divided  by  the  gain.  In  imple- 
menting this  test  fixture,  good  supply  bypassing  is  essential. 


Figure  28.  Noise  Test 
Upgrading  "5534"  Sockets 

The  OP176  is  a  superior  amplifier  for  upgrading  existing 
designs  using  the  industry  standard  5534.  In  most  application 
circuits,  the  OP176  can  directly  replace  the  5534  without  any 
modifications  to  the  surrounding  circuitry.  Like  the  5534,  the 
OP176  follows  the  industry  standard,  single  op  amp  pinout.  The 
difference  between  these  two  devices  is  the  location  of  the  null 
pins  and  the  5534's  compensation  capacitor. 

The  5534  normally  requires  a  22  pF  capacitor  between  Pins  5 
and  8  for  stable  operation.  Since  the  OP176  is  internally 
compensated  for  unity  gain  operation,  it  does  not  require 
external  compensation.  Nevertheless,  if  the  5534  socket  already 
includes  a  capacitor,  the  OP  176  can  be  inserted  without 
removing  it.  Since  the  OP176's  Pin  8  is  a  "NO  CONNECT" 
pin,  there  is  no  internal  connection  to  that  pin.  Thus,  the  22  pF 
capacitor  would  be  electrically  connected  through  Pin  5  to  the 
internal  nulling  circuitry.  With  the  other  end  left  open,  the 
capacitor  should  have  no  effect  on  the  circuit.  However,  to 
avoid  altogether  any  possibility  for  noise  injection,  it  is  recom- 
mended that  the  22  pF  capacitor  be  cut  out  of  the  circuit 
entirely. 


If  the  original  5534  socket  includes  offset  nulling  circuitry,  one 
would  find  a  1 0  left  to  1 00  kft  potentiometer  connected  between 
Pins  1  and  8  with  said  potentiometer's  wiper  arm  connected  to 
V+.  In  order  to  upgrade  the  socket  to  the  OP  176,  this  circuit 
should  be  removed  before  inserting  the  OP  176  for  its  offset 
nulling  scheme  uses  Pins  1  and  5.  Whereas  the  wiper  arm  of  the 
5534  trimming  potentiometer  is  connected  to  the  positive 
supply,  the  OP176's  wiper  arm  is  connected  to  the  negative 
supply.  Directly  substituting  the  OP176  into  the  original  socket 
would  inject  a  large  current  imbalance  into  its  input  stage.  In 
this  case,  the  potentiometer  should  be  removed  altogether,  or,  if 
nulling  is  still  required,  the  trimming  potentiometer  should  be 
rewired  to  match  the  nulling  circuit  as  illustrated  in  Figure  29. 


o»vs 


6  -vs 


P1  = 10kil 
Vos  TRIM  RANGE  =  ±2mV 


Figure  29.  Offset  Voltage  Nulling  Scheme 
Input  Overcurrent  Protection 

The  maximum  input  differential  voltage  that  can  be  applied  to 
the  OP  176  is  determined  by  a  pair  of  internal  Zener  diodes 
connected  across  its  inputs.  They  limit  the  maximum  differen- 
tial input  voltage  to  ±7.5  V.  This  is  to  prevent  emitter-base 
junction  breakdown  from  occurring  in  the  input  stage  of  the 
OP176  when  very  large  differential  voltages  are  applied. 
However,  in  order  to  preserve  the  OP176's  low  input  noise 
voltage,  internal  resistances  in  series  with  the  inputs  were  not 
used  to  limit  the  current  in  the  clamp  diodes.  In  small  signal 
applications,  this  is  not  an  issue;  however,  in  applications  where 
large  differential  voltages  can  be  inadvertently  applied  to  the 
device,  large  transient  currents  can  flow  through  these  diodes. 
Although  these  diodes  have  been  designed  to  carry  a  current  of 
±  5  mA,  external  resistors  as  shown  in  Figure  30  should  be  used 
in  the  event  that  the  OP176's  differential  voltage  were  to  exceed 


±7.5  V. 
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Figure  30.  Input  Overcurrent  Protection 
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low  noise  and  p-channel  JFETs  for  high  speed  performance,  the 
output  voltage  of  the  OP  176  may  exhibit  phase  reversal  if  either 
of  its  inputs  exceeds  the  specified  negative  common-mode  input 
voltage.  This  might  occur  in  some  applications  where  a  trans- 
ducer, or  a  system,  fault  might  apply  very  large  voltages  upon 
the  inputs  of  the  OP176.  Even  though  the  input  voltage  range 
of  the  OP176  is  ±10.5  V,  an  input  voltage  of  approximately 
-13.5  V  will  cause  output  voltage  phase  reversal.  In  inverting 
amplifier  configurations,  the  OP176's  internal  7.5  V  clamping 
diodes  will  prevent  phase  reversal;  however,  they  will  not 
prevent  this  effect  from  occurring  in  noninverting  applications. 
For  these  applications,  the  fix  is  a  3.92  kQ  resistor  in  series 
with  the  noninverting  input  of  the  device  and  is  illustrated  in 
Figure  31. 


'Red  IS  OPTIONAL 

- 

Figure  31.  Output  Voltage  Phase  Reversal  Fix 
Overdrive  Recovery 

The  overdrive  recovery  time  of  an  operational  amplifier  is  the 
time  required  for  the  output  voltage  to  recover  to  a  rated  output 
level  from  a  saturated  condition.  This  recovery  time  is  impor- 
tant in  applications  where  the  amplifier  must  recover  quickly 
after  a  large  abnormal  transient  event.  The  circuit  shown  in 
Figure  32  was  used  to  evaluate  the  OP176's  overload  recovery 
time.  The  OP176  takes  approximately  1  us  to  recover  to  Volrr  = 


+  10  V  and  approximately  900  ns  to  recover  to  VD 


-10  V. 


m 

1kfi 


R2 
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Figure  32.  Overload  Recovery  Time  Test  Circuit 
High  Speed  Operation 

As  with  most  high  speed  amplifiers,  care  should  be  taken  with 
supply  decoupling,  lead  dress,  and  component  placement. 
Recommended  circuit  configurations  for  inverting  and 
noninverting  applications  are  shown  in  Figure  33  and  Figure  34. 
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Figure  33.  Unity  Cain  Follower 

♦  15V  Q 


Figure  34.  Unity  Gain  Inverter 

In  inverting  and  noninverting  applications,  the  feedback 
resistance  forms  a  pole  with  the  source  resistance  and  capaci- 
tance (Rs  and  Cs)  and  the  OP176's  input  capacitance  (C]N),  as 
shown  in  Figure  35.  With  Rs  and  RF  in  the  k£i  range,  this  pole 
can  create  excess  phase  shift  and  even  oscillation.  A  small 
capacitor,  Cra,  in  parallel  with  RpB  eliminates  this  problem.  By 
setting  Rs  (Cs  +  Cm)  =  RfB  Cfb,  the  effect  of  the  feedback  pole  is 
completely  removed. 


Figure  35.  Compensating  the  Feedback  Pole 
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Attention  to  Source  Impedances  Minimizes  Distortion 

Since  the  OP176  is  a  very  low  distortion  amplifier,  careful 
attention  should  be  given  to  source  impedances  seen  by  both 
inputs.  As  with  many  FET-type  amplifiers,  the  p-channel 
JFETs  in  the  OP176's  input  stage  exhibit  a  gate-to-source 
capacitance  that  varies  with  the  applied  input  voltage.  In  an 
inverting  configuration,  the  inverting  input  is  held  at  a  virtual 
ground  and,  as  such,  does  not  vary  with  input  voltage.  Thus, 
since  the  gate-to-source  voltage  is  constant,  there  is  no  distor- 
tion due  to  input  capacitance  modulation.  In  noninverting 
applications,  however,  the  gate-to-source  voltage  is  not 
constant.  The  resulting  capacitance  modulation  can  cause 
distortion  above  1  kHz  if  the  input  impedance  is  >  2  k£2  and 
unbalanced. 

Figure  36  shows  some  guidelines  for  maximizing  the  distortion 
performance  of  the  OP176  in  noninverting  applications.  The 
best  way  to  prevent  unwanted  distortion  is  to  ensure  that  the 
parallel  combination  of  the  feedback  and  gain  setting  resistors 
(RF  and  Rq)  is  less  than  2  kfi.  Keeping  the  values  of  these 
resistors  small  has  the  added  benefits  of  reducing  the  thermal 
noise  of  the  circuit  and  dc  offset  errors.  If  the  parallel  combina- 
tion of  RF  and  Ro  is  larger  than  2  kQ,  then  an  additional 
resistor,  Rs,  should  be  used  in  series  with  the  noninverting 


•  Rs  =  RG//RF  IF  RG//RF  >  2k!i 
FOR  MINIMUM  DISTORTION 


R„  =  RD  R0   WHERE  R0  =  OPEN-LOOP  OUTPUT  RESISTANCE 
Rf 


Figure  36.  Balanced  Input  Impedance  to  Mininize 
Distortion  in  Noninverting  Amplifier  Circuits 

input.  The  value  of  R5  is  determined  by  the  parallel  combina- 
tion of  RF  and  Rq  to  maintain  the  low  distortion  performance  of 
the  OP176.  For  a  more  generalized  treatment  on  circuit 
impedances  and  their  effects  on  circuit  distortion,  please  review 
the  section  on  Active  Filters  at  the  end  of  the  Applications 
section. 

Driving  Capacitive  Loads 

As  with  any  high  speed  amplifier,  care  must  be  taken  when 
driving  capacitive  loads.  The  graph  in  Figure  14  shows  the 
OP176's  overshoot  versus  capacitive  load.  The  test  circuit  is  a 
standard  noninverting  voltage  follower;  it  is  this  configuration 
that  places  the  most  demand  on  an  amplifier's  stability.  For 
capacitive  loads  greater  than  400  pF,  overshoot  exceeds  40% 
and  is  roughly  equivalent  to  a  45°  phase  margin.  If  the  applica- 
tion requires  the  OP  176  to  drive  loads  larger  than  400  pF,  then 
external  compensation  should  be  used. 

Figure  37  shows  a  simple  circuit  which  uses  an  in-the-loop 
compensation  technique  that  allows  the  OP176  to  drive  any 
capacitive  load.  The  equations  in  the  figure  allow  optimization 
of  the  output  resistor,  Rx,  and  the  feedback  capacitor,  CF,  for 
optimal  circuit  stability.  One  important  note  is  that  the  circuit 
bandwidth  is  reduced  by  the  feedback  capacitor,  CF,  and  is 
given  by: 

A  


Figure  37.  In-the-Loop  Compensation  Technique  for 
Driving  Capacitive  Loads 

APPLICATIONS  USING  THE  OP176 

A  High  Speed,  Low  Noise  Differential  Line  Driver 

The  circuit  of  Figure  38  is  a  unique  line  driver  widely  used  in 
many  applications.  With  + 18  V  supplies,  this  line  driver  can 
deliver  a  differential  signal  of  30  V  p-p  into  a  2.5  kfi  load.  The 
high  slew  rate  and  wide  bandwidth  of  the  OP176  combine  to 
yield  a  full  power  bandwidth  of  130  kHz  while  the  low  noise 
front  end  produces  a  referred-to-input  noise  voltage  spectral 
density  of  1 5  nV/VHz.  The  circuit  is  capable  of  driving  lower 
impedance  loads  as  well.  For  example,  with  a  reduced  output 
level  of  5  V  rms  (14  V  p-p),  the  circuit  exhibits  a  full-power 
bandwidth  of  1 90  kHz  while  driving  a  differential  load  of  249  £2! 
The  design  is  a  transformerless,  balanced  transmission  system 
where  output  common-mode  rejection  of  noise  is  of  paramount 
importance.  Like  the  transformer-based  design,  either  output 
can  be  shorted  to  ground  for  unbalanced  line  driver  applications 
without  changing  the  circuit  gain  of  1 .  Other  circuit  gains  can 
be  set  according  to  the  equation  in  the  diagram.  This  allows  the 
design  to  be  easily  set  for  noninverting,  inverting,  or  differential 
operation. 


Al,A2,A3  =  OP176 


SET  R2,  R4,  R5  =  R1  AND  R6,  H7,  R8  =  R3 


BW-- 


2  re  RfCf 


Figure  38. 
Driver 


A  High  Speed,  Low  Noise  Differential  Line 
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A  Low  Noise  Microphone  Preamplifier 


:r  with  a  Phantom 


Power  Option 

Figure  39  is  an  example  of  a  circuit  that  combines  the  strengths 
of  the  SSM2017  and  the  OP  176  into  a  variable  gain  micro- 
phone preamplifier  with  an  optional  phantom  power  feature. 
The  SSM2017's  strengths  lie  in  its  low  noise  and  distortion,  and 
gain  flexibility/simplicity.  However,  rated  only  for  2  kQ  or 
higher  loads,  this  makes  driving  600  SI  loads  somewhat  limited 
with  the  SSM2017  alone.  A  pair  of  OP176s  are  used  in  the 
circuit  as  a  high  current  output  buffer  (U2)  and  a  DC  servo 
stage  (U3).  The  OP176's  high  output  current  drive  capability 
provides  a  high  level  drive  into  600  SI  loads  when  operating 
from  + 18  V  supplies.  For  a  complete  treatment  of  the  circuit 
design  details,  the  interested  reader  should  consult  application 
note  AN-242,  available  from  Analog  Devices. 

This  amplifier's  performance  is  quite  good  over  programmed 
gain  ranges  of  2  to  2000.  For  a  typical  audio  load  of  600  SI, 
THD  +  N  at  various  gains  and  an  output  level  of  10  V  rms  is 
illustrated  in  Figure  40.  For  all  but  the  very  highest  gain,  the 
THD  +  N  is  consistent  and  well  below  0.01%,  while  the  gain  of 
2000  becomes  more  limited  by  noise.  The  noise  performance  of 
the  circuit  is  exceptional  with  a  referred-to-input  noise  voltage 
spectral  density  of  1  nV/VHz  at  a  circuit  gain  of  1000. 


Figure  40.  Low  Noise  Microphone  Preamplifier  THD  +  N 
Performance  at  Various  Gains  (V0UT  =  10  V  rms  and 
RL  =  600  Si) 


NOTES: 

1)  Z1-Z4  1N752  (SEE  TEXT). 

2)  CMX,  Cox  LOW  LEAKAGE  ELECTROLYTIC  TYPES  (SEE  TEXT). 

3)  GAIN  =  G  =  2  K  ((10k/Ra )  *U  (SEE  TEXT). 

4)  ALL  RESISTORS  1%  METAL  FILM. 

5)  DOTTED  PHANTOM  POWER  RELA1 


Figure  39.  A  Low  Noise  Microphone  Preamplifier 
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A  Low  Noise,  +5  V/+10  V  Reference 

In  many  high  resolution  applications,  voltage  reference  noise 
can  be  a  major  contributor  to  overall  system  error.  Monolithic 
voltage  references  often  exhibit  too  much  wide  band  noise  to  be 
used  alone  in  these  systems.  Only  through  careful  filtering  and 
buffering  of  these  monolithic  references  can  one  realize  wide- 
band microvolt  noise  levels.  The  circuit  illustrated  in  Figure  41 
is  an  example  of  a  low  noise  precision  reference  optimized  for 
both  ac  and  dc  performance  around  the  OP176.  With  a  +10  V 
reference  (the  AD587),  the  circuit  exhibits  a  1  kHz  spot  output 
noise  spectral  density  <  10  nV/VHz.  The  reference  output 
voltage  is  selectable  between  5  V  and  1 0  V,  depending  only  on 
the  selection  of  the  monolithic  reference.  The  output  table 
illustrated  in  the  figure  provides  a  selection  of  monolithic 
references  compatible  with  this  circuit. 


OUTPUT  TABLE 

vOUT 

U1 

10V 

AD587 

5  TO  10 

10V 

REF01 

30  TO  100 

10V 

REF10 

30  TO  50 

10V 

AD581 

5  TO  30 

5V 

REF195 

2  TO  10 

5V 

AD586 

2.5  TO  20 

5V 

REF02 

15  TO  50 

5V 

REF05 

15  TO  25 

A  Differential  ADC  Driver 

High  performance  audio  sigma-delta  ADCs,  such  as  the  stereo 
16-bit  AD  1878  and  the  18-bit  AD  1879,  present  challenging 
design  problems  with  regards  to  input  interfacing.  Because  of 
an  internal  switched  capacitor  input  circuit,  the  ADC  input 
structure  presents  a  difficult  dynamic  load  to  the  drive  amplifier 
with  fast  transient  input  currents  due  to  their  3  MHz  ADC 
sampling  rate.  Also,  these  ADCs  inputs  are  differential  with  a 
rated  full-scale  range  of  ±6.3  V,  or  about  4.4  V  rms.  Hence,  the 
ADC  interface  circuit  of  Figure  42  is  designed  to  accept  a 
balanced  input  signal  to  drive  the  low  dynamic  impedances  seen 
at  the  inputs  of  these  ADCs.  The  circuit  uses  two  OP176 
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Figure  41.  A  Low  Noise,  +5  V/+10  V  Reference 


In  operation,  the  basic  reference  voltage  is  set  by  Ul,  either  a 
5  V  or  10  V  3-terminal  reference  chosen  from  the  table.  In  this 
case,  the  reference  used  is  a  1 0  V  buried  Zener  reference,  but 
all  Ul  IC  types  shown  can  plug  into  the  pinout  and  can  be 
optionally  trimmed.  The  stable  1 0  V  from  the  reference  is  then 
applied  to  the  R1-C1-C2  noise  filter,  which  uses  electrolytic 
capacitors  for  a  low  corner  frequency.  When  electrolytic 
capacitors  are  used  for  filtering,  one  must  be  cognizant  of  their 
dc  leakage  current  errors.  Here,  however,  a  dc  bootstrap  of  CI 
is  used,  so  this  capacitor  sees  only  the  small  R2  dc  drop  as  bias, 
effectively  lowering  its  leakage  current  to  negligible  levels.  The 
resulting  low  noise,  dc-accurate  output  of  the  filter  is  then 
buffered  by  a  low  noise,  unity  gain  op  amp  using  an  OP176. 
With  the  OP176's  low  Vos  and  control  of  the  source  resistances, 
the  dc  performance  of  this  circuit  is  quite  good  and  will  not 
compromise  voltage  reference  accuracy  and/or  drift.  Also,  the 
OP176  has  a  typical  current  limit  of  50  mA,  so  it  can  provide 
higher  output  currents  when  compared  to  a  typical  IC  reference 
alone. 


Figure  42.  A  Balanced  Driver  Circuit  for  Sigma-Delta  ADCs 

amplifiers  as  inverting  low-pass  filters  for  their  speed  and  high 
output  current  drive.  The  outputs  of  the  OP176s  then  drive  the 
differential  ADC  inputs  through  an  RC  network.  This  RC 
network  buffers  the  amplifiers  against  step  changes  at  the  ADC 
sampling  inputs  using  one  differential  (C3)  and  two  common- 
mode  connected  capacitors  (C4  and  C5).  The  51  H  series 
resistors  isolate  the  OP  176s  from  the  heavily  capacitive  loads, 
while  the  capacitors  absorb  the  transient  currents.  Operating  on 
±  12  V  supplies,  this  circuit  exhibits  a  very  low  THD  +  N  of 
0.001%  at  5  V  rms  outputs.  For  single-ended  drive  sources,  a 
third  op  amp  unity  gain  inverter  can  be  added  between  R2's  (+) 
input  terminal  and  R4.  For  best  results,  short-lead,  noninduc- 
tive  capacitors  are  suggested  for  C3,  C4,  and  C5  (which  are 
placed  close  to  the  ADC),  and  1%  metal-film  types  for  Rl 
through  R6.  For  surface  mount  PCBs,  these  components  can 
be  NPO  ceramic  chip  capacitors  and  thin-film  chip  resistors. 
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An  RIAA  Phono  Preamp 

Figure  43  illustrates  a  simple  phono  preamplifier  using  RIAA 
equalization.  The  OP176  is  used  here  to  provide  gain  and  is 
chosen  for  its  low  input  voltage  noise  and  high  speed  perfor- 
mance. The  feedback  equalization  network  (Rl,  R2,  CI,  and 
C2)  forms  a  three  time  constant  network,  providing  reasonably 
accurate  equalization  with  standard  component  values.  The 
input  components  terminate  a  moving  magnet  phono  cartridge 
as  recommended  by  the  manufacturer,  the  element  values 
shown  being  typical.  When  this  ac  coupled  circuit  is  built  with  a 
low  noise  bipolar  input  device  such  as  the  OP176,  amplifier  bias 
current  makes  direct  cartridge  coupling  difficult.  This  circuit 
uses  input  and  output  capacitor  coupling  to  minimize  biasing 
interactions. 

Input  ac  coupling  to  the  amplifier  is  provided  via  C5,  and  the 
low  frequency  termination  resistance,  RT,  is  the  parallel  equiva- 
lent of  R6  and  R7.  R3  of  the  feedback  network  is  ac  grounded 
via  C4,  a  large  value  electrolytic.  Additionally,  this  resistor  is 
set  to  a  low  value  to  minimize  circuit  noise  from  nonamplifier 
sources.  These  design  measures  reduce  the  dc  offset  at  the 
output  of  the  OP  176  to  a  few  millivolts.  The  output  coupling 
network  of  C3  and  R4  is  shown  as  suitable  for  wide  band 
response,  but  it  can  be  set  to  a  7950  us  time  constant  for  use  as 
a  20  Hz  rumble  filter. 

The  1  kHz  gain  ("G")  of  this  circuit,  controlled  by  R3,  is 
calculated  as: 

G  (@1  kHz)  =  0.101  x{l 

\  R3> 

For  an  R3  of  200  £2,  the  circuit  gain  is  just  under  50  x  (=  34  dB), 
and  higher  gains  are  possible  by  decreasing  R3.  For  any  value 
of  R3,  the  R5-C6  time  constant  should  be  equal  to  R3  and  the 
series  equivalent  of  CI  and  C2. 

Using  readily  available  standard  values  for  network  elements 
(Rl,  R2,  CI,  and  C2)  makes  the  design  easily  reproducible  and 
inexpensive.  These  components  are  ideally  high  quality 
precision  types,  for  low  equalization  errors  and  minimum 


parasitics.  One  percent  metal-film  resistors  and  two  percent 
film  capacitors  of  polystyrene  or  polypropylene  are  recom- 
mended. Using  the  suggested  values,  the  frequency  response 
relative  to  the  ideal  RIAA  characteristic  is  within  +0.2  dB  over 
20  Hz-20  kHz.  Even  tighter  response  can  be  achieved  by  using 
the  alternate  values,  shown  in  brackets  "[  ],"  with  the  trade-off 
of  a  non  off-the-shelf  part. 

As  previously  mentioned,  the  OP  176  was  chosen  for  three 
reasons:  (1)  For  optimal  circuit  noise  performance,  the 
amplifier  used  should  exhibit  voltage  and  current  noise  densities 
of  5  n\WHz  and  1  pAA/Hz,  respectively.  (2)  For  high  gain 
accuracy,  especially  at  high  stage  gains,  the  amplifier  should 
exhibit  a  gain  bandwidth  product  in  excess  of  5  MHz.  (3) 
Equally  important  because  of  the  100%  feedback  through  the 
network  at  high  frequencies,  the  amplifier  must  be  unity  gain 
stable.  With  the  OP176,  the  circuit  exhibits  low  distortion  over 
the  entire  range,  generally  well  below  0.01%  at  outputs  levels  of 
5  V  rms  using  + 18  V  supplies.  To  achieve  maximum  perfor- 
mance from  this  high  gain,  low  level  circuit,  power  supplies 
should  be  well  regulated  and  noise  free,  and  care  should  be 
taken  with  shielding  and  conductor  layout. 

Active  Filter  Circuits  Using  the  OP176 

A  general  active  filter  topology  that  lends  itself  to  both  high-pass 
(HP)  and  low-pass  (LP)  filters  is  the  well  known  Sallen-Key 
(SK)  VCVS  (Voltage-Controlled,  Voltage  Source)  architecture. 
This  filter  type  uses  the  op  amp  as  a  fixed  gain  voltage  follower 
at  either  unity  or  a  higher  gain.  Discussed  here  are  simplified  2- 
pole,  unity  gain  forms  of  these  filters,  which  are  attractive  for 
several  reasons:  One,  at  audio  frequencies,  using  an  amplifier 
with  a  10  MHz  bandwidth  such  as  the  OP176,  these  filters 
exhibit  reasonably  low  sensitivities  for  unity  gain  and  high 
damping  (low  Q).  Second,  as  voltage  followers,  they  are  also 
inherently  gain  accurate  within  their  pass  band;  hence,  no  gain 
resistor  scaling  errors  are  generated.  Third,  they  can  also  be 
made  "dc  accurate,"  with  output  dc  errors  of  only  a  few 
millivolts.  The  specific  filter  response  in  terms  of  HP,  LP  and 
damping  is  determined  by  the  RC  network  around  the  op  amp, 
as  shown  in  Figure  44a. 
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MAGNET 
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R6|  |R7 
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Figure  43.  An  RIAA  Phono  Preamplifier  Circuit 
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High  Pass  Sections 

Figure  44a  illustrates  the  high-pass  form  of  a  2-pole  SK  filter 
using  an  OP176.  For  simplicity  and  practicality,  capacitors  CI 
and  C2  are  set  equal  ("C"),  and  resistors  R2  and  Rl  are 
adjusted  to  a  ratio,  N,  which  provides  the  filter  damping 
coefficient,  a,  as  per  the  design  expressions.  This  high  pass 
design  is  begun  with  selection  of  standard  capacitor  values  for 
CI  and  C2  and  a  calculation  of  N.  The  values  for  Rl  and  R2 
are  then  determined  from  the  following  expressions: 

/ 


and 


REQ  x  C  x  i 


R2  =  N  xRl 


<Q"T  I 


Figures  44a.  Two-Pole  Unity  Gain  HP/LP  Active  Filters 

In  this  examples,  circuit  a  (or  1/Q)  is  set  equal  to  V2,  providing 
a  Butterworth  (maximally  flat)  characteristic.  The  filter  corner 
frequency  is  normalized  to  1  kHz,  with  resistor  values  shown  in 
both  rounded  and  (exact)  form.  Various  other  2-pole  response 
shapes  are  possible  with  appropriate  selection  of  a,  and  fre- 
quency can  be  easily  scaled,  using  inversely  proportional  R  or 
C  values  for  a  given  a.  The  22  V/|JS  slew  rate  of  the  OP  176  will 
support  20  V  p-p  outputs  above  100  kHz  with  low  distortion. 
The  frequency  response  resulting  with  this  filter  is  shown  as  the 
dotted  HP  portion  of  Figure  45. 


Low  Pass  Sections 

In  the  LP  SK  arrangement  of  Figure  44b,  the  R  and  C  elements 
are  interchanged  where  the  resistors  are  made  equal.  Here,  the 
ratio  of  C2/C 1  ("M")  is  used  to  set  the  filter  a,  as  noted. 
Otherwise,  this  filter  is  similar  to  the  HP  section,  and  the 
resulting  1  kHz  LP  response  is  shown  in  Figure  45.  The  design 
begins  with  a  choice  of  a  standard  capacitor  value  for  CI  and  a 
calculation  of  M.  This  then  forces  a  value  of  "M  x  CI"  for  C2. 
Then,  the  value  for  Rl  and  R2  ("R")  is  calculated  according  to 
the  following  equation: 

/  

2nxFREQxClx4u 


R  = 


2  71  FREQ  *  C1  x/M 
1  kHz  BW  SHOWN 


ZCOMP  (LOW  PASS) 
IN  (-)  OUTPUT 

f       «  t 

t — K  1 

I    R2        R1  I 


Figures  44b.  Two-Pole  Unity  Gain  HP/LP  Active  Filters 
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Figure  45.  Relative  Frequency  Response  of  2-Pole,  1  kHz 
Butterworth  LP  (Left)  and  HP  (Right)  Active  Filters 
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or  2%  film  types  preferably,  such  as  polypropylene  or  polysty- 
rene, or  NPO  (COG)  ceramic  for  smaller  values. 

Active  Filter  Circuit  Subtleties 

In  designing  active  filter  circuits  with  the  OP  176,  moderately 
low  values  (10  kQ  or  less)  for  Rl  and  R2  can  be  used  to 
minimize  the  effects  of  Johnson  noise  when  critical.  The 
practical  tradeoff  is,  of  course,  capacitor  size  and  expense.  DC 
errors  will  result  for  larger  values  of  resistance,  unless  compen- 
sation for  amplifier  input  bias  current  is  used.  To  add  bias 
compensation  in  the  HP  filter  section  of  Figure  42a,  a  feedback 
compensation  resistor  equal  to  R2  can  be  used.  This  will 
minimize  bias  current  induced  offset  to  the  product  of  the 
OP176's  Ios  and  R2.  For  an  R2  of  25  KJ,  this  produces  a  typical 
compensated  offset  voltage  of  50  uV.  Similar  compensation  is 
applied  to  Figure  42b,  using  a  resistance  equal  to  R1+  R2. 
Using  dc  compensation,  filter  output  dc  errors  using  the  OP  176 
will  be  dominated  by  its  Vos,  which  is  typically  1  mV  or  less.  A 
caveat  here  is  that  the  additional  resistors  can  increase  noise 
substantially.  For  example,  a  1 0  kQ  resistor  generates  ~  1 2  nV/ 
VHz  of  noise  and  is  about  twice  that  of  the  OP176.  These 
resistors  can  be  ac  bypassed  to  eliminate  their  noise  using  a 
simple  shunt  capacitor  chosen  such  that  its  reactance  (XJ  is 
much  less  than  R  at  the  lowest  frequency  of  interest. 

A  more  subtle  form  of  ac  degradation  is  also  possible  in  these 
filters,  namely  nonlinear  input  capacitance  modulation.  This 
issue  was  previously  covered  for  general  cases  in  the  section  on 
minimizing  distortion.  In  active  filter  circuits,  a  fully  compen- 
sating network  (for  both  dc  and  ac  performance)  can  be  used  to 
minimize  this  distortion.  To  be  most  effective,  this  network 
(ZCOMP)  should  include  Rl  through  C2  as  noted  for  either  filter 
type,  of  the  same  style  and  value  as  their  counterparts  in  the 
forward  path.  The  effects  of  a  ZC0MP  network  on  the  THD  +  N 
performance  of  two  1  kHz  HP  filters  is  illustrated  in  Figure  46. 
One  filter  (A)  is  the  example  shown  in  Figure  44a  (Curves  Al 
and  A2),  while  the  second  (B)  uses  RC  values  scaled  10  times 
upward  in  impedance  (Curves  Bl  and  B2).  Both  filters  operate 
with  a  2  V  rms  input,  ±18  V  supplies,  100  k£i  loading,  and 
analyzer  bandwidth  of  80  kHz. 


Figure  46.  THD  +  N  <%)  vs.  Frequency  for  Various  1  kHz  HP 
Active  Filters  Illustrating  the  Effects  of  the  ZC0UP  Network 

Curves  Al  and  Bl  show  performance  with  ZC0MP  shorted, 
while  curves  A2  and  B2  illustrate  operation  with  ZCOMP  active. 
For  the  "A"  example  values,  distortion  in  the  pass  band  of 
1  kHz-20  kHz  is  below  0.001%  compensated,  and  slightly 
higher  uncompensated.  With  the  higher  impedance  "B"  net- 
work, there  is  a  much  greater  difference  between  compensated 
and  uncompensated  responses,  underscoring  the  sensitivity  to 
higher  impedances.  Although  the  positive  effect  of  ZC0MP  is  seen 
for  both  "A"  and  "B"  cases,  there  is  a  buffering  effect  which 
takes  place  with  lower  impedances.  As  case  "A"  shows,  when 
using  larger  capacitance  values  in  the  source,  the  amplifier's 
nonlinear  C-V  input  characteristics  have  less  effect  on  the 
signal. 

Thus,  to  minimize  the  necessity  for  the  complete  ZCOMP  com- 
pensation, effective  filter  designs  should  use  the  lowest  capaci- 
tive  impedances  practical,  with  an  0.01  uF  lower  value  limit  as  a 
goal  for  lowest  distortion  (while  lower  values  can  certainly  be 
used,  they  may  suffer  higher  distortion  without  the  use  of  full 
compensation).  Since  most  designs  are  likely  to  use  low  relative 
impedances  for  reasons  of  low  noise  and  offset,  the  effects  of 
CM  distortion  may  or  may  not  actually  be  apparent  to  a  given 
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OP176  SPICE  Model 


*  POLE/ZERO  PAIR  AT  1.5  MHz/2.7  MHz 


'  Node  Assignments 


Noninverting  Input 

|       Inverting  Input 

|       |        Positive  Supply 

|       |        |         Negative  Supply 

III  I  Output 


I 


I 


.SUBCKT  OP176 

* 

1       2       99  50 

*  INPUT  STAGE  &  POLE  AT  100  MHz 

R3  5 

51 

2.487 

R4  6 

51 

2.487 

CIN  1 

2 

3  7E-12 

CM1  1 

98 

7.5E-12 

CM2  2 

98 

7.5E-12 

C2  5 

6 

320E-12 

11  97 

4 

100E-3 

IOS  1 

2 

1E-9 

EOS  9 

3 

POLY(l)  (26,28) 

Ql  5 

2 

7  QX 

Q2  6 

9 

8  QX 

R5  7 

4 

1.970 

R6  8 

4 

1.970 

Dl  2 

36 

DZ 

D2  1 

36 

DZ 

EN  3 

1 

(10,0)  1 

GN1  0 

2 

(13,0)  1E-3 

GN2  0 
* 

1 

(16,0)  1E-3 

EREF98 

0 

(28,0)  1 

EP  97 

0 

(99,0)  1 

EM  51 

* 

0 

(50,0)  1 

*  VOLTAGE  NOISE  SOURCE 
* 

0.2E-3 


DN1  35  10  DEN 
DN2  10  11  DEN 
VN1  35  0  DC  2 
VN2  0  11  DC  2 
* 

*  CURRENT  NOISE  SOURCE 


DN3  12 
DN4  13 
VN3  12 
VN4  0 


13 
14 

0 

14 


DIN 
DIN 
DC  2 
DC  2 


*  CURRENT  NOISE  SOURCE 

DN5  15  16  DIN 

DN6  16  17  DIN 

VN5  15  0  DC  2 

VN6  0  17  DC  2 


*  GAIN  STAGE  &  DOMINANT  POLE  AT  32  Hz 


R8  21  98  1E3 

R9  21  22  1.25E3 

C4  22  98  47.2E-12 

G2  98  21  (18,28)  1E-3 

* 

•POLE  AT  100  MHz 


R10  23 

98  1 

C5  23 

98  1.59E-9 

G3  98 
* 

23       (21,28)  1 

*  POLE  AT  100  MHz 
* 

Rll  24 

98  1 

C6  24 

98  1.591 

G4 


98      24  (23 

* 

*  COMMON-MODE  GA 
lkHz 


1 

[  NETWORK  WITH  ZERO  AT 


R12  25  26  1E6 

C7  25  26  60E-12 

R13  26  98  1 

E2  25  98  POLY(2)    (1,98)  (2,98)  0  2.50  2.50 


*  POLE  AT  100  MHz 


R14  27 
C8  27 
G5  98 


98 
98 
27 


1.59E-9 

(24,28) 


' OUTPUT  STAGE 


R15 

28 

99 

58.333E3 

R16  28 

50 

58.333E3 

zs 

50 

1E-6 

ISY 

99 

50 

1.743E-3 

R17 

29 

99 

100 

R18 

29 

50 

100 

L2 

29 

34 

1E-9 

G6 

32 

50 

(27,29) 

10E-3 

G7 

33 

50 

(29,27) 

10E-3 

G8 

29 

99 

(99,27) 

10E-3 

G9 

50 

29 

(27,50) 

10E-3 

V4 

30 

29 

1.74 

V5 

29 

31 

1.74 

Fl 

29 

0 

V4  1 

F2 

0 

29 

V5  1 

D5 

27 

30 

DX 

D6 

31 

27 

bx 

D7 

99 

32 

DX 

D8 

99 

33 

DX 

D9 

50 

32 

DY 

D10 

50 

33 

DY 

*  MODELS 
* 

USED 

R7 

18 

98 

1.243E6 

C3 

18 

98 

4E-9 

Gl 

98 

18 

(5,6)  4.021E-1 

V2 

97 

19 

1.35 

V3 

20 

51 

1.35 

D3 

18 

19 

DX 

D4 

20  18 

DX 

* 

.MODEL  QX  PNP(BF=5E5) 
.MODEL  DX  D(IS=1E-12) 
.MODEL  DY  D(IS=1E-15  BV=50) 
.MODEL  DZ  D(IS=1E-15  BV=7.0) 
.MODEL  DEN  D(IS=1E-12  RS=4.35K  KF=1.95E-15  AF=1) 
.MODEL  DIN  D(IS=1E-12  RS=268  KF=1.08E-15  AF=1) 
i  .ENDS  OP176 
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FEATURES 

•  Ultra-Low  Offset  Voltage 

TA  =  25°C  10m V  Max 

-55°C  <  TA  <  1 25°C  20m  V  Max 

•  Outstanding  Offset  Voltage  Drift  0.lMV/°CMax 

•  Excellent  Open-Loop  Gain  and 

Gain  Linearity  12V/MVTyp 

•  CMRR   130dB  Mm 

•  PSRR  120dB  Min 

•  Low  Supply  Current  2.0  mA  Max 

•  Fits  Industry  Standard  Precision  Op  Amp  Sockets 

(OP07/OP77) 

ORDERING  INFORMATION  f 


PACKAGE 


CERDIP 
8-PIN 


PLASTIC 
8-PIN 


LCC 
20-PIN 


  OPERATING 

SO  TEMPERATURE 
8-PIN  RANGE 


OP177AZ- 
OP177BZ- 
OP177EZ 
OP177FZ 
OP177GZ 


OP177BRC/883 


OP177FP 
OP177GP 


MIL 
MIL 
XIND 
XIND 
XIND 


MIL  =  -55°C  10  +1 25"C       XIND  =  -40"C  to  +85°C 

*    For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerDIP,  plastic  DIP,  and  TO-can  packages. 


GENERAL  DESCRIPTION 

The  OP-1 77  features  the  highest  precision  performance  of  any 
op  amp  currently  available.  Offset  voltage  of  the  OP-1 77  is  only 
10mV  MAX  at  room  temperature  and  20mV  MAX  over  the  full 
military  temperature  range  of  -55°C  to  +125°C.  The  ultra-low 
VQS  of  the  OP-1 77,  combines  with  its  exceptional  offset  voltage 


PIN  CONNECTIONS 


VosTRIM  (T  •  T]  VosTRIM 

♦IN  [T  —r-L^H-  T)  OUT 
V-  [T  T|  N.C. 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 

8-PIN  SO 
(S-Suffix) 


\tar. 


NC.  T\  [IB  N.C. 

-IN   5]  [n  v+ 

n.c.  T\  [ji  N.C. 

♦IN   JJ  [«  OUT 

N.C.  7]  [u  N  C 

z  >  z  z  z" 

OP-177BRC/883 
LCC 
(RC-Suffix) 


drift  (TCVos)  of  0.1mV/°C  MAX,  to  eliminate  the  need  for  exter- 
nal VQS  adjustment  and  increases  system  accuracy  over  tem- 
perature. 

The  OP-1 77's  open-loop  gain  of  1  2V/mV  is  maintained  over  the 
full  ±10V  output  range.  CMRR  of  130dB  MIN,  PSRR  of  120dB 
MIN,  and  maximum  supply  current  of  2mA  are  just  a  few  ex- 
amples of  the  excellent  performance  of  this  operational  ampli- 
fier. The  OP-1 77's  combination  of  outstanding  specifications 
insure  accurate  performance  in  high  closed-loop  gain  applica- 
tions. 

This  low  noise  bipolar  input  op  amp  is  also  a  cost  effective  alter- 
native to  chopper-stabilized  amplifiers.  The  OP-1 77  provides 
chopper-type  performance  without  the  usual  problems  of  high 
noise,  low  frequency  chopper  spikes,  large  physical  size,  lim- 
ited common-mode  input  voltage  range,  and  bulky  external 
storage  capacitors. 

Continued 


•  NOTE: 
R2A  AND  R2B  ARE 
ELECTRONICALLY 
ADJUSTED  ON  CHIP 
AT  FACTORY. 


NON- 
INVERTING 
INPUT 

3  "3 

INVERTING 
INPUT 

(OPTIONAL 
NULL) 


§35 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44«-6212. 
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well  as  the  space  saving  8-pin  Small-Outline  (SO)  and  the 
Leadless  Chip  Carrier  (LCC)  packages. 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  1)  +.22V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

Z  and  RC  Packages  -65°C  to  +1 50°C 

P  Package  -65°C  to  +1 25°C 


Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  (T  )   -65°C  to  +150°C 


PACKAGE  TYPE 

e|A(NOTE2) 

eic 

UNITS 

8-Pin  Hermetic  DIP  (2) 

148 

16 

°cw 

8-Pin  Plastic  DIP  (P). 

103 

43 

•c/w 

20-Contact  LCC  (RC) 

98 

38 

•c/w 

8-Pin  SO  (S) 

158 

43 

°c/w 

NOTES: 

1 .  For  supply  voltages  less  than  ±22V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

2.  6jA  is  specified  for  worst  case  mounting  conditions,  i.e.,  e.A  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-177A 

OP-177B 

PARAMETEH 

SYMBOL 

CONDI  1 IUN5 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

4 

10 

10 

25 

uv 

Long-Term  Input  Offset 
Voltage  Stability 

il  Vq  g/  1  II  1  IC 

t  NntP  1  \ 

- 

0  2 

0.2 

uV/Mo 

Input  Offset  Current 

'os 



0.3 

1.0 

0.3 

1.5 

nA 

Input  Bias  Current 

>B 

-0.2 

1.5 

-0.2 



2.0 

nA 

Input  Noise  Voltage 

en 

fQ  =  1Hz  to  100Hz  (Note  2) 

118 

150 

118 

150 

nVRMS 

Input  Noise  Current 

<n 

fQ=  1Hz  to  100Hz  (Note  2) 

3 

8 

3 

8 

PARMS 

Input  Resistance 
Differential-Mode 

a 

HIN 

26 

45 



26 

45 

M£2 

Input  Resistance 
Common-Mode 

RINCM 

200 

200 

G£J 

Input  Voltage  Range 

IVR 



(Note  4) 

±13 

±14 

±13 

±14 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

130 

140 

- 

130 

140 

— 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =+3Vto±18V 

120 

125 

115 

125 

dB 

Large-Signal  Voltage  Gain 

AVO 

RL>2kfi,Vo  =  ±10V(N0te5) 

5000 

12000 

5000  12000 

V/mV 

RL>10kfi 

±13.5 

±14.0 

±13.5 

±14.0 

Output  Voltage  Swing 

V0 

RL  >  2kQ 

±12.5 

±13.0 

±12.5 

+13.0 

V 

RL>1kB 

±12.0 

±12.5 

±12.0 

+12.5 

Slew  Rate 

SR 

RL  >  2k£2  (Note  2) 

0.1 

0.3 

0.1 

0.3 

V/us 

Closed-Loop  Bandwidth 

BW 

0.4 

0.6 

0.4 

0.6 

MHz 

AVCL=+1  (Note  2) 

Open-Loop  Output  Resistance 

Ro 

60 

60 

£2 

Power  Consumption 

Pd 

VS=±15V,  No  Load 
Vg  -  ±3V,  No  Load 

50 

3.5 

60 
4.5 

50 

3.5 

60 
4.5 

mW 

Supply  Current 

'SY 

VS  =  ±15V,  No  Load 

1.6 

2.0 

1.6 

2.0 

mA 

Offset  Adjustment  Range 

Rp  =  20kfi 

±3 

±3 

mV 

NOTES:  2.  Sample  tested. 

1 .    Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line  of  3.  Guaranteed  by  design. 

Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation.  Ex-  4.  Guaranteed  by  CMRR  test  condition. 

eluding  the  initial  hour  of  operation,  changes  in  VQS  during  the  first  30  operat-  5.  To  insure  high  open-loop  gain  throughout  the  ±1 0V  output  range,  Av0  is  tested 

ing  days  are  typically  less  than  2.0uV.  at  -1 0V  <  VQ  <  0V,  0V  <  VQ  <  +1 0V,  and  -1 0V  <  VQ  <  +1 0V. 
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0P177 


ELECTRICAL  CHARACTERISTICS  at  V„  =  ±15V,  -55°C  <T.  <  +125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN0"'^  MAX 

MINC 

P"tV7Bmax 

UNITS 

Input  Offset  Voltage 

OS 

10 

20 

25 

55 

pV 

Average  Input  Offset 
Voltage  Drift 

TCVOS 

(Notel) 

0.03 

0.1 

0.1 

0.3 

llVt'C 

Input  Offset  Current 

I 

'os 

- 

0.5 

1.5 

0.5 

2.0 

nA 

Average  Input  Offset 

TCIOS 

(Note  2) 

1.5 



1.5 


25 

pA/°C 

Current  Drift 

25 



- 

Input  Bias  Current 

>B 

-0.2 

2.4 

4 

-0.2 

2.4 

4 

nA 

Average  Input  Bias 
Current  Drift 

TCI 

I  Nnte  PI 

- 

8 

25 

8 

25 

pA/°C 

Input  Voltage  Range 

IVR 

(Note  3) 

±13 

±13.5 

±13 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  ±13V 

120 

140 

120 

140 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=+3Vto±18V 

120 

125 

110 

120 

dB 

Large-Signal  Voltage  Gain 

AVO 

RL>2k£J,  VQ=±10V(Note4) 

2000 

6000 

2000 

6000 

V/mV 

Output  Voltage  Swing 

V0 

RL  >  2kQ 

±12 

±13.0 

±12 

±13.0 

V 

Power  Consumption 

Pd 

VS  =  ±15V,  No  Load 

_ 

60 

75 

60 

75 

mW 

Supply  Current 

'SY 

VS=±15V,  No  Load 

2.0 

2.5 

2.0 

2.5 

mA 

NOTES: 

1.  TCVC 

2.  Guaranteed  by 


TYPICAL  OFFSET  VOLTAGE  TEST  CIRCUIT 


3.  Guaranteed  by  CMRR  test  condition. 

4.  To  insure  high  open-loop  gain  throughout  the  +1 0V  output  range,  Av  0  is  tested 
at  -1 0V  <  V0  <  0  V,  0  V  <  VQ  <  +1 0  V.  and  -1 0  V  <  VQ  <  + 1 0  V. 


2t»kn 

51X1 

— \AA  

1  W\  1 

1  

OP-177^  1 

 ov0 

-. 

■ 

BURN-IN  CIRCUIT 


PINOUTS  SHOWN  FOR  P  AND  2  PACKAGES 


OPTIONAL  OFFSET  NULLING  CIRCUIT 


INPUT 

+ 

O  


 O  V* 


-O  OUTPUT 


Vos  TRIM  RANGE  IS  TYPICALLY  ±3.0mV 
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0P177 

ELECTRICAL  CHARACTERISTICS  at  Vg  =  ±1 5V,  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-177E 
MIN     TYP  1 

OP-177F 

MIN      TYP  MAX 

OP-177G 
MIN     TYP  MAX 

UNITS 

Input  Offset  Voltage  VQS 

4 

10 

10  25 

20 

60 

uV 

Long-Term  Vqq 
Stability 

Vos/Time 

(Notel) 

0.2 

- 

-        0.3  - 

0.4 

uV/Mo 

Input  Offset  Current 

'os 

- 

0.3 

1.0 

0.3  1.5 

- 

0.3 

2.8 

nA 

Input  Bias  Current 

'b 

-0.2 

1.0 

1.5 

-0.2 

1.2  2.0 

-0.2 

1.2 

2.8 

nA 

Input  Noise  Voltage 

en 

fo  =  1Hzto100Hz  (Note  2) 

118 

150 

118  150 

118 

150 

"VRMS 

Input  Noise  Current 

fo  =  1Hzto100Hz  (Note  2) 

3 

8 

3  8 

3 

8 

PARMS 

Input  Resistance - 
Differential-Mode 

RIN 

(Note  3) 

26 

45 

26 

45 

18.5 

45 

MO 

Input  Resistance  - 

RINCM 

200 

200 

inn 

GS2 

Common-Mode 

Input  Voltage  Range 

IVR 

(Note  4) 

±13 

±14 

±13 

±14 

±13 

±14 

V 

Common-Mode 

Roiortinn  Ratio 

CMRR 

VCM.±13V 

130 

140 

130 

140 

115 

140 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  +3Vto±18V 

120 

125 

115 

110 

120 

dB 

Large-Signal 

RL  >  2k£2, 

5000 

12000 

5000  12000 

2000 

6000 

V/mV 

Voltage  Gain 

Avo 

V0  =±10V  (Note  5) 

Output  Voltage 
Swing 

v 

y-iT 

RL  >  2k£J 

±13.5 
±12.5 

±14.0 
±13.0 

±13.5 
±12.5 

±14.0 
±13.0 

±13.5  ±14.0 
±12.5  ±13.0 

V 

RL>1kn 

±12.0 

±12.5 

±12.0 

±12.5 

±12.0 

±12.5 

Slew  Rate 

SR 

RL  >  2kQ  (Note  2) 

0.1 

0.3 


0.1 

0.3 

0.1 

0.3 

V/us 

Closed-Loop 
Bandwidth 

BW 

AVCL=  +1 

(Note  2) 

0.4 

0, 

- 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output 
Resistance 

R0 

60 

60 

60 

O 

Power  Consumption 

VS  =  ±15V,  No  Load 
Vs  -  ±3V,  No  Load 

50 
3.5 

60 
4.5 

- 

50  60 
3.5  4.5 

50 

3.5 

60 
4.5 

mW 

Supply  Current 

'sv 

Vs  =  ±15V,NoLoad 

1.6 

2.0 

1 .6  2.0 

1.6 

2.0 

mA 

Offset  Adjustment 
Range 

Rp  =  20kI2 


±3 



±3 

±3 

_ 

mV 

NOTES:  2.  Sample  tested. 

1 .  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line  of  3.  Guaranteed  by  design. 

VQS  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation.  Exclud-  4.  Guaranteed  by  CMRR  test  condition. 

ing  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30  operating  5.  Toinsure  high  Open-loop  gain  throughout  the  ±10V  output  range,  AVQis  tested 
days  are  typically  less  than  2.0u.V.  at  -1 0V  <  VQ  <  0V,  0V  <  V0  <  +1 0V,  and  -1 0V  <  VQ  <  +1 OV. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V 



-40°C  sTAs  ±85°C,  unless  otherwise  noted. 


 — 


PARAMETER 


SYMBOL 


CONDITIONS 


OP-177E 

MIN     TYP  MAX 


OP-177F 
MIN      TYP  MAX 


OP-177G 

MIN     TYP    MAX  UNITS 


Input  Offset  Voltage 

vos 

10 

20 

15  40 

20  100 

uV 

average  mpui  uusei 
Voltage  Drift 

TCVOS 

(Notel) 

0.03 

0.1 

0.1  0.3 

0.7  1.2 

uA//°C 

Input  Offset  Current 

'os 

- 

0.5 

1.5 

- 

0.5  2.2 

0.5  4.5 

nA 

Average  Input  Offset 
Current  Drift 

TC'os 

(Note  2) 

1.5 

25 

- 

1.5  40 

1.5  85 

pA/°C 

Input  Bias  Current 

'B 

-0.2 

2.4 

4.0 

-0.2 

2.4  4.0 

-      2.4  ±6.0 

nA 

Average  Input  Bias 
Current  Drift 

TCIB 

(Note  2) 

8 

25 

8  40 

15  60 

pA/°C 

Input  Voltage  Range 

IVR 

(Note  3)  ±13.0 

±13.5 

±13.0 

±13.5 

±13.0  ±13.5         -  V 

Common-Mode  CMRR 
Reaction  Ratio 

w  -ion 
VCM*±13V  120 

140 

1 20 

140  — 

110  140 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

V„=±3Vto±18V  120 

125 

110 

120 

106  115 

rJB 

Large-Signal 
Voltage  Gain 

Avo 

L  2000 
VQ=±10V 

6000 

2000 

6000 

1000    4000  - 

V/mV 

Output  Voltage 
Swing 

vo 

RL>2kQ  ±12.0 

±13.0 



±12.0 

±13.0 

±12.0  ±13.0 


V 



Power  Consumption 

pd 

V„=±15V,  No  Load 
 2  !  

60 

75 

- 



60  75 

60  75 

mW 

Supply  Current 

VS=±15V,  No  Load           -  - 

2.0 

2.5 

2.0  2.5 

2.0  2.5 


mA 



NOTES: 

1 .  OP1 77E  and  OP1 77F:  TCVQS  is  1 00%  tested. 

2.  Guaranteed  by  end-point  limits. 


3.  Guaranteed  by  CMRR  test  condition. 

4.  To  insure  high  open-loop  gain  throughout  the  ±1 0V  output  range,  Av0  is  tested 
at  -1 0V  <  VQ  <  0V,  0V  <  V0  <  +1 0V.  and  -1 0V  <  Vn  <  +1 0V. 


■ 
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0P183/0P283 


FEATURES 

Single-Supply  -  +3  Volts  to  +36  Volts 
Wide  Bandwidth  -  5  MHz 
Low  Offset  Voltage  -  <1  mV 
High  Slew  Rate  -  10  V/lis 
Low  Noise  -  10  nV/VHz 
Unity-Gain  Stable 

Input  and  Output  Range  Includes  GND 
No  Phase  Reversal 

APPLICATIONS 

Multimedia 

Telecom 

ADC  Buffers 

Wide  Band  Filters 

Microphone  Preamplifiers 


GENERAL  DESCRIPTION 

The  OP183  is  a  single-supply,  5  MHz  bandwidth  amplifier  with 
slew  rates  of  10  V/us.  The  OP283  is  a  dual  version.  Both  can 
operate  from  voltages  as  low  as  3  volts  and  up  to  36  volts.  This 
combination  of  slew  rate  and  bandwidth  yields  excellent  single- 
supply  ac  performance  making  them  ideally  suited  for  telecom  and 
multimedia  audio  applications. 

In  addition  to  its  ac  characteristics,  the  OP  183  family  provides 
good  dc  performance  with  guaranteed  1  mV  offset.  Noise  is  a 
respectable  10  nV/VHz.  Supply  current  is  only  1.2  mA  per 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


Epoxy  DIP 
(P  Suffix) 


LI 
LI 
U 

T]                  NULL  fT 

T]  -in  ry 
T]            *in  [T 

*  OP183 

T]  NC 

OP183 

TOP  VIEW 
(Not  to  Scale) 

> 

T]  v* 

T]  OUT 

Lt 

3  V-LT 

T|  NULL 

8-Lead  Narrow-Body  SO 
(S! 


NC  =  NO  CONNECT 


8-Lead  Epoxy  DIP 
(P  Suffix) 


These  amplifiers  are  well  suited  for  single-supply  applications  that 
require  moderate  bandwidths  even  when  used  in  high  gain  configu- 
rations. This  makes  them  useful  in  filters  and  instrumentation. 
Their  output  drive  capability  and  very  wide  full  power  bandwidth 
make  them  a  good  choice  for  multimedia  headphone  drivers  or 
microphone  input  amplifiers. 

The  OP  183  and  OP283  are  available  in  8-pin  plastic  DIP  and  SO-8 
surface  mount  packages.  They  are  specified  over  the  extended 
industrial  (-40°C  to  +85°C)  temperature  range. 


IT 
H 


OP283 

rop  view 
{Not  to  Scale) 


JLJ 

OUTA  [7 

11 

-INA  [7 

I] 

tINA  [7 

3 

2k 


OP283 


T]  v» 

T|  OUTB 
-INB 
j]  +1NB 


^3 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS 


0P183/0P283 


(@  Vs  =  +5.0  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 





Typ 


Max 


INPUT  CHARACTERISTICS 
Offset  Voltage 

Input  Bias  Current 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection  Ratio 


Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 
Bias  Current  Drift 


V0s 
Ib 

u 

CMRR 

Avo 

AVos/AT 
AIJAT 


VCM  =  2.5  V,  VOUT  =  2.5  V, 
-40°C  <  TA  <  +85°C 
VCM  =  2.5  V,VOOT  =  2.5  V, 
-40°C  <  TA  <  +85°C 
VCM  =  2.5  V,V0UT  =  2.5  V, 
-40°C  <  TA  <  +85°C 

VCM  =  0  to  3.5  V 

-40°C  <  TA  <  +85°C 

RL  =  2  kQ,  0.2  <  V0  <  3.8  V 


0.025  1.0 

mV 

1.25 

mV 

350 

600 

nA 

430 

750 

nA 

nA 

0 

11 

±50 

nA 

+3.5 

V 

dB 

70 

104 

■ 

100 

V/mV 

-1.6 


OUTPUT  CHARACTERISTICS 
Output  Voltage  High 
Output  Voltage  Low 
Short  Circuit  Limit 


v01 

Vol 

he 


RL  =  2  kfi  to  GND 
RL  =  2  k£2  to  GND 
Source 
Sink 


+4.0 


4.22 
50 
25 
30 


POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

Supply  Current/Amplifier 

Supply  Voltage  Range 


PSRR 

IsY 

Vs 


Vs  =  +4  V  to  +6  V, 
-40°C  <  TB  <  +85°C 
V0  =  2.5  V, 
-40°C  <  TA  <  +85-C 


70 


+3 


104 
1.2 


1.5 

±18 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 


SR 
BWp 

ts 

GBP 
8o 


RL  =  2  kC2 
1  %  Distortion 
To  0.01% 


10 
>50 
1.5 
5 

46 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


0.1  Hz  to  10  Hz 

f=  1  kHz,  VCM  =  2.5  V 


10 
0.4 


ELECTRICAL  CHARACTERISTICS  <@vs  =  +3.0  V,  TA  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

Vos 

VCM  =  1.5  V,V0UT=  1.5  V, 
-40°C  <  TA  <  +85°C 

0.3 

1.0 
1.25 

mV 
mV 

Input  Bias  Current 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection  Ratio 

Ib 
C 

CMRR 

VCM=  1.5  V,V0UT=  1.5  V, 
-40°C  <  TA  <  +85°C 
Vc„=  1.5  V,VOUT=  1.5  V, 
-40°C  <  TA  <  +85°C 

Vc„  =  0Vto  1.5  V, 
-40°C  <  TA  <  +85°C 

0 

70 

350 

11 

103 

600 
750 

±50 
+  1.5 

nA 
nA 
nA 
nA 

V 

dB 

Large  Signal  Voltage  Gain 

Avo 

RL  =  2kB,  0.2  <V0<  1.8  V 

100 

260 

V/mV 

OUTPUT  CHARACTERISTICS 
Output  Voltage  High 
Output  Voltage  Low 
Short  Circuit  Limit 

% 
v« 

lsc 

RL  =  2  kfl  to  GND 
RL  =  2  kQ  to  GND 
Source 
Sink 

+2.0 

2.25 
90 
25 
30 

125 

V 

mV 
mA 
mA 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

Supply  Current/Amplifier 

PSRR 

h, 

Vs  =  +2.5  V  to  +3.5  V, 

-40°C  <  TA  <  +85°C 

-40°C  <  TA  <  +85°C,  V0  =  1.5  V 

60 

113 

1.2 

1.5 

dB 
mA 

DYNAMIC  PERFORMANCE 
Gain  Bandwidth  Product 

GBP 

5 

MHz 

NOISE  PERFORMANCE 
Voltage  Noise  Density 

f=  1  kHz,  VCM  =  1.5  V 

10 

nV/VHz 
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ELECTRICAL  CHARACTERISTICS  (@  Vs  =  i\U  V,  T,  =  +25°C  unless  otherwise  noted) 


lira  nntorll 


Parameter 



Symbol 

Conditions 

Mi. 

i    Typ  Max 

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

i 

Input  Bias  Current 

Trim  it  OfTcpt  PntTftit 

Input  Voltage  Range 
Common-Mode  Rejection  Ratio 

Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 
Bias  Current  Drift 
Long  Term  Offset  Voltage 

Vos 
Ib 

T 

1OS 

"CMRR 

AVo 

AVos/AT 

AIB/AT 

Vos 

-40°C  <  TA  <  +85°C 

-40°C  <  TA  <  +85°C 
-40  <  TA  <  +85°C 

VCM  =  -15Vto+13.5V, 
-40°C  <  TA  <  +85°C 
RL  =  2kQ 

-15 

70 
100 

0.01  1.0 
1.25 

300  600 
400  750 
11  +50 
+  13.5 

86 

1000 

3 

mV 
mV 
nA 
nA 
nA 
V 

dB 

V/mV 
uV/°C 
nA/°C 
mV 

Note  1 

-1.6 

1.5 

OUTPUT  CHARACTERISTICS 
Output  Voltage  High 

V0H 

R.  =  2  kD  tn  r,NT).  -4fi°C.  <  T.  <  +85°C 

+  13 

.9  14.1 

V      .  . 

Output  Voltage  Low 
Short-Circuit  Limit 

Open  -Loop  Output  Impedance 

Vol 

Isc  m 

Z0UT 

RL  =  2  k£i  to  GND,  -40°C  <  TA  < 

Source 

Sink 

f  =  1  MHz,  Av  =  +1 

+85°C 

-14.05  -13.9 

30 

50 

15 

V 

mA 
mA 
Q 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 
Supply  Current/Amplifier 
Supply  Voltage  Range 

PSRR 

IsY 

Vs 

Vs  =  ±2.5Vto±18V, 
-40°C  <  TA  <  +85°C 
Vs  =  ±18V,Vo  =  0V, 
-40°C  <  TA  <  +85°C 

+3 

1.2  1.75 
±18 

ATI 

mA 
V 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 

SR 
BWp 

RL  =  2k£l 
1%  Distortion 
T^  nni«/„ 

10 

15 
50 
i  ^ 

! 

V/us 
kHz 
us 

ts 

GBP 

00 

56 

MHz 
degrees 

NOISE  PERFORMANCE 

Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

e«P-P 

0.1  Hz  to  10  Hz 
f  =  1  kHz 

2 

10 

0.4 

uVp-p 

nV/VHz 

pA/VHz 

NOTES 

Specifications  subject  to  change  without  notice. 


WAFER  TEST  LIMITS  m 

Vs  =  +5.0  V,  T 

1  = 

+25°C  unless  otherwise  noted) 

Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos- 

Vs  =  ±15V,Vo  =  0V 

1.0 

mV  max 

Input  Bias  Current 

Ib 

Vc„  =  2.5  V 

±600 

nA  max 

Input  Offset  Current 

^OS 

VCM  =  2.5  V 

±50 

nA  max 

Common-Mode  Rejection 

CMRR 

VrM  =  0  V  to  3.5  V 

70 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  =  +2.5  Vto  ±18  V 

70 

dB  min 

Large  Signal  Voltage  Gain 

RL  =  2  k£2,  0.2  <  V0  <  3.8  V 

100 

V/mV  min 

Output  Voltage  High 

RL  =  2k£2 

4.0 

V  min 

Output  Voltage  Low 

RL=  2k£2 

75 

mV  max 

Supply  Current/Amplifier 

Vs.=  ±15  V,  Vo  =  0  V,  RL=  « 

1.5 

mA  max 

NOTE 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for  standard 
product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 
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ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage    ±18V 

Input  Voltage   ±18V 

Differential  Input  Voltage2   ±7V 

Output  Short-Circuit  Duration  to  GND    Indefinite 

Storage  Temperature  Range 

P,S  Package   -65°C  to +150°C 

Operating  Temperature  Range 

OP183/OP283G   -^10°C  to  +85°C 

Junction  Temperature  Range 

P,  S  Package  ^65°C  to  +150°C 

Lead  Temperature  Range  (Soldering  60  Sec)   +300°C 


Package  Type 

V 

°jc 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

"C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±7  V,  the  absolute  maximum  input  voltage  is  equal 
to  the  supply  voltage.  Maximum  input  current  should  not  exceed  2  mA. 

38]A  is  specified  for  the  worst  case  conditions,  i.e.,  6JA  is  specified  for  device  in  socket 
for  P-DIP  packages;  8,A  is  specified  for  device  soldered  in  circuit  board  for  SOIC 
packages. 


ORDERING  GUIDE 


Model 


OP183GP 
OP183GS 
OP183GBC 

OP283GP 
OP283GS 
OP283GBC 


Temperature 
Range 


-40°C  to  +85°C 
-40°C  to  +85°C 
+25°C 

-40°C  to  +85°C 
-40°C  to  +85°C 
+25°C 


Package 
Description 


8-Pin  Plastic  DIP 
8-Pin  SOIC 
DICE 

8-Pin  Plastic  DIP 
8-Pin  SOIC 
DICE 


Package 
Option* 


N-8 
SO-8 


N-8 
SO-8 


DICE  CHARACTERISTICS 

V+  OUT  NULL 


-IN  IN* 


OP183  Die  Size  0.058  X  0.063  Inch,  3,717  Sq.  Mils 
Substrate  (Die  Backside)  Is  Connected  to  V-. 
Transistor  Count,  30. 


OP283  Die  Size  0.063  X  0.092  Inch,  5,796  Sq.  Mils 
Substrate  (Die  Backside)  Is  Connected  to  V-. 
Transistor  Count,  55. 


•For  oudine  information  see  Package  Information  section. 


- 


i 
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Figure  1.  OP183  Input  Offset  Voltage 
Distribution  @ +5  V 
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INPUT  OFFSET  VOLTAGE  -  [lV 


Figure  2.  OP183  Input  Offset  Voltage 
Distribution  @±15V 
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Figure  3.  OP283  Input  Offset  Voltage 
Distribution  @  +5  V 
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Figure  4.  OP283  Input  Offset  Voltage 
Distribution  @±15V 


-40X  <  TA  <  +85X 
300X  OP  AMPS 
PLASTIC  PACKAGE 


TCVos-MV/X 
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I 

B 
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-40-C  <  T4  <  +85*C 
300X  OP  AMPS 
PLASTIC  PACKAGE 


10  12 


Figure  5.  OP183  Input  Offset  Voltage  Figure  6.  OP183  Input  Offset  Voltage 
Drift  (TCVos)  Distribution  @  +5  V  Drift  (TCV0S)  Distribution  @±15V 
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Figure  7.  OP283  Input  Offset  Voltage 
Drift  (TCVos)  Distribution  @ +5  V 
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Figure  8.  OP283  Input  Offset  Voltage 
Drift  (TCV0S)  Distribution  @±15V 
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Figure  9.  OP183/OP283  Maximum 
Output  Swing  vs.  Frequency  @  +3  V 
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Figure  10.  OP183/OP283  Maximum       Figure  11.  OP183/OP283  Maximum 
Output  Swing  vs.  Frequency  @  +5  V     Output  Swing  vs.  Frequency  @±15V 
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Figure  12.  Output  Voltage  vs.  Sink 
&  Source  Current 


-10  -5  0  5  10  13.5 
COMMON-MODE  VOLTAGE  -  Volts 

Figure  13.  Input  Bias  Current  vs. 
Common-Mode  Voltage 


=  ±15V 
& 

-75   -50  -25     0      25     50     75     100  125 
TEMPERATURE  -  "C 

Figure  14.  Input  Bias  Current  vs. 
Temperature 
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Figure  15.  Supply  Current  per 
Amplifier  vs.  Temperature 
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0.50 

0.25 


I  I 

T.  =  +25X 


0     ±2.5    ±5    ±7.5   ±10  ±12.5  ±15  ±17.5  ±20 
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Figure  16.  Supply  Current  per 
Amplifier  vs.  Supply  Voltage 
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Figure  17.  Short-Circuit  Current  vs. 
Temperature  @  +5  V 
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Figure  18.  Short-Circuit  Current  vs. 
Temperature  @±15  V 
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0P1 83/0P283— Typical  Characteristics 


Figure  22.  Open-Loop  Gain  and  Phase       Figure  23.  Open-Loop  Gain  and  Phase  Figure  24.  Open-Loop  Gain  vs. 

vs.  Frequency  @  +5  V  vs.  Frequency  @±15V  Temperature 
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Figure  25.  Closed-Loop  Gain  vs. 
Frequency 
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Figure  26.  Slew  Rate  vs.  Temperature 
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Figure  27.  Voltage  Noise  Density 
vs.  Frequency 
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Figure  28.  Current  Noise  Density  Figure  29.  Closed-Loop  Output 

vs.  Frequency  Impedance  vs.  Frequency 
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Figure  30.  Small  Signal  Overshoot 
vs.  Load  Capacitance 


Figure  31.  Large  Signal  Performance       Figure  32.  Small  Signal  Performance  Figure  33.  0.  1  Hz  to  10  Hz  Noise 

@±15V  @±15V  @±2.5V 

i.c.:.i. 
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F/gure  34.  0. 1  Hz  to  10  Hz  Noise 
@±15V 


Figure  35.  THD  +  Noise  vs.  Frequency  for  Various  Loads 
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APPLICATIONS 
OP183  Offset  Adjust 

Figure  36  shows  how  the  OP183's  offset  voltage  can  be  adjusted  by 
connecting  a  potentiometer  between  Pins  1  and  5,  and  connecting 
the  wiper  to  VEF.  The  recommended  value  for  the  potentiometer  is 
10  k£l.  This  will  give  an  adjustment  range  of  approximately  ±  1  mV. 
If  a  larger  adjustment  span  is  desired,  a  50  kSl  potentiometer  will 
yield  a  range  of  ±2.5  mV. 


+5  Volt  Only  Stereo  DAC  for  Multimedia 

The  OP283's  low  noise  and  single  supply  capability  are  ideally 
suited  for  stereo  DAC  audio  reproduction  or  sound  synthesis 
applications  such  as  multimedia  systems.  Figure  38  shows  an  18-bit 
stereo  DAC  output  setup  that  is  powered  from  a  single  +5  volt 
supply.  The  low  noise  preserves  the  18-bit  dynamic  range  of  the 
AD1868.  For  DACs  that  operate  on  dual  supplies,  the  OP283  can 
also  be  powered  from  the  same  supplies. 


•  SVSUWI.T 


Figure  36.  OP183  Offset  Adjust 


Phase  Reversal 

The  OP183  family  is  protected  against  phase  reversal  as  long  as 
both  of  the  inputs  are  within  the  range  of  the  positive  supply  and 
the  negative  supply  minus  0.6  volts.  However  if  there  is  a  possibility 
of  either  input  going  beyond  these  limits,  then  the  inputs  should  be 
protected  with  a  series  resistor  to  limit  input  current  to  2  mA. 

Direct  Access  Arrangement 

The  OP183/OP283  can  be  used  in  a  single  supply  Direct  Access 
Arrangement  (DAA)  as  is  shown  in  Figure  37.  This  figure  shows  a 
portion  of  a  typical  DAA  capable  of  operating  from  a  single  +5  volt 
supply  and  it  should  also  work  on  +3  volt  supplies  with  minor 
modifications.  Amplifiers  A2  and  A3  are  configured  so  that  the 
transmit  signal  TXA  is  inverted  by  A2  and  is  not  inverted  by  A3. 
This  arrangement  drives  the  transformer  differentially  so  that  the 
drive  to  the  transformer  is  effectively  doubled  over  a  single  amplifier 
arrangement.  This  application  takes  advantage  of  the  OP183/283's 
ability  to  drive  capacitive  loads,  and  to  save  power  in  single  supply 
applications. 

|3QOpF 


Figure  38.  +5  Volt  Only  18-Bit  Stereo  DAC 

Low  Voltage  Headphone  Amplifiers 

Figure  39  shows  a  stereo  headphone  output  amplifier  for  the 
AD  1849  16-bit  SoundPort®  Stereo  Codec  device.  The  pseudo- 
reference  voltage  is  derived  from  the  common-mode  voltage 
generated  internally  by  the  AD  1849,  thus  providing  a  convenient 
ie  headphone  out] 


1m 


LOUT1R  I 


_Wv- 

*5V 

L  VOLUME 

CONTROL 

\ 

s 

Figure  39.  Headphone  Output  Amplifier  for  Multimedia 
Sound  Codec 

SoundPort  is  a  registered  trademark  of  Analog  Devices  Inc. 


Figure  37.  Direct  Access  Arrangement 
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bandwidth  and  is  not  sensitive  to  false-ground  perturbations.  The 
simple  false-ground  circuit  shown  achieves  good  rejection  of  low 
frequency  interference  using  standard  off-the-shelf  components. 


Low  Noise  Microphone  Amplifier  for  Multimedia 

The  OP183  family  is  ideally  suited  as  a  low  noise  microphone 
preamp  for  low  voltage  audio  applications.  Figure  40  shows  a  gain 
of  100  stereo  preamp  for  the  AD1849  16-bit  SoundPort  Stereo  fier  ^  Hi%t%  A,  and  A2  w  ^  mjddle  of  ^  input 

Codec  ch>p  The  common-mode  output  buffer  serves  as  a  phan-  common.mode  range.  When  operating  on  a  +3  V  supply,  the 

torn  power  driver  for  the  microphones. 


i 


10WF  SOD 

ELECTRCT  I     I  V~T  

CONDENSER  A- 

MIC  TT         <  am  ,„ 


^g)CMOUT 


center  of  the  OP283's  common-mode  range  is  0.75  V.  This  notch 
filter  effectively  squelches  60  Hz  pickup  at  a  filter  Q  of  0.75.  To 
reject  50  Hz  interference,  simply  change  the  resistors  in  the  twin-T 
section  (Rl  through  R5)  from  2.67  k£i  to  3.16  kfi. 

The  filter  section  uses  an  OP283  dual  op  amp  in  a  twin-T  configu- 
ration whose  frequency  selectivity  is  very  sensitive  to  the  relative 
matching  of  the  capacitors  and  resistors  in  the  twin-T  section. 
Mylar  is  the  material  of  choice  for  the  capacitors,  and  the  relative 
matching  of  the  capacitors  and  resistors  determines  the  filter's  pass 
band  symmetry.  Using  1%  resistors  and  5%  capacitors  produces 
satisfactory  results. 

A  Low  Voltage  Frequency  Synthesizer  for  Wireless 
Transceiver 

The  OP183's  low  noise  and  the  low  voltage  operation  capability 
serves  well  for  the  loop  filter  of  a  frequency  synthesizer.  Figure  42 
shows  a  typical  application  in  a  radio  transceiver.  The  phase  noise 
performance  of  the  synthesizer  depends  on  low  noise  contribution 
from  each  component  in  the  loop  i 
frequency  division  factor  of  the  prescaler. 


Figure  40.  Low  Noise  Stereo  Microphone  Amplifier  for 
Multimedia  Sound  CODEC 

A  +3  Volt  SO  Hz/60  Hz  Active  Notch  Filter  with  False  Ground 

To  process  ac  signals,  it  may  be  easier  to  use  a  false-ground  bias 
rather  than  the  negative  supply  as  a  reference  ground.  This  would 
reject  the  power-line  frequency  interference  which  oftentimes  can 
obscure  low  frequency  physiological  signals,  such  as  heart  rates, 
blood  pressures,  EEGs,  ECGs,  et  cetera. 

Figure  41  shows  a  50  Hz/60  Hz  active  notch  filter  for  eliminating 
line  noise  in  patient  monitoring  equipment.  It  has  several  kilohertz 


CRYSTAL 


2.87W1 

— Wv — 


J/2  0P283 


1.33W1 
(2.67W1  4  2) 


NOTE:  FOR  50Hz  APPLICATIONS 
CHANGE  R1-R4  TO  3.1kii 
ANO  R5  TO  1  .SSkll  (3.16W1  ♦  2). 


Figure  42.  A  Low  Voltage  Frequency  Synthesizer  for  a 
Wireless  Transceiver 

The  resistors  used  in  the  low-pass  filter  should  be  of  low  to 
moderate  values  to  reduce  noise  contribution  due  to  the  input  bias 
current  as  well  as  the  resistors  themselves.  The  filter  cutoff 
frequency  should  be  chosen  to  optimize  the  loop  constant. 


SO 


« 


—  —  A1.A2.  AND  A3  =  1/2  OP283 


Figure  41. +3  Volt  Supply  50  Hz/60  Hz  Notch  Filter  with 
Pseudo  Ground 
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*  Copyright  1993  by  Analog  Devices 
* 

*  Refer  to  "README.DOC"  file  for  License  Statement. 

*  Use  of  this  model  indicates  your  acceptance  of  the  terms  and 

*  provisions  in  the  License  Statement. 


*  Node  assignments 

*  noninverting  input 
inverting  input 

I    |    positive  supply 
|    |     negative  supply 
|    |      |  output 

.SUBCKT  OP283  2   1   99   50  45 

*  INPUT  STAGE  AND  POLE  AT  600  kHz 


*  COMMON  MODE  STAGE 


* 

ECM 

14 

98 

R7 

14 

15 

C4 

14 

15 

R8 

15 

98 

* 

*POLE  AT  20  MHz 
* 

GP2  98 
RP2  31 
CP2  31 


31 
98 
98 


O 


(4,5)  6.28E-4 
1.59E9 
10E-12 
DX 
DX 

POLY(l)  99  98  -1.35  1.03 
-0.63 

WITH  ZERO  AT  353  Hz 

POLY(2)  (1,98)  (2,98)  0  3.5  3.5 
1E6 

3.75E-11 
1 


(9,98)  1E-6 
1E6 

7.96E-15 


11 

99 

8 

1E-4 

* 

Qi 

4 

1 

6  QP 

7  QP 

*ZERO  AT  1.5  MHz 

Q2 

5 

3 

* 

CIN 

1 

2 

1.5PF 

EZ1 

32 

98 

(31,98)  1E6 

Rl 

50 

4 

1591 

RZ1 

32 

33 

1E6 

R2 

50 

5 

1591 

RZ2 

33 

98 

1 

CI 

4 

5 

83.4E-12 

CZ1 

32 

33 

106E-15 

R3 

6 

8 

1075 

* 

R4 

7 

8 

1075 

*POLE  AT  10  MHz 

IOS 

1 

2 

12.5E-9 

* 

EOS 

3 

2 

POLY(l)  (15,98)  25E-6  1 

GP10 

98 

40 

(33,98)  1E-6 

DC1 

2 

36 

DZ 

RP10 

40 

98 

1E6 

DC2 

1 

36 

DZ 

CP10 

40 

98 

15.9E-15 

*- 

* 

*  GAIN 
* 

EREF 


98 


DOMINANT  POLE  AT  10  Hz 
0  POLY(2)  (99,0)  (50,0)  0  0.5  0.5 


*  OUTPUT  STAGE 
* 

99         45  140 
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G8  50 
G9  98 
D7  60 
D8 
V7 
V8 
GSY 


62 
61 
98 
99 


45 
60 
61 
60 
98 
62 
50 


(40,50) 

(45,40) 

DX 

DX 

DCO 

DCO 

(99,50)5E-6 


7.14E-3 
7.14E-3 


FSY  99  50  POLY(2)  V7V8  1.075E-3  1  1 

D9  40  41  DX 

D10  42  40  DX 

V5  41  45  1.2 

V6  45  42  1.5 

* 

*  MODELS  USED 
* 

.MODEL  DX  D 

.MODEL  DZ  D(IS=1E-15  BV=7.0) 
.MODEL  QP  PNP(BF=143) 
.ENDS 


■ 
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ANALOG 


Dual  Low  Offset,  Low  Power 
Operational  Amplifier 


0P200 




GENERAL  DESCRIPTION 

The  OP-200  is  the  first  monolithic  dual  operational  amplifier  to 
offer  OP-77  type  precision  performance.  Available  in  the 
industry  standard  8-pin  pinout,  the  OP-200  combines  precision 
performance  with  the  space  and  cost  savings  offered  by  a  dual 
amplifier. 

The  OP-200  features  an  extremely  low  input  offset  voltage  of 
less  than  75ySI  with  a  drift  below  0.5/iV/°C,  guaranteed  over  the 

PIN  CONNECTIONS 

LCC  16-PIN  SOL 

(RC-Suffix)  (S-Suffix) 


FEATURES 

•  Low  Input  Offset  Voltage   75/.V  Max 

•  Low  Offset  Voltage  Drift, 

Over  -55°  C  <  TA<  +125°  C  O-S^WC  Max 

•  Low  Supply  Current  (Per  Amplifier)   725*>A  Max 

•  High  Open-Loop  Gain   5000V/mV  Min 

•  Low  Input  Bias  Current   2nA  Max 

•  Low  Noise  Voltage  Density   11nV/v/Hz  at  1kHz 

•  Stable  With  Large  Capacitive  Loads   10nF  Typ 

•  Pin  Compatible  to  OP-14,  OP-221,  LM158,  MC145B/1558, 
and  LT1013  With  Improved  Performance 

•  Available  in  Die  Form 


ORDERING  INFORMATION  f 


TA  •  ♦25"C 
V0SMAX 

m 

CERDIP 
8-PIN 

PACKAGE 

LCC 

PLASTIC  20-CONTACT 

OPERATING 
TEMPERATURE 
RANGE 

75 

OP200AZ- 

OP200ARC- 

MIL 

75 

OP200EZ 

XIND 

150 

OP200FZ 

XIND 

200 

OP200GP 

XIND 

200 

OP200GS1t 

XIND 

f  UUUI»JI™I\ 

NC  T]  Qe  NC 

-IN  A  7]  Q7  OUTB 

NC  JJ  Q«  NC 

+INA  JJ  Q?  HNS 

NC  7]  Q*  NC 


For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP.  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  olfice. 


8i8 


EPOXY  MINI-DIP  (P-Suffix) 
8-PIN  HERMETIC  DIP 

(Z-Suffix) 


SIMPLIFIED  SCHEMATIC  (One of  two  amplifiers  is  shown.; 


This  is  an 


To 


i  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1 ) 

Supply  Voltage  '.  ±20V 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 

Storage  Temperature  Range 

P,  RC,  S,  Z-Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  (T)  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-200A  -550C  to  +125',C 

OP-200E,  OP-200F  -40°C  to  +85°C 

OP-200G  -40°C  to  +85°C 



PACKAGE  TYPE  e|A(Note2)         e)e  UNITS 

8-Pin  Hermetic  DIP  (Z)  146  16  rCAV 

8-Pin  Plastic  DIP  (P)  96  37  "C/W 

20-Contact  LCC  (RC)  88  33  °C/W 

16-Pin  SOL(S)  92  27  °C/W 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  e.A  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  .  is  specified  for 
device  soldered  to  printed  circuit  board  for  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-200A/E 

OP-200F 

OP-200G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN       TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

-          25  75 

50 

150 

80  200 

& 

Long  Term  Input 
Voltage  Stability 

-         0.1  — 

0.1 

0.1  - 

jiV/mo 

Input  Offset 
Current 

I  OS 

vcu  =  ov 

—       0.05  1.0 

0.05 

2.0 

0.05  3.5 

nA 

Input  Bias 
Current 

'b 

vCM  =  ov 

—         0.1  2.0 

0.1 

4.0 

0.1  5.0 

 — 

nA 

Input  Noise 

Voltage 

enp-p 

0.1  Hz  to  10Hz 

—     as  v0,— "k 

0.5 

0.5 

«Vp 

Input  Noise 
Voltage  Density 

«n 

l0=  10Hz 

to  =  1000Hz  (NO'e1) 

—  22  36 

—  11  18 

22 
11 

36 
18 

22  — 
11  - 

nV/x/Hz 

Input  Noise 
Current 

'n  p-p 

0.1  Hz  to  10Hz 

—          15"    ,  — 

15 

15  — 

pAp-p 

Input  Noise 

f0=  10Hz 

pA/x/Hz 

Current  Density 

—        0.4  — 

0.4 

0.4  - 

Input  Resistance 

10 

10  — 

Mn 

Differential  Mode 

RIN 

 w  

Input  Resistance 

RINCM 

125  — 

Gil 

Common  Mode 

-        125  - 

126 

Vo  =  ±10V 

Large  Signal 
Voltage  Gain 

Avo 

RL=  10kfl 
RL=2kI) 

5000     12000  — 
2000  3700 

3000 
1500 

7000 
3200 

3000 
1500 

7000  — 
3200  - 

V/mV 
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full  military  temperature  range.  Open-loop  gain  of  the  OP-200 
exceeds  5,000,000  into  a  10kfl  load;  input  bias  current  is  under 
2nA;  CMR  is  over  120dB  and  PSRR  below  1.8fiV/V.  On-chip 
zener-zap  trimming  is  used  to  achieve  the  extremely  low  input 
offset  voltage  of  the  OP-200  and  eliminates  the  need  for  offset 
nulling. 

Power  consumption  of  the  OP-200  is  very  low,  with  each 
amplifier  drawing  less  than  725MA  of  supply  current.  The  total 
current  drawn  by  the  dual  OP-200  is  less  than  one-half  that  of  a 
single  OP-07,  yet  the  OP-200  offers  significant  improvements 
over  this  industry  standard  op  amp.  The  voltage  noise  density  of 
the  OP-200, 1 1  nV/VRz  at  1  kHz,  is  half  that  of  most  competitive 
devices. 

The  OP-200  is  pin  compatible  with  the  OP-14,  OP-221,  LM158, 
MC1458/1558,  and  LT1013  and  can  be  used  to  upgrade  systems 
using  these  devices.  The  OP-200  is  an  ideal  choice  for 
applications  requiring  multiple  precision  op  amps  and  where 
low  power  consumption  is  critical. 

For  a  quad  precision  op  amp,  see  the  OP-400. 


PARAMETER 


SYMBOL  CONDITIONS 


v/i — «u«nJ  «- 
MIN       TYP  MAX 


ur-tvuu 
MIN       TYP  MAX 




-  ±12        ±13  -  ±12        ±13  — 


UNITS 



V 


Input  Voltage 


(Note  3) 


Common-Mode         _  ijD 

—  .  '  .  CMR 
Rejection 

VCM  =  ±«W 

120 

135  — 

115        135          —              110  130 



dB 

Power  Supply  psrr 
Rejection  Ratio 

Vs  =  ±3V  to  ±18V 

0.4  1.8 

—         0.4         3.2               —  0.6 

5.6 

*iV/V 

Output  Voltage 
owing 

RL=  10kfl 
RL  —  2k!l 

±12 
+11 

±12.6  — 
+^2  2   

±12     ±12.6          —             ±12  ±12.6 

+11        +19  9                                   +11       +19  9 

V 

Supply  Current 

No  Load 

— 

570  725 

—        570        725               —  570 

725 



Per  Amplifier 

Slew  Rate  SR 

0.1 

015  — 

0.1        0.15          -              0.1  0.15 

V/„s 

— 

Gain  Bandwidth  '  

GBWP 

Av  =  +1 

500 

—        500          —               —  500 

_ 

kHz 

Product 

Channel 

VQ  =  20Vp.p 

123 

145 

123        145          —             123  145 

dB 

Separation 

f0  =  10Hz  (Note  2) 

Input  c 
Capacitance 

L*.,ii  — 

—         3.2          —               —  3.2 

pF 

Capacitive  Load 
Stability 

Av=+1 

No  Oscillations 

- 

10  — 

-          10          -               —  10 

nF 

NOTES: 

1.  Sample  tested. 

2.  Guaranteed  but  not  100%  tested. 

3.  Guaranteed  bv  CMR  test. 

■ 

ELECTRICAL  CHARACTERISTICS  at  Vs 

=  +15V,  -55°C  <  T4  <  125°C  for  OP-200A,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-200A 

MIN  TYP 

MAX 

UNITS 

Input  Oflset  Voltage 

Vos 

—  45 

125 

^v 

Average  Input  Otfset 
Voltage  Drift 

TCVOS 

—  0.2 

0.5 

Input  Offset  Current 

'os 

VCM=0V 

—  0.15 

2.5 

nA 

Input  Bias  Current 

!b 

vCM  =  ov 

0.9 

5.0 

nA 

Large  Signal 
Voltage  Gain 

AVO 

Vo=+10V 

rl=  ion 

3000  9000 

V/mV 

Ri.  =  2k(l 

1000  2700 

Input  Voltage  Range 

IVR 

(Note  1) 

±12  ±12.5 

V 

Common-Mode  Rejection 

CMR 

VCM  =  ±12V 

115  130 

dB 

Power  Supply 





Vs  =  ±3V  to  ±18V 

 —  oa— - 

3.2 

Rejection  Ratio 
 :  

PSRR 

pV/V 

Output  Voltage  Swing 

v0 

RL=i0kn 

±12  ±12.4 

RL=2kfl 

±11  ±12 

V 



Supply  Current 

775 

Per  Amplifier 

'SY 

No  Load 

—  600 

„A 

Capacitive  Load  Stability 

Av  =  +1 

No  Oscillations 

8 



nF 

NOTES: 

1.  Guaranteed  by  CMR  test. 
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[  Vs  =  ±15V,  -40°C  <  TA  <  +85°C,  unless  otherwise  noted. 




PARAMETER 


SYMBOL  CONDITIONS 


OP-200E 


OP-200G 


MIN       TYP  MAX 


Input  Otlset 
Voltage 

Vos 

- 

35 

100 

- 

r  250 

- 

110 

300  »V 

Average  Input 
Offset  Voltage  Drift 

TCVos 

_ 

02 

0.5 

_ 

0.5 

1.5 

- 

0.6 

20  (1WC 

Input  Offset 
Current 





I  OS 

VCM  =  ov 

0.08 

2.5 

0.08 

3.5 

0.1 

6.0  nA 





Input  Bias 
Current 

!B 

VCM  =  OV 

0.3 

5.0 

0.3 

7.0 

- 

0.5 

10.0  nA 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  ±10V 
R(_ =  10kll 
RL  =  2kfl 

3000 
1500 

10000 
3200 

- 

2000 
1000 

5000 
2500 

- 

2000 
1000 

5000 
2500 

V/mV 

- 

Input  Voltage 

±12.5 

±12 

±12.5 

IVR 

(Note  1) 

±12 

±12.5 

—  ±1* 

— 

-  V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±12V 

115  130 

110 

130 

105 

130          _  dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±18V 

0.15 

3.2 

0.15 

5.6 

0.3 

10.0  ^v/v 

Output  Voltage 

RL=  10kll 

±12 

±12.4 

±12 

±12.4 

±12 

±12.4 

V 

Swing 

Vo 

RL  =  2kll 

±11 

±12 

±11 

±12 

±11 

±12.2 

Supply  Current 
Per  Amplifier 

1* 

No  Load 

600 

775 

600 

775 

600 

775  f.A 

Capacitive  Load 
Stability 

Av=  +1 

No  Oscillations 

10 

10 

10 

NOTES: 

1.    Guaranteed  by  CMR  test. 


CHANNEL  SEPARATION  TEST  CIRCUIT 




NOISE  TEST  SCHEMATIC 


1/2 

 O  V,  20Vp.p@10Hz 




,  TO  SPECTRUM 


•ourinV/v'iS)  -  -Ji  X  .„<nV/ VHij  X 101 
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Dual  Micropower 
Operational  Amplifier 


0P220 


FEATURES 

•  Excellent  TCV0S  Match   2nV/°CMax 

•  Low  Input  Offset  Voltage   150/jV  Max 

•  Low  Supply  Current   10(VA 

•  Single-Supply  Operation    +SVto+30V 

•  Low  Input  Offset  Voltage  Drift    0.75mV/°C 

•  High  Open-Loop  Gain   2000V/mV 

•  HighPSRR   3MV/V 

•  Low  Input  Bias  Current   12nA 

•  Wide  Common-Mode  Voltage 

Range   V-  to  within  1.5V  of  V+ 

•  Pin  Compatible  with  1458,  LM158,  LM2904 

•  Available  in  Die  Form 


GENERAL  DESCRIPTION 

The  OP-220  is  a  monolithic  dual  operational  amplifier  that 
can  be  used  either  in  single  or  dual  supply  operation.  The  low 
offset  voltage,  and  input  offset  voltage  tracking  as  low  as 
LOmWC,  make  this  the  first  micropower  precision  dual 
operational  amplifier. 

The  excellent  specifications  of  the  individual  amplifiers  com- 
bined with  the  tight  matching  and  temperature  tracking 
between  channels  provides  high  performance  in  instrumen- 
tation amplifier  designs.  The  individual  amplifiers  feature 
extremely  low  input  offset  voltage,  low  offset  voltage  drift, 
low  noise  voltage,  and  low  bias  current.  They  are  fully 
compensated  and  protected. 

Matching  between  channels  is  provided  on  all  critical 
parameters  including  input  offset  voltage,  tracking  of  offset 
voltage  vs.  temperature,  non-inverting  bias  currents,  and 
common-mode  rejection  ratios. 


ORDERING  INFORMATION  1 





T.=+25°C 

PACKAGE 

OPERATING 

VosMAX 

CERDIP 

PLASTIC  7 

EMPERATURE 

M 

TO-99 

8-PIN 

8-PIN 

RANGE 

150 

OP220AJ* 

OP220AZ 

- 

MIL 

150 

OP220EZ 

IND 

300 

OP220FZ 

IND 

750 

OP220CJ* 

OP220CZ 

MIL 

750 

OP220GJ 

OP220GZ 

OP220GP 

XIND 

750 

OP220GS 

XIND 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

■ 


PIN  CONNECTIONS 


SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


B-PIN  HERMETIC  DIP 

(Z-Suffix) 
8-PIN  PLASTIC  DIP 
(P-Suffix) 


•IN  A  [T  1    Jj  * 

V-  [7  L_|J> —  TJ  OUTA 

•in  a  [7  TJ  »* 

-1MB  [7        E**""1-  TJ  OUTB 


8-PIN  SO 

(S-Suffix) 


TO-99 
(J-Suffix) 


CD 


•ACCESSIBLE  IN  CHIP  FORM  ONLY 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
1  our  fax  retrieval  system  at  1-800-446-6212. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V to±15V,  -55°C s TA *  +125°C for  OP-220A and  C. -25°C «TA«  +85-C for 
OP-220E  and  F,  -40°C  s  TA  s  +85°C  for  OP-220G,  unless  otherwise  noted.  Continued 


OP-220A/E 

MIN      TYP  MAX 

OP-220F 

MIN      TYP  N 

OP-220C/G 

MIN     TYP  MA 

8YMB0 

L  CONUITIONB 

IAX 

X  UNITS 

Large-Signal 
Voltage  Gain 

V8=±15V,  RL  =  50kn 
Vo  =  ±10V 

AVO 

500 

tooo  - 

500 

800 

400      500        -  V/mV 

Output  Voltage 
Swing 

Vo 

V+  =  5V,  V-  =  0V, 
RL  =  20kfl 

Vs=+1SV.RL  =  50kn 

0.9/3.8 
±13.8 

0.9/3.8 
±13.8 

1/3.8  — 
±13.8  — 



_ 

Supply  Currant 

Vs=  +  2.5V,  Mo  Load 

135  170 

155 

185 

—       170  210 

(Both  Amplifiers) 

■sy 

Vs  =  ±15V,NoLoad 

190  250 

200 

280 

-       275  3 

30 

NOTE:  1.  Sample  tei 

MM). 

MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-220A/E  OP-220F  OP-220C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Input  Offset 
Voltage  Match 

AVqs 

— 

150 

300 

-  250 

500 

-  300 

800 

»v 

Average  Nonlnverting 
Bias  Current 

lB+ 

Vcm  =  0 

10 

20 

-  15 

25 

—  20 

30 

nA 

Nonlnverting 
Offset  Current 

'os+ 

VOM  =  0 

0.7 

1.5 

—  MM 

2 

—  1.4 

2.5 

nA 

Common-Mode 



Refection  Ratio 

ACMRR 

VCM  =  -15V'0+13.5V 

92 

100 

87  95 

72  85 

dB 

Match  (Note  1) 

Power  Supply 
Rejection  Ratio 
Match  (Note  2) 

APSRR 

Vs=±2.5Vto±15V 

6 

14 

18 

44 

-  57 

140 

,v/v 

MATCHING  CHARACTERISTICS  at  Vs  =  ±1 5V,  -55°C  <  TA  < +1 25°C  for  OP-220A  and  C;  -25°C  <  TA  <  +85»C  for  OP-220E  and 
F;  -40°C  <  TA  s  +85°C  for  OP-220G,  unless  otherwise  noted.  Grades  E,  F  are  sample  tested. 


PARAMETER              SYMBOL  CONDITIONS 

OP-220A/E 
MIN      TYP  MAX 

OP-220F 
MIN     TYP  MAX 

OP-220C/G 

MIN      TYP     MAX  UNITS 

Input  Offset 



Voltage  Match  05 

—       250  500 

-      400  800 

-      800     1800  „V 

Input  Offset 

■ 

 "  

Voltage  Tracking         TCAV°*  ,No,e3' 
 2  

-          1  2 

~       XS  3 

-        1.5          5  „V/°C 

Average  Noninverting 
Bias  Current               'B+            VcM  =  0 



—         10  25 

-         15  30 

-        22        40  nA 

Average  Drift  of 
Noninverting 

TCI„+ 

- 

VCM  =  0(Note3) 

9 

15 

25 

-         15  30 

—  30 

50  pA/°C 

mas  current 

Nonlnverting 
Offset  Current 

los+ 

vCM  =  o 

0.7 

— a  



2.5 

—  2.5 

5  nA 



Average  Drift  of 
Noninverting 
Offset  Current 

TCIos+ 

VcM  =  °(Note3) 

7 

15 

•     —     -  12 

—  15 

30  pA/°C 

22.5 

Common-Mode 
Rejection  Ratio 

ACMRR      Vc„  =  -15Vto+13V 

87 

98 

_ 

72  80 

dB 

Match  (Note  1) 





Power  Supply 
Rejection  Ratio 
Match  (Note  2) 

APSRR 

Vs  =  ±2.5Vto±15V 

10  26 

-  30 

78 

-  57 

250  „V/V 

NOTES: 

1.   ACMRRis20log,„VCM/ACME,whereVCMisthevoltageapplledtoboth         2.  APSRR  is:  lnPu'-re,9rred  aWrentnl  <>"or 
noninverting  Inputs  and  ACME  is  the  difference  in  common-mode  AVs 
Input-referred  error.  3.  Sample  tested. 
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Supply  Voltage  ±18V 

Differential  Input  Voltage  30V  or  Supply  Voltage 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration     Indefinite 

Storage  Temperature  Range  -65°C  to  +1 50°C 

Operating  Temperature  Range 

OP-220A,  C  -55°C  to  +125°C 

OP-220E,  F  -25°C  to  +85°C 

OP-220G  -40°C  to  +85°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  (T)  -65°Cto  +150°C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±1 


PARAMETER  SYMBOL 

CONDITIONS 

OP-220A/E 
MIN      TYP  k 

IAX 

OP-220F 
MIN      TYP  1 

MAX 

OP-220C/G 

MIN      TYP  MAX 

UNITS 

Input  Offset  Voltage  Vos 

Vs=±2.5Vto±15V 

120 

150 

250 

300 

500 

750 

cV 

Input  Offset  Current  Iqs 

VCM=0 

0.15 

1.5 

0.2 

2 

0.2 

3.5 

nA 

Input  Bias  Current  lB 

VOM=0 

12 

20 

13 

25 

14 

30 

nA 

Input  Voltage  Range  IVR 

V+  =  5V,  V-  =  0V, 
VS=±15V 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

V 

Common-Mod©  maa 
Rejection  Ratio 

V+  =  5V,  V-  =  0V, 
0VSVCMS3.5V 
VS=±15V, 
-1SV<Vc„<13.SV 

90 

100 

85 

90 

75 

85 

dB 

85 

100 

90 

95 

80 

90 



Power  Supply  psRR 
Rejection  Ratio 

Vs=±2.5Vto±15V 
V-  =  0V,  V+  =  5Vto30V 

3 
6 

10 
18 

—  10 

-  18 

32  — 
57 

32 
57 

100 
180 

/iV/V 

Large-Signal 

Voltage  Gain  v0 

V+=  5V,  V-  =  0V,  RL=  100kn 
1V<V0<3.5V 
VS=±15V,  RL  =  25kO 
Vo=±10V 

500 

1000 

500 

800 

300 

500 

V/mV 

1000 

2000 

1000 

2000 

800 

1600 

I  

Output  Voltage 
Swing  V° 

V+  =  5V,  V-  =  0V, 

RL=i0kn 

VS  =  ±15V,  RL=25kn 

0.7/4 
±14 

0.7/4 
±14 

0.8/4 
±14 

V 

Slew  Rate  SR 

RL=25kn,  (Note!) 

0.05 

0.05 

0.05 

V/ms 

Bandwidth  BW 

Avct  =  +1,  RL=25kfl 

200 

200 

200 

kHz 

Supply  Current 

VS=±2.5V.  No  Load 

100 

115 

115 

125 

125 

135 

fA 

(Both  Amplifiers)  8Y 

VS=±15V,  No  Load 

140 

170 

150, 

190 

205 

220 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to±15V,  -55"C  at  TA 
OP-220E  and  F,  -40°C  %  TA  s  +85°C  for  OP-220G,  unless  otherwise  noted. 

*  +1 25°C  for  OP-220A  and  C,  - 

25°Cs 

TAs+85°Cfor 

PARAMETER  SYMBOL 

CONDITIONS 

OP-220A/E 
MIN      TYP  MAX 

OP-220F 

MIN  TYP 

MAX 

OP-220C/G 
MIN     TYP  MAX 

UNITS 

Average  Input  Offset 

Voltage  Drift  (Note  1 )  Tcv°s 

VS=±1SV 

0.75 

1.5 

1.2 

2 

2 

3 

*wc 

Input  Offset  Voltage  Vos 

200 

300 

400 

500 

1000 

1300 

(■V 

Input  Offset  Current  los 

Vcm  =  o 

0.5 

2 

0.6 

2.5 

0.8 

nA 

Input  Bias  Current  lB 

Vcm  =  o 

12 

25 

nA 

Input  Voltage  Range  IVR 

V+  =  5V,  V-  =  0V, 
VS=±15V 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

V 

v+  =  sv,  v-=ov. 

90 
95 

80 
85 

70 
75 

Common-Mode  CMRR 
Rejection  Ratio 

0V<VCM<3.2V 
VS  =  ±1SV 
-15V<VCM<  13.2V 

85 
90 

85 
90 

80 
85 

dB 

Power  Supply  PSRR 
Rejection  Ratio 

V8  =  ±2.SVto±15V 
V-  =  0V,V+  =  SVto30V 

e 

10 

18 
32 

18 

32 

57 
100 

57 
100 

180 
320 

I* '  '  IC 


TO-99  (J) 

1S0 

18 

•c/w 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

°C/W 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SO  (S) 

158 

43 

•c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  e|A  is  specified  for  worst  case  mounting  conditions,  i.e.,  e|A  is  specified  for 
device  in  socket  for  CerDIP  and  P-DIP  packages;  e]A  is  specified  for  device 
soldered  to  printed  circuit  board  for  SO  package. 

TA  =  +25°  C,  unless  otherwise  noted. 
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ANALOG 
DEVICES 


Dual  Low  Power  Operational  Amplifier, 

Single  or  Dual  Supply 


0P221 


FEATURES 

•  Excellent  TCVos  Match   2^V/°CUax 

•  Low  Input  Offset  Voltage   150/j  V  Max 

•  Low  Supply  Current   550.  A  Max 

•  Single  Supply  Operation   +5Vto+30V 

•  Low  Input  Offset  Voltage  Drift   0.75MV/°C 

•  High  Open-Loop  Gain   1500V/mV  Min 

•  High  PSRR    3>iV/V 

•  Wide  Common-Mode  Voltage 

Range   V-  to  within  1.5V  of  V+ 

•  Pin  Compatible  with  1458,  LM15B,  LM2904 

•  Available  in  Die  Form 

ORDERING  INFORMATION ' 


TA  =  *2S'C 

PACKAGE 

OPERATING 

V0S  MAX 

CERDIP 

PLASTIC 

TEMPERATURE 

l»V) 

TO-99 

8-PIN 

8-PIN 

RANGE 

150 

OP-221  AJ/883 

OP221AZ" 

MIL 

150 

OP221EZ 

IND 

300 

OP221BJ 

MIL 

500 

OP221CJ 

MIL 

500 

OP221GJ 

OP221GZ 

OP221GP 

XIND 

500 

OP221GS 

XIND 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 


GENERAL  DESCRIPTION 

The  OP-221  is  a  monolithic  dual  operational  amplifier  that 
can  be  used  either  in  single  or  dual  supply  operation.  The 


wide  supply  voltage  range,  wide  input  voltage  range,  and  low 
supply  current  drain  of  the  OP-221  make  it  well-suited  for 
operation  from  batteries  or  unregulated  power  supplies. 

The  excellent  specifications  of  the  individual  amplifiers  com- 
bined with  the  tight  matching  and  temperature  tracking 
between  channels  provide  high  performance  in  instrumen- 
tation amplifier  designs.  The  individual  amplifiers  feature 
very  low  input  offset  voltage,  low  offset  voltage  drift,  low 

sated  and  protected. 

Matching  between  channels  is  provided  on  all  critical 
parameters  including  input  offset  voltage,  tracking  of  offset 
voltage  vs.  temperature,  non-inverting  bias  currents,  and 
common-mode  rejection. 

PIN  CONNECTIONS 


7}  -MA 

ZIojta  8-PIN  SO 
(S-Suffix) 


5  .IN  b  TO-99 
(J-Suffix) 


8-PIN 
HERMETIC  DIP 
(Z-Suffix) 

8-PIN 
PLASTIC  DIP 
(P-Suffix) 


SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


,INO  £q, 


0 


e3 


6 


5" 


ipf=ii 


rQ26 


i  OUTPUT 


6 


•ACCESSIBLE  IN  CHIP  FORM  ONLY 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


- 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Differential  Input  Voltage  30V  or  Supply  Voltage 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range  -65"C  to  +150°C 

Operating  Temperature  Range 

OP-221A,  B.C  -55°Cto+125',C 

OP-221 E  -25°C  to  +85-C 

OP-221G  -40-C  to  +85°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  (Tp  -65°Cto  +150°C 


PACKAGE  TYPE 

e^tNoteZ) 

e|C 

TO-99  (J) 

150 

18 

•c/w 

8-Pin  Hermetic  DIP  (Z) 

148 

16 

•c/w 

8-Pin  Plastic  DIP  (P) 

103 

43 

•c/w 

8-Pin  SO  (S) 

158 

43 

•c/w 



1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


device  soldered  to  printed  circuit  board  lor  SO  p 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±  15V,  TA  =  25°C,  unless  otherwise  noted. 


2.  e  A  is  specified  tor  worst  case  mounting  conditions,  i.e.,  e]A  is  specified  for 
device  in  socket  for  TO.  CerOIP  and  P-DIP  packages;  e|A  is  specified  for 

fSSnO  tuqni  wo  J  • 














PARAMETER 


SYMBOL  CONDITIONS 


OP-221  A/E 
MIN      TYP  MAX 


OP-221  B 
MIN      TYP  MAX 


OP-221  C/G 

MIN      TYP     MAX  UNITS 


Input  Offset  Voltage  Vos 


150 


300 


-       250  500 


Input  Offset  Current     los  VCM  =  0 


-  0.5 


~        15  7  nA 


Input  Bias  Current  le 


120 


Input  Voltage  Range  IVR 


=  5V,  V- 
±15V 


(Note  2) 


0/3.5  -  —  0/3.5 
-15/13.5         -         -  -15/13.5 


0/3.5 
-15/13.5 


V+  =  5V,  V-  =  0V 

100 

85 

90 

75 

85 

Common-Mode 

90 

CMRR 

0V  <  VCM  <  3.5V 

dB 

Rejection  Ratio 

VS=+15V 

95 

100 

90 

95 

80 

90 

-15V  <  VCM<  13.5V 

Power  Supply 

PSRR 

Vs=±2.5Vto±15V 

3 

10               —  10 

32 

32 

100 

pV/V 

Rejection  Ratio 

V-  =  0V,  V+  =  5Vto  30V 

6 

18               —  18 

57 

57 

180 

Large-Signal 
Voltage  Gain 

Avo 

VS  =  +15V,  RL=  10k() 
Vo=±10V 

1500 

- 



-            1000  - 

800 

V/mV 

Output  Voltage 
Swing 

v0 

V+  =  5V,  V-=0V, 
RL=  10kfl 

VS=±15V,  RL=  10kft 

0.7/4.1 
+  13.8 

—  0.7/4.1  — 

—  +13.8  - 

0.8/4 
+  13.5 

V 

Slew  Rate 

SR 

RL=  10ka  (Note  11 

0.2 

0.3 

0.2  0.3 

0.2 

0.3 

V/„s 

Bandwidth 

BW 

600 

-                —  600 

— 

600 

kHz 

Supply  Current 
(Both  Amplifiers) 

VS  =  +2.5V,  No  Load 
VS=+15V.  No  Load 

450 
600 

550               —  500 
800               —  800 



600 
850 

550 
850 

650 
900 

NOTES: 

1  Sample  tested. 

2.  Guaranteed  by  CMRR  test  limits. 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±1 5V,  -55°C  sTAs+1 25°C  for  OP-221  A,  B,  and  C,  -25°C  sTA  c  +85',Cfor 
OP-221  E,  -40°C  sT.s  +85°C  for  OP-221  G,  unless  otherwise  noted. 


OP-221  A/E  OP-221  B  OP-221  C/G 

PARAMETER  SYMBOL     CONDITIONS  MIN      TYP     MAX  MIN      TYP     MAX  MIN      TYP     MAX  UNITS 


Average  Input  Offset 
Voltage  Drift  (Note  1 ) 

TCV0S 

0.75 

1.5 

1.2 

2 

2 

3 

».V/»C 

Input  Offset  Voltage 

Vos 

150 

300 

250 

450 

- 

400 

700 

„v 

Input  Offset  Current 

'os 

vCM  =  o 

1 

5 

1.5 

7 

2 

10 

nA 

Input  Bias  Current 

'b 

VCM  =  0 

55 

100 

65 

120 

80 

140 

nA 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 
VS=+,5V  <N°,e2' 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

V 

Common-Mode 

CMRR 

V+  =  5V,  V-  =  0V 
0V  <  VCM  <  3.2V 

85 

90 

80 

85 

70 

80 

dB 

Rejection  Ratio 

VS  =  ±15V 

-15V  <VCM<  13.2V 

90 

95 

85 

90 

75 

85 
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ELECTRICAL CHARACTERISTICS  at Vs  =  ±2.5V to ±1 5V, -55°C s TA s  +1 25°C for OP-221  A, B, and C, -25°C *TAs  +85°C for 
OP-221 E,  -40"C  sTAi  +BS'C  for  OP-221  G,  unless  otherwise  noted.  (Continued) 


PARAMETER 


SYMBOL  CONDITIONS 


OP-221  A/E 
MIN      TYP  MAX 


OP-221  B 
MIN      TYP  MAX 


OP-221  C/G 

MIN      TYP  MAX 


Power  Supply 
Rejection  Ratio 


PSRR 


VS=±2.5V  to±15V 
V-  =  OV,  V+  =  5V  to  30V 


6 
10 


18 

32 


18 

32 


57 
100 


57 
100 


180 
320 


Large-Signal 
Voltage  Gain 


VS  =  ±15V,  RL=  10kil 
Vo=±10V 


Output  Voltage 
Swing 


V+  =  5V,  V-  =  0V, 
RL=  10k!l 

VS  =  ±15V.  RL=  10kll 


0.8/3.8  — 
±13.5  ±14 


0.8/3.8  — 
+  13.5  ±14 


0.9/3.7 
±13.2 


VS=±2.5V,  No  Load  -       500       650  -       550  700 


Supply  Current 
(Both  Amplifiers! 


It* 


t15V,  No  Load 


_ 


-  600 

—  950 




750 
1000 


(■A 


NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  CMRR  test  limits. 


MATCHING  CHARACTERISTICS  at  Vs=  ±15V,  TA  =  25° C,  unless  otherwise  noted. 



PARAMETER 


SYMBOL  CONDITIONS 


OP-221  A/E 

MIN      TYP  MAX 


OP-221  B 
MIN      TYP  MAX 




OP-221  C/G 

MIN      TYP     MAX  UNITS 


Input  Offset 
Voltage  Match 


AVos 


150 


400  —  250 




600 


Average  Noninverting 
Bias  Current 


100  -         -       120  nA 


Noninverting  Input 
Offset  Current 


Common-Mode 
Rejection  Ratio  ACMRR 
Match  (Note  1) 


VCM  =  -1SV  to+13.5V 


—         —  87         —         —  72         —         —  dB 




Power  Supply 
Rejection  Ratio 
Match  (Note  2) 


APSRR  Vs=±2.5Vto±15V 


14 


-         -        44  -         -       140  isV/V 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  s  TA  s  +125°C  for  OP-221A,  B,  and  C,  -25°C  s  TA  s  +85°C  for  OP- 
221  E,  -40°C  sTAs  +85°C  for  OP-221  G,  unless  otherwise  noted.  Grades  E  and  G  are  sample  tested. 


OP-221A/E  OP-221B  OP-221C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage  Match 

AV0S 

100 

400 

250 

600 

400 

800 

pV 

Average  Noninverting 
Bias  Current 

lB+ 

v 

'CM_ 

0 

100 

120 

140 

nA 

Input  Offset 

TCAV0S 

Voltage  Tracking 

1 

2 

1 

>3 

'3 

5 

pM/'C 

Noninverting  Input 

Offset  Current 

los+ 

\ 

CM  = 

0 

3 

7 

3 

*?  7 

6. 

12 

nA 

Common-Mode 

Rejection  Ratio 

ACMRR 

VCM  - 

-15V  10+13.2V 

87 

90 

82 

85 

72 

80 

dB 

Match  (Note  1) 

Power  Supply 

Rejection  Ratio 

APSRR 

26 

78 

250 

^iV/V 

Match  (Note  2) 

NOTES: 

1  ACMRR  is  20  log10  VCM/ACME,  where  VCM  is  the  voltage  applied  to  both 
noninverting  inputs  and  ACME  is  the  difference  in  common-mode  input- 
referred  error. 

2.   APSRR  is:  Input-Referred  Differential  Error 
AVS 

i 
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FEATURES 

•  Fast  Slew  Rate  22V/us  Typ 

•  Settling  Time  (0.01%)  1.2us  Max 

•  Offset  Voltage  300mV  Max 

•  High  Open-Loop  Gain  1000V/mV  Min 

•  Low  Total  Harmonic  Distortion  0.002%  Typ 

•  Improved  Replacement  for  AD712,  LT1057,  OP-215, 
TL072,  and  MC34082 

•  Available  in  Die  Form 

APPLICATIONS 

•  Output  Amplifier  for  Fast  D/As 

•  Signal  Processing 

•  Instrumentation  Amplifiers 

•  Fast  Sample/Holds 

•  Active  Filters 

•  Low  Distortion  Audio  Amplifiers 

•  Input  Buffer  for  A/D  Converters 

•  Servo  Controllers 


GENERAL  DESCRIPTION 

The  OP-249  is  a  high-speed,  precision  dual  JFET  op  amp,  simi- 
lar to  the  popular  single  op  amp,  the  OP-42.  The  OP-249  outper- 
forms available  dual  amplifiers  by  providing  superior  speed  with 
excellent  DC  performance.  Ultra-high  open-loop  gain  (1kV/mV 
minimum),  low  offset  voltage,  and  superb  gain  linearity,  makes 
the  OP-249  the  industry's  first  true  precision,  dual  high-speed 
amplifier. 

With  a  slew  rate  of  22V/u.s  typical,  and  a  fast  settling  time  of  less 
than  1 .2us  maximum  to  0.01  %,  the  OP-249  is  an  ideal  choice  for 
high-speed  bipolar  D/A  and  A/D  converter  applications.  The 
excellent  DC  performance  of  the  OP-249  allows  the  full  accu- 
racy of  high-resolution  CMOS  D/As  to  be  realized. 


Symmetrical  slew  rate,  even  when  driving  large  loads,  such  as 
600Q,  or  200pF  of  capacitance,  and  uitra-low  distortion,  make 
the  OP-249  ideal  for  professional  audio  applications,  active  fil- 
ters, high-speed  integrators,  servo  systems,  and  buffer  amplifi- 
ers. 

The  OP-249  provides  significant  performance  upgrades  to  the 
TL072,  AD71 2,  OP-215,  MC34082  and  the  LT1 057. 


PIN  CONNECTIONS 


8-PIN  CERDIP 
(Z-Suffix) 

8-PIN  EPOXY  MINI-DIP 
(P-Suffix) 


7  7   z   ±  > 

N.C.   T\  [li  OUT  A 

N.C.   J]  N.C. 

V-  §  Qi  N.C. 

N.C.   3  (is  N.C. 

N.C.   g  [S  OUTB 


20-CONTACT  LCC 
(RC-Suffix) 


TO-99 


8-PIN  SO 

(S-Suffix) 


(J-Suffix) 


FAST  SETTLING 
(0.01%) 


LOW  DISTORTION 
Av  =  +1,RL  =  10kQ 


EXCELLENT  OUTPUT  DRIVE 
RL  =  600Q 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ORDERING  INFORMATION  ' 


PACKAGE 

OPERATING 

TTUKD1TI  |  n r" 

TEMPERATURE 

CERDIP 

PLASTIC 

LCC 

TO-99 

8-PIN 

8-PIN 

20-CONTACT 

RANGE 

OP249AJ- 

OP249AZ- 

OP249ARC/883 

MIL 

OP249EJ 

XIND 

OP249FJ 

OP249FZ 

_ 

XIND 

OP249GP 

XIND 

OP249GS" 

XIND 

For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP.  plastic  DIP,  and  TO-can  packages.  For  ordering  information,  see 
PMI's  Data  Book.  Section  2. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Input  Voltage  (Note  2)  ±18V 

Differential  Input  Voltage  (Note  2)  36V 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range  -65°C  to  +175°C 


0P249 

Operating  Temperature  Range 

OP-249A  (J,  Z,  RC)  -55°C  to  +1 25°C 

OP-249E.F  (J,  Z)  -40°C  to  +85°C 

OP-249G  (P,  S)  -40°C  to  +85°C 

Junction  Temperature 

OP-249  (J,  Z,  RC)  -65°C  to  +175°C 

OP-249  (P,  S)  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 



PACKAGE  TYPE  6|A  (Note  3)  e|c  UNITS 

TO-99  (J)  145  16  °C/W 

8-Pin  Hermetic  DIP  (Z)  134  12  °C/W 

8-Pin  Plastic  DIP  (P)  96  37  °C/W 

20-Contacl  LCC  (RC)  88  33  'CAN 

8-Pin  SO  (S)  150  41  °C/W 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  For  supply  voltages  less  than  ±18V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  e^A  is  specified  for  worst  case  mounting  conditions,  i.e.,  0jA  is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 








PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TYP 

MAX 

UNITS 

Offset  Voltage 

0.2 

0.5 

0.1 

0.3 

0.2 

0.7 

mV 

Long  Term  Offset 

mV 

Voltage 

vos 

(Note  1) 

0.8 

0.6 

1.0 

Offset  Stability 

1.5 

1.5 

1.5 

-  pV/Month 

Input  Bias  Current 

'b 

VCM  =  0V-V+25°C 

30 

75 

20 

50 

30  75 

PA 

Input  Offset  Current 

'os 

vcM  =  ov.V+25°C 

6 

25 

4 

15 

6 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

+12.5 

■ 

+12.5 

±11 

+12.5 

V 

-12.5 

-12.5 

-12.5 

Common-Mode 

CMR 

VCM  =  ±11V 

80 

90 

86 

95 

80 

90 

dB 

Rejection 

Power-Supply 

PSRR 

Vs  =  ±4.5V 

12 

31.6 

9 

31.6 

12 

50  pV/V 

Rejection  Ratio 

to±18V 

Large-Signal 

Avo 

VQ  =  ±10V 

1000 

1400 

1000 

1400 

500 

1200 

V/mV 

Voltage  Gain 

RL«2kfl 

Output  Voltage 

vo 

RL  =  2kQ 

±12.0 

+12.5 

±12.0 

+12.5 

±12.0 

+12.5 



V 

Swing 

-12.5 

-12.5 

-12.5 

Short-Circuit 

In 

Output  Shorted 

±20 

+36 

±50 

±20 

+36 

±50 

±20 

+36 

±50 

mA 

Current  Limit 

to  Ground 

-33 

-33 

-33 

Supply  Current 

'SY 

ino  Loaa 

v0  =  ov 

5.6 

7.0 

5.6 

7.0 

5.6 

7.0 

mA 

Slew  Rate 

SR 

RL  =  2kO,  CL  =  50pF 

18 

22 

18 

22 

18 

22 

V/ps 

oain-Banowiotn 
Product 

GBW 

(Note  4) 

3.5 

4.7 

3.5 

4.7 

3.5 

4.7 

MHz 

Settling  Time 

10V  Step  0.01% 
(Note  3) 

0.9 

1.2 

0.9 

1.2 

0.9 

1.2 

MS 

Phase  Margin 

OdB  Gain 

55 

55 

55 



Dog 
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CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  Continued 


OP-249A 

OP-249E 

OP-249F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

MIN       TYP  MAX 

UNITS 

Differential  Input 
Impedance 

ZIN 

-  1012||6 

-    10  ||6 

-  10'2||6 

Q||pF 

Open-Loop 





Output  Resistance 

R0 

- 

—  35 

35  - 

n 

Voltage  Noise 

en  p-p 

0.1Hz  to  10Hz 

2 

2 

2 

uVp.p 





75 
26 
17 

 '  

75 
26 

17       ;  - 

Unhano  Nnico 

Density 

9n 

(q  =  10Hz 
f0.  100Hz 
f0-1kHz 

—  75 
26 
17 

- 

nV/^Tz 

fQ  =  10kHz 

16 

16 

16 

Current  Noise 
Density 

« ape  3ota  m 

!0-1kHz 

-  0.003 

-  0.003 

-  0.003 

pA/vTiz 

Voltage  Supply 

Range 


±4.5  ±15 


±18 

±4.5  ±15 

±18 

±4.5        ±15  ±18 

1  v 

NOTES:  2.  Guaranteed  by  CMR  test. 

1    Long  term  offset  voltage  is  guaranteed  by  a  1 000  HR  life  test  performed  on  3         3.  Settling-time  is  sample  tested. 
independentwaferlotsat+125°CwithaLTPDof3.  4.  Guaranteed  by  design. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  ( 


OP-249G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

unset  voltage 

Vos 

0.4 

2.0 

mV 

Input  Bias  Current 

'b 

V^.OV.T^^C 

40 

75 

pA 

Input  Offset  Current 

'os 

10 

25 

pA 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

+12.5 
-12.0 

V 



Common-Mode 

Rejection 

CMR 

VCM  =  ±11V 

76 

90 

dB 

Power-Supply 

Vs  =  ±4.5V 







Rejection  Ratio 

PSRR 

to±18V 

12 

50 

|lV/V 

Large-Signal 
Voltage  Gain 

VQ  =  ±10V 
RL  =  2ktl 



AVO 

500 

1100 

V/mV 

Output  Voltage 

+12.5 

Swing 

v0 

RL  =  2k£J 

±12.0 

-12.5 

V 

Short-Circuit 

Output  Shorted 

+36 

Current  Limit 

'sc 

to  Ground 

±20 

-33 

±50 

mA 

No  Load 



Supply  Current 

'sY 

v0  =  ov 

5.6 

7.0 

mA 

Slew  Rate 

SR 

R.  =  2kn.  C.  ■  50oF 

18 

22 

V/us 

    L              '     L          r    ' 

Gain-Bandwidth 
Product 

GBW 

(Note  2) 

- 

4.7 

MHz 

Settling  Time 

«. 

10V  Step  0.01% 



_ 

0.9 

1.2 

us 

Phase  Margin 

OdB  Gain 

rcMj 

55 

Deg 

NOTES: 

1.  Guaranteed  by  CMR  u 

2.  Guaranteed  by  design 

ist. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  Continued 


OP-249G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Differential  Input 
Imoedance 

1012||6 

mm 

Open-Loop 
Output  Resistance 

R0 

35 

a 

Voltage  Noise 

en  p-p 

0.1Hz  to  10Hz 

2 

"Vp 

fo  =  10Hz 

- 

75 

Voltage  Noise 
Density 

e 

f0»  100Hz 
f0  =  1kHz 

- 

26 
17 

nV/^Hz 

f_  =  10kHz 

16 

Current  Noise 

Dansitv 

  '„  

f0  =  1kHz 

0.003 

pA//Hz 

Voltage  Supply 
Range 

vs 

±4.5 

±15 

■  •  8 

V 



ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -40°C  <  TA  <  +85°C  for  E/F  grades,  and  -55°C  <  TA  <  +125°C  for  A  grade, 
unless  otherwise  noted.  


OP-249A 

OP-249E 

MAX 

OP-249F 

MAX 

UNITS 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MIN 

TYP 

Offset  Voltage 

vos 

0.12 

1.0 

0.1 

0.5 

0.5 

1.1 

mV 

Offset  Voltage 

Temperature 

TCV0S 

1 

5 

1 

3 

1.2 

6 

uV/°C 

Coefficient 

Input  Bias  Current 

>B 

(Notel) 

4 

20 

0.25 

3.0 

0.3 

4.0 

nA 

Input  Offset  Current 

'os 

(Notel) 

0.04 

4 

0.01 

0.7 

0.02 

1.2 

nA 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

+12.5 
-12.5 

±11 

+12.5 
-12.5 

±11 

+12.5 
-12.5 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

76 

110 

86 

100 

76 

95 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5V 
to±18V 

5 

50 

5 

50 

7 

100 

uV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL»2k£2 
VQ  =  ±10V 

500 

1400 

750 

1400 

250 

1200 

V/mV 

Output  Voltage 
Swing 

vo 

RL-2ktl 

±12.0 

+12.5 
-12.5 

±12.0 

+12.5 
-12.5 

±12.0 

+12.5 
-12.5 

V 

Short-Circuit 
Current  Limit 

'sc 

Output  Shorted 
to  Ground 

±10 

±60 

±18 

±60 

±18 

±60 

mA 

Supply  Current 

'sy 

No  Load 

v0  =  ov 

5.6 

7.0 

5.6 

7.0 

5.6 

7.0 

mA 

NOTES: 

1 .  T(  =  85°C  for  E/F  Grades;  ^  =  1 25°C  for  A  Grade. 

2.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -40°C  <  TA  <  +85°C,  unless  otherwise  noted. 


PARAMETER 

* 

SYMBOL 

CONDITIONS 

MM 

OP-249G 

TYP 

MAX 

UNrrs 

Offset  Voltage 

vos 

1.0 

3.6 

mv 

Offset  Voltage 
Temperature 
Coefficient 

6 

25 

uV/»C 

Input  Bias  Current 

'b 

(Notel) 

0.5 

4.5 

nA 

Input  Offset  Current 

— 

'os 

(Notel) 

0.04 

1.5 

nA 



Input  Voltage  Range 

IVR 

(Note  2) 

±11.0 

.12.5 
-12.5 

V 

Common-Mode 
Rejection 

.  .. 

CMR 

76 

95 

dB 

rower-suppiy 
Rejection  Ratio 

PSRR 

Vg  =±4.0V 

to±18V 

10.0 

100 

uV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL  -  2kiJ 
VQ=±10V 

250 

1200 

V/mV 

Output  Voltage 
Swing 

vo 

R.  =  2k£2 

+12.5 

±12°  -12.5 

nn>  |  v- 

Short-Circuit 

'sc 

Output  Shorted 

■      '                     ±T8  " 

r*jtc 

±60 

mA 

Current  Limit 

to  Ground 







No  Load 

Supply  Current 

'sY 

v0-ov 

5.6 

7.0 

mA 

NOTES: 

1.  ^  =  85*0. 

2.  Guaranteed  by  CMR  test. 

'K-  I 


■ 

V0f**l3V  -  niaOeQMtoV 


tn*TiuO  ytqqud 
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DEVICES 


Dual  Very  Low  Noise  Precision 
Operational  Amplifier 


■ 











0P270 





FEATURES  ;  

•  Very  Low  Noise   SnV/sfnT  @  1kHz  Max 

•  Excellent  Input  Offset  Voltage   75MV  Max 

•  Low  Offset  Voltage  Drift  7   1/jV/°C  Max 

•  Very  High  Gain   1500V/mV  Min 


■ 


PIN  CONNECTIONS 

I 


■  ■  *,y  ■ 


•  Outstanding  CMR 

•  Slew  Rate  

•  Gain-Bandwidth  Product  

•  Industry  Standard  8-Pin  Dual  Pinout 

•  Available  In  Die  Form 


. .  106dB  Min 
. .  2.4V/^s  Typ 
. .  5MHz  Typ 


*INA 

N.C. 


3  s  »<=■ 

T]  OUTB 

JJ  QS  h.c. 

2  E  -»» 

7J  O;  ».c. 

i i  s  I  i 


ORDERING  INFORMATION 


TA  =  +25°C   

V^MAX  CERDIP 
(u.V)  8-PIN 


PACKAGE 


PLASTIC 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


LCC 
(RC-Suffix) 


16-PIN  SOL 
(S-Suffix) 


75 
75 
150 
250 
250 


OP270AZ* 
OP270E2 
OP270FZ 


OP270ARC/883 


OP270GP 


MIL 
XIND 
XIND 
XIND 
XIND 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883 ,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 


tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
you  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-270  is  a  high-performance  monolithic  dual  opera- 
tional amplifier  with  exceptionally  low  voltage  noise, 


EPOXY  MINI-DIP  (P-Suffix) 
8-PIN  HERMETIC  DIP 
(Z-Suffix) 


5nV/v  Hz  at  1kHz  Max,  offering  comparable  performance 
to  PMI's  industry  standard  OP-27. 

The  OP-270  features  an  input  offset  voltage  below  75fiV  and 
an  offset  drift  under  1MV/°C,  guaranteed  over  the  full  mil- 
itary temperature  range.  Open-loop  gain  of  the  OP-270  is 
over  1 ,500,000  into  a  10k!i  load  insuring  excellent  gain  accu- 
racy and  linearity,  even  in  high-gain  applications.  Input  bias 
current  is  under  20nA  which  reduces  errors  due  to  signal 
source  resistance.  The  OP-270's  CMR  of  over  106dB  and 
PSRFS  of  less  than  3.2mV/V  significantly  reduce  errors  due  to 


SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  is  shown.) 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  (T)  -65°Cto  +150°C 

Operating  Temperature  Range 

OP-270A  -55°Cto  +125°C 

OP-270E,  OP-270F,  OP-270G  -**0°C  to  +85°C 

PACKAGE  TYPE  e|A(Note3)  8|c  UNITS 

8-Pin  Hermetic  DIP  (Z)  134  12  °C/W~ 

8-Pin  Plastic  DIP  (P)  96  37  "C/W 

20-ConlaclLCC  (RC)  88  33  °C/W 

16-Pin  SOL  (S)  92  27  °C/W 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 
otherwise  noted. 

2.  The  OP-270's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If  differential 
voltage  exceeds  ±1 0V,  the  input  current  should  be  limited  id  ±2 5mA. 

3.  e  Is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  CerDIP,  P-DI P,  and  LCC  packages:  ejA  is  specified  for  de- 
vice soldered  to  printed  circuit  board  for  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±15V,  TA  -  +25°C,  unless  otherwise  noted. 


OP-270A/E 

OP-270F 

OP-270G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

o  s 

10 

75 

20 

150 

50 

250 

nv 

Input  Offset  Current 

'os 

VCM-0V 

1 

10 

- 

3 

15 

5 

20 

nA 

Input  Bias  Current 

'b 

VCM-0V 

5 

20 

10 

40 

15 

60 

nA 

Input  Noise  Voltage 

8np-p 

(Note  1) 

80 

200 

80 

200 

80 

nVp-p 

fo-10Hz 

3.6 



65 



3.6 

6.5 







3.6 

Input  Noise 

fQ  .  100Hz 

3.2 

SS 

32 

5.5 

3.2 

nV//Hz 

Voltage  Density 

o* 

fQ  -  1kHz 

3.2 

5.0 

3.2 

5.0 

3.2 

(Note  2) 

Input  Noise 
Current  Density 

'n 

fo-10Hz 
fD  -  100Hz 

1.1 
0.7 

1.1 
0.7 

1.1 
0.7 

pAVHz 

fQ«1kHz 

0.6 

0.6 

0.6 

Large-Signal 
Voltage  Gain 

VQ  =  ±10V 
RL-10k£l 

1500 

2300 

1000 

1700 

750 

1500 

V/mV 

RL-2kQ 

750 

1200 

500 

900 

350 

700 

Input  Voltage  Range 

IVR 

(Note  3) 

±12 

±12.5 

±12 

±12.5 

±12 

±12.5 

V 

Output  Voltage  Swing 

vo 

RL2  2kfl 

±12 

±13.5 

±12 

±13.5 

±12 

±13.5 

V 

Common-Mode 
Rejection 

CMR 

vCM.±iw 

106 

125 

100 

120 

90 

110 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs.±4.5Vto±18V 



0.56 

3.2 

1.0 

5.6 

1.5 

6 

|LWV 

Slew  Rate 

SR 

1.7 

2.4 

1.7 

2.4 

1.7 

2.4 

V/(is 
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OP-27s,  a  significant  advantage  for  power  conscious  appli- 
cations. The  OP-270  is  unity-gain  stable  with  a  gain- 
bandwidth  product  of  5MHz  and  a  slew  rate  of  2.4V/^s. 

The  OP-270  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  dual  buffers,  and  low-noise 
active  filters. 

The  OP-270  conforms  to  the  industry  standard  8-pin  DIP 
pinout.  It  is  pin  compatible  with  the  MC1458/1558, 
SE5532/A,  RM4558  and  HA5102  dual  op  amps  and  can  be 
used  to  upgrade  systems  using  these  devices. 

For  higher  speed  applications  the  OP-271 ,  with  a  slew  rate  of 
8V/>s,  is  recommended.  For  a  quad  op  amp,  see  the  OP-470. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Supply  Voltage  ±18V 

Differential  Input  Voltage  (Note  2)  ±1.0V 

Differential  Input  Current  (Note  2)  ±25mA 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 


OP270 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  Continued 


PARAMETER 


SYMBOL  CONDITIONS 


OP-270A/E 
MIN       TYP  MAX 


OP-270F 

MIN       TYP  MAX 


OP-270G 
MIN       TYP      MAX  UNITS 


Supply  Current 
(All  Amplifiers) 

Isy 

No  Load 

4 

6.5 

 S  4  -B3T 

- 

4 

6.5 

mA 

Gain  Bandwidth  Product 

GBW 

5 

- 

5 

- 

5 

- 

MHz 

Vo  =  20Vp.p 
fo  =  l0Hz  (Note 

Channel  Separation 

CS 

1)            125  175 

125  175 

175 

dB 

Input  Capacitance 

C|N 

3 

— 

-           3  - 

3 

pF 

Input  Resistance 
Differential-Mode 

RlN 

0.4 

0.4 

0.4 

M£l 

Input  Resistance 



 ao- 

20 

20 



Common-Mode 

RlNCM 

Settling  Time 

U 

A«  =  +1. 10V  Step 

to  0  01% 

5 

5 

(IS 

NOTES: 

1 .  Guaranteed  by  not  1 00 

2.  Sample  tested. 

3.  Guaranteed  by  CMR  te 

%  testec 

St. 

. 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V,  -55°C  <  TA  <  +1 25°C  for  OP-270A,  unless  otherwise  noted. 

OP-270A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

30 

175 

"V 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

0.2 

1 

uW>C 

Input  Offset  Current 

los 

VCM  =  0V 

2 

30 

nA 

Input  Bias  Current 

Ib 

VCM  -  OV 

6 

60 

nA 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  ±10V 
RL=  10M2 
Rl  •  2kn 

750 
400 

1600 
800 

V/mV 

Input  Voltage  Range 

IVR 

(Notel) 

±12 

±12.5 

V 

Output  Voltage  Swing 

Vo 

RL  >  2kS2 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

100 

120 

dB 

Power  Supply 
Rejection  Ration 

PSRR 

Vs  =  ±4.5Vto±18V 

1.0 

5.6 

uV/V 

Supply  Current 
(All  Amplifiers) 

Isy 

No  Load 

4.5 

7.5 

mA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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0P270 


ELECTRICAL  CHARACTERISTICS  at  Vg  =  ±^ 


sTAs  +85°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-270E 

MAX 

OP-270F 

OP-270G 
MIN  TYP 

MAX 

UNITS 

TYP 

MIN 

TYP 

MAX 

Input  Offset  Voltage 

v„- 

25 

150 

45 

275 

100 

400 

1»V 

Average  Input 

TCVOS 

0.2 

1 

- 

0.4 

2 

0.7 

3 

|iV/°C 

Offset  Voltage  Drift 

_ 

 _ 

Input  Offset  Current 

'os 

- 

1.5 

30 

- 

5 

40 

15 

50 

nA 

Input  Bias  Current 

'b 

vCm  =  ov 

- 

6 

60 

- 

15 

70 

19 

80 

nA 

Large-Signal 
Voltage  Gain 

\o 

v0  =  »tov 

RL=  10kQ 

1000 

1800 

600 

1400 

- 

400  1250 

V/mV 

RL  ■  2kQ 

500 

900 

300 

700 

225  670 



Input  Voltage  Range 

IVR 

(Note  1) 

±12 

±12.5 

- 

±12 

±12.5 

- 

±12  ±12.5 

wuifjut  vuilayB  owiny 

vo 

&  2kO 

±12 

±13 

±12 

±13 

±12  ±13 

V 

Common-Mode 
Rejection 

CMR 

100 

120 

94 

115 

90  100 

dB 

Power  Supply 
Rejection  Ration 

PSRR 

Vs  =  ±4.SVto±18V 

0.7 

5.6 

1.8 

10 



2.0 

15 

uWV 

Supply  Current 

(All  Amplifiers) 


'sy 



No  Load 



4.4 

7.2 

4.4 

7.2 

4.4 

7.2 

mA 

1.  Guaranteed  by  CMR  tesL 
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ANALOG 
DEVICES 


High  Speed,  Dual 


 : — 


0P271 


 8.5V/MS  Typ 

 2ms  Typ 


FEATURES 

•  Excellent  Speed   

•  Fast  Settling  (0.01%)   

•  Unity-Gain  Stable 

•  High  Gain-Bandwidth   5MHz  Typ 

•  Low  Input  Offset  Voltage   200m  V  Max 

•  Low  Offset  Voltage  Drift  2mV/°C  Max 

•  High  Gain    400V/mV  Min 

•  Outstanding  CMR   106  dB  Min 

•  Industry  Standard  8-Pin  Dual  Pinout 

•  Available  in  Die  Form 


ORDERING  INFORMATION  ' 


TA  =  *25  C 

VOS  MAX 

(MV) 
— I  

200 

200 
300 
400 
400 


CERDIP 
8-PIN 


OPERATING 
TEMPERATURE 
RANGE 


OP271AZ* 
OP271EZ 
OP271F2 


»    LCC 

PLASTIC  20-CONTACT 

~  OP271ARC/883  i^T 

-      ok     Mr     -  XND 

-  -  XND  , 

OP271GP  XND 

OP271GStt  -  XND 


Input  offset  voltage  of  the  OP-271  is  under  200|iV  with  input  offset 
voltage  drift  below  2mV/sC,  guaranteed  over  the  full  military  tem- 
perature range.  Open-loop  gain  exceeds  400,000  into  a  1 0kQ  load 
ensuring  outstanding  gain  accuracy  and  linearity.  The  input  bias 
current  is  under  20nA  limiting  errors  due  to  source  resistance. 
The  OP-271 's  outstanding  CMR,  over  106dB,  and  low  PSRR, 
under  5.6m  V/V,  reduce  errors  caused  by  ground  noise  and  power 
supply  fluctuations.  In  addition,  the  OP-271  exhibits  high  CMR 
and  PSRR  over  a  wide  frequency  range,  further  improving  system 
accuracy.  Continued 

PIN  CONNECTIONS 

o|f  -,NAd^TboUTA 

z  °  z  >  z  +INA  LI  ^  i*Q. 

N.C  |T      ^         V4]  N.C 


N.C  T) 

-IN  A  1] 

N.C.  J] 

+  INA  T) 

N.C.  JJ 


For  devices  processed  in  total  compliance  to  MIL-STD-883,  add /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt   For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


LCC 
(RC-Suffix) 


[ni  N.C. 

\u  OUTB 

[TJ  N.C. 

[TJ  -IN  B 

[u  N.C. 


V-  f_T  T5]  V+ 

N.C.  fT  Tj]  N.C. 

+IN  B  fT  t-v.       33  N.C. 

-IN  B  fT  — \^^-  12l  OUT  B 

n.c.  it         33 NC 


GENERAL  DESCRIPTION 

The  OP-271  is  a  unity-gain  stable  monolithic  dual  op  amp  featur- 
ing excellent  speed,  8.5V/ms  typical,  and  fast  settling  time,  2ms 
typical  to  0. 01  %.  The  OP-271  has  a  gain-bandwidth  of  5MHz  with 
a  high  phase  margin  of  62°. 

SIMPLIFIED  SCHEMATIC  (One  of  the  two  amplifiers  is  shown.) 


16-PIN  SOL 

(S-Suffix) 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 

(Z-Suffix) 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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multiple  gain  blocks,  high-speed  instrumentation  and  amph-  operating  Temperature  Range 

tiers,  buffers  and  active  filters.  OP-271A  -55"Cto  +125°C 

The  OP-271  conforms  to  the  industry  standard  8-pin  dual  op  OP-271 E,  OP-271 F.  OP-271G  -40°C  to  +85°C 

amp  pinout.  It  is  pin  compatible  with  the  TL072,  TL082,  package  type                 e  (Notes)        e  units 

LF412,  and  1458/1558  dual  op  amps  and  can  be  used  to   .  .  -  

significantly  improve  systems  using  these  devices.  8-Pin  Hermetic dip (Zt  134  12  °c/w 

8-Pin  Plastic  DIP  (P)  96  37  °C/W 

For  applications  requiring  lower  voltage  noise,  see  the  OP-  mrm,^irr  mrs  m  ™  ™ 

270.  For  a  quad  version  of  the  OP-271,  see  the  OP-471.  20-Comaci LCC  (RC)  88  33  cw 

8-Pin  SO(S)  92  27  °C/W 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1 )  ,    Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 

Supply  Voltage                                                              ±1 8V  otherwise  noted. 

Differential  Input  Voltage  (Note  2)                                  ±1 .0V  2.  The  OP-271's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 

Differential  Input  Current  (Note  2)                                 ±25mA  resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If  differential 

Input  Voltage                                        Supply  Voltaqe  vol,a9e  exceeds  11  0V' ,he  input  currem  should  be  limi,ed  10  ±25mA- 

_  .         "" "              _      ..                                    "T '   ,       "  3.  8.  is  specified  lor  worst  case  mounting  conditions,  i.e.,  8  .  is  specified  for 

Output  Short-Circuit  Duration  Continuous  d  i*ice  in  socket  (or  CefDIP  P.DIP  and  LCC  packages.  e|*  is  specified  (or 

Storage  Temperature  Range   -65°C  to  + 1 50°C  device  soldered  to  printed  circuit  board  lor  SOL  package. 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V,  TA=  +25°C,  unless  otherwise  noted.  

OP-271A/E  OP-271F  OP-271G 

PARAMETER        SYMBOL        CONDITIONS  MIN       TYP       MAX  MIN       TYP       MAX  MIN       TYP       MAX  UNITS 

'"voltage6'          Vos                                                    "        75  200              "       '50       300  "       200       400  *v 

lnPCu°er          'os                                                     -          1  10              -          4         15  -  7        20  nA 

'"current3                                 VC»'°V                                               «  2°                -           6          40  -  12  60  nA 

Input  Noise 

Voltage             e„                fQ  =  1kHz                                        7.6  -        7.6          -  7.6  nv/  Hz 

Density 

Large-Signal  VQ  =  ±10V 

Voltage              Ay0                 RL=10kQ                          400        650  -             300        500           -  250        400  -  V/mV 

Gain                                        RL  =  2kQ                            300        500  -             200        300  1  75  250 

'"Ran'ge"396         IVR                (Notel)                                ±12      ±12.5  -             ±12      ±12.5           -  ±12      ±12.5  -  V 

°U'PU'V0lta9e       VQ                 RL»2kO                               ±12        ±13  -             ±12        ±13           -  ±12        .13  -  V 

X™"on°d9      CMR              VCM'^2V  "6        ™  '             '°°                       -  90        105  -  dB 

Power  Supply 

Rejection            PSRR            Vs  =±4.5Vto±18V                     -         0.6  3.2                -         1.8         5.6  -         2.4         7.0  |iV/V 

Ratio 

Slew  Rate             SR                                                           5.5         8.5  -              5.5         8.5           -  5.5         8.5  -  V/nS 

Phase  Margin       bw              \  =  +1                               -        62  -                       62  -  -        62  -  deg 

^A^pZrs,     '.y                "°L°»d                                   '         »  «                -         <*         »  -  "  "* 

GproductdWi<1,h      GBW                                                          -5  -                -           5-  —  5  —  MHz 

>  =  2n°Vp    „                 m  -       £     m      -         -     m      -  d7 

Separation  fQ  a  1 0Hz  (Note  2) 

Input  Capacitance  C.„                                                    -          3  -              -          3          -  -  3  -  pF 

 \S  

'"SS^^M^  -         0.4  -                -         0.4           -  -         0.4  -  MO 

'"g^TSS    ".NCM  -          20  -                -          2°           -  -  20  -  Q0 

r.         t-  A„  =  +1, 10VStep  . 

Settl.ngT.me          t.  \001%                                              2  -           2           -  2  -  „, 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  100%  tested. 

• 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA  <  125°C  for  OP-271  A,  unless  otherwise  noted. 


OP-271  A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP  1 

4AX 

UNITS 

Input  Offset  Voltage 

Vos 

- 

115 

400 

cV 

Average  Input 

^t<-m»   llaltann  Thrift 

Offset  voltage  Drift 

TCV0S 

04 

2 

mWC 

input  uttsei  (_.urrent 

'os 

VCM  =  ov 

_ 

1.5 

30 

nA 

Input  Bias  Current 

la 

VCM  =  OV 

7 

60 

nA 

Large-Signal 
Voltage  Gain 

AVO 

V0  =  ±10V 
RL  =  tOkll 
RL  =  2ktl 

300 
200 

600 
500 

V/mV 

Input  Voltage  Range 

IVR 

(Note  t) 

±12 

±12.5 

V 

Output  Voltage  Swing 

Vo 

RL  >2k!l 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5V  to  ±t8V 

•• 

10  5.6 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

5.3 



7.5 



mA 

NOTE: 

1  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  V.  =  ±15V,  -40°C  s  T.s  +85°C,  unless  otherwise  noted. 
 2  £  


PARAMETER 

SYMBOL 

CONDITIONS 

M,N° 

P-TYPA/EMAX 

MIN 

OP-271F 
TYP 

MAX 

MIN 

OP-271G 
TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

vos 

100 

330 

215 

560 

300 

700 

uV 

Average  Input 
Offset  Voltage 
Drift 

TCVOS 

0.4 

2 

1  4 

2.0 

5 

UWC 


Input  Offset 
Current 

'os 

VCM  =  °V 

1 

30 

_ 

5 

40 

15 



50 

nA 

Input  Bias 
Current 

'b 





6 

60 

10 

70 

15 

80 

nA 

Large-Signal 
Voltage 
Gain 

A. 

v0  =  ±10V 
RL  =  iokn 

RL  =  2kO 

300 
200 

600 
500 

200 
100 

500 
400 

150  400 
90  300 

- 

V/mV 

Input  Voltage 
Range 

IVR 

(Note  1 ) 

±12 

±12.5 

±12 

±12.5 

±12 

±12.5 

V 

Output  Voltage 
Swing 

vo 

RL  1 2kQ 

±12 

±13 

±12 

±13 

±12 

±13 

'  V 

Common-Mode 
Rejection 

CMR 

VCM  =  *'2V 

100 

120 

94 

115 

90 

100 

dB 

Power  Supply 
Rejection 
Ratio 

PSRR 

V8=:±4.5Vto±18V 

0.7 

5.6 

51.8 

10 

2.0 

15 

uV/V 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

5.2 

7.2 

5.2 

7.2 

5.2 

7.2 

mA 

1.  Guaranteed  by  CMR  test. 
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Dual  Bipolar/JFET,  Audio 
Operational  Amplifier 


0P275* 


FEATURES 

Excellent  Sonic  Characteristics 
Low  Noise:  6  nV/Vfiz 
Low  Distortion:  0.0006% 
High  Slew  Rate:  22  V/^s 
Wide  Bandwidth:  9  MHz 
Low  Supply  Current:  5  mA 
Low  Offset  Voltage:  1  mV 
Low  Offset  Current:  2  nA 
Unity  Gain  Stable 
SOIC-8  Package 

APPLICATIONS 

High  Performance  Audio 

Active  Filters 

Fast  Amplifiers 

Integrators 


GENERAL  DESCRIPTION 

The  OP-275  is  the  first  amplifier  to  feature  the  Butler  Amplifier 
front-end.  This  new  front-end  design  combines  both  bipolar  and 
JFET  transistors  to  attain  amplifiers  with  the  accuracy  and  low 
noise  performance  of  bipolar  transistors,  and  the  speed  and 
sound  quality  of  JFETs.  Total  Harmonic  Distortion  plus  Noise 
equals  previous  audio  amplifiers,  but  at  much  lower  supply 
currents. 

A  very  low  1/f  corner  of  below  6  Hz  maintains  a  flat  noise  den- 
sity response.  Whether  noise  is  measured  at  either  30  Hz  or 
1  kHz,  it  is  only  6  nV/VHz.  The  JFET  portion  of  the  input 
stage  gives  the  OP-275  its  high  slew  rates  to  keep  distortion  low, 
even  when  large  output  swings  are  required,  and  the  22  V/u.s 
slew  rate  of  the  OP-275  is  the  fastest  of  any  standard  audio 
amplifier.  Best  of  all,  this  low  noise  and  high  speed  are  accom- 
plished using  less  than  5  mA  of  supply  current,  lower  than  any 
standard  audio  amplifier. 
- 


PIN  CONNECTIONS 


8-Lead  Narrow  Body  SOIC 
(S  Suffix) 


8-Lead  Epoxy  DIP 
(P  Suffix) 


OUT  A  E 
-IN  A  [| 
♦  IN  A  E 
V-E 


I  W  1 

3]  w        OUT  A  [7  n,   op.27s   JJ  V* 

OP-275   ^OUTB    -<NA  El  A     I  3°UTB 

1]-inb       ■—  Lti-r  A  -1 

g+,NB    +ina[T  1  A  Ar  T|  -in  b 

V-  IT  I  TJ  tIN  B 


Improved  dc  performance  is  also  provided  with  bias  and  offset 
currents  greatly  reduced  over  purely  bipolar  designs.  Input  off- 
set voltage  is  guaranteed  at  1  mV  and  is  typically  less  than 
200  u.V.  This  allows  the  OP-275  to  be  used  in  many  dc  coupled 
or  summing  applications  without  the  need  for  special  selections 
or  the  added  noise  of  additional  offset  adjustment  circuitry. 


The  output  is  capable  of- driving  600  O  loads  to  10  V  rms 

low  distortion.  THD  +  Noise  at  3  V  rms  is  a  low 


0j 

The  OP-275  is  specified  over  the  extended  industrial  (-40°C  to 
+85°C)  temperature  range.  OP-275s  are  available  in  both  plastic 
DIP  and  SOIC-8  packages.  SOIC-8  packages  are  available  in 
2500  piece  reels.  Many  audio  amplifiers  are  not  offered  in 
SOIC-8  surface  mount  packages  for  a  variety  of  reasons,  how- 
ever the  OP-275  was  designed  so  that  it  would  offer  full  perior- 


al t 


*Patent  pending. 

■ 

- 

:  1 

■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 

l  at  1-800-446-6212. 
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ELECTRICAL  CHARACTERISTICS 


0P275 


Vs  =  ±15.0  V,  TA  =  +25°C  l 


herwise 


Parameter 


Symbol 


Conditions 


Min 


Typ 


Max 


Units 


AUDIO  PERFORMANCE 
THD  +  Noise 
Voltage  Noise  Density 

Current  Noise  Density 
Headroom 


VIN  =  3  V  rms,  RL  =  2  kn,  f  =  1  kHz 
f  =  30  Hz 
f  =  1  kHz 
f  =  1  kHz 

THD  +  Noise  <  0.01%, 
RL  =  2  kn,  Vs  =  ±18  V 


0.0006 

7 

6 

1.5 

>12.9 


%  _ 
nV/VHz 
nV/VHz 
pAA/Hz 

dBu 


INPUT  CHARACTERISTICS 


Input  Bias  Current 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection 

Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 


Vos 

Ib 

'os 

VCM 

CMR 


AVos/AT 


-40°CsTAs  +  85°C 
VCM  =  0  V 

VCM  =  0V,  -40°C<TA<+85°C 
VCM  =  0  V 

VCM  =  0  V,  -40°CsTAf=+85°C 

VCM  =  ±10.5  V, 
-40°C==TA==;  +  85°C 
RL  =  2  kn 

RL  =  2  kO,  -40°CsTA<+85°C 
RL  =  600  n 


-10.5 


. 

1 

1.25 

100 

350 

100 

400 

2 

±50 

2 

±100 

+  10.5 

80 

250 

175 


106 


200 

5 


mV 
mV 
nA 
nA 
nA 
nA 
V 

dB 

V/mV 
V/mV 
V/mV 

u.V/°C 


L  =  2  kn 

l  =  2  kn,  -40°CsTA=s+85°C 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 


RL  =  600  n,  Vs  =  ±18  V 


-13.5      ±13.9  +13.5 
-13         ±13.9  +13 
±16 


y 

v 

V 




PSRR 


POWER  SUPPLY 

Power  Supply  Rejection  Ratio 


Supply  Current 


Supply  Voltage  Range 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Gain  Bandwidth  Product 
Phase  Margin 
Overshoot  Factor 


Vs  =  ±4.5  V  to  ±18  V 

Vs  =  ±4.5  V  to  ±18  V, 

-40°CsTAs+85°C 

Vs  =  ±4.5  V  to  ±18  V,  V0  =  0  V, 

RL  =  x,  -40°C^TAs  +  85°C 

Vs  =  ±22  V,  V0  =  0  V,  RL  =  =o, 

-40°C<TAs+85°C 




85  111 


80 


4 


5 


t4.5 


5.5 

±22 


dB 

dB 

mA 

mA 
V 


SR 

BWP 

GBP 

00 


RL  =  2  kn 


VIN  =  100  mV,  Av  =  +1, 
RL  =  600  n,  CL  =  100  pF 


15  22 

9 
62 

10 


V/u.s 
kHz 
MHz 


Specifications  subject  to  change  without  notice. 
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Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

1 

mV  max 

Input  Bias  Current 

VCM 

350 

nA  max 

Input  Offset  Current 

VCM 

=  0  V 

±50 

nA  max 

Input  Voltage  Range1 

±10.5 

V  min 

Common-Mode  Rejection 

CMRR 

VCM 

=  ±10.5  V 

80 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  = 

±4.5  V  to  ±18"V 

85 

dB  min 

Large  Signal  Voltage  Gain 

Avo 

RL  = 

2kfi 

250 

V/mV  min 

Output  Voltage  Range 

Vo 

RL  = 

10  kn 

±13.5 

V  min 

Supply  Current 



IsY 

v0  = 

0  V,  RL  =  x 

5 

mA  max 

NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 
'Guaranteed  by  CMR  test. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±22  V 

Input  Voltage2   ±18  V 

Differentia]  Input  Voltage2  ±7.5  V 

Output  Short-Circuit  Duration  to  GND3   Indefinite 

Storage  Temperature  Range 

(P,  S)  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-275G  -40°C  to  +85°C 

Junction  Temperature  Range 

(P,  S)  Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +  300°C 


guaranteed  for 


Package  Type 

Ojc 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±22  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3Shorts  to  either  supply  may  destroy  the  device.  See  data  sheet  for  full  details. 
48jA  is  specified  for  the  worst  case  conditions,  i.e.,  8JA  is  specified  for  device  in 
socket  for  cerdip,  P-DIP,  and  LCC  packages;  6JA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 


ORDERING  GUIDE 


DICE  CHARACTERISTICS 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP275GP 

-40°Cto  +85°C 

8-Pin  Plastic  DIP 

N-8 

OP275GS 

-40°Cto  +85°C 

8-Pin  SOIC 

SO-8 

OP275GSR 

-40°C  to  +85°C 

SOIC-8  Reel, 

2500  pes. 

OP275GBC 

+  25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


OUT  A 


-IN  A 


OUT  B 


-IN  B 


+IN  B 


OP-275  Die  Size  0.070  x  0. 108  in.  (7,560  sq.  mils) 
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The  OP-275  has  been  designed  with  inherent  output  short 
circuit  protection  to  ground. 

However  shorts  to  either  supply  may  destroy  the  device  when 
excessive  voltages  or  currents  are  applied.  For  safe  operation 
the  output  current  of  the  OP-275  should  be  design  limited  to 
±30  mA. 

Total  Harmonic  Distortion 

Total  Harmonic  Distortion  +  Noise  (THD  +  N)  of  the  OP-275 
is  well  below  0.001%  with  any  load  down  to  600  fl.  However, 
this  is  dependent  upon  the  peak  output  swing.  In  Figure  1  it  is 
seen  that  the  THD  +  Noise  with  3  V  rms  output  is  below 
0.001%.  In  the  following  Figure  2,  THD  +  Noise  is  below 
0.001%  for  the  10  kft  and  2  kfl  loads  but  increases  to  above 
0.1%  for  the  600  fl  load  condition.  This  is  a  result  of  the  output 
swing  capability  of  the  OP-275.  Notice  the  results  in  Figure  3, 
showing  THD  vs.  V,N  (V  rms).  This  figure  shows  that  the 
THD  +  Noise  remains  very  low  until  the  output  reaches 
9.5  volts  rms.  This  performance  is  similar  to  competitive 
products. 

The  output  of  the  OP-275  is  designed  to  maintain  low  harmonic 
distortion  while  driving  600  fl  loads.  However,  driving  600  fl 
loads  with  very  high  output  swings  results  in  higher  distortion  if 
clipping  occurs.  A  common  example  of  this  is  in  attempting  to 
drive  10  V  rms  into  any  load  with  ±15  volt  supplies.  Clipping 
will  occur  and  distortion  will  be  very  high. 


FREQUENCY  -  Hz 

Figure  1.  THD  +  Noise  vs.  Frequency  vs.  RLOad 


FREQUENCY  -  Hz 


Figure  2.  THD  +  Noise  vs.  FtLOAD;  VIN  =  10  V  rms,  ±18  V 
Supplies 
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,  , 

 ;  vs  =  ±i8v  : 

r  -  Anno  _ 

— 

L 

3= 

— 

_ 

■ 

/  """^"^ 

OUTPUT  SWING  -  V  rms 

Figure  3.  Headroom,  THD  +  Noise  vs.  Output  Amplitude 
(V  rms);  RLOAD  =  600  n,  VSUP  =  ±18  V 

To  attain  low  harmonic  distortion  with  large  output  swings,  sup- 
ply voltages  may  be  increased.  Figure  4  shows  the  performance 
of  the  OP-275  driving  600  fl  loads  with  supply  voltages  varying 
from  ±18  to  ±20  volts.  Notice  that  with  ±18  volt  supplies  the 
distortion  is  fairly  high,  while  with  ±20  volt  supplies  it  is  a  very 
low  0.0007%. 


VOUT 

lOOQ, 

=  10  Vrms  @ 

1kHz 

±19  ±20 
SUPPLY  VOLTAGE  - 


Figure  4.  THD  +  Noise  vs.  Supply  Voltage 

Noise 

The  voltage  noise  density  of  the  OP-275  is  below  7  nV/vHz 
from  30  Hz.  This  enables  low  noise  designs  to  have  good  perfor- 
mance throughout  the  full  audio  range.  Figure  5  shows  a  typical 
OP-275  with  a  1/f  corner  at  5.2  Hz. 


CH  A:  80.0   nV  FS 

MKR:  15.9 


Figure  5.  1/f  Noise  Corner,  V,  =  ±15  V,  Av  =  7000 

OPERATIONAL  AMPLIFIERS  9-457 


5 


Noise  Testing 

For  audio  applications  the  noise  density  is  usually  the  most 
important  noise  parameter.  For  characterization  the  OP-275  is 
tested  using  an  Audio  Precision,  System  One.  The  input  signal 
to  the  Audio  Precision  must  be  amplified  enough  to  measure 
accurately.  For  the  OP-275  the  noise  is  gained  by  approximately 
1020  using  the  circuit  shown  in  Figure  6.  Any  readings  on  the 
Audio  Precision  must  then  be  divided  by  the  gain.  In  imple- 
menting this  test  fixture,  good  supply  by 


Driving  Capacitive  Loads 

The  OP-275  was  designed  to  drive  both  resistive  loads  to  600  CI 
and  capacitive  loads  of  over  1000  pF  and  maintain  stability. 
While  there  is  a  degradation  in  bandwidth  when  driving  capaci- 
tive loads,  the  designer  need  not  worry  about  device  stability. 
The  graph  in  Figure  7  shows  the  0  dB  bandwidth  of  the  OP-275 
with  capacitive  loads  from  10  pF  to  1000  pF. 


z  0 

s 


-30 
-40 


180 
135 
90 

«  i 

-I 

E 

-00 


FREQUENCY  -  Hz 

Figure  8.  Closed-Loop  Gain  and  Phase,  Av  =  +  7 


FREQUENCY -Hz 

Figure  9.  Open-Loop  Gain  and  Phase 


Figure  7.  Bandwidth  vs.  CLOAD 
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ANALOG 


Rail-to-Rail  Multimedia 
Operational  Amplifier 


— 




FEATURES 

Rail-to-Rail  Input  and  Output 
High  Output  Current:  50  mA 
Single-Supply:  +5  V  to  +12  V 
Wide  Bandwidth:  2  MHz 
High  Slew  Rate:  5  V/us 
Low  Distortion:  0.01% 
Unity  Gain  Stable 
No  Phase  Reversal 


0P279 


FUNCTIONAL  BLOCK  DIAGRAMS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


8-Lead  Epoxy  Dip 
(P  Suffix) 


APPLICATIONS 
Multimedia 
Telecom 

DAA  Transformer  Driver 
LCD  Driver 

Low  Voltage  Servo  Control 


GENERAL  DESCRIPTION 

The  OP279  is  a  dual,  single-supply,  high  output  current  ampli 
fier.  It  is  designed  for  applications  that  require  drive  curre; 
up  to  80  mA  in  low  voltage  applications. 

Driving  headphones  directly  or  transformers 
tors  are  applications  that  benefit  from  the  OP: 
current.  The  powerful  output  is  combined  with 
stage  that  maintains  very  low  distortion  with  wide 
mode  range  even  in  single  supply  designs. 

OP279s  are  useful  amplifiers  for  buffering  either  ASICs  or 
DACs  when  greater  drive  capability  is  needed  than  can  usually 
be  provided  by  CMOS  outputs. 


Bandwidth  is  2  MHz  and  slew  the  rate  is  5  V/us,  making  these 
amplifiers  well  suited  for  single  supply  applications  that  require 
audio  bandwidths  when  used  in  high  gain  configurations.  Op- 
eration is  guaranteed  from  voltages  as  low  as  4.5  V,  up  to  12  V. 

ien  using  the  OP279  in  +5  V  systems,  very  good  audio  per- 
ormance  can  be  attained.  THD  is  below  0.01  %  with  a  600  £2 
ise  is  a  respectable  22  nV/VHz.  Supply  current  is 
2  mA  per  amplifier. 

OP279  is  available  in  8-pin  plastic  DIP  and  SO-8  surface 
mount  packages.  They  are  specified  over  the  extended  indus- 
trial (-40°C  to  +85°C)  temperature  range. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


OPERATIONAL  AMPLIFIERS  9-459 


0P279— SPECIFICATIONS 

ELECTRICAL 


(@  Vs  =  +5.0  V,  VCM  =  2.5  V,  -40°C  <  TA  <  +85°C  unless  otherwise  noted) 


Parameter 


Symbol 


Con  ditions 


Mill 


Jyp_ 


Max 


INPUT  CHARACTERISTICS 
Offset  Voltage 
Input  Bias 


.urrent 
Input  Offset  Current 
Input  Voltage  Range 
Common-Mode  Rejection  Ratio 
Large  Signal  Voltage  Gain 
Offset  Voltage  Drift  


Vos 

Ib 

los 

CMRR 
Ayo 

AV0S/AT 


VOUT  =  2.5  V 
Vour  =  2.5  V 
VOUT  =  2.5  V 

Vcm  =  0  V  to  5  V 

RL  =  2  kSl,  0.2  V  <  V0  <  3.8  V 


350  600 
±50 

0  5 

ioo      4  . 




OUTPUT  CHARACTERISTICS 
Output  Voltage  High 
Output  Voltage  Low 
Short  Circuit  Limit 


VOH 
Vol 
Isc 


IL  =  10  mA  Source 
IL=  10  mA  Sink 
Source 
Sink 


+4.9 


50 
50 


50  100 
80 

80  


POWER  SUPPLY 

Power  Supply  Rejection  Ratio 
Supply  Current/Amplifier 
Supply  Voltage  1 


PSRR 

Isy 
Vs 


Vs  =  +4.75Vto+12V 
V0  =  2.5  V 


70 


+4.75 


104 

2 


2.5 
±6 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Gain  Bandwidth  Product 
Phase  Margin 


SR 

BWP 

GBP 

<))o 


RL=  2kfi 
1%  Distortion 


AUDIO  PERFORMANCE 
Total  Harmonic  Distortion 
Voltage  Noise  Density 


THD 


46 


0.01 
22 


ELECTRICAL  CHARACTERISTICS 


herwise  noted) 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

INPUT  CHARACTERISTICS 

Offset  Voltage 

Vos 

4 

mV 

Input  Bias  Current 

Ib 

400 

600 

nA 

Input  Offset  Current 

los 

±50 

nA 

Input  Voltage  Range 

-5 

+5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  -5  V  to  +5  V 

70 

86 

dB 

Large  Signal  Voltage  Gain 

Avo 

Rl 

=  2kQ 

100 

1000 

V/mV 

Offset  Voltage  Drift 

AVos/AT 

3 

uV/°C 

Bias  Current  Drift 

AI„/AT 

-1.6 

nA/°C 

OUTPUT  CHARACTERISTICS 

Output  Voltage  High 

VoH 

II- 

=  10  mA  Source 

+4.9 

V 

Output  Voltage  Low 

Vol 

II 

=  10  mA  Sink 

^1.9 

V 

Short  Circuit  Limit 

Isc 

Source 

80 

mA 

Sink 

80 

mA 

Open-Loop  Output  Impedance 

Zout 

f  = 

1  MHz,  Av  =+1 

15 

□ 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

PSRR 

Vs 

=  ±2.5  V  to  ±6  V,  -40  <  TA<  +85°C 

70 

25 

dB 

Supply  Current/ Amplifier 

Isy 

Vs 

=  ±6V,Vo  =  0V 

2 

2.6 

mA 

Supply  Voltage  Range 

Vs 

+4.75 

±6 

V 

DYNAMIC  PERFORMANCE 

Slew  Rate 

SR 

Rl 

=  2k£2 

5 

V/us 

Full-Power  Bandwidth 

BWP 

1% 

Distortion 

kHz 

Gain  Bandwidth  Product 

GBP 

2 

MHz 

Phase  Margin 

$0 

Degrees 

NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

CnP-P 
■n 

0.1  Hz  to  10  Hz 
f  =  1  kHz 

2 

22 
0.4 

uVp-p_ 
nV/VHi 
pA/\TE 

Specifications  subject  to  change  without  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG 
DEVICES 


Dual/Quad  Low  Power,  High  Speed 
JFET  Operational  Amplifiers 


0P282/0P482 


8-Le* 


FEATURES 

High  Slew  Rate:  9  V7u.s 
Wide  Bandwidth:  4  MHz 
Low  Supply  Current:  250  uA/ Amplifier 
Low  Offset  Voltage:  3  mV 
Low  Bias  Current:  100  pA 
Fast  Settling  Time 
Common-Mode  Range  Includes  V+ 
Unity  Gain  Stable 

APPLICATIONS 
Active  Filters 
Fast  Amplifiers 
Integrators 

Supply  Current  Monitoring 
GENERAL  DESCRIPTION 

The  OP-282/OP-482  dual  and  quad  operational  amplifiers  fea- 
ture excellent  speed  at  exceptionally  low  supply  currents.  Slew 
rate  exceeds  7  V/(xs  with  supply  current  under  250  m-A  per 
amplifier.  These  unity  gain  stable  amplifiers  have  a  typical  gain- 
bandwidth  of  4  MHz. 

The  JFET  input  stage  of  the  OP-282/OP-482  insures  bias  cur- 
rent is  typically  a  few  picoamps  and  below  500  pA  over  the  full 
temperature  range.  Offset  voltage  is  under  3  mV  for  the  dual 
and  under  4  mV  for  the  quad. 

With  a  wide  output  swing,  within  1.5  volts  of  each  supply,  low 
power  consumption  and  high  slew  rate,  the  OP-282/OP-482  are 
ideal  for  battery-powered  systems  or  power  restricted  applica- 
tions. An  input  common-mode  range  that  includes  the  positive 
supply  makes  the  OP-282/OP-482  an  excellent  choice  for  high- 
side  signal  conditioning. 

The  OP-282/OP-482  are  specified  over  the  extended  industrial 
temperature  range.  Both  dual  and  quad  amplifiers  are  available 
in  plastic  and  ceramic  DIP  plus  SOIC  surface  mount  packages. 

Contact  your  local  sales  office  for  MIL-STD-883  data  sheet  and 
availability. 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SOIC        8-Lead  Epoxy  DIP 


(S  Suffix) 


OUTA  [7 

-in  a  [a 

~  OP-282 

♦INA  H 

v-  [7 


I]  -INB 
T]  ♦INB 


14-Lead  Epoxy  DIP 
(P  Suffix) 


b]w         0UT*[I—1  OP-282  Hv* 

Jj  OUT  B        -IN  A  [T  r  JJ  OUT  B 

+INA[T-— '        /C\j  7]  -INB 

V-  [T  <—-  jj]  »IN  B 

 1  

14-Lead  Narrow-Body  SOIC 
(S  Suffix) 


TJJ  OUTD        OUTA  [H 

• 

Ti~|  OUT  B 

JJJ-IND  -INA  |T" 
T£]*IND  t|NA|T 

JjJ  v-           v*  [T 

Jo]  *IN  C  ,IN  B  [F 
T]  -IN  C            -IN  B  [T 

OP-482 

13]  -IND 
t2~|  +IN  D 

TJJv- 

10~|  *INC 
-IN  c 
OUTC 

TJOUTC        OUTB  \T_ 

20-Position  CMp  Carrier 
(RC  Suffix) 


♦INA 
NC 
V* 
NC 

♦  IN  B 


OP-482 

TOP  VIEW 
(Not  to  Scale) 


El 

]  E 


Q?  NC 

Qi  V- 


NC 
♦  INC 


This  is  an  abridged  data  sheet.  To  obtain  the  n 
trieval  syste 
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Parameter 

Symbol 

L,onaitions 

Min       Typ  Max 

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

Vos 

OP-282 

0.2  3 

mV 

Offset  Voltage 

Input  Bias  Current 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 

Offset  Voltage  Drift 
Bias  Current  Drift 

Vos 

Is 

los 

CMR 

Avo 

AVos/AT 
AIB/AT 

OP-282,  -40  <  TA  <  +85°C 
OP-482 

OP-482,  -40  s  TA  s  +  85°C 

VCM  =  0V 

VCM  =  0  V,  Note  1 

vCM  =  ov 

Vcm  =  0  V,  Note  1 

-11  V  '  VCM  •  +15  V,  -40  <  TA  ==  +85°C 
RL  =  10  kCl 

RL  =  10  kfi,  —40  s  TA  iS  +85°C 

4.5 
0.2  4 
6 

3  100 
500 

1  50 
250 

-11  +15 

70  90 

20 

15 

10 

8 

mV 

mV 

mV 

pA 

pA 

pA 

pA 

V 

dB 

V/mV 
V/mV 
u,V/°C 
pA/°C 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Short  Circuit  Limit 

Open-Loop  Output  Impedance 

v0 

Isc 

ZoUT 

RL  =  10  ka 

Source 

Sink 

f  =  1  MHz 

-13.5     ±13.9  13.5 
3  10 
-8  -12 
200 

V 

mA 
mA 

n 

POWER  SUPPLY 
Power  Supply  Rejection  Ratio 

Supply  Current/Amplifier 
Supply  Voltage  Range 

PSRR 

IsY 

Vs 

Vs=  ±4.5  V  to +18  V, 

-40<TA<  +85°C 

VQ  =  0  V,  -40  <  TA  s  +85°C 

25  316 
210  250 
±4.5  ±18 

uV/V 

|xA 

V 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 

SR 
BWP 

ts 

GBP 

00 

RL  =  10  kn 
1%  Distortion 
To  0.01% 

7  9 
125 
1.6 
4 
55 

V/(is 
kHz 

U.S 

MHz 
Degrees 

NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

en  P-P 

en 

>„ 

0.1  Hz  to  10  Hz 

I  —  1  KnZ 



1.3 
36 
0.01 

uVp-p 

n\//.  /U7 

nv/vnz 

NOTE 

'The  input  bias  and  offset  currents  are  tested  at  TA 
Specifications  subject  to  change  without  notice. 


:  Tj  =  +85°C.  Bias  and  offset  currents  are  guaranteed  but  not  tested  at  -40°C. 


WAFER  TEST  LIMITS  (@  Vs  =  ±15.0  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

OP-282 

3 

mV  max 

Offset  Voltage 

Vos 

OP-482 

4 

mV  max 

Input  Bias  Current 

I„ 

Vcm  =  0V 

100 

pA  max 

Input  Offset  Current 

los 

Vcm  =  0V 

50 

pA  max 

Input  Voltage  Range1 

-11,  +15 

V  min/max 

Common-Mode  Rejection 

CMRR 

-11V5VCM<  +15  V 

70 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  =  ±4.5  V  to  ±18  V 

316 

uV/V 

Large  Signal  Voltage  Gain 

Avo 

RL  =  10  kfi 

20 

V/mV  min 

Output  Voltage  Range 

v0 

RL  =  10  kfl 

±13.5 

V  min 

Supply  Current/ Amplifier 

IsY 

Vo  =  0V,RL=x 

250 

(J.A  max 

NOTES 

Electrical  tests  and  wafer  probe  to  the  lirr 
standard  product  dice.  Consult  factory  to 
'Guaranteed  by  CMR  test. 
Specifications  subject  to  change  without 


lits  shown.  Due  to  \ 
negotiate  specifications  based  on  dice  lot  c 


1  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
i  through  sample  lot  assembly  and  testing. 


■ 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18  V 

Input  Voltage2   ±18V 

Differential  Input  Voltage2  36  V 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 

Y,  Z,  RC  Packages  -65°C  to  +175°C 

P,  S  Packages  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-282A,  OP-482A   -55°C  to  +125°C 

OP-282G,  OP-482G  -40°C  to  +85°C 

Junction  Temperature  Range 

Y,  Z,  RC  Packages  -65°C  to  +  125°C 

P,  S  Packages  -65°C  to  +  125°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +300°C 


DICE  CHARACTERISTICS 


Package  Type 

8jc 

Units 

8-Pin  Cerdip  (Z) 

148 

16 

°C/W 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

14-Pin  Cerdip  (Y) 

108 

16 

°c/w 

14-Pin  Plastic  DIP  (P) 

83 

39 

°c/w 

14-Pin  SOIC  (S) 

120 

36 

°c/w 

20-Contact  LCC  (RC) 

98 

38 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

38JA  is  specified  for  the  worst  case  conditions,  i.e.,  6JA  is  specified  for  device 
in  socket  for  cerdip,  P-DIP,  and  LCC  packages;  9jA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 


"OUT' 


VqutB 


-IN  A 


+IN  A 


-IN  B 


+IN  B 


OP-282  Die  Size  0.063  x  0.060  Inch,  3, 
VouT*  VqutD. 


+IN  A 


Mils 


V0UT  B     Vqut  c 


OP-482  Die  Size  0.070  x  0.098  Inch,  6,860  Sq.  Mils 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP282AZ/883 

-55°C  to  +125°C 

8-Pin  Cerdip 

Q-8 

OP482AY/883 

-55°C  to  +  125°C 

14-Pin  Cerdip 

Q-14 

OP482ARC/883 

-55°C  to  +125°C 

20-Contact  LCC 

E-20A 

OP282GP 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

OP282GS 

-40°C  to  +85°C 

8-Pin  SOIC 

SO-8 

OP482GP 

-40°C  to  +85°C 

14-Pin  Plastic  DIP 

N-14 

OP482GS 

-40°C  to  +85°C 

14-Pin  SOIC 

SO- 14 

OP282GBC 

+25°C 

DICE 

OP482GBC 

+25°C 

DICE 

*For  outline  information  see  Package  Information  section. 
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ANALOG 
DEVICES 


Dual,  9  MHz  Precision 





0P285' 





FEATURES 

Low  Offset  Voltage:  250  pV 
Low  Noise:  6  nV/VHz 
Low  Distortion:  0.0006% 
High  Slew  Rate:  22  V/p.s 
Wide  Bandwidth:  9  MHz 
Low  Supply  Current:  5  mA 
Low  Offset  Current:  2  nA 
Unity-Gain  Stable 


APPLICATIONS 

High  Performance  Audio 

Active  Filters 

Fast  Amplifiers 

Integrators 

GENERAL  DESCRIPTION 

The  OP-285  is  a  precision  high  speed  amplifier  featuring  the 
Butler  Amplifier  front-end.  This  new  front-end  design  combines 
the  accuracy  and  low  noise  performance  of  bipolar  transistors 
with  the  speed  of  JFETs.  This  yields  an  amplifier  with  high 
slew  rates,  low  offset  and  good  noise  performance  at  low  supply 
currents.  Bias  currents  are  also  low  compared  to  bipolar  designs. 

The  OP-285  offers  the  slew  rate  and  low  power  of  a  JFET 
amplifier  combined  with  the  precision,  low  noise  and  low  drift 
of  a  bipolar  amplifier.  Input  offset  voltage  is  laser-trimmed  and 
guaranteed  less  than  250  u.V.  This  makes  the  OP-285  useful  in 
dc  coupled  or  summing  applications  without  the  need  for  special 
selections  or  the  added  noise  of  additional  offset  adjustment  cir- 
cuitry. Slew  rates  of  22  V/\xs  and  a  bandwidth  of  9  MHz  make 
the  OP-285  one  of  the  most  accurate  medium  speed  amplifiers 
available. 

•Patents  pending. 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


The  combination  of  low  noise,  speed  and  accuracy  can  be  used 
to  build  high  speed  instrumentation  systems.  Circuits  such  as 
instrumentation  amplifiers,  ramp  generators,  bi-quad  filters  and 
dc  coupled  audio  systems  are  all  practical  with  the  OP-285 . 

For  applications  that  require  long  term  stability,  the  OP-285  has 
a  guaranteed  maximum  long  term  drift  specification. 

The  OP-285  is  specified  over  the  XIND— extended  industrial— 
(-40°C  to  +85°C)  temperature  range.  OP-285s  are  available  in 
8-pin  plastic  DIP  and  SOIC-8  surface  mount  packages. 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS  (@  Vs  =  ±15.0  V,  T»  =  +25°C  unless  otherwise  noted) 


OP285 


Parameter 


Symbol 


Conditions 







Min 


Typ 


Max 


INPUT  CHARACTERISTICS 
Offset  Voltage 
Offset  Voltage 
Input  Bias  Current 
Input  Bias  Current 
Input  Offset  Current 
Input  Offset  Current 
Input  Voltage  Range 
Common-Mode  Rejection 


Large  Signal  Voltage  Gain 
Large  Signal  Voltage  Gain 
Large  Signal  Voltage  Gain 
Common-Mode  Input  Capacitance 
Differential  Input  Capacitance 
Long  Term  Offset  Voltage 
Offset  Voltage  Drift 


Vos 

Vos 

-40°C  £  TA  £  +85°C 

Ib 

Vcm  =  0V 

Ib 

VCm  =  0  V,  -40°C  £  TA  £ 

+85°C 

los 

VCM  =  0V 

los 

Vc„  =  0  V,  -40°C  £  TA  £ 

+85°C 

Vcm 

CMRR 

Vcm  =  ±10.5  V, 
-40°C  £  TA  £  +85°C 

Avo 

RL  —  2  kfl 

AVos 
AVos/AT 


RL  =  2  kfl,  -40°C  £  TA  s  +85°C 
R,  =  600  n 


Note  1 


-10.5 

80 

250 

175 


35 

250 

600 

uV 

100 

350 

nA 

400 

nA 

2 

±50 

nA 

2 

±100 

nA 

+  10.5 

V 

v. 

106 

dB 

200 
7.5 
3.7 

1 


300 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
Output  Voltage  Swing 


Vo 
V„ 


RL  =  2  kfl 

RL  =  2  kfl,  -40°C  : 

R,  =  600  fl,  V,  =  : 


;  TA  £  +85°C 
18  V 


-13.5 
-13 


±13.9 

±13.9 

-16/+ 14 



+  13.5 
+  13 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 
Power  Supply  Rejection  Ratio 

Supply  Current 

Supply  Current 

Supply  Voltage  Range 


PSRR 
PSRR 

ISY 
IsY 
VS 


Vs  =  ±4.5  V  to  ±18  V 

Vs  =  ±4.5  V  to  ±18  V, 

-40°C  £  TA  £  +85°C 

Vs  =  ±4.5  V  to  ±18  V,  V0  =  0  V, 

RL  =  =°,  -40°C  £  TA  £  +85°C 

Vs  =  ±22  V,  V0  =  0  V,  RL  =  », 

-40°C  £  TA  £  +85°C 


85 
80 


±4.5 


111 

4  5 

5.5 
±22 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Phase  Margin 
Settling  Time 
Settling  Time 
Distortion 

Voltage  Noise  Density 
Voltage  Noise  Density 
Current  Noise  Density 
Headroom 


SR 
GBP 

eo 

ts 


RL  —  2  kfl 


15 


To  0.1%,  10  V  Step 

To  0.01%,  10  V  Step 

Av=  +1,  VOUT  =  8.5Vp-p, 

f  =  1  kHz,  RL  =  2  kfl 

f  =  30  Hz 

f  =  1  kHz 

f  =  1  kHz 

THD  +  Noise  £  0.01%, 
RL  =  2kfl,  Vs=  ±18  V 


22 

V/(JLS 

9 

MHz 

62 

Degrees 

625 

ns 

750 

ns 

-104 

dB 

7 

nV/VHz 

6 

nV/VHz 

0.9 

pAA/Hz 

>12.9 

dBu 

NOTE 

'Long  term  offset  voltage  is  guaranteed  by  a  1000  hour  life  test  performed  on  three  independent  wafer  lots  at  +125°C,  with  an  LTPD  of  1.3. 
Specifications  subject  to  change  without  notice. 
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Pflram  ere  r 

Svmbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

250 

uV  max 

Input  Bias  Current 

Ib 

V 

=  0  V 

350 

nA  max 

Input  Offset  Current 

los 

V„w 

•CM 

=  0  V 

±50 

nA  max 

Input  Voltage  Range1 

VCM 

±10.5 

V  min 

Common-Mode  Rejection 

CMRR 

VcM 

=  ±10.5  V 

80 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  = 

±4.5  V  to  ±18  V 

85 

dB 

Large  Signal  Voltage  Gain 

Av0 

RL  = 

2  kfl 

250 

V/mV  min 

Output  Voltage  Range 

Vo 

RL  = 

2  kfl 

13 

V  min 

Supply  Current 

IsY 

Vo  = 

0  V,  RL  =  *> 

mAmax 

NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 
'Guaranteed  by  CMR  test. 

ABSOLUTE  MAXIMUM  RATINGS*  DICE  CHARACTERISTICS 

Supply  Voltage  ±22  V 

Input  Voltage2   ±18  V 

Differential  Input  Voltage2  ±7.5  V 

Output  Short-Circuit  Duration  to  Gnd3   Indefinite 

Storage  Temperature  Range 

P,  S  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-285G  -40°C  to  +85°C 

Junction  Temperature  Range 

P,  S  Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  Sec)  +300°C 


OUT  A  I 


-IN  A 


Package  Type 

OjA 

Ojc 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

♦IN  A 


NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±7.5  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

'Shorts  to  either  supply  may  destroy  the  device.  See  data  sheet  for  full  details. 
48JA  is  specified  for  the  worst  case  conditions,  i.e.,  0JA  is  specified  for  device  in 

socket  for  cerdip,  P-DIP,  and  LCC  packages;  8JA  is  specified  for  device 

soldered  in  circuit  board  for  SOIC  package. 


ORDERING  GUIDE 


OP-285  Die  Size  0.070  x  0.108  inch,  7,560  sq.  mils 

Substrate  (Die  Backside)  Is  Connected  to  V- 
Transistor  Count,  45 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP285GP 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

OP285GS 

-40°C  to  +85°C 

8-Pin  SOIC 

SO-8 

OP285GSR 

-40°Cto  +85°C 

SO-8  Reel,  2500  pes. 

OP285GBC 

+25°C 

DICE 

•For  outline  information  see  Package  Information  section. 
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I 
I 

o 

Is 
z 

1 


GBW, 

0  25  50  75 
TEMPERATURE  -  "C 


Gain  Bandwidth  Product,  Phase 
Margin  vs.  Temperature 


100       200  300 
LOAD  CAPACITANCE  -  pF 


Small-Signal  Overshoot  vs.  Load 
Capacitance 


LOAD  RESISTANCE -Q 


Maximum  Output  Voltage  vs.  Load 
Resistance 


5 

&  « 

3 

O 

iio 
a 

3  5 


TA=*25°C 
Vs  =  *15V 

*VCL  =  *1 
R,=  2kC2 


FREQUENCY  -  Hz 


1«  ,„« 


Maximum  Output  Swing  vs. 
Frequency 


±5  ±10  ±15 

SUPPLY  VOLTAGE  -  V 


Supply  Current  vs.  Supply  Voltage 


£  90 
IX 

0  oo 

1  ro 

m  so 

3 
_l 

O  40 

« 

ffi 

<  30 
20 


-vs  = 

±15V  _ 

—  SINK  

SOURCE 

TEMPERATURE  -  "C 

Short  Circuit  Current  vs. 
Temperature 


3O0 

 1  

vs  = 

•15V 

200 

150 
100 

50 
0 

TEMPERATURE  -  °C 

Input  Bias  Current  vs.  Temperature 


3  4 


CO  3 


10 


I — IT 

Vs  =  ±15V 
T.  =  *25°C 


100  1k 
FREQUENCY  -  Hz 


Current  Noise  Density  vs. 
Frequency 


- 1 — I — I — T 

-40'C  iT,  »»85'C 
402  OP  AMPS 


Bl  


123456789  10 

TCV0S  -tLVI'C 

tc  Vos  Distribution 
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200 
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□ 

L 
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INPUT  OFFSET  -  |iV 


Input  Offset  (Vos)  Distribution 


0    100  200300400500600  700  800900 
SETTLING  TIME  -  09 

Settling  Time  vs.  Step  Size 


I* 
s 


 -s 

TA  = 
Vs 

♦25°C 
•±15V_ 

R   

♦SH 

0  100        200        300        400  5Qt 

capacity  load  -  pF 
Slew  Rate  vs.  Capacitive  Load 


Positive  Slew  Rate 

RL  =  2kn,  Vs  =  ±75  V,AV=+1 


CH  A:  80.0   11V  FS 

MKR:  6.23 


Small  Signal  Response 

RL  =  2kCl,  Vs  m  ±15  V,  Av  =  +1 


2.5  KHz 
BW:  15.0  MHz 


OP-285  Voltage  Noise  Density  vs. 
Frequency  Vs  =  ±  15  V,  Av  =  7000 
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on  toe  „    

output,  limits  the  output  current  at  room  temperature  to  Isc+ 
=  40  mA  and  Isc-  =  -90  mA,  typically,  with  ±15  V  supplies. 

However,  shorts  to  either  supply  may  destroy  the  device  when 
excessive  voltages  or  current  are  applied.  If  it  is  possible  for  a 
user  to  short  an  output  to  a  supply,  for  safe  operation,  the  out- 
put current  of  the  OP-285  should  be  design-limited  to  ±30  mA, 


A1  =  1/2  OP-285 


Figure  1.  Recommended  Output  Short  Circuit  Protection 
Input  Over  Current  Protection 

The  maximum  input  differential  voltage  that  can  be  applied  to 
the  OP-285  is  determined  by  a  pair  of  internal  Zener  diodes 
connected  across  the  inputs.  They  limit  the  maximum  differen- 
tial input  voltage  to  ±7.5  V.  This  is  to  prevent  emitter-base 
junction  breakdown  from  occurring  in  the  input  stage  of  the 
OP-285  when  very  large  differential  voltages  are  applied.  How- 
ever, in  order  to  preserve  the  OP-285's  low  input  noise  voltage, 
internal  resistance  in  series  with  the  inputs  were  not  used  to 
limit  the  current  in  the  clamp  diodes.  In  small-signal  applica- 
tions, this  is  not  an  issue;  however,  in  industrial  applications, 

the  device,  large  transient  currents  can  be  made  to  flow  through 
these  diodes.  The  diodes  have  been  designed  to  carry  a  current 
of  ±8  mA;  and,  in  applications  where  the  OP-285's  differential 
voltage  were  to  exceed  ±7.5  V,  the  resistor  values  shown  in  Fig- 
ure 2  safely  limit  the  diode  current  to  ±8  mA. 


909Q 


A1  =  1/2  OP-285 


Figure  2.  OP-285  Input  Over  Current  Protection 
Output  Voltage  Phase  Reversal 

Since  the  OP-285's  input  stage  combines  bipolar  transistors  for 
low  noise  and  p-channel  JFETs  for  high  speed  performance,  the 
output  voltage  of  the  OP-285  may  exhibit  phase  reversal  if  either 
of  its  inputs  exceed  its  negative  common-mode  input  voltage. 
This  might  occur  in  very  severe  industrial  applications  where  a 
sensor,  or  system,  fault  might  apply  very  large  voltages  on  the 
inputs  of  the  OP-285.  Even  though  the  input  voltage  range  of 
the  OP-285  is  ±10.5  V,  an  input  voltage  of  approximately 
-13.5  V  will  cause  output  voltage  phase  reversal.  In  inverting 
amplifier  configurations,  the  OP-285's  internal  7.5  V  input 
clamping  diodes  will  prevent  phase  reversal;  however,  they  will 
not  prevent  this  effect  from  occurring  in  noninverting  applica- 
tions. For  these  applications,  the  fix  is  a  simple  one  and  is  illus- 


Figure  3.  Output  Voltage  Phase  Reversal  Fix 
Overload,  or  Overdrive,  Recovery 

Overload,  or  overdrive,  recovery  time  of  an  operational  amplifier 
is  the  time  required  for  the  output  voltage  to  recover  to  a  rated 
output  voltage  from  a  saturated  condition.  This  recovery  time  is 
important  in  applications  where  the  amplifier  must  recover 
quickly  after  a  large  abnormal  transient  event.  The  circuit 
shown  in  Figure  4  was  used  to  evaluate  the  OP-285's  overload 
recovery  time.  The  OP-285  takes  approximately  1.2  (as  to 
recover  to  Voux  =  +10  V  and  approximately  1.5  u.s  to  recover 
to  Vout  =  -10  V. 

R1 


Figure  4.  Overload  Recovery  Time  Test  Circuit 


Driving  the  Analog  Input  of  an  A/D  Converter 

Settling  characteristics  of  operational  amplifiers  also  include  the 
amplifier's  ability  to  recover,  i.e.,  settle,  from  a  transient  output 
current  load  condition.  When  driving  the  input  of  an  A/D  con- 
verter, especially  successive-approximation  converters,  the 
amplifier  must  maintain  a  constant  output  voltage  under  dynam- 
ically changing  load  current  conditions.  In  these  types  of  con- 
verters, the  comparison  point  is  usually  diode  clamped,  but  it 
may  deviate  several  hundred  millivolts  resulting  in  high  fre- 
quency modulation  of  the  A/D  input  current.  Amplifiers  that 
exhibit  high  closed-loop  output  impedances  and/or  low  unity- 
gain  crossover  frequencies  recover  very  slowly  from  output  load 
current  transients.  This  slow  recovery  leads  to  linearity  errors  or 
missing  codes  because  of  errors  in  the  instantaneous  input  volt- 
age. Therefore,  the  amplifier  chosen  for  this  type  of  application 
should  exhibit  low  output  impedance  and  high  unity-gain  band- 
width so  that  its  output  has  had  a  chance  to  settle  to  its  nominal 
value  before  the  converter  makes  its  comparison. 

The  circuit  in  Figure  5  illustrates  a  settling  measurement  circuit 
for  evaluating  the  recovery  time  of  an  amplifier  from  an  output 
load  current  transient.  The  amplifier  is  configured  as  a  follower 
with  a  very  high  speed  current  generator  connected  to  its  out- 
put. In  this  test,  a  1  mA  transient  current  was  used.  As  shown 
in  Figure  6,  the  OP-285  exhibits  an  extremely  fast  recovery  time 
of  139  ns  to  0.01%.  Because  of  its  high  gain-bandwidth  product, 
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-    7A13  PLUG-IN 


0.47|iF 


VI      II  *   f  IH 

•=■  0.01MF  * 


•NOTE  :  DECOUPLE  CLOSE 
TOGETHER  ON  GROUND  PLANE 
WITH  SHORT  LEAD  LENGTHS. 


Vrl 
(-1V) 


Figure  5.  Transient  Output  Load  Current  Test  Fixture 

high  open-loop  gain,  and  low  output  impedance,  the  OP-285  is 
ideally  suited  to  drive  high  speed  A/D  converters. 


TTLCTRL 

(5V/DIV) 


(2mW  DIV) 

Figure  6.  OP-285's  Output  Load  Current  Recovery  Time 


Measuring  Settling  Time 

The  design  of  OP-285  combines  high  slew  rate  and  wide  gain- 
bandwidth  product  to  produce  a  fast-settling  (ts  <  1  u.s)  ampli- 
fier for  8-  and  12-bit  applications.  The  test  circuit  designed  to 
measure  the  settling  time  of  the  OP-285  is  shown  in  Figure  7. 
This  test  method  has  advantages  over  false-sum  node  techniques 
in  that  the  actual  output  of  the  amplifier  is  measured,  instead  of 
an  error  voltage  at  the  sum  node.  Common-mode  settling  effects 
are  exercised  in  this  circuit  in  addition  to  the  slew  rate  and 
bandwidth  effects  measured  by  the  false-sum-node  method.  Of 
course,  a  reasonably  flat-top  pulse  is  required  as  the  stimulus. 

The  output  waveform  of  the  OP-285  under  test  is  clamped  by 
Schottky  diodes  and  buffered  the  JFET  source  follower.  The 
signal  is  amplified  by  a  factor  of  ten  by  the  OP-260  and  then 
Schottky-clamped  at  the  output  to  prevent  overloading  the  oscil- 
loscope's input  amplifier.  The  OP-41  is  configured  as  a  fast  inte- 
grator which  provides  overall  dc  offset  nulling. 

High  Speed  Operation 

As  with  most  high  speed  amplifiers,  care  should  be  taken  with 
supply  decoupling,  lead  dress,  and  component  placement.  Rec- 
ommended circuit  configurations  for  inverting  and  noninverting 
applications  are  shown  in  Figures  8  and  Figure  9. 


Figure  8.  Unity  Gain  Follower 


;  D4    (TO  SCOPE) 


1N4148 

SCHOTTKY  DIODES  D1-D4  ARE 
HEWLETT-PACKARD  HPS0S2-2US 
IC1  IS  IB  OP-WOAJ 
IC2IS  PMIOP-41EJ 

Figure  7.  OP-285's  Settling  Time  Test  Fixture 


-15V 


REV.  0 


OPERATIONAL  AMPLIFIERS  9-471 


0P285 


Figure  9.  Unity  Gain  Inverter 


In  inverting  and  noninvening  applications,  the  feedback  i 
tance  forms  a  pole  with  the  source  resistance  and  capacitance 
(Rs  and  Cs)  and  the  OP-285's  input  capacitance  (C|N),  as  shown 
in  Figure  10.  With  Rs  and  RF  in  the  kilohm  range,  this  pole 
can  create  excess  phase  shift  and  even  oscillation.  A  small  capac- 
itor, Cfb,  in  parallel  with  RFB  eliminates  this  problem.  By  set- 
ting Rs  (Cs  +  CIN)  =  RpijCpB,  the  effect  of  the  feedback  pole 
is  completely  removed. 


Figure  1 


High  Speed,  Low  Noise  Differential  Line  Driver 

The  circuit  of  Figure  1 1  is  a  unique  line  driver  widely  used  in 
industrial  applications.  With  ±18  V  supplies,  the  line  driver  can 
deliver  a  differential  signal  of  30  V  p-p  into  a  2.5  kfl  load.  The 
high  slew  rate  and  wide  bandwidth  of  the  OP-285  combine  to 
yield  a  full  power  bandwidth  of  130  kHz  while  the  low  noise 
front  end  produces  a  referred-to-input  noise  voltage  spectral 
density  of  10  nV/\/Hz.  The  design  is  a  transformerless,  bal- 
anced transmission  system  where  output  common-mode  rejec- 
tion of  noise  is  of  paramount  importance.  Like  the  transformer- 
based  design,  either  output  can  be  shorted  to  ground  for 
unbalanced  line  driver  applications  without  changing  the  circuit 
gain  of  1 .  Other  circuit  gains  can  be  set  according  to  the  equa- 
tion in  the  diagram.  This  allows  the  design  to  be  easily  set  to 
noninverting,  inverting,  or  differential  operation. 


A1  =  1/2  OP-285 
A2,  A3  =  1/2  OP-285 
GAIN  =  {jf 

SET  R2,  R4.  R5  -  R1  AND  R6.  R7.  R8  =  R3 

Figure  11.  High  Speed,  Low  Noise  Differential  Line  Driver 

■ 

Low  Phase  Error  Amplifier 

The  simple  amplifier  configuration  of  Figure  12  utilizes  the 
OP-285  and  a  few  resistors  to  reduce  phase  error  substantially 
over  a  wide  frequency  range  when  compared  to  conventional 
amplifier  designs.  This  technique  relies  on  the  matched  fre- 
quency characteristics  of  the  two  amplifiers  in  the  OP-285.  Each 
amplifier  in  the  circuit  has  the  same  feedback  network  which 
produces  a  circuit  gain  of  10.  Since  the  two  amplifiers  are  set  to 
the  same  gain  and  are  matched  due  to  the  monolithic  construc- 
tion of  the  OP-285,  they  will  exhibit  identical  frequency 
response.  Recall  from  feedback  theory  that  a  pole  of  a  feedback 
network  becomes  a  zero  in  the  loop  gain  response.  By  using  this 
technique,  the  dominant  pole  of  the  amplifier  in  the  feedback 
loop  compensates  for  the  dominant  pole  of  the  main  amplifier, 


A1,A2=  1/2  OP-285 


Figure  12.  Active  Feedback  Allows  Cancellation  of  A2's 
Dominant  Pole  by  A 1  Which  Reduces  the  Phase  Shift 
Significantly. 


- 
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thereby  reducing  phase  error  dramatically.  This  is  shown  in  Fig- 
ure 13  where  the  10x  composite  amplifier's  phase  response 
exhibits  less  than  1.5°  phase  shift  through  500  kHz.  On  the 
other  hand,  the  single  gain  stage  amplifier  exhibits  25  degrees  of 
phase  shift  over  the  same  frequency  range.  An  additional  benefit 
of  the  low  phase  error  configuration  is  constant  group  delay,  by 
virtue  of  constant  phase  shift  at  all  frequencies  below  500  kHz. 
Although  this  technique  is  valid  for  minimum  circuit  gains  of 
10,  actual  closed-loop  magnitude  response  must  be  optimized  for 
the  amplifier  chosen. 


I  ,5 


— r— n  1  1 — i  r 

LOW  PHASE  ERROR 
 AMPLIFIER  RESPONSE 

> 

n 

_  J 

SINGLE  STAGE  '  \ 
AMPLIFIER  RESPONSE  ' 

10k 


-O*  ,M 


Figure  13.  Phase  Error  Comparison 


For  a  more  detailed  treatment  on  the  design  of  low  phase  error 
amplifiers,  please  see  Application  Note  AN-107. 

Fast  Current  Pump 

A  fast,  ±30  mA  current  source,  illustrated  in  Figure  14,  takes 
advantage  of  the  OP-285's  speed  and  high  output  current  drive. 
This  is  a  variation  of  the  Howland  current  source  where  a  sec- 
ond amplifier,  A2,  is  used  to  increase  load  current  accuracy  and 
output  voltage  compliance.  With  supply  voltages  of  ±15  V,  the 
output  voltage  compliance  of  the  current  pump  is  ±8  V.  To 
keep  the  output  resistance  in  the  Mfl  range  requires  that  0.1% 
or  better  resistors  be  used  in  the  circuit.  The  gain  of  the  current 
pump  can  be  easily  changed  according  to  the  equations  shown  in 
the  diagram. 


R1 

R2 

2k 

2k 

° — VvV 

I  2NL 

RS 

R3 

50Q 

2k 

-L-VvV-t 

A1.A2*  1/2  OP-285 
GAIN=M;R4  =  R2,R3  = 


Figure  14.  A  Fast  Current  Pump 


A  Low  Noise,  High  Speed  Instrumentation  Amplifier 

A  high  speed,  low  noise  instrumentation  amplifier,  constructed 
with  a  single  OP-285,  is  illustrated  in  Figure  15.  The  circuit 
exhibits  less  than  1 .2  u.V  p-p  noise  (RTI)  in  the  0. 1  Hz  to 
10  Hz  band  and  an  input  noise  voltage  spectral  density  of 
9  nV/VHz  (1  kHz)  at  a  gain  of  1000.  The  gain  of  the  amplifier 
is  easily  set  by  Rg  according  to  the  formula: 


Vqut 


9.98  kg 


+  2 


The  advantages  of  a  two  op  amp  instrumentation  amplifier 
based  on  a  dual  op  amp  is  that  the  errors  in  the  individual 
amplifiers  tend  to  cancel  one  another.  For  example,  the  circuit's 
input  offset  voltage  is  determined  by  the  input  offset  voltage 
f  the  OP-285,  which  is  typically  less  than  250  |xV. 


GAIN 

Ra(S2) 

2 
10 

OPEN 

1.24k 

100 

102 

1000 

10 

Figure  15.  A  High  Speed  Instrumentation  Amplifier 

Common-mode  rejection  of  the  circuit  is  limited  by  the  match- 
ing of  resistors  Rl  to  R4.  For  good  common-mode  rejection, 
these  resistors  ought  to  be  matched  to  better  than  1%.  The  cir- 
cuit was  constructed  with  1%  resistors  and  included  potentiome- 
ter PI  for  trimming  the  DC  CMRR  and  a  capacitor  CI  for 
trimming  the  AC  CMRR.  With  these  two  trims,  the  circuit's 
common-mode  rejection  was  better  than  95  dB  at  60  Hz  and 
better  than  65  dB  at  10  kHz.  For  the  best  common-mode  rejec- 
tion performance,  use  a  matched  (better  than  0.1%)  thin-film 
resistor  network  for  Rl  through  R4  and  use  the  variable  capaci- 
tor to  optimize  the  circuit's  AC  CMR. 

The  instrumentation  amplifier  exhibits  very  wide  small-  and 
large-signal  bandwidths  regardless  of  the  gain  setting,  as  shown 
in  the  table.  Because  of  its  low  noise,  wide  gain-bandwidth 
product,  and  high  slew  rate,  the  OP-285  is  ideally  suited  for 
high  speed  signal  conditioning  applications. 


Circuit 

Re 

Circuit  Bandwidth 

Gain 

(11) 

VOUT  =  100  mV  p-p 

Vour  =  20  V  p-p 

2 

Open 

5  MHz 

780  kHz 

10 

1.24  k 

1  MHz 

460  kHz 

100 

102 

90  kHz 

85  kHz 

1000 

10 

10  kHz 

10  kHz 

: 
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V,NC 


m 

  95.3kQ 

lifi\      |220Dpf]  787Q 


R6 

4.121m 
-Wv- 


2200pF  -I-  B7 
+  lOOtcli 
A3 


Figure  16.  A  3-Pole,  40  kHz  Low-Pass  Filter 


A  3-Pole,  40  kHz  Low-Pass  FUter 

The  closely  matched  and  uniform  ac  characteristics  of  the 
OP-285  make  it  ideal  for  use  in  GIC  (Generalized  Impedance 
Converter)  and  FDNR  (Frequency-Dependent  Negative  Resis- 
tor) filter  applications.  The  circuit  in  Figure  16  illustrates  a 
linear-phase,  3-pole,  40  kHz  low-pass  filter  using  an  OP-285  as 
an  inductance  simulator  (gyrator).  The  circuit  uses  one  OP-285 
(A2  and  A3)  for  the  FDNR  and  one  OP-285  (Al  and  A4)  as  an 
input  buffer  and  bias  current  source  for  A3.  Amplifier  A4  is 
configured  in  a  gain  of  2  to  set  the  pass  band  magnitude 
response  to  0  dB.  The  benefits  of  this  filter  topology  over  classi- 
cal approaches  are  that  the  op  amp  used  in  the  FDNR  is  not  in 
the  signal  path  and  that  the  filter's  performance  is  relatively 
insensitive  to  component  variations.  Also,  the  configuration  is 
such  that  large  signal  levels  can  be  handled  without  overloading 
any  of  the  filter's  internal  nodes.  As  shown  in  Figure  17,  the 
OP-285's  symmetric  slew  rate  and  low  distortion  produce  a 
clean,  well-behaved  transient  response. 


SCALE:  VERTICAL-ZV/  DIV 

HOHIZONTAL-1 0p»/  DIV 

Figure  17.  Low-Pass  Filter  Transient  Response 


Driving  Capacitive  Loads 

The  OP-285  was  designed  to  drive  both  resistive  loads  to  600  SI 
and  capacitive  loads  of  over  1000  pF  and  maintain  stability. 
While  there  is  a  degradation  in  bandwidth  when  driving  capaci- 
tive loads,  the  designer  need  not  worry  about  device  stability. 
The  graph  in  Figure  18  shows  the  0  dB  bandwidth  of  the 
OP-285  with  capacitive  loads  from  10  pF  to  1000  pF. 


10 

9 

8 

£  7 

a 

I  6 

f  5 

■ 

2 

1 

0 

Cloao-Pf 

Figure  18.  Bandwidth  vs.  CLC 
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OF-28S  SPICE  Model 

*  Node  assignments 


*  POLE/ZERO  PAIR  AT  1.5MHz/2.7MHz 


noninverting  input 
inverting  input 
positive  supply 

negative  supply 
output 


.SUBCKT  OP-285  1  2  99  50  34 
* 

*  INPUT  STAGE  &  POLE  AT  100  MHZ 

R3 
R4 

CIN  1  2 
C2 
II 

IOS  1  2 
EOS  9  3 
Ql 
Q2 
R5 
R6 
Dl 
D2 
EN 

GN1  0  2 
GN2  0  1 


1E3 
1.25E3 
47.2E-12 
18  28  1E-3 


5  51  2.188 

6  51  2.188 
1.5E-12 

5  6  364E-12 
97  4  100E-3 
1E-9 

POLY(l)  26  28  35E-6  1 

5  2  7  QX 

6  9  8  QX 

7  4 

8  4 

2  36 
1  36 

3  1 

13  0  1 
16  0  1 


1.672 
1.672 
DZ 
DZ 
10  0  1 


R8  21  98 
R9  21  22 
C4  22  98 
G2  98  21 
* 

*  POLE  AT  100  MHZ 
* 

R10  23  98  1 
C5  23  98  1.59E-9 
G3  98  23         21  28  1 
* 

*  POLE  AT  100  MHZ 
* 

R11  24  98  1 
C6  24  98  1.59E-9 
G4  98  24         23  28  1 

*  COMMON-MODE  GAIN  1 
1  kHZ  * 

R12  25  26  1E6 

C7  25  26  1.59E-12 

R13  26  98  1 

E2  25  98  POLY(2)  1  98  2  98  0  2.506  2.506 


EREF  98  0 

EP 

EM 


28  0  1 
97  0 
51  0 


99  0  1 
50  0  1 


*  VOLTAGE  NOISE  SOURCE 


DN1  35  10 
DN2  10  11 
VN1  35  0 
VN2  0  11 


DEN 
DEN 
DC  2 
DC  2 


*  CURRENT  NOISE  SOURCE 


DN3  12  13 
DN4  13  14 
VN3  12  0 
VN4  0  14 
CN1  13  0 


DIN 
DIN 
DC  2 
DC  2 
7.53E-3 


*  CURRENT  NOISE  SOURCE 


DN5  15  16 
DN6  16  17 
VN5  15  0 
VN6  0  17 
CN2  16  0 


DIN 
DIN 

DC  2 
DC  2 
7.53E-3 


*  GAIN  STAGE  &  DOMINANT  POLE  AT  32  HZ  * 


R7  18  98 
C3  18  98 
Gl  98  18 
V2  97  19 
V3  20  51 
D3  18  19 
D4  20  18 


1.09E6 

4.55E-9 

5  6  4.57E-1 

1.4 

1.4 

DX 

DX 


AT 


*  POLE  AT  100  MHZ 


R14  27  98 

C8  27  98 
G5  98  27 


1.59E-9 
24  28  1 


*  OUTPUT  STAGE 


R15  28  99 
R16  28  50 
C9  28  50 
ISY  99  50 
R17  29  99 
R18  29  50 
L2  29  34 
G6  32  50 
G7  33  50 
G8  29  99 
G9  50  29 
V4  30  29 
V5  29  31 
Fl  29  0 
F2  0  29 
D5  27  30 
D6  31  27 
D7  99  32 
D8  99  33 
D9  50  32 
D10  50  33 


MODELS  USED 


100E3 
100E3 
1E-6 
1.85E-3 
100 
100 
1E-9 

27  29  10E-3 

29  27  10E-3 

99  27  10E-3 

27  50  10E-3 

1.3 

3.8 

V4  1 

V5  1 

DX 

DX 

DX 

DX 

DY 

DY 


.MODEL  QX  PNP(BF  =  5E5) 

.MODEL  DX  D(IS  =  1E-12) 

.MODEL  DY  D(IS  =  1E-15  BV  =  50) 

.MODEL  DZ  D(IS  =  1E-15  BV  =  7.0) 

.MODEL  DEN  D(IS  =  1E-12  RS  =  4.35K  KF  =  1.95E-15 

AF  =  1)  .MODEL  DIN  D(IS  =  1E-12  RS  =  77.3E-6 

KF  =  3.38E-15  AF  =  1)  .ENDS  OP-285 
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Precision,  Low  Power,  Micropower 
Dual  Operational  Amplifier 


0P290 


FEATURES 

•  Single/Dual  Supply  Operation  +1.6V  to  +36V 

 ±0.8V  to  +18V 

•  True  Single-Supply  Operation;  Input  and  Output  Voltage 
Ranges  Include  Ground 

•  Low  Supply  Current  (per  amplifier)  20mA  Max 

•  High  Output  Drive  5mA  Min 

•  Low  Input  Oftset  Voltage   200^ V  Max 

•  High  Open-Loop  Gain   700V/mV  Min 

•  Outstanding  PSRR   5.6mV/V  Max 

•  Industry  Standard  8-Pin  Dual  Pinout 

•  Available  in  Die  Form 

ORDERING  INFORMATION  ' 


PIN  CONNECTIONS 


z   o   z   >  z 


bJ  Lij  LJ  L££j  H  ' 


N.C. 

U  d 

N.C. 

IN  A 

3  E 

OUT  ( 

N.C 

II  E 

N.C. 

IN  A 

3  E 

-IN  B 

N.C. 

N.C. 

LCC 
(RC-Suffix) 


PACKAGE 

TA  =  +25  C 

OPERATING 

VosMAX 
(mV) 

CERDIP 
8-PIN 

LCC 

PLASTIC  20-CONTACT 

TEMPERATURE 
RANGE 

200 
200 

OP290A2- 
OP290EZ 

OP290ARC/883 

MIL 
XIND 

300 
500 
500 

OP290FZ 

OP290GP 
OP290GSn 

XIND 
XIND 
XIND 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP.  plastic  DIP.  and  TO-can  packages, 
tt    For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-290  is  a  high  performance  micropower  dual  op  amp 
that  operates  from  a  single  supply  of  +1.6V  to  +36V  or  from 


16-PIN  SOL 

(S-Suffix) 

EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 

(Z-Suffix) 


dual  supplies  of  ±0.8V  to  ±  18V.  Input  voltage  range  includes 
the  negative  rail  allowing  the  OP-290  to  accommodate  input 
signals  down  to  ground  in  single  supply  operation.  The 
OP-290's  output  swing  also  includes  ground  when  operating 
from  a  single  supply,  enabling  "zero-in,  zero-out"  operation. 

The  OP-290  draws  less  than  20mA  of  quiescent  supply  cur- 
rent per  amplifier,  while  able  to  deliver  over  5mA  of  output 
current  to  a  load.  Input  offset  voltage  is  below  200mV  eliminat- 
ing the  need  for  external  nulling.  Gain  exceeds  700,000  and 
common-mode  rejection  is  better  than  100dB.  The  power 

Continued 


SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  is  shown.) 
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*  ELECTRONICALLY  ADJUSTED  ON  CHIP 
FOR  MINIMUM  OFFSET  VOLTAGE 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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GENERAL  DESCRIPTION  Continued 

supply  rejection  ratio  of  under  5.6uA//V  minimizes  offset  vol- 
tage changes  experienced  in  battery  powered  systems. 
The  low  offset  voltage  and  high  gain  offered  by  the  OP-290 
bring  precision  performance  to  micropower  applications. 
The  minimal  voltage  and  current  requirements  of  the  OP-290 
suit  it  for  battery  and  solar  powered  applications,  such  as 
portable  instruments,  remote  sensors,  and  satellites.  For  a 
single  op  amp,  see  the  OP-90;  for  a  quad,  see  the  OP-490. 


3  I 


Operating  Temperature  Range 

OP-290A  

-55° 

C  to  +125°C 

OP-290E,  OP-290F,  OP-290G 

-40 

°C  to  +85°C 

Junction  Temperature  (T.)  

-65° 

Cto+150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  

  300°C 

PACKAGE  TYPE                        8|A  (Note  2) 

8|C 

UNITS 

8-Pin  Hermetic  OIP  (Z) 

134 

12 

°c/w 

8-Pin  Plastic  DIP  (P) 

96 

37 

°c/w 

20-Contact  LCC  (RC) 

88 

33 

°c/w 

16-Pin  SOL  (S) 

92 

27 

°c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both 

DICE  and  packaged  pa 

iris,  unless  other- 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Differential  Input  Voltage  [(V-)  -  20V]  to  [(V+)  +  20V] 

Common-Mode  Input  Voltage 

 [(V-)  -  20  V]  to  [(V+)  +  20  V] 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 
P,  RC,  S,  Z  Package  -65°C  to  +150°C 

ELECTRICAL  CHARACTERISTICS  at  Vs=  +1.5V  to  ±15V,  TA=+25°C,  unless  otherwise  noted. 


wise  noted. 
A  is  specif 

socket  lor  CerDIP,  P-DIP,  and  LCC  packages',  OjA  is  specified  for  device  sol- 
dered to  printed  circuit  board  lor  SOL  package. 

■ 


OP-290A/E 

OP-290F 

OP-290G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN      TYP  MAX 

MIN  TYP 

MAX 

MIN      TYP  I 

Input  Offset  Voltage 

Vos 

—         50  200 

—  75 

300 

—  125 

500 

„V 

Input  Offset  Current 

'os 

VCM  =  °V 

.. 

—        0.1  3 

—  0.1 

5 

-  0.1 

5 

nA 

input  Bias  Current 

'b 

VCM  =  ov 

—        4.0  15 

-  4.0 

20 

-  4.0 

25 

nA 

Large  Signal 
Voltage  Gain 


VS=±15V.  V0  = 
RL  =  100kn 
RL  -  10k!l 
RL=  2kf! 


700 
350 
125 


1200  — 
600 

250  - 


500  1000 
250  500 
100  200 


400  800  - 
200  400  - 
100       200  - 


V+  =  5V,  V-  =  0V, 
1V  <  V0  <  4V 

RL=  100kfl 

RL=  10kl! 


V/mV 


200 
100 


400  - 
180  - 


125 
75 


300 
140 


100 
70 


Input  Voltage  Range 


V+  =  5V,  V-  =  0V  0/4 
VS=±15V    (Notel)  -15/13.5 


0/4  - 
-15/13.5  - 


0/4  — 
-15/13.5  — 


VS=±15V 
RL=  10k!l 
RL  -  2kfl 


±13.5 
±10.5 


±14.2  — 
ill.5  — 


t13.5  ±14.2  - 
t10.5    ±11.5  — 


±13.5  ±14.2  - 
±10.5    ±11.5  — 


Output  Voltage  Swing 


V+  =  5V,  V-  =  0V 
R,=2kll 


4.0        4.2  — 


4.0        4.2  - 


Vol 


v+  =  5v,  v-  =  oy 

R,  =  10k(! 


-         10  50 


-         10  50 


—         10  50 


Common-Mode 
Rejection 

CMR 

V+  =  5V.  V-  =  0V, 

0V<VCM<4V 

VS=±15V, 

-15V  <VCM<  13.5V 

90 
100 

115 
120 

80 
90 

100 
120 

80 
90 

100 
120 

dB 

Power  Supply 

PSRR 

1.0 

1.0 

5.6 

3.2 

10 

MV/V 

Rejection  Ratio 

5.6 

19 

30 

Supply  Current 

VS=±1.5V 

19 

30 

19 

30 

(All  Amplifiers) 

VS  =  ±15V 

25 

40 

25 

40 

25 

40 

„A 

Capacitive  Load 
Stability 

Av=+1 

No  Oscillations 

650 

650 

650 

pF 

Input  Noise  Voltage 

f0  =  0.1Hz  to  10Hz 
VS=±15V 

3 



3 

3 

fVp-p 
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ELECTRICAL  CHARACTERISTICS  at  Vs=  ±1.5V  to  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  Continued 


D1DAUFTEQ 
r* Art  AM  ClcH 

CVUDAI 

rnwniTinwc 

UUNUI  I  lUNa 

OP-290A/E 

MIN      TYP  MAX 

OP-290F 

UIM        TVD  uiy 
MIN         1  TP  MAX 

OP-290G 
MIN      TYP  MAX 

1  I W  IXC 

UNITS 

Input  Resistance 

R|N 

VS=±15V 

30  - 

  30  — 

30  — 

Ml! 

uiTiereniiai-Moae 

- 

— 

Input  Resistance 

VS=±1SV 

20  - 

—        20  — 

Gil 

Common-Mode 

20  — 

Slew  Rate 

SR 

Av=  +1 

5 

12  - 

5  12 

5 

12 

V/ms 

Vs  =  ±15V 

Gain  Bandwidth 
Product 

GBWP 

Av=  +1 
Vs=  ±15V 

20  *  -W* 

—         20  — 

20  - 

kHz 

f0  =  10Hz 

Channel  Separation 

CS 

Vo=20V0.p 

VS  =  ±15V  (Note  2) 

120 

150 

120        150  — 

120 

150  - 

dB 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  100%  tested 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  11.5V  to  ±15V,  -55°C  <  TA  <  125°C,  unless  otherwise  noted. 


OP-290A 

PARAMETER 

SYMBOL 

CONDITIONS 



MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

v0s 

—  80 

500 

pV 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

VS=±15V 

—  0.3 

3 

Input  Offset  Current 

I  OS 

VCM  =  0V 

-  0.1 

5 

nA 

Input  Bias  Current 

Is 

vCM  =  ov 

-  4.2 

20 

nA 

VS=+15V.  Vo  =  ±10V 

RL=  100kll 

225 

400 

RL=  10kll 

125 

240 

— 

Large  Signal 

Ru=2kll 

50 

110 

Voltage  Gain 

Avo 

V+  =  5V.  V-  =  0V, 
1V<VQ<4V 

■ 

V/mV 

RL=  100kll 

100 

200 

RL=  10kll 

50 

110 

_ 

Input  Voltage  Range 

IVR 

V+  =5V,  V-  =  0V  ,„ 

VS  =  ±15V  (NO'e1) 

0/3.5 
-15/13.5 

V 

VS=±15V 

Vo 

RL=  10k(l 

+  13 

±14.1 

V 

Output  Voltage  Swing 

RL  =  2kl! 

±10 

±11 

Voh 

V+  -  5V,  V-  -  0V 
RL  =  2kll 

3.9 

4.1 

V 

Vol 

V+  ■  5V,  V-  =  0V 
RL  =  10kll 

10 

100 

fV 

Common-Mode  Rejection 

CMR 

V+  =  5V,  V-  =  0V,  0V  <:  VCM  <  3.5V 
VS=±15V, -15V  «VCM<  13.5V 

80 
90 

105 
115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

3.2 

10 

^V/V 

Supply  Current 

lSY 

VS  =  ±1.5V 

30 

50 

(All  Amplifiers) 

Vs  =  ±15V 

38 

60 

pA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Voc 
vOb 

70 

400 

115 

600 

200 

750 

uV 

Average  Input  Offset 

TCV0S 

0.3 

0.6 

Voltage  Drift 

Vs=  ±15V 

3 

— 

5 

— 

1.2 

— 

Mv/°c 

.  .  

Input  Offset  Current 

'os 

VCM  =  0V 

— 

0.1 

3 

— 

0.1 

5 

— 

0.1 

7 

nA 

Input  Bias  Current 

v^-..  —  nv 

VCM 

4.2 

15 

4  2 

20 

4  2 

nA 

VS  =  ±15V,  V0  =  ±10V 

 — — 

RL  =  100kll 

500 

800 

350 

700 

300 

600 

R[_ ~  lOkfl 

250 

400 

- 

175 

350 

- 

150 

250 

- 

Large  Signal 

Avo 

Rl  =  2ki"l 

100 

200 

- 

75 

150 

75 

125 

V/mV 

VUl  Ldyc  Oolll 

V+  =  5V.  V-  =  OV, 
1V<  V0<  4V 

RL=  100kil 

150 

280 

— 

100 

220 

- 

80 

160 

- 

RL  ~  10k.fl 

75 

140 

50 

110 

40 

90 

Input  Voltage  Range 

IVR 

Vt  -  3V,  V     —  UV 

VS  =  ±15V  (Notel) 

0/3  5 
-15/13.5 

— 
— 

— 
- 

0/3  5 
-15/13.5 

0/3  5 
-15/13.5 

" 

— 



V 

VS  =  ±15V 

.  M»  — 

RL=  lOkil 

±13 

±14 

+  13 

±14 

— 

±13 
±10 

+  14 

— 

V 

RL  =  2kfl 

±10 

±11 

- 

±10 

±11 



±11 

V+  =  5V,  V-  =  OV 

4.1 

39 

4.1 

Output  Voltage  Swing  V0H 

3.9 

- 

3.9 

4.1 



_ 

V 

RL  =  2kfl 

Vol 

V+  «  5V,  V-  =  OV 
RL=  10kll 

- 

10 

100 

- 

10 

100 

- 

10 

100 

,v 

Common-Mode 
Rejection 

CMR 

V+  -  5V.  V-  =  OV. 
OV  <  VCM  <  3.5V 
VS  =  ±15V. 

-1^V  <  V,-..  <  11 
i3«       CM  'J-J* 

85 

105 

- 

80 

100 

100 

dB 

95 

115 

_ 

90 

110 

_ 

90 

110 

Power  Supply 
Rejection  Ratio 

PSRR 

- 

3.2 

7.5 

- 

5.6 

10 

— 

5.6 

15 

»V/V 

Supply  Current 

VS=±1.5V 

24 

50 

24 

50 

24 

50 

(iA 

(All  Amplifiers) 

VS  =  ±15V 

31 

60 

31 

60 

31 

60 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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FEATURES 

Single-Supply  Operation:  2.7  V  to  12  V 

Wide  Input  Voltage  Range 

Rail-to-Rail  Output  Swing 

Low  Supply  Current:  300  uA/Amp 

Wide  Bandwidth:  3  MHz 

Slew  Rate:  0.5  V/us 

Low  Offset  Voltage:  700  uV 

No  Phase  Reversal 

Drives  Capacitive  Loads 

APPLICATIONS 
Industrial  Process  Control 
Battery  Powered  Instrumentation 
Power  Supply  Control  and  Protection 
Telecom 
Remote  Sensors 

Low  Voltage  Strain  Gage  Amplifiers 
DAC  Output  Amplifier 


GENERAL  DESCRIPTION 

The  OP29 1  and  OP49 1  are  dual  and  quad  micropower  single- 
supply,  3  MHz  bandwidth  amplifiers  featuring  rail-to-rail 
inputs  and  outputs.  The  OP291  and  OP491  are  guaranteed  to 
operate  from  a  3  volt  single  supply  as  well  as  +5  volt  dual 
supplies. 

Fabricated  on  Analog  Devices'  CBCMOS  process,  the  OP291/ 
OP49 1  have  a  unique  input  stage  that  allows  the  input  voltage 
to  safely  extend  10  volts  beyond  either  supply  without  any 
phase  inversion  or  latch-up.  The  output  voltage  swings  to 
within  millivolts  of  the  supplies  and  continues  to  sink  or  source 
current  all  the  way  to  the  supplies. 

Applications  for  these  amplifiers  include  portable  telecom 
equipment,  power  supply  control  and  protection,  and  interface 
for  transducers  with  wide  output  ranges.  Sensors  requiring  a 
rail-to-rail  input  amplifier  include  Hall  effect,  piezo  electric, 
and  resistive  transducers. 

The  ability  to  swing  rail-to-rail  at  both  the  input  and  output 
enables  designers  to  build  multistage  filters  in  single-supply 
systems  and  maintain  high  signal-to-noise  ratios. 

The  OP291/OP491  are  specified  over  the  extended  industrial 
(-40°C  to  +  125°C)  temperature  range.  The  OP291  dual 
amplifiers  are  available  in  8-pin  plastic  DIPs  and  SO  surface 
mount  packages.  The  OP491  quad  is  available  in  14-pin  DIPs 
and  14-pin  SO  packages. 


0P291/0P491 


PIN  CONFIGURATIONS 


8-Lead  Epoxy  DIP 
(P  Suffix) 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


 1  

OUTA  [7  -i   OP291   T]  *v 

-INA  [T  r  ~t]  0"TB 

+INA  [T  1    A-Aj-  Tj  -4NB 

I  1 


-v[7 


3< 


•  a 

OP291  3 

E 

a 


14-Lead  Epoxy  DIP 
(P  Suffix) 


3^1 


OUTB 


E 


OUTA  [7 
-INA  [7 
♦INA  [T 

♦v  [7  OP491 

+INB  [T  1 

-inb  [f  -r^-t  'j-~5"L-|n  -IN 


14-Lead  Narrow-Body  SO 
(S  Suffix) 


l7]0UTD 
lT]-IND 
iTj+IND 

TTj-v 


,   io]  *INC 


TjoUTC 


Figure  1.  Input  and  Output  with  Inputs  Overdriven  by  5  V 
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0P291/0P491-SPECIFICATI0NS 


ELECTRICAL  SPECIFICATIONS*®  Vs  =  +3.0  V,  VCM  =  0.05  V,  V„  =  1.4  V,  TA  =  +25°C  unless  otherwise  noted) 




Parameter 


Min 


OP491 

Input  Bias  Current 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection  Ratio 

Large  Signal  Voltage  Gain 

Offset  Voltage  Drift 
Bias  Current  Drift 
Offset  Current  Drift 


Ib 

los 

CMRR 


AVos/AT 

AIB/AT 

AIqs/AT 


-40<TA<+125°C 

-40<TA<+125°C 

-40<TA<+125°C 

-40<TA<+125°C 

VCM  =  0  V  to  3  V 

-40<TA<+125°C 

RL=  10kQ,Vo=0.3Vto2.7  V 

-40<TA<+125°C 


80 


30 


0.1 


0 
70 
65 
25 


700 

1.5 

700 

1.5 

50 

60 

8 

16 

3 


90 

87 

70 

50 

1.1 

100 

20 


uV 

mV 

uV 

mV 

nA 

nA 

nA 

nA 

V 

dB 

dB 

V/mV 
V/mV 
HV/°C 
pA/°C 
pA/°C 


OUTPUT  CHARACTERISTICS  n 
Output  Voltage  High 


Output  Voltage  Low 


Short  Circuit  Limit 
Open  Loop  Impedance 


Vol 
Isc 

ZoUT 


RL=  lOOkQtoGND 
-40°C  to  +125°C 
RL  =  2  kfi  to  GND 
-40°Cto+125°C 
RL=  100kQtoV+ 
-40°Cto+125°C 
RL  =  2  HI  to  V+ 
-40°C  to+125°C 
Sink/Source 
-40°C  to+125°C 
f=  1  MHz,  Av=  1 


2.95 
2.90 
2.8 
2.70 


±9 
+  6.5 


2.99 
2.98 
2  9 
2.8 


4.5 
40 

±13.5 
+  10.5 
200 


10 
35 
55 
100 


V 
V 
V 
V 

mV 
mV 
mV 
mV 
mA 
mA 
CI 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 

Supply  Current/Amplifier 


PSRR 


Vs  =  2.7Vto  12  V 
-40°C<TA<+125°C 
Vo  =  0V 

-40°C<TA<+125°C 


80 
75 


110 
110 

200  350 
330  480 


dB 
dB 
MA 
uA 


DYNAMIC  PERFORMANCE 
Slew  Rate 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 
Channel  Separation 


+SR 
-SR 
BWP 
ts 

GBP 

80 

CS 


RL=  10kn 
RL=  10kn 
1%  Distortion 
To  0.01% 


■ 


f=  1  kHz,  Rl  =  10  kfl 


0.4 
0.4 

J? 

3 

45 

145 


V/ns 
V/ps 
kHz 
Ms 

MHz 

Degrees 

dB 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


e„p-p 

e„ 

in 


0.1  Hz  to  10  Hz 
f=  1  kHz 


2 

35 

0.8 


HVp-p 

nV/VHz" 

pAA/Hz 


Specifications  subject  to  change  without  notice. 
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ELECTRICAL  SPECIFICATIONS  (@vs 




0P291/0P491 

■  +5.0  V,  VCM  =  0.05  V,  V0  =  1 .4  V,  TA  =  +25  C  unless  otherwise  noted) 


Parameter 


INPUT  CHARACTERISTICS 


Symbol 


Conditions 

 >- 


Min 


Typ  Max 


Offset  Voltage 

OP291 

OP491 

Input  Bias  Current 

• 

Input  Offset  Current 

Input  Voltage  Range 
Common-Mode  Rejection  Ratio 

Large  Signal  Voltage  Gain 

Offset  Voltage  Drift 
Bias  Current  Drift 
Offset  Current  Drift 


V0S 
Vos 
Ib 
Ios 

CMRR 

Avo 

AV0S/AT 

Alg/AT 

AIos/AT 


-40<TA<+125°C 
-40<TA<+125°C 
-40<TA<+125°C 
^10<TA<+125°C 


80 
80 


0.1 


Vcm  =  0  V  to  5  V 

-40<TA<+125°C 

RL=  10k£3,  V0  =  0.3  V  to  4.7  V 

-40<TA<+125°C 

-40<TA<+125°C 

1 


700 

1.5 

700 

1.5 

50 

60 

8 

16 

5 


0 
65 
25 


93 

90 

70 

50 

1.1 

100 

20 


OUTPUT  CHARACTERISTICS 
Output  Voltage  High 


Output  Voltage  Low 


Short  Circuit  Limit 


Open  Loop  Impedance 


Zout 


RL  =  100  kfl  to  GND 
-40°C  to  +  125°C 
RL  =  2  kfi  to  GND 
-40°C  to  +125°C 
RL=  lOOkiito  V+ 
-40°C  to  +125°C 
RL  =  2  k£2  to  V+ 
-40°C  to  +125°C 
Sink/Source 
-40°C  to  +125°C 
f=  1  MHz,  Av=  1 


4.95 
4.90 
4.8 
4.65 


±9 
+6.5 


4.99 
4.98 
4.85 
4.75 
4.5 

40 

+  13.5 

ioT 


10 

35 
55 
155 


POWER  SUPPLY 
Power 


Supply  Current/, 


PSRR 

IsY 


Vs  =  2.7Vto  12  V 
-40<TA  <+125°C 
Vo  =  0V 

-40<TA<+125°C 


110 
110 

220 
350 


400 
500 


DYNAMIC  PERFORMANCE 
Slew  Rate 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 
Channel  Separation 


+SR 
-SR 
BWP 
ts 

GBP 

e0 
cs 


RL  =  10  k£i 
RL  =  10  kQ 
1%  Distortion 
To  0.01% 


f=  1  kHz,  RL=  10  kfl 


0.4 

0.4 

1.2 

22 

3 

45 

145 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


0.1  Hz  to  10  Hz 
f=  1  kHz 


NOTES 

+5  V  specifications  are  guaranteed  by  +3  V  and  ±5  V  testing. 
Specifications  subject  to  change  without  notice. 
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Parameter 


Symbol 


Conditions 


Min      Typ  Max 


Units 


INPUT  CHARACTERISTICS 


Offset  Voltage 

Input  Bias  Current 
Input  Offset  Current 


Input  Voltage  Range 
Common-Mode  Rejection 

Large  Signal  Voltage  Gain 

Offset  Voltage  Drift 
Bias  Current  Drift 
Offset  Current  Drift 


OP291 


OP491 


Vos 
Vos 

h 

los 

CMR 

Avo 

AVos/AT 

AIb/AT 

AInS/AT 


-40<TA<+125°C 

-40<TA<+125°C 

-40<TA<+125°C 

-40<TA<+125°C 

VCM  =  ±5V 
-40<TA<+125°C 
RL=  10kQ,Vo  =  ±4.7V, 
-40<TA<+125°C 


80 

700 

nv 

1.5 

mV 

80 

700 

uV 

1.5 

mV 

30 

50 

nA 

60 

nA 

0.1 

8 

nA 

16 

nA 

-5 

+5 

V 

75 

100 

dB 

67 

97 

dB 

25 

70 

50 

V/mV 

1.1 

uV/°C 

100 

pA/°C 

pA/°C 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 


Short  Circuit  Limit 


Open  Loop  Impedance 


Isc 
Zout 


RL=  lOOkQtoGND 
-40°C  to  +125°C 
RL  =  2  Mi  to  GND 
-40<TA<+125°C 
Sink/Source 
-^0°C  to  +125°C 
f=  1  MHz,Av=  1 


±4.93 

±4.90 

±4.80 

±4.65 

+9 

±6 


±4.99 

±4.98 

±4.95 

+4.75 

±16 

±13 

200 


V 
V 
V 
V 

mA 
mA 
Q 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 


Supply  C 


'Amplifier 


PSRR 

IsY 


VS  =  ±5V 
-40<TA<+125°C 
Vo  =  0V 

-40<TA<+125°C 


80  110 
70  100 


260 
390 


420 
550 


dB 
dB 
uA 
uA 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Full-Power  Bandwidth 
Settling  Time 
Gain  Bandwidth  Product 
Phase  Margin 
Channel  Separation 


±SR 
BWP 

ts 

GBP 

8o 
CS 


RL=10  kn 
1%  Distortion 
To  0.01% 


f=  1  kHz 


0.5 
1.2 

22 
3 

45 
145 


V/us 
kHz 
us 

MHz 

Degrees 

dB 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


e„  P-P 


0.1  Hz  to  10  Hz 
f=  1  kHz 


2 

35 
0.8 


uVp-p 

nV/VHz 

pA/Vife 


Specifications  subject  to  change  without 
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1-aramcLcr 

Offset  Voltage 

Vos 

+  300 

uVmax 

Input  Bias  Current 

h 

50 

nA  max 

Input  Offset  Current 

los 

8 

nA 

Input  Voltage  Range 

VCM 

V-  to  V+ 

V  min 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  0Vto  10  V 

70 

dB  min 

Power  Supply  Rejection  Ratio 

DCDD 

I  oKK 

V  -  Z./  V  tO  Tiz  v 

on 
oU 

dB  min 

Large  Signal  Voltage  Gain 

Avo 

RL  =  10  kft 

25 

V/mV  min 

Output  Voltage  High 

VoH 

r  —  9  to  to  nwn 

S.o 

V  min 

Output  Voltage  Low 

Vol 

RL=  2  kQto  V+ 

55 

mV  max 

Supply  Current/ Amplifier 

Vo  =  0V,  RL=  oo 

350 

|aA  max 

NOTE 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for  standard 
product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage   +16  V 

Input  Voltage  V-  to  V+  10  V 

Differential  Input  Voltage  ,7V 

Output  Short-Circuit  Duration  to  GND   Indefinite 

Storage  Temperature  Range 

P,  S  Packages  -65°C  to +150°C 

Operating  Temperature  Range 

OP291/OP491G  -40°C  to  +125°C 

Junction  Temperature  Range 

P,  S  Packages  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering  60  sec)  +300°C 


DICE  CHARACTERISTICS 


Package  Type 

%A2 

%c 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

14-Pin  Plastic  DIP  (P) 

76 

33 

°c/w 

14-Pin  SOIC  (S) 

120 

36 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

29JA  is  specified  for  the  worst  case  conditions;  i.e.,  8jAis  specified  for  device  in  socket 
for  P-DIP  packages,  9JA  is  specified  for  device  soldered  in  circuit  board  for  SOIC 
package. 

ORDERING  GUIDE 


Model 


OP291GP 

OP291GS 

OP291GBC 

OP491GP 

OP491GS 

OP491GBC 


Temperature 
Range 


-40°Cto+125°C 
-40°C  to  +125°C 
+25"C 

-40°Cto+125°C 
-40°C  to+125°C 
+25°C 


Package 
Description 


8-Pin  Plastic  DIP 
8-Pin  SOIC 
DICE 

14-Pin  Plastic  DIP 
14-Pin  SOIC 
DICE 


Package 
Option* 


N-8 
SO-8 

N-14 
SO- 14 


*For  outline  information  see  Package  Information  section. 


OP291  Die  Size  0.070  x  0.070  Inch,  4,900  Sq.  Mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  146. 


immm 


OP491  Die  Size  0.070  x  0.110  Inch,  7,700  Sq.  Mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  290. 
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0P291/0P491— Typical  Performance  Characteristics 
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Figure  2.  OP291  Input  Offset  Voltage  Figure  3.  OP291  Input  Offset  Volt- 
Distribution,  Vs  =  +3V  age  Drift  Distribution,  Vs  =  +3  V 


Figured  OP291/OP491  Input  Offset 
Voltage  vs.  Temperature,  Vs  =  +3  V 
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Figure  5.  OP291/OP491  Input  Bias 
Current  vs.  Temperature,  Vs  =  +3  V 


Figure  6.  OP291/OP491  Input  Offset 
Current  vs.Temperature,  VS  =  +3V 
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Figure  7.  OP291/OP491  Input  Bias 
Current  vs.  Common-Mode  Voltage, 
VS  =  +3V 
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Figure  8.  OP291/OP491  Output  Figure  9.  OP291/OP491  Open-Loop        Figure  10.  OP291/OP491  Open-Loop 

Voltage  Swing  vs.  Temperature,  Gain  &  Phase  vs.  Frequency,  Gain  vs.  Temperature,  VS  =  +3V 
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Figure  1%  OP291/OP491  Closed-Loop 
Gain  vs.  Frequency,  Vs  =  +3  V 


Figure  12.  OP291/OP491  CMRR  vs. 
Frequency,  Vs  =  +3  V 


Figure  13.  OP291/OP491  CMRR  vs. 

;  =  +3  V 
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Figure  14.  OP291/OP491  PSRR  vs. 
Frequency,  Vs  =  +3  V 


Figure  15.  OP291/OP491  PSRR  vs. 
Temperature,  Vs  = +3  V 


■      16.  OP291/OP491  Slew  Rate 
erature,  VS  =  +3V 
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Figure  17.  OP291/OP491  Supply 
Current  vs.  Temperature,  Vs  =  +3  V, 
+5  V,  ±5  V 


Figure  18.  Maximum  Output  Swing 
vs.  Frequency,  Vs  = +3  V 


Figure  19.  OP291/OP491  Voltage 
Noise  Density 
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Figure  20.  OP291  Input  Offset  Volt- 
age Distribution,  Vs  =  +5  V 


Figure  21.  OP291  Input  Offset  Volt- 
age Drift  Distribution,  Vs  =  +5  V 


Figure  22.  OP291/OP491  Input  Offset 
Voltage  vs.  Temperature,  Vs  =  +5  V 
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Figure  23.  OP291/OP491  Input  Bias 
Current  vs.  Temperature,  Vs  =  +5  V 


Figure  24.  OP291/OP491  Input  Offset 
Current  vs.  Temperature,  Vs  =  +5  V 


Figure  25.  OP291/OP491  Input  Bias 
Current  vs.  Common-Mode  Voltage, 
VS  =  +5V 
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Figure  26.  OP291/491  Output  Voltage      Figure  27.  OP29 1/491  Open-Loop  Figure  28.  OP29 1/491  Open-Loop 

Swing  vs.  Temperature,  Vs  =  +5  V  Gain  &  Phase  vs.  Frequency,  Gain  vs.  Temperature,  Vs  =  +5  V 
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Figure  29.  OP291/OP491  Closed-Loop 
Gain  vs.  Frequency,  Vs  =  +5  V 
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Figure  30.  OP291/OP491  CMRR  vs. 
Frequency,  Vs  =  +5  V 
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Figure  31.  OP291/OP491  CMRR  vs. 
Temperature,  Vs  =  +5  V 
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Figure  32.  OP291/OP491  PSRR  vs. 
Frequency,  Vs  =  +5  V 
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Figure  33.  OP291  Slew  Rate  vs.  Tem- 
perature, Vs  =  +5  V 
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Figure  34.  OP491  Slew  Rate  vs.  Tem- 
perature, Vs  =  +5  V 
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Figure  35.  OP291/OP491  Short  Circuit 
Current  vs.  Temperature,  Vs  =  +3  V, 
+5  V,  ±5  V 


Figure  36.  OP291/OP491  Channel 
Separation,  Vs  =  ±5  V 


Figure  37.  Maximum  Output  Swing 
vs.  Frequency,  Vs  =  ±5  V 
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Figure  38.  Maximum  Output  Swing 
vs.  Frequency,  VS  =  ±5V 
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Figure  39.  OP291/OP491  Input  Offset 
Voltage  vs.  Temperature,  VS=±5V 
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Figure  40.  OP291/OP491  Input  Bias 
Current  vs.  Temperature,  Vs  =  ±5  V 
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Figure  41.  OP291/OP491  Input  Offset 
Current  vs.  Temperature,  VS  =  ±5V 


Figure  42.  OP291/OP491  Input  Bias 
Current  vs.  Common-Mode  Voltage, 
VS=±5V 


Figure  43.  OP291/OP491  Output  Volt 
age  Swing  vs.  Temperature, 
VS  =  ±5V 
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Figure  44.  OP291/OP491  Open-Loop 
Gain  &  Phase  vs.  Frequency, 
VS  =  ±5V 


Figure  45.  OP291/OP491  Open-Loop 
Gain  vs.  Temperature,  VS  =  ±5V 


Figure  46.  OP291/OP491  Closed-Loop 
Gain  vs.  Frequency,  VS  =  ±5V 
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FUNCTIONAL  DESCRIPTION 

The  OP291  and  OP491  are  single  supply,  micropower  amplifi- 
ers featuring  rail-to-rail  inputs  and  outputs.  In  order  to  achieve 
wide  input  and  output  ranges,  these  amplifiers  employ  unique 
input  and  output  stages.  As  the  simplified  schematic  shows 
(Figure  55),  the  input  stage  is  actually  comprised  of  two 
differential  pairs,  a  PNP  pair  and  an  NPN  pair.  These  two 
stages  do  not  actually  work  in  parallel.  Instead,  only  one  or  the 
other  stage  is  on  for  any  given  input  signal  level.  The  PNP  stage 
(transistors  Ql  and  Q2)  is  required  to  ensure  that  the  amplifier 
remains  in  the  linear  region  when  the  input  voltage  approaches 
and  reaches  the  negative  rail.  On  the  other  hand,  the  NPN 
stage  (transistors  Q5  and  Q6)  is  needed  for  input  voltages  up  to 
and  including  the  positive  rail. 

For  the  majority  of  the  input  common-mode  range,  the  PNP 
stage  is  active,  as  is  evidenced  by  examining  the  graph  of  Input 
Bias  Current  vs.  Common-Mode  Voltage.  Notice  that  the  bias 
current  switches  direction  at  approximately  1.2  volts  to  1.3  volts 
below  the  positive  rail.  At  voltages  below  this,  the  bias  current 
flows  out  of  the  OP291,  indicating  a  PNP  input  stage.  Above 
this  voltage,  however,  the  bias  current  enters  the  device, 
revealing  the  NPN  stage.  The  actual  mechanism  within  the 
amplifier  for  switching  between  the  input  stages  is  comprised  of 
the  transistors  Q3,  Q4,  and  Q7.  As  the  input  common-mode 
voltage  increases,  the  emitters  of  Ql  and  Q2  follow  that  voltage 
plus  a  diode  drop.  Eventually  the  emitters  of  Ql  and  Q2  are 
high  enough  to  turn  Q3  on.  This  diverts  the  8  uA  of  tail  current 
away  from  the  PNP  input  stage,  turning  it  off.  Instead,  the 
current  is  mirrored  through  Q4  and  Q7  to  activate  the  NPN 
input  stage. 

Notice  that  the  input  stage  includes  5  kfi  series  resistors  and 
differential  diodes,  a  common  practice  in  bipolar  amplifiers  to 
protect  the  input  transistors  from  large  differential  voltages. 
These  diodes  will  turn  on  whenever  the  differential  voltage 


exceeds  approximately  0.6  V.  In  this  condition,  current  will 
flow  between  the  input  pins,  limited  only  by  the  two  5  kQ 
resistors.  Being  aware  of  this  characteristic  is  important  in 
circuits  where  the  amplifier  may  be  operated  open-loop,  such  as 
a  comparator.  Evaluate  each  circuit  carefully  to  make  sure  that 
the  increase  in  current  does  not  affect  the  performance. 

The  output  stage  of  the  OP291/OP491  uses  a  PNP  and  an  NPN 
transistor  as  do  most  output  stages;  however,  the  output 
transistors,  Q32  and  Q33,  are  actually  connected  with  their 
collectors  to  the  output  pin  to  achieve  the  rail-to-rail  output 
swing.  As  the  output  voltage  approaches  either  the  positive  or 
negative  rail,  these  transistors  begin  to  saturate.  Thus,  the  final 
limit  on  output  voltage  is  the  saturation  voltage  of  these 
transistors,  which  is  about  50  mV.  The  output  stage  does  have 
inherent  gain  arising  from  the  collectors  and  any  external  load 
impedance.  Because  of  this,  the  open-loop  gain  of  the  amplifier 
is  dependent  on  the  load  resistance. 

Input  Overvoltage  Protection 

As  with  any  semiconductor  device,  whenever  the  condition 
exists  for  the  input  to  exceed  either  supply  voltage,  attention 
needs  to  be  paid  to  the  input  overvoltage  characteristic.  When 
an  overvoltage  occurs,  the  amplifier  could  be  damaged  depend- 
ing on  the  voltage  level  and  the  magnitude  of  the  fault  current. 
Figure  56  shows  the  characteristic  for  the  OP291  and  OP491. 
This  graph  was  generated  with  the  power  supplies  at  ground  and 
a  curve  tracer  connected  to  the  input.  As  can  be  seen,  when  the 
input  voltage  exceeds  either  supply  by  more  than  0.6  V,  internal 
pn-junctions  energize  allowing  current  to  flow  from  the  input  to 
the  supplies.  As  described  above,  the  OP291/OP491  does  have 
5  kQ  resistors  in  series  with  each  input,  which  helps  limit  the 
current.  Calculating  the  slope  of  the  current  versus  voltage  in 
the  graph  confirms  the  5  kQ  resistor. 

■ 


Figure  55.  OP291/OP491  Simplified  Schematic 
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Figure  56.  Input  Overvoltage  Characteristics 

This  input  current  is  not  inherently  damaging  to  the  device  as 
long  as  it  is  limited  to  5  mA  or  less.  In  the  case  shown,  for  an 
input  of  10  V  over  the  supply,  the  current  is  limited  to  1.8  mA. 
If  the  voltage  is  large  enough  to  cause  more  than  5  mA  of 
current  to  flow,  then  an  external  series  resistor  should  be  added. 
The  size  of  this  resistor  is  calculated  by  dividing  the  maximum 
overvoltage  by  5  mA  and  subtracting  the  internal  5  k£3  resistor. 
For  example,  if  the  input  voltage  could  reach  1 00  V,  the  external 
resistor  should  be  (100  V/5  mA)  -5  k  =  15  kQ.  This  resistance 
should  be  placed  in  series  with  either  or  both  inputs  if  they  are 
subjected  to  the  overvoltages.  For  more  information  on  general 
overvoltage  characteristics  of  amplifiers  refer  to  the  1993  System 
Applications  Guide,  available  from  the  Analog  Devices  Literature 
Center. 

Output  Voltage  Phase  Reversal 

Some  operational  amplifiers  designed  for  single-supply  opera- 
tion exhibit  an  output  voltage  phase  reversal  when  their  inputs 
are  driven  beyond  their  useful  common-mode  range.  Typically 
for  single-supply  bipolar  op  amps,  the  negative  supply  deter- 


mines the  lower  limit  of  their  common-mode  range.  With  these 
devices,  external  clamping  diodes,  with  the  anode  connected  to 
ground  and  the  cathode  to  the  inputs,  prevent  input  signal 
excursions  from  exceeding  the  device's  negative  supply  (i.e., 
GND),  preventing  a  condition  which  could  cause  the  output 
voltage  to  change  phase.  JFET-input  amplifiers  may  also 
exhibit  phase  reversal,  and,  if  so,  a  series  input  resistor  is  usually 
required  to  prevent  it. 

The  OP291/OP491  is  free  from  reasonable  input  voltage  range 
restrictions  due  to  its  novel  input  structure.  In  fact,  the  input 
signal  can  exceed  the  supply  voltage  by  a  significant  amount 
without  causing  damage  to  the  device.  As  illustrated  in  Fig- 
ure 57,  the  OP291/OP491  can  safely  handle  a  20  V  p-p  input 
signal  on  ±5  V  supplies  without  exhibiting  any  sign  of  output 
voltage  phase  reversal  or  other  anomalous  behavior.  Thus  no 
external  clamping  diodes  are  required. 

Overdrive  Recovery 

The  overdrive  recovery  time  of  an  operational  amplifier  is  the 
time  required  for  the  output  voltage  to  recover  to  its  linear 
region  from  a  saturated  condition.  This  recovery  time  is 
important  in  applications  where  the  amplifier  must  recover 
quickly  after  a  large  transient  event,  such  as  a  comparator.  The 
circuit  shown  in  Figure  58  was  used  to  evaluate  the  OP291/ 
OP491's  overload  recovery  time.  The  OP291/OP491  takes 
approximately  8  ps  to  recover  from  positive  saturation  and 
approximately  6.5  us  to  recover  from  negative  saturation. 
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Figure  57.  OP291/OP491  Output  Voltage  Phase  Reversal  Behavior 
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single  +5  v  supply,  instrumentation  Ampiiner 

The  OP291's  low  supply  current  and  low  voltage  operation 
make  it  ideal  for  battery  powered  applications  such  as  the 
instrumentation  amplifier  shown  in  Figure  59.  The  circuit 
utilizes  the  classic  two  op  amp  instrumentation  amplifier 
topology,  with  four  resistors  to  set  the  gain.  The  equation  is 
simply  that  of  a  noninverting  amplifier  as  shown  in  the  figure. 
The  two  resistors  labeled  Rl  should  be  closely  matched  to  each 
other  as  well  as  both  resistors  labeled  R2  to  ensure  good 
common-mode  rejection  performance.  Resistor  networks 
ensure  the  closest  matching  as  well  as  matched  drifts  for  good 
temperature  stability.  Capacitor  CI  is  included  to  limit  the 
bandwidth  and,  therefore,  the  noise  in  sensitive  applications. 
The  value  of  this  capacitor  should  be  adjusted  depending  on  the 
desired  closed-loop  bandwidth  of  the  instrumentation  amplifier. 
The  RC  combination  creates  a  pole  at  a  frequency  equal  to 
1/(2  K  x  R1C1).  If  AC-CMRR  is  critical,  than  a  matched 
capacitor  to  C 1  should  be  included  across  the  second  resistor 
labeled  Rl. 

♦3V 


Figure  59.  Single  +3  V  Supply  Instrumentation  Amplifier 

Because  the  OP29 1  accepts  rail-to-rail  inputs,  the  input 
common-mode  range  includes  both  ground  and  the  positive 
supply  of  3  V.  Furthermore,  the  rail-to-rail  output  range 
ensures  the  widest  signal  range  possible  and  maximizes  the 
dynamic  range  of  the  system.  Also,  with  its  low  supply  current 
of  300  nA/device,  this  circuit  consumes  a  quiescent  current  of 
only  600  |JA,  yet  still  exhibits  a  gain  bandwidth  of  3  MHz. 

A  question  may  arise  about  other  instrumentation  amplifier 
topologies  for  single  supply  applications.  For  example,  a 
variation  on  this  topology  adds  a  fifth  resistor  between  the  two 
inverting  inputs  of  the  op  amps  for  gain  setting.  While  that 
topology  works  well  in  dual  supply  applications,  it  is  inherently 
not  appropriate  for  single  supply  circuits.  The  same  could  be 
said  for  the  traditional  three  op  amp  instrumentation  amplifier. 
In  both  cases,  the  circuits  simply  will  not  work  in  single  supply 
situations  unless  a  false  ground  between  the  supplies  is  created. 


- 
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ine  circuit  in  figure  ou.  uses  triree  op  amps  ot  tne  01^491  to 
develop  a  bridge  configuration  for  an  RTD  amplifier  that 
operates  from  a  single  +5  V  supply.  The  circuit  takes  advantage 
of  the  OP491's  wide  output  swing  range  to  generate  a  high 
bridge  excitation  voltage  of  3.9  V.  In  fact,  because  of  the  rail- 
to-rail  output  swing,  this  circuit  will  work  with  supplies  as  low 
as  4.0  V.  Amplifier  Al  servos  the  bridge  to  create  a  constant 
excitation  current  in  conjunction  with  the  AD589,  a  1.235  V 
precision  reference.  The  op  amp  maintains  the  reference 
voltage  across  the  parallel  combination  of  the  6.19  k£i  and  2.55 
M£2  resistor,  which  generates  a  200  \xA  current  source.  This 
current  splits  evenly  and  flows  through  both  halves  of  the 
bridge.  Thus,  100  nA  flows  through  the  RTD  to  generate  an 
output  voltage  based  on  its  resistance.  A  3-wire  RTD  is  used  to 
balance  the  line  resistance  in  both  100  Q  legs  of  the  bridge  to 
improve  accuracy. 


Figure  60.  Single  Supply  RTD  Amplifier 

Amplifiers  A2  and  A3  are  configured  in  the  two  op  amp  IA 
discussed  above.  Their  resistors  are  chosen  to  produce  a  gain  of 
274,  such  that  each  1  °C  increase  in  temperature  results  in  a 
1 0  mV  change  in  the  output  voltage,  for  ease  of  measurement. 
A  0.01  |iF  capacitor  is  included  in  parallel  with  the  100  k£i 
resistor  on  amplifier  A3  to  filter  out  any  unwanted  noise  from 
this  high  gain  circuit.  This  particular  RC  combination  creates  a 
pole  at  1.6  kHz. 
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A  +2.5  V  Reference  from  a  +3  V  Supply 

In  many  single-supply  applications,  the  need  for  a  2.5  V 
reference  often  arises.  Many  commercially  available  monolithic 
2.5  V  references  require  at  least  a  minimum  operating  supply 
voltage  of  4  V.  The  problem  is  exacerbated  when  the  minimum 
operating  system  supply  voltage  is  +  3  V.  The  circuit  illustrated 
in  Figure  61  is  an  example  of  a  +2.5  V  that  operates  from  a 
single  +3  V  supply.  The  circuit  takes  advantage  of  the  OP291's 
rail-to-rail  input  and  output  voltage  ranges  to  amplify  an 
AD589's  1.235  V  output  to  +2.5  V.  The  OP291's  low  TCV0S 
of  1  uV/°C  helps  to  maintain  an  output  voltage  temperature 
coefficient  of  less  than  200  ppm/°C.  The  circuit's  overall 
temperature  coefficient  is  dominated  by  R2  and  R3's  tempera- 
ture coefficient.  Lower  tempco  resistors  are  recommended. 
The  entire  circuit  draws  less  than  420  \lA  from  a  +3  V  s 


at  25°C. 


♦2-svREF 


v   *       RESISTORS  =  1%,  100ppm  C 

w  ■       A.    T       POTENTIOMETER  =  10 TURN,  lOOppm/C 


100kfi         100kO  5kii 

Figure  61.  A  +2.5  V  Reference  that  Operates  on  a  Single 
+3  V  Supply 

+5  V  Only,  12-Bit  DAC  Swings  Rail-to-Rail 

The  OP291  or  OP491  are  ideal  for  use  with  a  CMOS  DAC  to 
generate  a  digitally  controlled  voltage  with  a  wide  output  range. 
Figure  62  shows  the  DAC8043  used  in  conjunction  with  the 
AD589  to  generate  a  voltage  output  from  0  V  to  1.23  V  The 
DAC  is  actually  operated  in  "voltage  switching"  mode  where 
the  reference  is  connected  to  the  current  output,  lour,  and  the 
output  voltage  is  taken  from  the  VreF  pin.  This  topology  is 
inherently  noninverting  as  opposed  to  the  classic  current  output 
mode,  which  is  inverting  and,  therefore,  unsuitable  for  single 
supply. 


2 

OP291 \2> — ' 

R2 

V  R4 

 Wv— 1 

r(5V) 


The  OP291  serves  two  functions.  First,  it  is  required  to  buffer 
the  high  output  impedance  of  the  DAC's  VreF  pin,  which  is  on 
the  order  of  10  k£2.  The  op  amp  provides  a  low  impedance 
output  to  drive  any  following  circuitry.  Secondly,  the  op  amp 
amplifies  the  output  signal  to  provide  a  rail-to-rail  output  swing. 
In  this  particular  case,  the  gain  is  set  to  4.1  to  generate  a  5.0  V 
output  when  the  DAC  is  at  full  scale.  If  other  output  voltage 
ranges  are  needed,  such  as  0  to  4.095,  the  gain  can  easily  be 
adjusted  by  altering  the  value  of  the  resistors. 

A  High  Side  Current  Monitor 

In  the  design  of  power  supply  control  circuits,  a  great  deal  of 
design  effort  is  focused  on  ensuring  a  pass  transistor's  long-term 
reliability  over  a  wide  range  of  load  current  conditions.  As  a 
result,  monitoring  and  limiting  device  power  dissipation  is  of 
prime  importance  in  these  designs.  The  circuit  illustrated  in 
Figure  63  is  an  example  of  a  +5  V,  single-supply  high  side 
current  monitor  that  can  be  incorporated  into  the  design  of  a 
voltage  regulator  with  fold-back  current  limiting  or  a  high 
current  power  supply  with  crowbar  protection.  This  design  uses 
an  OP29 1  's  rail-to-rail  input  voltage  range  to  sense  the  voltage 
drop  across  a  0.1  £1  current  shunt.  A  p-channel  MOSFET  used 
as  the  feedback  element  in  the  circuit  converts  the  op  amp's 
differential  input  voltage  into  a  current.  This  current  is  then 
applied  to  R2  to  generate  a  voltage  that  is  a  linear  representation  I 
of  the  load  current.  The  transfer  equation  for  the  current 
monitor  is  given  by: 


Monitor  Output  =  R2  x  [  s^e 


h 


For  the  element  values  shown,  the  Monitor  Output's  transfer 
characteristic  is  2.5  V/A. 


0.1  n 
_VW_ 


M1 

3N163 


2  49kQ  : : 

Figure  63.  A  High-Side  Load  Current  Monitor 


Figure  62.  +5  V  Only,  12-Bit  DAC  Swings  Rail-to-Rail 
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A  +3  V,  Cold  Junction  Compensated  Thermocouple  Amplifier 

The  OP291's  low  supply  operation  makes  it  ideal  for  +3  V  bat- 
tery powered  applications  such  as  the  thermocouple  amplifier 
shown  in  Figure  64.  The  K-type  thermocouple  terminates  in  an 
isothermal  block  where  the  junctions'  ambient  temperature  is 
continuously  monitored  using  a  simple  1N914  diode.  The  di- 
ode corrects  the  thermal  EMF  generated  in  the  junctions  by 
feeding  a  small  voltage,  scaled  by  the  1.5  MO  and  475  Q  resis- 
tors, to  the  op  amp. 

To  calibrate  this  circuit,  immerse  the  thermocouple  measuring 
junction  in  a  0°C  ice  bath,  and  adjust  the  500  £2  pot  to  zero 
volts  out.  Next,  immerse  the  thermocouple  in  a  250°C  tem- 
perature bath  or  oven  and  adjust  the  Scale  Adjust  pot  for  an 
output  voltage  of  2.50  V.  Within  this  temperature  range,  the 
K-type  thermocouple  is  accurate  to  within  +  3°C  without  linear- 
ization. 


■W\- 


ISOTHERMAL 
BLOCK 


-  K-TYPE 
THERM! 

40.7(1  WC 


Figure  64.  A  3  V,  Cold  Junction  Compensated  Thermo- 
couple Amplifier 

Single  Supply,  Direct  Access  Arrangement  for  Modems 

An  important  building  block  in  modems  is  the  telephone  line  in- 
terface. In  the  circuit  shown  in  Figure  65,  a  direct  access  ar- 
rangement is  utilized  for  transmitting  and  receiving  data  from 
the  telephone  line.  Amplifier  Al  is  the  receiving  amplifier,  and 
amplifiers  A2  and  A3  are  the  transmitters.  The  forth  amplifier, 
A4,  generates  a  pseudo  ground  halfway  between  the  supply 
voltage  and  ground.  This  pseudo  ground  is  needed  for  the  ac 
coupled  bipolar  input  signals. 


Figure  65.  Single  Supply  Direct  Access  Arrangement  for 
Modems 


The  transmit  signal,  TXA,  is  inverted  by  A2  and  then  re-in- 
verted by  A3  to  provide  a  differential  drive  to  the  transformer, 
where  each  amplifier  supplies  half  the  drive  signal.  This  is 
needed  because  of  the  smaller  swings  associated  with  a  single 
supply  as  opposed  to  a  dual  supply.  Amplifier  Al  provides 
some  gain  for  the  received  signal,  and  it  also  removes  the  trans- 
mit signal  present  at  the  transformer  from  the  receive  signal.  To 
do  this,  the  drive  signal  from  A2  is  also  fed  to  the  noninverting 
input  of  Al  to  cancel  the  transmit  signal  from  the  transformer. 
The  OP49 1  's  bandwidth  of  3  MHz  and  rail-to-rail  output 
swings  ensures  that  it  can  provide  the  largest  possible  drive  to 
the  transformer  at  the  frequency  of  transmission. 
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A  +3  V,  SO  Hz/60  Hz  Active  Notch  Filter  with  False  Ground 

To  process  ac  signals  in  a  single-supply  system,  it  is  often  best  to 
use  a  false-ground  biasing  scheme.  A  circuit  that  uses  this  ap- 
proach is  illustrated  in  Figure  66.  In  this  circuit,  a  false-ground 
circuit  biases  an  active  notch  filter  used  to  reject  50  Hz/60  Hz 
power  line  interference  in  portable  patient  monitoring  equip- 
ment. Notch  filters  are  quite  commonly  used  to  reject  power 
line  frequency  interference  which  oftentimes  obscures  low  fre- 
quency physiological  signals,  such  as  heart  rates,  blood  pressure 
readings,  EEGs,  EKGs,  et  cetera.  This  notch  filter  effectively 
squelches  60  Hz  pickup  at  a  filter  Q  of  0.75.  Substituting 
3.16  kQ  resistors  for  the  2.67  ki2  resistors  in  the  twin-T  section 
(Rl  through  R5)  configures  the  active  filter  to  reject  50  Hz 
interference. 


Figure  66.  A +3  V  Single-Supply,  50  Hz/60  Hz  Active  Notch 
Filter  with  False  Ground 

Amplifier  A3  is  the  heart  of  the  false-ground  bias  circuit.  It  sim- 
ply buffers  the  voltage  developed  by  R9  and  RIO  and  is  the  ref- 
erence for  the  active  notch  filter.  Since  the  OP49 1  exhibits  a 
rail-to-rail  input  common-mode  range,  R9  and  RIO  are  chosen 
to  split  the  +3  V  supply  symmetrically.  An  in-the-loop  compen- 
sation scheme  is  used  around  the  OP49 1  that  allows  the  op  amp 
to  drive  C6,  a  1  uF  capacitor,  without  oscillation.  C6  maintains 
a  low  impedance  ac  ground  over  the  operating  frequency  range 
of  the  filter. 

The  filter  section  uses  a  pair  of  OP491s  in  a  twin-T  configura- 
tion whose  frequency  selectivity  is  very  sensitive  to  the  relative 
matching  of  the  capacitors  and  resistors  in  the  twin-T  section. 
Mylar  is  the  material  of  choice  for  the  capacitors,  and  the  rela- 
tive matching  of  the  capacitors  and  resistors  determines  the 
filter's  passband  symmetry.  Using  1%  resistors  and  5%  capaci- 
tors produces  satisfactory  results. 


Single-Supply  Half- Wave  and  Full- Wave  Rectifiers 

An  OP291/OP491  configured  as  a  voltage  follower  operating  on 
a  single  supply  can  be  used  as  a  simple  half-wave  rectifier  in 
low-frequency  (<2  kHz)  applications.  A  full-wave  rectifier  can 
be  configured  with  a  pair  of  OP291s  as  illustrated  in  Figure  67. 
The  circuit  works  in  the  following  way:  When  the  input  signal  is 
above  0  V,  the  output  of  amplifier  Al  follows  the  input  signal. 
Since  the  noninverting  input  of  amplifier  A2  is  connected  to 
Al's  output,  op  amp  loop  control  forces  the  A2's  inverting  input 
to  the  same  potential.  The  result  is  that  both  terminals  of  Rl 
are  equipotential;  i.e.,  no  current  flows.  Since  there  is  no  cur- 
rent flow  in  Rl,  the  same  condition  exists  upon  R2;  thus,  the 
output  of  the  circuit  tracks  the  input  signal.  When  the  input  sig- 
nal is  below  0  V,  the  output  voltage  of  Al  is  forced  to  0  V.  This 
condition  now  forces  A2  to  operate  as  an  inverting  voltage  fol- 
lower because  the  noninverting  terminal  of  A2  is  at  0  V  as  well. 
The  output  voltage  at  VoutA  is  then  a  full-wave  rectified  ver- 
sion of  the  input  signal.  If  needed,  a  buffered,  half-wave  recti- 
fied version  of  the  input  signal  is  available  at  VOUTB. 


OUT" 

■O  FULL-WAVE 
RECTIFIED 
OUTPUT 

outB 

O  HALF-WAVE 
RECTIFIED 
OUTPUT 


TIME  -  200HS/DIV 


Figure  67.  Single-Supply  Half-Wave  and  Full-Wave 
Rectifiers  Using  an  OP291 
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FEATURES 

Single  Supply  Operation:  4.5  V  to  33  V 

Input  Common  Mode  Includes  Ground 

Output  Swings  to  Ground 

High  Slew  Rate:  3  V/\is 

High  Gain  Bandwidth:  4  MHz 

Low  Input  Offset  Voltage 

High  Open-Loop  Gain 

No  Phase  Inversion 

Low  Cost 

APPLICATIONS 
Disk  Drives 
Mobile  Phones 
Servo  Controls 
Modems  and  Fax  Machines 
Pagers 

Power  Supply  Monitors  and  Controls 
Battery  Operated  Instrumentation 

GENERAL  DESCRIPTION 

The  OP292/OP492  are  low  cost  general  purpose  dual  and  quad 
operational  amplifiers  designed  for  single  supply  applications 
and  are  ideal  for  +5  volt  systems. 

Fabricated  on  Analog  Devices'  CBCMOS  process,  the  OP292/ 
OP492  series  has  a  PNP  input  stage  that  allows  the  input  volt- 
age range  to  include  ground.  A  BiCMOS  output  stage  enables 
the  output  to  swing  to  ground  while  sinking  current. 

The  OP292/OP492  series  is  unity-gain  stable  and  features  an 
outstanding  combination  of  speed  and  performance  for  single 
or  dual  supply  operation.  The  OP292/OP492  provide  high  slew 
rate,  high  bandwidth,  with  open-loop  gain  exceeding  40,000  and 
offset  voltage  under  800  u-V  (OP292)  and  1  mV  (OP492).  With 
these  combinations  of  features  and  low  supply  current,  the 
OP292/OP492  series  is  an  excellent  choice  for  battery  operated 
applications. 

The  OP292/OP492  series  performance  is  specified  for  single  or 
dual  supply  voltage  operation  over  the  extended  industrial  tem- 
perature range  (-40°C  to  +125°C). 

Package  options  for  the  OP292  and  OP492  include  plastic  DIP, 
SO-8  (OP292)  and  SO-14. 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


8-Lead  Epoxy  DIP 
(P  Suffix) 


outa|T 
-ina[7 
+ina|T 
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OP292  7].v 

r  7]0UTB 

Aj-T|-«b 

I  T|.,NB 


14-Lead  Narrow-Body  SO 
(S  Suffix) 


14-Lead  Epoxy  DIP 
(P  Suffix) 
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ELECTRICAL  CHARACTERISTICS  <@ vs  =  +5 v, vCM  =  ov.v0  = 




+2  V,  T»  =  +25°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 


Min 


Typ 


Max 


Units 




INPUT  CHARACTERISTICS 
Offset  Voltage 
OP292 


OP492 
Input  Bias  Current 


Input  Offset  Current 


Input  Voltage  Range 
Common-Mode  Rejection  Ratio 


Large  Signal  Voltage  Gain 


Offset  Voltage  Drift 
Long  Term  Vos  Drift 
Bias  Current  Drift 


Offset  Current  Drift 


Vos 

h 

los 

CMRR 


AVos/AT 

AVos/At 

AIB/AT 

AIos/AT 


-40°C  s  TA  s  +125°C 

-40°C  <  TA  <  +85°C 
-40°C  s  TA  <  +125°C 

-40°C  <  TA  <  +85°C 
-40°C  <  TA  <  +125°C 

-40°C  r~  TA  «  +85°C 
-40<C  ==  TA  «  +  125°C 


0  V  to  4.0  V 


-40°C  <  TA  <  +  85°C 
-40°C  ==  TA  s  +125°C 
RL  =  lOkfl,  V0  =  0.1  Vto4V 
-40°C  <  TA  <  +  85°C 
-40°C  s  TA  <  +  125°C 
-40°C  ==  TA  £  +  125°C 
Note  1 

-40°C  <  TA  ==  +85°C 
-40°C  =s  TA  s  +125°C 
-40°C  s  TA  <  +  85°C 
-40°C  <  TA  £  +  125°C 


0 
75 
70 
65 
25 


0.1  0.8 

0.3  1.2 

0.5  2.5 

0.1  1 

0.3  1.5 

0.5  2.5 

450  700 

0.75  2.5 

3.0  5.0 

7  50 

100  700 

0.4  1.2 
4.0 

95 
93 
90 
200 


10  100 
5  50 

2  10 

1 

6 

400 

1.5 
2 


mV 
mV 
mV 
mV 
mV 
mV 
nA 
(j,A 
uA 
nA 
nA 
uA 
V 
dB 
dB 
dB 

V/mV 
V/mV 
V/mV 
M.V/-C 
aV/Month 
pA/°C 
pA/°C 
pA/°C 
pA/°C 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
High 


v; 


Lo 


>w 


OUT 


DUT 


RL  =  100  kfl  to  GND 
-40°C  k  TA  =£  +125°C 
RL  =  2  kfl  to  GND 
-40°C  s  TA  <  +125°C 
RL  =  100  kfl  to  v+ 
-40°C  s  TA  s  +  125°C 
R,  =  2  kfi  to  V+ 


4.0 
3.8 
3.7 


Short  Circuit  Current  Limit 


4.3 

4.1 

3.9 

8 

12 

280 

300 

8 


20 
20 
450 
550 


V 
V 
V 

mV 
mV 
mV 
mV 
mA 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 

Supply  Current  Per  Amp 
OP292,  OP492 


PSRR 


Vs  =  4.5  V  to  +30  V,  V0 
-40°C  s  TA  s  +125°C 
V0  =  2V 




2  V 


75  95 
70  90 


dB 
dB 


0.8 


12 


L- 


^  


DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Phase  Margin 
Channel  Separation 


SR 
GBP 

CS 


RL  =  10  kfi 

-40°C  <  TA  <  +125°C 


fG  =  1  kHz 


3 

2 

4 

75 

100 


V/|JLS 

V/us 
MHz 
Degrees 
dB 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


e„  P-P 


0.1  Hz  to  10  Hz 
f  =  1  kHz 


25 
15 
0.7 


uV  p-p_ 
nV/VHz 
pAA/Hz 


NOTES 

'Long  term  offset  voltage  drift  is  guaranteed  by  1000  hours  life  test  performed  on  three  independent  wafer  lots  at  +125°C  with  LTPD  of  1.3. 
Specifications  subject  to  change  without  notice. 
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ELECTRICAL  CHARACTERISTICS  <@  Vs  =  ±15  V,  TA  =  +25°C  unless  otherwise  noted) 


 .  .  


Parameter 

Symbol 

Conditions 

Min 

TyP 

Units 

Max 

INPUT  CHARACTERISTICS 

Offset  Voltage 

Vos 

OP292 

1.0 

2.0 

mV 

- 

OP492 

-40°C  s  TA  ==  +85°C 

1.2 

2.5 

mV 

— 4U  ^  ^  1  ^  -  -r  IZj  ^ 

1  <r 
L.J 

2 
3 

mv 

1.4 

2.5 

mV 

-40°C  s  TA  <  +  85°C 

1.7 

mV 

-40°C  <  T.  <  +  125°C 

2 

3 

mV 

Input  Bias  Current 

375 

700 

nA 

-40°C  s  TA  s  +  125°C 

0.5 

1 

jxA 

Input  Offset  Current 

• 

Aos 

7 

50 

nA 

-40°C  <  TA  i£  +85°C 

20 

100 

nA 

-40°C  =s  TA  ==  +  125°C 

0.4 

1  2 

u.A 

Input  Voltage  Range 

Note  1 

-11 

y 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  ±H  V 

78 

100 

dB 

—  AC\°C  <  T    <  +i?s°r 

tU        —    1  ^  —    TliJ  ^ 

7< 

/  j 

HR 

Large  Signal  Voltage  Gain 

Avo 

RL  =  10kn,  v0  =  ±10  V 

25 

120 

V/mV 

-40°C  <T4<  +85°C 

10 

75 

V/mV 

-40°C  r~  TA  S  +  125°C 

5 

60 

V/mV 

Unset  Voltage  Unit 

\\7  /AT 

A  vos/A  1 

— 4U  *^  —  ^  A      +li->  ^ 

4 

l  n 
1U 

Bias  Current  Drift 

AI„/AT 

-40°C  s  TA  <  +  125°C 

3 

pA/°C 

OUTPUT  CHARACTERISTICS 

Output  Voltage  Swing 

Vo 

RL  =  2  kfl  to  GND 

±11 

±12.2 

V 

-40°C  s  TA  <  +  125°C 

±10 

±11 

V 

KL  —          Kit  tO  OTnU 
—  A(\°C  -<  T          -4-1?  ST1 

±  13. a 
±13.5 

-t-  1  A  1 
±  14.3 

±14.0 

If 
V 

mV 

Short  Circuit  Current  Limit 

Isc 

Short  Circuit  to  GND 

8 

10.5 

mA 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±2.25  V  to  ±15  V 

75 

86 

dB 

-40°C     TA  s  +125°C 

70 

83 

dB 

Supply  Current  Per  Amp 

T 

ISY 

V0  -  U  V 

OP292,  OP492 

1 

1.4 

mA 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Phase  Margin 
Channel  Separation 

SR 
GBP 

CS 

RL  =  10  kO 

— 40  C  s  TA  s  +  125  C 
fD  =  1  kHz 

2.5 
2 

4 

3 

4 

75 

100 

V/u.s 

V/u.s 

MHz 

Degrees 

dB 

NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

e„  P-P 

e„ 

0.1  Hz  to  10  Hz 
f  =  1  kHz 

25 
15 
0.7 

uVp-p 

nV/VHz 

pA/VHz 

NOTES 

'Input  voltage  range  is  guaranteed  by  CMRR  tests. 
Specifications  subject  to  change  without  notice. 
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WAFER  TEST  LIMITS 


)  Vs  =  +5.0  V,  VCM  =  2.5  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

±600 

u.V  max 

Input  Bias  Current 

Ib 

700 

n  A  max 

Input  Offset  Current 

los 

50 

nA  max 

Input  Voltage  Range1 

VCM 

0/4 

V  min/V  max 

Common-Mode  Rejection 

CMRR 

VCM  =  0  V  to  4.0  V 

75 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  =  ±4.5  V  to  ±15  V 

75 

dB  min 

Large  Signal  Voltage  Gain 

Avo 

RL  =  10  kn,  V0  =  0.1  V  to  4  V 

25 

V/mV  min 

Output  Voltage 

Vo 

RL  =  2  kn 

3.8 

V  min 

Supply  Current  per  Amp    OP292,  OP492 

V0  =  0  V,  RL  =  Open 

1.2 

mA  max 

NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot 
'Guaranteed  by  CMR  test. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  

Input  Voltage2  

Differential  Input  Voltage2  

Output  Short-Circuit  Duration  

Storage  Temperature  Range 

P,  S  Package  

Operating  Temperature  Range 

OP292/OP492  P,  S  

Junction  Temperature  Range 

P,  S  Package  

Lead  Temperature  Range  (Soldering,  60  i 


 +33  V 

-15  Vto  +14  V 

 V 

.  UNLIMITED 


.  -65°Cto  +  150°C 
.  -40°Cto  +  125°C 


.  .  -65°Cto  +125°C 
c)  +  300°C 


Package  Type 

e„3 

Units 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

14-Pin  Plastic  DIP  (P) 

83 

39 

°c/w 

8-Pin  SO  (S) 

158 

43 

°c/w 

14-Pin  SO  (S) 

120 

36 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  +36  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

39JA  is  specified  for  the  worst  case  conditions,  i.e.,  9JA  is  specified  for  device  in 
socket  for  P-DIP  package;  6JA  is  specified  for  device  soldered  in  circuit  board 
for  SOIC  package. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

OP292GP 

-40°C  to  +  125°C 

N-8 

OP292GS 

-40°C  to  +  125°C 

SO-8 

OP492GP 

-40°C  to  +  125°C 

N-14 

OP492GS 

-40°C  to  +  125°C 

SO-14 

OP292/492GBC 

+25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
through  sample  lot  assembly  and  testing. 


DICE  CHARACTERISTICS 


OP292  Die  Size  0.040  M  0.057  Inch,  2,280  Sq.  Mils 
Substrate  Connected  to  V+,  Number  of  Transistors: 
Bipolar  47,  MOSFET  5. 


-tNA  OUTA 

2  1 


OUTD  -IND 
14  13 


OP492  Die  Size  0.057  x  0.068  Inch,  3,876  Sq.  Mils 
Substrate  Connected  to  V+,  Number  of  Transistors: 
Bipolar  91,  MOSFET  9. 
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200 
175 
150 


i     i  r 

Vs  =  *5V 
VCM  =  0V 
T.  =  *25°C 
720  OP  AMPS 


-500  -400  -300  -200  -100     0      100     200     300     400  500 
INPUT  OFFSET  VOLTAGE,  Vos  -  „V 

Figure  1.  OP292  Input  Offset  Voltage  Distribution  @  +5  V 


320 
280 
240 
200 


5  16 


I  I 

Vs  =  *15V 
VCB=0V 
Ta  =  *25°C 
720  OP  AMPS 


0       0.2     0.4     0.6     0.8      1.0      1.2      1.4      1.6      1.8  2.0 
INPUT  OFFSET  VOLTAGE,  Vos  -  mV 


?  2.  OP292  Input  Offset  Voltage  Distribution 
@  ±15  V 


160 
140 
120 
100 

Iso 


TA  =  »25°C 
600  OP  AMPS 


!■■■■■■■! 


-0.5  -0.4  -0.3  -0.2  -0.1 


0.1     0.2    0.3    0.4    0.5  0.6 


INPUT  OFFSET  VOLTAGE,  Vos  -  mV 

■ 

Figure  4.  OP492  Input  Offset  Voltage  Distribution  t 


160 


-\ — i — r 

Vs  =  «15V 
VcM=«V 
TA  =  *25°C 
600  OP-AMPS 


1  +5  V 


0       0.2     0.4      0.6     0.8      1.0      1.2      1.4      1.6      1.8  2.0 
INPUT  OFFSET  VOLTAGE,  Vos  -  mV 

Figure  5.  OP492  Input  Offset  Voltage  Distribution 

<S  ±15  V 


Figure  3.  OP292  Temperature  Drift  (TCVos)  Distribution 
@  +5  V 


140 
120 
100 

80 


 1  1  1  

Vg  =  »5V 

VcsOV  — 
-40°C  sTjs  *125"C 
600  OP  AMPS   


_l  tz 


0       0.5      1.0     1.5      2.0      2.5      3.0     3.5     4.0      4.5  5.0 
TCVqs  -  nV/°C 

Figure  6.  OP492  Temperature  Drift  (TCVos)  Distribution 

@+5V 


9-504    OPERATIONAL  AMPLIFIERS 


REV.O 


0P292/0P492 


240 

210 
180 


~l  1  1  

Vs  *  *5V 
VCM  =  0V 

-40°C  »  TA  s  *125°C 
'  600  OP  AMPS 


3  4  5 

TCV0S  -  MV/°C 


Figure  7.  OP292  Temperature  Drift  (TCVos)  Distribution  i 
±15  V 


Figure  10.  OP492  Temperature  Drift  ITCVos)  Distribution 
@  ±15  V 
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Figure  13.  0P292  Supply  Current  per  Amplifier 
vs.  Temperature 


•15V  - 

's  =  *5V 

-50  -25 


25  50  75         100  125 

TEMPERATURE  -  °C 


Figure  16.  OP492  Supply  Current  per  Amplifier 
vs.  Temperature 


1  4 


100  125 


0  25  50  75 

TEMPERATURE  -  °C 


Figure  14.  OP292  Slew-Rate  vs.  Temperature 


Figure  17.  OP492  Slew-Rate  vs.  Temperature 


100k 
FREQUENCY  -  Hz 


Figure  15.  OP292/OP492  Open-Loop  Gain  and  Phase 
vs.  Frequency  @  +5  V 


10k  100k  1M 

FREQUENCY  -  Hz 


Figure  18.  OP292/OP492  Open-Loop  Gain/Phase  vs. 
Frequency  @±15V 
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100k  1M 
FREQUENCY  -  Hz 


Figure  19.  I 
Frequency  @  +5  V 


1O0k 
FREQUENCY  -  Hz 


Figure  22.  OP292/OP492  Cl> 
Frequency  @±15V 


e  vs. 


10k 

FREQUENCY  -  Hz 


Figure  20.  OP292/OP492  CMR  vs.  Frequency  @  +5  V 


I  I  I 

T4  =  25-C 

VS  =  ,15V 

1k  10k 

FREQUENCY  -  Hz 


100k  1M 


Figure  23.  OP292/OP492  CMR  vs.  Frequency  @  ±15  V 


10k  100k 
FREQUENCY  -  Hz 


Figure  21.  OP292/OP492  PSFt  vs.  Frequency  @  +5  V 


1k  10k  100k 

FREQUENCY  -  Hz 


Figure  24.  OP292/OP492  PSR  vs.  Frequency  @  ±15  V 
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-50        -25         0  25         50         75         100  125 


Figure  25.  OP292/OP492  VOUT  Swing  vs.  Temperature 

@  +5  V 


Figure  28.  OP292/OP492  VOUT  Swing  vs.  Temperature 

@  ±15  V 


Figure  26.  OP292/OP492  Input  Bias  Current  vs.  Tempera- 
ture @  +5  V 


TEMPERATURE  -  °C 


Figure  29.  OP292/OP492  Input  Bias  Current  vs.  Tempera- 
ture @  ±15  V 
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Figure  31.  Voltage  Noise  Density 


APPLICATION  INFORMATION 
PHASE  REVERSAL 

The  OP492  has  built-in  protection  against  phase  reversal  when 
the  input  voltage  goes  to  either  supply  rail.  In  fact  it  is  safe  for 
the  input  to  exceed  either  supply  rail  by  up  to  0.6  V  with  no 
risk  of  phase  reversal.  However,  the  input  should  not  go  beyond 
the  positive  supply  rail  by  more  than  0.9  V,  otherwise  the  out- 
put will  reverse  phase.  If  this  condition  can  occur,  the  problem 
can  be  fixed  by  adding  a  5  kfl  current  limiting  resistor  in  series 
with  the  input  pin.  With  this  addition,  the  input  can  go  to  more 
than  5  V  beyond  the  positive  rail  without  phase  reversal. 

An  input  voltage  that  is  as  much  as  5  V  below  the  negative  rail 
will  not  result  in  phase  reversal. 


Figure  32.  Output  Can  Reverse  Phase  If  Input  Exceeds  the 
Positive  Supply  (V+)  by  More  Than  0.9  V 


ov-<V  c 

10V  p-p 


Figure  33.  No  Negative  Rail  Phase  Reversal,  Even  with 
Input  Signal  at  5  V  Below  Ground 


Power  Supply  Considerations 

The  OP292/OP492  are  designed  to  operate  equally  well  at  single 
+5  V  or  ±15  V  supplies.  The  lowest  supply  voltage  recom- 
mended is  4.5  V. 

It  is  a  good  design  practice  to  bypass  the  supply  pins  with  a 
0. 1  u.F  ceramic  capacitor.  It  helps  improve  filtering  of  high  fre- 
quency noise. 

For  dual  supply  operation,  the  negative  supply  (V—)  must  be 
applied  at  the  same  time,  or  before  V+.  If  V+  is  applied  before 
V—,  or  in  the  case  of  a  loss  of  V—  supply,  while  either  input  is 
connected  to  ground  or  other  low  impedance  source,  excessive 
input  current  may  result.  Potentially  damaging  levels  of  input 
current  can  destroy  the  amplifier.  If  this  condition  can  exist, 
simply  add  a  lk  or  larger  resistor  in  series  with  the  input  to 
eliminate  the  problem. 

TYPICAL  APPLICATIONS 

Direct  Access  Arrangement  for  Telephone  Line  Interface 

Figure  34  shows  a  +  5  V-only  transmit/receive  telephone  line 
interface  for  a  modem  circuit.  It  allows  full  duplex  transmission 
of  modem  signals  on  a  transformer-coupled  600  fi  line  in  a  dif- 
ferential manner.  The  transmit  section  gain  can  be  set  for  the 
specific  modem  device  output.  Similarly  the  receive  amplifier 
gain  can  be  appropriately  selected  based  on  the  modem  device 
input  requirements.  The  circuit  operates  on  a  single  +5  V  sup- 
ply. The  standard  value  resistors  allow  the  use  of  a  SIP  pack- 
aged resistor  array;  this,  coupled  with  a  quad  op  amp  in  a  single 
package,  offers  a  compact,  low  pan-count  solution. 

TX  GAIN  ADJUST 


Figure  34.  A  Universal  Direct  Access  Arrangement  for 
Telephone  Line  Interface 
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A  Single  Supply  Instrumentation  Amplifier 

A  low  cost  single  supply  instrumentation  amplifier  can  be  built 
as  shown  in  Figure  35 .  The  circuit  utilizes  two  op  amps  to  form 
a  high  input  impedance  differential  amplifier.  Gain  can  be  set  by 
selecting  resistor  Rg  which  can  be  calculated  using  the  transfer 
function  equation.  Normally,  VREFERENCE  is  set  to  0  V.  Then 
the  output  voltage  is  a  function  of  the  gain  times  the  differential 
input  voltage.  However,  the  output  can  be  offset  by  setting 
Preference  fr°m  0  V  to  4  V,  as  long  as  the  input  common- 
mode  voltage  of  the  amplifier  is  not  exceeded. 


Figure  35.  A  Single  Supply  Instrumentation  Amplifier 

In  this  configuration,  while  the  output  can  swing  to  near  zero 
volts,  one  needs  to  be  careful  because  the  input's  common-mode 
voltage  range  cannot  operate  to  zero  volts.  This  is  because  of  the 
limitation  of  the  circuit  configuration  where  the  first  amplifier 
must  be  able  to  swing  below  ground  in  order  to  attain  a  0  V 
common-mode  voltage,  which  it  cannot  do.  Depending  on  the 
gain  of  the  instrumentation  amplifier,  the  input  common-mode 
extends  to  within  about  0.3  V  of  zero.  One  can  easily  calculate 
the  worst-case  common-mode  limit  for  a  given  gain. 

The  OP292/OP492  are  ideal  for  buffering  the  output  of  single 
supply  D/A  converters.  Figure  36  shows  a  typical  amplifier  used 
to  buffer  the  output  of  a  CMOS  DAC  that  is  connected  for  sin- 
gle supply  operation.  To  do  that,  the  normally  current  output 
12-bit  CMOS  DAC  (R-2R  ladder  type)  is  connected  backward  to 
produce  a  voltage  output.  This  operating  configuration  necessi- 
tates a  low  voltage  reference.  In  this  case,  a  1.235  V  low  power 
reference  is  used.  The  relatively  high  output  impedance  (10k)  is 
buffered  by  the  OP292  and  at  the  same  time  gained  up  to  a 
much  more  usable  level.  The  potentiometer  provides  an  accurate 
gain  trim  for  a  4.095  V  full-scale,  allowing  1  mV  increment  per 
LSB  of  control  resolution. 

The  DAC8043  device  comes  in  an  8-pin  DIP  package  providing 
a  cost-effective,  compact  solution  to  a  12-bit  analog  channel. 


6  6  6 
LD  SRI  clk 


CONTROL 

Figure  36.  A  12-Bit  Single-Supply  DAC  With  Serial  Bus 
Control 

A  50  Hz/60  Hz  Single-Supply  Notch  Filter 

Figure  37  shows  a  notch  filter  that  achieves  nearly  30  dB  of 
60  Hz  rejection  while  powered  by  only  a  single  12  V  supply. 
The  circuit  also  works  well  on  +5  V  systems.  The  filter  utilizes 
a  twin-T  configuration  whose  frequency  selectivity  depends 
heavily  on  the  relative  matching  of  the  capacitors  and  resistors 
in  the  twin-T  section.  Mylar  is  a  good  choice  for  the  twin-T's 
capacitors,  and  the  relative  matching  of  the  capacitors  and  resis- 
tors determines  the  filter's  passband  symmetry.  Using  1%  resis- 
tors and  5%  capacitors  produces  satisfactory  results. 

The  amount  of  rejection  and  the  Q  of  the  filter  is  solely  deter- 
mined by  one  resistor,  and  is  shown  in  the  table.  The  bottom 
amplifier  is  used  to  split  the  supply  to  bias  the  amplifier  to  mid- 
level.  The  circuit  can  be  modified  to  reject  50  Hz  by  simply 
changing  the  resistors  in  the  twin-T  section  (Rl  through  R4) 
from  2.67k  to  3.16k,  and  change  R5  to  1/2  of  3.16k.  For  best 
results,  the  common  value  resistors  can  be  from  a  resistor  array 
for  optimum  matching  characteristics. 


NOTE 

FOR  50Hz  APPLICATION 
CHANGE  R1-R4  TO  3.16kSi 
AND  R5  TO  1.58k  (3.16k£!  .  2) 


FILTER  Q 

RQ  (ku) 

REJECTION  (dB) 

VOLTAGE  GAIN 

0.75 

1.0 

40 

1.33 

1.00 

2.0 

35 

1.50 

1.25 

3.0 

30 

1.60 

2.50 

8.0 

25 

1.80 

5  00 

18 

20 

1.90 

10.00 

38 

15 

1.95 

Figure  37.  A  Single-Supply  50  Hz/60  Hz  Notch  Filter 
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Figure  38.  A  4-Pole  Bessel  Low  Pass  Filter  Using  Sallen- 
Key  Topology 

A  4-Pole  Bessel  Low-Pass  Filter 

The  linear  phase  filter  in  Figure  38  is  designed  to  roll  off  at  a 
voiceband  cutoff  frequency  of  3.6  kHz.  The  4  poles  are  formed 
by  two  cascading  stages  of  two-pole  Sallen-Key  filters. 

A  Low  Cost,  Linearized  Thermistor  Amplifier 

An  inexpensive  thermometer  amplifier  circuit  can  be  imple- 
mented using  low  cost  thermistors.  One  such  implementation  is 
shown  in  Figure  39.  The  circuit  measures  temperature  over  the 
range  of  0°C  to  +70°C  to  an  accuracy  of  ±0.3°C  as  the  lineariza- 
tion circuit  works  well  within  a  narrow  temperature  range. 
However,  it  can  measure  higher  temperature  but  at  a  slightly 
reduced  accuracy.  To  achieve  the  aforementioned  accuracy,  the 
thermistor's  nonlinearity  must  be  corrected.  This  is  done  by 
connecting  the  thermistor  in  parallel  with  the  10k  in  the  feed- 
back loop  of  the  first  stage  amplifier.  A  constant  operating  cur- 
rent of  281  uA  is  supplied  by  the  resistor  Rl  with  the  +5  V 
reference  from  the  REF-195  such  that  the  thermistor's  self- 
heating  error  is  kept  below  0.1°C. 

In  many  cases,  the  thermistor  is  placed  some  distance  from  the 
signal  conditioning  circuit.  Under  this  condition,  a  0.1  uF 
capacitor  placed  across  R2  will  help  to  suppress  noise  pickup. 

This  linearization  network  creates  an  offset  voltage  which  is  cor- 
rected by  summing  a  compensating  current  with  potentiometer 
PI.  The  temperature  dependent  signal  is  amplified  by  the  sec- 
ond stage,  producing  a  transfer  coefficient  of  -10  mV/°C  at  the 
output. 

To  calibrate,  a  precision  decade  box  can  be  used  in  place  of  the 
thermistor.  For  0°C  trim,  the  decade  box  is  set  to  32.650k,  and 
PI  is  adjusted  until  the  circuit's  output  reads  0  V.  To  trim  the 
circuit  at  the  full-scale  temperature  of  70°C,  the  decade  box  is 
then  set  to  1.752k  and  P2  is  adjusted  until  the  circuit  reads 
-0.70  V. 


+  =  ALPHA  THERMISTOR  13A1002-C3 
'  *  0.1%  IMPERIAL  ASTRONICS  M015 
ALL  RESISTORS  ARE  1%,  25  ppm/»C 
EXCEPT  R5  =  1%,  100  ppm/'C 


Figure  39.  A  Low  Cost  Linearized  Thermistor  Amplifier 

A  Single-Supply  Ultrasonic  Clamping/Limiting  Receiver 
Amplifier 

Figure  40  shows  an  ultrasonic  receiver  amplifier  using  the  non- 
linear impedance  of  low  cost  diodes  to  effectively  control  the 
gain  for  wide  dynamic  range.  This  circuit  amplifies  a  40  kHz 
ultrasonic  signal  through  a  pair  of  low  cost  clamping  amplifiers 
before  feeding  a  bandpass  filter  to  extract  a  clean  40  kHz  signal 
for  processing. 

The  signal  is  ac-coupled  into  the  false-ground  bias  node  by  vir- 
tue of  the  capacitive  piezoelectric  sensing  element.  Rather  than 
using  an  amplifier  to  generate  a  supply  splitting  bias,  the  false 
ground  voltage  is  generated  by  a  low  cost  resistive  voltage 
divider. 

Each  amplifier  stage  provides  ac  gain  while  passing  on  the  dc 
self-bias.  As  long  as  the  output  signal  at  each  stage  is  less  than  a 
diode's  forward  voltage,  each  amplifier  has  unrestricted  gain  to 
amplify  low  level  signals.  However,  as  the  signal  strength 
increases,  the  feedback  diodes  begin  to  conduct,  shunting  the 
feedback  current,  and  thus  reducing  the  gain.  Although  distort- 
ing the  waveform,  the  diodes  effectively  maintain  a  relatively 
constant  amplitude  even  with  large  signals  that  otherwise  would 
saturate  the  amplifier.  In  addition,  this  design  is  considerably 
more  stable  than  the  feedback  type  AGC. 

The  overall  circuit  has  a  gain  range  from  -2  to  -400,  where  the 
inversion  comes  from  the  bandpass  filter  stage.  Operating  with  a 
Q  of  5,  the  filter  restores  a  clean,  undistorted  signal  to  the  out- 
put. The  circuit  also  work  well  with  5  V  supply  systems. 
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Figure  40.  A  40  kHz  Ultrasonic  Clamping/Limiting  Receiver 
Amplifier 

Precision  Single-Supply  Voltage  Comparator 

The  OP292/OP492  have  excellent  overload  recovery  characteris- 
tics, making  them  suitable  for  precision  comparator  applications. 
Figure  41  shows  the  saturation  recovery  characteristics  of  the 
OP492.  The  amplifier  exhibits  very  little  propagation  delay.  The 
amplifier  compares  a  signal  precisely  to  less  than  0.5  mV  offset 


Figure  41.  The  OP492  Has  Fast  Overload  Recovery  for 
Comparator  Applications 

Programmable  Precision  Window  Comparator 

The  OP292/OP492  can  be  used  for  precise  level  detection  such 
as  in  test  equipment  where  a  signal  is  measured  within  a  range. 
Figure  42  shows  such  an  implementation.  The  threshold  voltage 
level  is  set  by  a  pair  of  12-bit  D/A  converters.  The  DACs  have 
serial  interface  thus  minimizing  interconnection  requirements. 
The  DAC8512  has  a  control  resolution  of  1  mV/bit.  Thus  for 
5  V  supply  operation,  maximum  DAC  output  is  4.095  V.  How- 
ever, the  OP292  will  accept  a  maximum  input  of  4.0  V. 


X>DET  [Z 

'  -n 


CLK  O 


SDI  O 


7} 


Figure  42.  Programmable  Window  Comparator  with  12-Bit 
Threshold  Level  Control 


■ 

i 


9-572   OPERATIONAL  AMPLIFIERS 


REV.  0 


*  OP292  SPICE  Macro-model  Rev.  A,  6/93 

*  ARG / PMI 
* 

*  Copyright  1993  by  Analog  Devices 


*  Refer  to  "README.DOC"  file  for  License  Statement.  Use 

*  this  model  indicates  your  acceptance  of  the  terms  and  pro- 

*  visions  in  the  License  Statement. 


of 


*  Node  assignments 


poninverting  input 
inverting  input 

positive  supply 
negative  supply 
output 


.SUBCKT  OP292     2    1     99  50  34 
* 

*  INPUT  STAGE  AND  POLE  AT  40  MHz 


* 

u 

99 

4 

50E-6 

IOS 

2 

1 

10E-9 

EOS 

2 

3 

POLY(l)  (21,30)  1.5E-3  75 

CIN 

1 

2 

3E-12 

Ql 

5 

1 

7  QP 

Q2 

6 

3 

8  QP 

R3 

5 

50 

2E3 

R4 

6 

50 

2E3 

R5 

4 

7 

966 

R6 

4 

8 

966 

CI 

5 

6 

.995E-12 

# 

*  GAIN 
* 

STAGE 

EREF 

98 

0 

(30,0)  1 

Gl 

98 

9 

(5,6)  500E-6 

R7 

9 

98 

210.819E3 

Dl 

9 

10 

DX 

D2 

11 

9 

DX 

VI 

99 

10 

.6 

V2 

11 

50 

.6 

*  ZERO/POLE  AT  6  MHz/12  MHz 

* 

El 

12 

98 

(9,30)  2 

R8 

12 

13 

1 

R9 

13 

98 

1 

C3 

* 

12 

13 

26.526E-9 

*  ZERO  AT  15  MHz 

* 

E2 

14 

98 

(13,30)  1E6 

RIO 

14 

15 

1E6 

Rll 

15 

98 

1 

C4 

14 

15 

10.610E-15 

■ 


COMMON  MODE  STAGE  WITH  ZERO  AT  40  kHz 


ECM  20  98  POLY(2)  (1,30)   (2,30)   0   0.5  0.5 

R20  20  21  1E6 

R21  21  98  1 

C5  20  21  3.979E-12 
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*  POLE  AT  100  MHz 


G2 

98 

16 

(15,30)  1 

R12 

16 

98 

1 

C6 

16 

98 

1.592E-9 

* 

*  OUTPUT  STAGE 

* 

RSI 

99 

30 

1E6 

RS2 

30 

50 

1E6 

ISY 

99 

50 

.44E-3 

G3 

31 

50 

POLY(l)  (16,30) 

-1.635E-6  4E-6 

R16 

31 

50 

1E6 

DCL 

50 

31 

DZ 

12 

99 

32 

250E-6 

RCL 

33 

50 

56 

Ml 

32 

31 

50       50       MN  L=9E-6  W=  1000E-6  AD=  15E-9  AS=  15E-9 

M2 

34 

31 

50       50  M 

N  L=9E-6  W=1000E-6  AD=15E-9  AS=15E-9 

CC 

31 

32 

14E-12 

Q3 

99 

32 

34  QNA 

04 

33 

32 

34  QPA 

Q5 

31 

33 

50  QNA 

.MODEL  QNA  NPN(IS=  1.19E-16  BF=253  NF=0.99  VAF=193  IKF=2.76E-3 

+  ISE=2.57E-13  NE=5  BR=0.4  NR=0.988  VAR=15  IKR=1.465E-4 

+  ISC=6.9E-16  NC=0.99  RB=2.0E3  IRB=7.73E-6  RBM=  132.8  RE=4  RC=209 


+  CJE=2.1E-13  VJE=0.573  M]E=0.364  FC=0.5  CJC=1.64E-13  VJC=0.534  MJC=0.5 
+  CJS=1.37E-12  VJS=0.59  MJS=0.5  TF=0.43E-9  PTF=30) 
.MODEL  QPA  PNP(IS=5.21E-17  BF=131  NF=0.99  VAF=62  IKF=8.35E-4 
+  ISE=1.09E-14  NE=2.61  BR=0.5  NR=0.984  VAR=15  IKR=3.%E-5 
+  ISC=7.58E-16  NC=0.985  RB=1.52E3  IRB=1.67E-5  RBM=368.5  RE=6.31  RC=354.4 
+  CJE=1.1E-13  VJE=0.745  MJE=0.33  FC=0.5  CJC=2.37E-13  VJC=0.762  MJC=0.4 
+  CJS=7.11E-13  VJS=0.45  MJS=0.412  TF=1.0E-9  PTF=30) 
.MODEL  MN  NMOS(LEVEL=3  VTO=1.3  RS=0.3  RD=0.3 

+  TOX=8.5E-8  LD=1.48E-6  WD=lE-6  NSUB=1.53E16  UO=650  DELTA=10  VMAX=2E5 
+  XJ=1.75E-6  KAPPA=0.8  ETA=0.066  THETA=0.01  TPG=1  CJ=2.9E-4  PB=0.837 
+  MJ=0.407  CJSW=0.5E-9  MJSW=0.33) 
.MODELQPPNP(BF=61.5) 
.MODEL  DX  D 
.MODEL  DZ  D(BV=3.6) 
.ENDS  OP292 
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noninverting  input 
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*  putput 
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■ 


11 

99  4 

50E-6 

IOS 

2  1 

10E-9 

EOS 

2  3 

POLY(l)  (21,30)  1-5E-3  75 

CIN 

1  2 

3E-12 

Ql 

5  1 

7  QP 

Q2 

6  3 

8  QP 

R3 

5  50 

2E3 

R4 

6  50 

2E3 

R5 

4  7 

966 

R6 

4  8 

966 

CI 
* 

5  6 

.995E-12 

*  GAIN 
* 

STAGE 

EREF 

98  0 

(30,0)  1 

Gl 

98  9 

(5,6)  500E-6 

R7 

9  98 

210.819E3 

Dl 

9  10 

DX 

D2 

11  9 

DX 

VI 

99  10 

.6 

V2 

* 

11  50 

.6 

*  ZERO/POLE  AT  6  MHz/12  MHz 

* 

El 

12  98 

(9,30)  2 

R8 

12  13 

1 

R9 

13  98 

1 

C3 

* 

12  13 

26.526E-9 

*  ZERO  AT  15  MHz 

* 

E2 

14  98 

(13,30)  1E6 

RIO 

14  15 

1E6 

Rll 

15  98 

1 

C4 

* 

14  15 

10.610E-15 

*  COMMON  MODE  STAGE  WITH  ZERO  Al 

* 

ECM 

20  98 

POLY(2)     (1,30)  (2,30) 

R20 

20  21 

1E6 

R21 

21  98 

1 

C5 

20  21 

3.979E-12 

0.5  0.5 
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*  POLE  AT  100  MHz 


G2 

98 

16 

(15,30) 

R12 

16 

98 

1 

C6 

* 

16 

98 

1.592E-9 

*  OUTPUT  STAGE 

* 

RSI 

99 

30 

1E6 

TJ  CI 

R5>2 

30 

50 

1E6 

ISY 

99 

50 

.44E-3 

Kj5 

31 

50 

rULY(l) 

KlO 

3  1 

il 

50 

lb6 

*ft 

31 
Dl 

UL 

12 

99 

32 

250E-6 

RCL 

33 

50 

56 

Ml 

32 

31 

50  50 

M2 

34 

31 

50  50 

CC 

31 

32 

14E-12 

Q3 

99 

32 

34QNA 

04 

33 

32 

34QPA 

Q5 

31 

33 

50QNA 

I 


(16,30)     -1.635E-6  4E-6 


MN 
MN 


L=9E-6 
L=9E-6 


W=1000E-6 
W=1000E-6 


AD=15E-9 
AD=15E-9 


AS=15E-9 
AS=15E-9 


.MODEL  QNA  NPN(IS  =  1.19E-16  BF=253  NF=0.99  VAF=193  IKF=2.76E-3 

+  ISE=2.57E-13  NE=5  BR=0.4  NR=0.988  VAR=15  IKR=1.465E-4 

+  ISC=6.9E-16  NC=0.99  RB=2.0E3  IRB=7.73E-6  RBM=  132.8  RE=4  RC=209 

+  CJE=2.1E-13  VJE=0.573  MJE=0.364  FC=0.5  CJC=1.64E-13  VJC=0.534  MJC=0.5 

+  CJS=1.37E-12  VJS=0.59  MJS=0.5  TF=0.43E-9  PTF=30) 

.MODEL  QPA  PNP(IS=5.21E-17  BF=131  NF=0.99  VAF=62  IKF=8.35E-4 

+  ISE=1.09E-14  NE=2.61  BR=0.5  NR=0.984  VAR=15  IKR=3.96E-5 

+  IS07.58E-16  NC=0.985  RB=1.52E3  IRB=1.67E-5  RBM=368.5  RE=6.31  RC=354.4 

+  CJE=1.1E-13  VJE=0.745  MJE=0.33  FC=0.5  CJC=2.37E-13  VJC=0.762  MJC=0.4 

+  CJS=7.11E-13  VJS=0.45  MJS=0.412  TF=1.0E-9  PTF=30) 

.MODEL  MN  NMOS(LEVEL=3  VTO=1.3  RS=0.3  RD=0.3 

+  TOX=8.5E-8  LD=1.48E-6  WD=lE-6  NSUB=1.53E16  UO=650  DELTA=10  VMAX=2E5 
+  XJ=1.75E-6  KAPPA=0.8  ETA=0.066  THETA=0.01  TPG=1  CJ=2.9E-4  PB=0.837 
+  MJ=0.407  CJSW=0.5E-9  MJSW=0.33) 
.MODEL  QP  PNP(BF=61.5) 
MODEL  DX  D 
.MODEL  DZ  D(BV=3.6) 
.ENDS  OP492 
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DEVICES 


Dual/Quad  Rail-to-Rail 
Operational  Amplifiers 


0P295/0P495 


FEATURES 

Rail-to-Rail  Output  Swing 
Single-Supply  Operation:  +3  V  to  36  V 
Low  Offset  Voltage:  300  \x.V 
Gain  Bandwidth  Product:  75  kHz 
High  Open-Loop  Gain:  1000  V/mV 
Unity-Gain  Stable 

Low  Supply  Current/Per  Amplifier:  150  uA  max 
APPLICATIONS 

Battery  Operated  Instrumentation 
Servo  Amplifiers 
Actuator  Drives 
Sensor  Conditioners 
Power  Supply  Control 


I  "f  "  I 


PIN  CONNECTIONS 


8-Lead  Narrow-Body  SO 
(S  Suffix) 


8-Lead  Epoxy  DIP 
(P  Suffix) 


OUTA  [T  • 

-IN  A  [~2~ 

t=  O! 
+  IN  A  |3 

v-[T 


14-Lead  Epoxy  DIP 
(P  Suffix) 


16-Lead  SOL  (300  Mil) 
(S  Suffix) 


GENERAL  DESCRIPTION 

Rail-to-rail  output  swing  combined  with  dc  accuracy  are  the  key 
features  of  the  OP-495  quad  and  OP-295  dual  CBCMOS  opera- 
tional amplifiers.  By  using  a  bipolar  front  end,  lower  noise  and 
higher  accuracy  than  CMOS  designs  have  been  achieved.  Both 
input  and  output  ranges  include  the  negative  supply  providing 
the  user  "zero-in/zero-out"  capability.  For  users  of  3.3  volt  sys- 
tems such  as  lithium  batteries,  the  OP-295/OP-495  is  specified 
for  three  volt  operation. 

Maximum  offset  voltage  is  specified  at  300  p.V  for  +5  volt  oper- 
ation, and  the  open-loop  gain  is  a  minimum  of  1000  V/mV, 
giving  the  user  performance  that  can  be  used  to  implement  high 
accuracy  systems  even  in  single  supply  designs. 

The  ability  to  swing  rail-to-rail  and  supply  ±  15  mA  to  the  load 
makes  the  OP-295/OP-495  an  ideal  driver  for  power  transistors 
and  "H"  bridges.  This  allows  designs  to  achieve  higher  efficien- 
cies and  to  transfer  more  power  to  the  load  than  previously  pos- 
sible without  the  use  of  discrete  components.  For  applications 
that  require  driving  inductive  loads,  such  as  transformers, 
increases  in  efficiency  are  also  possible.  Stability  while  driving 
capacitive  loads  is  another  benefit  of  this  design  over  CMOS 


T5]  OUTD 

i?1  -in  o 

Ti]  tIN  D 

13]  v- 

12]  *INC 

iTJ  -INC 

10]  OUTC 

T|  NC 


NC  =  NO  CONNECT 


rail-to-rail  amplifiers.  This  is  useful  for  driving  coax  cable  or 
large  FET  transistors.  The  OP-295/OP-495  is  stable  with  loads 
in  excess  of  300  pF. 

The  OP-295  and  OP-495  are  specified  over  the  extended  indus- 
trial (-40°C  to  +  125°C)  temperature  range.  OP-295s  are  avail- 
able in  8-pin  plastic  and  ceramic  DIP  plus  SO-8  surface  mount 
packages.  OP-495s  are  available  in  14-pin  plastic  and  SOL-16 
surface  mount  packages.  Contact  your  local  sales  office  for  MIL- 
1  sheet. 
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\  =  +5.0  V,  VCM  =  2.5  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 


Symbol 


Min  Typ 


Max 


Units 


INPUT  CHARACTERISTICS 
Offset  Voltage 
Offset  Voltage 
Input  Bias  Current 
Input  Bias  Current 
Input  Offset  Current 
Input  Offset  Current 
Input  Voltage  Range 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 
Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 


Vos 

Vos 

Ib 

Ib 

Ios 

Ios 

Vcm 

CMR 

Avo 
Avo 

AVos/AT 


-40°C  s  TA  £  +  125°C 

-40°C  £  TA  £  +  125°C 

-40°Cs  TA  £  +125°C 

0V<  VCM  £  4.0  V,  -40°C  £  TA  £  +125°C 
RL  =  10  kfl,  0.005  £  VOUT  £  4.0  V 
RL  =  10  kfl,  -40°C  s  TA  £  +  125°C 


0 

90 

1000 

500 


30 


110 
10,000 


300 

800 

20 

30 

±3 

±5 

+4.0 


u-V 

M-V 

nA 

nA 

nA 

nA 

V 

dB 

V/mV 
V/mV 

u.v/°c 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  High 
Output  Voltage  Swing  High 
Output  Voltage  Swing  Low 
Output  Voltage  Swing  High 
Output  Voltage  Swing  Low 
Output  Voltage  Swing  Low 
Output  Current 


Voh 
VOH 
VOL 
VOH 
Vol 
Vol 

IoUT 


RL  =  100  kfl  to  GND 

RL  =  10  kfl  to  GND 

lour  =  1  mA,  -40^  £  TA  £  +  125°C 

IOUT  =  1  mA,  -40°C  £  TA  £  +125°C 

RL  =  100  kfl  to  GND 

R,  =  10  kfl  to  GND 


4.98 
4.90 


4.5 


5.0 
4.94 


0.7 
0.7 
±18 


0.11 


V 

V. 

v 

mV 
mV 
mA 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 
Power  Supply  Rejection  Ratio 

Supply  Current  Per  Amplifier 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Phase  Margin 


PSRR 
PSRR 


±1.5  V  £  Vs  s  ±15  V 
±1.5  Vs  Vs£  ±15  V, 
-40°C  s  TA  £  +  125<C 

VOUT  =  2.5  V,RL  =  »,  -40°C  £  TA  £  +  125°C 


90 

85 


110 


150 


dB 

dB 

M-A 


SR 
GBP 


R,  =  10  kfl 


0.03 

75 

86 


V/u.s 
kHz 
Degrees 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 


0.1  Hz  to  10  Hz 
f  =  1  kHz 
f  =  1  kHz 


1.5 
51 
0.6 


Specifications  subject  to  change  without  notice. 

ELECTRICAL  CHARACTERISTICS 


M-V  p-p_ 
nV/VHz 
PA/VH2 


Parameter 

Symbol 

Conditions 

.  

Min         Typ  Max 

■  

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

Vos 

.  m 

,v 

Input  Bias  Current 
Input  Offset  Current 
Input  Voltage  Range 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 

Ib 

Ios 

■ 

8  20 
1  ±3 

nA 
nA 

Vcm 
CMR 

Avo 

AVos/AT 

0  V  s  Vcm  s  2.0  V,  -40°C  s  TA  s  +125°C 
RL  =  10  kfl 

0  +2.0 
90  110 
750 

1 

dB 

V/mV 
„V/=C 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  High 
Output  Voltage  Swing  Low 

VOH 
Vol 

RL  =  10  kfl  to  GND 
RL  =  10  k«  to  GND 

2.9 

0.7  2 



V 

mV 

POWER  SUPPLY 
Power  Supply  Rejection  Ratio 
Power  Supply  Rejection  Ratio 

■ 

Supply  Current  Per  Amplifier 

PSRR 
PSRR 

Isv 

±1.5  V  s  Vs  s  ±15  V 
±1.5  V<VS<  ±15  V, 
-40°CsTAs  +125°C 

Votrr  =  L5  V,  RL  =  oo,  -40X  £  TA  s  +125°C 

90  110 
85 

150 

dB 

dB 
41A 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 

SR 
GBP 

RL  =  10  kfl 

0.03 
75 

V/(is 
kHz 

Phase  Margin 

e« 

85 

Degrees 

NOISE  PERFORMANCE 

triuoM       *rn>t;cO  7; 

Voltage  Noise 

Voltage  Noise  Density 

Current  Noise  Density 
 1 

en  p-p 

e„ 

In 

0.1  Hz  »  10  Hz 
f-  1kHz 

1.6 
0  6 

H-V  p-p 

nV/VHz 

pA/VHz 
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INPUT  CHARACTERISTICS 
Offset  Voltage 
Offset  Voltage 
Input  Bias  Current 
Input  Bias  Current 
Input  Offset  Current 
Input  Offset  Current 
Input  Voltage  Range 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 
Offset  Voltage  Drift 


Vos 
Vos 

h 

h 
Ios 

VCM 

CMR 

Ayo 

AVos/AT 


-40°C  s  TA  £  +  I25°C 
Vcm  =  0V 

VCM  =  0  V,  -40°C  s  TA  s  +  125°C 
VCM  =  0  V 

Vcm  =  0  V,  -40°C  s  TA  s  +  125°C 

-15.0  V<Va,<  +13.5  V,  -40°C  <Ti<  +125°C 
R,  =  10  kfi 


300 


-15 

90 

1000 


500 
800 
20 
30 

±3 
±5- 
+  13.! 


110 

4000 

1 


M-V 

u.V 

nA 

nA 

nA 

nA 

V 

dB 

V/mV 
uV/°C 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  High 
Output  Voltage  Swing  High 
Output  Voltage  Swing  Low 
Output  Voltage  Swing  Low 
Output  Current 


VOH 
VOH 
VOL 
Vol 
Iqut 


RL  =  100  kfi  to  GND 
RL  =  10  kfi  to  GND 
RL  =  100  kfi  to  GND 
RL  =  10  kfi  to  GND 


14.95 
14.80 


-14.95 
-14.85 


±25 


V 
V 
V 
V 

mA 


POWER  SUPPLY 
Power  Supply  Rejection  Ratio 
Power  Supply  Rejection  Ratio 


PSRR 
PSRR 

Iry 


Vs  =  ±1.5  V  to  ±15  V 

Vs  =  ±1.5  V  to  ±15  V,  -40°C  s  TA  s  +125°C 
VQ  =  0  V,  RL  =  oo,  Vs  =  ±18  V, 
-40°C  ==  T.  £  +125°C 


90  no 


Supply  Voltage  Range 


+3  (±15) 


175 

+  36  (±18) 


dB 
dB 

uA 
V 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Phase  Margin 


SR 
GBP 


10  kfi 


0.03 

85 

83 


V/(j.s 
kHz 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

 tr 

Specifications  subject  to  change  wii 


0.1  Hz  to  10  Hz 
f  =  1  kHz 
f  =  1  kHz 




1.25 

45 

0.6 


uVp-p_ 
nV/VHz 
pA/VHz 


WAFER  TEST  LIMITS  (@  Vs  =  +5.0  V,  VCM  =  2.5  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 
Input  Bias  Current 
Input  Offset  Current 
Input  Voltage  Range1 

Vos 

IB 

Ios 

VCM 

300 
20 

±2 

0  to  +4 

|j.V  max 
nA  max 
nA  max 
V  min 

Common-Mode  Rejection 
Power  Supply  Rejection  Ratio 
Large  Signal  Voltage  Gain 

CMRR 
PSRR 

Avo 

0  V  <  VCM  <  4  V 
±1.5  V  <  Vs  s  ±15  V 
RL  =  10  kfl 

90 
90 
1000 

dB  min 

U.V/V 
V/mV  min 

Output  Voltage  Swing  High 
Supply  Current  Per  Amplifier 

VOH 
IsY 

RL  =  10  kO 

Vout  =  2-5  V,  RL  =  00 

4.9 
150 

V  min 
uAmax 

NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 
'Guaranteed  by  CMR  test. 

ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP295GP 
OP295GS 
OP295GBC 

-40°C  to  +125"C 
-40°C  to  +125°C 
+25°C 

8-Pin  Plastic  DIP 
8-Pin  SOIC 
DICE 

N-8 
SO-8 

Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP495GP 

-40X  to  +125°C 

14-Pin  Plastic  DIP 

N-14 

OP495GS 

-40°C  to  +125°C 

16-Pin  SOL 

R-16 

OP495GBC 

+25°C 

DICE 

^  

*For  outline  information  see  Package  Information  section. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Input  Voltage2   i  

Differential  Input  Voltage2  

Output  Short-Circuit  Duration  .  

Storage  Temperature  Range 

P,  S  Package  

Operating  Temperature  Range 

OP-295G,  OP-495G   

Junction  Temperature  Range 

P,  S  Package  

Lead  Temperature  Range  (Soldering,  60  Sec)  . 

OUT  a  v+ 


.  .  ±18  V 
.  .  ±18  V 

 36  V 

Indefinite 


-65°Cto  +150°C 

-40°Cto  +  125°C 

-65°Cto  +150°C 
 +300°C 


Package  Type 

8jc 

Units 

8-Pin  Plastic  DIP  (P) 
8-Pin  SOIC  (S) 
14-Pin  Plastic  DIP  (P) 
16-Pin  SOL  (S) 

103 

43 
43 
39 

°C/W 

°c/w 
°c/w 

158 
83 

98 

30 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±  18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

39JA  is  specified  for  the  worst  case  conditions,  i.e.,  6JA  is  specified  for  device 
in  socket  for  cerdip,  P-DIP,  and  LCC  packages;  8JA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 


DICE  CHARACTERISTICS 


TRIM 
LASER 


IN  A  OUT  A      OUTD  -IN  D 


OP-295  Die  Size  0.066  x  0.080  inch,  5,280  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  74. 


OP-495  Die  Size  0.113  x  0.083  inch,  9,380  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  196. 


Typical  Characteristics— 0P295/0P495 


0  25  50 

TEMPERATURE  - BC 


5  15.2 

2 

I  15.0 

e 

|  14.8 

£  14.6 

6  14.4 
°  14.2 


-14.4 
-14.6 
-14.8 


I 

2  -15.0 
O  -15.2 


RL  =  10k 


RL  =  100k 


Supply  Current  Per  Amplifier  vs.  Temperature 


TEMPERATURE -'C 

Output  Voltage  Swing  vs.  Temperature 
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Characteristics 


VS  =  *3V 

RL  =  100k 

RL  =  10k 

RL  =  2k 

0  25  50  75  100 

TEMPERATURE  -  °C 


i  1 
I 


Vs  =  t5V 

RL  =  100k 

"RL  =  10k- 

RL  =2k 

0  25  50 

TEMPERATURE  -  °C 


Output  Voltage  Swing  vs.  Temperature  Output  Voltage  Swing  vs.  Temperature 


— I  1  1  1 — 

BASED  ON  600  OP  AMPS 


= 


=  »5V 
=  *25°C  " 


200 
175 
150 
125 
I  100 
75 
50 
25 
0 

-250  -200  -150  -100    -50      0       50      100     150    200  250 
INPUT  OFFSET  VOLTAGE  -  nV 

OP-295  Input  Offset  (Vos)  Distribution 

r 


200 
175 
150 
125 
100 


» 


BASED  ON  600  OP  AMPS 


0.4       0.8        1.2        1.6        2.0       2.4        2.8  3.2 
Tc-Vos-^WC 

OP-295  Tc-Vos  Distribution 


450 
400 
350 
300 
250 
200 
150 
100 


BASE 

DON  Jj 

I 

00  OP  AMPS 

1 

V.  =  +5V 

.. 

TA  = 

25X 

-100      -50        0         50        100       150       200       250  300 
INPUT  OFFSET  VOLTAGE  -  |*V 

OP-495  Input  Offset  (Vos)  Distribution 

- 


OP-495  rr-V„o  Distribution 


■ 


a  ■ 
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0  25  50 

TEMPERATURE  -  "C 


Input  Bias  Current  vs.  Temperature 


40 

35 

i 

5  20 


SOURCE 

15V 

SOURCE 

SINK 

Vs  =  *5V 

TEMPERATURE -  C 


Output  Current  vs.  Temperature 

■ 

■ 


75  100 


■ 


lOOmV 


>  10mV 


-50  -25  0  25  50  75  100 

TEMPERATURE  - °C 

Open-Loop  Gain  vs.  Temperature 


§ 
-/ 

I  ' 

o 


 1 

\ 
\ 



S  =  *5V 
0  =  *4V 



^  Bl 

=  100k 

»^^RL  =  10k 

=  2k 

TEMPERATURE  -  "C 

Open-Loop  Gain  vs.  Temperature 


SUUHUt  . 

Vs  =  +5V 

:  T.  =  - 

SINK 

IOQuV 

luA  10mA 

LOAD  CURRENT 


i 


10mA 


Output  Voltage  to  Supply  Rail  vs.  Sink  and  Source  Load  Current 


■ 

I 

■ 


rva  frfV*.  lOMm 
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APPLICATIONS 

Rail-to-Rail  Applications  Information 

The  OP-295/OP-495  has  a  wide  common-mode  input  range 
extending  from  ground  to  within  about  800  mV  of  the  positive 
supply.  There  is  a  tendency  to  use  the  OP-295/OP-495  in  buffer 
applications  where  the  input  voltage  could  exceed  the  common- 
mode  input  range.  This  may  initially  appear  to  work  because  of 
the  high  input  range  and  rail-to-rail  output  range.  But  above  the 
common-mode  input  range  the  amplifier  is,  of  course,  highly 
nonlinear.  For  this  reason  it  is  always  required  that  there  be 
some  minimal  amount  of  gain  when  rail-to-rail  output  swing  is 
desired.  Based  on  the  input  common-mode  range  this  gain 
should  be  at  least  1.2. 


Low  Drop-Out  Reference 

The  OP-295/OP-495  can  be  used  to  gain  up  a  2.5  V  or  other  low 
voltage  reference  to  4.5  volts  for  use  with  high  resolution  A/D 
converters  that  operate  from  +  5  volt  only  supplies.  The  circuit 
in  Figure  1  will  supply  up  to  10  mA.  Its  no-load  drop-out  volt- 
age is  only  20  mV.  This  circuit  will  supply  over  3.5  mA  with  a 
+  5  volt  j 


Figure  7.  4.5  Volt,  Low  Drop-Out  Reference 

Low  Noise,  Single  Supply  Preamplifier 

Most  single  supply  op  amps  are  designed  to  draw  low  supply 
current,  at  the  expense  of  having  higher  voltage  noise.  This 
tradeoff  may  be  necessary  because  the  system  must  be  powered 
by  a  battery.  However,  this  condition  is  worsened  because  all 
circuit  resistances  tend  to  be  higher,  as  a  result,  in  addition  to 
the  op  amp's  voltage  noise,  Johnson  noise  (resistor  thermal 
noise)  is  also  a  significant  contributor  to  the  total  noise  of  the 
system. 

The  choice  of  monolithic  op  amps  that  combine  the  characteris- 
tics of  low  noise  and  single  supply  operation  is  rather  limited. 
Most  single  supply  op  amps  have  noise  on  the  order  of 
30  to  60  nV/\/Hz  and  single  supply  amplifiers  with  noise  below 
5.  nV/\/Hz  do  not  exist. 

In  order  to  achieve  both  low  noise  and  low  supply  voltage  opera- 
tion, discrete  designs  may  provide  the  best  solution.  The  circuit 
on  Figure  2  uses  the  OP-295/OP-495  rail-to-rail  amplifier  and  a 
matched  PNP  transistor  pair  -  the  MAT03  -  to  achieve  zero-in/ 
zero-out  single  supply  operation  with  an  input  voltage  noise  of 
3.1  nV/VHz  at  100  Hz.  R5  and  R6  set  the  gain  of  1000,  making 
this  circuit  ideal  for  maximizing  dynamic  range  when  amplifying 
low  level  signals  in  single  supply  applications.  The  OP-295/ 
OP-495  provides  rail-to-rail  output  swings  allowing  this  circuit 
to  operate  with  0  to  5  volt  outputs.  Only  half  of  the  OP-295/ 
OP-495  is  used  leaving  the  other  uncommitted  op  amp  for  use 
elsewhere. 


Figure  2.  Low  Noise  Single  Supply  Preamplifier 

The  input  noise  is  controlled  by  the  MAT-03  transistor  pair  and 
its  collector  current  level.  Increasing  the  collector  current 
reduces  the  voltage  noise.  This  particular  circuit  was  tested  with 
1.85  mA  and  0.5  mA  of  current.  Under  these  two  cases,  the 
input  voltage  noise  was  3.1  nV/\/Hz  and  10  nV/VHz,  respec- 
tively. The  high  collector  currents  do  lead  to  a  tradeoff  in  sup- 
ply current,  bias  current,  and  current  noise.  All  of  these 
parameters  will  increase  with  increasing  collector  current.  For 
example,  typically  the  MAT-03  has  an  hFE  =  165.  This  leads  to 
bias  currents  of  1 1  uA  and  3  ^A,  respectively.  Based  on  high 
bias  currents,  this  circuit  is  best  suited  for  applications  with  low 
source  impedance  such  as  magnetic  pickups  or  low  impedance 
strain  gauges.  Furthermore,  a  high  source  impedance  will 
degrade  the  noise  performance.  For  example,  a  1  kfi  resistor 
generates  4  nV/\/Hz  of  broad  band  noise,  which  is  already 
greater  than  the  preamp. 

The  collector  current  is  set  by  Rl  in  combination  with  the  LED 
and  Q2.  The  LED  is  a  1.6  V  "Zener"  that  has  temperature 
coefficient  close  to  that  of  Q2's  base-emitter  junction,  which 
provides  a  constant  1.0  V  drop  across  Rl.  With  Rl  equal  to 
270  ft,  the  tail  current  is  3.7  mA,  and  the  collector  current  is 
half  that  or  1.85  mA.  The  value  of  Rl  can  be  altered  to  adjust 
the  collector  current.  Whenever  Rl  is  changed,  R3  and  R4 
should  also  be  adjusted.  To  maintain  a  common-mode  input 
range  that  includes  ground,  the  collectors  of  the  Ql  and  Q2 
should  not  go  above  0.5  V,  otherwise  they  could  saturate.  Thus, 
R3  and  R4  have  to  be  small  enough  to  prevent  this  condition. 
Their  values  and  the  overall  performance  for  two  different  val- 
ues of  Rl  are  summarized  in  Table  I.  Lastly,  the  potentiometer, 
R8,  is  needed  to  adjust  the  offset  voltage  to  null  it  to  zero.  Simi- 
lar performance  can  be  obtained  using  an  OP-90  as  the  output 
amplifier  with  a  savings  of  about  185  u.A  of  supply  current. 
However,  the  output  swing  will  not  include  the  positive  rail, 
and  the  bandwidth  will  reduce  to  approximately  250  Hz. 
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Table  I.  Single  Supply  Low  Noise  Preamp  Performance 


Ic  =  1.85  mA 

Ic  =  0.5  mA 

D  1 

z/v  a 

1.0  kil 

R3,  R4 

200  !! 

910  !1 

e„  (ii  100  Hz 

3.15  nV/\  Hz 

8.6  nV/v  Hz 

e„  W  10  Hz 

4.2  nV/\  Hz 

10.2  nV/\  Hz 

Isv 

4.0  mA 

1.3  mA 

Ib 

11  uA 

3  u.A 

Bandwidth 

1  kHz 

1  kHz 

Closed-Loop  Gain 

1000 

1000 

Driving  Heavy  Loads 

The  OP-295/OP-495  is  well  suited  to  drive  loads  by  using  a 
power  transistor,  Darlington  or  FET  to  increase  the  current  to 
the  load.  The  ability  to  swing  to  either  rail  can  assure  that  the 
device  is  turned  on  hard.  This  results  in  more  power  to  the  load 
and  an  increase  in  efficiency  over  using  standard  op  amps  with 
their  limited  outpHt  swing.  Driving  power  FETs  is  also  possible 
with  the  OP-295/OP-495  because  of  its  ability  to  drive  capacitive 
loads  of  several  hundred  picofarads  without  oscillating. 

Without  the  addition  of  external  transistors  the  OP-295/OP-495 
can  drive  loads  in  excess  of  i  15  mA  with  S  15  or  30  volt  sup- 
plies. This  drive  capability  is  somewhat  decreased  at  lower  sup- 
ply voltages.  At  ±5  volt  supplies  the  drive  current  is  ±11  mA. 

Driving  motors  or  actuators  in  two  directions,  in  a  single  supply 
application  is  often  accomplished  using  an  "H"  bridge.  The 
principle  is  demonstrated  in  Figure  3a.  From  a  single  +5  volt 
supply  this  driver  is  capable  of  driving  loads  from  0.8  to  4.2 
volts  in  both  directions.  Figure  3b  shows  the  voltages  at  the 
inverting  and  noninverting  outputs  of  the  driver.  There  is  a 
small  crossover  glitch  that  is  frequency  dependent  and  would 


Figure  3a.  "H  "  Bridge 


not  cause  problems  unless  this  was  a  low  distortion  applicai 
such  as  audio.  If  this  is  used  to  drive  inductive  loads,  be  sure  to 
add  diode  clamps  to  protect  the  bridge  from  inductive  kickb; 

Direct  Access  Arrangement 

OP-295/OP-495  can  be  used  in  a  single  supply  Direct  Access 
Arrangement  (DAA)  as  is  shown  in  Figure  4.  This  figure  shows 
a  portion  of  a  typical  DAA  capable  of  operating  from  a  single 
+  5  volt  supply  and  it  may  also  work  on  +3  volt  supplies  with 
minor  modifications.  Amplifiers  A2  and  A3  are  configured  so 
that  the  transmit  signal  TXA  is  inverted  by  A2  and  is  not 
inverted  by  A3.  This  arrangement  drives  the  transformer  differ- 
entially so  that  the  drive  to  the  transformer  is  effectively  dou- 
bled over  a  single  amplifier  arrangement.  This  application  takes 
advantage  of  the  OP-295/OP-495's  ability  to  drive  capacitive 
loads,  and  to  save  power  in  single  supply  applications. 


Figure  4.  Direct  Access  Arrangement 

A  Single  Supply  Instrumentation  Amplifier 

The  OP-295/OP-495  can  be  configured  as  a  single  supply  instru- 
mentation amplifier  as  in  Figure  5.  The  input  common-mode 
voltage  range  includes  ground  and  the  output  swings  to  both  rails. 


vIN 


Figure  3b.  "H"  Bridge  Outputs 


Figure  5.  Single  Supply  Instrumentation  Amplifier 

Resistor  RG  sets  the  gain  of  the  instrumentation  amplifier.  Mini- 
mum gain  is  6  (with  no  Rg).  All  resistors  should  be  matched  in 
absolute  value  as  well  as  temperature  coefficient  to  maximize 
common-mode  rejection  performance  and  minimize  drift.  This 
instrumentation  amplifier  can  operate  from  a  supply  voltage  as 
low  as  3  volts. 
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low  5  V  supply.  The  OP-295/OP-495  amplifier  servos  a  constant 
200  |xA  current  to  the  bridge.  The  return  current  drops  across 
the  parallel  resistors  6.19  kd  and  the  2.55  MO,  developing  a 
voltage  that  is  servoed  to  1 .235  V,  which  is  established  by  the 
AD589  bandgap  reference.  The  3-wire  RTD  provides  a  equal 
line  resistance  drop  in  both  100  fl  legs  of  the  bridge,  thus 
improving  the  accuracy. 

The  AMP-04  amplifies  the  differential  bridge  signal  and  con- 
verts it  to  a  single-ended  output.  The  gain  is  set  by  the  series 
resistance  of  the  332  fi  resistor  plus  the  50  St  potentiometer. 
The  gain  scales  the  output  to  produce  a  4.5  V  full  scale.  The 
0.22  u.F  capacitor  to  the  output  provides  a  7  Hz  low-pass  filter 
to  keep  noise  at  a  minimum. 


10-TURNS  1 

26.7k  < 

:  26.7k 
■  0.5% 

3 

2 

bf  a] 

c 

J  1/2 
\  OP-295/ 
\OP-495 

Figure  6.  Low  Power  RTD  Amplifier 

A  Cold  Junction  Compensated,  Battery  Powered 
Thermocouple  Amplifier 

The  OP-295/OP-495's  150  ^.A  quiescent  current  per  amplifier 
consumption  makes  it  useful  for  battery  powered  temperature 
measuring  instruments.  The  K-type  thermocouple  terminates 
into  an  isothermal  block  where  the  terminated  junctions'  ambi- 
ent temperature  can  be  continuously  monitored  and  corrected  by 
summing  an  equal  but  opposite  thermal  EMF  to  the  amplifier, 
thereby  canceling  the  error  introduced  by  the  cold  junctions. 

To  calibrate,  immerse  the  thermocouple  measuring  junction  in  a 
0°C  ice  bath,  adjust  the  500  fi  Zero  Adjust  pot  to  zero  volts  out. 
Then  immerse  the  thermocouple  in  a  250°C  temperature  bath  or 
oven  and  adjust  the  Scale  Adjust  pot  for  an  output  voltage  of 
2.50  V,  which  is  equivalent  to  250°C.  Within  this  temperature 


ISOTHERMAL 
BLOCK 


THERMOCOUPLE 

40.7|.WC 


Even  if  the  battery  voltage  is  allowed  to  decay  to  as  low  as  7 
volts,  the  rail-to-tail  swing  allows  temperature  measurements  to 
700°C.  However,  linearization  may  be  necessary  for  tempera- 
tures above  250°C  where  the  thermocouple  becomes  rather 
nonlinear.  The  circuit  draws  just  under  500  u.A  supply  current 
from  a  9  V  battery. 

A  5  V  Only,  12-Bit  DAC  That  Swings  0  V  to  4.095  V 

Figure  8  shows  a  complete  voltage  output  DAC  with  wide  out- 
put voltage  swing  operating  off  a  single  +5  V  supply.  The  serial 
input  12-bit  D/A  converter  is  configured  as  a  voltage  output 
device  with  the  1.235  V  reference  feeding  the  current  output  pin 
(Iout)  °f  tne  DAC.  The  VREF  which  is  normally  the  input,  now 
becomes  the  output. 

The  output  voltage  from  the  DAC  is  the  binary  weighted  volt- 
age of  the  reference,  which  is  gained  up  by  the  output  amplifier 
such  that  the  DAC  has  a  1  mV  per  bit  transfer  function. 

ff 


(4.096V) 


TOTAL  POWER  DISSIPATION  =  1.6mW 


Figure  8.  A  5  Volt  12-Bit  DAC  with  0  V  to  +4.095 
Output  Swing 

4-20mA  Current  Loop  Transmitter 

Figure  9  shows  a  self-powered  4-20  mA  current  loop  transmit- 
ter. The  entire  circuit  floats  up  from  the  single  supply  (12  V  to 
36  V)  return.  The  supply  current  carries  the  signal  within  the 
4  mA  to  20 


Thus  the  4  mA  establishes  the  baseline 

NULL  ADJ 


+12V 
TO 
+36V 


)000C 

4-20mA^ 


«L 
100Q 


Figure  9.  4—20  mA  Current  Loop  Transmitter 


Figure  7.  Battery  Powered,  Cold-Junction  Compensated 
Thermocouple  Amplifier 
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current  budget  with  which  the  circuit  must  operate.  This  circuit 
consumes  only  1.4  raA  maximum  quiescent  current,  making 
2.6  mA  of  current  available  to  power  additional  signal  condition- 
ing circuitry  or  to  power  a  bridge  circuit. 

A  3  Volt  Low-Dropout  Linear  Voltage  Regulator 

Figure  10  shows  a  simple  3  V  voltage  regulator  design.  The  reg- 
ulator can  deliver  50  mA  load  current  while  allowing  a  0.2  V 
dropout  voltage.  The  OP-295/OP-495's  rail-to-rail  output  swing 
handily  drives  the  MJE350  pass  transistor  without  requiring  spe- 
cial drive  circuitry.  At  no  load,  its  output  can  swing  less  than 
the  pass  transistor's  base-emitter  voltage,  turning  the  device 
nearly  off.  At  full  load,  and  at  low  emitter-collector  voltages,  the 
transistor  beta  tends  to  decrease.  The  additional  base  current  is 
easily  handled  by  the  OP-295/OP-495  output. 

The  amplifier  servos  the  output  to  a  constant  voltage,  which 
feeds  a  portion  of  the  signal  to  the  error  amplifier. 

Higher  output  current,  to  100  mA,  is  achievable  at  a  higher 
dropout  voltage  of  3.8  V. 


I,  <  50mA 

MJE  350  — »- 


Figure  10.  3  V  Low  Dropout  Voltage  Regulator 

Figure  1 1  shows  the  regulator's  recovery  characteristic  when  its 
output  underwent  a  20  mA  to  50  mA  step  current  change. 


Figure  1 1.  Output  Step  Load  Current  Recovery 


Low  Dropout,  500  mA  Voltage  Regulator  wiUi  Fold-Back 
Current  Limiting 

Adding  a  second  amplifier  in  the  regulation  loop  as  shown  in 
Figure  12  provides  an  output  current  monitor  as  well  as  pro- 
vides fold-back  current  limiting  protection. 

Amplifier  Al  provides  error  amplification  for  the  normal  voltage 
regulation  loop.  As  long  as  the  output  current  is  less  than  1 
ampere,  amplifier  A2's  output  swings  to  ground,  reverse  biasing 
the  diode  and  effectively  taking  itself  out  of  the  circuit.  How- 
ever, as  the  output  current  exceeds  1  amp,  the  voltage  that 


develops  across  the  0.1  ii  sense  resistor  forces  the  amplifier  A2's 
output  to  go  high,  forward-biasing  the  diode,  which  in  turn 
closes  the  current  limit  loop.  At  this  point  A2's  lower  output 
resistance  dominates  the  drive  to  the  power  MOSFET  transis- 
tor, thereby  effectively  removing  the  A 1  voltage  regulation  loop 
from  the  circuit. 

If  the  output  current  greater  than  1  amp  persists,  the  current 
limit  loop  forces  a  reduction  of  current  to  the  load,  which  causes 
a  corresponding  drop  in  output  voltage.  As  the  output  voltage 
drops,  the  current  limit  threshold  also  drops  fractionally,  result- 
ing in  a  decreasing  output  current  as  the  output  voltage 
decreases,  to  the  limit  of  less  than  0.2  A  at  1  V  output.  This 
"fold-back"  effect  reduces  the  power  dissipation  considerably 
during  a  short  circuit  condition,  thus  making  the  power  supply 
far  more  forgiving  in  terms  of  the  thermal  design  requirements. 
Small  heat  sinking  on  the  power  MOSFET  can  be  tolerated. 

The  OP-295's  rail-to-rail  swing  exacts  higher  gate  drive  to  the 
power  MOSFET,  providing  a  fuller  enhancement  to  the  transis- 
tor. The  regulator  exhibits  0.2  V  drop-out  at  500  mA  of  load 
current.  At  1  amp  output,  the  drop-out  voltage  is  typically  5.6 
volts. 


Figure  12.  Low  Dropout,  500  mA  Voltage  Regulator  with 
Fold-back  Current  Limiting 

Square  Wave  Oscillator 

The  oscillator  circuit  in  Figure  13  shows  the  rail-to-rail  swing 
helps  maintain  a  constant  oscillation  frequency  even  though  the 
supply  voltage  varies  considerably.  This  works  great  in  a  battery 
powered  system  where  no  voltage  regulation  is  required.  The 
constant  frequency  comes  from  the  fact  that  the  58.7  kfl  feed- 
back sets  up  Schmitt  Trigger  threshold  levels  that  are  directly 
proportional  to  the  supply  voltage,  as  are  the  RC  charge  voltage 
levels.  As  a  result,  the  RC  charge  time,  and  therefore  the  fre- 
quency, remain  constant  independent  of  supply  voltage.  The 
slew  rate  of  the  amplifier  limits  the  oscillation  frequency  to  a 
maximum  of  about  800  Hz  at  +5  V  supply. 

Single  Supply  Differential  Speaker  Driver 

Connected  as  a  differential  speaker  driver,  the  OP-295/OP-495 
can  deliver  a  minimum  of  10  mA  to  the  load.  With  a  600  fi 
load,  the  OP-295/OP-495  can  swing  close  to  5  volts  peak-to-peak 
across  the  load. 
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FREO  OUT 
i 
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Figure  13.  Square  Wave  Oscillator  Has  Stable  Frequency 
Regardless  of  Supply  Changes 

90.9k 
I  VA— 


Figure  74.  Single  Supply  Differential  Speaker  Driver 

High  Accuracy,  Single  Supply,  Low  Power  Comparator 

The  OP-295/OP-495  makes  an  accurate  open-loop  comparator. 
With  single  +5  V  supply,  the  offset  error  is  less  than  300  |jiV. 
Figure  15  shows  the  OP-295/OP495's  response  time  operating 
open-loop  with  4  mV  overdrive.  It  exhibits  a  4  ms  response  time 
at  the  rising  edge  and  a  1.5  ms  response  time  at  the  falling  edge. 


I 


(5mV  OVERDRIVE 
@  OP-29S  INPUT) 


Figure  15.  Open-Loop  Comparator  Response  Time  with 
5  mV  Overdrive 
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>  SPICE  MODEL  Macro-Mode. 


SUBCKT  OP-295 


Noninverling  Input 
Inverting  Input 

Positive  Supply 

Negative  Supply 
Output 


•  INPUT  STAGE 


II 
Rl 

R2 

CIN 

IOS 

Dl 

D2 

VOS 

Ql 

Q2 

R3 

R4 


2E-6 
5E3 
5E3 
2E-I2 
0.5E-9 
DZ 
DZ 
30E-6 

4  QP 
4  QP 

50  25.8E3 
50  25.8E3 


! 


'  GAIN  STAGE 


10  98  270E6 
98    10   i9.  8j2; 


R7 

Gl  98  10  i9.  8)27.8E-6 

EREF  98  0  1 39,  0)1 

R5  99  39  100E3 

R6  39  50  I00E3 

•  OUTPUT  STAGE 


12 

V2 

18 
99 

50 
12 

I.59E-6 
DC  2.2763 

Q4 

10 

14 

50   QNA  1.0 

Rll 

14 

50 

33 

M3 
M4 

15 
13 

10 
10 

13    13    MN    L=9E-6  W=102E-6  AD=15E-10  AD=15E-10 
50    50    MN    L-9E-6  W=50E-6  AD=75E-11  AS=75E-I1 

D8 

10 

22 

DX 

V3 

22 

50 

DC  6 

M2 

20 

10 

14    14    MN    L  =  9E-6W=20O0E-6  AD=30E-9  AS=30E-9 

Q5 

17 

17 

99   QPA  1.0 

Q6 

18 

17 

99   QPA  4.0 

R8 

18 

99 

2.2E6 

Q7 

18 

19 

99   QPA  1.0 

R9 

99 

19 

C2 

18 

99 

20E-12 

M6 

15 

12    17   99   MP    L=9E-6  W  =  27E-6  AD=405E-12  AS=405E-12 

Ml 

20 

18 

19   99   MP    L=9E  W=20O0E-6  AD=30E-9  AS  =  30E-9 

D4 

21 

18 

DX 

V4 

99 

21 

DC  6 

R10 

10 

11 

6E3 

C3 

11 

20 

50E-12 

.MODEL  QNA  NPN  (IS=1.19E-16  BF  =253  NF=0.99  VAF=I93  IKF=2.76E-3 

+  ISE=2.57E-13  NE'5  BR=0.4  NR=0.988  VAR=15  IKR=1.465E-4 

+  ISC=6.9E-16  NC  =  0.99  RB=2.0E3  IRB=7.73E-6  RBM=132.8  REM  RC=209 

+  CJE=2.1E-13  VJE=0.573  MJE=0.364  FC=0.5  CJC=1.64E-13  VJC=0.534 

MJC=0.5 

+  CJS=1.37E-12  VJS=0.59  MJS=0.5  TF=0.43E-9  PTF=30) 

.MODEL  QPA  PNP  (IS=5.21E-17  BF=131  NF=0.99  VAF=62  IKF=8.35E-4 

+  ISE=1.09E-14  NE=2.61  BR=0.5  NR=0.984  VAR=I5  IKR=3.96E-5 

+  ISC=7.58E-I6  NC=0.985  RB=1.52E3  IRB=1.67E-5  RBM=368.5  RE=6.31 

RC= 354.4 

+  CJE=1.1E-13  VJE=0.745  MJE=0.33  FC=0.5  CJC=2.37E-13  VJC=0.762 
MJC=0.4 

+  CJS  =7.11E-13  VJS=0.45  MJS=0.412  TF=I.0E-9  PTF=30) 

MODEL  MN  NMOS  (LEVEL  =  3  VTO=1.3  RS-0.3  RD=0.3 

+  TOX=8.5E-8  LD=1.48E-6  WD=lE-6  NSUB=I.53E16  UO=650  DELTA=  10 

VMAX=2E5 


0P295/0P4L 

=0.01  TPG=1  CJ 


+  XJ=1.75E-6  KAPPA=0.8  ETA= 
PB=0.837 

+  MJ=0.407  CJSW=0.5E-9  MJSW=0.33) 

.MODEL  MP  PMOS  (LEVEL=3  VTO=-l.l  RS=0.7  RD=0.7 

+  TOX=9.5E-8  LD=1.4E-6  WD=lE-6  NSUB=2.4E15  UO=650  DELTA  =5.6 

VMAX=1E5 

+  XJ=1.75E-6  KAPPA=I.7  ETA=0.71  THETA=5.9E-3  TPG=-1  CJ=1.55E-4 
PB=0.56 

+  MJ=0.442  CJSW=0.4E-9  MJSW=0.33) 
.MODEL  DX  D(IS=1E-15) 
.MODEL  DZ  D  (IS=1E-15,  BV=7) 
.MODEL  QP  PNP  (BF=  125) 
.ENDS  OP-295/OP-495 
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FEATURES 

•  Precision  Performance  in  Standard  SO-8  Pinout 

•  Low  Offset  Voltage  50uV  Max 

•  Low  Offset  Voltage  Drift  0.6uV/°C  Max 

•  Very  Low  Bias  Current 

+25°C  100pA  Max 

-55°Cto  +125°C  450pA  Max 

•  Very  High  Open-Loop  Gain   2000V/mV  Min 

•  Low  Supply  Current  (Per  Amplifier)   625jiA  Max 

•  Operates  From  ±2V  to  ±20V  Supplies 

•  High  Common-Mode  Rejection  120dB  Min 

•  Pin  Compatible  to  LT1013,  AD706,  AD708,  OP-221, 
LM158,  and  MC1 458/1 558  with  Improved  Performance 

APPLICATIONS 

•  Strain  Guage  and  Bridge  Amplifiers 

•  High  Stability  Thermocouple  Amplifiers 

•  Instrumentation  Amplifiers 

•  Photo-Current  Monitors 

•  High-Gain  Linearity  Amplifiers 

•  Long-Term  Integrators/Filters 

•  Sample-and-Hold  Amplifiers 

•  Peak  Detectors 

•  Logarithmic  Amplifiers 

•  Battery-Powered  Systems 

GENERAL  DESCRIPTION 

The  OP-297  is  the  first  dual  op  ampto  pack  precision  performance 
into  the  space-saving,  industry  standard  8-pin  SO  package.  Its 
combination  of  precision  with  low  power  and  extremely  low  input 
bias  current  makes  the  dual  OP-297  useful  in  a  wide  variety  of 
applications. 


Precision  performance  of  the  OP-297  includes  very  low  offset, 
under  50u.V,  and  low  drift,  below  0.6|iV/°C.  Open-loop  gain  ex- 
ceeds 2000V/mV  insuring  high  linearity  in  every  application. 
Errors  due  to  common-mode  signals  are  eliminated  by  the 
OP-297's  common-mode  rejection  of  over  1 20dB.  The  OP-297's 
power  supply  rejection  of  over  120dB  minimizes  offset  voltage 
changes  experienced  in  battery  powered  systems.  Supply  current 
of  the  OP-297  is  under  625|iA  per  amplifier  and  it  can  operate 
with  supply  voltages  as  low  as  ±2V.  Continued 


PIN  CONNECTIONS 


N.C  7J  fie  N.C. 

-IN  A  5]  [TF  OUTB 

N.C.  JJ  [li  N.C. 

+IN  A  JJ  |TJ  -INB 

N.C.  JJ  fu  N.C. 


PLASTIC  MINI-DIP 
(P-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 

8-PIN  SO 
(S-Sufflx) 


LCC 
(RC-Suffix) 


LOW  BIAS  CURRENT  OVER  TEMPERATURE 


VERY  LOW  OFFSET 


60 

40 

< 

a. 

20 

fc 
Z 

LU 

a: 

<L 

0 

3 

PUT 

-20 

-40 

-60 

I  I 
VS  =  ±15V 
VCM  -  OV 

lB+ 

los 

■75  -50  -25     0     25     50     75    100  125 
TEMPERATURE  (°C) 


3 

O  200 


— i — i — r 

1 200  UNITS 


1 — I — I- 

TA  =  +25°C 
Vs  =  ±1 5V 
VCM  =  OV 


-100-80  -60^(0  -20  0     20   40   60   80  100 
INPUT  OFFSET  VOLTAGE  ((iV) 


This  is  an  abridged  data  sheet.  To  obtain  the  i 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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GENERAL  DESCRIPTION  Continued 

The  OP-297  utilizes  a  super-beta  input  stage  with  bias  current 
cancellation  to  maintain  picoampbias  currents  at  all  temperatures. 
This  is  in  contrast  to  FET  input  op  amps  whose  bias  currents  start 
in  the  picoamp  range  at  25°C,  but  double  for  every  10°C  rise  in 
temperature,  to  reach  the  nanoamp  range  above  85°C.  Input  bias 
current  of  the  OP-297  is  under  1 0OpA  at  25°C  and  is  under  450pA 
over  the  military  temperature  range. 

Combining  precision,  low  power  and  low  bias  current,  the  OP- 
297  is  ideal  for  a  number  of  applications  including  instrumenta- 
tion amplifiers,  log  amplifiers,  photo-diode  preamplifiers  and  long- 
term  integrators.  For  a  single  device,  see  the  OP-97;  for  a  quad, 
see  the  OP-497. 

ORDERING  INFORMATION* 


TA  a  »25°C 
Vos  MAX 


PACKAGE 


CERDIP 
8-PIN 


PLASTIC 
8-PIN 


LCC 
20-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


50  OP297AZ/883" 

50  OP297AZ 

50  OP297EZ  — 

100  OP297FZ  OP297FP 

200  —  OP297GP 

200  —  OP297GSn 


—  OP297ARC/883- 


MIL 
MIL 
MIL 
XIND 
XIND 
XIND 


'    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8B3  alter  pan 

number.  Consult  factory  for  883  data  sheet. 
*    Burn-in  is  available  on  extended  industrial  temperature  range  parts  in  CerDIP, 

and  plastic  DIP  packages.  For  ordering  information,  see  PMIs  Data  Book. 

Section  2. 

n  For  availability  and  burn-in  information  on  SO  packages,  contact  your  local 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 
Supply  Voltage. 


.  ±20V 


Input  Voltage  (Note  2)  ±20V 

Differential  Input  Voltage  (Note  2)  40V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

Z,  RC-Package  -65°Cto  +175°C 

P,  S-Package  -65°Cto  150°C 

Operating  Temperature  Range 

OP-297A  (Z,  RC)  -55°Cto  +125°C 

OP-297E,F(Z)  -40°Cto+85°C 

OP-297F,  G  (P,  S)  -40°C  to  +85°C 

Junction  Temperature 

Z,  RC-Package  -65°C  to+175°C 

P,  S-Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 


PACKAGE  TYPE 


e,A  (Note  3) 


8|C 


UNITS 


8-Pin  CerDIP  (Z) 


°C/W 


8-Pin  Plastic  DIP  (P) 


96 


°C/W 


20-Contact  LCC  (RC) 


"C/W 


8-Pin  SO  (S) 


°C/W 


NOTES: 


Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  1 
otherwise  noted. 

For  supply  voltages  less  than  ±20V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

Oj*  is  specified  for  worst  case  mounting  conditions,  i.e.,  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  is  specified  for 
device  soldered  to  printed  circuit  board  lor  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

OP-297A/E  OP-297F 

MAX 

OP-297G 

SYMBOL 

MIN  TYP 

MAX           MIN  TYP 

MIN  TYP 

MAX 

UNITS 

Input  Offset 

vOS 

25 

50             -  50 

100 

80 

200 

,1V 

Voltage 

Long-Term  Input 
Voltage  Stability 

0.1 

0.1 

0.1 

uV/mo 

Input  Offset 
Current 

los 

Vcm  =  0V 

20 

100              -  35 

150 

50 

200 

pA 

Input  Bias 
Current 

Ib 

Vcm-OV 

20 

±100              -  35 

±150 

"  50 

±200 

pA 

Input  Noise 
Voltage 

enp-p 

0.1Hz  to  10Hz 

0.5 

0.5 

0.5 

HVr,p 

Input  Noise 

f0=  10Hz 

20 

-  20 

20 

- 

nV//Hz 

Voltage  Density 

en 

f0  =  1000Hz 

-  17 

17 

17 

Input  Noise 

in 

fo-10Hz 

 —  30— 

-  20 

20 

fA//Hi 

Current  Density 

Input  Resistance 
Differential  Mode 

R|N 

30 

30 

30 

MO 

Input  Resistance 
Common-Mode 

P|NCM 

500 

-  500 

500 

GO 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  ±10V 
RL  =  2ktl 

2000  4000 

1500  3200 

1200  3200 

V/mV 
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ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±15V,  TA  -  +25°C,  unless  otherwise  noted.  Continued 


PARAMETER  SYMBOL 

OP-297A/E  OP-297F 

CONDITIONS                    MIN       TYP      MAX          MIN       TYP  MAX 

OP-297G 
MIN       TYP  MAX 

UNITS 

Input  Voltage  |VR 
Ran9e  

(Notel)                            ±13  ±14 

±13  ±14 

±13  ±14 

V 



Common-Mode  M_ 
Rejection 

Vcm  =  ±13V                        120  140 

114  135 

114  135 

dB 

Power  SuddIv 

ru"cl  ou^/pijr  PSR 

Rejection 

Vs.±2Vto±20V                120  130 

114  125 

114  125 



dB 

Output  Voltage  y^ 

RL=10kO                         ±13  ±14 
RL=2k£J                           ±13  ±13.7 

±13  ±14 

±13  ±13.7 

±13  ±14 

±13     ±13.7  - 

V 



Supply  Current 
Per  Amplifier 

No  Load                           -  S25 

625             -       525  625 

525  625 

pA 

Supply  Voltage  Vs 

Operating  Range                  ±2  - 

±20            ±2           -  ±20 

±2           -  ±20 

V 

Clam  Oata  CD 

oiew  nate  on 

0.05  0.15 

0.05  0.15 

0  05       0  15 

V/^is 

GainBandwith  QBWp 
Product 

Av  =  +1                                -  500 

-  500 

kHz 

Channel  ^ 
Separation 

Vo  =  20Vp.p  _ 
fo=10Hz 

-  150 



1S0 

dB 

Input  c 

_  3 

3 

-  3 

pF 

Capacitance 

NOTE: 

1  GuaranteedbyCMR.es!. 

ELECTRICAL  CHARAC 

TERISTICS  a.  VS  =  ±1 5V.  -55°C  <  TA  <  +1 25°C  for  OP-297A,  unlest 

>  otherwise  noted. 

SYMBOL  CONDITIONS 

OP-297A 

UNITS 

PARAMETER 

MIN 

TYP  MAX 

Input  Offset  Voltage 

Vos 

- 



45  100 

p.V 

Averaae  Inout  Offset 

Voltage  Drift 

TCVos 



0.2  0.6 


p.WC 



Input  Offset  Current 



los  vCM=ov 

60  450 

pA 

Input  Bias  Current 

Ib  Vcm-OV 

- 

60  ±450 


pA 

Large-Signal 
Voltage  Gain 

Avo  Vo-±10V,RL.2kn 

1200 

2700                 -  .,_ 

V/mV 

Input  Voltage  Kange 

IVH  (Notel) 

±13 

±13.!> 

V 

Common-Mode  Rejection 

CMR                    VCM  =  ±13 

114 

130 

dB 

Power  Supply 
Rejection 

PSR  Vs-±2.5Vto±20V 

114 

4-  125 

dB 

Output  Voltage  Swing 

V0                           RL  =  10k£l 

±13 

±13.4 

V 



Supply  Current 

575  750 

H» 

Per  Amplifier 

lSY                       No  Load 



Supply  Voltage 

Vs                       Operating  Range 

±2.5 



±20 

V 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-297F 
TYP  MAX 

OP-297G 
MIN  TYP 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

UNITS 

Input  Offset 

V«» 

35 

100 

ao  300 

110 

400 

uV 

Voltage      ; — 

Average  Input 
Offset  Voltage  Drift 

TCVos 

0.2 

0.6 

0.5  2.0 

2.0 

rFS 

Input  Offset 
Current  'os 

VCM"UV 

50 

80  750 



80 

750 

pA 

Input  Bias 
Current 

b> 
'B 

V,-.. .  OV 
"CM  u¥ 

50 

±450 

_ 

 ,  

80  ±750 



80 



±750  pA 

Large-Signal 
Voltage  Gain 

Avo 

Vo-±10V,  Ru  =  2kQ 

1200 

3200 

1000 

2500 

800  2500 

V/mV 

Input  Voltage 
Range 

IVR 

(Note  1) 

±13 

±13.5 

±13 

±13.5 

±13     ±13.5           -  V 

Common-Mode 
Rejection 

CMR 

VCM-±13V 

114 

130 

108 

130 

108  130 

dB 

Power  Supply 
Rejection 

PSR 

Vs-±2.5Vto±20V 

114 

0.15 

108 

0.15           -           108  0.3 

dB 

Output  Voltage 
Swing 

Vo 

RL=10kO 

±13 

±13.4 

±13 

±13.4 

±13  ±13.4 

V 

Supply  Current 
Per  Amplifier 



ISY 

No  Load 

550 

750 

550  750 

550 

750 

uA 



Supply  Voltage 

VS 

Operating  Range 


±2.5 

±20  ±2.5 
 —  — 

±20 

±2.5 

±20 

NOTE: 


test. 


CHANNEL  SEPARATION  TEST  CIRCUIT 


son 


1  ri 


-OV,20V„<8>10Hz 


-OV; 


CHANNEL  SEPARATION  -  20  k>g| 


WW 


I 


1 


■ 
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FEATURES 

•  Low  Input  Offset  Voltage  1 50p  V  Max 

•  Low  Offset  Voltage  Drift, 

Over  -55°C  to  +1 25°C  1 .2uV/°C  Max 

•  Low  Supply  Current  (Per  Amplifier)  725u  A  Max 

•  High  Open-Loop  Gain  5000V/mVMin 

•  Input  Bias  Current  3nA  Max 

•  Low  Noise  Voltage  Density  1 1  nV/ -/Hz  at  1  kHz 

•  Stable  With  Large  Capacitive  Loads  1 0nF  Typ 

•  Pin  Compatible  to  OP-11,  LM148,  HA4741,  RM4156,  and 
LT1014  With  Improved  Performance 

•  Available  in  Die  Form 

ORDERING  INFORMATION ! 


T.  =  +25°C 
VosMAX 
(mV) 


PACKAGE 


CERDIP 
14-PIN 


PLASTIC 


LCC 
28-CONTACT 


OPERATING 
TEMPERATURE 
RANGE 


150 

UM4O0AY 

MIL 

150 

OP400EY 

IND 

230 

OP400FY 

IND 

300 
300 

— 

OP400GP 
OP400GSn 

COM 
COM 

300 
300 

OP400HP 
OP400HSn 

XIND 
XIND 

•    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerOIP.  plastic  DIP,  and  TO-can  packages, 
tt  For  availablily  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


GENERAL  DESCRIPTION 

The  OP-400  is  the  first  monolithic  quad  operational  amplifier 
that  features  OP-77  type  performance.  Precision  perfor- 
mance no  longer  has  to  be  sacrificed  to  obtain  the  space  and 
cost  savings  offered  by  quad  amplifiers. 

The  OP-400  features  an  extremely  low  input  offset  voltage  of 
less  than  150aiV  with  a  drift  of  under  1.2juV/°C,  guaranteed 

PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 

(Y-Suffix) 
14-PIN  PLASTIC  DIP 
(P-Suffix) 

«i  i  5  «  5  £  " 
z  T  8  z  o  T  x 

/[±JLdLdLiJyyN\ 

N.C.    JJ  fjS  N.C. 

•in  a  7]  rjj  «ind 

N.C.    JJ  fj;  N.C. 

v*  JJ  [H  v- 

N.C.    JJ  fjll  N.C. 

•MB   io]  [jo  +INC 

N.C.   iTJ  fJJ  N.C. 

■\HrararararaRTi7 

(j    CD    IS   tt    O   O  tj 

1.5  S ' 

o  o 
28-LEAD  LCC 
(TC-Suffix) 


16-PIN  SOL 

(S-Suffix) 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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over  the  full  military  temperature  range.  Open-loop  gain  of 
the  OP-400  is  over  5,000,000  into  a  10k(i  load;  input  bias 
current  is  under  3nA;  CMR  is  above  120dB  and  PSRR  below 
1.8uV/V.  On-chip  zener-zap  trimming  is  used  to  achieve  the 
low  input  offset  voltage  of  the  OP-400  and  eliminates  the 
need  for  offset  nulling.  (The  OP-400  conforms  to  the  in- 
dustry-standard quad  pinout  which  does  not  have  null 
terminals.) 

The  OP-400  features  low  power  consumption,  drawing  less 
than  725uA  per  amplifier.  The  total  current  drawn  by  this 
quad  amplifier  is  less  than  that  of  a  single  OP-07,  yet  the 
OP-400  offers  significant  improvements  over  this  industry- 
standardop  amp.  Voltage  noise  density  of  the  OP-400  is  a  low 
11nV/\/  Hz  at  10Hz  which  is  half  that  of  most  competitive 
devices. 

The  OP-400  is  pin  compatible  with  the  OP-11 ,  LM148,  HA4741 , 
RM4156,  and  LT1014  operational  amplifiers  and  can  be  used 
to  upgrade  systems  using  these  devices.  The  OP-400  is  an 
ideal  choice  for  applications  requiring  multiple  precision 
operational  amplifiers  and  where  low  power  consumption  is 
critical. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±20V 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 

Storage  Temperature  Range 
P,  TC.  Y-Package  -65°C  to  +150°C 


Lead  Temperature  Range  (Soldering  60  sec)   300°C 

Junction  Temperature  (T )  -65°Cto  +150°C 

Operating  Temperature  Range 

OP-400A  -55°C  to  +1 25°C 

OP-400E,  OP-400F  -25°C  to  +85°C 

OP-400G  0°C  to  +70°C 

OP-400H  -40°C  to  +85°C 


PACKAGE  TYPE 

e)A(Note1) 

e.c 

UNITS 

14-Pin  Hermetic  DIP  (Y) 

94 

10 

°c/w 

14-Pin  Plastic  DIP  (P) 

76 

33 

28-ContactLCC(TC) 



70 

28 

°C/W 

16-Pin  SOL  (S) 

88 

23 

•C/W 

NOTES: 
1 


e.A  is  specified  for  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  TO.  CerDIP,  P-DIP,  and  LCC  packages;  SjA  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  package. 
Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-400A/E 

OP-400F 

OP-400G/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

TYP  MAX 

MIN  TYP 

MAX 

UNITS 

Input  Offset 
Voltage 



Vos 

40 

150 

60 

230 

—  80 

300 

Long  Term  Input 

0.1 

0.1 

-  0.1 

MV/mo 

Voltage  Stability 

Input  Offset 
Current 

"OS 

VCM  =  0V 

0.1 

1.0 

0.1 

2.0 

-  0.1 

3.5 

nA 

Input  Bias 
Current 

>B 

vCM  =  ov 

0.75 

3.0 

0.75 

6.0 

-  0.75 

7.0 

nA 

Input  Noise 

0.1Hz  to  10Hz 

0.5 

0.5 

—  0.5 

«Vp 

Voltage 

en  p-p 

Input  Noise 

fo=  10Hz 

,o=  1000Hz  (NO,e  11 

22 

36 

22 

36 

—  22 

nV/\/HT 

Voltage  Density 

en 

11 

18 

11 

18 

—  11 

Input  Noise 

0.1Hz  to  10Hz 

15 

15 

—  15 

pAp-p 

Current 

'np-p 

Input  Noise 

fQ=  10Hz 

0.6 

0.6 

—  0.6 

pA/v^HT 

Current  Density 

'n 

Input  Resistance 

10 

10 

Mfl 

Differential  Mode 

RIN 

—  10 

Input  Resistance 
Common  Mode 

RINCM 

200 

200 

—  200 

Gn 

Large  Signal 

Vo=±10V  RL=  10kn 

5000 

12000 

3000 

7000 

3000  7000 

V/mV 

Voltage  Gain 

AVO 

RL  =  2kfl 

2000 

3500 

1500 

3000 

1500  3000 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 



OP-400A/E 
MIN  TYP 


OP-400F  OP-400G/H 
max         min  -~- 




Note  3  ±12       ±13         —  ±12       ±13         —  +12  ±13 




_  y 



Input  Voltage 
Range 











Common  Mode 
Rejection 


CMR 


VCM=±12V  120       140         -  115        140         -  110       135         -  dB 


Power  Supply 


Rejection  Ratio 


PSRR  Vs=±3Vto±18V 


-  0.2 


5.6 


Output  Voltage 
Swing 


R,  = lOkil 


±12  ±12.6  — 
±11     ±12.2  — 


±12  ±12.6  — 
±11     ±12.2  — 


±12  ±12.6 
±11  +12.2 


ffst  Mmpillltjr 


lsr  No  Load 


-  600 


SR 


0.1       0.15  — 


0.1       0.15  — 


V/„s 


Gain  Bandwidth 
Product 


GBWP  Av-+1  — 



500  - 


Channel 
Separation 


cs  Vo=20Vp.p 
 fo=10Hi(Note2) 


123 


123 


dB 


Input 

Capacitance 


—       3.2  - 


PF 


Capacitive  Load 
Stability 


Av  =  +1 

No  Oscillations 


-        10  - 


nF 


NOTES: 

1.  Sample  tested. 

2.  Guaranteed  but  not  100%  tested. 

3.  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA<  125°C  for  OP-400A,  unless  otherwise  noted 











PARAMETER 


CONDITIONS 


OP-400A 
MIN  TYP  MAX 


UNITS 


Input  Offset  Voltage 


270 


Average  Input  Offset 
Voltage  Drift 


TCV0: 


0.3 


1.2 


Input  Offset  Current 


nA 


Input  Bias  Current 


5.0 





Large  Signal 
Voltage  Gain 


Vo  =  ±10V  RL=  10ktl 
R,=2kll 


3000 
1000 


9000 
2300 


Input  Voltage  Range 


Common  Mode  Rejection 


CMR 


Power  Supply 
Rejection  Ratio 


VS=±3V  to  +  18V 


Output  Voltage  Swing 


RL  =  10kll 
RL=2kll 


+  12 
±11 


+12.4 
±12 


Supply  Current 
Per  Amplifier 


Capacitive  Load  Stability 


A„  =  +  1 

No  Oscillations 


NOTE: 

1.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±1 5V,  -25°C  <  TA  S  ±85°C  for  OP-400E/F,  ~ 
<  TA  <  +85°C  for  OP-400H,  unless  otherwise  noted 


OP-400E 

OP-400F 

OP-400G/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

vos 

_ 

60 

220 

_ 

80 

350 

110 

400 

(iV 

Average  Input 
Offset  Voltage  Drift 

Tcvos 

- 

0.3 

1.2 

- 

0.3 

2.0 

0.6 

2.5 

HV/°C 

Input  Offset 
Current 

•os 

V  -ov 

CM 

E,  F,  G  Grades 

0.1 

2.5 

0.1 

3.5 

0.2 

6.0 

nA 

H  Grade 

- 

- 

- 

02 

12.0 

VCM-W 

Input  Bias 
Current 

'a 

E.F.G  Grades 

- 

0.9 

5.0 

0.9 

10.0 

1.0 

12.0 

H  Grade 

_ 

1.0 

20.0 

nA 

Large-Signal 
Voltage  Gain 

*vo 

Vo-±10V 
RL  ■  10kO 

■unn 

10000 

2000 

5000 

2000 

5000 

1500 

2700 

1000 

2000 

1000  2000 

V/mV 

Input  VoIoqo 
Range 

IVR 

(Note  1) 

±12 

±12.5 

±12 

±12.5 

±12 

±12.5 

V 

Common -Mod© 
Rejection 

CMR 

VCM.±12V 

115 

135 



- 

110 

135 

105 

130 

- 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs.±3Vto±18V 

0.1  S 

3.2 

0.15 

5.6 

0.3 

10.0 

|iV/V 

Output  Voltage 

Rl-iokh 

±12 

±12.4 





±12 

±12.4 

±12 

±12.6 

V 

Swing 

vo 

RL.2kQ 

±11 

±12 

±11 

±12 

±11 

±12.2 

Supply  Current 
Per  Amplifier 

U 

No  Load 

600 

775 

600 

775 

600 

775 

HA 

Capacitive  Load 

A„-+1 

_ 

10 

_ 

_ 

10 

_ 

10 

nF 

Stability 

No  Oscillations 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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Quad  Micropower 
Operational 


0P420 


FEATURES 

•  Low  Supply  Current  

•  Single-Supply  Operation   

•  Dual-Supply  Operation  

•  Low  Input  Offset  Voltage   

•  Low  Input  Offset  Voltage  Drift 

•  High  Common-Mode  Input 

•  High  CMRR  

•  High  Open-Loop  Gain  

•  LM  148  Plnout 

•  Available  In  Die  Form 

ORDERING  INFORMATION  1 


PIN  CONNECTIONS 


200m A  Max@Vs=+SV 

 +5Vto+30V 

  ±  2.5V  to  ±  15V 

  500/iVTyp 

 5*iV/0C'Typ 

..  V-to(V+-1.5V) 

 100dBTyp 

....  1100V/mVTyp 


TAi*25°C 
V0SMAX 
<mV) 


PACKAGE 


CERDIP 
14-PIN 


LCC 
20-COhfTACT 


  OPERATING 

TEMPERATURE 
PLASTIC  RANGE 








25 
25 
4.0 
4.0 
4.0 
6.0 
6.0 


OP420BY 
OP420FY 

OP420CY  OP420CRO883 
OP420GY 

OP420HY 


OP420GP 
OP420GS 
OP420HP 
OP420HS 


ML 

INO 
ML 
XINO 
XIND 
XIND 
XIND 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8S3  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 

GENERAL  DESCRIPTION 

The  OP-420  quad  micropower  operational  amplifier  is  a 
single-chip  quad  patterned  after  the  OP-20  precision  micro- 
power  single  operational  amplifier.  A  Darlington  PNP  input 
stage  allows  the  input  common-mode  voltage  to  include  V-. 
The  wide  input  range  combined  with  low  power-supply  drain 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 
14-PIN  EPOXYDIP 


16-PIN  SOL 

(S-Suffix) 


(P-Sufflx) 


OP-420CRC/883 
20-LEAD  LCC 
(RC-Sufflx) 


f WUJLlIHIsIN 

♦IN1  7]  [j;  .IN, 

N.C.  T]  fj7  n.c. 

V*  7]  fl  V- 

N  C.  T]  [«  N.C. 

+IN2  7]  [u  +IN3 

z  f  s  r  s 


(-40/jA/section  at  5V),  provides  a  unique  solution  for  designs 
requiring  high  functional  density  and  portable  operation. 
Applications  include  two-wire  transmitters  for  process 
control  loops,  battery-operated  remote-line  filters,  signal 
preconditioning  amplifiers,  and  a  variety  of  multiple-gain 
block  arrays. 

For  micropower  applications  requiring  offset  nulling,  see  the 
OP-20,  OP-21  and  OP-22  data  sheets. 


SIMPLIFIED  SCHEMATIC  (1/4  Shown) 

Oil 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  01 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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^^rx,MUMRAT,NGS.(No,e.:)  ±18V  ™  * 

Differential  Input  Voltage  ±30V  14-Pin  Hermetic  dip  (Y)  99  12  °c/w 

Input  Voltage  Supply  Voltage  u-Pin  Plastic  dip  (P)  76  33  -cav 

Output  Short-Circuit  Duration  Continuous  16-Pin  sol  (S)  92  27  °c/w 

(One  Amplifier  Only)  notes: 

Storage  Temperature  Range  — 65"C  to  +150°C  1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C  otherwise  noted. 

Operating  Temperature  Range  2  fiA.is          <° '  "ors''Lase  ™"n!Lnfl  T*"0"8' Le-  ei*  5  sf?e"!fd  tor 

np  AonRV  rip  Aonrv  np  Ainrrtr         wP  .„  mow  d8Vlce socket  ,or  CerDIP  and  P  DIP  p™*"*)'1*-  eiA 18  specified  for  device 

OP-420BY,  OP-420CY,  OP-420CRC  -55  CtO+125  C  soldered  to  printed  circuit  board  for  SOL  package.  1 

OP-420FY  -25»C  to  +85°C 

OP-420G,  OP-420H  -40°C  to  +85"C 

Junction  Temperature(T.)  -650Cto+150°C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25° C.  unless  otherwise  noted. 

OP-420B  OP-420C 

OP-420F  OP-420G  OP-420H 

PARAMETER  SYMBOL     CONDITIONS  MIN      TYP     MAX  MIM      TYP     MAX  MIN      TYP     MAX  UNITS 

Input  Offset  Voltage     Vos  Vs= +2.5V  to  ±15V  -       0.5       2.5  —  1  4  -26  mV 

Input  Offset  Current                                   j...,,,                        n  _  . 

,„  ,                         los             Vs=±2.5Vto±15V                  —        0.5  1.5               —        0.8        2.5  —        1.2  6  nA 

(Note  1 )  ~  

Input  Bias  Current                     vs  =  +2.5Vto  +  15V               -         9  20             -        12       30  -        18       40  nA 

( Note  1 ) 

input  Noise  Voltage                     fo=10Hz                            _50_  nWsfHT 

Density  ^  fo=100Hz  _   V 

input  Noise  Current                     fo=10Hz                             _  _              _                  _  _  _  ^ 

Density  n  fo=100Hz 

...  ,.       a            .„D             V+  =  +5V,V-  =  0V               0/3.5         -  -           0/3.5         -         -  0/3.5         -  — 

Input  Voltage  Range     IVR           ys  =  ±1sv  -15/13.5        -  -      -15/13.5        -        -      -15/13.5   5 

V+  =  +5V.V-  =  0V                  83       100  -               80         96         -               76        90  - 
Common-Mode  0V<Vcu<3.SV 
Rejection  Ratio                            VS=±15V                              83       100  -               80        96         -               76        90  - 
 -  15V  <VCM<  13.5V        

Power  Supply                            Vs  =  ±2.5V  to  ±15V;  &                      „  „                       __       „  „ 

„      .      r.  .             PSRR          ,,     „.,.,,     ,.„.  ™,             —         10  30               —         20        50  —        30        80  j<V/V 

Rejection  Ratio  V-  =  0V,  V+  =  5V  to  30V 

Large-Signal                              RL  =  25kf),                         _„„      „„  Am      „„.  „„„       „„„  ,,,  ,, 

"      "    .                Avo            „L    ^                                 600      1100  —              400       900         —  200       800         —  V/mV 

Voltage  Gain  vu  VD  =  +10V 

Slew  Rate  SR  -      0.05         -  -      0.05         -  -      0.05      ~-"  V/yS 

Co°Sef"':0!P                                t^ZH"                           -       150  _       150         -  -       150  kHz 

Bandwidth  RL  =  IQkfl  

OutputVoltage           „              SSS^"*            °T'"        ~  "                       "        "        °'9/3-8        "  " 

S«""«                     °            «s  =  ±15V.                                   _  _         ±14Q        _        _         ±13g        _  _ 
RL=25kfl 

Supply  Current                             VS  =  ±2.5V,  No  Load                —       140  200               —       170       300  —       200  400 

(Four  Amplifiers)         sy             Vs=  ±15V,  No  Load                 —       330  360               —       360       460  —       390       600  M 

NOTE: 

1.  IB  and  los  are  measured  at  VCH  =  0. 
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PARAMETER 

SYMBOL 

CONDITIONS 

OP-420B 
OP-420F 

MIN      TYP  1 

MX 

OP-420C 
OP-420G 

MIN      TYP  MAX 

OP-420H 

MIN      TYP  MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift  (Note!)  os 

Unnulled 

5 

10 

—  8 

15 

—  15 

25 

>tV/"C 

Input  Offset  Voltage 

Vos 

VS=±2.5V  tot  15V 

- 

_ 

3.5 

- 

5.5 

- 

7.5 

mV 

Input  Offset  Current 
(Note  2) 

los 

Vs=±2.5Vto±15V 

— 

— 

3 

—  — 

4 

.    .     —  — 

8 

nA 

Input  Bias  Current 
(Note  2) 

la 

Vs=±2.5Vto±15V 

— 

30 

40 

 .— (,T,«wit 

60 

nA 

Input  Voltage  Range 

IVR 

V+  =  +5V.  V-=0V 
VS  =  ±15V 

0/3.2 
■15/13.2 

_ 

- 

0/3.2  — 
-15/13.2  — 

_ 

0/3.2  — 
-15/13.2  — 

— 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

V+  =  +5V,  V-=0V, 
OV  <  VCM  <  3.2V 
VS=±15V, 
-15V  <VCM<  13.2V 

76 

96 

— 

73  92 

73  86 

dB 

76 

96 

- 

73  92 

_ 

73  86 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±2.5Vto±15V 
and  V-  =  OV,  V+  =  5V 

15 

50 

-  25 

80 

-  40 

100 

„V/V 

to  30V 

Large-Signal 



VS=±15V.  RL  =  50ka 



800 

200  650 

— -  

100  400 

V/mV 

Voltage  Gain 

V0  =  ±10V 

300 





V+  =  5V,  V-  =  0V, 

0.9/3.9 
+  13.8 



Output  Voltage 
Swing 

RL  =  20kfl 
VS=±15V, 

1.0/3.8  - 
±13.8  — 

1.1/3.6  — 
±13.6  — 

v 

HL=  SUKI1 

Supply  Current 

VS  =  ±2.5V,  No  Load 

170 

300 

—  210 

400 

—  250 

600 

MA 

(Four  Amplifiers) 

VS=±15V,  No  Load 

390 

500 

—  420 

640 

-  500 

800 

NOTES: 

1.  Sample  tested. 

2.  I  g  and  I  os  are  measured  at  VCM  - 
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FEATURES 

High  Slew  Rate  -  170  V/^s 

Wide  Bandwidth  -  28  MHz 

Fast  Settling  Time  -  <200  ns  to  0.01% 

Low  Offset  Voltage  -  <500  p.V 

Unity-Gain  Stable 

Low  Voltage  Operation  ±5  V  to  ±15  V 
Low  Supply  Current  -  <10  mA 
Drives  Capacitive  Loads 

APPLICATIONS 

High  Speed  Image  Display  Drivers 

High  Frequency  Active  Filters 

Fast  Instrumentation  Amplifiers 

High  Speed  Detectors 

Integrators 

Photo  Diode  Preamps 

GENERAL  DESCRIPTION 

The  OP-467  is  a  quad,  high  speed,  precision  operational  ampli- 
fier. It  offers  the  performance  of  a  high  speed  op  amp  combined 
with  the  advantages  of  a  precision  operational  amplifier  all  in  a 
single  package.  The  OP-467  is  an  ideal  choice  for  applications 
where,  traditionally,  more  than  one  op  amp  was  used  to  achieve 
this  level  of  speed  and  precision. 

The  OP-467's  internal  compensation  ensures  stable  unity-gain 
operation,  and  it  can  drive  large  capacitive  loads  without  oscilla- 
tion. With  a  gain  bandwidth  product  of  28  MHz  driving  a 
30  pF  load,  output  slew  rate  in  excess  of  170  V/(is,  and  settling 
time  to  0.01%  in  less  than  200  ns,  the  OP-467  provides  excellent 
dynamic  accuracy  in  high  speed  data-acquisition  systems.  The 
channel-to-channel  separation  is  typically  60  dB  at  10  MHz. 

The  dc  performance  of  OP-467  includes  less  than  0.5  mV  of 
offset,  voltage  noise  density  below  6  nV/\/Hz  and  total  supply 
current  under  10  mA.  Common-mode  rejection  and  power  sup- 
ply rejection  ratios  are  typically  85  dB.  PSRR  is  maintained  to 
better  than  40  dB  with  input  frequencies  as  high  as  1  MHz.  The 
low  offset  and  drift  plus  high  speed  and  low  noise,  make  the 
OP-467  usable  in  applications  such  as  high  speed  detectors  and 
instrumentation. 

The  OP-467  is  specified  for  operation  from  ±5Vto±15V  over 
the  extended  industrial  temperature  range  (-40°C  to  +85°C) 
and  is  available  in  14-pin  plastic  and  ceramic  DIP,  plus  SOL- 16 
and  20-lead  LCC  surface  mount  packages. 

Contact  your  local  sales  office  for  MIL-STD-883  data  sheet  and 
availability. 


PIN  CONNECTIONS 

14-Lead  Ceramic  DIP  (Y  Suffix)  and 
14-Lead  Epoxy  DIP  (P  Suffix) 


16-Lead  SOL 

(S  Suffix) 


20-Position  Chip  Carrier 
(RC  Suffix) 


a  =  % 

2  o  T 


+INA  T] 

NC  T\ 

V+  7] 

NC  7] 

♦IN  B  J] 


OP-467 

(Top  View) 


|l8  +IND 
NC 


NC 
+IN  C 


NC  =  NO  CONNECT 


m    ffi    O    o  o 

'  §  I  ' 
NC  =  NO  CONNECT 


Simplified  OP-467  Schematic 
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0P467— SPECIFICATIONS 


(@  Vs  =  ±15.0  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 


Min 


Typ 


Max  Units 


INPUT  CHARACTERISTICS 


Input 
Input 

Common-Mode  Rejection 
1  Voltage  Gain 


Offset  Voltage  Drift 

Bias  Current  Drift 

Long  Term  Offset  Voltage  Drift 


Vos 

Ib 

T  ' 
*os 

CMR 
CMR 

Avo 

AVos/AT 

AIB/AT 

AVos/AT 


-40°C  ==  TA  s  +85°C 
VCM  =  0  V 

VCM  =  0V,  -40°C  <  TA  <  +85°C 
Vcm  =  0V 

Vcm  =  0  V,  -40°C  s  Tii  +85<>C 
Vcm=  ±12  V 

VCM  =  ±12  V,  -40°C  <  TA  <  +85°C 
RL  =  2  kfl 

RL  =  2  kfl,  -40°C  <  TA  ==  +85°C 


Note  1 


0.2 

150 
150 
10 
10 
90 
88 
86 

3.5 
0.2 




0.5 
1 

600 
700 
100 
150 


80 
80 
83 

77.5 


750 


mV 
mV 
nA 
nA 
nA 
nA 
dB 
dB 
dB 
dB 

|aV/°C 
PA/°C 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 


2  kfi 

2  Ml,  -40°C  S  TA  s  +85°C 


POWER  SUPPLY 

Supply  Current 
Supply  Voltage  Range 


c. 

±13.0  ±13.5 
±12.9  ±13.12 


•  '■  }t- 
V 
V 





PSRR 

Vs 


±4.5  V  s  Vs  =  ±18  V 
-40°C  £  TA  =s  +85°C 
Vo  =  0V 
VG  =  0  V,  -40°C 


TA  s  +  85°C 




96  120 
86  115 

8  10 

su        ■-  -mo  ■       .  j  j 

±4.5  ±18 




dB 

dB 

mA 

mA 

V 


DYNAMIC  PERFORMANCE 
Gain  Bandwidth  Product 
Slew  Rate 


Full-Power 
Settling  Time 
Phase  Margin 
Input  Capacitance 
Common  Mode 
Differential 


GBP 
SR 


BWP 


Av  =  +1,  CL  =  30  pF 
V^  =  10  V  Step,  RL  =  2  kn,  C,  =  30  pF 
Av  =  +1 
Av  =  -1 
Vjn  =  10  V  Step 
To  0.01%,  VIN  =  10  V  Step 


125 


170 
350 
2.7 
200 
45 

2.0 
1.0 


■5)  ,-jnliv 
MHz 

VtuS 

V/u.s 
MHz 
ns 

Degrees 

pF 
pF 


NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Densit; 
Current  Noisi 





eN  P-P 


f  =  0.1  Hz  to  10  Hz 
f|=  1  kHz 

f  =  1  kHz  


0.15 
6 


M-V  p-p_ 

nV/VHz 
pA/VHz 


NOTE 

'Long  Term  Offset  Voltage  Drift  is  guaranteed  by 
Specifications  subject  to  change  without  notice. 


D  hrs.  Life  test  performed  on  three  independent  wafer  lots  at  +  125°C,  with  an  LTPD  of  1 .3. 
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ELECTRICAL  CHARACTERISTICS  <@  vs  =  ±5.0  V,  T,  =  +25°C  unless  otherwise  noted) 


0P467 


Parameter 

Symbol 

Conditions 

Min      Typ  M» 

Unite 

INPUT  CHARACTERISTICS 



Offset  Voltage 

Vos 

-40°C  s  TA  ==  +85°C 

0.3  0.5 

mV 
mV 

Input  Bias  Current 
Input  Offset  Current 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 

Ib 

los 

CMR 

Avo 

AVos/AT 

Vcm  =  0V 

VCM  =  0  V,  -40°C  <T4<  +85°C 
VCM  =  0  V 

XT                  n  XT         Jfto/"'  ^  T-              i  ncop 

*cm  —  U  V,  —40  \j  —  1  a  —  +85  L 
Vcm  =  ±2.0  V 

Vc„  =  ±2.0  V,  -40°C  s  TA  s  +85°C 
RL  =  2  kfl 

RL  =  2  kft,  -40°C  ^  TA  ^  +85°C 

125  600 
150  700 
20  100 
13U 

76  85 
76  80 
80  83 
74 

3.5 

nA 
nA 
nA 

a*  A 

nA 
dB 
dB 
dB 
dB 

u.V/°C 

Bias  Current  Drift 

AI„/AT 

0.2 

pATC 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

Vo 

R  —  2  kO 

RL  =  2  kft,  -40°C  s  TA  s  +85°C 

±3.0  ±3.5 
±3.0  ±3.20 

y 

y 

POWER  SUPPLY 
Power  Supply  Rejection  Ratio 

PSRR 

±4.5  V  <  Vs  =  ±5.5  V 

92  107 
83  105 

8  10 
11 

dB 
dB 
mA 
mA 

- 

Supply  Current 

IsY 

-40°C  <  TA  <  +85°C 
Vo  =  0V 

VQ  =  0  V,  -40°C  s  TA  s  +85°C 

O  A 

DYNAMIC  PERFORMANCE 
Gain  Bandwidth  Product 
Slew  Rate 

GBP 
SR 

Ay  =  +1 

V^  =  5  V  Step,  RL  =  2  kft,  CL  =  39  pF 
Av  =  +1 

22 

90 
90 
2.5 

45° 

MHz 

V/u-S 

V/jis 
MHz 
ns 

Degrees 

Full-Power  Bandwidth 
Settling  Time 
Phase  Margin 

BWP 

ts 

»o 

Av  -  -1 
V,N  =  5  V  Step 
To  0.01%,  Vjn  =  5  V  Step 

NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 
Current  Noise  Density 

eN  p-p 
eN 

f  =  0.1  Hz  to  10  Hz 
f  =  1  kHz 
f  =  1  kHz 

0.15 

7 

8 

M-V  p-p 

nV/vTli 

pAA/Hz 

Specifications  subject  to  change  without  notice. 

■ 
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Psfsmctcr 

Symbol 

Conditions 

Limit 

Units 

Offset  Voltage 

Vos 

±0.5 

mVmax 

Input  Bias  Current 

Vcm  =  0  V 

600 

nA  max 

Input  Offset  Current 

Ios 

Vcm  =  0  V 

100 

nA  max 

Input  Voltage  Range1 

±12 

V  nun/max 

Common-Mode  Rejection  Ratio 

CMRR 

Vcm  =  ±12  V 

80 

dB  min 

Power  Supply  Rejection  Ratio 

PSRR 

V  =  ±4.5  V  to  ±18  V 

96 

dB  min 

Large  Signal  Voltage  Gain 

I\L  —  &•  Kit 

83 

dB  TQ1T1 

Output  Voltage  Range 

Vo 

rl  =  2  kn 

±13.0 

V  min 

Supply  Current 

ISY 

V0  =  0  V,  RL  =  o= 

10 

m  A  max 

NOTES 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  ' 
'Guaranteed  by  CMR  test. 


dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Input  Voltage2   ±18  V 

Differential  Input  Voltage2   ±26  V 

Output  Short-Circuit  Duration  Limited 

Storage  Temperature  Range 

Y,  RC  Packages  -65°C  to  +175°C 

P,  S  Packages  -65°C  to  +  150°C 

Operating  Temperature  Range 

OP-467A   -55°C  to  +125°C 

OP-467G  -40°C  to  +85°C 

Junction  Temperature  Range 

Y,  RC  Packages  -65°C  to  +175°C 

P,  S  Packages  -65°C  to  +  150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +300"C 


ORDERING  GUIDE 


Ojc 

Units 

Package  Type 

14-Pin  Cerdip  (Y) 

94 

10 

°C/W 

14-Pin  Plastic  DIP  (P) 

76 

33 

°c/w 

16-Pin  SOL  (S) 

88 

23 

°c/w 

20-Contact  LCC  (RC) 

78 

33 

°c/w 

NOTES 

1  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  pans,  unless 
otherwise  noted. 

zFor  supply  voltages  less  than  ±18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

36JA  is  specified  for  the  worst  case  conditions,  i.e.,  8JA  is  specified  for  device 
in  socket  for  cerdip,  P-DIP,  and  LCC  packages;  8JA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

OP467AY/883 

-55°C  to 

+  125°C 

14-Pin  Cerdip 

Q-14 

OP467ARC/883 

-55°C  to 

+  125°C 

20-Contact  LCC 

E-20A 

OP467GP 

-40°C  to 

+85°C 

14-Pin  Plastic  DIP 

N-14 

OP467GS 

-40°C  to 

+85°C 

16-Pin  SOL 

R-16 

OP467GBC 

+25°C 

DICE 

*For  outline  information  see  Package  Information  section. 


9  -INC 


OP-467  Die  Size  0.111  X  0.100  inch,  11,100  sq.  mils 
Substrate  is  Connected  to  V+,  Number  of  Transistors  165. 
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Figure  1.  Open-Loop  Gain,  Phase  vs.  Frequency  Figure  4.  Closed-Loop  Output  Impedance  vs.  Frequency 
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Figure  2.  Closed-Loop  Gain  vs.  Frequency 
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Figure  5.  Gain  Linearity  vs.  Frequency 
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Figure  3.  Open-Loop  Gain  vs.  Supply  Voltage 


Figure  6.  Max  VOUT  Swing  vs.  Frequency 
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0P467— Typical  Characteristics 


10M 


*  40 

If, 

8  „ 


V,  *  ±15V 
RL  =  2k 

*va 

=  +1 

100mV 

=  -1 

0        200       *00       600       800      10O0     1200     1*00  1600 
LOAD  CAPACITANCE  -  pF 


Figure  7.  Max  VOUT  Swing  vs.  Frequency  Figure  10.  Small  Signal  Overshoot  vs.  Load  Capacitance 
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Figure  8.  Common-Mode  Rejection  vs.  Frequency 


m  40 

E 

°  20 


 1  I — r 

TA  =  *26°C 
V.^ilSV 


ik  10k  100k 

FREQUENCY  -  Hz 


200       400       600       800      1000     1200     1400  1600 
LOAD  CAPACITANCE  -  pF 

Figure  1 1.  Small  Signal  Overshoot  vs.  Load  Capacitance 
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Figure  9.  Power-Supply  Rejection  vs.  Frequency 


Figure  12.  Noninverting  Gain  vs.  Capacitive  Loads 
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Figure  15.  Voltage  Noise  Density  vs.  Frequency  Fi9ure  18-  lnDUt  Voltage  Range  vs.  Supply  Voltage 
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Figure  19.  Noninverting  Gain  vs.  Supply  Voltage 
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Figure  22.  Input  Offset  Voltage  Distribution 
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figure  20.  Oufpuf  Swmg  vs.  Load  Resistance  Figure  23.  Input  Offset  Voltage  Distribution 
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Figure  21.  Output  Swing  vs.  Load  Resistance 
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Figure  28.  Slew  Ri 
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Figure  26.  Phase  Margin  &  Gain  Bandwidth  vs. 
Temperature 
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Figure  29.  Slew  Rate  vs.  Temperature 
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Figure  27.  Slew  Rate  vs.  Temperature 
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Figure  30.  Slew  Rate  vs.  Temperature 
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Figure  32.  Supply  Current  vs.  Supply  Voltage 
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Figure  33.  Input  Bias  Current  vs.  Temperature 


APPLICATIONS  INFORMATION 

OUTPUT  SHORT-CIRCUIT  PERFORMANCE 

To  achieve  a  wide  bandwidth  and  high  slew  rate,  the  OP-467 
output  is  not  short  circuit  protected.  Shorting  the  output  to 
ground  or  to  the  supplies  may  destroy  the  device. 

For  safe  operation,  the  output  load  current  should  be  limited  so 
that  the  junction  temperature  do 
mum  junction  temperature. 

To  calculate  the  maximum  internal  power  < 
formula  can  be  used: 


PD  = 


Tj  max  -  TA 


where  Tj  and  TA  are  junction  and  ambient  temperatures  respec- 
tively, PD  is  device  internal  power  dissipation,  and  8JA  is  pack- 
aged device  thermal  resistance  given  in  the  data  sheet. 

I 

UNUSED  AMPLIFIERS 

It  is  recommended  that  any  unused  amplifiers  in  a  quad  package 
be  connected  as  a  unity  gain  follower  with  a  1  kfl  feedback 
resistor  with  noninverting  input  tied  to  the  ground  plain. 

PRINTED  CIRCUIT  BOARD  LAYOUT 
CONSIDERATIONS 

Satisfactory  performance  of  a  high  speed  op  amp  largely 
depends  on  a  good  PC  layout.  To  achieve  the  best  dynamic 
performance  following  high  frequency  layout  technique  is 
recommended. 

GROUNDING 

A  good  ground  plain  is  essential  to  achieve  the  optimum  perfor- 
mance in  high  speed  applications.  It  can  significantly  reduce  the 
undesirable  effects  of  ground  loops  and  IR  drops  by  providing  a 
low  impedance  reference  point.  Best  results  are  obtained  with  a 
multilayer  board  design  with  one  layer  assigned  to  ground  plain. 
To  maintain  a  continuous  and  low  impedance  ground,  avoid 
running  any  traces  on  this  layer. 
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POWER  SUPPLY  CONSIDERATIONS 

In  high  frequency  circuits,  device  lead  length  introduces  an 
inductance  in  series  with  the  circuit.  This  inductance  combined 
with  stray  capacitance  forms  a  high  frequency  resonance  circuit. 
Poles  generated  by  these  circuits  will  cause  gain  peaking  and 
additional  phase  shift  reducing  the  op  amp's  phase  margin  and 
leading  to  an  unstable  operation. 

A  practical  solution  to  this  problem  is  to  reduce  the  resonance 
frequency  low  enough  to  take  advantage  of  the  amplifier's  power 
supply  rejection. 

This  is  easily  done  by  placing  capacitors  across  the  supply  line 
and  the  ground  plain  as  close  as  possible  to  the  device  pin.  Since 
capacitors  also  have  internal  parasitic  components,  such  as  stray 


r  is  important.  To  be 
nee  over  the  frequency 
range  of  interest.  Tantalum  capacitors  are  an  excellent  choice  for 
their  high  capacitance/size  ratio,  but  their  ESR  (Effective  Series 
Resistance)  increases  with  frequency  making  them  less  effective. 
On  the  other  hand,  ceramic  chip  capacitors  have  excellent  ESR 
and  ESL  (Effective  Series  Inductance)  performance  at  higher 
frequencies,  and  because  of  their  small  size,  they  can  be  placed 
very  close  to  the  device  pin,  further  reducing  the  stray  induc- 
tance. Best  results  are  achieved  by  using  a  combination  of  these 
two  capacitors.  A  5-10  iaF  tantalum  parallel  with  a  0.1  (jlF 
ceramic  chip  caps  are  recommended.  If  additional  isolation  from 
high  frequency  resonances  of  the  power  supply  is  needed,  a  fer- 
rite  bead  should  be  placed  in  series  with  the  supply  lines 
between  the  bypass  caps  and  the  power  supply.  A  word  of  cau- 
tion, addition  of  the  ferrite  bead  will  introduce  a  new  pole  and 
zero  to  frequency  response  of  the  circuit  and  could  cause  unsta- 
ble operation  if  it  is  not  selected  properly. 


|  1  10t>F  TANTALUM 

(-4  0.1nF  CERAMIC  CHIP 


I  0.1  uF  CERAMIC  CHIP 

I  IOmF  tantalum 

Figure  35.  Recommended  Power  Supply  Bypass 
SIGNAL  CONSIDERATIONS 

Input  and  output  traces  need  special  attention  to  assure  a  mini- 
mum stray  capacitance.  Input  nodes  are  very  sensitive  to  capaci- 
tive  reactance,  particularly  when  connected  to  a  high  impedance 
circuit.  Stray  capacitance  can  inject  undesirable  signals  from  a 
noisy  line  into  a  high  impedance  input.  Protect  high  impedance 
input  traces  by  providing  guard  traces  around  them.  This  will 
also  improve  the  channel  separation  significantly. 


Additionally,  any  stray  capacitance  in  parallel  with  the  op  amp's 
input  capacitance  generates  a  pole  in  the  frequency  response  of 
the  circuit.  The  additional  phase  shift  caused  by  this  pole  will 
reduce  the  circuit's  gain  margin.  If  this  pole  is  within  the  gain 
range  of  the  op  amp,  it  will  cause  unstable  performance.  To 
reduce  these  undesirable  effects,  use  the  lowest  impedance 
where  possible.  Lowering  the  impedance  at  this  node  places  the 
poles  at  a  higher  frequency,  far  above  the  gain  range  of  the 
amplifier.  Stray  capacitance  on  the  PC  board  can  be  reduced  by 
making  the  traces  narrow  and  as  short  as  possible.  Further 
reduction  can  be  realized  by  choosing  smaller  pad  size,  increas- 
ing the  spacing  between  the  traces,  and  using  PC  board  material 
with  a  low  dielectric  constant  insulator  (Dielectric  Constant  of 
some  common  insulators:  air  =  1,  Teflon  =  2.2,  and  FR4  = 
4.7;  with  air  being  an  ideal  insulator). 

Removing  segments  of  the  ground  plain  direcdy  under  the  input 
and  output  pads  is  recommended. 

Outputs  of  high  speed  amplifiers  are  very  sensitive  to  capacitive 
loads.  A  capacitive  load  will  introduce  a  pair  of  pole  and  zero  to 
the  circuit's  frequency  response,  reducing  the  phase  margin, 
leading  to  unstable  operation  or  oscillation. 

Generally,  it  is  a  good  design  practice  to  isolate  the  amplifier's 
output  from  any  capacitive  load  by  placing  a  resistor  between 
the  amplifier's  output  and  the  rest  of  the  circuits.  A  series  resis- 
tor of  10  to  100  ohms  is  normally  sufficient  to  isolate  the  output 
from  a  capacitive  load. 

The  OP-467  is  internally  compensated  to  provide  stable  opera- 
tion, and  is  capable  of  driving  large  capacitive  loads  without 
oscillation. 

Sockets  are  not  recommended  since  they  increase  the  lead 
inductance/capacitance  and  reduce  the  power  dissipation  of  the 
package  by  increasing  the  leads  thermal  resistance.  If  sockets 
must  be  used,  use  Teflon*  or  pin  sockets  with  the  shortest  leads 
possible. 

PHASE  REVERSAL 

The  OP-467  is  immune  to  phase  reversal;  its  inputs  can  exceed 
the  supply  rails  by  a  disde  drop  without  any  phase  reversal. 

*Teflon  is  a  registered  trademark  of  E.I.  du  Pont  Co. 


Figure  36.  No  Phase  Reversal  (Av  =  + 1) 
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high  speed  instrumentation  and  measurement  circuits,  where  the 
amplifier  is  frequently  exposed  to  large  signals  that  overload  the 
amplifier. 


Figure  37.  Saturation  Recovery  Time,  Positive  Rail 


Figure  38.  Saturation  Recovery  Time,  Negative  Rail 


HIGH  SPEED  INSTRUMENTATION  AMPLIFIER 

The  OP-467  performance  lends  itself  to  a  variety  of  high  speed 
applications,  including  high  speed  precision  instrumentation 
amplifiers.  Figure  39  represents  a  circuit  commonly  used 
for  data  acquisition,  CCD  imaging,  and  other  high  speed 
application. 

Circuit  gain  is  set  by  Rq.  A  2  kft  resistor  will  set  the  circuit 
gain  to  2,  for  unity  gain,  remove  Re.  For  any  other  gain  settings 
use  the  following  formula: 

G  =  2IRG     Resistor  Value  is  in  kCl 

Rc  is  used  for  adjusting  the  dc  common-mode  rejection,  and  Cc 
is  used  for  ac  common-mode  rejection  adjustments. 
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Figure  40.  Instrumentation  Amplifier  Settling  Time  to 
0.01%  for  a  10  V  Step  Input  (Negative  Slope) 
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Figure  41.  Instrumentation  Amplifier  Settling  Time  to 
0.01%  for  a  10  V  Step  Input  (Positive  Slope) 
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Figure  42.  Settling  Time  Measurement  Circuit 


Figure  43.  2  MHz  Biquad  Filter 


2  MHz  BIQUAD  BANDPASS  FILTER 

The  circuit  in  Figure  43  is  commonly  used  in  medical  imaging 
ultrasound  receivers.  The  30  MHz  bandwidth  is  sufficient  to 
accurately  produce  the  2  MHz  center  frequency,  as  the  mea- 
sured response  shows  in  Figure  44.  When  the  op  amp's  band- 
width is  too  close  to  the  filter's  center  frequency,  the  amplifier's 
internal  phase  shift  causes  excess  phase  shift  at  2  MHz,  which 
alters  the  filter's  response.  In  fact,  if  the  chosen  op  amp  has  a 
bandwidth  close  to  2  MHz,  the  combined  phase  shift  of  the 
three  op  amps  will  cause  the  loop  to  oscillate. 

Careful  consideration  must  be  given  to  the  layout  of  this  circuit 
as  with  any  other  high  speed  circuit. 

If  the  phase  shift  introduced  by  the  layout  is  large  enough,  it 
could  alter  the  circuit  performance,  or  worse,  it  will  oscillate. 


m 

FREQUENCY  -  Hz 


Figure  44.  Biquad  Filter  Response 
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FAST  I-TO-V  CONVERTER 

The  fast  slew  rate  and  fast  settling  time  of  the  OP-467  are  well 
suited  to  the  fast  buffers  and  I-to-V  converters  used  in  variety  of 
applications.  The  circuit  in  Figure  45  is  a  unipolar  quad  D/A 
converter  consisting  of  only  two  ICs.  The  current  output  of  the 
DAC-8408  is  converted  to  a  voltage  by  the  OP-467  configured  as 
an  I-to-V  converter.  This  circuit  is  capable  of  settling  to  0.1% 
within  200  ns.  Figures  46  and  47  show  the  full-scale  settling 
time  of  the  outputs.  To  obtain  reliable  circuit  performance,  keep 
the  traces  from  the  DAC's  Ioux  to  the  inverting  inputs  of  the 
OP-467  short  to  minimize  parasitic  capacitance. 


■  : 
Figure  45.  Quad  DAC  Unipolar  Operation 


Figure  47.  Voltage  Output  Settling  Time 


Figure  46.  Voltage  Output  Settling  Time 


Figure  48.  DAC  VOUT  Settling  Time  Circuit 
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OP-467  SPICE  MAC 

*  Node  assignments 
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*  OUTPUT  STAGE 
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*  MODELS  USED 
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Figure  49.  Spice  Macro-Model  Output  Stage 
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Figure  50.  Spice  Macro-Model  Input  and  Gain  Stage 
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FEATURES 

•  Very  Low  Noise   5nV/\/HT  @  1kHz  Max 

•  Excellent  Input  Offset  Voltage  0.4m V  Max 

•  Low  Offset  Voltage  Drift  2uV/°C  Max 

•  Very  High  Gain   1000V/mV  Min 

•  Outstanding  OMR   110dB  Min 

•  Slew  Rate  2V//iS  Typ 

•  Gain-Bandwidth  Product  6MHz  Typ 

•  Industry  Standard  Quad  Pinouts 

•  Available  in  Die  Form 

ORDERING  INFORMATION  ' 


PIN  CONNECTIONS 


OUT  A  (T 


I— n    r-  iE  ™td 

IN  A  (T  ->L  a/  A.-  ~n\  -IN  D 
in  a  VT  1  I  TTI 


+  inb(T  1  i       To"]  hnc 

in b  [T  -^cvv yL  T]  -in c 

OUT  B  [T   J  L —  T]  OUT  C 


JT\  *IN  0 

3D 


✓  lilliJUHHS 

♦IN  A   7]  [18  +|ND 

N.C.   JJ  ff  N.C. 

v^  JJ  [TS  V- 

N.C.   JJ  [15  N.C. 

♦1MB   JJ  \u  «|NC 


T.«*2S-C 
VosHAX 

(HV) 

CERDfP 
14-PIN 

PACKAGE 
PLASTIC 

LCC" 

OPERATMO 
TEMPERATURE 
RANOE 

400 

OP470ARC/883 

Ml 

400 

OP470AV 

OP470ATC/883 

Ml 

400 

OP470EY 

- 

IND 

800 

OP470FY 

IND 

1000 

OP470GP 

XIND 

1000 

OP470GS" 

XJND 

14-PIN  HERMETIC  DIP 

(Y-Suffix) 

14-PIN  PLASTIC  MINI-DIP 
(P-Suffix) 


20-LEAD  LCC 
(RC-Suffix) 


•    For  devices  processed  in  total  compliance  toMIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP.  plastic  DIP,  and  TO-can  packages, 
ft   For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-470  is  a  high-performance  monolithic  quad  opera- 
tional amplifier  with  exceptionally  low  voltage  noise, 
5nV/\/  Hz  at  1kHz  Max,  offering  comparable  performance  to 
PMI's  industry  standard  OP-27. 


O  Z    3    u    ^    z  u 

Z  7    O    Z    O     I  z 

/  LiMLLlLiJHlEmV 

N.C.    JJ  [25  N.C 

♦  IN  A  7)  [m  +IN  D 
N.C.    JJ  [££  N.C. 

V*    7]  [Ti  V- 

N.C.  JJ  £  N.C 

♦  IN  B  jo]  f»  +IN  C 
N.C.    n]  \»  N.C. 


16-PIN  SOL 
(S-Suffix) 


28-LEAD  LCC 
(TC-Suffix) 


The  OP-470  features  an  input  offset  voltage  below  0.4mV, 
excellent  for  a  quad  op  amp,  and  an  offset  drift  under  2uV/°C, 
guaranteed  over  the  full  military  temperature  range.  Open- 
loop  gain  of  the  OP-470  is  over  1,000,000  into  a  10kfl  load 


insuring  excellent  gain  accuracy  and  linearity,  even  in  high- 
gain  applications.  Input  bias  current  is  under  25nA  which 
reduces  errors  due  to  signal  source  resistance.  The  OP-470's 
CMR  of  over  110dB  and  PSRR  of  less  than  1.6>V/V  signifi- 
cantly reduce  errors  due  to  ground  noise  and  power  supply 
fluctuations.  Power  consumption  of  the  quad  OP-470  is  half 
that  of  four  OP-27s,  a  significant  advantage  for  power  con- 

SIMPLIFIED  SCHEMATIC 




This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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scious  applications.  The  OP-470  is  unity-gain  stable  with  a 
gain-bandwidth  product  of  6MHz  and  a  slew  rate  of  2V//is. 

The  OP-470  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  quad  buffers,  and  low-noise 
active  filters. 

The  OP-470  conforms  to  the  industry  standard  14-pin  DIP 
pinout.  It  is  pin  compatible  with  the  OP-11,  LM148/149, 
HA4741 ,  HA5104,  and  RM4156  quad  op  amps  and  can  be  used 
to  upgrade  systems  using  these  devices. 

For  higher  speed  applications  the  OP-471 ,  with  a  slew  rate  of 
8V/ms,  is  recommended. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1 ) 

Supply  Voltage  ±1 8V 

Differential  Input  Voltage  (Note  2)  ±1.0V 

Differential  Input  Current  (Note  2)  +25mA 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 

Storage  Temperature  Range 
P.TC.Y-Package  -65°C  to  +150°C 


Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  (T.)  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-470A  -55°C  to  +125"C 

OP-470E,  OP-470F  -25°C  to  +85°C 

OP-470G  -40°C  to  +85°C 


PACKAGE  TYPE 

e|A(No»3) 

e.e 

UNITS 

14-Pin  Hermetic  DIP  (Y) 

94 

10 

°C/W 

14-Pin  Plastic  DIP  (P) 

76 

33 

•c/w 

20-Contact  LCC  (RC) 

78 

30 

•c/w 

28-Contact  LCC  (TC) 

70 

28 

•c/w 

16-Pin  SOL  (S) 

88 

23 

•c/w 

NOTES 

1 


Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

The  OP-470's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If  differential 
voltage  exceeds  ±1 .0V,  the  input  current  should  be  limited  to  ±25mA. 
SjA  is  specified  for  worst  case  mounting  conditions,  i.e.,  S..  is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  e  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  and  PLCC  packages. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


OP.d7nA/F 

OP.d70F 

np.d7nn 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

v0s 

0.1 

0.4 

0.2 

0.8 

0.4 

1.0 

mV 

Input  Offset  Current 

I  OS 

VCM  =  0V 

3 

10 

6 

20 

■  _ 

12 

30 

nA 

Inrjut  Bias  Current 

u 

V —  =  ov 

6 

25 

15 

50 

25 

BO 

nA 

Input  Noise  Voltage 

enp-p 

0.1  Hz  to  10Hz 
(Note  1) 

80 

200 

80 

200 

80 

200 

"Vp-p 

fD=  10Hz 

3.8 

6.5 

3.8 

6.5 

3.8 

6.5 

Input  Noise 

fQ  =  100Hz 

3.3 

5.5 

3.3 

5.5 

3.3 

5.5 

Voltage  Density 

On 

fD=1kHz 

3.2 

5.0 

3.2 

5.0 

3.2 

5.0 

nVrVHT 

(Note  2) 

Input  Noise 
Current  Density 

fQ  =  10Hz 

1.7 

1.7 

_ 

1.7 



f0  =  100Hz 
f0  =  1  kHz 

0.7 
0.4 

— 

— 

0.7 
0.4 

— 

0.7 
0.4 

pA/^hT 

Large-Signal 
Voltage  Gain 

AVO 

Vo=±10V 
Rl  lOkll 

1000 

2300 

800 

1700 

800 

1700 

v/mv 

RL=  2kll 

500 

1200 

400 

900 

400 

900 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

v0 

RL>2kIl 

±12 

±13 

±12 

±13 

+  12 

±13 

V 

Common-Mode  Rejection  CMR 

VCM=+11V 

110 

125 

100 

120 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  +4.5V  to  +18V 

0.56 

1.8 

1.0 

5.6 

1.0 

5.6 

J.V/V 

Slew  Rate 

SR 

1.4 

2 

1.4 

2 

1.4 

2 

V/Ms 
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I  TP  MAX 


MIN      TYP  MAX 


UNITS 


Supply  Current 
(All  Amplifiers) 

Isy 

No  Load 

- 

9 

11 

9 

11 

- 

9 

11 

mA 

Gain  Bandwidth  Product 

GBW 

Av  =  +10 

— 

6 

—  — 

6 



— 

6 

— 

MHz 

Channel  Separation 

CS 

Vo  =  20Vp.p 

f0=  10Hz  (Note  1) 

125 

155 

—  125 

155 

125 

155 

dB 



2 

—  — 

2 

2 

pF 

Input  Capacitance 

— 

— 

— 



input  ^resistance 

0.4 

0.4 

0.4 

Mil 

Differential-Mode 

RIN 

- 

-  — 

- 

- 

Input  Resistance 
Common-Mode 

RINCM 

- 

11 

-  - 

11 

- 

- 

11 

- 

Gil 

Av  =  +1 

it 

Settling  Time 

's 

to  0.1% 

5.5 

5.5 

5.5 

to  0.01% 

6.0 

6.0 

6.0 

NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2  Sample  tested. 

3.  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA  <  125°C  for  OP-470A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-470A 
MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.14 

0.6 

mV 

Average  Input 

TCVos 

04 

^V/°C 

Offset  Voltage  Drift 

Input  Offset  Current 

'os 

vCM  =  ov 

5 

20 

nA 

Input  Bias  Current 

lB 

VCM=0V 

15 

50 

nA 

Large-Signal 
Voltage  Gain 

Avo 

V0  =  ±10V 
RL=  10kll 
RL=2kll 

750 
400 

1600 
800 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2kll 

±12 

±13 

V 

Common-Mode 

Rejection 

CMR 

VCM  =  ±11V 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4.5Vto  +18V 

1.0 

5.6 

(iV/V 

Supply  Current 
(All  Amplifiers) 

•'BY 

No  Load 

9.2 

11 

mA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-470E 


OP-470F 


OP-470G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

— 

0.12 

0.5 

— 

0.24 

1.0 

— 

0.5 

1.5 

mV 

Average  Input 
Offset  Voltage  Drift 

TCVos 

— 

0.4 

2 



— 

0.6 

4 

— 

2 

/iV/'C 

Input  Offset  Current 

'OS 

VCM  =  OV 

4 

20 

7 

40 

20 

50 

nA 

Input  Bias  Current 

Ib 

VCM  =  0V 

- 

11 

50 

- 

20 

70 

- 

40 

75 

nA 

Large-Signal 
Voltage  Gain 

V0  = ± 10V 
RL=  10kll 
RL=  2kil 

800 
400 

1800 
900 

- 

600 
300 

1400 
700 

- 

600 
300 

1500 
800 

- 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

±12 



±11 

±12 

— 

+  11 

±12 

— 

V 

Output  Voltage  Swing 

Vo 

RL>  2ki! 

±12 

±13 

— 

±12 

±13 

— 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM=  ±11V 

100 

120 

- 

90 

115 

- 

90 

110 



dB 

Power  Supply 
Rejection  Ratio 







PSRR 

VS  =  ±4.5V  to  +18V 

0.7 

5.6 

1.8 

10 

1.8 

mV/V 

Supply  Current 
(All  Amplifiers) 

l« 

No  Load 



9.2 





9.2 


11 





9.3 



11 



mA 

NOTE: 

1.    Guaranteed  by  CMR  test. 
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ANALOG 
DEVICES 


High  Speed,  Low  Noise  Quad 
Operational  Amplifier 


0P471 


FEATURES 

•  Excellent  Speed   8V//^s  Typ 

•  Low  Noise  11nV//HT  @  1kHz  Max 

•  Unity-Gain  Stable 

•  High  Gain-Bandwidth  6.5MHz  Typ 

•  Low  Input  Offset  Voltage  0.8mV  Max 

•  Low  Offset  Voltage  Drift  4mV/°C  Max 

•  High  Gain   500V/mV  Min 

•  Outstanding  CMR   105  dB  Min 

•  Industry  Standard  Quad  Pinouts 

•  Avsiisbls  in  Dis  Form 

ORDERING  INFORMATION  ' 


=  +25°C 


PACKAGE 


OPERATING 


V0SMAX 

CERDIP 

TEMPERATURE 
PLASTIC         LCC  RANGE 

800 

OP471AY* 

OP471ATC/883 

MIL 

800 

OP471ARC/883 

MIL 

800 

OP471EY 

IND 

1500 

OP471FY 

IND 

1800 

OP471GP 

XIND 

1800 

OP471GSn 

XIND 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter  part 

number.  Consult  factory  lor  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial  temperature  range  pacts  in 

CerDIP,  plastic  DIP.  and  TO-can  packages, 
tr    For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-471  is  a  monolithic  quad  op  amp  featuring  low  noise, 
11nV/V  Hz  Max  @  1kHz,  excellent  speed,  8V/ms  typical,  a 
gain-bandwidth  of  6.5MHz,  and  unity-gain  stability. 


PIN  CONNECTIONS 


OUTA  (T  *?i     |^|  OUT  D 

♦ina[T=-I  LhluKwo 


14-PIN  HERMETIC  DIP 

(Y-Suffix) 
14-PIN  PLASTIC  DIP 
(P-Sufflx) 


5 ; 

O  T 


/TUSIIlHirs 

♦INA  JJ  [ll  +IND 

N.C.  JJ  ffr  N.C. 

V.  JJ  Qi  V- 

N.C.  JJ  fjs  N.C. 

♦INB  JJ  fu  ♦INC 

■  ■  „  o  o 

20-LEAD  LCC 
(RC-Suffix) 


N.C.  JJ 

+INA  JJ 

N.C.  JJ 

V+  JJ 

N.C.  JJ 

•  ml  ]JJ 

N.C.  iJJ 

\ 


16-PIN  SOL 
(S-Sufflx) 

«c  *       a  a 

'  1 1  £  I  f  2 
^liJliJliJIiJNNNS 

m  n.c. 


EIBIEIEIEIEIE 


ffl  6  °  u  u 

*  f  5  3 1  f - 

o  o 

28-LEAD  LCC 
(TC-Suffix) 


[a  +IND 

[23  N.C. 

fji  V- 

fjl  N.C. 

|»  <mc 

Q5  n.c. 

7 


The  OP-471  has  an  input  offset  voltage  under  0.8mV  and  an 
input  offset  voltage  drift  below  4yjV/0C,  guaranteed  over  the 
full  military  temperature  range.  Open  loop  gain  of  the  OP-471 
is  over  500,000  into  a  10k(l  load  insuring  outstanding  gain 
accuracy  and  linearity.  The  input  bias  current  is  under  25nA 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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limiting  errors  due  to  signal  source  resistance.  The  OP-471's 
CMR  of  over  105dB  and  PSRR  of  under  5.6*iV/V  significantly 
reduce  errors  caused  by  ground  noise  and  power  supply 
fluctuations. 

The  OP-471  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  quad  buffers  and  low-noise 
active  filters. 

The  OP-471  conforms  to  the  industry  standard  14-pin  DIP 
pinout.  It  is  pin  compatible  with  the  OP-11,  LM148/149, 
HA4741,  RM4156,  MC33074,  TL084  and  TL074  quad  op  amps 
and  can  be  used  to  upgrade  systems  using  these  devices. 

For  applications  requiring  even  lower  voltage  noise  the  OP- 
470,  with  a  voltage  density  of  5nV/V  Hz  Max  @  1kHz,  is 
recommended. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Differential  Input  Voltage  (Note  3)  ±1.0V 

Differential  Input  Current  (Note  3)  ±25mW 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 
P,  RC,  TC,  Y-Package  -65°Cto  +150«C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°C 


Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

Junction  Temperature  (T )  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-471  A  -55°Cto+125°C 

OP-471  E,  OP-471  F  -25°C  to  +85°C 

OP-471  G  -40°C  to  +85°C 


PACKAGE  TYPE 


e|A(Note2) 


14-Pin  Hermetic  DIP  (Y) 

94 

10 

°C/W 



14-Pin  Plastic  DIP(P) 

76 

33 

°c/w 

20-Contact  LCC  (RC) 

78 

30 

°c/w 

28-Contact  LCC  (TC) 

70 

28 

°c/w 

16-Pin  SOL  (S) 

88 

23 

°c/w 

NOTES 

1 


Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

ej(i  is  specified  for  worst  case  mounting  conditions,  i.e.,  ej4  is  specified  for 
device  in  socket  lor  CerDIP,  P-DIP,  and  LCC  packages;  ejA  is  specified  for 
device  soldered  lo  printed  circuit  board  for  SOL  package. 
The  OP-471's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If  differential 
voltage  exceeds  ±1 .0V,  the  input  current  should  be  limited  to  ±25mA. 


unless  otherwise  noted. 


OP-471  A/E 

OP-471  F 

OP-471  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

0.25 

0.8 

0.5 

1.5 

1.0 

1.8 

mV 

Input  Offset  Current 

'os 

VCM  =  0V 

4 

10 

7 

20 

12 

30 

nA 

Input  Bias  Current 

>B 

VCM=0V 

7 

25 

15 

50 

25 

60 

nA 



Input  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz 

250 

500 

—  

250 

500 

250 

500 

nVp.p 

(Note  1) 

f0=10H2 

3 

16 

3 

16 

9 

16 

Input  Noise 
Voltage  Density 

fG=  100Hz 
f0=  1kHz 
(Note  2) 

7 

12 

7 

12 

7 

12 

nV/v/TiT 

«n 

6.5 

11 

6.5 

11 

6.5 

11 

Input  Noise 
Current  Density 

in 

fQ=  10Hz 
f0  =  100Hz 

1.7 
0.7 

1.7 
0.7 

1.7 
0.7 

—  i 
-— 

pA/x/HT 

fQ=  1kHz 

0.4 

0.4 

0.4 

Large-Signal 
Voltage  Gain 

Vo  =  ±10V 

AVO 

RL=  10kll 
RL=  2kll 

V/mV 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2kll 

±12 

+13 

±12 

±13 

±12 

±13 

V 

Common-Mode  Rejection  CMR 

VCM=±11V 

105 

120 

95 

115 

95 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=+4.5Vto±18V 

1 

5.6 

5.6 

17.8 

5.6 

17.8 

/iV/V 

Slew  Rate 

SR 

6.5 

8 

6.5 

8 

6.5 

8 

W)i9 
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PARAMETER 


SYMBOL  CONDITIONS 


MIN      TYP  MAX 


MIN      TYP  MAX 


MIN      TYP     MAX  UNITS 


Supply  Current 
(All  Amplifiers) 


No  Load 


-        9.2         11  -        9.2  11 


mA 


Gain-Bandwidth  Product  GBW 


MHz 


Channel  Separation 


•o  ""p-p 

f0=  10Hz  (Note  1) 


125        150  - 


Input  Capacitance 


pF 


Input  Resistance 
Differential-Mode 


Mil 


Input  Resistance 
Common-Mode 


—  11 


Gil 


Settling  Time 


Av  =  +1 
to  0.1% 
to  0.01% 


4.5  - 
7.5  — 


—        4.5  — 

-11  eMl)88K 


-  4.5 

-  W 





NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2  Sample  tested. 

a  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA<  125°C  for  OP-471A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-471A 
MIN      TYP  1 

«AX 

UNITS 

Input  Offset  Voltage 

Vos 

0.4 

1.2 

mV 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

1 

4 

MV/°C 

Input  Offset  Current 

'os 

VCM  =  0V 

6 

20 

nA 

Input  Bias  Current 

Ib 

VCM  =  0V 

16 

50 

nA 

Large-Signal 

V0  =  ±10V 
RL=  10kll 
RL  =  2kll 

375 
250 

500 
350 

Voltage  Gain 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

±12 

V 

Output  Voltage  Swing 

v0 

RL>2kl! 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

100 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±4.5V  to±18V 

5.6 

10 

,iV/V 

Supply  Current 

(All  Amplifiers) 

No  Load 

9.3 

11 

mA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 5V,  -25°C  <  TA  <  +85°C  for  OP-471 E/F,  -40°C  <  TA  <  +85°C  for  OP-471 G,  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-471  E 

TYP  MAX 

MIN 

OP-471  F 
TYP  MAX 

OP-471  G 

MIN      TYP  MAX 

UNITS 



|nn,,|  r\ficai  Wnltana 

input  unsci  vonage 

vos 

0.3 

1.1 

0.6 

2.0 

—        1.2  2.5 

mV 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

- 

1 

4 

2 

7 

—          4         —  ' 

(iV/°C 

input  Offset  Current 

'os 

VCM=OV 

- 

5 

20 

- 

6 

40 

—         20  50 

nA 

Input  Bias  Current 

'b 

VCM  -  uv 

13 

50 

25 

70 

—         40  75 

nA 

Large-Signal 
Voltage  Gain 

Avo 

VQ  = ± 10V 
Rl  =  10k(l 
RL  =  2kIl 

375 
250 

600 
400 

— 

200 
125 

400 

200 

— 

•inn  Ann 

200        400  — 

125       200  - 

V/mV 

Input  Voltage  Range 

(iNoie  i ) 

±11 

±12 

i 

±12 

±11        ±1Z  — 

V 

Output  Voltage  Swing 

RL>2k« 

±12 

±13 



±12 

±13 

±12       ±13  — 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

100 

115 

90 

110 

- 



90        110  - 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

■ 

VS  =  ±4.5V  to  ±  18V 

3.2 

10 

18 

31.6 

-         18  31.6 

mV/v 

Supply  Current 

No  Load 

9.3 

11 

9.3 

11 

-        9.3  11 

mA 

(All  Amplifiers) 

'SY 



NOTE: 

1.    Guaranteed  by  CMR 

 ^~ 

est. 
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□ ANALOG 
DEVICES 

■ 

FEATURES 

•  Single/Dual  Supply  Operation  +1 .6 V  to  +36V 

 +0.8V  to±18V 

•  True  Single-Supply  Operation;  Inputand  Output  Volt- 
age Ranges  Include  Ground 

•  Low  Supply  Current  80uA  Max 

•  High  Output  Drive  5mA  Min 

•  Low  Offset  Voltage  0.5mA  Max 

•  High  Open-Loop  Gain  700V/mV  Min 

•  Outstanding  PSRR  5.6uV/V  Min 

•  Industry  Standard  Quad  Pinouts 

•  Available  in  Die  Form 


ORDERING  INFORMATION  1 


Low-Voltage  Micropower 
Quad  Operational  Amplifier 


0P490 


PACKAGE 

TA  •  +25°C 
VosMAX 
<mV) 

OPERATING 
TEMPERATURE 
RANGE 

CERDIP 
14-PIN 

PLASTIC 

LCC 
28-CONTACT 

0.5 

OP490AV 

OP490ATC/883 

MIL 

0.5 

OP490EY 

INO 

0.75 

OP490FY 

IND 

1.0 

OP490GP 

XIND 

1.0 

OP490GSn 

XIND 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sa 


PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 

14-PIN  PLASTIC  DIP 
(P-Suffix) 


z  5 

T  O 


p  5  z  q 


OUTA|T 

-ina|T 
+ina|T 
V+Lt 
+INB  [T 
-INB|T 
OUTBLL 
N.C.  LI 


lUOUTD 
IS] -IN  D 
Hl+IN  D 
13]  V- 

m  +in  c 

ID -INC 
I]  OUT  C 

a  n.c. 


16-PIN  SOL 
(S-Suffix) 


O  T 

XLUHJL2JlUI£§IIsiII??I\ 

N.C.  T]  HI  N.C. 

+INA   6]  [5  +INC 

N.C.  JJ  [23  N.C. 

j]  m  v- 

J]  [21  N.C. 

10]  |20  +IN  C 

n]  m  n.c. 

p??quuo 

Z  f  3  2  =  T  Z 
1   O  O 

28-PIN  LCC 
(TC-Suffix) 


v+ 

N.C. 
+IN  B 

N.C. 


GENERAL  DESCRIPTION 

The  OP-490  is  a  high-performance  micropower  quad  op  amp 
that  operates  from  a  single  supply  of +1 .6V  to  +36V  or  from  dual 
supplies  of  +0.8V  to  ±18V.  Input  voltage  range  includes  the 
negative  rail  allowing  the  OP-490  to  accommodate  input  sig- 
nals down  to  ground  in  single-supply  operation.  The  OP-490's 
output  swing  also  includes  ground  when  operating  from  a  single 
supply,  enabling  "zero-in,  zero-out"  operation. 

Continued 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 


-OOUTPUT 


This  it  an  abridged  data  sheet.  To  obtain  the  most  rec< 

ta  sheet,  call  our  fax  retrieval  system  at  l-80f>446-«212. 
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GENERAL  DESCRIPTION  Continued 

The  quad  OP-490  draws  less  than  20uA  of  quiescent  supply 
current  per  amplifier,  but  each  amplifier  is  able  to  deliver  over 
5mA  of  output  current  to  a  load.  Input  offset  voltage  is  under 
0.5m  V  with  offset  drift  below  5uV/°C  over  the  military  tempera- 
ture range.  Gain  exceeds  over  700,000  and  CMR  is  better  than 
100dB.  A  PSRR  of  under  5.6u.V/V  minimizes  offset  voltage 
changes  experienced  in  battery  powered  systems. 

The  quad  OP-490  combines  high  performance  with  the  space 
and  cost  savings  of  quad  amplifiers.  The  minimal  voltage  and 
current  requirements  of  the  OP-490  makes  it  ideal  for  battery 
and  solar  powered  applications,  such  as  portable  instruments 
and  remote  sensors. 


Storage  Temperature  Range 
TC,  Y,  P  Package  -65°C  to  +1 50°C 

Operating  Temperature  Range 

OP-490A  -55°C  to  +125°C 

OP-490E,  OP-490F  -25°C  to  +85°C 

OP-490G  -40°Cto+85°C 

Junction  Temperature  (Tj)  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +300°C 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Differential  Input  Voltage  [(V-)  -  20V]  to  [(V+)  +  20V] 

Common-Mode  Input  Voltage  [(V-)  -  20V]  to  [(V+)  +  20V] 

Output  Short-Circuit  Duration  Continuous 

! 


PACKAGE  TYPE                       0,A  (Note  1) 

e,c 

UNITS 

14-Pin  Hermetic  DIP  (Y)  99 

12 

°c/w 

14-Pin  Plastic  DIP  (P)  76 

33 

°c/w 

28-Contact  LCC  (TC)  78 

30 

°c/w 

16-Pin  SOL  (S)  92 

27 

°c/w 

NOTES: 

1 .  6jA  is  specified  for  worst  case  mounting  conditions,  i.e.,  0jA  is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  6ja  is  specified  for 
device  soldered  to  printed  circuit  board  for  SOL  package. 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted 


,  Ta  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-490A/E 

MIN       TYP  MAX 

OP-490F 

MIN  TYP 

MAX 

MIN 

OP-490G 

TYP       MAX  UNITS 

Input  Offset  Voltage 

Vos 

0.2  0.5 

0.4 

0.75 

0.6 

1.0 

mV 

Input  Offset  Current 

los 

vCM  =  ov 

0.4  3 

0.4 

5 

0.4 

5 

nA 

Input  Bias  Current 

Ib 

vCM  =  ov 

4.2  15 

4.2 

20 

4.2 

25 

nA 

Vs  =  ±15V,Vo  =  ±10V 

Large-Signal 

Avo 

Rl  =  1 0Okfi 
RL=  10ktl 
RL  =  2kQ 

700 
350 
125 

1200 
600 
250 

500 
250 
100 

1000 
500 
200 

400 

200 
100 

800 
400 
200 

V/mV 

Voltage  Gain 

V+  =  5V,  V-  =  0V, 

100 

70 

1V<V0<4V 
RL=100k£2 
Ru=10k£i 

200 
100 

400 
180 

125 
75 

300 
140 

250 
140 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 

0/4 

0/4 

0/4 

V 

Vs  =  ±15V(Note  1) 

-15/13.5 

-15/13.5 

-15/13.5 

VS  =  ±15V 



Vo 

RL=10kQ 
RL  =  2kQ 

±13.5 
±10.5 

±14.2 
±11.5 

±13.5 
±10.5 

±14.2 
±11.5 

±13.5 
±10.5 

±14.2 
±11.5 

V 

Output  Voltage  Swing 

V+  =  5V,  V-  =  OV 

_ 

V 

RL  =  2kQ 

4.0 

4.2 

4.0 

4.2 

4.0 

4.2 

Vol 

V+  =  5V,  V-  =  0V 

uV 

RL=10kQ 

100  500 

100 

500 

100 

500 

Common-Mode 
Rejection 

V+  =  5V,  V-  =  0V, 

90 

110 

80 

100 

80 

100 

CMR 

0V<VCM<4V 

VS  =  ±15V, 

-15V  <VCM<  13.5V 

100 

130 

90 

120 

90 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0  5.6 

3.2 

10 

3.2 

10 

uV/V 



Slew  Rate 

SR 

VS  =  ±15V 

5 

12 

5 

12 

5 

12 

V/ms 

Supply  Current 
(All  Amplifiers) 

lSY 

No  Load 

VS  =  ±15V 

40  60 
60  80 

40 
60 

60 
80 

40 
60 

60 
60 

MA 

Capacitive  Load 
Stability 

Av  =  +1 

650 

650 

650 

PF 

Input  Noise  Voltage 

e„p-p 

f0  =  0.1Hz  to  10Hz 
VS  =  ±15V 

3 

3 

3 
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OP-490A/E  OP-490F  OP-490G 

PARAMETER  SYMBOL     CONDITIONS  MIN       TYP       MAX  MIN       TYP       MAX  MIN       TYP      MAX  UNITS 


Input  Resistance 
Differential  Mode 

Rin 

VS  =  ±15V 

30 

- 

30 

■ 

30 

MQ 

Input  Resistance 
Common  Mode 

"1NCM 

VS  =  ±15V 

-  20 

20 

20 

Gfl 

Gain  Bandwidth 
Froduct 

GBWP 

Av  =  +1 

20 

20 

20 

kHz 

f0=  10Hz 
V0  =  20V 

Vs  =  ±15V(Note2) 



Channel  Separation 

CS 

120  150 

120  150 

120 

150 

dB 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  100%  tested. 


■ 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1  5V  to  ±1 5V,  -55°C  <  TA  <  +1 25°C,  unless  otherwise  noted. 


OP-490A 

 !  

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX  UNITS 

Input  Offset  Voltage 

Vos 

0.4 

1.0  mV 

Average  Input  Offset 

TCVqs 

Vg  —  ± 1 5  V 

5  [iV/°C 

Voltage  Drift 



Input  Offset  Current 

'os 

vCM  =  ov 

1.5 

5  nA 

Input  Bias  Current 

Ib 

VCM  =  0V 

- 

4.4 

20  nA 

VS  =  ±15V,  Vo  =  ±10V 
RL=  100kll 
RL  =  10k£l 

225 
125 

400 
240 

Large-Signal 

Avo 

RL  =  2k£2 

50 

110 

V/mV 

Voltage  Gain 

V+  =  5V,  V-  =  0V, 
1V<  V0<4V 
RL  =  100kii 

100 

200 

RL  =  10kQ 

50 

110 

Input  Voltage  Range 

IVR 

V+  =  5V.  V-  =  OV 

0/3.5 



V 

Vs  =  ±15V(Note1) 

-15/13.5 

Vo 

VS  =  ±15V 
RL  =  10kS! 

±13 

'  ±13.7 

V 

Output  Voltage  Swing 

Ru  =  2kQ 

±10 

±11 

V0H 

V+  =  5V.  V-  =  0V 



V 

RL  =  2kfl 

3.9 

4.1 

V+  =  5V,  V-  =  0V 

Vol 

RL  =  10kS2 

100 

500 

Common-Mode  Rejection 

CMR 

V+  =  5V,  V-  =  OV,  OV  <  VCM  <  3.5V 
Vs  =  ±15V, -15V  <VCM<  13.5V 

85 
95 



105 
115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

3.2 

10  nV/V 

Supply  Current 
(All  Amplifiers) 

ISY 

VS  =  ±1.5V   -   ;  - 
VS  =  ±15V  N0L°ad 

70 
90 

100 
120 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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PARAMETER  SYMBOL 

CONDITIONS 

MIN 

OP-490E 

TYP 

MAX 

MIN 

OP-490F 

TYP 

MAX 

MIN 

OP-490G 

TYP 

MAX 

UNITS 

Input  Offset  Voltage  V0s 

0.32 

0.8 

0.6  1.35 

0.8 

1.5 

mv 

Average  Input  Offset 
Voltage  Drift  os 

VS  =  ±15V 

2 

5 

4 

4 

u.V/°C 

Input  Offset  Current       Iqs           VCm  =>  OV 

- 

0.8 

3 

1.0 

5 

- 

1.3 

7 

nA 

Input  Bias  Current  Ib 

VCM  =  OV 

4.4 

15 

4.4 

20 

4.4 

25 

nA 

VS  =  ±15V,  Vo  =  ±10V 

RL  =  100k£l 

500 

800 

350 

700 

300 

600 

250 

400 

175 

350 

- 

150 

250 

Large-Signal 

Ru  =  2k£l 

100 

200 

- 

75 

150 

75 

125 

V/mV 

Voltage  Gain  Avo 

V+  =  5V.  V-  =  0V, 
1V<  V0<4V 









p.  —  innuo 
rl|_     i  uukw 

150 

280 

100 

220 

- 

80 

160 

Ru=  10M2 

75 

140 

- 

50 

110 

- 

40 

90 

- 

Input  Voltage  Range  IVR 

V+  =  OV,  V—  =  UV 

VS  =  ±15V  (Notel)  - 

0/3.5 
15/13.5 

- 

_ 
- 

0/3.5 
-15/13.5 

- 

- 

0/3.5 
-15/13.5 

- 

V 

Vs  =  ±15V 

Vo 

RL=  10k£J 

±13 

±14 

- 

±13 

±14 

±13 

±14 

- 

V 

Ri_  =  2kn 

±10 

±11 

±10 

±11 

- 

±10 

±11 

Output  Voltage  Swing  V0H 

V+  =  5V,  V-  =  OV 
RL  =  2k£J 

3.9 

4.1 

3.9 

4.1 

3.9  4.1 

V 

Vol 

V+  =  5V,  V-  =  0V 
Ru= 10kQ 

100 

500 

100 

500 

100 

500 

uV 

V+  =  5V,  V-  =  OV, 

90 

110 

80 

100 

80 

100 

Common-Mode 

.    ,.  CMR 

Rejection 

OV  <  VCM  <  3.5V 

VS  =  ±15V, 

-15V<  VCM<  13.5V 

100 

120 

90 

110 

90 

110 

dB 

Power  Supply  PSRR 
Rejection  Ratio 

1.0 

5.6 

3.2 

10 

5.6 

17.8 

uV/V 

Supply  Current 
(All  Amplifiers)  SY 

Vs  =  ±1'5V  No  Load 
VS  =  ±15V 

65 
80 

100 
120 

65 
80 

100 
120 

60 
75 

100 
120 

uA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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ANALOG 
DEVICES 


Precision  Picoampere  Input  Current 
Quad  Operational  Amplifier 


0P497 


FEATURES 

Low  Offset  Voltage:  50  |iV  max 

Low  Offset  Voltage  Drift:  0.5  (iV/°C  max 

Very  Low  Bias  Current 

+25°C:  100  pA  max 

-55°C  to  +125°C:  450  pA  max 
Very  High  Open-Loop  Gain:  2000  V/mV  min 
Low  Supply  Current  (per  Amplifier):  625  mA  max 
Operates  from  ±2  V  to  ±20  V  Supplies 
High  Common-Mode  Rejection:  120  dB  min 

APPLICATIONS 

Strain  Gage  and  Bridge  Amplifiers 
High  Stability  Thermocouple  Amplifiers 
Instrumentation  Amplifiers 
Photo-Current  Monitors 
High-Gain  Linearity  Amplifiers 
Long-Term  Integrators/Filters 
Sample-and-Hold  Amplifiers 
Peak  Detectors 
Logarithmic  Amplifiers 


PIN  CONNECTIONS 

16-Lead  Wide  Body  SOIC 

(S! 


NC  =  NO  CONNE 


GENERAL  DESCRIPTION 

The  OP-497  is  a  quad  op  amp  with  precision  performance  in 
the  space  saving,  industry  standard  16-pin  SOIC  package.  Its 
combination  of  exceptional  precision  with  low  power  and 
extremely  low  input  bias  current  makes  the  quad  OP-497  useful 
in  a  wide  variety  of  applications. 

Precision  performance  of  the  OP-497  includes  very  low  offset, 
under  50  |xV,  and  low  drift,  below  0.5  \lVTC.  Open-loop  gain 
exceeds  2000  V/mV  insuring  high  linearity  in  every  application. 
Errors  due  to  common-mode  signals  are  eliminated  by  the 
OP-497's  common-mode  rejection  of  over  120  dB.  The  OP-497's 
power  supply  rejection  of  over  120  dB  minimizes  offset  voltage 
changes  experienced  in  battery  powered  systems.  Supply  current 
of  the  OP-497  is  under  625  (0.A  per  amplifier,  and  it  can  operate 
with  supply  voltages  as  low  as  ±2  V. 

The  OP-497  utilizes  a  superbeta  input  stage  with  bias  current 
canceUation  to  maintain  picoamp  bias  currents  at  all  tempera- 
tures. This  is  in  contrast  to  FET  input  op  amps  whose  bias  cur- 
rents start  in  the  picoamp  range  at  25°C,  but  double  for  every 
10°C  rise  in  temperature,  to  reach  the  nanoamp  range  above 
85°C.  Input  bias  current  of  the  OP-497  is  under  100  pA  at  25°C 
and  is  under  450  pA  over  the  military  temperature  range. 

Combining  precision,  low  power  and  low  bias  current,  the 
OP-497  is  ideal  for  a  number  of  applications  including  instru- 
mentation amplifiers,  log  amplifiers,  photo-diode  preamplifiers 
and  long  term  integrators.  For  a  single  device  see  the  OP-97,  for 
a  dual  see  the  OP-297. 


14-Lead  Plastic  Dip 
(P  Suffix) 

14-Lead  Ceramic  Dip 
(Y  Suffix) 


20-Position  Chip  Carrier 
(RC  Suffix) 


/lajUJbjyyj 

♦IN  A  TJ  tIN  D 

NC  II      OP-497  El 

V*  II      TOP  VIEW  EI  v" 

NC  7]  (Not  to  Scale)  |l5  NC 

.MB  3  QJ  tlNC 

rmrarmRiiFii" 


m   tn   o   o  o 

*  I  *  §  * 


-75  -50    -25      0      25     50     75    100  125 
TEMPERATURE  -  *C 

Input  Bias,  Offset  Current  vs.  Temperature 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  oi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Parameter 

Symbol 

Condition 

A 

Min    Typ  Max 

B/F 

Min    Typ  Max 

C/G 

Min    Typ  Max 

Units 

INPUT  CHARACTERISTICS 
Offset  Voltage 

Average  Input  Offset  Voltage  Drift 
Long  Term  Input  Offset  Voltage  Stability 

Input  Bias  Current 

Average  Input  Bias  Current  Drift 

TCVl)s 

-40  C  ^  TA  <  +85  C 
-55°C  -  TA  ^  +  125°C 
T„„„-T,„„ 

20  50 

40  100 

0.2  0.5 
0.1 

40  75 
70  150 
80  150 
0.4  1.0 
0.1 

80  150 
120  250 
140  300 
0.6  1.5 
0.1 

u-V 

uvrc 

uV/Mo 

la 

TC,„ 

vi:„  =  ov 

-40°C  «=  TA  -=  +  85°C 
-55°C  *=  TA  *  +125°C 
-40°C  -=  TA  -=  +  85°C 
-55°C  S  TA  «=  +  125°C 

30  100 
80  450 
0.5 

40  150 
60  200 
110  600 
0.3 

0.7 

60  200 
80  300 
130  600 

0.3 
0.7 

pA 

pA/°C 

Input  Offset  Current 

Average  Input  Offset  Current  Drift 
Input  Voltage  Range' 

Ics 

Tt:I,,s 

V,.m  =  0V 

-40°C  •=  TA  «  +  85°C 

-55°C  *=  TA  ^  +  125°C 

15  100 

35  400 
0.2 

30  150 
50  200 
60  600 
0.3 

50  200 
80  300 
90  600 
0.4 

pA 

pA/°C 

IVR 

±13  ±14 

±13  ±14 

±13  ±14 

V 

Common-Mode  Rejection 

CMR 

T„„„-Tm,x 
V,,m  =  ±B  V 
Tm,„-T„,„ 

±13  ±13.5 
120  140 
114  130 

±13  ±13.5 
114  135 
108  120 

±13  ±13.5 
114  135 
108  120 

dB 

Large  Signal  Voltage  Gain 

Input  Resistance  Differential  Mode 
Input  Resistance  Common  Mode 
Input  Capacitance 

RlN 
RlNCM 

On 

V()  =  ±  10  V  RL  =  2  kll 
-40°C  <  TA  s  +85°C 
-55°C  s  TA  s  +125X 

2000  6000 

1200  4000 
30 
500 
3 

1500  4000 
800  2000 
1000  3000 
30 
500 
3 

1200  4000 
800  2000 
800  3000 
30 
500 
3 

V/mV 
Mf! 

Gn 

pF 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 

V0 

RL  =  2  kS! 
RL  =  10  kll 
Tmin-Tm„,  RL  =  10kf! 

±13  ±13.7 
±13  ±14 
±13  ±13.5 

±13  ±13.7 
±13  ±14 
±13  ±13.5 

±13  ±13.7 
±13  ±14 
±13  ±13.5 

V 

Short  Circuit 

Isc 

±25 

±25 

±25 

mA 

POWER  SUPPLY 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±2  V  to  ±20  V 

120  140 

114  135 

114  135 

dB 

Vs  =  ±2.5  V  to  ±20  V 

Supply  Current  (per  Amplifier) 
Supply  Voltage  Range 

Isv 

vs 

Tmin-Tm„ 
No  Load 
Tmi„-Tm„ 

Operating  Range 
T  -T 

*  mm    *  max 

114  130 

525  625 
580  750 
±2  ±20 
±2.5  ±20 

108  120 

525  625 
580  750 
±2  ±20 
±2.5  ±20 

108  120 

525  625 
580  750 
±2  ±20 
±2.5  ±20 

(J.A 
V 

DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Channel  Separation 

SR 
GBW 

CS 

VD  =  20  V  p-p  fo  =  10  Hz 

0.05  0.15 
500 
150 

0.05  0.15 
500 
150 

0.05  0.15 
500 
150 

V/us 
kHz 
dB 

NOISE  PERFORMANCE 
Voltage  Noise 
Voltage  Noise  Density 

Current  Noise  Density 

e„  =  10  Hz 
e„  =  1  kHz 
i„  =  10  Hz 

0.1  Hz  to  10  Hz 

0.3 
17 
15 
20 

0.3 
17 
15 
20 

0.3 
17 
15 
20 

u.V  p-p 
nV/VHz 
nV/VHz 
fA/VHz 

NOTE 

'Guaranteed  by  CMR  Test. 


1 


REV.C 


OPERATIONAL  AMPLIFIERS  9-569 


Parameter 

Input  Offset  Voltage 
Input  Offset  Current 
Input  Bias  Current 
Input  Voltage  Range1 
Large  Signal  Voltage  Gain 
Common-Mode  Rejection 
Power  Supply  Rejection 
Output  Voltage  Su 


Supply  Current  per  Amplifier 


Condition 

Vcm  =  0  V 
Vom  =  0  V 

V(,  =  ±  10  V,  R,  s  10  kfl 

Vcm  =  ±  BV 

Vs  =  ±2  Vto  ±20  V 

R,      10  kfl 

RL  s  2  kfl 

No  Load 


OP-497  GBC 

Units 

150 

u.V  max 

150 

pA  max 

150 

pA  max 

±13 

V  min 

1500 

V/mV  min 

114 

dB  min 

114 

dB  min 

±13 

V  min 

±13 

V  min 

625 

jjlA  max 

NOTE 

'Guaranteed  by  CMR  test.  Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield 
after  packaging  is  not  guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot 
assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±20  V 

Input  Voltage2   ±20  V 

Differential  Input  Voltage2  40  V 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 

Y,  RC  Package   -65°C  to  +  175°C 

P,  S  Package  -65°C  to  +  150°C 

Operating  Temperature  Range 

OP-497A,  B,  C  (Y)  -55°C  to  +  125°C 

OP-497F,  G  (Y)   -40°C  to  +  85°C 

OP-497F,  G  (P,  S)  -40°C  to  +85°C 

Junction  Temperature 

Y,  RC  Package   -65°C  to  +175°C 

P,  S  Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +  300°C 


Package  Type 

9jC 

Units 

14-Pin  Cerdip  (Y) 

94 

10 

°C/W 

14-Pin  Plastic  DIP  (P) 

76 

33 

°c/w 

20-Contact  LCC  (RC) 

78 

33 

°c/w 

16-Pin  SOIC  (S) 

92 

23 

°c/w 

o  v2 


=  2°'°8  (Vj  ,10000) 

Channel  Separation  Test  Circuit 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

-55°C  to  +125°C 

14-Pin  Cerdip 

Q-14 

OP497AY 

OP497BY 

-55°Cto  +  125°C 

14-Pin  Cerdip 

Q-14 

OP497CY 

-55°Cto  +125°C 

14-Pin  Cerdip 

Q-14 

OP497BRC/883 

-55°C  to  +125°C 

20-Contact  LCC 

E-20A 

OP497FY 

-40°C  to  +85°C 

14-Pin  Cerdip 

Q-14 

OP497FP 

-40°C  to  +85°C 

14-Pin  Plastic  DIP 

N-14 

OP497FS 

-40°Cto  +  85°C 

16-Pin  SOIC 

R-16 

OP497GY 

-40°C  to  +85°C 

14-Pin  Cerdip 

Q-14 

OP497GP 

-40°C  to  +85°C 

14-Pin  Plastic  DIP 

N-14 

OP497GS 

-40°C  to  +85°C 

16-Pin  SOIC 

R-16 

*For  oudine  information  see  Package  Information  section. 


DICE  CHARACTERISTICS 


OUT  A    OUT  D 


NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2For  supply  voltages  less  than  ±20  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

J8jA  is  specified  for  worst  case  mounting  conditions,  i.e.,  f)JA  is  specified  for 
device  in  socket  for  cerdip,  P-DIP,  and  LCC  packages;  flJA  is  specified  for 
device  soldered  to  printed  circuit  board  for  SOIC  package. 
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Die  Size  0.112  x  0. 129  inch,  14,448  sq.  mils 
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Selection  Tree  —  Instrumentation  Amplifiers 





RESISTOR 
PROGRAMMABLE 


AMP01  (Low  Noise) 

AMP02  (Input  Protection) 

AD625  (Low  Noise) 

AD620  (Highest  Accuracy) 


Single  Supply 


AMP04 


INSTRUMENTATION 
AMPLIFIERS 


SOFTWARE 
PROGRAMMABLE 
(SINGLE  ENDED  INPUT) 


Single 


AD526 


AD524  (Input  Protection) 
AD624  (High  Accuracy) 
AD621  (Highest  Accuracy) 


Single  Supply 


AD626  (Input  Protection) 


Selection  Guide— Instrumentation  Amplifiers 


Voltage 


! 

2 

=5 


i 

CO 


Input 

Input 

Noise 

Slew 

Power 

Gain  Error* 

Gain  TC* 

Nonlinearity 

Offset 

Offset 

@  1  kHz 

Rate 

Supply 

■+■  % 

ppro/°C 

% 

Voltage 

Current 

nV/VHz 

"acKage 

Temp 

Category 

Model 

Gain  Range 

max  (G=l) 

max  (G=l) 

max  (G=l) 

u.V  max 

n A  max 

RTItyp 

typ 

±  Volts 

Options1 

Ranges2 

Page3 

nign 

AD524 

i  tn  i  nnn 

1  io  1,UUU 

VJmm 

n  nm 

in 

7 

1 

c 

6  to  18 

D  E 

1  Ml 

10-5 

Accuracy 

AD620 

1  to  10,000 

0.02 

-50(GslOOO) 

0.004  (G  1000) 

50 

0.5 

16.4 

1.2 

2.3  to  18 

n!  q,  r 

I,  M 

10-11 

AD621 

10  to  100 

0.05  (G=10  or  100) 

5  (G=10) 

0.001  (G=10) 

125 

0.5 

17 

1.2 

2.3  to  18 

N,  Q,  R 

I,  M 

10-15 

AMP02 

1  to  10,000 

0.02 

50  (G  1000) 

0.006  (G-  1000) 

100 

5 

9 

6 

4.5  to  18 

N,  Q,  R 

I,  M/s 

10-35 

AD624 

1  to  1,000 

0.02 

5 

±0.001 

25 

±10 

4 

5 

6  to  18 

D 

I,  MJ 

10-19 

Low 

AD624 

1  to  1,000 

0.02 

5 

±0.001 

25 

±10 

4 

5 

6  to  18 

D 

I,  MJ 

10-19 

Voltage 

AD625 

1  to  10,000 

0.02 

5  (GslOOO) 

0.001  (Gs256) 

25 

±5 

4 

5 

6  to  18 

D,  N 

C,  I,  M/D 

10-22 

Noise 

AMP01 

0.1  to  10,000 

0.6  (G=l-1  k) 

10  (GslOOO) 

0.01 

50 

1 

5 

4.5 

4.5  to  18 

E,  Q,  R 

C,  I,  M 

10-29 

Resistor 

AD620 

1  to  10,000 

0.02 

-50  (Gs  1000) 

0.004  (C<  1000) 

50 

0.5 

16.4 

1.2 

2.3  to  18 

N,  Q,  R 

I,  M 

10-11 

Programmable 

AD625 

1  to  10,000 

0.02 

5  (GslOOO) 

0.001  (Gs256) 

25 

±5 

4 

5 

6  to  18 

D,  N 

C,  I,  M/D 

10-22 

Gain 

AMP02 

1  to  10,000 

0.02 

50  (GslOOO) 

0.006  (GslOOO) 

100 

5 

9 

6 

4.5  to  18 

N,  Q,R 

I,  M/s 

10-35 

AMP04 

1  to  1,000 

0.5 

N/A 

0.012  (typ) 

200 

5 

N/A 

0.12 

2.25  to  18 

N,  R 

I,  M 

10-39 

Software 

AD526* 

I,  2,  4,  8,  16 

0.01 

2 

0.0035 

500 

- 

30 

6 

4.5  to  16.5 

D,  N 

C,  I,  M/D 

10-8 

Prog.  Gain 

Single 

AD626H 

10  to  100 

0.6(G=10  or  100) 

30  (G=10) 

0.016  (G= 10) 

2500 

N/A" 

250 

0.22 

+2.4  to  +12 

N,  Q,  R 

I,  M 

10-5 

Supply 

AMP04 

1  to  1,000 

0.5 

N/A 

0.012  (typ) 

200 

5 

N/A 

0.12 

+4.5  to  +36 

N,  R 

I,  M 

10-39 

Low 

AD620 

1  to  10,000 

0.02 

-50  (Gs  1000) 

0.04  (GslOOO) 

50 

0.5 

16.4 

1.2 

2.3  tol8 

N,  Q,R 

I,  M 

10-11 

Power 

AD621 

10  to  100 

0.05  (G=10orl00) 

5  (G=10) 

0.01  (G=10) 

50 

0.5 

17 

1.2 

2.3  to  18 

N,  Q,R 

I,  M 

10-15 

AMP04 

1  to  1,000 

0.5 

N/A 

0.012  (typ) 

200 

5 

N/A 

0.12 

2.25  tol8 

N,  R 

I,  M 

10-39 

AD626 

10  to  100 

0.3  (G=10) 

30  (G=10) 

0.055  (G=10) 

250 

N/A** 

250 

0.22 

1.2  to  6 

N,  Q,R 

I,  M 

10-25 

Input 

AD524 

1  to  1,000 

0.02 

5 

0.003 

50 

±10 

7 

5 

6  to  18 

D,  E 

I,M/D 

10-5 

Protected 

AMP02 

1  to  10,000 

0.02 

50  (GslOOO) 

0.006  (GslOOO) 

100 

5 

9 

6 

4.5  to  18 

N,  Q,  R 

I,  M/s 

10-35 

Differential 

AMP03 

1 

0.008 

0.015 

400 

9.5 

6  to  18 

D,  H 

I,  M 

A  4-149 

Amp 

AD626 

10  to  100 

0.3  (G=10) 

30  (G=10) 

0.055  (G=10) 

250 

N/A** 

250 

0.22 

1.2  to  6 

N,  Q,  R 

I,  M 

10-25 

SSM2143 

0.5 

0.1 

1200 

10 

6  to  18 

N,  R 

I 

14-28 

Low  Input 

AD620 

1  to  10,000 

0.02 

-50  (GslOOO) 

0.004  (GslOOO) 

50 

0.5 

16.4 

1.2 

2.3  to  18 

N,  Q,R 

I,  M 

10-11 

Bias 

AD621 

10  to  100 

0.05  (G=10  or  100) 

5  (G=10) 

0.001  (G=10) 

50 

0.5 

17 

1.2 

2.3  tol8 

N,  Q,  R 

I,M 

10-15 

Current 

AMP05 

0.1  to  2,000 

0.5(G=l-lk) 

20  (Gs  1000) 

0.001  (typ) 

1000 

0.025 

350 

7.5 

4.5  to  18 

Q 

I,M/S 

A  4-165 

*Does  not  include  effects  of  external  gain  resistor  (Rg). 
^Digitally  programmable. 
11AD626  is  specified  differendy  for  single  and  dual  supply  operation. 
"Resistance  equals  200  kfl. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  ]  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

JA  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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ANALOG 
DEVICES 


•  ■ 


Precision  Instrumentation  Amplifier 


AD524 


FEATURES 

Low  Noise:  0.3|iV  p-p  0.1Hz  to  10Hz 

Low  Nonlinearity:  0.003%  (G  =  1) 

High  CMRR:  120dB  (G  =  1000) 

Low  Offset  Voltage:  50uV 

Low  Offset  Voltage  Drift:  0.5|iV/°C 

Gain  Bandwidth  Product:  25MHz 

Pin  Programmable  Gains  of  1,  10,  100, 1000 

Input  Protection,  Power  On  -  Power  Off 

No  External  Components  Required 

Internally  Compensated 

MIL-STO-883B  and  Chips  Available 

16-Pin  Ceramic  DIP  and  SOIC  Packages  and 

20-Terminal  Leadless  Chip  Carriers  Available 
Available  in  Tape  and  Reel  in  Accordance 

with  EIA-481A  Standard 
Standard  Military  Drawing  Also  Available 


CONNECTION  DIAGRAMS 


Ceramic  (D)  and 
SOIC  (R)  Packages 

■ 

-""PUT  E 
+  INPUT  fT 

r— 

INPUT  NULL  |"T 
INPUT  NULL  [7] 

w>  E 

AD524 

TOP  VIEW 
(Not  to  Stale) 



«]rg, 

l5")  OUTPUT  NULL 
"u]  OUTPUT  NUU 
Til  G  =  10  ^ 

SHORT  TO 
GAIN 

11|  G  =  1000 J 

-v.rr 
♦*E 

T|  OUTPUT 

r°*  ,50-i 

M5S  140-1 


■ 

II 

1 


PRODUCT  DESCRIPTION 

The  AD524  is  a  precision  monolithic  instrumentation  amplifier 
designed  for  data  acquisition  applications  requiring  high  accuracy 
under  worst-case  operating  conditions.  An  outstanding  combina- 
tion of  high  linearity,  high  common  mode  rejection,  low  offset 
voltage  drift,  and  low  noise  makes  the  AD524  suitable  for  use  in 
many  data  acquisition  systems. 

The  AD524  has  an  output  offset  voltage  drift  of  less  than  25p.V/°C, 
input  offset  voltage  drift  of  less  than  0.5llV/°C,  CMR  above 
90dB  at  unity  gain  ( 120dB  at  G  =  1000)  and  maximum  nonlinearity 
of  0.003%  at  G  =  1 .  In  addition  to  the  outstanding  dc  specifications 
the  AD524  also  has  a  25MHz  gain  bandwidth  product  (G  = 
100).  To  make  it  suitable  for  high  speed  data  acquisition  systems 
the  AD524  has  an  output  slew  rate  of  5V/(jls  and  settles  in  15y.s 
to  0.01%  for  gains  of  1  to  100. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


Leadless  Chip  Carrier  (E)  Package 

::zf'  *m 

HJS      18  C— ' 


As  a  complete  amplifier  the  AD524  does  not  require  any  external 
components  for  fixed  gains  of  1,  10,  100  and  1,000.  For  other 
gain  settings  between  1  and  1000  only  a  single  resistor  is  required. 
The  AD524  input  is  fully  protected  for  both  power  on  and 
power  off  fault  conditions. 

The  AD524  IC  ihstrumentation  amplifier  is  available  in  four 
different  versions  of  accuracy  and  operating  temperature  range. 
The  economical  "A"  grade,  the  low  drift  "B"  grade  and  lower 
drift,  higher  linearity  "C"  grade  are  specified  from  -25°C  to 
+  85°C.  The  "S"  grade  guarantees  performance  to  specification 
over  the  extended  temperature  range  -  55°C  to  +  125°C.  Devices 
are  available  in  16-pin  ceramic  DIP  and  SOIC  packages  and  a 
20-terminal  leadless  chip  carrier. 

PRODUCT  HIGHLIGHTS 

I.  The  AD524  has  guaranteed  low  offset  voltage,  offset  voltage 
drift  and  low  noise  for  precision  high  gain  applications. 


2.  The  AD524  is  functionally  complete  with  pin  programmable 
gains  of  1,  10,  100  and  1000,  and  single  resistor  programmable 
for  any  gain. 

3.  Input  and  output  offset  nulling  terminals  are  provided  for 
very  high  precision  applications  and  to  minimize  offset  voltage 
changes  in  gain  ranging  applications. 

4.  The  AD524  is  input  protected  for  both  power  on  and  power 
off  fault  conditions. 

5.  The  AD524  offers  superior  dynamic  performance  with  a 
gain  bandwidth  product  of  25MHz,  full  power  response  of 
75kHz  and  a  settling  time  of  15p.s  to  0.01%  of  a  20V  step 
(G  =  100). 
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stor  uain 
Programming) 


CDCOICIPATinKIC 

T  40,000     , 1 


Gain  Range  ( Pin  Programmable) 
Gain  Error1 


G  =  1 
G=  10 
G  =  100 
G  =  1000 
Nonlinearily 
G-  1 

G  =  10, 100 
G  =1000 
Gain  vs.  Temperature 
G  -  1 
G  -  10 
G  =  100 
G-1000 


Ho  1000 


±0.05 
a:  0.25 
±0.5 
±2.0 

±0.01 
±0.01 
±0.01 

5 
15 
35 
100 


I  R,. 
1  to  1000 


±0.03 
±0.15 
±0.35 
±1.0 

±0.005 
±0.005 
±0.01 

5 

10 
25 
50 


T  40,000 

L  Re 

1  to  1000 


±0.02 
±0.1% 
±0.25 
±0.5 

±0.003 
±0.003 
±0.01 

5 

10 
25 
50 


1  to  1000 


±0.05 
±0.25 
±0.5 
±2.0 

±0.01 
±0.01 
±0.01 

5 
10 


% 
% 
% 
% 

% 
% 
% 

ppmTC 
Ppm/"C 
ppm/°C 
ppm/G 


VOLTAGEOFFSET  (May  be  Nulled) 
Input  Offset  Voltage 

vs.  Temperature 
Output  Offset  Voltage 

vs.  Temperature 
Offset  Referred  to  the 
Input  vs.  Supply 
G  -  1 
G  -  10 
G  -  100 
G  =  1000 


70 
85 
95 
100 


250 

2 

5 

100 


too 

0.75 
3 

50 


50 

0.5 
2.0 

•  "O-.-is 


100 

2.0 
3.0 
50 


75 
95 
105 
110 


100 
110 
115 


75 
95 
105 
110 


li  wc 
mV 

Vvrc 


dB 
dB 
dB 
dB 


INPUT  CURRENT 
Input  Bias  Current 

vs.  Temperature 
Input  Offset  Current 

vs.  Temperature 

TnTSt  

Input  Impedance 

Differential  Resistance 
Differential  Capacitance 
Common  Mode  Resistance 
Common  Mode  Capacitance 

Input  Voltage  Range 
Max  Differ.  Input  Linear  (VDU)' 

Max  Common  Mode  Linear  (VCM) 
Common  Mode  Rejection  dc 
looOHzwith  IkllSource  Imbalance 

G=  1 

G  =  10 

G  =  100 

G-1000 


:  100 

£  100 


±25 
±15 


±100 
±100 


±10 


±50 

±100 

±35 








nA 

pA/X 
nA 

PA/-C 


10' 


10' 
10 
10' 
10 


10' 
10 
10' 
10 


(f*vD) 


70 
90 
100 

110 


-  10 
12V- 


75 
95 
105 
115 


12V-(|xVD) 


3 


10' 
10 
10' 
10 


12V  -(°«VD) 

70 
90 
100 
110 


PF 


dB 
dB 
dB 


OUTPUT  RATING 
Vot-r.R,  -  2k!l 


DYNAMIC  RESPONSE 
Small  Signal  3dB 


G  -  1 
G  =  10 
G  =  100 
G  =  1000 
Slew  Rate 

Settling  Time  toO. 01%,  20V  Step 
G  =  1  to  100 
G  =  1000 


1 

400 
150 

25 
5.0 

15 
75 


1 

400 
150 
25 
5.0 

15 
75 


1 

400 
150 
25 
5.0 

15 
75 


1' 

400 
150 
25 
5.0 

IS 
75 


MHz 
kHz 
kHz 
kHz 
V/|ia 

I" 
I" 


NOISE 
Voltage  Noise,  1  kHz 

R.T.I. 

R.T.O. 
R.T.L.O.ltolOHz 

G-l 

a- u 

G=  100, 1000 
Current  Noise 
O.lHztolOHz 


7 

90 

15 
2 

0.3 


7 
90 

15 
2 

0.3 


7 
90 

15 
2 

0.3 


15 
2 

0.3 


nV/Vifa 
nV/VSb 

u.Vp-p 
|iVp-p 
liVp-p 

pAp-p 
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AD524 


Model 

AD524A 
Min         Typ  Mai 

AD524B 
Mia        Typ  Mai 

AD524C 
Min        Typ  Mai 

AD524S 
Min        Typ  Mai 

Units 

SENSE  INPUT 

Rin 

IlN 

Voltage  Range 
Gain  to  Output 

20 
15 

1 10 

20 
15 

±10 

20 
15 

±10 

1  

20 
15 

±10 

1 

kll  ±20% 

uA 

V 

% 

REFERENCE  INPUT 

Rm 
lm 

Voltage  Range 
Gain  to  Output 

40 

IS 

£10 

1 

40 

IS 

±10 

1 

40 

■  -v.'  15  .  ;  ]  C 

10 

l 

40 

'■'         -  15" 
10 

1 

Ml  ±20% 

uA 

V 

% 

TEMPERATURE  RANGE 
Specified  Performance 
Storage 

-25  +85 
-65                    + 150 

-25  +85 
-65  +150 

-25  +'5 
-65  +150 

-55  +125 
-65  +150 

"C 

•c 

POWER  SUPPLY 
Power  Supply  Range 
Quiescent  Current 

±6         ±15  ±18 

3.5  5.0 

±6         ±15  ±18 
3.5  5.0 

±6          ±15  ±18 

3.5  5.0 

±6         ±15  ±18 
3.5  5.0 

V 
niA 

NOTES 

'Does  not  include  effects  of  external  resistor  R,,. 

'VOL  is  the  maximum  differential  input  voltage  at  G  =  1  for  specified  nonlinearity. 
VDL  at  other  gains  =  10V/G. 
VD  a  Actual  differentia]  input  voltage. 
Example:  G  =  10,  VD  =  0.50 
Vcm  =  12V  -(10/2  x  0.50V)  =  9.5V 
Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  arc  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all 
those  tests  are  used  to  calculate  outgoing  quality  levels. 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18V 

Internal  Power  Dissipation   450m  W 

Input  Voltage,2 

:  Input  Simultaneously)  |Vrn|  +  |VS|  <36V 

ut  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range 

(R)   -65°Cto  +125X 

(D,  E)     -65°Cto  +150°C 

Operating  Temperature  Range 

AD524A/B/C   -  25°C  to  +  85°C 

AD524S  -55°Cto  +125°C 

Lead  Temperature  Range  (Soldering  60  seconds)     .  .    +  300°C 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 

s  shown  in  inches  and  (mm). 


production  units  at  final  electrical  test.  Results  from 

■ 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  section  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  raring  conditions  for  extended  periods  may  affect 
device  reliability . 

2Max  input  voltage  specification  refers  to  maximum  voltage  to  which  either  input 
terminal  may  be  raised  with  or  without  device  power  applied.  For  example, 
with  ±  18  volt  supplies  max  VIN  is  ±  18  volts,  with  zero  supply  voltage  max  V,N 
is  ±36  volts. 


■ 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD524AD 

-40°Clo 

+  85°C 

16-Pin  Ceramic  DIP 

D-16 

AD524AE 

-40X10 

+  85°C 

20-Pin  Lead  less  Chip  Carrier 

E-20A 

AD524AR 

-40°Cto 

+  85°C 

16-PinGull-VCing  SOIC 

R-16 

AD524AR-REEL 

-40°Cto 

+  85X 

Tape  &  Reel  Packaging 

AD524BD 

-40°Cto 

+  85X 

16-Pin  Ceramic  DIP 

D-16 

AD524BE 

-40°Cto 

+  85°C 

20-Pin  Leadless  Chip  Carrier 

E-20A 

AD524CD 

-40°Cto 

+  85°C 

16-Pin  Ceramic  DIP 

D-16 

AD524SD 

-55-Cto 

+ 125-C 

16-Pin  Ceramic  DIP 

D-16 

AD524SD/883B 

-55"Cto 

+ 125'C 

16-Pin  Ceramic  DIP 

D-16 

AD524SE/883B 

-55°Cto 

+ 125°C 

20-Pin  Leadless  Chip  Carrier 

E-20A 

AD524AChips 

-40°Clo 

+  85°C 

Die 

AD524SChips 

-55"Cto 

+  I25X 

Die 

'For  outline  information  sec  Package  Information  section. 


FUNCTIONAL  BLOCK  DIAGRAM 
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ANALOG 


Software  Programmable 
Gain  Amplifier 


■ 


AD526 


FEATURES 

Digitally  Programmable  Binary  Gains  from  1  to  16 
Two-Chip  Cascade  Mode  Achieves  Binary  Gain  from 

1  to  256 
Gain  Error: 

0.01%  max.  Gain  =  1,  2,  4  (C  Grade) 

0.02%  max.  Gain  =  8, 16  (C  Grade) 

0.5ppm/°C  Drift  Over  Temperature 
Fast  Settling  Time 

10V  Signal  Change: 
0.01%  in  4.5ns  (Gain  =  16) 

Gain  Change: 
0.01%  in  5.6ns  (Gain  =  16) 
Low  Nonlinearity:  ±0.005%  FSR  max  (J  Grade) 
Excellent  DC  Accuracy: 

Offset  Voltage:  0.5mV  max  (C  Grade) 

Offset  Voltage  Drift:  3)i.V/°C  (C  Grade) 
TTL  Compatible  Digital  Inputs 
Standard  Military  Drawing  Available 


PRODUCT  DESCRIPTION 

The  AD526  is  a  single-ended,  monolithic  software  programmable 
gain  amplifier  (SPGA)  that  provides  gains  of  1,  2,  4,  8  and  16. 
It  is  complete,  including  amplifier,  resistor  network  and 
TTL-compatible  latched  inputs,  and  requires  no  external 
components. 

Low  gain  error  and  low  nonlinearity  make  the  AD526  ideal  for 
precision  instrumentation  applications  requiring  programmable 
gain.  The  small  signal  bandwidth  is  350kHz  at  a  gain  of  16.  In 
addition,  the  AD526  provides  excellent  dc  precision.  The  FET- 
input  stage  results  in  a  low  bias  current  of  50pA.  A  guaranteed 
maximum  input  offset  voltage  of  0.5mV  max  (C  grade)  and  low 
gain  error  (0.01%,  G=  1,  2,  4,  C  grade)  are  accomplished  using 
Analog  Devices'  laser  trimming  technology. 

To  provide  flexibility  to  the  system  designer,  the  AD526  can  be 
operated  in  either  latched  or  transparent  mode.  The  force/sense 
configuration  preserves  accuracy  when  the  output  is  connected 
to  remote  or  low  impedance  loads. 

The  AD526  is  offered  in  one  commercial  (0  to  +  70°C)  grade,  J, 
and  three  industrial  grades,  A,  B  and  C,  which  are  specified 
from  -40°C  to  +85°C.  The  S  grade  is  specified  from  -55°C  to 
+  125°C.  The  military  version  is  available  processed  to  MIL-STD 
883B,  Rev  C.  The  J  grade  is  supplied  in  a  16-pin  plastic  DIP, 
and  the  other  grades  are  offered  in  a  16-pin  hermetic  side-brazed 
ceramic  DIP. 


PIN  CONFIGURATION 


DIG  GND  [T  • 

NULL  QT 

NULL  [T 


ANALOG  GND  2  [T 
ANALOG  GND  1  lX 
-Vs  (T 
VOUT  SENSE  [T 


AD526 


TOP  VIEW 
(Not  to  Scale) 


A1 

AO 

CS 

]1 
n 

B 

~n]  CLK 
]T|  A2 

"iol  +vs 

T\  VOUT  FORCE 


■ 


APPLICATION  HIGHLIGHTS 

1.  Dynamic  Range  Extension  for  ADC  Systems:  A  single 
AD526  in  conjunction  with  a  12-bit  ADC  can  provide  96dB 
of  dynamic  range  for  ADC  systems. 

2.  Gain  Ranging  Pre-Amps:  The  AD526  offers  complete  digital 
gain  control  with  precise  gains  in  binary  steps  from  1  to  16. 
Additional  gains  of  32, 64, 128  and  256  are  possible  by  cascading 
two  AD526s. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


I  Vs  =  ±15V,  RL  =  2kft  and  T»  =  +25°C  unless  otherwise  otherwise  specified) 


AD526 


Model 


VOLTAGE  OFFSET,  ALL  GAINS 
Input  Offset  Voltage 
Input  Offset  Voltage  Drift  Over 

Temperature 
Input  Offset  Voltage 

TniatoT™, 

Input  Offset  Voltage  vs.  Supply 

(Vs  ±  10%) 


INPUT  BIAS  CURRENT 
Over  Input  Voltage  Range  ±  10V 


ANALOG  INPUT 
CHARACTERISTICS 
Voltage  Range 

(Linear  Operation) 
Capacitance 


RATED  OUTPUT 
Voltage 

Current  (Volt  =  *10V) 
Short -Circuit  Current 
DC  Output  Resistance 
Load  Capacitance 
(For  Stable  Operation) 


NOISE,  ALL  GAINS 
Voltage  Noise,  RTI 

O.lHztolOHz 
Voltage  Noise  Density,  RTI 

f=  10Hz 

f=  100Hz 

f=  1kHz 

f=  10kHz 


Min 


AD526J 

SB 


Mai 


1,2,4,8,16 


0.5 
0.5 
0.5 
0.5 
1.0 


0.05 
0.05 
0.10 
0.15 
0.15 


2.0 
2.0 
3.0 
5.0 
5.0 


0.06 

0.06 

0.12 

0.17 

0.17 

0.005 

0.001 

0.001 

0.001 

0.001 

0.01 

0.001 

0.001 

0.001 

0.001 

0.4 


1.5 


5  20 


2.0 


±10  2:12 
±5  ilO 
15  30 

0.002 

700 


70 
60 
30 
25 


AD526A 


1,2,4,8,16 


0.5 
0.5 
0.5 
0.5 
1.0 


0.25 


3  10 
1.0 


±10  ±12 


±10 

±5 

15 


±12 
—  10 
30 

0.002' 
700 


70 
60 

25 


AD526BS 
i      Typ  Mai 


1,2,4,8,16 


0.5 
0.5 
0.5 
0.5 
1.0 


0.01 
0.02 
0.02 
0.04 
0.04 


2.0 
2.0 
3.0 
5.0 
5.0 

0.02 
0.03 
0.03 
0.05 
0.05 

0.005 

0.001 
0.001 
0.001 
0.001 

0.01 

0.001 
0.001 
0.001 
0.001 


0.25 


3  J. 


0.5 
10 
0.8 


;>j..tv' :•■ 
70 


60 
30 

25 


AD526C 
Min      Typ  Mai 


0.5 
0.5 
0.5 
0.5 
1.0 


0.01 
0.01 
0.01 
0.02 
0.02 


2.0 
2.0 
3.0 
5.0 
5.0 

0.015 
0.015 
0.015 

It 


° 

*    -v-j'i  -     .  .. 

% 

% 


ppm/°C 
ppm/°C 
ppm/°C 
ppm/"C 
ppm/°C 

% 
% 
% 
% 

0 


0.25  0.5 
3  10 
0.8 


±10 

±12 

±10 

±12 

V 

±5 

±10 

±5 

±10 

mA 

15 

3$ 

15 

30 

mA 

0.002 

0.002 

n 

700 

700 

pF 

70 
60 
30 
25 


0.0035 

%FSR 

0.001 

%FSR 

0.001 
0.001 

%FSR 
%FSR 

0.001 

%FSR 

0.007 

%FSR 

0.001 

%FSR 

0.001 

%FSR 

0.001 

%FSR 

0.001 

%FSR 

mV 

|iV/°C 

mV 


PA 


- 


V 
PF 


M-Vp-p 

nVVTIz 
nWTS 
nWHz 
nVvlfe 
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-  3dB  Bandwidth  (Small  Signal) 

G=  1 
G  =  2 
G  =  4 
G  =  8 
G  =  16 

Signal  Setding  Time  to  0.01% 

(AVolrr=±10V) 

G=  1 

G  =  2 

G  =  4 

G  =  8 

G  =  16 
Full  Power  Bandwidth 

G  =  1,2,4 

G  =  8,16 

Slew  Rate 
G=  1,2,4 
G  =  8, 16 


DIGITAL  INPUTS 
(T^toT^) 

Input  Current  (VH  =  5  V) 
Logic  "1" 
Logic  "0" 


TIMING' 
(VL  =  0.2V,V„  = 
A0,A1,A2 
Tc 
Ts 
T„ 

B 

Tc 
Ts 
Th 


3.7V) 


TEMPERATURE  RANGE 
Specified  Performance 
Storage 


POWER  SUPPLY 
Operating  Range 
Positive  Supply  Current 
Negative  Supply  Current 


PACKAGE  OPTIONS2 
Plastic  (N-16) 
Ceramic  DIP  (D-16) 


4.0 

2.0 

1.5 

0.65 

0.35 


2.1 

4 

2.5 

i 

2.7 

5 

3.6 

7 

4.1 

7 

0.10 

0.35 

4 
18 


6 
24 


0,8 


50 
30 
30 

50 
40 
10 


0 

-65 


+  70 


±16.5 
10  14 
10  13 


AD526JN 


4.0 

2.0 

1.5 

0.65 

0.35 


2.1 
2.5 
2.7 
3.6 
4.1 

0.10 
0.35 

6 
24 


4 
18 


60 


100 


140 

6 

0.8 


-40 
-65 


+  150 


±16.5 
10  14 
10  13 


4.0 

2.0 

1.5 

0.65 

0.35 


2.1 
2.5 
2.7 
3.6 
4.1 

0.10 
0.35 

6 
24 


140 
6 

0.8 


50 
<0 
30 

50 
40 
10 


-40/- 55 
65 


f  85/ +125 




±16.5 
10  14 
10  13 


AD526BD  AD526SD 

AD526SD/883B 


4.0 

MHz 

2.0 

MHz 

1.5 

MHz 

MHz 

n  a< 
0.35 

MHz 

2.1  4 

us 

2.5  5 

2.7  5 

us 

3.6  7 

M 

4.1  7 

US 

0.10 

MHz 

0.35 

MHz 

6 

24 


140 

6 

0.8 


-40 
-65 


+  85 
+  150 


bl6.5 


10 
10 


14 

13 


AD526CD 


NOTES 

'Refer  to  Figure  35  for  definitions 
FSR  -  Full-Scale  Range  =  20V. 
RTI  =  Referred  to  Input. 

2Foi 


V/u.s 
V/us 


UA 

V 

V 


V 

mA 
mA 


Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  All  rain  and  max  specifications  are  guaranteed,  although  only 


GAIN  CODE 
INPUTS 

mtWSCX    VALID  DATA 

CLK  OR  CS 

|"-T»-4*""  Th- 

■ 


_ 


Tc  =  MINIMUM  CLOCK  CVCLE  NOTE:  THRESHOLD  LEVEL  FOR 
Ts  =  DATA  SETUP  TIME  GAIN  CODE.  CS. 

TH  =  DATA  HOLD  TIME  AND  CLK  IS  1.4V. 


UN  COPE.  CS, 
ID  CLK  IS  1.4V. 

Figure  35.  AD526  Timing 
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Low  Cost,  Low  Power 
Instrumentation  Amplifier 




FEATURES 
EASY  TO  USE 
Gain  Set  with  One  External  Resistor 

(Gain  Range  1  to  1000) 
Wide  Power  Supply  Range  (±2.3  V  to  ±18  V) 
Higher  Performance  than  Three  Op  Amp  IA  Designs 
Available  in  8-Pin  DIP  and  SOIC  Packaging 
Low  Power,  1 .3  m  A  max  Supply  Current 

EXCELLENT  DC  PERFORMANCE  ("A  GRADE") 
125  uV  max.  Input  Offset  Voltage  (50  uV  max 

"B"  Grade) 
1  |xV/°C  max.  Input  Offset  Drift 
2.0  nA  max.  Input  Bias  Current 
93  dB  min  Common-Mode  Rejection  Ratio  (G  =  10) 

LOW  NOISE 

9  nV/VHI,  @  1  kHz,  Input  Voltage  Noise 
0.28  uV  p-p  Noise  (0.1  Hz  to  10  Hz) 

EXCELLENT  AC  SPECIFICATIONS 
120  kHz  Bandwidth  (G  =  100) 
15  us  Settling  Time  to  0.01% 

APPLICATIONS 
Weigh  Scales 

ECG  and  Medical  Instrumentation 

Transducer  Interface 

Data  Acquisition  Systems 

Industrial  Process  Controls 

Battery  Powered  and  Portable  Equipment 

PRODUCT  DESCRIPTION 

The  AD620  is  a  low  cost,  high  accuracy  instrumentation  ampli- 
fier which  requires  only  one  external  resistor  to  set  gains  of  1  to 
1000.  Furthermore,  the  AD620  features  8-pin  SOIC  and  DIP 
packaging  that  is  smaller  than  discrete  designs,  and  offers  lower 


8-Pin  Plastic  Mini-DIP  (N),  Cerdip  (Q) 
and  SOIC  (R)  Packages 


i 


power  (only  1.3  mA  max  supply  current),  making  it  a  good  fit 
for  battery  powered,  portable  (or  remote)  applications. 

The  AD620,  with  its  high  accuracy  of  40  ppm  maximum  non- 
linearity,  low  offset  voltage  of  50  u.V  max  and  offset  drift  of 
0.6  (xV/°C  max,  is  ideal  for  use  in  precision  data  acquisition  sys- 
tems, such  as  weigh  scales  and  transducer  interfaces.  Further- 
more, the  low  noise,  low  input  bias  current,  and  low  power  of 
the  AD620  make  it  well  suited  for  medical  applications  such  as 
ECG  and  noninvasive  blood  pressure  monitors. 

The  low  input  bias  current  of  1.0  nA  max  is  made  possible  with 
the  use  of  Superpeta  processing  in  the  input  stage.  The  AD620 
works  well  as  a  preamplifier  due  to  its  low  input  voltage  noise  of 
9  nV/VHzat  1  kHz,  0.28  u.V  p-p  in  the  0. 1  Hz  to  10  Hz  band, 
0.1  pA/\/Hz  input  current  noise.  Also,  the  AD620  is  well  suited 
for  multiplexed  applications  with  its  settling  time  of  15  u.s  to 
0.01%  and  its  cost  is  low  enough  to  enable  designs  with  one  in 
amp  per  channel. 


s  10  15 

SUPPLY  CURRENT  -  mA 

Three  Op  Amp  IA  Designs  vs.  AD620 


100k  1M  10M 

SOURCE  RESISTANCE  -  <:> 

Total  Voltage  Noise  vs.  Source  Resistance 


This  is  an  abridged  data  sheet.  To  obtain  the  m< 

ta  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD620 


(typical  @  +25°C,  Vs  =  ±15  V,  and  RL  =  2  kfi  unless  otherwise  noted) 


Model 


GAIN 
Gain  Range 
Gain  Error1 

G=  1 

G  =  10 

G  =  100 

G  =  1000 
Nonlinearity, 

G  =  1-1000 

G  =  1-100 
Gain  vs.  Temperature 


G  =  1  +  (49.4  k/Ro) 
VOUT=  ±10V 


VOUT=  -10Vto+10V, 

RL  =  10  kn 

RL  =  2  kfl 
Gain  <1000' 


ions 


Min 


AD620A 
Typ  Max 


10,000 

U.U:J 

U.1U 

0.15 

0.30 

0.15 

0.30 

0.40 

0.70 

10 

40 

10 

95 

-50 

30 

125 

185 

0.3 

1.0 

400 

1000 

1500 

2000 

5.0 

15 

100 

120 

140 

140 

-. 


AD620B 
Typ  Max 


10,000 

U.U1 

u.uz 

0.10 

0.15 

0.10 

0.15 

0.35 

0.50 

10 

40 

10 

95  . 

-50 

J  50 

85 

0.1 

0.6 

200 

500 

750 

1000 

2.5 

7.0 

10,000 

0.03  0.10 

0.15  0.30 

0.15  0.30 

0.40  0.70 


10 
10 


40 

95 


-50 


%'.--, 

%- 
% 

ppm 
ppm 
ppm/°C 


VOLTAGE  OFFSET 
Input  Offset,  VOSI 

over  Temperature 

Average  TC 
Output  Offset,  Voso 

over  Temperature 
Average  TC 

Offset  Referred  to  the 
Input  vs. 
Supply  (PSR) 

G=l 

G  =  10 

G  =  100 

G=1000 

INPUT  CURRENT 
Input  Bias  Current 

over  Temperature 

Average  TC 
Input  Offset  Current 

over  Temperature 

Average  TC 


(Total  RTI  Error  =  VG 
Vs  =  ±5  Vto  ±15  V 
V,  =  ±5  V  to  ±15  V 
Vs  =  ±5  Vto  ±15  V 
Vs  =  ±15  V 
VS=±5V        I  ' 
Vs=±5Vto±15V 
Vs  =  ±5  Vto  ±15  V 


Vs  =  ±2.3  Vto  ±18  V 


Voso/G) 


Of  t  O)  oUe-'^  fiwsaz 


95 

110 

110 


100 
120 
120 


MM 
100 

120 
140 
140 


30'  ^125 

-2J5- .  ... 

0.3  „  1.0 
400  1000 

1500 

2000 
5.0  15 


80  100 

95  120 

110  140 

110  140 


,V 
uWC 

|»V 

■ 


i)ir 


'0  0  ui  8fmT 


2.0 
2.5 





.  6V"i  i) 


3.0 

1.5 


0.5  1.0 
1.5 

3.0 

0.3  0.5 
0.75 

1.5 


0.5 

nA 

4.0 

nA  ' 

8.0 

pATC 

0.3 

1.0 

nA 

2.0 

nA 

8.0 

pA/°C 

 1  

■ 

10||2 
10||2 

-V,  +  1.9 
— Vs  +  2.1 
-Vs  +  1.9 
-Vs  +  2.1 


INPUT 
Input  Impedance 

Differential 

Common-Mode 
Input  Voltage  Range2 

over  Temperature 

over  Temperature 
Common-Mode  Rejection 
Ratio  DC  to  60  Hz  with 
1  kfl  Source  Imbalance 

G  =  1 

G=  10 

G  =  100 

G  =  1000 


Vs  =  ±2.3  V  to  ±5  V 


Vs=  ±5Vto±18V 


VcM  =  0Vto±10V 


+vs 
+vs 

+VS 
+VS 


10||2 
10||2 

-Vs  +  1.9. 

-vs  +  if 

-Vs  +  1.9 
-Vs  +  2.1 

I 


+VS 
+VS 
+VS 

+vs 


10||2 
10||2 


+  1.9 
+  2.1 
+  1.9 
+  2.3 


Gflj|pF 

Gn||pF 

+VS- 

1,2 

V 

+VS- 

1.3 

V 

+vs- 

1.4 

V 

+VS- 

1.4 

v  •' 

73 
93 
110 
110 


90 
110 
130 
130 


80 
100 
120 
120 


110 
130 
130 


;  -+VS  - 

1.2 

+VS  - 

1.3 

+VS  - 

1.4 

+VS- 

1.5 

18 

73 
93 
110 
110 


90 
110 
130 
130 


dB 
dB 
dB 
dB 


OUTPUT 
Output  Swing 


over  Temperature 

„"  ll  - 
over  Temperature 

Short  Current  Circuit 


RL  =  io  kn, 

Vs  =  ±2.3  V  to  ±5  V 
Vs  =  ±5  Vto  ±18  V 


-Vs  +  1,1 
-Vs  +  1.4 
Vs  +  1.2 
-V.  +  1.6 


+VS 
+VS 
+VS 
+VS 


-Vs  +  1.1 
-Vs  +  1.4 
V,  +  1.2 

-Vs  +  1.6  . 


-Vs 
-Vs 
-Vs 
"Vs 


- 1.1 

1.6 
1.2 

■  2.3 


+VS 
+VS 
+Vs 

+vs 


V 
V 
V 
V 

mA 


■  ■  - 
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AD620 


Model 

Conditions 

AD620A 
Min           Typ  Mai 

AD620B 
Min           Typ  Max 

AD620S4 
Min           Typ  Max 

Units 

DYNAMIC  RESPONSE 

Small  Signal  -3  dB  Bandwidth 

G  =  1 

G  =  10 

G  =  100 

G  =  1000 
Slew  Rate 

Settling  Time  to  0.01% 

• 

10  V  Step 

1000 

800 

120 

12  '. 
0:75  1.2 

1000 

800 

120 

•    12  ... 
0.75  1.2 

15 
150 

1000 

800 

120 

0.75  1.2 

15 
150 

kHz 
kHz 
kHz 
kHz 
V/us 

(IS 

G  =  1-100 
G  =  1000 

15 
150 

NOISE 

Voltage  Noise,  1  kHz 
Input,  Voltage  Noise,  e^ 
Output,  Voltage  Noise,  e^ 

RTI,  0.1  Hz  to  10  Hz 

Total  RTI  Noise  =  V(c2„ 

+  ['JO)1 

9  13 
72  100 

9  13 
72  100 

3*  6.0 
0.55  0.8 
0.28  0.4 

! 

9  13 
72  100 

nV/VHz 
nV/VHz 

G=  1 

G  =  10 

G  =  100-1000 

rtjfA  m  3.0 

0.55 
0.28 

3.0  6.0 
0.55  0.8 
0.28  0.4 

uVp-p 
|iVp-p 
uVp-p 

Current  Noise 
0.1  Hz  to  10  Hz 

f  =  1  kHz 

100 
10 

100 
10 

100 
10 

fA/VHz 
pAp-p 

REFERENCE  INPUT 
IrN 

Voltage  Range 
Gain  to  Output 

^IN+  jVref  "  0 

20 

+50  +60 
-Vs  +  1.6           +VS  -  1.6 
I  ±  0.0001 

20 

+50  +60 
-Vs  +  1.6           +VS  -  1.6 
1  ±  0.0001 

20 

+50  +60 
-Vs  +  1.6           +VS  -  1.6 
1  ±  0.0001 

kfl 
uA 
V 

POWER  SUPPLY 
Operating  Range3 
Quiescent  Current 
over  Temperature 

Vs  =  ±2.3  V  to  ±18  V 

±2.3       '."  ±18 
0.9  1.3 
1.1  1.6 

±2.3  ±18 
0.9  1.3 
1.1  1.6 

±2.3  ±18 
0.9  1.3 
1.1  1.6 

V 

mA 

mA 

TEMPERATURE  RANGE 
for  Specified  Performance 

-40  to  +85 

-40  to  +85 

-55  to  +125 

°c 

NOTES 

'Does  not  include  effects  of  external  resistor  Re. 
'One  input  grounded.  G  =  1. 

^This  is  defined  as  the  same  supply  range  which  is  used  to  specify  PSR. 
4See  Analog  Devices  military  data  sheet  for  883B  tested  specifications. 
Specifications  subject  to  change  without  notice. 
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internal  rower  uissipauorr  Oiu  mw 

Input  Voltage  (Common  Mode)  ±VS 

Differential  Input  Voltage  ±25  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  (Q)  — 65°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD620  (A,  B)  -40°C  to  +85°C 

AD620(S)   -55°Cto  +125°C 

Lead  Temperature  Range 
(Soldering  10  seconds)    300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

Specification  is  for  device  in  free  air: 
8-Pin  Plastic  Package:  6]A  =  95°C/Watt 
8-Pin  Cerdip  Package:  8,A  =  110°C/Watt 
8-Pin  SOIC  Package:  6JA  =  155°C/Watt 


AD620AN 

-40°C  to  +85°C 

— rrs  

N-8 

AD620BN 

-40°C  to  +85°C 

N-8 

AD620AR 

— 40°C  to  +85°C 

R-8 

R  8 
I\  o 

AD620AChips 

-40°C  to  +85°C 

Die  Form 

—  :0  t^  to  +  C 

|  

*N  =  Plastic  DIP;  Q 

=  Cerdip;  R  =  SOIC. 

ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD620  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 
Contact  factory  for  latest  dimensions. 

'.♦v. 
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ANALOG 
DEVICES 


Low  Drift,  Low 
Instrumentation  Amplifier 


FEATURES 
EASY  TO  USE 

Pin-Strappable  Gains  of  10  &  100 

All  Errors  Specified  for  Total  System  Performance 

Higher  Performance  than  Discrete  In-Amp  Designs 


CONNECTION  DIAGRAM 

8-Pin  Plastic  Mini-DIP  (N), 
Cerdip  (Q)  and  SOIC  (R)  Packages 


Available  in  8-Pin  DIP  and  SOIC 

Low  Power,  1.3  mA  max  Supply  Current 

Wide  Power  Supply  Range  (±2.3  V  to  ±18  V) 

G=10/100  |T" 

AD621 

T]  G=10/100 

EXCELLENT  DC  PERFORMANCE 
0.15%  max.  Total  Gain  Error 
±5  ppm/°C,  Total  Gain  Drift 
125  m.V  max.  Total  Offset  Voltage 

IN  [T 

♦  IN  ^ 
-Vs  [7 

T|  *vs 

T\  OUTPUT 
T]  REF 

1.0  |i.V/°C  max.  Offset  Voltage  Drift 

TOP  VIEW 

LOW  NOISE 

9  nV/VHi,  @  1  kHz,  Input  Voltage  Noise 

0.28  uV  p-p  Noise  (0.1  Hz  to  10  Hz) 

EXCELLENT  AC  SPECIFICATIONS 

800  kHz  Bandwidth  (G  =  10),  200  kHz  (G  =  100) 

12  |is  Settling  Time  to  0.01% 

APPLICATIONS 

Weigh  Scales 

Transducer  Interface  &  Data  Acquisition  Systems 

Industrial  Process  Controls 

Battery  Powered  and  Portable  Equipment 

PRODUCT  DESCRIPTION 

The  AD621  is  an  easy  to  use,  low  cost,  low  power,  high  accu- 
racy instrumentation  amplifier  which  is  ideally  suited  for  a  wide 
range  of  applications.  Its  unique  combination  of  high  perfor- 
mance, small  size  and  low  power,  outperforms  discrete  in  amp 
implementations.  High  functionality,  low  gain  errors  and  low 
gain  drift  errors  are  achieved  by  the  use  of  internal  gain  setting 
resistors.  Fixed  gains  of  10  and  100  can  be  easily  set  via  external 
pin  strapping.  The  AD621  is  fully  specified  as  a  total  system, 
therefore,  simplifying  the  design  process. 


For  portable  or  remote  applications,  where  power  dissipation, 
size  and  weight  are  critical,  the  AD621  features  a  very  low  sup- 
ply current  of  1.3  mA  max  and  is  packaged  in  a  compact  8-pin 
SOIC,  8-pin  plastic  DIP  or  8-pin  cerdip.  The  AD621  also  excels 
in  applications  requiring  high  total  accuracy,  such  as  precision 
data  acquisition  systems  used  in  weigh  scales  and  transducer 
interface  circuits.  Low  maximum  error  specifications  including 
nonlinearity  of  10  ppm,  gain  drift  of  5  ppm/°C,  50  u,V  offset 
voltage  and  0.6  u.V/°C  offset  drift  ("B"  grade),  make  possible 
total  system  performance  at  a  lower  cost  than  has  been  previ- 
ously achieved  with  discrete  designs  or  with  other  monolithic 
instrumentation  amplifiers. 

When  operating  from  high  source  impedances,  as  in  ECG  and 
blood  pressure  monitors,  the  AD621  features  the  ideal  combina- 
tion of  low  noise  and  low  input  bias  currents.  Voltage  noise  is 
specified  as  9  nVVHz  at  1  kHz  and  0.28  u.V  p-p  from 
0.1  Hz  to^O  Hz.  Input  current  noise  is  also  extremely  low  at 
0.1  pA/\/Hz.  The  AD621  outperforms  FET  input  devices  with 
an  input  bias  current  specification  of  1.5  nA  max  over  the  full 
industrial  temperature  range. 


SUPPLY  CURRENT -mA 


SOURCE  RESISTANCE  -  il 


Three  Op  Amp  IA  Designs  vs.  AD621 


Total  Voltage  Noise  vs.  Source  Resistance 

■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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INSTRUMENTATION  AMPLIFIERS  10-15 


AD621  —SPECIFICATIONS 


am  = 


Vs  =  ±15  V,  and  RL  =  2  Kft  unless  otherwise  noted)  «jg  .  ;t 


Parameter 


Conditions 


AD621B 
Typ  Max 


AD621S1 
Typ  Max 


GAIN 
Gain  Error 
Nonlinearity 

VOUT=-10Vto+10V 
Gain  vs.  Temperature 


VOUT  =  ±10  V 
RL  =  2  kfl 


10 

±5 


-1.5 


10 

±5 


-1 


0.15 


10 

±5 


ppmof  FS 
ppnVC 


TOTAL  VOLTAGE  OFFSET 
Offset  (RTI) 

over  Temperature 

Average  TC 
Offset  Referred  to  the 

Input  vs.  Supply  (PSR): 


Vs=±15  V 
Vs=±5  Vto±15V 
Vs=±5  Vto±15V 

Vs=±2.3Vto±18V 


75 
1.0 
120 


250 
400 
2.5 


100 


50 

v 

0.6 
120 


125 

215  ' 
1.5 


95  120 


250 
500 
2.5 


l*V  . 
uV 

m.v/°c 

dB 


TOTAL  NOISE 

Voltage  Noise,  (RTI) 

RTI 
Current  Noise 


0.1  Hz  to  10  Hz 
f  =  1  kHz 
0.1  Hz- 10  Hz 


13 

0.55 
100 
10 


13 

0.55 
100 
10 


17 
0.8 


13 

0.55 
100 
10 


17 
0.8 


nV/VHz 
(iVp-p 
fA/VHz 
pAp-p 


INPUT  CURRENT 
Input  Bias  Current 

over  Temperature 

Average  TC 
Input  Offset  Current 

over  Temperature 

Average  TC 


t!5  V 


0.5 


3.0 
0.3 


2.0 

2.5 


1.0 
1.5 


0.5 


3.0 
0.3 


1.5 


1.0 

0.5 
0.75 


'  .11  •  ':  ~M 
8.0 
0.3 

8.0 


2  I 
4 


1.0 
2.0 


nA 

nA 

PA/°C 

nA 

nA 

pA/°C 


INPUT 
Input  Impedance 

Differential 

Common-Mode 
Input  Voltage  Range3 

over  Temperature 

over  Temperature 
Common-Mode  Rejection 
Ratio  DC  to  60  Hz  with 
1  kfl  Source  Imbalance 


Vs  =  ±2.3  Vto±5  V 
V,  =  ±5  Vto±18  V 


V0m  =  0  Vto  ±10  V 


10!||2 
10||2 


-Vs+1.9 
-Vs  +  2.1 
-Vs  +  1.9 
-Vs  +  2.1 


+vs- 

1.2 

+vs- 

1.3 

+vs- 

i.4 

+vs- 

1.4 

-Vs  +  1.9 
-Vs  +  2.1 
Vs  +  1.9 
-Vs  +  2.1 


10112 
10112 


+VS  -  1.2 
+VS  -  1.3 
+VS  -  1.4 
+VS  -  1.4 


-Vs  +  1.9 
-Vs  +  2,1 
-Vs  +  1.9 
-Vs  +  2.3 


10112 
10112 


_»«>  


93 


110 


+VS  -  1.2 
+VS  -  1.3 
+VS  -  1.4 
+VS  -  1.4 


ontipF 
oniipF 

V 

v 

■ 

dB 


OUTPUT 
Output  Swing 

over  Temperature 

over  Temperature 
Short  Current  Circuit 


RL  =  10  kfl, 

Vs=  ±2.3  Vto  ±5  V 

Vs  =  ±5Vto±18V 


 — 


-Vs+l.l 
-Vs+1.4 
-Vs  4-  1.2 
-Vs+1.6 


+VS 

+vs 
+vs 
+vs 


-Vs  +  1.1  +VS  -  1.2 

-Vs  +  1.4  +VS  -  1.3 

-Vs  +  1:2  +VS  -  1.4 

-Vs  +  1.6  +VS  -  1.5  - 

Wt  M  .  «#3  S  1  ftjl.i 


Vs  +  1.1 
Vs  +  1.6 
Vs  +  1.2 
Vs  +  2.3 

01  ±18 


+VS  -  1.2 
.+VS-  1.3 
+VS  -  1.4 
+VS  -  1.5 


V 
V 
V 

V 

mA 


i'-'Ti. 


DYNAMIC  RESPONSE 
Small  Signal, 

-3  dB  Bandwidth 
Slew  Rate 

Settling  Time  to  0.01% 


10  V  Step 


800 
1.2 
12 


- 


800 
1.2 





800 
1.2 
12 


kHz 
V/u,s 
lis 


REFERENCE  INPUT 

RlN 
IlN 

Voltage  Range 
Gain  to  Output 


20 
+50 

-Vs  +  1.6 

1  ±  0.0001 


+60 

+  VS- 


20 

+50  +60 
-Vs  +  1.6  +VS 
1  ±  0.0001 


20 

+50  +60 
;  +  1.6  +VS 
1  ±  0.0001 


-  1.6 


kf> 

V 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
over  Temperature 


±2.3Vto±18V 


0.9 
1.1 


±18 

1.3 

1.6 


0.9 
1.1 


±18 

1.3 

1.6 


0.9 
1.1 


±18 
1.3 
1.6 


V 

mA 
mA 


TEMPERATURE  RANGE 
For  Specified  Performance 


-40  to  +85 


NOTES 

^ee  Analog  Devices  military  data  sheet  for  883B  tested  specifications. 
2This  is  defined  as  the  supply  range  over  which  PSRR  is  defined.  . 
'Input  Voltage  Range  =  CMV  +  (Gain  x  VDIFF). 
Specifications  subject  to  change  without  notice. 
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AD621 


Gain  =  1 00  (typical  @  +25°C,  Vs  =  ±15  V,  and  RL  =  2  kil  unless  otherwise  noted) 


Parameter 


Conditions 


AD621A 
Typ  Max 


AD621B 
Typ  Max 


Min 


AD621S1 
Typ  Max 


Units 


GAIN 

Gain  Error 
Nonlinearity 

VOuT=-10Vto+10V 
Gain  vs.  Temperature 


VOUT  =  ±10  V 
RL  =  2  kfl 


2  - 
•  -1" 


-1 


ppm  of  FS 
ppm/°C 


TOTAL  VOLTAGE  OFFSET 
Offset  (RTI) 

over  Temperature 

Average  TC 
Offset  Referred  to  the 

Input  vs.  Supply  (PSR)2 


Vs=  ±5  V  ±15  V 
Vs=±5  Vto±15V 
Vs  =  ±5  Vto±15  V 

V<i=±2.3Vto±18V 


lifl 


35 
0.3 
140 


125 
185 
1.0 


25 
0.1 

120  140 


50 
215 
0.6 


35  125 

.225 

0.3  1.0 
140 


u-V 
uV 
aV/°C 

dB 


TOTAL  NOISE 
Voltage  Noise,  (RTI) 

RTI 
Current  Noise 


1  kHz 

0.1  Hz  to  10  Hz 
f  =  1  kHz 
0.1  Hz- 10  Hz 


9 

0.28 
100 
10 


9 

0.28 
100 
10 


13 
0.4 


■  9 

0.28 
100 

10  . 


13 
0.4 


■  _ 
nV/VHz 
u.Vr>2_ 
fA/vHz 
pAp-p 


INPUT  CURRENT 
Input  Bias  Current 


V,  =  ±15  V 


Average  TC 
Input  Offset  Current 
over  Temperature 
Average  TC 


3.0 
0.3 


2.0 
2.5 


1.0 
1.5 


3.0 
0.3 


1.5 


1.0 
1.5 

0.5 
0.75 

tu  -. 


8.0 
0.3 


8.0 


2 

4  , 

1.0 
2.0 


nA 

nA 

pA/°C 

nA 
pA/°C 


INPUT 
Input  Impedance 

Differential 

Common-Mode 
Input  Voltage  Range3 

over  Temperature 

over  Temperature 
Common-Mode  Rejection 
Ratio  DC  to  60  Hz  with 
1  kfl  Source  Imbalance 


m 


Vs  =  ±2.3  Vto±5  V 
Vs  =  ±5  Vto±18  V 


-Vs+1.9 
-Vs  +  2.1 
-Vs+1.9 
-Vs  +  2.1 


+VS  -  1.2 
+VS  -  1.3 
+VS  -  1.4 
+VS  -  1.4 


SI  i 

-Vs  +  1.9 
-Vs  +  2.1 
-Vs  +  1.9 
Vs  +  2.1 


2  ' 


+VS 

+vs 

+VS 

+vs 


-Vs  +  1.9 
-Vs  +  2.1 
Vs  +  1.9 
-Vs  +  2.3 


10112 
10||2 


GflllpF 

Gn||pF 

+VS  - 

1.2 

V 

+vs- 

IJ 

V 

+vs- 

1.4 

V 

+VS  - 

1.4 

V 

:0VtO±I0V 


110 


OUTPUT 
Output  Swing 

over  Temperature 

over  Temperature 
Short  Current  Circuit 


RL  =  10  kfl, 

Vs  =  ±2.3Vto±5  V 

Vs  =  ±5Vto±18V 


-Vs  +  1.1 
-Vs+  1.4 
-Vs+1.2 
-V.+  1.6 


+VS  -  1.2 
,+V5  -.1.3 
+VS  -  1.4 
+VS  -  1.5 


-Vs  +  1.1 
-V5  +  1.4 
-Vs  +  1-2 
Vs  +  1.6 


-+VS  - 

>Vs  - 


-Vs  +  1.1 
-Vs  -H.6 
{fVs  +  1.2 
-V.  +  2.3 


+VS  -  1.2 
+VS  -  1.3 
+VS  -  1.4 
+VS  -  1.5 


V 
V 
V 
V 

mA 


DYNAMIC  RESPONSE 
Small  Signal, 

-3  dB  Bandwidth 
Slew  Rate 

Settling  Time  to  0.01% 


10  V  Step 


200 
1.2 
12 


0:75 


200 
1.2 
12 


0.75 


200 
1.2 
12 


kHz 

V/u.s 


REFERENCE  INPUT 

RlN 
ItN 

Voltage  Range 
Gain  to  Output 


V,n  +  ,Vref  =  0 


•  20 

+  50  +60 
-Vsjh'1.6  +VS  -  1.6 

1  ±  0.0001 


•      20.        %  ' 
'  +50  +60 
-Vs  +  1.6  +VS 

.   1  ±  0.0001 


20 

+50  +60 
-Vs  +  1.6  +VS  -  1.6 

1  ±  0.0001 


k!! 
uA 
V 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 
over  Temperature 


±2.3 


Vs=  ±2.3Vto±18V 


0.9 
1.1 


0.9 
1.1 


±18 

1.3 

1.6 


0.9 
1.1 


±18 

1.3 

1.6 


V 

mA 
mA 


TEMPERATURE  RANGE 
For  Specified  Performance 


-40  to  +85 


-55  to  +125 


NOTES 

^ee  Analog  Devices  military  data  sheet  for  883B  tested  specifications. 
2This  is  defined  as  the  supply  range  over  which  PSRR  is  defined. 
'Input  Voltage  Range  =  CMV  +  (Gain  x  VDIFF). 
Specifications  subject  to  change  without  notice. 
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AD621 


■ 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2    650  mW 

Input  Voltage  ±VS 

Differential  Input  Voltage  ±25  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  (Q)  — 65°C  to  +  150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +125°C 

Operating  Temperature  Range 

AD621A,  B   -40°C  to  +85°C 

AD621S3  -55°Cto  +125°C 

Lead  Temperature  Range 
(Soldering  10  seconds)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

^Specification  is  for  device  in  free  air: 

8-Pin  Plastic  DIP  Package:  6,A  =  95°C/Watt 

8-Pin  Cerdip  Package:  9JA  =  110"C/Watt 

8-Pin  SOIC  Package:  6JA  =  155°C/Watt 
'See  Analog  Devices'  military  data  sheet  for  883B  specifications. 


ESD  SUSCEPTIBILITY 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic 
charges  as  high  as  4000  volts,  which  readily  accumulate  on  the 
human  body  and  on  test  equipment,  can  discharge  without 
detection.  Although  the  AD621  features  proprietary  ESD  pro- 
tection circuitry,  permanent  damage  may  still  occur  on  these 
devices  if  they  are  subjected  to  high  energy  electrostatic  dis- 
charges. Therefore,  proper  ESD  precautions  are  recommended 
to  avoid  any  performance  degradation  or  loss  of  functionality. 

ORDERING  GUIDE 


Model 

Temperature 
Range 

Package 
Description 

Package 
Option1 

AD621AN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD621BN 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

AD621AR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD621BR 

-40°C  to  +85°C 

8-Pin  Plastic  SOIC 

R-8 

AD621SQ/883B2 

-55°Cto  +125°C 

8-Pin  Cerdip 

Q-8 

AD621ACHIPS 

-40°C  to  +85°C 

Die 

NOTES 

'For  outline  information  see  Package  Information  section. 
2See  Analog  Devices'  military  data  sheet  for  883B  specifications. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm) 
Contact  factory  for  latest  dimensions 
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ANALOG 
DEVICES 


Precision  Instrumentation  Amplifier 


FEATURES 

Low  Noise:  0.2uV  p-p  0.1Hz  to  10Hz 
Low  Gain  TC:  5ppm  max  (G  —  1) 
Low  Nonlinearity:  0.001%  max  (G  =  1  to  200) 
High  CMRR:  130dB  min  (G  =  500  to  1000) 
Low  Input  Offset  Voltage:  25|iV,  max 
Low  Input  Offset  Voltage  Drift:  0.25uV/°C  max 
Gain  Bandwidth  Product:  25MHz 
Pin  Programmable  Gains  of  1, 100,  200, 
No  External  Components  Required 


CONNECTION 


]b]hg, 

"iTl  OUTPUT  NULL 
"ul  OUTPUT  NUU 
IF)  G  ■  100 
17]  G  =  200 
]T)G  =  500 
lol  SENSE 
1~1  OUTPUT 


SHORT  TO 
RG; FOR 
DESIRED 


PRODUCT  DESCRIPTION 

The  AD624  is  a  high  precision,  low  noise,  instrumentation 
amplifier  designed  primarily  for  use  with  low  level  transducers, 
including  load  cells,  strain  gauges  and  pressure  transducers.  An 
outstanding  combination  of  low  noise,  high  gain  accuracy,  low 
gain  temperature  coefficient  and  high  linearity  make  the  AD624 
ideal  for  use  in  high  resolution  data  acquisition  systems. 

The  AD624C  has  an  input  offset  voltage  drift  of  less  than  0.25(iV/ 
°C,  output  offset  voltage  drift  of  less  than  IOliV^C,  CMRR 
above  80dB  at  unity  gain  (130dB  at  G  =  500)  and  a  maximum 
nonlinearity  of  0.001%  at  G  =  1.  In  addition  to  these  outstanding 
dc  specifications,  the  AD624  exhibits  superior  ac  performance 
as  well.  A  25MHz  gain  bandwidth  product,  5V/lls  slew  rate  and 
15|xs  settling  time  permit  the  use  of  the  AD624  in  high  speed 
data  acquisition  applications. 

The  AD624  does  not  need  any  external  components  for  pre- 
trimmed  gains  of  1,  100,  200,  500  and  1000.  Additional  gains 
such  as  250  and  333  can  be  programmed  within  one  percent 
accuracy  with  external  jumpers.  A  single  external  resistor  can 
also  be  used  to  set  the  624's  gain  to  any  value  in  the  range  of  1 
to  10,000. 


PRODUCT  HIGHLIGHTS 

1.  The  AD624  offers  outstanding  noise  performance.  Input 
noise  is  typically  less  than  4nV/VHz  at  1kHz. 

2.  The  AD624  is  a  functionally  complete  instrumentation  am- 
plifier. Pin  programmable  gains  of  1,  100,  200,  500  and  1000 
are  provided  on  the  chip.  Other  gains  are  achieved  through 
the  use  of  a  single  external  resistor. 

3.  The  offset  voltage,  offset  voltage  drift,  gain  accuracy  and 
gain  temperature  coefficients  are  guaranteed  for  all  pre- trimmed 
gains. 

4.  The  AD624  provides  totally  independent  input  and  output 
offset  milling  terminals  for  high  precision  applications.  This 
minimizes  the  effect  of  offset  voltage  in  gain  ranging 
applications. 

5.  A  sense  terminal  is  provided  to  enable  the  user  to  minimize 
the  errors  induced  through  long  leads.  A  reference  terminal 
is  also  provided  to  permit  level  shifting  at  the  output. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fan  retrieval  system  at  1-800-446-6212. 
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(External  Resistor  Gain 
Gain  Range  (Pin  P  rogramma  b  le 

clloo 

G  =  200, 500 
G=  1000 
Nonlinearity 
G  -  1 

G=  100,200 
G  =  500, 1000 
Gain  vs.  Temperature 

G  =  1 

G  -  100,200 
G  -  500, 1000 

L  Rq  J 

1  to  1000 

L       R,;  J 

1  to  1000 

l    Ro  J 
1  to  1000 

L  Re  J 
1,0 1000 

±025 
±0.5 
±1.0 

±0.005 
±0.005 
±0.005 

5 

10 

25 

±0.03 
±0.15 
±0.35 
±1.0 

±0.003 
±0.003 
±0.005 

5 

10 

15 

±0.02 
±0.1 
±0.25 
±1.0 

±0.00. 
±0.001 
±0.005 

5 

10 

15 

±0.05 
±0.25 
±0.5 
±1.0 

±0.005 
±0.005 
±0.005 

5 

10 

15 

% 
% 
% 

% 

'<*, 
% 
% 

ppmfC 
ppm/C 
ppnVC 

VOLTAGE  OFFSET  (May  be  Nulled) 
Input  Offset  Voltage 

vs.  Temperature 
Output  Offset  Voltage 

vs.  Temperature 
Offset  Referred  to  the 
Input  vs.  Supply 
G-  I 

G  -  100,200 
G  =  500, 1000 

200 

2 
5 

50 

70 
95 
100 



75 
0.5 
3 

25 

75 
105 
110 

25 
0.25 
2 
10 

80 

no 

115 



•  75 
2.0 
3 

50 

75 
105 
110 

l»V 
uvrc 

mV 

uWC 

dB 
dB 
dB 

INPUT  CURRENT 
Input  Bias  Current 

Input  Offset  Current 
vs.  Temperature 

±50 

±50 

±35 

±20 

±25 

±50 

±15 

±20 

±15 

±50 

±10 

±20 

±50 

±50 

±35 

±20 

nA 

pATC 

nA 

pA/-C 

INPUT 

Input  Impedance 
Differential  Resistance 
Differential  Capacitance 
Common-Mode  Resistance 
Common-Mode  Capacitance 

Input  Voltage  Range1 

Max  Differ.  Input  Linear  (VDL) 

Max  Common-Mode  Linear  (Vrjst) 
Common-Mode  Rejection  dc 
to  60Hz  with  1  kfl  Source  Imbalance 

G=  1 

G  -  100,200 
G  -  500, 1000 



10' 
10 
10' 
10 

±  10 

12V-(?xVD) 

70 
100 
110 



10' 

'°. 
10' 

10 

±10 

12V-(5xVD) 

75 
105 
120 

10' 

IS' 

10 

±10 

12V-(5xVD) 

80 
110 
130 

10' 
10 

±10 

12V-(5xVD) 

70 
100 
110 

n 

PF 

% 

V 
V 

dB 
dB 
dB 

OUTPUT  RATING 
VouT,RL  =  2k(l 

±10 

±10 

±  10 

±10 

V 

DYNAMIC  RESPONSE 
Small  Signal -3dB 

G  =  1 

G  -  100 

G  -  200 

G  =  500 

G  =  1000 
Slew  Rate 

SetdingTime  to0.01%,  20V  Step 
G  =  lto200 
G  -  500 
G  =  1000 

1 

150 
100 
50 

25 
5.0 

15 
35 
75 

150 
100 
50 

£ 

IS 
35 
75 

1 

150 
100 
50 

25 
50 

15 
35 
75 

1 

150 
100 
50 

550 

15 
35 
75 

MHz 
kHz 
kHz 
kHz 
kHz 
V/us 

ua 
ua 

US 

NOISE 

Voltage  Noise,  1  kHz 

R.T.I. 

R.T.O 
R.T.L.O.ltolOHz 

O-I 

G=100 

G- 200, 500, 1000 
Current  Noise 
O.IHzlolOHz 

4 

75 

10 

0.3 
0.2 

60 

4 

75 

10 
0.3 
0.2 

60 

4 

75 

10 
0.3 

0.2 

60 

4 

75 

10 
0.3 
0.2 

60 

nV/VSi 

nvrvliz 

uVp-p 
u.Vp-p 
fVp-p 

pAp-p 

SENSE  INPUT 
Kin 
I.n 

Voltage  Range 
Gain  to  Output 

8            10  12 
30 

±10 

8            10  12 
30 

±10 

1 

8            10  12 
30 

±10 

1 

8            10  12 
30 

±10 

1 

kfl 
uA 
V 
% 

REFERENCE  INPUT 

R» 

In 

Voltage  Range 
Gain  to  Output 

16          20  24 
30 

±10 

1 

16          20  24 
30 

±10 

1 

16          20  24 
30 

±10 

trtft  aw>  dfrt  is  JMitan*  to 

16          20  24 
30 

±10 

to 

uA 

V 

% 
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AD624 


AD624B 

AD624C 



AD624S 

Model 

Min        Typ  Mai 

Min         Typ  Ma, 

Min        Typ  Mai 

urn* 

TEMPERATURE  RANGE 
Specified  Performance 
Storage 

-25  +85 
-65  +150 

-25  +85 
-65  +150 

-25  +85 
-65  +150 

-55  +125 
-65  +150 

•c 
°c 

POWER  SUPPLY 
Power  Supply  Range 
Quiescent  Current 

±6          ±15  ±18 
3.5  5 

±6         ±15  ±18 

3.5  5 

±6          ±15  ±18 

3.5  5 

±6         ±15  ±18 

3.5  5 

V 
mA 

PACKAGE  OPTION2 
Ceramic  (D-16) 
Chips  Available 

AD624AD 
AD624AChipa 

AD624BD 

AD624CD 

AD624SD.AD624SD/883B 
AD624SChips 

NOTES 
'VDL  is  the  n 


Vc„  =  12V -(10/2  x  0.50V)  =  9.5V. 
2For  outline  Lnformauoii  see  Package  Information  section. 
Specifications  subject  to  c 


niial  input  voltage  at  G  =  1  for  specified  nonlineariry.  VDL  at  other  g 


i  -  10V/G.  VD  -  actual  differential  input  voltage.  Example:  G  =  10,  VD  =  0.50. 


boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
only  those  shown  in  boldface  are  tested  on  all  production  units. 


ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  ±18V 

Internal  Power  Dissipation   420m W 

Input  Voltage  ±VS 

Differential  Input  Voltage  ±VS 

Output  Short  Circuit  Duration   Indefinite 

Storage  Temperature  Range  -65°C  to  +  150°C 

Operating  Temperature  Range 

AD624A/B/C   -  25°C  to  +  85°C 

AD624S  -55°Cto  +  125°C 

Lead  Temperature  (Soldering,  60secs)    +  300°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability . 


FUNCTIONAL  BLOCK  DIAGRAM 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 


°ii7rvjT  14 

NULL 


OUTPUT  15 
NULL 
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Programmable  Gain 


AD625 


FEATURES 

User  Programmable  Gains  of  1  to  10,000 

Low  Gain  Error:  0.02%  max 

Low  Gain  TC:  5ppm/°C  max 

Low  Nonlinearity:  0.001%  max 

Low  Offset  Voltage:  25|iV 

Low  Noise  4nV/VRz  (at  1kHz)  RTI 

Gain  Bandwidth  Product:  25MHz 

16-Pin  Ceramic  or  Plastic  DIP  Package,  20-Pin 

LCC  Package 
Standard  Military  Drawing  Available 
MIL-Standard  Parts  Available 
Low  Cost 


CONNECTION  DIAGRAMS 


PRODUCT  DESCRIPTION 

The  AD625  is  a  precision  instrumentation  amplifier  specifically 
designed  to  fulfill  two  major  areas  of  application: 

1)  Circuits  requiring  nonstandard  gains  (i.e.,  gains  not  easily 
achievable  with  devices  such  as  the  AD524  and  AD624). 

2)  Circuits  requiring  a  low  cost,  precision  software  program- 
mable gain  amplifier. 

For  low  noise,  high  CMRR,  and  low  drift  the  AD625JN  is  the 
most  cost  effective  instrumentation  amplifier  solution  available. 
An  additional  three  resistors  allow  the  user  to  set  any  gain  from 
1  to  10,000.  The  error  contribution  of  the  AD625JN  is  less  than 
0.05%  gain  error  and  under  5ppm/°C  gain  TC;  performance 
limitations  are  primarily  determined  by  the  external  resistors. 
Common-mode  rejection  is  independent  of  the  feedback  resistor 


A  software  programmable  gain  amplifier  (SPGA)  can  be  configured 
with  the  addition  of  a  CMOS  multiplexer  (or  other  switch  network), 
and  a  suitable  resistor  network.  Because  the  ON  resistance  of 
the  switches  is  removed  from  the  signal  path,  an  AD625  based 
SPGA  will  deliver  12-bit  precision,  and  can  be  programmed  for 
any  set  of  gains  between  1  and  10,000,  with  completely  user 
selected  gain  steps. 

For  the  highest  precision,  the  AD625C  offers  an  input  offset 
voltage  drift  of  less  than  0.25u.V/°C,  output  offset  drift  below 
15(i V/°C,  and  a  maximum  nonlinearity  of  0.001%  at  G=  1.  All 
grades  exhibit  excellent  ac  performance;  a  25MHz  gain  bandwidth 
product,  5V/u.s  slew  rate  and  15u.s  settling  time. 

The  AD625  is  available  in  three  accuracy  grades  (A,  B,  C)  for 
industrial  (-40°C  to  +85°C)  temperature  range,  two  grades  (J, 
K)  for  commercial  (0  to  +70°C)  I 
grade  rated  over  the  extended  (-  55°C  to  + 


RTI  NULL  * 
RT1  NULL  5 
NC6 

+  OAIN  drive; 

NC  8 


T]+v» 

Leadless  Chip  Carrier  (E)  Package 


This  is  an  abridged  data  sheet.  To  obtain  the  m< 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


PRODUCT  HIGHLIGHTS 

1.  The  AD625  affords  up  to  16-bit  precision  for  u 
fixed  gains  from  1  to  10,000.  Any  gain  in  this  i 
programmed  by  3  external  resistors. 

2.  A  12-bit  software  programmable  gain  amplifier  can  be  confi- 
gured using  the  AD625,  a  CMOS  multiplexer  and  a  resistor 
network.  Unlike  previous  instrumentation  amplifier  designs, 
the  ON  resistance  of  a  CMOS  switch  does  not  affect  the  gain 
accuracy. 

3.  The  gain  accuracy  and  gain  temperature  coefficient  of  the 
amplifier  circuit  are  primarily  dependent  on  the  user  selected 
external  resistors. 

4.  The  AD625  provides  totally  independent  input  and  output 
offset  nulling  terminals  for  high  precision  applications.  This 
ininimizes  the  effects  of  offset  voltage  in  gain-ranging 
applications. 

The  proprietary  design  of  the  AD625  provides  input  voltage 
noise  of  4nV/VHi  at  1kHz. 

External  resistor  matching  is  not  required  to  maintain  high 
:  rejection. 
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SPECIFICATIONS 


(typical  @  Vs  =  ±15V,  RL  =  2kft  and  T»  =  +25°C  unless  otherwise  specified) 


AD625 


GAIN 
Gain  Equation 

Gain  Range 
Gain  Error1 

Nonlinearity,  Gain  =  1-256 

Gain>256 
Gain  vs.  Temp.  Gain<  1000' 





AD625A/J/S 
Min  Typ 


2  Rp 


t.035 





10,000 
±0.05 

±0.005 

±0.01 

5 


Min 




AD625B/K 


2RF 


±0.02 





10,000 

±0.03 

±0.002 

±0.008 

5 


AD625C 
Typ 


Mix 


2  Rp 


+  1 


±0.01 


10,000 

±0.02 

±0.001 

±0.005 

5 


GAIN  SENSE  INPUT 
Gain  Sense  Current 

vs.  Temperature 
Gain  Sense  Offset  Current 

vs.  Temperature 


300 
5 

150 
2 


500 


500 

15 


150 
2 
75 
1 


250 

15 

250 

10 


50 
2 
50 
1 


100 

10 
100 

5 


VOLTAGE  OFFSET  (May  be  Nulled) 
Input  Offset  Voltage 

vs.  Temperature 
Output  Offset  Voltage 

vs.  Temperature 
Offset  Referred  to  the 
Input  vs.  Supply 
G=l 
G=10 
G=100 
G=1000 


50 
1 
4 
20 


200 

2/2 
5 

50/50 


70 
85 
95 
100 


75 
95 
100 
110 


75 
90 
105 
110 


25 
0.25 
2 
10 


85 
100 

no 

120 


50 

0.50/1 
3 

25/40 


10 

25 

aV 

0.1 

0.25 

aV/°C 

1 

2 

mV 

10 

15 

aV/°C 

80 

95 

110 

115 


90 
105 
120 
140 


INPUT  CURRENT 
Input  Bias  Current 

vs.  Temperature 
Input  Offset  Current 

vs.Tei 


±30  ±50 

±50 

±2  ±35 

±20 


±20  ±25 
±50 

±1  ±15 

±20 


±15 


±10 
±50 

±1  ±5 


INPUT 

Input  Impedance 

Differential  Resistance 
Differential  Capacitance 
Common-Mode  Resistance 
Common-Mode  Capacitance 

Input  Voltage  Range 

Differ.  Input  Linear  (VDL)2 

Common-Mode  Linear  (V^) 
Common-Mode  Rejection  Ratio  dc  to 
MHz  with  1  kfl  Source  Imbalance 

G=l 

G=10 

G=100 

G=1000 


1 
* 
1 
4 


j 


±10 


12V 


:10 


12V 


-(fxVD) 


12V 


-gxV.) 


70 
90 
100 
110 


75 
95 
105 
115 


75 
95 
105 
115 


85 
105 
115 
125 


80  90 

100  115 

110  125 

120  140 


OUTPUT  RATING 


DYNAMIC  RESPONSE 

G  =  10 
G  =  100 
G=1000 
Slew  Rate 

Settling  Time  to  0.01%,  20V  Step 
G=lto200 
G  =  500 
G=1000 


±10V 
(SSmA 


±10V 


±10V 
@5mA 


650 

400 

150 

25 

5.0 

15 
35 
75 


650 
400 

150 

25 

5.0 

15 
35 
75 


650 

kHz 

400 

kHz 

150 

kHz 

25 

kHz 

5.0 

V/us 

15 

ft 

35 

(IS 

75 

NOISE 

Voltage  Noise,  1kHz 

R.T.I. 

R.T.O. 
R.T.I.,0.1tol 

G  =  l 

G  =  10 

G-100 

G=1000 
Current  Noise 

O.lHztolOHz 


4 

75 

10 

1.0 
0.3 
0.2 

60 


4 

4 

nV/VHz 

75 

75 

nV/VHz 

10 

10 

liVp-p 

1.0 

1.0 

tiVp-p 

0.3 

0.3 

(iVp-p 

0.2 

0.2 

u.Vp-p 

60 

60 

pAp-p 
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AD625 


Model 

AD625AJ'S 
Min        Typ  Mai 

AD625B7K 
Min        Typ  Mai 

AD62SC 
h           Typ  Mai 

Unite 

SENSE  INPUT 

IlN 

Voltage  Range 
GaintoOutput  > 

10 

30 

±10 

1±0.01 

10 
30 

±10 

1  ±0.01 

10 

1±0.01 

kH 
uA 
V 

% 

REFERENCE  INPUT 

RtN 

Im 

Voltage  Range 
GaintoOutput 

20 
30 

±10 

1  ±0.01 

20 
30 

±10 

1  ±0.01 

20 

1  ±0.01 

kn 

uA 

V 

% 

TEMPERATURE  RANGE 
Specified  Performance 

J/K  Grades 

A/B/C  Grades 

S  Grade 
Storage 

0  +70 
-40  +85 
-55  +125 
-65  +150 

0  +70 
-40  +85 

-65  +150 

-40  +85 
-65  +150 

x 
x 

x 

POWER  SUPPLY 
Power  Supply  Range 
Quiescent  Current 

±6to±18 
3.5  5 

±6to±18 
3.5  5 

±6to±18 
3.5  5 

V 

mA 

1  

NOTES 

'Gain  Error  and  Gain  TC  are  for  the  AD625  only.  Resistor  network  errors  will  add  to  the  specified  errors. 
2VDl  is  the  maximum  differential  input  voltage  at  G  =  1  for  specified  nonlinearity. 

VDL  at  other  gains  =  10V/G. 

VD  =  actual  differential  input  voltage. 

Eiample:G=  10,  VD  =  0.50 

Vc„=  12V-(10/2  X0.50V)=9.5V. 
Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed .  Specifications  shown  in  boldface  are  tested  on  all  production 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±  18V 

Internal  Power  Dissipation   450mW 

Input  Voltage  ±  Vs 

Differential  Input  Voltage  ±  Vs 

Output  Short  Circuit  Duration   Indefinite 

Storage  Temperature  Range  (D,  E)  -  65°C  to  + 1 50°C 

(N)   -65°Cto  +125-C 

Operating  Temperature  Range 

AD625J/K   o  to  +  70°C 

AD625A/B/C   -40°Cto+85°C 

AD625S  -55°Cto  +  125°C 

Lead  Temperature  Range 
(Soldering,  60  seconds)   +  300°C 

NOTE 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
:~L:lity. 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Package 

Package 
Option* 

AD625AD 

-40°Cto 

+  85X 

16-Pin  Ceramic  DIP 

D-16 

AD625BD 

-40Xto 

+  85X 

16-Pin  Ceramic  DIP 

D-16 

AD625CD 

-40Xto 

+  85X 

16-Pin  Ceramic  DIP 

D-16 

AD625SD 

-55°Cto 

+  125X 

16-Pin  Ceramic  DIP 

D-16 

AD625SD/883B 

-55Xto 

+  125X 

16-Pin  Ceramic  DIP 

D-16 

AD625SE/883B 

-55Xto 

+  I25X 

20-Pin  Leadless  Chip  Carrier 

E-20A 

AD625JN 

-40Xto 

+  85X 

16-Pin  Plastic  DIP 

N-16 

AD625KN 

-40"Cto 

+  85X 

16-Pin  Plastic  DIP 

N-16 

AD625AChips 

-40Xto 

+  85X 

Die 

AD625SChips 

-55Xto 

+  125X 

Die 

5962-877190IEA 

Standard 

vtihtaryD, 

awing  Available 

•For 


outline  information  see  Package  Information  section. 

FUNCTIONAL  BLOCK  DIAGRAM 
("N"  AND  "D"  PACKAGE  PINOUT) 
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ANALOG 


Low  Cost,  Single  Supply 
Differential  Amplifier 


AD626 

FEATURES 

Pin  Selectable  Gains  of  10  and  100 
True  Single  Supply  Operation 

Single  Supply  Range  of  +2.4  V  to  +10  V 

Dual  Suppy  Range  of  ±1.2  V  to  ±6  V 

Wide  Output  Voltage  Range  of  30  mV  to  4.7  V 
Optional  Low-Pass  Filtering 
Excellent  DC  Performance 

Low  Input  Offset  Voltage:  500  (jV  max 

Large  Common-Mode  Range:  0  V  to  +54  V 

Low  Power:  1.2  mW  (Vs  =  +5  V) 

Good  CMR  of  90  dB  typ 
AC  Performance 

Fast  Settling  Time:  24  (is  (0.01%) 
Includes  Input  Protection 

Series  Resistive  Inputs  (RIN  =  200  kO) 

RFI  Filters  Included 

Allows  50  V  Continuous  Overload 


APPLICATIONS 
Current  Sensing 

Interface  for  Pressure  Transducers,  Position  Indicators, 
Strain  Gages,  and  Other  Low  Level  Signal  Sources 

PRODUCT  DESCRIPTION 

The  AD626  is  a  low  cost,  true  single  supply  differential  ampli- 
fier designed  for  amplifying  and  low-pass  filtering  small  dif- 
ferential voltages  from  sources  having  a  large  common-mode 
voltage. 

The  AD626  can  operate  from  either  a  single  supply  of 
+2.4  V  to  +10  V,  or  dual  supplies  of  ±1.2  V  to  ±6  V.  The 
input  common-mode  range  of  this  amplifier  is  equal  to  6  (+VS 
-IV)  which  provides  a  +24  V  CMR  while  operating  from 


CONNECTION  DIAGRAM 

8-Pin  Plastic  Mini-DIP  (N) 
and  SOIC  (R)  Packages 


a  +5  V  supply.  Furthermore,  the  AD626  features  a  CMR  of 
90  dB  typ. 

The  amplifier's  inputs  are  protected  against  continuous  overload 
of  up  to  50  V,  and  RFI  filters  are  included  in  the  attenuator 
network.  The  output  range  is  +0.03  V  to  +4.9  V  using 
a  +5  V  supply.  The  amplifier  provides  a  preset  gain  of  10,  but 
gains  between  10  to  100  can  be  easily  configured  with  an  exter- 
nal resistor.  Furthermore,  a  gain  of  100  is  available  by  connect- 
ing the  G  =  100  pin  to  analog  ground.  The  AD626  also  offers 
low-  pass  filter  capability  by  connecting  a  capacitor  between  the 
filter  pin  and  analog  ground. 

The  AD626A  and  AD626B  operate  over  the  industrial  tempera- 
ture range  of  -40°C  to  +85°C.  The  AD626  is  available  in  two 
8-pin  packages:  a  plastic  mini-DIP  and  SOIC. 


G  =  10, 100 

G  =  100 
VS=15 

G 

vs 

=  10 

=  ±5 

10        100        1k        10k  100k 
FREQUENCY  -  Hz 


Common-Mode  Rejection  vs.  Frequency 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 

i  at  1-800-44S-6212. 


POWER  SUPPLY  VOLTAGE  •  Volts 

Input  Common-Mode  Range  vs.  Supply 


REV.  B 


INSTRUMENTATION  AMPLIFIERS  10-25 


AD626— SPECIFICATIONS 


)  +VS  =+5VandTt  =  +25°C) 


Model 


AD626A 
Min  Typ  Max 


AD626B 
Min  Typ 


Max 


Units 


GAIN 
Gain  Accuracy 

Gain  =  10 

Gain  =  100 
Over  Temperature,TA  =  Tv 


Gain  Linearity 
Gain  =  10 
Gain  =  100 


Total  Error 

@  VOUT  >  100  mV  dc 


@  VOUT  : 

G  =  10 


100  mV  dc 


0.04 
0.1 


G  =  100 


@VC 

@vc 


-  100  mV  dc 
100  mV  dc 


0.014 
0.014 


1.0 
1.0 
50 
150 

0.016 
0.02 


0.2 
0.5 


0.014 
0.014 


0.6 
0.6 
30 
120 

0.016 
0.02 


% 
% 

ppm/°C 
ppm/°C 

% 


OFFSET  VOLTAGE 
Input  Offset  Voltage 
vs.  Temperature 
vs.  Temperature 
vs.  Supply  Voltage  (PSR) 
+PSR 
-PSR 


Tmin-Tmax,  G  =  10  or  100 
Tmin-T„ax,  G  =  10  or  100 


1.9 


74 
64 


80 
66 


2.5 
2.9 
6 


74 
64 


1.9 


80 
66 


2.5 
2.9 
6 


mV 
mV 
|xV/°C 

dB 
dB 


COMMON-MODE  REJECTION 
+CMR    Gain  =  10,  100 
±CMR   Gain  =  10,  100 
-CMR   Gain  =  10,  1001 


RL  =  10  kfl 

f  =  100  Hz,  VCM  =  +24  V 
f  =  10  kHz,  V™  =  6  V 
f  =  100  Hz,  VCM  =  -2  V 


90 
64 

85 


80  90 
55  64 
73  85 


dB 
dB 


COMMON-MODE  VOLTAGE  RANGE 
+CMV   Gain  =  10 
-CMV   Gain  =  10 


CMR  >  85  dB 
CMR  >  85  dB 


+24 

—  2    :■;>,■-■  • 


+24 
"2 


INPUT 
Input  Resistance 

Differential 

Common  Mode 
Input  Voltage  Range  (Common  Mode) 


200 
100 

6(VS-1) 



200 
100 

6(VS-1) 


kfl 
kfl 
V 


 1  :  


OUTPUT 
Output  Voltage  Swing 
Positive 

Negative 

Short  Circuit  Current 


RL  =  10  kfl 
Gain  =  10 
Gain  =  100 
Gain  =  10 
Gain  =  100 


4.7  4.90 
4.7  4.90 
0.03 
0.03 

12 


4.7  4.90 
4.7  4.90 
0.03 
0.03 

12 


V 
V 
V 
V 

mA 


i=  100 
Gain  =  10 
Gain  =  100 


f  =  0.1  Hz-lOHz 
f  =  0.1  Hz-lOHz 
f  =  1  kHz 
f  =  1  kHz 


2 
2 

0.25 
0.25 


2 
2 

0.25 
0.25 


uVp-p 
uVp-p_ 
M-V/yHz 
u.V'VHz 


DYNAMIC  RESPONSE 
-3  dB  Bandwidth 
Slew  Rate,  TMIN  to  TMAX 


Settling  Time 


Vout=  +1  Vdc 
Gain  =  10 
Gain  =  100 
to  0.01%,  1  V  Step 


100 


0.17  0.2 
0.1  0.1 


24 


100 

0.17  0.22 
0.1  0.17 
22 


kHz 
V/(j.s 
V/M.s 
u-s 


POWER  SUPPLY 
Operating  Range 
Quiescent  Current 


Ta  -  Tjun-Tmax 
Gain  =  10 
Gain  =  100 


2.4 


5 

0.16 
0.23 


12 

0.20 
0.29 


2.4 


5 

0.16 
0.23 


12 

0.20 
0.29 


V 

mA 
mA 


TRANSISTOR  COUNT 


#  of  Transistors 


46 


46 


NOTES 

'At  temperatures  above  +25°C,  -CMV  degrades  at  the  rate  of  12  mWC;  i.e.,  @  +25°C  CMV  =  -2  V,  @  +85°C  CMV  =  -1.28  V. 
Specifications  subject  to  change  without  notice. 


■  . 

■ 
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AD626 

DUAL  SUPPLY  (@  +VS  =  +5  V  and  T,  =  +25°C) 


AD626A 

AD626B 



Model 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

GAIN 

Gain  Accuracy 

Total  Error 

Gain  =  10 
Gain  =  100 

RL  =  10  kfl 

0.2 
0.25 

0.5 
1.0 

0.1 
0.15 

0.3 
0.6 

% 

% 

Over  Temperature,  TA  =  TMIN-TMAX 

G  =  10 
G  =  100 

50 
100 

30 
80 

ppm/°C 
ppm/°C 

Gain  Linearity 
Gain  =  10 

0.045 

0.055 

0.045 

0.055 

% 

Gain  =  100 

0.01 

0.015 

0.01 

0.015 

% 

OFFSET  VOLTAGE 

Input  Offset  Voltage 
vs.  Temperature 

v&.  i  cmpcidiuic 

vs  SuddIv  Voltaee  ("PSR") 
+PSR 

Tmjn-Tmax,  G  =  10  or  100 
T.  .— T.  .  G  —  10  nr  100 

1MIN    1MAX'  u        lu  ul  Iuu 

74 

50 
1.0 
80 

500 
1.0 

74 

50 
0.5 
80 

250 
0.5 

M.V 
mV 
|xV/°C 

dB 

-PSR 

64  66 

64 

66 

dB 

COMMON-MODE  REJECTION 

RL  =  10  kfl 

±CMR  Gain  =  10,  100 

f  =  100  Hz,  Vcm  =  24  V 

66 

90 

80 

90 

dB 

±CMR    Gain  =  10,  100 

f  =  10  kHz,  VCM  =  6  V 

55 

60 

55 

60 

dB 

COMMON-MODE  VOLTAGE  RANGE 

+CMV    Gain  =  10 

CMR  >  85  dB 

26.5 

26.5 

v 

-CMV    Gain  =  10 

CMR  >  85  dB 

32.5 

32.5 

V 

INPUT 

Input  Resistance 
Differential 

200 

200 

kfl 

Common  Mode 

110 

l  in 

Input  Voltage  Range  (Common  Mode) 

6(VS-D 

6(VS-1) 

V 

OUTPUT 

RL  =  10  kfl 
Gain  =  10,  100 

Output  Voltage  Swing 
Positive 

4.7 

4.90 

4.7 

4.90 

V 

Negative 

Gain  =  10 

1.65 

2.1 

1.65 

2.1 

V 

Short  Circuit  Current 

Gain  =  100 

1.45 

1.8 

1.45 

1.8 

V 

+Isc 
Asc 

12 

12 

mA 

0.5 

ft  ^ 

U.J 

mA 

NOISE 



Voltage  Noise  RTI 

Gain  =  10 
Gain  =  100 

f  =  0.1  Hz-10  Hz 
f  =  0.1  Hz-10  Hz 

2 
2 

2 
2 

ftVp-p 
(xVp-p 

Gain  -  10 
Gain  =  100 

f  =  1  kHz 
f  =  1  kHz 

0.25 
0.25 

0.25 
0.25 

DYNAMIC  RESPONSE 

-3  dB  Bandwidth 

Vout  =  +1  Vdc 

100 

100 

kHz 

OiCW  IXdLC ,  X          lu  i  max 

Settling  Time 

Gain  =  10 

vJ  alii   —    J.  v 

Gain  =  100 

to  0.01%,  2  V  Step 

0.17 
0.1 

0.22 
0.17 
24 

0  17 

0.1 

0.17 
24 

V/u.s 

U.S 

POWER  SUPPLY 

Operating  Range 
Quiescent  Current 

Ta  =  TftuN-TjviAx 

Gain  =  10 

±1.2 

±5 
1.5 

±6 
2 

±1.2 

±5 
1.5 

±6 
2 

V 

mA 

Gain  =  100 

1.5 

2 

1.5 

2 

mA 

TRANSISTOR  COUNT 

#  of  Transistors 

46 

46 
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Supply  Voltage    +ib  V 

Internal  Power  Dissipation2 

Peak  Input  Voltage   60  V 

Maximum  Reversed  Supply  Voltage  Limit   -34  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  (N,  R)  -65°C  to +125°C 

Operating  Temperature  Ringe 

AD626A/B    -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  60  sec)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

28-Pin  Plastic  Package:  6,A  =  100°C/Watt,  8JC  =  50°C/Watt 
8-Pin  Plastic  SOIC  Package:  6,A  =  loOX/Watt,  e,c  =  42°C/Watt 


An  HSU  classilication  per  metnoa  3U13.D  oi  mil  sijj  885^ 
has  been  performed  on  the  AD626,  which  is  a  Class  1  device. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Opt  ions* 

AD626AN 

-40°C  to  +85°C 

N-8 

AD626AR 

-40°C  to  +85°C 

R-8 

AD626BN 

-40°C  to  +85°C 

N-8 

*N  =  Plastic  DIP;  R  =  Small  Outline  IC.  For  outline  information  see 
Package  Information  section. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 


0.061 
(1.549) 
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Low  Noise,  Precision 
Instrumentation  Amplifier 


AMP01 


FEATURES 

•  Low  Offset  Voltage   SOn V  Max 

•  Very  Low  Offset  Voltage  Drift   0.3MV/°CMax 

•  Low  Noise   0.12,.V„.p  (0.1Hz  to  10Hz) 

•  Excellent  Output  Drive    ±  10V  at  ±  50m A 

•  Capacitive  Load  Stability    to 

•  Gain  Range    0.1  to  10,000 

•  Excellent  Linearity    16-Bit  at  G  =  1000 

•  High  CMR   12SdB  Min  (G  =  1000) 

•  Low  Bias  Current   4nA  Max 

•  May  be  Configured  as  a  Precision  Op-Amp 

•  Output-Stage  Thermal  Shutdown 

•  Available  in  Die  Form 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 

OPERATING 

CERDIP 
18-PIN 

LCC 

PLASTIC  TEMPERATURE 
20-PIN  RANGE 

AMP01AX* 

— 

MIL 

AMP01 BX* 

AMP01BTC/883 

—  MIL 

AMP01EX 

—  IND 

AMP01  FX 

—  IND 

AMPOIGStt  COM 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


SIMPLIFIED  SCHEMATIC 


18-PIN  HERMETIC  DIP 
(X-Suffix) 


AMP-01BTC/883 
28-LEAD  LCC 
(TC-Suffix) 


TEST  PHP  (T 
-IN  [T 
V00SNULL  LI 
V^jMULL  |T 
TEST  PIN*  |T 
SENSE  [T 
REFERENCE (T 
OUTPUT  [T 


LmiiTiimMMTEr 


(1  V|osNULL 
[m  NX. 


3 
3 
3 
3 

TEST  PIN"  |    S    H   >f  t  i 
!■]  +IN 
i3  VIOS  HUU- 
51  VK>»  NULL 
lE  Rs 
«]  Ri 
SI  'V0, 

ii]  v* 
u]  V- 

J 


gj  n„ 

[»  N.C. 
[li  V+ 


20-PIN  SOL 
(S-Sufflx) 


■Make  no  electrical  connection  to  these  pins. 















6-  St  °-C) 





O«fol> 


o-vOP 


47.5k!! 
— VW  O  SENSE 


-OV- 


Manufactured  under  the  following  U.S. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AMP01 

GENERAL  DESCRIPTION 


ml 


The  AMP-01  is  a  monolithic  instrumentation  amplifier 
designed  for  high-precision  data  acquisition  and  instrumen- 
tation applications.  The  design  combines  the  conventional 
features  of  an  instrumentation  amplifier  with  a  high-current 
output  stage.  The  output  remains  stable  with  high  capaci- 
tance loads  (1/iF),  a  unique  ability  for  an  instrumentation 
amplifier.  Consequently,  the  AMP-01  can  amplify  low-level 
signals  for  transmission  through  long  cables  without  requir- 
ing an  output  buffer.  The  output  stage  may  be  configured  as  a 
voltage  or  current  generator. 

Input  offset  voltage  is  very  low  (2CVV)  which  generally 
eliminates  the  external  null  potentiometer.  Temperature 
changes  have  minimal  effect  on  offset;  TCV,os  is  typically 
0.15mV/°C.  Excellent  low-frequency  noise  performance  is 
achieved  with  a  minimal  compromise  on  input  protection. 
Bias  current  is  very  low,  less  than  10nA  over  the  military 
temperature  range.  High  common-mode  rejection  of  130dB, 
16-bit  linearity  at  a  gain  of  1000,  and  50mA  peak  output 
current  are  achievable  simultaneously.  This  combination 
takes  the  instrumentation  amplifier  one  step  further  towards 
the  ideal  amplifier. 

AC  performance  complements  the  superb  DC  specifications. 
The  AMP-01  slews  at  4.5V//us  into  capacitive  loads  of  up  to 
l5nF,  settles  in  50/is  to  0.01%  at  a  gain  of  1000,  and  boasts  a 
healthy  26MHz  gain-bandwidth  product.  These  features 
make  the  AMP-01  ideal  for  high-speed  data-acquisition 
systems. 

Gain  is  set  by  the  ratio  of  two  external  resistors  over  a  range 
of  0.1  to  10,000.  A  very  low  gain-temperature-coefficient  of 
10ppm/°C  is  achievable  over  the  whole  gain  range.  Output 
voltage  swing  is  guaranteed  with  three  load  resistances;  50fi, 
500O,  and  2kn.  Loaded  with  5000,  the  output  delivers!  13.0V 
minimum.  A  thermal  shutdown  circuit  prevents  destruction 
of  the  output  transistors  during  overload  conditions. 
The  AMP-01  can  also  be  configured  as  a  high-performance 
operational  amplifier.  In  many  applications,  the  AMP-01  can 
be  used  in  place  of  op-amp/power-buffer  combinations. 


THEORY  OF  OPERATION 

An  instrumentation  amplifier,  unlike  an  op  amp,  requires 
precise  internal  feedback.  The  two  techniques  presently  in 
use  are  resistive  and  current  feedback. 

The  AMP-01  employs  the  current  feedback  approach  which 
has  significant  advantages  over  resistive  feedback.  Advan- 
tages of  current-feedback  are: 

a.  The  technique  yields  a  very  high  common-mode  rejec- 
tion ratio.  The  AMP-01  CMR  is  in  excess  of  130dB  at  a 
gain  of  1000. 

b.  The  gain  of  the  current  feedback  design  is  set  by  the 
ratio  of  two  external  resistors.  Using  external  resistors 
allows  any  practical  gain  to  be  set  with  high  precision 
and  very  low  gain  temperature  coefficient. 


c.  The  current-feedback  design  is  immune  to  CMR  degra- 
dation when  series  resistance  is  added  to  the  reference 
input.  A  small  (trimmable)  offset  change  results  from 
added  resistance,  e.g.  a  printed  circuit  track. 

The  AMP-01  utilizes  low-drift  thin-film  resistors  to  minimize 
output  offset  temperature  drift.  A  feedback  voltage-to-current 
converter  is  employed  having  high  linearity  and  low  noise, 
particularly  at  low  frequencies.  Parameter  shifts  during 
packaging  are  eliminated  by  a  post-assembly  trimming 
technique  which  electronically  adjusts  the  output  offset 
voltage. 

The  AMP-01  input  transistors  Q1  and  Q2  feed  active  loads, 
yielding  stage  gain  in  excess  of  4000  (see  simplified 
schematic)  The  output  amplifier,  A1,  is  a  two-stage  design 
having  a  gain  of  about  50,000  driving  a  100ft  load.  Overall 
gain  of  2  x  108  yields  excellent  linearity,  even  at  high 
closed-loop  gains. 

Low  bias  current  is  achieved  by  using  Ion-implanted  super- 
beta  transistors  combined  with  a  new  bias-current  cancella- 
tion system,  patents  applied  for.  Input  bias  current  remains 

to+1W25'CA  0V6r        mi"tary  ,emPeratUre  ran96'  "55°C 

Superbeta  transistors  use  a  new  transistor  geometry  result- 
ing in  an  input  noise  of  only  5nV/V  Hz  at  G  =  1000.  Noise 
includes  contributions  from  the  gain-setting  resistor  and 
internal  overload-protection  resistor.  The  input  stage 
achieves  an  offset  voltage  drift  of  less  than  0.3/uV/°C 
(E  Grade). 

The  AMP-01  uses  a  unique  two-pole  compensation  scheme 
where  the  load  capacitance  is  incorporated  into  the  dominate 
pole.  Stable  operation  results  even  with  high  capacitance 

the  4.5V/>s  slew-rate  to  be  maintained  with  load  capacitance 
as  high  as  15nF. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Common-Mode  Input  Voltage  Supply  Voltage 

Differential  Input  Voltage,  RQ  *  2kO  ±20V 

RF<2kQ  :t10V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range  -65°C  to  +1 50°C 

Operating  Temperature  Range 

AMP-01  A,  B  -55°C  to  +1 25°C 

AMP-01  E,  F  -25<'Cto+35'>C 

AMP-01  G  0°Cto+70°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

Junction  Temperature  0^)  -65°Cto  +150°C 


PACKAGE  TYPE 

e)A  (Note  2) 

UNITS 

18-Pin  Hermetic  DIP  (Z) 

79 

11 

•c/w 

28-ContactLCC(TC) 

78 

30 

•c/w 

20-Pin  SOL  (S) 

88 

25 

•c/w 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  other- 
wise noted. 

2.  e  A  is  specified  for  worst  case  mounting  conditions,  i.e.,  e.A  is  specified  for  device 
in  socket  for  CerDIP  and  LCC  packages;  e  .  is  specified  for  device  sokkned  to 


printed  circuit  board  for  SOL  package. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rs  =  10kn,  RL=  2kn,  TA  =  25° C,  unless  otherwise  noted. 


AMP-01 A 

AMP-01  B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN       TYP  II 

IAX 

MIN  TYP 

MAX 

UNITS 

OFFSET  VOLTAGE 

Input  Offset  Voltage 

V|<JS  — - 

TA  =  25°C 

—  20 

50 

—  40 

100 

»V 

-55°C<TA<-H25°C 

-  40 

80 

-  60 

150 

Input  Offset  Voltage  Drift 

TCVI0S 

-55°C<TA<+125°C 

-  0.15 

0.3 

-  0.3 

1.0 

,iV/°C 

Output  Offset  Voltage 

Voos 

TA=25°C 

1 

3 

—  2 

6 

mV 

-55°C<TA<-H25°C 

-  3 

6 

-  6 

10 



Output  Offset  Voltage  Drift 



RG  =  "> 

-    •  —  20 

50 

—  50 

120 

(ivrc 

TCV00S 

-55°C<TA<+125°C 



Offset  Referred  to  Input 
vs.  Positive  Supply 
V+  =  +5V  to+15V 


G  =  1000 
G  =  100 
G  =  10 
G  =  1 


110 
95 
75 


130 
110 
90 


100 
90 
70 


120 
100 
80 


120 
110 
95 
75 


130 
130 
110 
90 


100 
90 
70 


120 
100 
80 


dB 


Offset  Referred  to  Input 
vs.  Negative  Supply 
V-  =  -5V  to -15V 


105  125 

90  105 

70  85 

50  65 


105 
90 
70 
50 


115 
95 
75 
60 


dB 


-SS°CSJA<+-\2b°C 
G  =  1000 
G  =  100 
G  =  10 


105 
90 
70 
50 


125 
105 


85 
65 


105 
90 
70 
50 


115 
95 
75 
60 


 _  

Input  Offset  Voltage  Trim 
Range 

Vs  =  ±4.5V  to  ±1BV 

(Note  1) 

±6 

±6 

mV 

Output  Offset  Voltage  Trim 
Range 

VS  =  ±4.5V  to  ±  18V 
(Note  1) 

±100  - 

±100 

mV 

INPUT  CURRENT 

Input  Bias  Current 

TA=25°C 

-55°C<TA<+125°C 

1 
4 

10 

2 
6 

6 
15 

nA 

Input  Bias  Current  Drift 

TCIB 

-55°C<TA<+125°C 

40 

50 

pA/°C 

Input  Offset  Current 

I  OS 

TA=25°C 

-55°C<TA<+125°C 

0.2 
0.5 

1.0 
3.0 

0.5 
1.0 

2.0 
6.0 

nA 

Input  Offset  Current  Drift 

TCIOS 

-55°C  «  TAS  *125-C 

3 

5 

pA/°C 

INPUT 

Input  Resistance 

RIN 

Differential.  G  =  1000 
Differential.  G  <  100 
Common-Mode,  G  =  1000 

1 

10 
20 

1 

10 
20 

Gn 

Input  Voltage  Range 

IVR 

TA  =  25°C  (Note  2) 
-55°C<TA<+125°C 

±10.5 
±10.0 

±10.5 
±10.0 

v 

Common-Mode 

CMR 

VCM  =  ±10V.  1kl! 
source  imbalance 

G  =  1000 

G  =  100 

G  =  10 

G=  1 

125 
120 
100 
85 

130 
130 
120 
100 

- 

115 
110 
95 
75 

125 
125 
110 
90 

dB 

Rejection 

-SS-CSTjS+^S-C 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

120 
115 
95 
80 

125 
125 
115 
95 

-  0 — 
_ 
- 

110 
105 
90 
75 

120 
120 
105 
90 

dB 

NOTES: 

V,os  and  Voos 
respectively. 


minimal  affect  on  TCV,0s  and  TCVoos. 


>  section  on  common-moOe  reaction. 
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PARAMETER  SYMBOL  CONDITIONS  MW       TTP       MA*  Min        I  TP  ma* 


OFFSET  VOLTAGE 


TA  -  +25°C 

- 

20 

50 

— 

40 

100 

Input  Offset  Voltage 

IOS 

TMINSTASTMAX 

40 

80 

60 

150 

Input  Offset  Voltage  Drift 

TCV,0S 

0.15 

0.3 

03 

1.0 

p.V/°C 



TA=+25°C 

1 

3 

2 

6 

voos 

^MIN  ^"'"a  ^^MAX 

- 

3 

6 

- 

6 

10 

mv 





RG-~(Note2) 

Output  Offset  Voltage  Drift 

TCVoos 

20 

100 

- 

50 

120 

TMIN£TASTMAX  

- 

G-1000 

120 

130 

— 

110 

120 

G  =  100 
G-10 

110 

W 

130 

1 1U 

100 
90 

120 
100 

— 

dB 

Offset  Referred  to  Input 
vs.  Positive  Supply 

Vi-^Vto+ISV 

G-1 

75 
ro 

90 

70 

80 



*^MIN  S^A  fi"*MAX 
G  =  1000 
G-100 

120 

130 

110 
100 

120 
120 

dB 

G-10 

95 

110 

90 

100 

— 

G-1 

75 

90 

- 

70 

80 

G-1000 

110 

125 

105 

115 

G-100 

95 

105 

- 

90 

95 

— 

dB 

G-10 

75 

85 

70 

75 

G-1 

55 

65 

50 

60 

Offset  Referred  to  Input 
vs.  Negative  Supply 
V---5V10-15V 

PSR 

TMINSTASTMAX 
G-1000 

G-100 

G-10 



110 
95 
75 

125 
105 
85 

105 
90 
70 

115 
95 
75 

dB 

fi_1 

55 

65 

50 

60 

Input  Offset  Voltage  Trim 
Range 

Vs-±4.5Vto±18V 
(Notel) 

±6 

±6 

mV 

Output  Offset  Voltage  Trim 
Range 

Vs=±4.5Vto±18V 
(N0K1) 

±100 

±100 

mV 

INPUT  CURRENT 


Input  Bias  Current 

'b 

TA-+25°C 
"*"min£^"as^max 

1 
4 

4 

10 

2 
6 

6 
15 

mV 

Input  Bias  Current  Drift 

TOb 

TMINSTASTMAX 

40 

50 

pA/°C 

Input  Offset  Current 

'b 

TA-+25°C 
TMINSTASTMAX 

02 
05 

1.0 
3.0 

05 
1.0 

2.0 
6.0 

mV 

Input  Offset  Current  Drift 

"^"min  ^"^a  ^"^"max 

_ 

3 

5 

pA/°C 

INPUT 

Differential,  G  =  1000 

1 



1 

Input  Resistance 

RIN 

Differential,  Gs  100 

10 

10 

Gn 

Common-Mode,  G-1000 

20 

20 

Input  Voltage  Range 

IVR 

TA-+25°C(Note3) 

TMINSTASlMAX 

±10.5 
±10.0 

±10.5 
±10.0 

V 

VCM=±10V,1KQ 
source  imbalance 

G-1000 

125 

130 

115 

125 

G-100 

120 

130 

110 

125 

G-10 

100 

120 

95 

110 

dB 

Common-Mode 

CMR 

6-1 

85 

100 

75 

90 

Rejection 

TMINSTASTHAX 

G-1000 

120 

125 

110 

120 

G-100 

115 

125 

105 

120 

G-10 

95 

115 

90 

105 

dB 

G-1 

80 

95 

75 

90 

NOTES: 

'■  vlosandVOOS™llin9nas 

onTCV|osandTCVoos, 

2.  Sample  tested. 

respectively. 

3.  Refer  to  section  on  com 

mon-mode  rej< 

fction. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  Rs  =  10kn,  RL  =  2kn,  TA  =  25° C,  unless  otherwise  noted. 


PARAMETER  SYMBOL 

CONDITIONS 

AMP-01A/E 
MIN       TYP  MAX 

AMP-01B/F/G 
MIN       TYP  MAX 

UNITS 

GAIN 

20XRS 

Gain  Equation 

Accuracy  Measured 
from  G  =  1  to  1000 

0.3 

0.6 

0.5 

0.8 

% 

Accuracy 

Gain  Range  G 

0.1 

10k 

0.1 

10k 

v/v 

G  =  1000 

0.0007 

0.005 

0.0007 

0.005 

Nonlinearity 

G  =  100 

G  =  10  (NO,e1) 

0.005 

0.005 

% 

G  =  1 

0.005 
0.010 

0.007 
0.015 

1  <  G  <  1000 

Temperature  Coefficient  GTC 

(Notes  1,  2) 

5 

10 

5 

15 

ppm/°C 

OUTPUT  RATING 

RL=2kll 

+  13.0 

±13.8 

±13.0 

±13.8 





Output  Voltage 

Swing  V°UT 

RL  =  50011 
RL  =  50fl 

+  13.0 
±2.5 

±13.5 
±4.0 

±13.0 
±2.5 

±13.5 
±4.0 

V 

RL  =  2k!l       Over  Temp. 
RL=  50011     (Note  3) 

±12.0 
±12.0 

±13.8 
±13.5 

±12.0 
±12.0 

+  13.8 
±13.5 

V 

Positive  Current  Limit 

Output-to-Ground  Short 

60 

100 

120 

60 

100 

120 

mA 

Negative  Current  Limit 

Output-to-Ground  Short 

60 

90 

120 

60 

90 

120 

mA 

Capacitive  Load  Stability 

1  <  G  <  1000 

No  Oscillations,  (Note  1) 

0.1 

1 

0.1 

1 

fF 

Thermal  Shutdown 
Temperature 

Junction  Temperature 

165 

°c 

NOISE 

Voltage  Density,  RTI  e„ 

fQ  =  1kHz 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

5 
10 
59 
540 

S 
10 
59 
540 

nV/^HT 

Noise  Current  Density,  RTI  in 

fG=  1kHz,  G  =  1000 

0.15 

0.15 

pA/x/TtT 

Input  Noise  Voltage  enp_p 

0.1Hz  to  10Hz 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

012 
0.16 
1.4 
13 

012 
016 
1.4 

13 

"Vp 

Input  Noise  Current  inp_p 

0.1Hz  to  10Hz,  G  =  1000 

2 

2 

pA0.p 

DYNAMIC  RESPONSE 

Small-Signal 
Bandwidth  (-3dB)  BW 

G  =  1 
G  =  10 
G=  100 
G  =  1000 

570 
100 
82 

'26 

570 
100 
82 
26 

kHz 

Slew  Rate  SR 

G  =  10 

3.5 

4.5 

3.0 

4.5 

V/„s 

Settling  Time  ts 

To  0.01%,  20V  step 
G  =  1 
G  =  10 
G  •  100 
G  =  1000 

12 
13 
15 
50 

12 
13 
15 
50 

es 

NOTES: 

1 .  Guaranteed  by  design. 

2.  Gain  tempco  does  not  include  the  effects  of  gain  and  scale  resistor  tempco 
match. 

3.  -55"C  «  T,  ,  +1 25X  for  A/8  grades.  -25"C  *  TA  *  -B5-C  tor  E/F  grades, 
0°C  «  TA  *  70°C  FOR  G  grades. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  Rs  =  10kfi,  RL  =  2kll,  TA  =  25° C,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

AMP-01 A/E 
■WIN       TYP~  MAX 

AMP-01  B/F/G 
MIN       TYP  MAX 

UNITS 

SENSE  INPUT 

Input  Resistance 

RIN 

35  50 

65 

35 

50 

65 

kn 

Input  Current 

I  IN 

Referenced  to  V- 

-  280 

280 

Voltage  Range 

(Note  1) 

-10.5 

+  15 

-10.5 

+  15 

V 

REFERENCE  INPUT 

Input  Resistance 

RIN 

35  50 

65 

35 

50 

65 

kn 

Input  Current 

I  IN 

Referenced  to  V- 

-  280 

280 

MA 

Voltage  Range 

(Note  1) 

-10.5 

+  15 

-10.5 

+  15 

V 

Gain  to  Output 

—             ~  ~ 

1 

v/v 

POWER  SUPPLY  -25°C  <  TA  < 

+  85°  C  for  E/F  Grades.  -55°  C  <  TA  <  + 125 

°  C  for  A/B  Grades 

Supply  Voltage  Range 

+V  linked  to  +V0P 

±4.5  - 

±18 

±4.5 

±18 

V 

-V  linked  to  -V0P 

Quiescent  Current 

|q 

+V  linked  to  +V0P 
-V  linked  to  -V0P 

-  3.0 

—  3.4 

4.8 
4.8 

3.0 
3.4 

4.8 

4.8 

mA 

NOTE: 

1.    Guaranteed  by  design. 
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FEATURES 

•  Low  Offset  Voltage  IOOliV  Max 

•  Low  Drift   2uV/°C  Max 

•  Wide  Gain  Range  _  1  to  10,000 

•  High  Common-Mode  Rejection  115dB  Mln 

•  High  Bandwidth  (G  ■  1000)   200kHz  Typ 

•  Gain  Equation  Accuracy   0.5%  Max 

•  Single  Resistor  Gain  Set 

•  Input  Overvoltage  Protection 

•  Low  Cost 

•  Available  in  Die  Form 

APPLICATIONS 

•  Differential  Amplifier 

•  Strain  Gauge  Amplifier 

•  Thermocouple  Amplifier 

•  RTD  Amplifier 

•  Programmable  Gain  Instrumentation  Amplifier 

•  Medical  Instrumentation 
Dsts  ^^oo^  u  I  3it  f  on  SystonAS 

ORDERING  INFORMATION  * 


T.=+25°C 


(H-V) 


VoosMAX 
(mV) 


PLASTIC 
8-PIN 


OPERATING 
TEMPERATURE 
RANGE 


100 
200 


AMP02EP 
AMP02FP 


XIND 
XIND 


Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 


GENERAL  DESCRIPTION 

The  AMP-02  is  the  first  precision  instrumentation  amplifier  avail- 
able in  an  8-pin  package.  Gain  of  the  AMP-02  is  set  by  a  single 
external  resistor,  and  can  range  from  1  to  10,000.  No  gain  set 
resistor  is  required  for  unity  gain.  The  AMP-02  includes  an  input 
protection  network  that  allows  the  inputs  to  be  taken  60V  beyond 
either  supply  rail  without  damaging  the  device. 

Laser  trimming  reduces  the  input  offset  voltage  to  under  1 0OuV. 
Output  offset  voltage  is  below  4m  V  and  gain  accuracy  is  better 
than  0.5%  for  gain  of  1000.  PMI's  proprietary  thin-film  resistor 
process  keeps  the  gain  temperature  coefficient  under  50 
ppm/'C. 

Due  to  the  AMP-02's  design,  its  bandwidth  remains  very  high 
over  a  wide  range  of  gain.  Slew  rate  is  over  4V/u.s  making  the 
AMP-02  ideal  for  fast  data  acquisition  systems. 


A  reference  pin  is  provided  to  allow  the  output  to  be  referenced 
to  an  external  DC  level.  This  pin  may  be  used  for  offset  correc- 
tion or  level  shifting  as  required.  In  the  8-pin  package,  sense  is 
internally  connected  to  the  output. 

For  an  instrumentation  amplifier  with  the  highest  precision, 
consult  the  AMP-01  datasheet.  Forthe  highest  input  impedance 
and  speed,  consult  the  AMP-05  data  sheet. 

PIN  CONNECTIONS 


»o,  rr 

-IN  (T 

.«  rr 


3R°i 

m* 

T]  OUT 

3  REFERENCE 


EPOXY  MINI-DIP 
(P-Suffix) 


16-PIN  SOL 
(S-Suffix) 


BASIC  CIRCUIT  CONNECTIONS 


(.IN)-HN)       \  R„ 


FOR  SOL  CONNECT  SENSE  TO  OUTPUT 


i- 


OOr  .  £ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  ±18V 

Common-Mode  Input  Voltage  ......  [(V-)  -  60V]  to  [(V+)  +  60V] 

Differential  Input  Voltage  [(V-)  -  60V]  to  [(V+)  +  60V] 

Output  Short-Circuit  Duration  Continuous 

Operating  Temperature  Range  -40°Cto  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature  Range  -65°C  to  -t-ISO'C 

Lead  Temperature  (Soldering,  10  sec)  +300»C 


ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±15V,  VCM  -  0V, 


PACKAGE  TYPE 

eM,No„2) 

e.c 

UNITS 

8-Pin  Plastic  DIP  (P) 

'  96 

37 

°C/W 

16-Pin  SOL  (S) 

92 

27 

°C/W 

NOTE: 

1 .  Absolute  maximum  ran 

ngs  apply  to  both  DICE  an 

d  packa 

gad  pans,  unless 

2.  e   is  specified  tor  worst  case  mounting  conditions,  i.e.,  e.A  is  sp-scified  for 
device  in  socket  for  P-DIP  package:  ejA  is  specified  for  device  soldered  to 


■  +25°C,  unless  otherwise  noted. 


Hi  mai 


PARAMETER  SYMBOL 

CONDITfON, 

lMP-021 

TYP 

i 

MAX 

AMP-02F 
MIN       TYP  MAX 

UNITS 

OFFSET  VOLTAGE 



- 

20 

100 

40 

200 



Input  Offset  Voltage 

VIOS 

-40°C  S  TA  £  +85°C 

50 

200 

100 

350 

Input  Offset  Voltage  Drift 

TCV|0S 

-40°CSTAS+85°C 

- 

0.5 

2 

1 

4 

(iWC 

Output  Offset  Voltage 

 1 — 5  E» 

voos 

TA  -  +25°C 

-40°C  STA  S  +85°C 

- 

1 
4 

4 

10 

2 

"  9 

8 

20 

Output  Offset  Voltage  Drift 

TCVoos 

-40°CSTAS+85"C 

50 

100 

-        100        200  |lV/°C 

Vs-±4.8Vto±18V 
G  .  1000 

115 

128 

110  115 

:«-   01 « 

BIQMM  rSri  FT 

■ 

Power  Supply 

PSR 

G-100 

G  -  10     ,  ,.  ... 
G.1 

 i  

115 
100 
80 

125 
110 
90 

- 

110  115 
95  100 
75  80 

dB 

i. 

Rejection 

Vs-±4.8Vto±18V 

! 

-40°C£TAS+85°C 
G-1000 

 lJfi_ 

120 

105  110 

t  '  Ul  ^ 

.        .  G-100 

110 

120 

105  110 
90  95 

G.10 

05 

110 

dB 

G-1 

75 

90 

~ 

70  75 

INPUT  CURRENT 

8MOIT03HHOO  TJUOHEJ  OiiiM 

Input  Bias  Current 

■a 

TA  -  +25°C 
-40°CsTAS+85=C 

2 
12 

10 
30 

'  4 
20 

20 
40 

nA 

Input  Bias  Current  Drift 

™b 

-40°CsTA+85°C 

150 

250 

pATC 

- 

Input  Offset  Current 

'os 

TA  -  +2S'»C 
-40°CSTAS+85°C 

1.2 
1.8 



5 
15 

2 
3 

10 
20 

nA 

Input  Offset  Current  Drift 

-^ccs^s+bs-c 

9 

15 

pA/X 

INPUT 

■ 

Differential,  Gs  1000 
Common-Mode,  G  -  1 00C 

10 
16.5 

Input  Resistance 

R.K 

- 

10 
16.5 

GO 

Input  Voltage  Range 

IVR 

TA  -  +25°C  (Note  3) 
-40°CsTAs+85°C 

;±n 

±11:, 

jf  f  ffrcn'  a,: 

±11 
±11 

V 

r ?r--i..?iJ*--:-, 


G-1000 

G-100 

G-10 


Common-Mode 


G-1 


CMR 


VCM-±11V 
-40°CSTAS+85°C 

G-1000 

G-100 

G-10 

G-1 


115  120 
115  120 
100  115 
80  95 



v^ocr 


0B  '.ebmj  *nofci<tteoo  «:ut*>so;fYwt  nisp 


110  115 

110       115  -  _ 

95        110  -  dB 

75  90  - 

 :  


110  120 

110  120 

95  110 

75  SO 





105  115 

105  115 

90  105 

70  85 
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ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±15V.  VCM  -  OV.  TA  -  +25°C.  unless  c 


AMP02 

herwise  noted.  Continued 


MM* 


XAW 


:c  AMP-02F 

MAX  MIN       TVP      MAX  UNITS 


- 

G  -  1000 

0.50 

_ 

0.70 



Gain  Equation 

G-100 

0.30 

0.50 

Accuracy 

♦  1 

G-10 

0.25 
n  no 

0.40 
n  nc 

7  % 

Gain  Range 

G 

1        -  - 

10k 

1 

10k 

V/V 

Nonlinearity 

G  -  1  to  1 000 

-  0.006 

-  ( 

.006 

% 

1  SGS1000 



Temperature  Coefficient 

«TC 

(Notes  1 . 2) 

20 

50 

20 

50 

ppm/°C 

OUTPUT  RATING 

TA  -  +25°C, 
RL-1KQ 

±12  ±13 

±12 

±13 

Swing 

VOUT 

RL  -  1kfl, 

-40*CSTAS+8S'C 

±11  ±12 

±11 

±12 

Positive  Current  Limit 


Output-to-Ground  Short 


Negative  Current  Limit 


Output-to-Ground  Short 


32 


-32  -  mA 


NOISE 


Voltage  Density.  RTI 


G-1000 
G-100 
G.10 
G-1 


s 

120 


9 
10 
18 
120 


nV/vTTz 


Noise  Current  Density,  RTI  in 


_n  u 

a- 


1Hzto10Hz 
1000 
100 
G.10 
G-1 


pA/ 


VB7 


input  Noise  Voltage 


0.4 
10 


0.4 

0.5 
1.2 
10 


DYNAMIC  RESPONSE 


Small-Signal 
Bandwidth  <-3dB) 

BW 

G-1 
G.  10 
G-100 
G.1000 

1200 
300 

"  1200 
300 

:  Z 

kHz 

_ 

1  : 

Slew  Rate 

SR 

G.10,RL.1kQ 

4 

6 

4  6 

V/|is 

Settling  Time 

<s 

To0.01%±10VStep 
G  .  1  to  1000 

10 

-  ,0 

NOTES: 

1 .  Guaranteed  by  design. 

2.  Gain  tempco  does  not  include  the  effects  of  external  component  drift. 

3.  Input  voltage  range  guaranteed  by  common-mode  rejection  test. 
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PARAMETER 


SYMBOL 


■in        i  lr 




SENSE  INPUT 

Input  Resistance 

13 

l1IN 

—  25 

—  £D 

—  Mi 

v onage  nange 

—  ±11 

—  ±11 

_  w 

REFERENCE  INPUT 



50 

kQ 

Input  Resistance 

"in 

so 

Voltage  Range 

±11 

±11 

- 





1 



Gain  to  Output 

v/v 

POWER  SUPPLY 

Supply  Voltage  Range 

V. 

±4.5 

±18 

±4.5 

±18  V 

Supply  Current 

TA  -  +2S°C 
-W°CSTAS+85°C 

5 
5 

6 
6 

5 
5 

6  mA 


- 

SIMPLIFIED  SCHEMATIC 

ov- 
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ANALOG 
DEVICES 


Precision  Single  Supply 
Instrumentation  Amplifier 


AMP041 


FEATURES 

Single  Supply  Operation 

Low  Supply  Current:  700  j»A  max 

Wide  Gain  Range:  1  to  1000 

Low  Offset  Voltage:  150  uV  max 

Zero-In/Zero-Out 

Single-Resistor  Gain  Set 

8-pin  Mini-DIP  and  SO  packages 

APPLICATIONS 
Strain  Gages 
Thermocouples 
RTDs 

Battery  Powered  Equipment 
Medical  Instrumentation 
Data  Acquisition  Systems 
PC  Based  Instruments 
Portable  Instrumentation 


GENERAL  DESCRIPTION 

The  AMP-04  is  a  single-supply  instrumentation  amplifier 
designed  to  work  over  a  +5  volt  to  ±15  volt  supply  range.  It 
offers  an  excellent  combination  of  accuracy,  low  power  con- 
sumption, wide  input  voltage  range,  and  excellent  gain 
performance. 

Gain  is  set  by  a  single  external  resistor  and  can  be  from  1  to 
1000.  Input  common-mode  voltage  range  allows  the  AMP-04  to 
handle  signals  with  full  accuracy  from  ground  to  within  1  volt  of 
the  positive  supply.  And  the  output  can  swing  to  within  1  volt 
of  the  positive  supply.  Gain  bandwidth  is  over  700  kHz.  In 
addition  to  being  easy  to  use,  the  AMP-04  draws  only  700  p.A  of 
supply  current. 

For  high  resolution  data  acquisition  systems,  laser  trimming  of 
low  drift  thin-film  resistors  limits  the  input  offset  voltage  to 
under  150  u/V,  and  allows  the  AMP-04  to  offer  gain  nonlinearity 
of  0.005%  and  a  gain  tempco  of  30  ppm/°C. 

A  proprietary  input  structure  limits  input  offset  currents  to  less 
than  5  nA  with  drift  of  only  8  pA/°C,  allowing  direct  connection 
of  the  AMP-04  to  high  impedance  transducers  and  other  signal 


FUNCTIONAL  BLOCK  DIAGRAM 


The  AMP-04  is  specified  over  the  extended  industrial  (-40°C  to 
+  85°C)  temperature  range.  AMP-04s  are  available  in  plastic  and 
ceramic  DIP  plus  SO-8  surface  mount  packages. 

Contact  your  local  sales  office  for  MIL-STD-883  data  sheet  and 
availability. 

PIN  CONNECTIONS 
8-Lead  Epoxy  DIP       8-Lead  Narrow-Body  SO 


(P  Suffix) 


(S 


—  AMP-04 


J  "QAM 

]v0UT 

tZlBEF 


■ 


by  U.S. 


No.  5,075,633. 


■ 
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AMP04— SPECIFICATIONS  0QJA 

ELECTRICAL  CHARACTERISTICS  (Vs  =  +S  V.  VCM  =  +2.5  V,  T»  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

AMP-04E 
Min     Typ  Max 

AMP-04F 
Min     Typ  Max 

Unit« 

OFFSET  VOLTAGE 
Input  Offset  Voltage 

Input  Offset  Voltage  Drift 
Output  Offset  Voltage 

Output  Offset  Voltage  Drift 

V,os 

TCVIOS 
Voos 

TCVqos 

-40°C  <  TA  s  +85°C 
-40°C  ==  TA  s  +85°C 

30  150 
300 
3 

0.5  1.5 
3 

30 

300 

600 

6 

3 

6 

en 

50 

uV 
uV 
u.V/°C 
mV 
mV 
u.V/°C 
1  

INPUT  CURRENT 
Input  Bias  Current 

Input  Bias  Current  Drift 
Input  Offset  Current 

Input  Offset  Current  Drift 

Ib 

TCIb 
los 

TCIos 

-40°C  s  TA  s  +85°C 
-40°C  s  TA  s  +85°C 

22  30 
50 

65 

1  5 
10 

8 



40 
60 

65 

10 
15 

8 

nA 

nA 

pA/°C 

nA 

nA 

pA/°C 

INPUT 

Common-Mode  Input  Resistance 
Differential  Input  Resistance 
Input  Voltage  Range 
Common- .Mode  Rejection 

Common-Mode  Rejection 
Power  Supply  Rejection 

Via 
CMR 

CMR 

^04J- 
■ 

PSRR 

0  V  £  VCM  s  3.0  V 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 

0V<  VCM  s  2.5  V 
-40°C  s  TA  s  +85°C 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 

4.0  V<VS<12V 
-40°C  £  TA  s  +  85°C 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 

4 
4 

0  3.0 

60  80 
80  100 
90  105 
90  105 

55 
75 
85 
85 

95 
105 
105 
105 

4 

BJIIVf>'<J?7C-M 

•  A  •.  • 
0  3.0 

55 
75 

80 

80  „ 

50 
70 
75 
75 

85 

Milium  ten  raonu! 
■.'95,  ■,-.-•)     :  J .   yi  im 
95 

Gn 
Gn 

V 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 

GAIN  (G  =  100  K/Rqain) 
Gain  Eauation  Accuracy 

Gain  Range 
Nonlineariry 

Gain  Temperature  Coefficient 

G 

AG/AT 

G  =  1  to  100 
G  =  1  to  100 
-40°C  £  TA  s+85°C 
G  =  1000 

G  =  1,  RL  =  5  kO 
G  =  10,  RL  =  5  kfl 
G  =  100,  RL  =  5  kO 

0.2  0.5 
0.8 

0.4 

1  1000 
0.005 
0.015 
0.025 
30 

0.75 
1.0 

0.75 

1  1000 
50 

% 

% 
% 

Sf^* 

% 
% 

ppm/°C 

OUTPUT 
Output  Voltage  Swing  High 

Output  Voltage  Swing  Low 
Output  Current  Limit 

VoH 

Vol 

RL  =  2  kn 

RL  =  2  kn 

-40°C  ==  TA  ==  +85°C 

RL  =  2  kn 

-40°C  ==  TA  s  +85°C 

Sink 

Source 

4.0  4.2 
3.8 

2.0 

30 
15 

4.0 
3.8 

2.5 

30 
15 

V 
V 

mV 
mA 
mA 
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AMP04 


AMP.HdF 

AMP-04F 
Min     Typ  Max 

n 

Parameter 

Symbol 



Conditions 



Min  Typ 

■  !  

Max 

Units 

NOISE 
Noise  Voltage  Density,  RTI 

1 

iNoise  current  Density,  Kit 
Input  Noise  Voltage 

1 

eN  P-P 

f  =  1  kHz,  G  =  1 
f  =  1  kHz,  G  =  10 
f  =  100  Hz,  G  =  100 
f  =  100  Hz,  G  =  1000 

f  —  inn  u —  inn 
I  —  1UU  riz,  u  —  lUv 

0.1  to  10  Hz,  G  =  1 

0.1  to  10  Hz,  G  =  10 

0.1  to  10  Hz,  G  =  100 

270 

45 

30 

25 

4 

7 

1.5 
0.7 

270 
45 
30 
25 

A 

4 

7 

1.5 
0.7 

nV/VHz" 
nV/VHz 
nV/VHz 
nV/\/H7 

11  V  /  y  X  l£, 

pA/\/rlZ 
ijlV  p-p 

ftV  p-p 

M-V  p-p 

DYNAMIC  RESPONSE 
Small  Signal  Bandwidth 

BW 

G  =  1,  -3  dB 

300 

- 

300 

kHz 

POWER  SUPPLY 
Supply  Current 

•sY 

-40°C  <  TA  <  +85°C 

550 

700 
850 

- 

700 
850 

uA 
uA 

 1  

Specifications  subject  to  change  without  notice. 


>  '  .  . 


ELECTRICAL  SPECIFICATIONS  (Vs  =  ±15  V,  VCM  =  0  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

AMP-04E 
Min     Typ  Max 

AMP-04F 
Min     Typ  Max 

Units 

OFFSET  VOLTAGE 
Input  Offset  Voltage 

Input  Offset  Voltage  Drift 
Output  Offset  Voltage 

Vios 

TCV]os 
^oos 

-40°C  *  TA  s  +85°C 
-40°C  s  TA  s  +85°C 

80  400 
600 
3 

01  <*»•%!    'V%«-  ; 

01  oi  1.0  ,  q-q^a  ' 

600 
900 

6 
9 

£| 

mV 
mV 

Output  Offset  Voltage  Drift 

TCVqqs 

30 

50 

uV/°C 

INPUT  CURRENT 

Input  Bias  Current 
Input  Bias  Current  Drift 

rB 

TCIB 
TCIos 

-40°C  <  TA  s  +85°C 

17  30 
50 

65 

2  5 
15 

28 

40 
60 

65 

nA 
nA 

pA/°C 

Input  Offset  Current 
Input  Offset  Current  Drift 

-40°C  <  TA  <  +85°C 

10 
20 

28 

nA 
nA 

pA/°C 

INPUT 

Common-Mode  Input  Resistance 

4 

Gfi 

Differential-Mode  Input  Resistance 

Tnriiir  Vnltnirp  Rancp 

vIN 

CMR 

.  4 

-12  +12 

-12  +12 

GO 
V 

Common-Mode  Rejection 

-12  V  £  VCM  -  +12  V 
G  =  1 
G  =  10 

60  80 
80  100 

55 
75 

dB 
dB 

CMR 

G  =  100 
G  =  1000 

-11  V  £  VCM  <  +11  V 
-40"C  <  TA  <  +85°C 

90  105 
90  105 

80 
80 

dB 
dB 

Power  Supply  Rejection 

PSRR 

G  =  1 
G  =  10 
G  =  100 
G  =  1000 

±2.5  V  <  Vs  s  ±18  V 
-40°C  <  TA  s  +85°C 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 

55 
75 
85 
85 

75     HMO  i 

90 

95 

95 

50 
70 
75 
75 

70 
80 
85 
85 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
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Typ       Max      Min      Typ  Max 


Units 


GAIN  (G  =  100  K/RGA1N) 
Gain  Equation  Accuracy 


Gain  Range 
Nonlinearity 


Gain  Temperature  Coefficient 


G  =  1  to  100 

G  =  1000 

G  =  1  to  100 

-40°C  <  TA  s  +  85°C 


1,  RL  =  5  kfl 
10,  RL  =  5  kn 
100,  RL  =  5  kn 


AG/AT 


0.2 
0.4 


0.005 
0.015 
0.025 
30 


0.5 


0.8 
1000 


0.75 


0.75 


0.005 
0.015 
0.025 
50 


1.0 
1000 


% 
% 


v/v 

% 
% 
% 

pprnTC 


OUTPUT 
Output  Voltage  Swing  High 

Output  Voltage  Swing  Low 
Output  Current  Limit 


RL  =  2  kfl 

RL  =  2  kfl 

-40°C  <  TA  s  +85°C 

RL  =  2  kfl 

-40°C  <  TA  r~  +85°C 

Sink 

Source 

 :  


+  13  +13.4 
+  12.5 


30 
15 


+  13 
+  12.5 


-14.5 


-14.5 


30 
15 



V 

! 


V 

mA 
mA 


NOISE 

Noise  Voltage  Density,  RTI 


Noise  Current  Density,  RTI 
Input  Noise  Voltage 


eNp-p 
eN  P-P 
eNP"P 


f  =  1  kHz,  G  =  1 
f  =  1  kHz,  G  =  10 
f  =  100  Hz,  G  =  100 
f  =  100  Hz,  G  =  1000 
f  =  100  Hz,  G  =  100 
0.1  to  10  Hz,  G  =  1 
0.1  to  10  Hz,  G  =  10 
0.1  to  10  Hz,  G  =  100 


270 

45 

30 

25 

4 

5 

1 

0.5 


270 

nV/\TIz 

45 

nV/\/Hz 

30 

nV/VHz 

25 

nV/VHz 

4 

pA/\Tfc 

5 

l*V  p-p 

1 

uV  p-p 

0.5 

uVp-p 

DYNAMIC  RESPONSE 
Small  Signal  Bandwidth 


BW 


G  =  1,  -3  dB 


700 


700 


kHz 


POWER  SUPPLY 
Supply  Current 


750 


-40°C  s  TA  s  +85°C 


900 
1100 


900 
1100 


oA 
uA 


Specifications  subject  to  change  without  r 

WAFER  TEST  LIMITS  (Vs  =  +5  V,  VCM  =  +2.5  V,  T,  =  +25°C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Limit 

Units 

OFFSET  VOLTAGE 

Input  Offset  Voltage 

Vios 

300 

u.V  max 

Output  Offset  Voltage 

Voos 

3 

mV  max 

INPUT  CURRENT 

Input  Bias  Current 

Is 

40 

nA  max 

Input  Offset  Current 

Ios 



10 

nA  max 

INPUT 

Common-Mode  Rejection 

CMR 

0  V 

s  VCM  s  3.0  V 

G  = 

1 

55 

dB  min 

G  = 

10 

75 

dB  min 

G  = 

100 

80 

dB  min 

G  = 

1000 

80 

dB  min 

Common-Mode  Rejection 

CMR 

vs  = 

G  = 

■  ±15  V.-UVsVo,*  +12  V 

1 

55 

dB  min 

G  = 

10 

75 

dB  min 

G  = 

100 

80 

dB  min 
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Symbol 


Limit 


Units 


Power  Supply  Rejection 

: 


PSRR 


G  =  1000 
4.0  V  <  Vs 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 


12  V 


80 

85 
95 
95 
95 


dB  min 

dB  min 
dB  min 
dB  min 
dB  min 


GAIN  (G  =  100  K/RgAIN) 
Gain  Equation  Accuracy 





G  =  1  to  100 


0.75 


%  max 


OUTPUT 
Output  Voltage  Swing  High 
Output  Voltage  Swing  Low 

POWER  SUPPLY 
Supply  Current 

 LaA  |  ,  


VOH 


2  kn 
2kfl 


4.0 
2.5 


V  min 
mV  max 








IsY 




:15 








900 
700 


uA  max 


NOTE 

Electrical  tests  and  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±18V 

Common-Mode  Input  Voltage2  ±18V 

Differential  Input  Voltage  36  V 

Output  Short-Circuit  Duration  to  GND  Indefinite 

Storage  Temperature  Range 

Z  Package   -65°C  to  +  175°C 

P,  S  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

AMP-04A   -55°C  to  +  125°C 

AMP-04E,  F   -40°C  to  +  85°C 

Junction  Temperature  Range 

Z  Package   -65°C  to  +  175°C 

P,  S  Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  +300°C 


DICE  CHARACTERISTICS 

* 


Package  Type 

V3 

Ojc 

Units 

8-Pin  Cerdip  (Z) 

148 

16 

"C/W 

8-Pin  Plastic  DIP  (P) 

103 

43 

°C/W 

8-Pin  SOIC  (S) 

158 

43 

°c/w 

NOTES 

'Absolute  maximum  ratings  apply  to  both  DICE  a 
otherwise  noted. 

2For  supply  voltages  less  than  ±  18  V,  the  absolute 
equal  to  the  supply  voltage. 

36JA  is  specified  for  the  worst  case  conditions,  i.e.,  6JA  is  specified  for  device  in 
socket  for  cerdip,  P-DIP,  and  LCC  packages;  9JA  is  specified  for  device 
soldered  in  circuit  board  for  SOIC  package. 

■ 

ORDERING  GUIDE 


AMP-04  Die  Size  0.075  x  0.99  inch,  7,425  sq.  mils. 
Substrate  (Die  Backside)  Is  Connected  to  V+. 
Transistor  Count,  81. 


Model 

Temperature 
Range 

Vos  @  +5  V 
TA  =  +25°C 

Package 
Description 

Package 
Option1 

AMP04EP 
AMP04FP 
AMP04FS 
AMP04AZ 
AMP04GBC 

XIND 
XIND 
XIND 
MIL 

+25°C 

150  u-V 
300  u.V 
300  u.V 
Note  2 
300  u.V 

Plastic  DIP 
Plastic  DIP 
SOIC 
Cerdip 

N-8 
N-8 
SO-8 
Q-8 

1 

NOTES 

'For  outline  information  see  Package  Information  section. 
2Consult  MIL-STD883  data  sheet. 
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APPLICATIONS 

Common-Mode  Rejection 

The  purpose  of  the  instrumentation  amplifier  is  to  amplify  the 
difference  between  the  two  input  signals  while  ignoring  offset 
and  noise  voltages  common  to  both  inputs.  One  way  of  judging 
the  device's  ability  to  reject  this  offset  is  the  common-mode 
gain,  which  is  the  ratio  between  a  change  in  the  common-mode 
voltage  and  the  resulting  output  voltage  change.  Instrumentation 
amplifiers  are  often  judged  by  the  common-mode  rejection  ratio, 
which  is  equal  to  20  x  log10  of  the  ratio  of  the  user-selected  dif- 
ferential signal  gain  to  the  common-mode  gain,  commonly  called 
the  CMRR.  The  AMP-04  offers  excellent  CMRR,  guaranteed  to 
be  greater  than  90  dB  at  gains  of  100  or  greater.  Input  offsets 
attain  very  low  temperature  drift  by  proprietary  laser-trimmed 
thin-film  resistors  and  high  gain  amplifiers. 

Input  Common-Mode  Range  Includes  Ground 

The  AMP-04  employs  a  patented  topology  (Figure  1)  that 
uniquely  allows  the  common-mode  input  voltage  to  truly  extend 
to  zero  volts  where  other  instrumentation  amplifiers  fail.  To  : 
illustrate,  take  for  example  the  single  supply,  gain  of  100  instru- 
mentation amplifier  as  in  Figure  2.  As  the  inputs  approach  zero 
volts,  in  order  for  the  output  to  go  positive,  amplifier  A's  output 
(VOA)  must  be  allowed  to  go  below  ground,  to  -0.094  volts. 
Clearly  this  is  not  possible  in  a  single  supply  environment.  Con- 
sequently this  instrumentation  amplifier  configuration's  input 
common-mode  voltage  cannot  go  below  about  0.4  volts.  In  com- 
parison, the  AMP-04  has  no  such  restriction.  Its  inputs  will 
function  with  a  zero-volt  common-mode  voltage. 

100k 
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Figure  1.  Functional  Block  Diagram 
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Input  Common-Mode  Voltage  Below  Ground 

Although  not  tested  and  guaranteed,  the  AMP-04  inputs  are 
biased  in  a  way  that  they  can  amplify  signals  linearly  with 
common-mode  voltage  as  low  as  -0.25  volts  below  ground.  This 
holds  true  over  the  industrial  temperature  range  from  -40°C  to 
+  85°C. 

Extended  Positive  Common-Mode  Range 

On  the  high  side,  other  instrumentation  amplifier  configura- 
tions, such  as  the  three  op  amp  instrumentation  amplifier,  can 
have  severe  positive  common-mode  range  limitations.  Figure  3 
shows  an  example  of  a  gain  of  1001  amplifier,  with  an  input 
common-mode  voltage  of  10  volts.  For  this  circuit  to  function, 
VOB  must  swing  to  15.01  volts  in  order  for  the  output  to  go  to 
10.01  volts.  Clearly  no  op  amp  can  handle  this  swing  range 
(given  a  + 15  V  supply)  as  the  output  will  saturate  long  befo  re 
it  reaches  the  supply  rails.  Again  the  AMP-04's  topology  does 
not  have  this  limitation.  Figure  4  illustrates  the  AMP-04  operat- 
ing at  the  same  common-mode  conditions  as  in  Figure  3.  None 
of  the  internal  nodes  has  a  signal  high  enough  to  cause  amplifier 
saturation.  As  a  result,  the  AMP-04  can  accommodate  much 
wider  common-mode  range  than  most  instrumentation  amplifiers. 


10.01 

•o 


Figure  3.  Gain  =  1001,  Three  Op  Amp  Instrumentation 
Amplifier 


Figure  2.  Gain  =  WO  Instrumentation  Amplifier 


Figure  4.  Gain  =  7000,  AMP-04 

JLV.  1  SAMHMA 


■ 


70-44    INSTRUMENTATION  AMPLIFIERS 


REIV.  0 


AMP04 


;  the  Gain 

The  gain  of  the  AMP-04  is  programmed  by  the  user  by  selecting 
a  single  external  resistor— Rqain: 

Gain  =  100  kO/RGAIN 

The  output  voltage  is  then  defined  as  the  differential  input  volt- 
age times  the  gain. 

Vour  =  (V,N+  -  VIN_)  x  Gain 
In  single  supply  systems,  offsetting  the  ground  is  often  desired 
for  several  reasons.  Ground  may  be  offset  from  zero  to  provide  a 
quieter  signal  reference  point,  or  to  offset  "zero"  to  allow  a  uni- 
polar signal  range  to  represent  both  positive  and  negative  values. 

In  noisy  environments  such  as  those  having  digital  switching, 
switching  power  supplies  or  externally  generated  noise,  ground 
may  not  be  the  ideal  place  to  reference  a  signal  in  a  high  accu- 
racy system. 

Often,  real  world  signals  such  as  temperature  or  pressure  may 
generate  voltages  that  are  represented  by  changes  in  polarity.  In 
a  single  supply  system  the  signal  input  cannot  be  allowed  to  go 
below  ground,  and  therefore  the  signal  must  be  offset  to  accom- 
modate this  change  in  polarity.  On  the  AMP-04,  a  reference 
input  pin  is  provided  to  allow  offsetting  of  the  input  range. 

The  gain  equation  is  more  accurately  represented  by  including 
this  reference  input. 

VOUT  =  (VIN+  ~  VlN_)  x  Gain  +  V^f 

Grounding 

The  most  common  problems  encountered  in  high  performance 
analog  instrumentation  and  data  acquisition  system  designs  are 
found  in  the  management  of  offset  errors  and  ground  noise.  Pri- 
marily, the  designer  must  consider  temperature  differentials  and 
thermocouple  effects  due  to  dissimilar  metals,  IR  voltage  drops, 
and  the  effects  of  stray  capacitance.  The  problem  is  greatly 
compounded  when  high  speed  digital  circuitry,  such  as  that 
accompanying  data  conversion  components,  is  brought  into  the 
proximity  of  the  analog  section.  Considerable  noise  and  error 
contributions  such  as  fast-moving  logic  signals  that  easily  propa- 
gate into  sensitive  analog  lines,  and  the  unavoidable  noise  com- 
mon to  digital  supply  lines  must  all  be  dealt  with  if  the  accuracy 
of  the  carefully  designed  analog  section  is  to  be  preserved. 

Besides  the  temperature  drift  errors  encountered  in  the  ampli- 
fier, thermal  errors  due  to  the  supporting  discrete  components 
should  be  evaluated.  The  use  of  high  quality,  low-TC  compo- 
nents where  appropriate  is  encouraged.  What  is  more  important, 
large  thermal  gradients  can  create  not  only  unexpected  changes 
in  component  values,  but  also  generate  significant  thermoelectric 
voltages  due  to  the  interface  between  dissimilar  metals  such  as 
lead  solder,  copper  wire,  gold  socket  contacts,  Kovar  lead 
frames,  etc.  Thermocouple  voltages  developed  at  these  junctions 
commonly  exceed  the  TCVos  contribution  of  the  AMP-04. 
Component  layout  that  takes  into  account  the  power  dissipation 
at  critical  locations  in  the  circuit  and  minimizes  gradient  effects 
and  differential  common-mode  voltages  by  taking  advantage  of 
input  symmetry  will  minimize  many  of  these  errors. 

High  accuracy  circuitry  can  experience  considerable  error  contri- 
butions due  to  the  coupling  of  stray  voltages  into  sensitive  areas, 
including  high  impedance  amplifier  inputs  which  benefit  from 
such  techniques  as  ground  planes,  guard  rings,  and  shields. 
Careful  circuit  layout,  including  good  grounding  and  signal  rout- 


ing practice  to  minimize  stray  coupling  and  ground  loops  is  rec- 
ommended. Leakage  currents  can  be  minimized  by  using  high 
quality  socket  and  circuit  board  materials,  and  by  carefully 
cleaning  and  coating  complete  board  assemblies. 

As  mentioned  above,  the  high  speed  transition  noise  found  in 
logic  circuitry  is  the  sworn  enemy  of  the  analog  circuit  designer. 
Great  care  must  be  taken  to  maintain  separation  between  them 
to  minimize  coupling.  A  major  path  for  these  error  voltages  will 
be  found  in  the  power  supply  lines.  Low  impedance,  load 
related  variations  and  noise  levels  that  are  completely  acceptable 
in  the  high  thresholds  of  the  digital  domain  make  the  digital 
supply  unusable  in  nearly  all  high  performance  analog  applica- 
tions. The  user  is  encouraged  to  maintain  separate  power  and 
ground  between  the  analog  and  digital  systems  wherever  possi- 
ble, joining  only  at  the  supply  itself  if  necessary,  and  to  observe 
careful  grounding  layout  and  bypass  capacitor  scheduling  in  sen- 
sitive areas. 

Input  Shield  Drivers 

High  impedance  sources  and  long  cable  runs  from  remote  trans- 
ducers in  noisy  industrial  environments  commonly  experience 
significant  amounts  of  noise  coupled  to  the  inputs.  Both  stray 
capacitance  errors  and  noise  coupling  from  external  sources  can 
be  minimized  by  running  the  input  signal  through  shielded 
cable.  The  cable  shield  is  often  grounded  at  the  analog  input 
common,  however  improved  dynamic  noise  rejection  and  a 
reduction  in  effective  cable  capacitance  is  achieved  by  driving 
the  shield  with  a  buffer  amplifier  at  a  potential  equal  to  the  volt- 
age seen  at  the  input.  Driven  shields  are  easily  realized  with  the 
AMP-04.  Examination  of  the  simplified  schematic  shows  that 
the  potentials  at  the  gain  set  resistor  pins  of  the  AMP-04  follow 
the  inputs  precisely.  As  shown  in  Figure  5,  shield  drivers  are 
easily  realized  by  buffering  the  potential  at  these  pins  by  a  dual, 
single  supply  op  amp  such  as  the  OP-213.  Alternatively,  applica- 
tions with  single-ended  sources  or  that  use  twisted-pair  cable 
could  drive  a  single  shield.  To  minimize  error  contributions  due 
to  this  additional  circuitry,  all  components  and  wiring  should 
remain  in  proximity  to  the  AMP-04  and  careful  grounding  and 
bypassing  techniques  should  be  „ 
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Figure  5.  Cable  Shield  Drivers 
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account  a  number  of  error  sources  found  in  instrumentation 
amplifiers.  These  consist  primarily  of  input  and  output  offset 
voltages  and  leakage  currents. 

The  input  and  output  offset  voltages  are  independent  from  one 
another,  and  must  be  considered  separately.  The  input  offset 
component  will  of  course  be  directly  multiplied  by  the  gain  of 
the  amplifier,  in  contrast  to  the  output  offset  voltage  that  is 
independent  of  gain.  Therefore,  the  output  error  is  the  domi- 
nant factor  at  low  gains,  arid  the  input  error  grows  to  become 
the  greater  problem  as  gain  is  increased.  The  overall  equation 
for  offset  voltage  error  referred  to  the  output  (RTO)  is: 

Vos  (RTO)  =  (Vros  xG)  +  Voos 

where  V,os  is  the  input  offset  voltage  and  Voos  the  output  off- 
set voltage,  and  G  is  the  programmed  amplifier  gain. 

The  change  in  these  error  voltages  with  temperature  must  also 
be  taken  into  account.  The  specification  TCVos,  referred  to  the 
output,  is  a  combination  oi"  the  input  and  output  drift  specifica- 
tions. Again,  the  gain  influences  the  input  error  but  not  the  out- 
put, and  the  equation  is: 

TCVos  (RTO)  =  (TCVlos  *G)  +  TCVoos 

In  some  applications  the  user  may  wish  to  define  the  error  con- 
tribution as  referred  to  the  input,  and  treat  it  as  an  input  error. 
The  relationship  is: 

TCVos  (RTI)  ==  TCVIOS  +  (TCVoos  /  G) 

The  bias  and  offset  currents  of  the  input  transistors  also  have  an 
impact  on  the  overall  accuracy  of  the  input  signal.  The  input 
leakage,  or  bias  currents  of  both  inputs  will  generate  an  addi- 
tional offset  voltage  when  flowing  through  the  signal  source 
resistance.  Changes  in  this  error  component  due  to  variations 
with  signal  voltage  and  temperature  can  be  minimized  if  both 
input  source  resistances  are  equal,  reducing  the  error  to  a 
common-mode  voltage  which  can  be  rejected.  The  difference  in 
bias  current  between  the  inputs,  the  offset  current,  generates  a 
differential  error  voltage  across  the  source  resistance  that  should 
be  taken  into  account  in  the  user's  design. 

In  applications  utilizing  floating  sources  such  as  thermocouples, 
transformers,  and  some  photo  detectors,  the  user  must  take  care 
to  provide  some  current  path  between  the  high  impedance 
inputs  and  analog  ground.  The  input  bias  currents  of  the  AMP- 
04,  although  extremely  low,  will  charge  the  stray  capacitance 
found  in  nearby  circuit  traces,  cables,  etc.,  and  cause  the  input 
to  drift  erratically  or  to  saturate  unless  given  a  bleed  path  to  the 
analog  common.  Again,  the  use  of  equal  resistance  values  will 
create  a  common  input  error  voltage  that  is  rejected  by  the 
amplifier. 

Reference  Input 

The  VREF  input  is  used  to  set  the  system  ground.  For  dual  sup- 
ply operation  it  can  be  connected  to  ground  to  give  zero  volts 
out  with  zero  volts  differential  input.  In  single  supply  systems  it 
could  be  connected  either  to  the  negative  supply  or  to  a  pseudo- 
ground  between  the  supplies.  In  any  case,  the  REF  input  must 
be  driven  with  low  impediince. 

Noise  Filtering 

Unlike  most  previous  instrumentation  amplifiers,  the  output 
stage's  inverting  input  (Pin  8)  is  accessible.  By  placing  a  capaci- 
tor across  the  AMP-04's  feedback  path  (Figure  6,  Pins  6  and  8) 
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Figure  6.  Noise  Band  Limiting 

a  single-pole  low-pass  filter  is  produced.  The  cutoff  frequency 
(fLP)  follows  the  relationship: 


fu 


1 


2ir  (100  kCl)  Ceir 

Filtering  can  be  applied  to  reduce  wide  band  noise.  Figure  7a 
shows  a  10  Hz  low-pass  filter,  gain  of  1000  for  the  AMP-04. 
Figures  7b  and  7c  illustrate  the  effect  of  filtering  on  noise.  The 
photo  in  Figure  7b  shows  the  output  noise  before  filtering.  By 
adding  a  0.15  jj.F  capacitor,  the  noise  is  reduced  by  about  a  fac- 
tor of  4  as  shown  in  Figure  7c. 
•nS  *jioa  luuwnj  be*  •  *■  '-rfj  si  ojum 
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Figure  7a.  10  Hz  Low-Pass  Filter 
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Figure  7b.  Unfiltered  AMP-04  Output 
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Figure  7c.  10  Hz  Low-Pass  Filtered  Output 
Power  Supply  Considerations 

In  dual  supply  applications  (for  example  ±15  V)  if  the  input  is 
connected  to  a  low  resistance  source  less  than  100  £1,  a  large 
current  may  flow  in  the  input  leads  if  the  positive  supply  is 
applied  before  the  negative  supply  during  power-up.  A  similar 
condition  may  also  result  upon  a  loss  of  the  negative  supply.  If 
these  conditions  could  be  present  in  you  system,  it  is  recom- 
mended that  a  series  resistor  up  to  1  kfl  be  added  to  the  input 
leads  to  limit  the  input  current. 

This  condition  can  not  occur  in  a  single  supply  environment  as 
losing  the  negative  supply  effectively  removes  any  current  return 
path. 

Offset  Nulling  in  Dual  Supply 

Offset  may  be  nulled  by  feeding  a  correcting  voltage  at  the 
VREF  pin  (Pin  5).  However,  it  is  important  that  the  pin  be 
driven  with  a  low  impedance  source.  Any  measurable  resistance 
will  degrade  the  amplifier's  common-mode  rejection  perfor- 
mance as  well  as  its  gain  accuracy.  An  op  amp  may  be  used  to 
buffer  the  offset  null  circuit  as  in  Figure  8. 


First,  the  potentiometer  should  be  adjusted  to  cause  the  output 
to  swing  in  the  positive  direction;  then  adjust  it  in  the  reverse 
direction,  causing  the  output  to  swing  toward  ground,  until  the 
output  just  stops  changing.  At  that  point  the  output  is  at  the 
saturation  limit. 


Figure  9.  Offset  Adjust  for  Single  Supply  Applications 

■ 

Alternative  Nulling  Method 

An  alternative  null  correction  technique  is  to  inject  an  offset 
current  into  the  summing  node  of  the  output  amplifier  as  in 
Figure  10.  This  method  does  not  require  an  external  op  amp. 
However  the  drawback  is  that  the  amplifier  will  move  off  its 
null  as  the  input  common-mode  voltage  changes.  It  is  a  less 
desirable  nulling  circuit  than  the  previous  method. 


Figure  8.  Offset  Adjust  for  Dual  Supply  Applications 
Offset  Nulling  in  Single  Supply 

Nulling  the  offset  in  single  supply  systems  is  difficult  because 
the  adjustment  is  made  to  try  to  attain  zero  volts.  At  zero  volts 
out,  the  output  is  in  saturation  (to  the  negative  rail)  and  the  out- 
put voltage  is  indistinguishable  from  the  normal  offset  error. 
Consequently  the  offset  nulling  circuit  in  Figure  9  must  be  used 
with  caution. 


Figure  10.  Current  Injection  Offsetting  Is  Not 
Recommended 
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APPLICATION  CIRCUITS 

Low  Power  Precision  Single  Supply  RTD  Amplifier 

Figure  1 1  shows  a  linearized  RTD  amplifier  thai  is  powered  off 
a  single  +5  volt  supply.  However,  the  circuit  will  work  up  to 
36  volts  without  modification.  The  RTD  is  excited  by  a  100  u.A 
constant  current  that  is  regulated  by  amplifier  A  (OP-295).  The 
0.202  volts  reference  voltage  used  to  generate  the  constant  cur- 
rent is  divided  down  from  the  2.500  volt  reference.  The  AMP- 
04  amplifies  the  bridge  output  to  a  10  mV/°C  output  coefficient. 


FULL-SCALE 
ADJ 


OUT 

REF-43 

IN 

GhO 
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NOTES:  ALL  RESISTORS  .0.5%,  =25  PPM/'C 
ALL  POTENTIOMETERS  .25  PPMTC 


Figure  1 1.  Precision  Single  Supply  RTD  Thermometer 
Amplifier 


earized  by 


The  RTD  is  linearized  by  feeding  a  portion  of  the  signal  back  to 
the  reference  circuit,  incr  easing  the  reference  voltage  as  the  tem- 
perature increases.  When  calibrated  properly,  the  RTD's  non- 
linearity  error  will  be  canceled. 


To  calibrate,  either  immerse  the  RTD  into  a  zero-degree  i  :e 
bath  or  substitute  an  exact  100  fi  resistor  in  place  of  the  RTD. 
Then  adjust  bridge  BALANCE  potentiometer  R3  for  a  0  volt 
output.  Note  that  a  0  volt  output  is  also  the  negative  output 
swing  limit  of  the  AMP-04  powered  with  a  single  supply.  There- 
fore, be  sure  to  adjust  R3  to  first  cause  the  output  to  swing 
positive  and  then  back  off  until  the  output  just  stop  swinging 
negatively. 

Next,  set  the  LINEARITY  ADJ.  potentiometer  to  the  mid- 
range.  Substitute  an  exact  247.04  (1  resistor  (equivalent  to  400°C 
temperature)  in  place  of  the  RTD.  Adjust  the  FULL-SCALE 
potentiometer  for  a  4.000  volts  output. 

Finally  substitute  a  175.84  fi  resistor  (equivalent  to  200°C  tem- 
perature), and  adjust  the  LINEARITY  ADJ  potentiometer  for  a 
2.000  volts  at  the  output.  Repeat  the  full-scale  and  the  half-scale 
adjustments  as  needed. 

When  properly  calibrated,  the  circuit  achieves  better  than 
±0.5°C  accuracy  within  a  temperature  measurement  range  from 
0°C  to  400°C. 

Precision  4-20mA  Loop  Transmitter  With  Noninteractive 
Trim 

Figure  12  shows  a  full  bridge  strain  gage  transducer  amplifier 
circuit  that  is  powered  off  the  4-20  mA  current  loop.  The 
AMP-04  amplifies  the  bridge  signal  differentially  and  is  con- 
verted to  a  current  by  the  output  amplifier.  The  total  quiescent 
current  drawn  by  the  circuit,  which  includes  the  bridge,  the 
amplifiers,  and  the  resistor  biasing,  is  only  a  fraction  of  the 
4  mA  null  current  that  flows  through  the  current-sense  resistor 
RSENSE.  The  voltage  across  RSense  feeds  back  to  the  OP-Ws 
input,  whose  common-mode  is  fixed  at  the  current  summing 

reference  voltage,  thus  regulating  the  output  current. 

<  nn  'l  r,      .  .  ;.  .■     -    ;._  .  ..  v;Tur 

With  no  bridge  signal,  the  4  mA  null  is  simply  set  up  by  the 

50  kfi  NULL  potentiometer  plus  the  976  Ml  resistors  that 
inject  an  offset  that  forces  an  80  mV  drop  across  RSense-  At  a 
50  mV  full-scale  bridge  voltage,  the  AMP-04  amplifies  the 
voltage-to-current  converter  for  a  full-scale  of  20  mA  at  the  out- 
put. Since  the  OP-90's  input  operates  at  a  constant  0  volt 
common-mode  voltage,  the  null  and  the  span  adjustments  do 


350012  STRAIN 
GAGE  BRIDGE 


0.1  ,J= 


UNLESS  OTHERWISE  SPECIFIEO,  ALL  RESISTORS  «1% 
OR  BETTER  POTENTIOMETER  TEMPCO  <  50  PPM/  'C 


Figure  12.  Precision  4-20  mA  Loop  Transmitter  Features  Noninteractive  Trims 
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not  interact  with  one  another.  Calibration  is  simple  and  easy 
with  the  NULL  adjusted  first,  followed  by  SPAN  adjust.  The 
entire  circuit  can  be  remotely  placed,  and  powered  from  the 
4-20  mA  2-wire  loop. 

4-20  mA  Loop  Receiver 

At  the  receiving  end  of  a  4-20  mA  loop,  the  AMP-04  makes  a 
convenient  differential  receiver  to  convert  the  current  back  to  a 
usable  voltage  (Figure  13).  The  4-20  mA  signal  current  passes 
through  a  100  CI  sense  resistor.  The  voltage  drop  is  differentially 
amplified  by  the  AMP-04.  The  4  mA  offset  is  removed  by  the 
offset  correction  circuit. 


Figure  13.  4  to  20  mA  Line  Receiver 

T  I  [•  i        ■    :  h»s 

Low  Power,  Pulsed  Load-Cell  Amplifier 

Figure  14  shows  a  350  il  load  cell  that  is  pulsed  with  a  low  duty 
cycle  to  conserve  power.  The  OP-295's  rail-to-rail  output  capa- 
bility allows  a  maximum  voltage  of  10  volts  to  be  applied  to  the 
bridge.  The  bridge  voltage  is  selectively  pulsed  on  when  a  mea- 
surement is  made.  A  negative-going  pulse  lasting  200  ms  should 
be  applied  to  the  MEASURE  input.  The  long  pulse  width  is 
necessary  to  allow  ample  settling  time  for  the  long  time  constant 
of  the  low-pass  filter  around  the  AMP-04.  A  much  faster  settling 
time  can  be  achieved  by  omitting  the  filter  capacitor. 


Single  Supply  Programmable  Gain  Instrumentation  Amplifier 

Combining  with  the  single  supply  ADG221  quad  analog  switch, 
the  AMP-04  makes  a  useful  programmable  gain  amplifier  that 
can  handle  input  and  output  signals  at  zero  volts.  Figure  15 
shows  the  implementation.  A  logic  low  input  to  any  of  the 
gain  control  ports  will  cause  the  gain  to  change  by  shorting  a 
gain-set  resistor  across  AMP-04's  Pins  1  and  8.  Trimming  is 
required  at  higher  gains  to  improve  accuracy  because  the  switch 
ON-resistance  becomes  a  more  significant  pan  of  the  gain-set 
resistance.  The  gain  of  500  setting  has  two  switches  connected 
in  parallel  to  reduce  the  switch  resistance. 


tation  Amp* 


,  Supply  Programmed  Gain  I nstrumen- 


The  switch  ON  resistance  is  lower  if  the  supply  voltage  is 
12  volts  or  higher.  Additionally  the  overall  amplifier's  tempera- 
ture coefficient  also  improves  with  higher  supply  voltage. 


- 


- 


Figure  14.  Pulsed  Load  Cell  Bridge  Amplifier 
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BASED  ON  300  UN  TS 
-3  RUNS 


TA  =  ,2S-C 
-VS  =  .5V  " 
VCM=2.5V 


-200  -100  -120    -W     -40      0       40      80     120     160  200 
INPUT  OFFSET  VOLTAGE  -  kV 

Figure  16.  Input  Offset  (Vlos)  Distribution  (Z+5V 
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BASED  ON  300  UNITS 
3  RUNS 


_TA  =  .2S"C 
~VS  =  *15V  " 
VCM  =  OV 


-0.5    -0.4    -0.3    -0.2    -0.1      0       0.1      02      03      0.4  0.5 
INPUT  OFFSET  VOLTAGE  -  mV 

Figure  17.  Input  Offset  (Vlos)  Distribution  @  ±15  V 
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Figure  19.  Input  Offset  Drift  (TCVlo, 
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BASED  ON  300  UNITS 
3  RUNS 
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Figure  20.  Output  Offset  (Voos)  Distribution  @  +5  V 
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Figure  21.  Output  Offset  (Voos)  Distribution  @  ±15  V 
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Figure  22.  Output  Offset  Drift  (TCVoos)  Distribution 
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F/'gure  23.  Output  Offset  Drift  (TCVoos)  Distribution 
@  ±15V 
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Figure  26.  Input  Bias  Current  vs.  Temperature 
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Figure  27.  Input  Offset  Current  vs.  Temperature 
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AMP04 


10 

VOLTAGE  C 


10  100 
VOLTAGE  GAIN  -  G 


Figure  34.  Voltage  Noise  Density  vs.  Gain 


Figure  35.  Voltage  Noise  Density  vs.  Gain,  f  =  1  kHz 
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I    Selection  Tree  —  Isolation  Amplifiers 


ISOLATION 
AMPLIFIERS 

2  PORT 
V  p-p  >  1500  V 

3  PORT 
V  p-p  >  2500  V 

AD202  (No  Output  Amp)  AD210  (20  kHz  BW) 

AD204*  (With  Output  Amp) 


'Multichannel:  Require  Clock  Driver  AD246 


Selection  Guide— Isolation  Amplifiers 


Peak 

Gain 

Gain 

Freq 

Volt  Iso 

Range 

Nonlin 

Resp 

Package 

Temp 

Model 

Vpk 

V/V 

%  max 

kHz 

Options1 

Range 

289 

2500 

1-100 

0.012-0.05 

20 

Module 

C 

290A 

1500 

1-100 

0.1-0.25 

2.5 

Module 

I 

292A 

1500 

1-100 

0.1-0.25 

2.5 

Module 

I 

AD202 

10OO-2000 

1-100 

0.025-O.05 

2 

N,Y 

c 

AD203 

2000 

1-100 

0.025 

10 

N 

M 

AD204 

1000-2000 

1-100 

0.025-0.05 

5 

N,  Y 

I 

AD208 

1000-2000 

1-1000 

0.015-0.03 

0.4-4  kHz 

Y 

I 

AD210 

2500-3500 

1-100 

0.012-0.025 

20 

N 

I 

Comments 

Precision,  Wide  Bandwidth,  Synchronized 

Single  Channel,  General  Purpose 

Multichannel,  General  Purpose 

Lowest  Cost,  Small  Size,  Single  Channel 

Rugged,  Military  Temperature  Range,  Wide  Bandwidth 

Lowest  Cost,  Small  Size,  Multichannel 

Precision,  Low  Cost,  Single  Channel,  mV  Input 

Precision,  3-Port  Isolation,  Wide  Bandwidth 


A  5-75 
A  5-81 
A  5-81 
11-5 
A  5-19 
11-5 
A  5-41 
11-12 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadiess  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3A  =  Amplifier  Reference  Manual.  All  other  entries  refer  to  this  \ 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Low  Cost  Miniature 
Isolation  Amplifiers 


AD202/AD204 





FEATURES 

Small  Size:  4  Channels/Inch 
Low  Power:  35mW  (AD204) 

High  Accuracy:  ±0.025%  max  Nonlinearity  (K  Grade) 
High  CMR:  130dB  (Gain  =  100V /V) 
Wide  Bandwidth:  5kHz  Full-Power  (AD204) 
High  CMV  Isolation:  ± 2000V  pk  Continuous  (K  Grade) 

(Signal  and  Power) 
Isolated  Power  Outputs 


FUN 


AL  BLOCK  DIAGRAM 


r 


DC  1 


Multichannel  Data  Acquisition 
Current  Shunt 
Motor  Controls 
Process  Signal  Isolation 
High  Voltage  Instrumentation  Ai 


GENERAL  DESCRIPTION 

The  AD202  and  AD204  are  general  purpose,  two-port,  trans- 
former-coupled isolation  amplifiers  that  may  be  used  in  a  broad 
range  of  applications  where  input  signals  must  be  measured, 
processed  and/or  transmitted  without  a  galvanic  connection. 
These  industry  standard  isolation  amplifiers  offer  a  complete 
isolation  function,  with  both  signal  and  power  isolation  provided 
for  in  a  single  compact  plastic  SIP  or  DIP  style  package, 
primary  distinction  between  the  AD202  and  the  AD204  is 
the  AD202  is  powered  directly  from  a  +  15V  dc  supply  wl 
the  AD204  is  powered  by  an  externally  supplied  clock, 
the  recommended  AD246  Clock  Driver. 

The  AD202  and  AD204  provide  total  galvanic  isolation  between 
the  input  and  output  stages  of  the  isolation  amplifier  through 
the  use  of  internal  transformer-coupling.  The  functionally  com- 
plete AD202  and  AD204  eliminate  the  need  for  an  external, 
user-supplied  dc/dc  converter.  This  permits  the  designer  to 
minimize  the  necessary  circuit  overhead  and  consequently  reduce 
the  overall  design  and  component  costs. 

The  design  of  the  AD202  and  AD204  emphasizes  maximum 
flexibility  and  ease  of  use,  including  the  availability  of  an  un- 
committed op  amp  on  the  input  stage.  They  feature  a  bipolar 
±  SV  output  range,  an  adjustable  gain  range  of  from  1  to  100V/V, 
±0.025%  max  nonlinearity  (K  grade),  BOdB  of  CMR  i 
AD204  consumes  a  low  35mW  of  power. 


*     i  (—*-  0SCILU 


JV/V 

the 


PRODUCT  HIGHLIGHTS 

The  AD202  and  AD204  are  full-featured  isolators  offering 
ous  benefits  to  the  user: 

Small  Size:  The  AD202  and  AD204  are  available  in  SIP  and 
DIP  form  packages.  The  SIP  package  is  just  0.25"  wide,  giving 
the  user  a  channel  density  of  four  channels  per  inch.  The  isolation 
barrier  is  positioned  to  maximize  input  to  output  spacing.  For 


applications  requiring  a  low  profile,  the  DIP  package  provides  a 
height  of  just  0.350". 

High  Accuracy:  With  a  maximum  nonlinearity  of  ±  0.025%  for 
the  AD202K/AD204K  (±0.05%  for  the  AD202J/AD204J)  and 
low  drift  over  temperature,  the  AD202  and  AD204  provide  high 
isolation  without  loss  of  signal  integrity. 

Low  Power:  Power  consumption  of  35mW  (AD204)  and  75mW 
(AD202)  over  the  full  signal  range  makes  these  isolators  ideal 
for  use  in  applications  with  large  channel  counts  or  tight  power 
budgets. 

Wide  Bandwidth:  The  AD204's  full-power  bandwidth  of  5kHz 
makes  it  useful  for  wideband  signals.  It  is  also  effective  in  appli- 
cations like  control  loops,  where  limited  bandwidth  could  result 
in  instability. 

Excellent  Common-Mode  Performance:  The  AD202K/AD204K 
provide  ±  2000V  pk  continuous  common-mode  isolation,  while 
the  AD202J/AD2O4J  provide  ±  1000V  pk  continuous  common- 
mode  isolation.  All  models  have  a  total  common-mode  input 
capacitance  of  less  than  5pF  inclusive  of  power  isolation.  This 
results  in  CMR  ranging  from  BOdB  at  a  gain  of  100  to  104dB 
(minimum  at  unity  gain)  and  very  low  leakage  current  (2uA 
maximum). 

Flexible  Input:  An  uncommitted  op  amp  is  provided  at  the 
input  of  all  models.  This  provides  buffering  and  gain  as  required, 
and  facilitates  many  alternative  input  functions  including  filtering, 
summing,  high-voltage  ranges,  and  current  (transimpedance) 
input. 

Isolated  Power:  The  AD204  can  supply  isolated  power  of  ±  7.5V 
at  2mA.  This  is  sufficient  to  operate  a  low-drift  input  preamp, 
provide  excitation  to  a  semiconductor  strain  gage,  or  to  power 
any  of  a  wide  range  of  user-supplied  ancillary  circuits.  The 
AD202  can  supply  ±7.5V  at  0.4mA  which  is  sufficient  to  operate 
adjustment  networks  or  low-power  i 
to  provide  an  open-input  alarm. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
:  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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vs.  Time 

±  WpprnTCtyp  ( ±  4Tppm/°C  max) 
±50ppm/1000  Hours 

* 
* 

±0.01%/V 
±0.025%  max 
* 

* 
* 

±0.01Vo/V 
±0.05%  max 
* 

_ 

* 

±0.01%/V 
±0.025%  max 
« 

■  

Nonlincarity  (G  -  1 V/V)1 
Nonlineanty  vs.  Isolated  Supply  Load 

±0.01%/V 
±0.05%  max 
±0.0015%/mA 

INPUT  VOLTAGE  RATINGS 
Input  Voltage  Range 
Max  Isolation  Voltage  (Inpui:  to  Output) 
AC,  60Hz,  Continuous 
Continuous  (AC  and  DC) 
Isolation-Mode  Rejection  Ratio  (IMRR)  (u  60Hz 
Rss  10011  (HI  &  LO  Inputs)G  =  1  V/V 

G=100V/V 
R,s  lk!l  (Input  HI,  LO,  or  Both)  G  =  1  V/V 
G=I00V/V 

Leakage  Current  Input  to  Output  (u  240V  rms,  60Hz 

±5V 

* 

* 

750V  rms 
±  lOOOVpeak 

HOdB 
BOdB 
KMdBmin 
llOdBmin 
2fi  A  rms  max 

1500V  rms 
±  2000V  peak 

HOdB 

* 

104dBmin 
• 

750V  rms 
-lOOOVpeak 

105dB 
* 

lOOdBmin 
* 

1 500V  rms 
±  2000V  peak 

105dB 
* 

lOOdBmin 
• 

INPUT  IMPEDANCE 
Differential  (G=l  V/V) 
Common  Mode 

io,Jn 

2GU||4.5pF 

* 

* 

* 

 1  —  !  

* 

INPUT  BIAS  CURRENT 
Initial,  (&+25X 
vs.  Temperature  (0  to  +70°C) 

±30pA 
±  lOnA 

* 

* 

* 

INPUT  DIFFERENCE  CURRENT 
Initial,  fa  +  25°C 
vs.  Temperature  (0  to  +  70°C) 

±5pA 
±2nA 

* 

* 

* 

INPUT  NOISE 
Voltage,  0.1  to  100Hz 
f>2O0Hz 

4M.Vp-p 

SOnV/VHz" 

* 

* 

* 

FREQUENCY  RESPONSE 

Bandwidth  (V0  s  10V  p-p,  G  =  1-50V/V) 
Settling  Time,  to  ±  lOmV  (10V  Step) 

5kHz 
1ms 

5kHz 

2kHz 
* 

2kHz 

OFFSET  VOLTAGE  (RTI) 

Initial,  @  +  25°C  Adjustable  lo  Zero 

vs.  Temperature  (0  to  +  70°C ) 

(±15±15/G)mVmax 

(±5±5/G)mVmax 
* 

(±15  ±15/G)mVmax 
• 

(±5±5/G)mVmax 
* 

RATED  OUTPUT 

Voltage  (Out  HI  to  Out  LO) 
Voltage  at  Out  Hlor  Out  LO'Ref.  Pin  32) 
Output  Resistance 
Output  Ripple,  100kHz  Bandwidth 
5kHz  Bandwidth 

±5V 

±6.5V 

3kfl 

lOmVpk-pk 
0.5mVrms 

* 
* 

3kn 

* 

*  . 

* 
* 

7kn 

* 

# 

* 
* 

7kfl 

* 
* 

ISOLATED  POWER  OUTPUT2 
Voltage,  No  Load 
Accuracy 
Current 

Regulation,  No  Load  to  Full  Load 
Ripple 

±7.5V 
±10% 

2mA  (Either  Output)8 
5% 

lOOmV  pk-pk 

* 
* 

2mA  (Either  Output)3 

* 
* 

* 
* 

4f»VA  Total 
* 

* 

* 

400M.A  Total 

* 

OSCILLATOR  DRIVE  INPUT 
Input  Voltage 
Input  Frequency 

15  V  pk-pk  nominal 
25kHz  nominal 

15V  pk-pk  nominal 
25kHz  nominal 



N/A 
N/A 

N/A 
N/A 

POWER  SUPPLY  (AD202  Onlv) 
Voltage,  Rated  Performance 
Voltage,  Operating 
Current,  No  Load  (Vs=  +  15V) 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

+  15V±5% 
+  15V  ±  10% 
SmA 

+  15V±5% 
+  15V  ±10% 
5mA 

TEMPERATURE  RANGE 
Rated  Performance 
Operating 
Storage 

0to+70°C 
-40°Cto+85°C 
-40°Cto  +85°C 

* 
* 

. 

* 

*    '"  ■ 
• 

PACKAGE  DIMENSIONS4 
SIP  Package  (Y) 
DIP  Package  (N) 

2.08"  x  0.250"  x  0.625" 
2. 10"  x  0.700"  x  0.350" 

* 

* 

* 

NOTES 

•Specific* bons  same  as  AD204J. 

1  Nonlinearity  is  specified  as  a  %  deviation  from  a  best  straight  line. 
1 1 .0|*F  min  decoupling  required  (see  text). 
J3mA  with  one  supply  loaded . 
•Width  U0.25'  typ,  0.26-  max. 


11-6   ISOLATION  AMPLIFIERS 


REV.  A 


PIN  DESIGNATIONS 


AD202/AD204 


AD202/AD204  SIP  PACKAGE 


AD202/AD204  DIP  PACKAGE 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

2 
3 
4 
5 
6 

31 
32 
33 
37 
38 

+  INPUT 

INPUT/Viso  COMMON 
-  INPUT 

INPUT  FEEDBACK 
-V,so  OUTPUT 
+V,so  OUTPUT 

+ 1 5V  POWER  IN  (AD202  ONLY) 
CLOCK/POWER  COMMON 
CLOCK  INPUT  (AD204  ONLY) 
OUTPUT  LO 

1 

2 
3 
18 
19 
20 
21 
22 
36 
37 
38 

+  INPUT 

INPUT/Vlso  COMMON 
-INPUT 
OUTPUT LO 
OUTPUT  HI 

+ 1 5V  POWER  IN  (AD202  ONLY) 
CLOCK  INPUT  (AD204  ONLY) 
CLOCK/POWER  COMMON 
+  Vbo  OUTPUT 
-V,so  OUTPUT 
INPUT  FEEDBACK 

OUTPUT  HI 

ORDERING  GUIDE 


Model 

Package 
Option 

Max  Common- 
Mode  Voltage  (Peak) 

Max 

Linearity 

AD202JY 

SIP 

1000V 

±0.05% 

AD202KY 

SIP 

2000V 

±0.025% 

AD202JN 

DIP 

1000V 

±0.05% 

AD202KN 

DIP 

2000V 

±0.025% 

AD204JY 

SIP 

1000V 

±0.05% 

AD204KY 

SIP 

2000V 

±0.025% 

AD204JN 

DIP 

1000V 

±0.05% 

AD204KN 

DIP 

2000V 

±0.025% 

OUTLINE  DIMENSIONS 

Dimensions  shown  in  inches  and  (nun). 


AD202/AD204  SIP  PACKAGE 


-2.0»tS2.»|MAX- 


: 

AD202/AD204  DIP  PACKAGE 





A- 


AD202/AD2M 
TV1EW 





0.260  (6  3)  TYP 
0.260  16.6)  MAX 


0.625 
(15.91 
MAX 

1 


-  2.100  (53.3)  MAX  ■ 


t — r 

0.350  (8.9) 
MAX  I 


T 

1  0.010  (0.251 
0.015  (0.3SI 


WIT- ^W-w:ssr  -Hb^i  ~~ ssl 

0.20i  J    L.  1  L 

|51|>*"  0.10  (2.51  TYP  .J,5!,  BOTTOM  VIEW 


U'T'-,T'  


0.10  (2.51  TYP 

- 


SsJT=  60,«„- 


T 


0.700 
(17»| 
MAX 


PIN  31  PS  PRESENT  ONLY  I 


DIFFERENCES  BETWEEN  THE  AD202  AND  AD204 

The  primary  distinction  between  the  AD202  and  AD204  is  in 
the  method  by  which  they  are  powered:  the  AD202  operates 
directly  from  +  15V  dc  while  the  AD204  is  powered  by  a  non- 
isolated externally-supplied  clock  (AD246)  which  can  drive  up 
to  32  AD204s.  The  main  advantages  of  using  the  externally-clocked 
AD204  over  the  AD202  are  reduced  cost  in  multichannel  appli- 
cations, lower  power  consumption,  and  higher  bandwidth.  In 


addition,  the  AD204  can  supply  substantially  more  isolated 
power  than  the  AD202. 

Of  course,  in  a  great  many  situations,  especially  where  only  one 
or  a  few  isolators  are  used,  the  convenience  of  stand-alone  operation 
provided  by  the  AD202  will  be  more  significant  than  any  of  the 
AD204's  advantages.  There  may  also  be  cases  where  it  is  desirable 
to  accommodate  either  device  interchangeably,  so  the  pinouts  of 
the  two  products  have  been  designed  to  make  that  easy  to  do. 
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AD202/AD204 


oifr©- 
outCO- 


:  8t 


Figure  la.  AD202  Functional  Block  Diagram 


.  POWER 
)  RETURN 


CLOCK 

(15V  p-p/2SkHz) 


INSIDE  THE  AD202  AMD  AD204 

The  AD202  and  AD204  use  an  amplitude  modulation  technique 
to  permit  transformer  coupling  of  signals  down  to  dc  (Figure  la 
and  lb).  Both  models  also  contain  an  uncommitted  input  op 
amp  and  a  power  transformer  which  provides  isolated  power  to 
the  op  amp,  the  modulator,  and  any  external  load.  The  power 
transformer  primary  is  driven  by  a  25kHz,  1SV  p-p  square  wave 
which  is  generated  internally  in  die  case  of  the  AD202,  or  supplied 
externally  for  the  AD204. 

Within  the  signal  swing  limits  of  approximately  ±  SV,  the  output 
voltage  of  the  isolator  is  equal  to  the  output  voltage  of  the  op 
amp;  that  is,  the  isolation  barrier  has  unity  gain.  The  output 


Figure  lb.  AD204  Functional  Block  Diagram 

(Pin  Designations  Apply  to  the  DIP-Style  Package.) 

signal  is  not  in 


,  so  the  user  is  free  to  interchange 
the  output  leads  to  get  signal  inversion.  Additionally,  in  multi- 
channel applications,  the  unbuffered  outputs  can  be  multiplexed 
with  one  buffer  following  the  mux.  This  technique  minimi™* 
offset  errors  while  reducing  power  consumption  and  cost.  The 
output  resistance  of  the  isolator  is  typically  3kft  for  the  AD204 
(7kft  for  AD202)  and  varies  with  signal  level  and  temperature, 
so  it  should  not  be  loaded  (see  Figure  2  for  the  effects  of  load 
upon  nonlinearity  and  gain  drift).  In  many  cases  a  high-impedance 
load  will  be  present  or  a  following  circuit  such  as  an  output 
filter  can  serve  as  a  buffer,  so  that  a  separate  buffer  function 
will  not  often  be  needed. 


NONLINEARITY 

(%l 
0.25 


ti 


>  AD202  GAIN  AND  GAIN  TC 

I          I  I 
-  AD202  NONUNEARITY   

I     I     I  I 


GAIN  GAINTC 
CHANGE  CHANGE 

10 


0.3      0.4       0.5.  0.6 
OUTPUT  LOAD  -  Mf* 


Figure  2.  Effects  of  Output  Loading 


(Circuit  figures  shown  on  this  page  are  for  SIP  style  pack- 
ages. Refer  to  page  3  for  proper  DIP  package  pin-out.) 
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USING  THE  AD202  AND  AD204 

Powering  die  AD202.  The  AD202  requires  only  a  single  +  1SV 
power  supply  connected  as  shown  in  Figure  3a.  A  bypass  capacitor 


is  provided  in  the  module. 


AD202 


0 


,  +15V±5% 


15V  RETURN 

Figure  3a. 


[  the  AD204.  The  AD204  gets  its  power  from  an  ex- 
ternally supplied  clock  signal  (a  1SV  p-p  square  wave  with  a 
nominal  frequency  of  25kHz)  as  shown  in  Figure  3b. 


Input  Configurations.  The  AD202  and  AD204  have  been  de- 
signed to  be  very  easy  to  use  in  a  wide  range  of  applications. 
The  basic  connection  for  standard  unity  gain  applications,  useful 
for  signals  up  to  ±  SV,  is  shown  in  Figure  5;  some  of  the  possible 
variations  are  described  below.  When  smaller  signals  must  be 


AD246 


AD204        AD204  AD204 

m — Ki> 


<§> — j<§> 


© 


-f— t+15V 


Figure  3b. 


isv 

RETURN 


AD 246  Clock  Driver.  The  AD246  is  a  compact,  inexpensive 
clock  driver  that  can  be  used  to  obtain  the  required  clock  from 
a  single  15V  supply.  Alternatively,  the  circuit  shown  in  Figure  4 
(essentially  an  AD246)  can  be  used.  In  either  case,  one  clock 
circuit  can  operate  at  least  32  AD204s  at  the  rated  minimum 
supply  voltage  of  14.25V  and  one  additional  isolator  can  be 
operated  for  each  40mV  increase  in  supply  voltage  up  to  15V.  A 
supply  bypass  capacitor  is  included  in  the  AD246,  but  if  many 
AD204s  are  operated  from  a  single  AD246,  an  external  bypass 
capacitor  should  be  used  with  a  value  of  at  least  l[iF  for  every 
five  isolators  used.  Place  the  capacitor  as  close  as  possible  to  the 
clock  driver. 


nn 


t> 
4t> 


E 


-oSS 


Figure  4.  Clock  Driver 

(Circuit  figures  shown  on  this  page  are  for  SIP  style  pack- 
,  Refer  to  page  3  for  proper  DIP  package  pin-out.) 


Figure  S.  Basic  Unity-Gain  Application 

handled,  Figure  6  shows  how  to  get  gain  while  preserving  a 
very  high  input  resistance.  The  value  of  feedback  resistor  RF 
should  be  kept  above  20kfl  for  best  results.  Whenever  a  gain  of 
more  than  five  is  taken,  a  lOOpF  capacitor  from  FB  to  IN  COM 
is  required.  Ax.  lower  £&ins  this  csp&citor  is  unnecessary ;  but  it 
will  not  adversely  affect  performance  if  used. 


V0  =  VsKx(i+^) 

RF220kM 

Figure  6.  Input  Connections  for  Gain  >  1 

The  "noninverting"  circuit  of  Figures  5  and  6  can  also  be  used 
to  advantage  when  a  signal  inversion  is  needed:  just  interchange 
either  the  input  leads  or  the  output  leads  to  get  inversion.  This 
approach  retains  the  high  input  resistance  of  the  "noninverting" 
circuit,  and  at  unity  gain  no  gain-setting  resistors  are  needed. 

When  the  isolator  is  not  powered,  a  negative  input  voltage  of 
more  than  about  2V  will  cause  an  input  current  to  flow.  If  the 
signal  source  can  supply  more  than  a  few  mA  under  such  condi- 
tions, the  2kfi  resistor  shown  in  series  with  IN  +  should  be 
used  to  limit  current  to  a  safe  value.  This  is  particularly  important 
with  the  AD202,  which  may  not  start  if  a  large  input  current  is 
present. 
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for  example,  a  ±  SOV  input  span  can  be  accommodated  with 
RF  =  20k  and  Rs  =  200k.  Once  again,  a  capacitor  from  FB  to 
IN  COM  is  required  for  gains  above  5. 


Rfs20kli 


Figure  7.  Connections  for  Summing  or  Current  Inputs 

Adjustments.  When  gain  and  zero  adjustments  are  needed,  the 
circuit  details  will  depend  on  whether  adjustments  are  to  be 
made  at  the  isolator  input  or  output,  and  (for  input  adjustments) 
on  the  input  circuit  used .  Adjustments  are  usually  best  done  on 
the  input  side,  because  it  is  better  to  null  the  zero  ahead  of  the 
gain,  and  because  gain  adjustment  is  most  easily  done  as  part  of 
the  gain-setting  network.  Input  adjustments  are  also  to  be  preferred 
when  the  pots  will  be  near  the  input  end  of  the  isolator  (to 
minimize  common-mode  strays).  Adjustments  on  the  output 
side  might  be  used  if  pots  on  the  input  side  would  represent  a 
hazard  due  to  the  presence  of  large  common-mode  voltages 
during  adjustment. 

Figure  8a  shows  the  input-side  adjustment  connections  for  use 
with  the  "noninverting"  connection  of  the  input  amplifier.  The 
zero  adjustment  circuit  injects  a  small  adjustment  voltage  in 
series  with  the  low  side  of  the  signal  source.  (This  will  not  work 
if  the  source  has  another  current  path  to  input  common  or  if 
current  flows  in  the  signal  source  LO  lead).  Since  the  adjustment 
voltage  is  injected  ahead  of  the  gain,  the  values  shown  will  work 
for  any  gain.  Keep  the  resistance  in  series  with  input  LO  below 
a  few  hundred  ohms  to  avoid  CMR  degradation. 


Figure  8a.  Adjustments  for  Noninverting  Connection  of 
Op  Amp 

■ 

Also  shown  in  Figure  8a  is  the  preferred  means  of  adjusting  the 
gain-setting  network.  The  circuit  shown  gives  a  nominal  RF  of 
SOkfl,  and  will  work  properly  for  gains  of  ten  or  greater.  The 
adjustment  becomes  less  effective  at  lower  gains  (its  effect  is 
halved  at  G  =  2)  so  that  the  pot  will  have  to  be  a  larger  fraction 
of  the  total  RF  at  low  gain.  At  G  =  1  (follower)  the  gain  cannot 
be  adjusted  downward  without  compromising  input  resistance; 
it  is  better  to  adjust  gain  at  the  signal  source  or  after  the  output. 

Figure  8b  shows  adjustments  for  use  with  inverting  input  circuits. 
The  zero  adjustment  nulls  the  voltage  at  the  summing  node. 
This  method  is  preferable  to  current  injection  because  it  is  less 
affected  by  subsequent  gain  adjustment.  Gain  adjustment  is 
again  done  in  the  feedback;  but  in  this  case  it  will  work  all  the 
way  down  to  unity  gain  (and  below)  without  alteration. 


Figure  8b.  Adjustments  for  Summing  or  Current  Input 


(Circuit  figures  shown  on  this  page  are  for  SIP  style  pack- 
ages. Refer  to  page  3  for  proper  DIP  package  pin-out.) 
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Figure  9  shows  how  zero  adjustment  is  done  at  the  output  by 
taking  advantage  of  the  semi-floating  output  port.  The  range  of 
this  adjustment  will  have  to  be  increased  at  higher  gains;  if  that 
is  done,  be  sure  to  use  a  suitably  stable  supply  voltage  for  the 
pot  circuit. 

There  is  no  easy  way  to  adjust  gain  at  the  output  side  of  the 
isolator  itself.  If  gain  adjustment  must  be  done  on  the  output 
side,  it  will  have  to  be  in  a  following  circuit  such  as  an  output 
buffer  or  filter. 


Figure  9.  Output-Side  Zero  Adjustment 

Common-Mode  Performance.  Figures  10a  and  10b  show  how 
the  common-mode  rejection  of  the  AD202  and  AD204  varies 
with  frequency,  gain,  and  source  resistance.  For  these  isolators, 
the  significant  resistance  will  normally  be  that  the  path  from  the 
source  of  the  common-mode  signal  to  IN  COM.  The  AD202 
and  AD204  also  perform  well  in  applications  requiring  rejection 
of  fast  common-mode  steps,  as  described  in  the  Applications 
section. 


1  1 

G  =  100 

« > 

■  (j  = 
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Figure  10b.  AD202 


APPLICATION  EXAMPLE 
Process  Current  Input  with  Offset.  Figure  1 1  shows  an  isolator 
receiver  which  translates  a  4-20mA  process  current  signal  into  a 
0  to  +  10V  output.  A  IV  to  5V  signal  appears  at  the  isolator's 
output,  and  a  -  IV  reference  applied  to  output  LO  provides  the 
necessary  level  shift  (in  multichannel  applications,  the  reference 
can  be  shared  by  all  channels).  This  technique  is  often  useful 
for  getting  offset  with  a  follower-type  output  buffer. 

The  circuit  as  shown  requires  a  source  compliance  of  at  least 
5V,  but  if  necessary  that  can  be  reduced  by  using  a  lower  value 
of  current-sampling  resistor  and  configuring  the  input  amplifier 
for  a  i 


10      20        50  60  100     200       500  1k 
FREQUENCY -Hz   — 


Figure  1 1.  Process  Current  Input  Isolator  with  Offset 


Figure  10a.  AD204 


(Circuit  figures  shown  on  this  page  are  for  SIP  style  pack- 
ages. Refer  to  page  3  for  proper  DIP  package  pin-out.) 
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Precision,  Wide  Bandwidth, 
3-Port  Isolation  Amplifier 


FEATURES 

High  CMV  Isolation:  2500V  RMS  Continuous 

±  3500V  Peak  Continuous 
Small  Size:  1. 00" x  2. 10" x  0.350" 
Three-Port  Isolation  i  Input,  Output,  and  Power 
Low  Nonlinearity:  ±0.012%  max 
Wide  Bandwidth:  20kHz  Full-Power  (- 3d B) 
Low  Gain  Drift:  ±25ppm/°C  max 
High  CMR:  120dB  (G  =  100V/V) 
Isolated  Power:  ±15V  @  ±5mA 
Uncommitted  Input  Amplifier 

APPLICATIONS 

Multichannel  Data  Acquisition 

High  Voltage  Instrumentation  Amplifier 

Current  Shunt  Measurements 

Process  Signal  Isolation 

GENERAL  DESCRIPTION 

The  AD210  is  the  latest  member  of  a  new  generation  of  low 
cost,  high  performance  isolation  amplifiers.  This  three-port, 
wide  bandwidth  isolation  amplifier  is  manufactured  with  surface- 
mounted  components  in  an  automated  assembly  process.  The 
AD210  combines  design  expertise  with  state-of-the-art  manufac- 
turing technology  to  produce  an  extremely  compact  and  economical 
isolator  whose  performance  and  abundant  user  features  far  exceed 
those  offered  in  more  expensive  devices. 

The  AD210  provides  a  complete  isolation  function  with  both 
signal  and  power  isolation  supplied  via  transformer  coupling 
internal  to  the  module.  The  AD210's  functionally  complete 
design,  powered  by  a  single  +  15V  supply,  eliminates  the  need 
for  an  external  DC/DC  converter,  unlike  optically  coupled  isolation 
devices.  The  true  three-port  design  structure  permits  the  AD210 
to  be  applied  as  an  input  or  output  isolator,  in  single  or  multi- 
channel applications.  The  AD210  will  maintain  its  high  per- 
formance under  sustained  common-mode  stress. 

Providing  high  accuracy  and  complete  galvanic  isolation,  the 
AD210  interrupts  ground  loops  and  leakage  paths,  and  rejects 
common-mode  voltage  and  noise  that  may  otherwise  degrade 
measurement  accuracy.  In  addition,  the  AD210  provides  protec- 
tion from  fault  conditions  that  may  cause  damage  to  other  sections 
of  a  measurement  system. 

PRODUCT  HIGHLIGHTS 

The  AD210  is  a  full-featured  isolator  providing  numerous  user 
benefits  including: 

High  Common-Mode  Performance:  The  AD210  provides  2S00V 
rms  (Continuous)  and  ±  3500V  peak  (Continuous)  common-mode 
voltage  isolation  between  any  two  ports.  Low  input  to  output 

•Covered  by  U.S.  Patent  No.  4,703,283. 


FUNCTIONAL  BLOCK  DIAGRAM 


capacitance  of  5pF  results  in  a  120dB  CMR  at  a  gain  of  100, 
and  a  low  leakage  current  (2uA  rms  max  (u  240V  rms,  60Hz). 

High  Accuracy:  With  maximum  nonlinearity  of  ±0.012% 
(B  Grade),  gain  drift  of  ±  25ppm/°C  max,  and  input  offset  drift 
of  (±  10±30/G)  M-V/°C,  the  AD210  assures  signal  integrity  while 
providing  high  level  isolation. 

Wide  Bandwidth:  The  AD210's  full-power  bandwidth  of  20kHz 
makes  it  useful  for  wideband  signals.  It  is  also  effective  in  appli- 
cations like  control  loops,  where  limited  bandwidth  could  result 
in  instability. 

Small  Size:  The  AD210  provides  a  complete  isolation  function 
in  a  small  DIP  package  just  1.00"  x  2.10"  X  0.350".  The  low 
profile  DIP  package  allows  application  in  0.5"  card  racks  and 
assemblies.  The  pinout  is  optimized  to  facilitate  board  layout 
while  maintaining  isolation  spacing  between  ports. 

Three-Port  Design:  The  AD210's  three-port  design  structure 
allows  each  port  (Input,  Output,  and  Power)  to  remain  indepen- 
dent. This  three-port  design  permits  the  AD210  to  be  used  as 
an  input  or  output  isolator.  It  also  provides  additional  system 
protection  should  a  fault  occur  in  the  power  source. 

Isolated  Power:  ±  15V  (a  5mA  is  available  at  the  input  and 
output  sections  of  the  isolator.  This  feature  permits  the  AD210 
to  excite  floating  signal  conditioners,  front-end  amplifiers  and 
remote  transducers  at  the  input  as  well  as  other  circuitry  at  the 
output. 

Flexible  Input:  An  uncommitted  operational  amplifier  is  provided 
at  the  input .  This  amplifier  provides  buffering  and  gain  as  required , 
and  facilitates  many  alternative  input  functions  as  required  by 
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(typical  @  +25°C,  &  Vs  =  +15  V  unless  otherwise  noted) 


AD210 


AD210AN 


AD2IOJN 


GAIN 

Range  IV/V- 10OV/V 

Error  ±  2%  max 

■c  (0  to  +  70°C)  1 25ppm/°C  mw 

(-25°Clo  +  S5'C)  ±50ppm/-Cm«i 

vi.  Supply  Volugc  ±0.002%IV 

Nonlinearity1  ±0025%max 

Nonlineanty  vs.  Isolated  Supply  Load  ±  0.002 %/mA 


OUTLINE  DIMENSIONS 

Dimensions  shown  in  inches  and  (nun). 


±0.012%  max 


INPUT  VOLTAGE  RATINGS 
Linear  Differential  Range 
Maximum  Safe  Differential  Input 
Max.  CMV  Input-to-Output 
ac ,  60Hz ,  Continuous 
dc,  Continuous 
Common-Mode  Rejection 
60Hz,G=100V/V 
Rs«500n  Impedance  Imbalance 
Leakage  Current  Input-to-Output 
>  240Vrms,60Hz 


-  2.10  (53.3)  MAX  - 


±10V 
+  15V 

2500V  rms 
±  3500V  peak 


2u.Armsmax 


nnnnnnni  nr 


1500V  rms 
12000V  peak 


INPUT  IMPEDANCE 
Differential 
Common  Mode 

io';n 

5GIlj|5pF 

INPUT  BIAS  CURRENT 
Initial,  B+25-C 
vs.TemperatureCOto  +70"C) 

(-25'Cto  +85*C) 

30pAtyp(400pAmax) 

lOnAmax 

30nAmax 

: 

i 

*  ■ 

INPUT  DIFFERENCE  CURRENT 
Initial,*  +25-C 
vs.  Temperature  (0  to  +  70°C) 

(-25°Cto+85-C) 

5pA  typ  (200pA  max) 
2nA  max 
lOnAmax 

INPUT  NOISE 
Voltage(lkHz) 

(lOHztolOkHz) 
Current(IkHz) 

18nV;vHz 
4nV  rms 
O.OlpA/Vffi 

FREQUENCY  RESPONSE 

Bandwidth  ( -  3dB) 

G=1V/V 

20kHz 

G=100V/V 

15kHz 

Settling  Time  ( ±  lOmV,  20V  Step) 

G=1V/V 

ISOtLS 

* 

G  =  100V/V 

500m.s 

Slew  Rate  (G=1WV) 

IV/jjis 

OFFSET  VOLTAGE  (RTI)2 
Initial,  (a  +25°C 
vs.  Temperature  (0  to  +  70°C) 

(-25°Cto  +85°C 

(±15  ±45/G)mVmax 
(±I0±30/G)jxVrC 
)  (±10±50/G)nV/°C 

(±5  ±15/G)mVmax  * 
•  * 

RATED  OUTPUT1 
Voltage,  2kfl  Load 
Impedance 

Ripple,  (Bandwidth  =  100kHz) 

±  10V  min 
10  max 
lOmVp-pmax 

»  * 
•  * 

ISOLATED  POWER  OUTPUTS* 
Voltage,  No  Load 
Accuracy 
Current 

Regulation,  No  Load  to  Full  Load 
Ripple 

±15V 
±10% 
*  5mA 
See  Text 
Sec  Text 

POWER  SUPPLY 
Voltage,  Rated  Performance 
Voltage,  Operating 
Current,  Quiescent 
Current ,  Full  Load  -  Full  Signal 

+  15Vdc  25% 
+  15V  dc  ±10% 
50mA 
SOmA 

TEMPERATURE  RANGE 
Rated  Performance 
Operating 
Storage 

-25°Cto+85°C 
-40*Cto  +85°C 
-40oCto  +  85"C 

PACKAGE  DIMENSIONS 
Inches 
Millimeters 

 !  





1.00  x  2.10  x  0.350 
25.4  x  53.3  x  8.9 



 ,  


NOTES 

*  Specifications  same  as  AD210AN. 

'Nonlineanty  is  specified  as  a  %  deviation  from  a  best  straight  line. 
2RTI  -  Referred  to  Input 

3A  reduced  signal  swing  is  recommended  when  both  ±  VISS  and  ±  V0ss  supplies  are 
fully  loaded,  due  to  supply  voltage  reduction. 
4See  text  for  detailed  information. 
Specifications  subject  to  change  without  notice. 
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AD210  Pin  Designations 


-ml  L.  0.125 
-»]  0.300  [*- 


PIN 

DESIGNATION 

FUNCTION 

1 

Vo 

Output 

2 

OcOM 

Output  Common 

3 

+  VOSs 

+  Isolated  Power  @  Output 

4 

—  Voss 

-  Isolated  Power  @  Output 

14 

+  V,ss 

+  Isolated  Power  @  Input 

15 

-V,ss 

-  Isolated  Power  @  Input 

16 

FB 

Input  Feedback 

17 

-IN 

-Input 

18 

'com 

Input  Common 

19 

+  IN 

+  Input 

29 

PwrCom 

Power  Common 

30 

Pwr 

Power  Input 

WARNING! 


da 


CAUTION 

ESD  (electrostatic  discharge)  sensitive  device.  Per- 
manent damage  may  occur  on  unconnected  devices 
subject  to  high  energy  electrostatic  fields. 
Unused  devices  must  be  stored  in  conductive  foam 
or  shunts.  The  protective  foam  should  be  dis- 
charged to  the  destination  socket  before  devices  are 
removed. 
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INSIDE  THE  AD210 

The  AD210  basic  block  diagram  is  illustrated  in  Figure  1.  A 
+  15V  supply  is  connected  to  the  power  port,  and  ±  15V  isolated 
power  is  supplied  to  both  the  input  and  output  ports  via  a  50kHz 
carrier  frequency.  The  uncommitted  input  amplifier  can  be  used 
to  supply  gain  or  buffering  of  input  signals  to  the  AD210.  The 
fullwave  modulator  translates  the  signal  to  the  carrier  frequency 
for  application  to  transformer  Tl.  The  synchronous  demodulator 
in  the  output  port  reconstructs  the  input  signal.  A  20kHz,  three- 
pole  filter  is  employed  to  minimize  output  noise  and  ripple. 
Finally,  an  output  buffer  provides  a  low  impedance  output 
capable  of  driving  a  2kO  .oad. 

  ' 


<k>  <3> 


AD210 


PYVR       PWR  COM 

Figure  1.  AD210  Block  Diagram 


n 


USING  THE  AD210 

The  AD210  is  very  simple  10  apply  in  a  wide  range  of  applications. 
Powered  by  a  single  +  15V  power  supply,  the  AD210  will  provide 
outstanding  performance  when  used  as  an  input  or  output  isolator, 
in  single  and  multichannel  configurations. 

Input  Configurations:  The  basic  unity  gain  configuration  for 
signals  up  to  ±  10V  is  shown  in  Figure  2.  Additional  input 
amplifier  variations  are  shown  in  the  following  figures.  For 
smaller  signal  levels  Figure  3  shows  how  to  obtain  gain  while 
maintaining  a  very  high  input  impedance. 


Figure  2.  Basic  Unity  Gain  Configuration 


The  high  input  impedance  of  the  circuits  in  Figures  2  and  3  can 
be  maintained  in  an  inverting  application.  Since  the  AD210  is  a 
three-port  isolator,  either  the  input  leads  or  the  output  leads 
may  be  interchanged  to  create  the  signal  inversion. 


Figure  3.  Input  Configuration  for  G>  1 

Figure  4  shows  how  to  accommodate  current  inputs  or  sum 
currents  or  voltages.  This  circuit  configuration  can  also  be  used 
for  signals  greater  than  ±  10V.  For  example,  a  ±  100V  input 
span  can  be  handled  with  RF=20kfl  and  RSi  =  200kfl. 


XT 

+  15V 


Figure  4.  Summing  or  Current  Input  Configuration 
Adjustments 

When  gain  and  offset  adjustments  are  required,  the  actual  circuit 
adjustment  components  will  depend  on  the  choice  of  input 
configuration  and  whether  the  adjustments  are  to  be  made  at 
the  isolator's  input  or  output.  Adjustments  on  the  output  side 
might  be  used  when  potentiometers  on  the  input  side  would 
represent  a  hazard  due  to  the  presence  of  high  common-mode 
voltage  during  adjustment.  Offset  adjustments  are  best  done  at 
the  input  side,  as  it  is  better  to  null  the  offset  ahead  of  the  gain. 

Figure  5  shows  the  input  adjustment  circuit  for  use  when  the 
input  amplifier  is  configured  in  the  noninverting  mode.  This 

ljustment  circuit  injects  a  small  voltage  in  series  with  the 


VOUT 


Figure  5.  Adjustments  for  Noninverting  Input 
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low  side  of  the  signal  source.  This  will  not  work  if  the  source 
has  another  current  path  to  input  common  or  if  current  flows  in 
the  signal  source  LO  lead.  To  minimize  CMR  degradation,  keep 
the  resistor  in  series  with  the  input  LO  below  a  few  hundred 


Figure  5  also  shows  the  preferred  gain  adjustment  circuit.  The 
circuit  shows  RF  of  SOkfl,  and  will  work  for  gains  of  ten  or 
greater.  The  adjustment  becomes  less  effective  at  lower  gains 
(its  effect  is  halved  at  G  =  2)  so  that  the  pot  will  have  to  be  a 
larger  fraction  of  the  total  RF  at  low  gain.  At  G  =  1  (follower) 
the  gain  cannot  be  adjusted  downward  without  compromising 
input  impedance;  it  is  better  to  adjust  gain  at  the  signal  source 
or  after  the  output. 

Figure  6  shows  the  input  adjustment  circuit  for  use  when  the 
input  amplifier  is  configured  in  the  inverting  mode.  The  offset 
adjustment  nulls  the  voltage  at  the  summing  node.  This  is  pref- 
erable to  current  injection  because  it  is  less  affected  by  subsequent 

E  in  the  feedback  and 


VoUT 


will  work  for  gains  from  1  to  100V/V. 


Figure  6.  Adjustments  for  Inverting  Input 

Figure  7  shows  how  offset  adjustments  can  be  made  at  the 
output,  by  offsetting  the  floating  output  port.  In  this  circuit, 
±  15V  would  be  supplied  by  a  separate  source.  The  AD210's 
output  amplifier  is  fixed  at  unity,  therefore,  output  gain  must 
be  made  in  a  subsequent  stage. 


PERFORMANCE  CHARACTERISTICS 
Common-Mode  Rejection:  Figure  9  shows  the  common-mode 
rejection  of  the  AD210  versus  frequency,  gain  and  input  source 
resistance.  For  maximum  common-mode  rejection  of  unwanted 
signals,  keep  the  input  source  resistance  low  and  carefully  lay 
out  the  input,  avoiding  excessive  stray  capacitance  at  the  input 
terminals. 


 G  =  10O 

Oil 

 G  = 

I 

10        20  50  60    100     200         500        Ik       2k  5k  10k 

FREQUENCY  -  Hi 


uency 


Figure  9.  Common-Mode  Rejection  vs.  Freqi 


Phase  Shift:  Figure  10  illustrates  the  AD210's  low  phase  shift 
and  gain  versus  frequency.  The  AD210's  phase  shift  and  wide 

bandwidth  performance  make  it  well  suited  for  applications  like 

.       fit-  .I*:  '.. 
power  monitors  and  controls  systems. 


Figure  10.  Phase  Shift  and  Gain  vs.  Frequency 


Figure  7.  Output-Side  Offset  Adjustment 
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at  5mA. 

The  load  characteristics  of  the  isolated  power  supplies  are  shown 
in  Figure  15.  For  example,  when  measuring  the  load  rejection 
of  the  input  isolated  supplies  VISS,  the  load  is  placed  between 
+  Viss  and  -  VISs.  The  curves  labeled  VISs  and  V0ss  are  the 
individual  load  rejection  characteristics  of  the  input  and  the 
output  supplies,  respectively. 

There  is  also  some  effect  on  either  isolated  supply  when  loading 
the  other  supply.  The  curve  labeled  CROSSLOAD  indicates  the 
sensitivity  of  either  the  input  or  output  supplies  as  a  function  of 
the  load  on  the  opposite  supply. 


,  CROSSLOAD 

a 

^>  V^s  SIMU 

LTANEOUS 
.TANEOUS 

10 


Figure  IS.  Isolated  Power  Supplies  vs.  Load 


Lastly,  the  curves  labeled  Voss  simultaneous  and  VISS  simul- 
taneous indicate  the  load  characteristics  of  the  isolated  power 
supplies  when  an  equal  load  is  placed  on  both  supplies. 

The  AD210  provides  short  circuit  protection  for  its  isolated 
power  supplies.  When  either  the  input  supplies  or  the  output 
supplies  are  shorted  to  input  common  or  output  common,  re- 
spectively, no  damage  will  be  incurred,  even  under  continuous 
application  of  the  short.  However,  the  AD210  may  be  damaged 
if  the  input  and  output  supplies  are  shorted  simultaneously. 


Figure  16a.  Isolated  Supply  Ripple  vs.  Load 
(External  4.7/iF  Bypass) 


a  ue  lauuiLcu  puwci  suppucs  cjuiiun  some  up  pic  wnicn  vanes  as 
a  function  of  load.  Figure  16a  shows  this  relationship.  The 
AD210  has  internal  bypass  capacitance  to  reduce  the  ripple  to  a 
point  where  performance  is  not  affected,  even  under  full  load. 
Since  the  internal  circuitry  is  more  sensitive  to  noise  on  the 
negative  supplies,  these  supplies  have  been  filtered  more  heavily. 
Should  a  specific  application  require  more  bypassing  on  the 
isolated  power  supplies,  there  is  no  problem  with  adding  external 
capacitors.  Figure  16b  depicts  supply  ripple  as  a  function  of 
external  bypass  capacitance  under  full  load. 


O.VF 


10|iF 
CAPACITANCE 


Figure  16b.  Isolated  Power  Supply  Ripple  vs.  Bypass 
Capacitance  (Volts  p-p,  1MHz  Bandwidth,  5mA  Load) 

Isolated  V-to-I  Converter 

Illustrated  in  Figure  19,  the  AD210  is  used  to  convert  a  0  to 
+  10V  input  signal  to  an  isolated  4-20mA  output  current.  The 
AD210  isolates  the  0  to  +  10V  input  signal  and  provides  a  prop- 
ortional voltage  at  the  isolator's  output.  The  output  circuit 
converts  the  input  voltage  to  a  4-20mA  output  current,  which  in 
turn  is  applied  to  the  loop  load  RLOAD- 
■ 


Figure  19.  Isolated  Voltage-to-Current  Loop  Converter 
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CHANNEL  1 


CHANNEL  2 


CHANNEL  3 


CHANNEL  4 


Figure  22.  Multichannel  Data  Acquisition  Front  End 


MULTICHANNEL  DATA  ACQUISITION  FRONT-END 

Illustrated  in  Figure  22  is  a  four-channel  data  acquisition  front-end 
used  to  condition  and  isolate  several  common  input  signals 
found  in  various  process  applications.  In  this  application,  each 
AD210  will  provide  complete  isolation  from  input  to  output  as 
well  as  channel  to  channel.  By  using  an  isolator  per  channel, 
maximum  protection  and  rejection  of  unwanted  signals  is  obtained. 
The  three-port  design  allows  the  AD210  to  be  configured  as  an 
input  or  output  isolator.  In  this  application  the  isolators  are 
configured  as  input  devices  with  the  power  port  providing  addi- 
tional protection  from  possible  power  source  faults. 

Channel  1:  The  AD210  is  used  to  convert  a  4-20mA  current 
loop  input  signal  into  a  0-10V  input.  The  25fl  shunt  resistor 
converts  the  4-20mA  current  into  a  +  100  to  +  500mV  signal. 
The  signal  is  offset  by  -  lOOmV  via  Ro  to  produce  a  0  to  +  400mV 
input.  This  signal  is  amplified  by  a  gain  of  25  to  produce  the 
desired  0  to  +  10V  output.  With  an  open  circuit,  the  AD210 
will  show  -2.5V  at  the  output. 

Channel  2:  In  this  channel,  the  AD210  is  used  to  condition  and 
isolate  a  current  output  temperature  transducer,  Model  AD590. 
At  +25°C,  the  AD590  produces  a  nominal  current  of  298.2(iA. 
This  level  of  current  will  change  at  a  rate  of  luA/°C.  At  -  17.8°C 
(0°F),  The  AD590  current  will  be  reduced  by  42.8uA  to 
+  255.4uA.  The  AD580  reference  circuit  provides  an  equal  but 


opposite  current,  resulting  in  a  zero  net  current  flow,  producing 
a  0V  output  from  the  AD210.  At  +  100°C  (  +  212°F),  the  AD590 
current  output  will  be  373. 2uA  minus  the  255.4u.A  offsetting 
current  from  the  AD580  circuit  to  yield  a  +  117.8uA  input 
current.  This  current  is  converted  to  a  voltage  via  Rf  and  Rg  to 
produce  an  output  of  +  2. 12V.  Channel  2  will  produce  an  output 
of  +  10mV/°F  over  a  0  to  +212°F  span. 

Channel  3:  Channel  3  is  a  low  level  input  channel  configured 
with  a  high  gain  amplifier  used  to  condition  millivolt  signals. 
With  the  AD210's  input  set  to  unity  and  the  input  amplifier  set 
for  a  gain  of  1000,  a  ±  lOmV  input  will  produce  a  ±  10V  at  the 
AD210's  output. 

Channel  4:  Channel  4  illustrates  one  possible  configuration  for 
conditioning  a  bridge  circuit.  The  AD584  produces  a  +  10V 
excitation  voltage,  while  A 1  inverts  the  voltage,  producing  negative 
excitation.  A2  provides  a  gain  of  1000V/V  to  amplify  the  low 
level  bridge  signal.  Additional  gain  can  be  obtained  by  reconfig- 
uration of  the  AD210's  input  amplifier.  ±  V[Ss  provides  the 
complete  power  for  this  circuit,  eliminating  the  need  for  a  separate 
isolated  excitation  source. 

Each  channel  is  individually  addressed  by  the  multiplexer's 
channel  select.  Additional  filtering  or  signal  conditioning  should 
follow  the  multiplexer,  prior  to  an  analog-to-digital  conversion 
stage. 
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Selection  Tree  —  Comparators 


COMPARATORS 


DUAL  SUPPLY 


Open  Collector 


Single 


(45  ns,  Prop  Delay,  ±13  V  CMV) 
AD790 


Diff  Output 


SINGLE  SUPPLY 


Open  Collector 


Single 

Quad 

(45  ns,  Prop  Delay,  ±13  V  CMV) 
AD790 


(300  ns) 
CMP04 


Single 


Dual 


(3.5  ns,  ECL) 
AD96685 

(4.5  ns,  TTL) 
AD9696 


AD96687 


AD9698 


Diff  Input 


Single 


(4.5  ns) 
AD9696 


Dual 


AD9698 


Selection  Guide— Comparators 


Prop 


Delay 
ns 

Dispersion 

Vos 
mV 

Package 

Temp 

Model 

max 

ps 

Logic 

max 

Options1 

Ranges2 

Comments 

Pagi 

AD1317 

2.5 

250 

ECL 

10 

Z 

LM/D 

Dedicated  Window  Comparator  with  Wide  CM  Range 

SL  ( 

AD96685 

3.5 

50 

ECL 

2 

E,  H,  P,  Q,  R 

I,M/D 

Ultrafast 

12-1 

AD96687 

3.5 

50 

ECL 

2 

E,  P,  Q,  R 

I,  MJ 

Dual  AD96685 

12-1 

AD9696 

7.0 

100 

TTL 

2 

H,  N,  Q,  R,  Z 

C,  Ml 

Single  Comparator 

12-« 

AD9698 

7.0 

100 

TTL 

2 

H,  Q,  R,  Z 

C,MI 

Dual  Comparator 

12-5 

AD790 

45 

TTL 

0.25-1 

N,  Q,  R 

C,  I,  M/D 

Fast,  Precise  Single  or  Dual  Supply 

12-! 

CMP05 

55 

TTL 

0.6 

H,  N,  Q,  R 

I,  W 

High  Speed  Precision  Comparator 

A3- 

CMP01 

180 

TTL 

0.8 

H,  N,  Q 

C,M/D 

Fast  Precision  Comparator 

A3- 

CMP02 

270 

TTL 

0.8 

H,  N,  Q 

C,  M 

Low  Input  Current  Precision  Comparator 

A3- 

CMP04 

300  typ 

TTL 

1.0 

N,  Q,  R 

I,M/D 

Quad  Low  Power  Precision  Comparator 

12-1 

PM139 

1300 

TTL 

2 

D,  E,  N 

LM/DJ 

Low  Power,  Single  or  Dual  Supply 

A3- 

PM239 

1300 

TTL 

2 

D,  E,  N 

I,  M 

Low  Power,  Single  or  Dual  Supply 

A3- 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Pi 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  = 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-ln-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  CI 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  i  for  JAN,  D  for  SMD,  and  s  for  space  level. 
'A  =  Amplifier  Reference  Manual;  SL  =  Special  Linear  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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FEATURES 

45  ns  max  Propagation  Delay 
Single  +5  V  or  Dual  ±15  V  Supply  Operation 
CMOS  or  TTL  Compatible  Output 
250  u.V  max  Input  Offset  Voltage 
500  |tV  max  Input  Hysteresis  Voltage 
15  V  max  Differential  Input  Voltage 
On-Board  Latch 
60  mW  Power  Dissipation 
Available  in  8-Pin  Plastic  and  Hermetic  Cerdip 
Packages 

MIL-STD-883B  Processing  Available 
Available  in  Tape  and  Reel  in  Accordance  with 
EIA-481A  Standard 

APPLICATIONS 
Zero-Crossing  Detectors 
Overvoltage  Detectors 
Pulse-Width  Modulators 
Precision  Rectifiers 
Discrete  A/D  Converters 
Delta-Sigma  Modulator  A/Ds 


PRODUCT  DESCRIPTION 

The  AD790  is  a  fast  (45  ns),  precise  voltage  comparator,  with  a 
number  of  features  that  make  it  exceptionally  versatile  and  easy 
to  use.  The  AD790  may  operate  from  either  a  single  +5  V  sup- 
ply or  a  dual  ±15  V  supply.  In  the  single-supply  mode,  the 
AD790's  inputs  may  be  referred  to  ground,  a  feature  not  found 
in  other  comparators.  In  the  dual-supply  mode  it  has  the  unique 
ability  of  handling  a  maximum  differential  voltage  of  15  V  across 
its  input  terminals,  easing  their  interfacing  to  large  amplitude 
and  dynamic  signals. 

This  device  is  fabricated  using  Analog  Devices'  Complementary 
Bipolar  (CB)  process  -  which  gives  the  AD790's  combination  of 
fast  response  time  and  outstanding  input  voltage  resolution 
(1  mV  max).  To  preserve  its  speed  and  accuracy,  the  AD790 
incorporates  a  "low  glitch"  output  stage  that  does  not  exhibit 
the  large  current  spikes  normally  found  in  TTL  or  CMOS  out- 
put stages.  Its  controlled  switching  reduces  power  supply  distur- 
bances that  can  feed  back  to  the  input  and  cause  undesired 
oscillations.  The  AD790  also  has  a  latching  function  which 
makes  it  suitable  for  applications  requiring  synchronous 
operation. 

The  AD790  is  available  in  five  performance  grades.  The 
AD790J  and  the  AD790K  are  rated  over  the  commercial 
temperature  range  of  0  to  +70°C.  The  AD790A  and  AD790B 
are  rated  over  the  industrial  temperature  range  of  —  40°C  to 
+85°C.  The  AD790S  is  rated  over  the  military  temperature 
range  of  -55°C  to  +125°C  and  is  available  processed  to  MIL- 
STD-883B,  Rev.  C. 


■ 

CONNECTION  DIAGRAMS 
8-Pin  Plastic  Mini-DIP  (N) 
and  Cerdip  (Q)  Packages 


j]  v  LOGIC 
~7*|  OUTPUT 
T"|  GROUND 


PRODUCT  HIGHLIGHTS 

1.  The  AD790's  combination  of  speed,  precision,  versatility  and 
low  cost  makes  it  suitable  as  a  general  purpose  comparator  in 
analog  signal  processing  and  data  acquisition  systems. 

2.  Built-in  hysteresis  and  a  low-glitch  output  stage  minimize  the 
chance  of  unwanted  oscillations,  making  the  AD790  easier  to 
use  than  standard  open-loop  comparators. 

3.  The  hysteresis  combined  with  a  wide  input  voltage  range 
enables  the  AD790  to  respond  to  both  slow,  low  level  (e.g., 
10  mV)  signals  and  fast,  large  amplitude  (e.g.,  10  V)  signals. 

4.  A  wide  variety  of  supply  voltages  are  acceptable  for  operation 
oftheAD790,  ranging  from  single  +5  Vtodual  +5  V/  -12  V, 
±5  V,  or  +5  V/±15  V  supplies. 

5.  The  AD790's  power  dissipation  is  the  lowest  of  any  compara- 
tor in  its  speed  range. 

6.  The  AD790's  output  swing  is  symmetric  between  VLOGIC 
and  ground,  thus  providing  a  predictable  output  under  a 
wide  range  of  input  and  output  conditions. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD790J/A 

AD790K/B 

AD790S 

Units 

Paramotpr 

u  ii  u  i  uuu  3 

Min  Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

RborUiNcsi;  L.riAKAL.  1  JfcKlo  1  IL. 

iuu  rav  otep 

Propagation  Delay,  tPD 

5  mV  Overdrive 

40 

45 

40 

45 

40 

45 

T       to  X 

min  max 

45/50 

45/50 

60 

ns 



OUTPUT  CHARACTERISTICS 

Output  HIGH  Voltage,  VOH 

1.6  mA  Source 

4.65 

4.65 

4.65 

6.4  mA  Source 

4.3  4.45 

4.3 

4.45 

4.3  4.45 

V 

*^*min  tO  ^"max 

4.3/4.3 

4.3 

4.3 

V 

(Jutput  luw  voltage,  vOL 

i.d  mA  oink 

0.35 

0.35 

0.35 

y 

(\  d  mA  Qinlr 
u.t  um  oiiiK 

0.44 

0.5 

0.44 

0.5 

0.44 

0.5 

v 

T      tn  T 
1  min  10  1  max 

0.5/0.5 

0.5 

0.5 

v 

INPUT  CHARACTERISTICS 

Offset  Voltage1 

0.2 

1.0 

0.05 

0.25 

0.2 

1.0 

mV 

Tmm  tO  T„„ 

1.5 

0.5 

1.5 

mV 

Hysteresis2 

T„i„  to 

0.3  0.4 

0.6 

0.3 

0.4 

0.5 

0.3 

0.4 

0.65 

mV 

Bias  Current 

Either  Input 

2.5 

5 

1.8 

3.5 

2.5 

5 

u.A 

Tmin  to  Tm„ 

6.5 

4.5 

0.04 

7 

M.A 

Offset  Current 

0.04 

0.25 

0.02 

0.15 

0.25 

uA 

Tmin  »  Tm„ 

0.3 

0.2 

0.4 

uA 

Power  Supply 

Rejection  Ratio  dc 

Vs  ±20% 

80  90 

88 

100 

80 

90 

dB 

T^in  to  T„„ 

76  88 

85 

93 

76 

85 

dB 

Input  Voltage  Range 

Differential  Voltage 

Vss±15  V 

±vs 

±V<. 

±VS 

V 

Common  Mode 

-Vs 

+Vs-2  V 

-% 

+Vs-2  V 

-Vs 

+Vs-2  V 

v  '■/ 

Common  Mode 

Rejection  Ratio 

-10  V<VCM 

80  95 

88 

105 

80 

95 

dB 

<  +  10  V 

■ 

1  min  tO  I  ^ 

76  90 

85 

100 

76 

88 

ATi 

Input  Impedance 

20||2 

20||2 

20||2 

MiiHpr' 

LATCH  CHARACTERISTICS 

Latch  Hold  Time,  tH 

25 

35 

25 

35 

25 

35 

ns 

Latch  Setup  Time,  ts 

5 

10 

5 

10 

5 

10 

ns 

LOW  Input  Level, VIL 

Tmin  tO  Tmax 

0.8 

0.8 

0.8 

V 

rlluri  input  Level,  vm 

i  min  tO  lmax 

1.6 

1.6 

1.6 

V 

Latch  Input  Current 

2.3 

5 

2.3 

3.5 

2.3 

5 

U.A 

T  rnT 
1  min        1  max 



7 

5 

8 

uA 

SUPPLY  CHARACTERISTICS 

Dtff  Supply  Voltage3 

Vlogic  =  5  V 

Tmi„  to  T„„ 

4.5 

33 

4.5 

33 

4.7 

33 

V 

Logic  Supply 

T„  to  Tm 

4.0 

7 

4.0 

7 

4.2 

7 

V 

Quiescent  Current 

+vs 

+VS  =  15  V 

10 

8 

10 

8 

10 

mA 

-vs 

-Vs  =  -15  V 

4 

5 

4 

5 

4 

5 

mA 

V 

•LOGIC 

■LOGIC  -  ->  V 

2 

3.3 

2 

3.3 

2 

3.3 

mA 

Power  Dissipation 

242 

242 

242 

mW 

TEMPERATURE  RANGE 

0  to  +7O/-40 

Rated  Performance 

Tmin  to  T^ 

to  +85 

0  to  +70/-40  to  +85 

-55  to  +125 

°C 

NOTES 

'Defined  as  the  average  of  the  input  voltages  at  the  low  to  high  and  high  to  low  transition  points.  Refer  to  Figure  14. 

2Defined  as  half  the  magnitude  between  the  input  voltages  at  the  low  to  high  and  high  to  low  transition  points.  Refer  to  Figure  14. 

3+Vs  must  be  no  lower  than  (VLOgic  _°.5  V)  in  any  supply  operating  conditions,  except  during  power  up. 

All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  test. 

Specifications  subject  to  change  without  notice. 
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AD790J/A 

AD790K/B 

AD790S 

Units 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

RESPONSE  CHARACTERISTIC 

100  mV  Step 

Propagation  Delay,  tPD 

5  mV  Overdrive 

Tmin  tO  Tmax 

45 

50 

50/60 

45 

50 

50/60 

45 

50 
65 

ns 
ns 

OUTPUT  CHARACTERISTICS 

Output  HIGH  Voltage,  VOH 

1.6  mA  Source 
6.4  mA  Source 

4.3 

4.65 
4,45 

4.3 

4.65 
4.45 

4.3 

4.65 

V 

Tmin  tO  T^ 

1.6  mA  Sink 
6.4  mA  Sink 

4.3 

4.3 

4.3 

V 

Output  LOW  Voltage,  VOL 

0.35 
0  44 

0  5 

0.35 
0.44 

0.5 

0.35 
0  44 

0.5 

V 

V 

I"™*  to  Tm„ 

0.5 

0.5 

0.5 

V 

INrUl  CHARAC1ER1S11CS 
Onset  Voltage 

0.45 

1.5 

0.35 

0.6 

0.45 

1.5 

mV 

Tmin  to  Tm„ 

2.0 

2.0 

mV 

Hysteresis3 

Tmin  to  Tmax 

0.3 

0.5 

0.75 

0.3 

0  5 

0.65 

0.7 

1.0 

mV 

Bias  Current 

Either  Input 
Tmi„  to  Tm„ 

2.7 

5 

7 

2.0 

3.5 

5 

2.7 

5 
8 

,xA 
M-A 

unset  L-urrent 

Tmin  tO  Tmall 

0.04 

0.25 

0.3 

0.02 

0.15 
0.2 

0.04 

0.25 
0.4 

M-A 

Power  Supply 

Rejection  Ratio  dc 

4.5  VsVss5.5  V 

80 

90 

86 

100 

80 

90 

dB 

T  toT 

1  nun        *  max 

76/76 

88 

82 

93 

76 

85 

dB 

Input  Voltage  Range 
Differential  Voltage 

-vs 

o  1 

—  *  s 

+v 
=  vs 

V  , 

Common  Mode 

0 

+  Vs    L  V 

+Vs-2  V 

0 

+  »s    £■  V 

V 

Input  Impedance 

20||2 

20||2 

20||2 

MnupF 

LATCH  CHARACTERISTICS 

Latch  Hold  Time,  tH 

25 

35 

25 

25 

35 

ns 

Latch  Setup  Time,  ts 
LOW  Input  Level, VIL 
HIGH  Input  Level,  VIH 
Latch  Input  Current 

"^min  ^  ^max 
T^n  tO  Tmax 

1.6 

5 

10 

U.o 

1.6 

5 

10 
0.8 

1.6 

5 

10 
U.o 

ns 
V 
V 

Tmin  t0  Tmax 

2.3 

5 

7 

2.3 

3.5 
5 

2.3 

5 
8 

M-A 
MA 

SUPPLY  LHARAC 1 ERIS 1  ICS 

Supply  Voltage4 
Quiescent  Current 

Tmi„  to  Tma„ 

nun  max 

4.5 

10 

7 

12 

4.5 

10 

7 
12 

4.7 

10 

7 
12 

V 

mA 

Power  Dissipation 

60 

60 

60 

mW 

TEMPERATURE  RANGE 

Rated  Performance 

Tmin  tO  T„ 

0  to  +  70/- 

40  to  +85 

0  to  +70/- 

40  to  +85 

-55  to  +125 

°C 

NOTES 

1  tied  to  Pin  8,  and  Pin  4  tied  to  Pin  6. 
2Defined  as  the  average  of  the  input  voltages  at  the  low  to  high  and  high  to  low  transition  points.  Refer  to  Figure  14. 
3Defined  as  half  the  magnitude  between  the  input  voltages  at  the  low  to  high  and  high  to  low  transition  points.  Refer  to  Figure  14. 
4-Vs  must  not  be  connected  above  ground. 
Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  test. 
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ABSOLUTE  MAXIMUM  RATINGS1,  2 

Supply  Voltage  ±18  V 

Internal  Power  Dissipation2   500  mW 

Differential  Input  Voltage    ±16.5  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Rstnge 

(N,  R)  -65°C  to  +  125°C 

(Q)  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functionalop- 
eration  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

'Thermal  characteristics:  plastic  N-8  package:  6JA  =  90°C/watt;  ceramic  Q-8 
package:  6JA  =  HOX/watt,  9JC  =  30°C/watt. 
SOIC  (R-8)  package:  6JA  =  160°C/watt;  6JC  -  42°C/watt. 


Logic  Supply  Voltage  .  . 


.  .  7  V 


METALIZATION  PHOTOGRAPH 

Contact  factory  for  latest  dimensions. 
Dimensions  shown  in  inches  and  (mm). 
Call  factory  for  chip  specifications. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD790JN 

0°C  to  +70°C 

Plastic  DIP 

N-8 

AD790JR 

0°C  to  +70°C 

SOIC 

R-8 

AD790JR-REEL 

0°C  to  +70°C 

Reel 

AD790KN 

0°C  to  +70°C 

Plastic  DIP 

N-8 

AD790AQ 

-40°C  to  +  85°C 

Cerdip 

Q-8 

AD790BQ 

-40°Cto  +85°C 

Cerdip 

Q-8 

AD790SQ 

-55°Cto  +  125°C 

Cerdip 

Q-8 

AD790SQ/883B 

-55°C  to  +125°C 

Cerdip 

Q-8 

AD790S  Chips 

-55°C  to  +  125°C 

Die 

*For  outline  information  see  Package  Information 


+5V  LATCH 

(OPTIONAL) 

0.1uF 


0.1  uF 
-15  V 

Figure  1.  Basic  Dual  Supply 
Configuration  (N,  Q  Package  Pinout) 


OUTPUT 


Figure  2.  Basic  Single  Supply 
Configuration  (N,  Q  Package  Pinout) 


- 


0.1uF      +15V  +5V 


0.1  nF 


PULSE 
GENERATOR 


10kO 

-5mVf— \<V\ —  VOLTAGE 
SOURCE 


Figure  3.  Response  Time  Test  Circuit  (N,  Q  Package  Pinout) 
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ANALOG 
DEVICES 


Ultrafast 
TTL  Comparators 


AD9696/AD9698 


FEATURES 

4.5  ns  Propagation  Delay 

200  ps  Maximum  Propagation  Delay  Dispersion 
Single  +5  V  or  ±5  V  Supply  Operation 
Complementary  Matched  TTL  Outputs 

APPLICATIONS 
High  Speed  Line  Receivers 
Peak  Detectors 
Window  Comparators 
High  Speed  Triggers 
Ultrafast  Pulse  Width  Discriminate 


GENERAL  DESCRIPTION 

The  AD9696  and  AD9698  are  ultrafast  TTL-compatible  voltage 
comparators  able  to  achieve  propagation  delays  previously  possi- 
ble only  in  high  performance  ECL  devices.  The  AD9696  is  a 
single  comparator  providing  4.5  ns  propagation  delay,  200  ps 
maximum  delay  dispersion  and  1.7  ns  setup  time.  The  AD9698 
is  a  dual  comparator  with  equally  high  performance;  both  de- 
vices are  ideal  for  critical  timing  circuits  in  such  applications  as 
ATE,  communications  receivers  and  test  instruments. 


Both  devices  allow  the  use  of  either  a  single  +5  V  supply  or 
±5  V  supplies.  The  choice  of  supplies  determines  the  common 
mode  input  voltage  range  available:  —2.2  V  to  +3.7  V  for  ±5  V 
operation,  +1.4  V  to  +3.7  V  for  single  +5  V  supply  operation. 

The  differential  input  stage  features  high  precision,  with  offset 
voltages  which  are  less  than  2  mV  and  offset  currents  less  than 
1  uA.  A  latch  enable  input  is  provided  to  allow  operation  in  ei- 
ther sample-and-hold  or  track-and-hold  applications. 

The  AD9696  and  AD9698  are  both  available  as  commercial  tem- 
perature range  devices  operating  from  ambient  temperatures  of 
0°C  to  +70°C,  and  as  extended  temperature  range  devices  for 
ambient  temperatures  from  — 55°C  to  +125°C.  Both  versions  are 
available  qualified  to  MIL-STD-883  class  B.. 

Package  options  for  the  AD9696  include  a  10-pin  TO-100  metal 
can,  an  8-pin  ceramic  DIP,  an  8-pin  plastic  DIP,  and  an  8-lead 
small  outline  plastic  package.  The  AD9698  is  available  in  a 
16-pin  ceramic  DIP,  a  16-lead  ceramic  gullwing,  a  16-pin  plastic 
DIP,  and  a  16-lead  small  outline  plastic  package.  Military  quali- 
fied versions  of  the  AD9696  come  in  the  TO-100  can  and 
ceramic  DIP;  the  dual  AD9698  comes  in  ceramic  DIP. 

■  ■ 


FUNCTIONAL  BLOCK  DIAGRAM 


1U 


■ 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9696/AD9II98— SPECIFICATIONS 


— 





ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  (+VS/-VS)  +7  V/-7  V 

Input  Voltage  Range  ±5V 

Differential  Input  Voltage  5.4  V 

Latch  Enable  Voltage  -0.5  V  to  +VS 

Output  Current  (Continuous)  20  mA 

Power  Dissipation   600  mW 


Operating  Temperature  Range 

AD9696/AD9698KH/KN/KQ/KR3  0°C  to  +70°C 

AD9696/AD9698TH/TQ3   -55°C  to +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Junction  Temperature 

KH/KQ/TH/TQ  Suffixes   +  175°C 

KN/KR  Suffixes  +  150°C 

Lead  Soldering  Temperature  (10  sec)   +300°C 


_,  .,„  ,,„„„,-„„.  (Supply  Voltages  =  -5.2  V  and  +5.0  V;  load  as  specified  in  Note  4, 

ELECTRICAL  CHARACTERISTICS  unless  otherwise  indicated) 


0°C  to  +70°C 

55°C  to  +125',C 

AD9696/AD9698 

AD9696/AD9698 

Test 

KH/KN/KQ/KR3 

TH/TQ3 

Parameter 

Temp 

Level 

Min  Typ 

Max 

Min 

Typ 

Max 

Units 

INPUT  CHARACTERISTICS 

Input  Offset  Voltage5 

+25°C 

I 

1.0 

2.0 

1.0 

2.0 

mV 

Full 

VI 

3.0 

3.0 

mV 

Input  Offset  Voltage  Drift 

Full 

V 

10 

10 

u.V/°C 

Input  Bias  Current 

+25°C 

I 

16 

55 

16 

55 

jiA 

Full 

VI 

110 

1  1A 

uA 

Tnmir  OffcpT  Current 

+25°C 

I 

0.4 

1.0 

0.4 

1  (\ 
l.U 

uA 

Full 

VI 

1.3 

i  a 
1.5 

u.A 

Input  Capacitance 

+25°C 

v 

3 

3 

pF 

Tnnnt  Voltage  Ratiffp 

+  S  0  V 

—  J.KI  V 

Full 

VI 

—2.2 

+3.7 

-2.2 

-1-2  7 
+  3./ 

v 

+5.0  V 

Full 

VI 

+  1.4 

+3.7 

+  1.4 

4-3  7 

v 

Common  Mode  Rejection  Ratio 

±5.0  V 

Full 

VI 

80  85 

80 

85 

dB 

+5.0  V 

Full 

VI 

57  63 

57 

63 

dB 

LATCH  ENABLE  INPUT 
Logic  "1"  Voltage  Threshold 

Full 

VI 

2.0 

2.0 

V 

Logic  "0"  Voltage  Threshold 

Full 

VI 

0.8 

0.8 

V 

Logic  "1"  Current 

Full 

VI 

10 

10 

uA 

Logic  "0"  Current 

Full 

VI 

1 

1 

uA 

DIGITAL  OUTPUTS 

Logic  "1"  Voltage  (Source  4  mA) 

Full 

VI 

2.7  3.5 

2.7 

3.5 

V 

Logic  "0"  Voltage  (Sink  10  mA) 

Full 

VI 

0.4 

0.5 

0.4 

0.5 

V 

SWITCHING  PERFORMANCE 

Propagation  Delay  (tPD)6 

Input  to  Output  HIGH 

Full 

IV 

4.5 

7.0 

4.5 

7.0 

ns 

Input  to  Output  LOW 

Full 

IV 

4.5 

7.0 

4.5 

7.0 

ns 

Latch  Enable  to  Output  HIGH 

+25"C 

IV 

6.5 

8.5 

6.5 

8.5 

ns 

Latch  Enable  to  Output  LOW 

+25°C 

IV 

6.5 

8.5 

6.5 

8.5 

ns 

Delta  Delay  Between  Outputs 

+25°C 

IV 

0.5 

1.5 

0.5 

1.5 

ns 

Propagation  Delay  Dispersion 

20  mV  to  100  mV  Overdrive 

+25°C 

V 

100 

100 

ps 

100  mV  to  1.0  V  Overdrive 

+25°C 

IV 

100 

200 

100 

200 

ps 
ns 

Rise  Time" 

+25°C 

V 

1.85 

1.85 

Fall  Time" 

+25°C 

V 

1.35 

1.35 

ns 

Latch  Enable 

Pulse  Width  [tpw(E)] 

+25°C 

IV 

3.5  2.5 

3.5 

2.5 

ns 

Setup  Time  (ts) 

+25°C 

IV 

3  1.7 

3 

1.7 

ns 

Hold  Time  (t„) 

+25°C 

IV 

3  1.9 

3 

1.9 

ns 
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AD9696/AD9698 

0°C  to  +70°C 

-55°C  to  +125°C 

AD9696/AD9698 

AD9696/AD9698 

Parameter 

Temp 

Test 
Level 

KH/KN/KQ/KR3 
Min         Typ  Max 

TH/TQ3 
Min       Typ  Max 

Units 

POWER  SUPPLY7 

Positive  Supply  Current8 
AD9696 

Full 

VI 

26  32 

26  32 

c+s  n  vi 
mA 

AD9698 

Full 

VI 

52  64 

52  64 

mA 

Negative  Supply  Current' 
AD9696 

Full 

VI 

2.5  4.0 

2.5  4.0 

mA 

AD9698 

Full 

VI 

5.0  8.0 

5.0  8.0 

mA 

Power  Dissipation 
AD9696  +5.0  V 

Full 

V 

130 

130 

mW 

AD9696  ±5.0  V 

Full 

V 

146 

146 

mW 

AD9698  +5.0  V 

Full 

V 

260 

260 

mW 

AD9698  ±5.0  V 

Full 

V 

292 

292 

mW 

Power  Supply  Rejection  Ratio10 

+25°C 
Full 

VI 
VI 

70 
65 

70 
65 

dB 
dB 

NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired. 
Functional  operability  is  not  necessarily  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  an  extended  period  of  time  may  affect 
device  reliability. 
2Typical  thermal  impedances: 


AD9696  Metal  Can 
AD9696  Ceramic  DIP 

AD9696  Plastic  SOIC 
AD9698  Ceramic  DIP 
AD9698  Plastic  DIP 
AD9698  Plastic  SOIC 


It 
Ha 
6;a 


no°c/w  eJC 

no°c/w  e,c 

I60°c/w  eJC 

e,A  =  I80X/W  e,c 

eJA  =  90°aw  eJC 
eJA  =  ioo°c/w 

9,.  =  120°C/W 


50°C/W 
20°C/W 
30°C/W 
i,c  =  30°C/W 
'JC  =  25°C/W 
|,C  =  20°C/W 
Ir  =  20°C/W 


3Suffixes  KH  and  TH  apply  only  to  model  AD9696;  AD9698  not  available 
in  metal  can. 

4Load  circuit  has  420  CI  from  +VS  to  output;  460  fi  from  output  to  ground. 
!RS  ==100  n. 

6Propagation  delays  measured  with  100  mV  pulse;  10  mV  overdrive. 

7Supply  voltages  should  remain  stable  within  ±5%  for  normal  operation. 

"Specification  applies  to  both  +5  V  and  ±5  V  supply  operation. 

'Specification  applies  to  only  ±5  V  supply  operation. 
'"Measured  with  nominal  values  ±5%  of  +V5  and  -Vs. 
"Although  fall  time  is  faster  than  rise  time,  the  complementary  outputs  cross 

at  midpoint  of  logic  swing  because  of  delay  on  start  of  falling  edge. 
Specifications  subject  to  change  without  notice. 


EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at  +25°C,  and  sample  tested 

at  specified  temperatures. 

III  -  Sample  tested  only. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25°C.  100% 

production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature  ex- 
remes  for  commercial/industrial  devices.  
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Model 

Package 

Temperature 

Package 
Option1 

AD9696KH 

TO- 100  Can 

0°C  to  +70°C 

H-10A 

AD9696KN 

Plastic  DIP 

0°Cto  +70°C 

N-8 

AD9696KR 

SOIC 

0°C  to  +70°C 

R-8 

AD9696KQ 

Cerdip 

0°C  to  +70°C 

Q-8 

AD9696TH 

TO-100  Can 

-55°C  to  +  125°C 

H-10A 

AD9696TQ 

Cerdip 

-55°Cto  +  125°C 

Q-8 

AD9696TZ/883B2 

Gullwing 

-55°Cto  +125°C 

Z-8A 

AD9698KN 

Plastic  DIP 

0°C  to  +70°C 

N-16 

AD9698KR 

SOIC 

0°C  to  +70°C 

R-16A 

AD9698KQ 

Cerdip 

0°C  to  +70°C 

Q-16 

AD9698TQ 

Cerdip 

-55°Cto  +125°C 

Q-16 

AD9698TZ/883B3 

Gullwing 

-55°Cto  +125°C 

Z-16 

NOTES 

'H  =  Hermetic  Metal  Can,  N  =  Plastic  DIP,  Q  =  Cerdip,  R  = 
line  (SOIC),  Z  =  Ceramic  Leaded  Chip  Carrier.  For 
Package  Information  section. 

!Refer  to  AD9696TZ/883B  military  data  sheet. 

'Refer  to  AD9698TZ/883B  military  data  sheet. 
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AnQRQR/flOgiW  m^m*  ' 

GROUND  (-IN,)  [7  jJJ  GROUND  (01^) 

(+IN,)|T  TOP  VIEW  13]  LATCH  ENABLE  2(01^) 
<1N2)[J_    <N«*>  =*■'•>  |a]N/C,Q20UT, 

-VsHNjlfl  ii]*vs(Q2^7) 

-IN,  (+Vs)|T  10] -JN2  (GROUND) 

♦IN,  (N/C)  [7  JJ  tlN  2  (LATCH  ENABLE  2) 


LATCH  ENABLE  1 

NIC 


AD96M8KN/KQ/TQ 
[AD9698KR/TZ  PINOUTS  SHOWN  IN  ( )] 


E 
E 
E 

>E 


TOP  VIEW 
(Not  to  Scale) 


3 

°OUT 

jJ 

Qout 

3 

GROUND 

3 

LATCH 
ENABLE 

AD9696KN/KR/KO/TO/TZ 


PIN  DESCRIPTIONS 


Name 


Function 

One  of  two  complementary  outputs.  QlOUT  will  be  at  logic  HIGH  if  voltage  at  +IN,  is  greater  than  voltage  at  -IN) 
and  LATCH  ENABLE  1  is  at  logic  LOW. 

One  of  two  complementary  outputs.  Q10ut  will  be  at  logic  HIGH  if  voltage  at  -IN,  is  greater  than  voltage  at  +IN, 
and  LATCH  ENABLE  1  is  at  logic  LOW. 

Analog  and  digital  ground  return.  All  GROUND  pins  should  be  connected  together  and  to  a  low  impedance  ground 
plane  near  the  comparator. 

Output  at  Q10ut  wm  track  differential  changes  at  the  inputs  when  LATCH  ENABLE  1  is  at  logic  LOW. 
When  LATCH  ENABLE  1  is  at  logic  HIGH,  the  output  at  Q1OUt  will  reflect  the  input  state  at  the  application  of  the 
latch  command,  delayed  by  the  Latch  Enable  Setup  Time  (ts).  Since  the  architecture  of  the  input  stage  (see  block 
diagram)  is  faster  than  the  logic  of  the  latch  stage,  data  will  typically  be  latched  if  applied  to  the  comparator(s)  within 
1.7  ns  after  the  latch.  This  is  the  Setup  Time  (ts);  for  guaranteed  performance,  ts  must  be  3  ns. 

No  internal  connection  to  comparator. 

Negative  power  supply  connection;  nominally  —5.2  V. 

Inverting  input  of  differential  input  stage  for  Comparator  #  1 . 

Noninverting  input  of  differential  input  stage  for  Comparator  #1. 

Noninverting  input  of  differential  input  stage  for  Comparator  #2. 

Inverting  input  of  differential  input  stage  for  Comparator  #2. 

Positive  power  supply  connection;  nominally  +5  V. 

Output  at  Q2oux  will  track  differential  changes  at  the  inputs  when  LATCH  ENABLE  2  is  at  logic  LOW. 
When  LATCH  ENABLE  2  is  at  logic  HIGH,  the  output  at  Q2OUT  will  reflect  the  input  state  at  the  application  of  the 
latch  command,  delayed  by  the  Latch  Enable  Setup  Time  (ts).  Since  the  architecture  of  the  input  stage  (see  block 
diagram)  is  faster  than  the  logic  of  the  latch  stage,  data  will  typically  be  latched  if  applied  to  the  comparator(s)  within 
1.7  ns  after  the  latch.  This  is  the  Setup  Time  (ts);  for  guaranteed  performance,  ts  must  be  3  ns. 


Qlc 


QloUT 

GROUND 

LATCH 
ENABLE  1 


N/C 

-vs 

-IN, 

+IN, 

+IN2 

-IN, 

+VS 

LATCH 

ENABLE  2 


Q^OUT 
Q^OUT 


One  of  two  complementary  outputs.  Q2oux  will  be  at  logic  HIGH  if  voltage  at  -IN2  is  greater  than  voltage  at  +IN2 
and  LATCH  ENABLE  2  is  at  logic  LOW. 

One  of  two  complementary  outputs.  Q2OUT  will  be  at  logic  HIGH  if  voltage  at  +IN2  is  greater  than  voltage  at  -IN2 
and  LATCH  ENABLE  2  is  at  logic  LOW. 
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Ultrafast  Comparators 


AD96685/AD96687 


 1 


FEATURES 
Fast:  2.5ns  Propagation  Delay 
Low  Power:  118mW  per  Comparator 
Packages:  DIP,  TO-100,  SOIC.  PLCC 
Power  Supplies:  +  5V,  -S.2V 
Logic  Compatibility:  ECL 
MIL-STD-883  Versions  Available 
50ps  Delay  Dispersion 

APPLICATIONS 
High  Speed  Triggers 
High  Speed  Line  Receivers 
Threshold  Detectors 
Window  Comparators 
Peak  Detectors 


AD96685  FUNCTIONAL  BLOCK  DIAGRAM 


LATCH  ENABLE 


AD96687  FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD96685  and  AD96687  are  ultrafast  voltage  comparators. 
The  AD96685  is  a  single  comparator  with  2.5ns  propagation 
delay;  the  AD96687  is  an  equally  fast  dual  comparator.  Both 
devices  feature  50ps  propagation  delay  dispersion  which  is  a 
particularly  important  characteristic  of  high  speed  comparators. 
It  is  a  measure  of  the  difference  in  propagation  delay  under 
differing  overdrive  conditions. 

A  fast,  high  precision  differential  input  stage  permits  consistent 
propagation  delay  with  a  wide  variety  of  signals  in  the  common- 
mode  range  from  -  2.5V  to  +  5V.  Outputs  are  complementary 
digital  signals  fully  compatible  with  ECL  10K  and  10KH  logic 
families.  The  outputs  provide  sufficient  drive  current  to  directly 
drive  transmission  lines  terminated  in  50O  to  —  2V.  A  level- 
sensitive  latch  input  is  included  which  permits  tracking,  track- 
hold,  or  sample-hold  modes  of  operation. 


LATCH  ENABLE 


LATCH  ENABLE 


THE  OUTPUTS  ARE  OPEN  EMITTERS.  REQUIRING  EXTERNAL 
PULL-DOWN  RESISTORS.  THESE  RESISTORS  MAY  BE  IN  THE 
RANGE  OF  5011  -  200!!  CONNECTED  TO  -2.0V.  OR  20011  -  200011 


The  AD96685  and  AD96687  are  available  in  both  industrial, 
—  25°C  to  +  85°C,  and  military  temperature  ranges.  Industrial 
range  devices  are  available  in  16-pin  DIP,  SOIC,  and  20-lead 
PLCC;  additionally,  the  AD96685  is  available  in  a  10-pin,  TO-100 
metal  can.  Both  devices  are  available  qualified  to  MIL-STD-883, 
Class  B  in  16-pin  ceramic  DIP  and  20-lead  ceramic  LCC;  the 
TO-100  version  of  the  AD96685  is  also  mil-qualified. 
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Device 

Type 

Temperature  Range 

Description 

Package 
Options* 

AD96685BH 

Single 

-25°Cto 

+  85°C 

10-Pin  Can,  Industrial 

H-10A 

AD96685BP 

Single 

-25°Cto 

+  85°C 

20-Pin  PLCC,  Industrial 

P-20A 

AD96685BQ 

Single 

-25°Cto 

+  85°C 

16-Pin  DIP,  Industrial 

Q-16 

AD96685BR 

Single 

-25°Cto 

+  85°C 

16-Pin  SOIC,  Industrial 

R-16 

AD96685TE 

Single 

-55°Cto 

+ 125-C 

20-Pin  LCC,  Extended  Temperature 

E-20A 

AD96685TH 

Single 

-55°Cto 

+ 125°C 

10-Pin  Can,  Extended  Temperature 

H-10A 

AD96685TQ 

Single 

-55°Cto 

+ 125-C 

16-Pin  DIP,  Extended  Temperature 

Q-16 

AD96687BP 

Dual 

-25°Cto 

+  85°C 

20-Pin  PLCC,  Industrial 

P-20A 

AD96687BQ 

Dual 

-25°Cto 

+  85°C 

16-Pin  DIP,  Industrial 

Q-16 

AD96687BR 

Dual 

-25°Cto 

+  85°C 

16-Pin  SOIC,  Industrial 

R-16 

AD96687TE 

Dual 

-55°Cto 

+ 125°C 

20-Pin  LCC,  Extended  Temperature 

E-20A 

AD96687TQ 

Dual 

-55°Cto 

+ 125°C 

16-Pin  DIP,  Extended  Temperature 

Q-16 

*For  outline  information  see  Package  Information  section. 
1  data  sheet.  To  obtain  the  m< 
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AD96685/AD  96687— SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage  (  +  VS)  +6.5V 

Negative  Supply  Voltage  (- Vs)  -6.5V 

Input  Voltage  Range2  ±  5V 

Differential  Input  Voltage  5.5V 

Latch  Enable  Voltage   -  Vs  to  OV 

Output  Current  30mA 


Operating  Temperature  Range3 

AD96685/87/BH/BQ/BP/BR    -  25°C  to  +  85°C 

AD96685/87/TE/TH/TQ  -  55°C  to  +  125°C 

Storage  Temperature  Range  -  55°C  to  +  150°C 

Junction  Temperature  +  175°C 

Lead  Soldering  Temperature  (lOsec)  +300°C 


=  -5 


ELECTRICAL  CHARACTERISTICS  (Positive  Supply 


Voltage  =  +  5.0V;  Negative  ! 


INPUT  CHARACTERISTICS 
Input  Offset  Voltage4 

Input  Offset  Drift 
Input  Bias  Current 

Input  Offset  Current 

Input  Resistance 
Input  Capacitance 
Input  Voltage  Range5 
Common-Mode  Rejection  Ratio 


Temp 


Test 
Level 


+  25°C 

Full 

Full 

+  25°C 

Full 

+  25°C 

Full 

+  25"C 

+  25°C 

Full 

Full 


Industrial  Temp.  Range  -25°C  to  +85°C 
AD96687BQ/BP/BR 


AD96685BH/BQ/BP/BR 
Min      Typ  Max 


20 

7 


10 
13 

0.1  1.0 
1.2 

200 
80  90 


+  5.0 


Min      Typ  Mai 


20 
7 


200 

2 


2 
3 

10 
13 
1.0 
1.2 


Extended  Temp.  Range 


AD96685TE/TH/TQ 
itin  Typ 


55°Cto  +125X 

AD96687TE/TQ 

Max        Min      Typ  Max 



20 
7 


200 
2 


2 
3 

10 
16 
1.0 
1.2 


-2.5 
80 


Units 



20 

'7 


200 
2 


2 
3 

10 
16 
1.0 
1.2 


mV 

mV 

u.WC 

uA 

M.A 

llA 

uA 

kfl 

pF 

V 

(IB- 


ENABLE  INPUT 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic"!"  Current 
Logic  "0"  Current 


DIGITAL  OUTPUTS6 
Logic  "1"  Voltage 
Logic  "0"  Voltage 


Full 
FuU 
Full 
Full 


40 

5 


40 

5 


40 

5 


-1.5 

40 

5 


V 
V 
u.A 
uA 


Full 
Full 


-1.5 





IK 


1.4 





1.5 


1.1 




SWITCHING  PERFORMANCE6 

Propagation  Delays7 
Input  to  Output  HIGH 
Input  to  Output  LOW 
Latch  Enable  to  Output  HIGH 
Latch  Enable  to  Output  LOW 

Dispersion8 

Latch  Enable 
Minimum  Pulse  Width 
Minimum  Setup  Time 
Minimum  Hold  Time 


+  25X 
+  25°C 
+  25°C 
+  25-C 
+  25X 

+  25°C 
+  25-C 
+  25-C 


2.5 
2.5 
2.5 
2.5 
50 

2.0 
0.5 
0.5 


3.5 
3.5 
3.5 
3.5 

3.0 
1.0 
1.0 


2.5 
2.5 
2.5 
2.5 
50 

2.0 
0.5 
0.5 


3.5 
3.5 
3.5 
3.5 


3.0 
1.0 
1.0 


2.5 
2.5 
2.5 
2.5 
50 

2.0 
0.5 
0.5 


3.5 
3.5 
3.5 
3.5 


3.0 
1.0 
1.0 


2.5 
2.5 
2.5 
2.5 
50 

2.0 
0.5 
0.5 


3.5 
3.5 
3.5 
3.5 


3.0 
1.0 
1.0 


ps 


POWER  SUPPLY' 
Positive  Supply  Current  ( +  5.0V) 
Negative  Supply  Current  ( -  5.2V) 
Power  Supply  Rejection  Ratio10 


Full 
Full 


8 
15 

60  70 


9 
18 


15 

60  70 


8 
15 
70 


9 
18 


15 
31 
70 


18 
36 


mA 
mA 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  serviceability  of  the  circuit  may  be  impaired.  Functional 
operation  under  any  of  these  coniiitions  is  not  necessarily  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 

2Under  no  circumstances  should  tiae  input  voltages  exceed  the  supply 
voltages. 

'Typical  thermal  impedances  . 

AD96685  Metal  Can 

AD96685  Ceramic 

AD96685LCC 

AD96685SOIC 

AD96685  PLCC 

AD96687  Ceramic 

AD96687LCC 

AD96687SOIC 

AD96687PLCC 
'Rs=100n. 

'Input  Voltage  Range  can  be  extended  to  -3.3V  if  -Vs=  -6.0V. 
6Outputs  terminated  through  5011  to  -2.0V. 

'Propagation  delays  measured  with  lOOmV  pulse  (lOmV  overdrive),  to 
50%  transition  point  of  the  output. 

8Change  in  propagation  Delay  from  lOOmV  to  IV  input  overdrive. 

'Supply  voltages  should  remain  stable  within  ±  5%  for  c 
'"Measured  at  ±5%  of  +VS  and  -Vs. 
Specifications  subject  to  change  wiihout  notice. 


«,„  =  1 72-C/W;  e,c  =  52'C/W 
6,A  -  115°C/W;  9,c  =  57°C/W 
6,A  =  1 72"C/W;  e,c  =  65"C/W 
6,a  -  170"OW;  e,r  =60*C/W 
6,A  -  88°OW;  e,c  =  45°C/W 
9,A  -  1 15X/W;  8,c  -  57°C/W 
»,„  =  82*C/W;  e,c  =  31°C/W 
6,a  -  92-OW;  e,c  =  47°C/W 
6,A  -  8 1*C/W;  e,c  =  45'C/W 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 

-  100%  production  tested. 

-  100%  production  tested  at  +  25°C,  and  sample  tested 
at  specified  temperatures. 

-  Sample  tested  only. 

-  Parameter  is  guaranteed  by  design  and  characterization 
testing. 

-  Parameter  is  a  typical  value  only. 

-  All  devices  are  100%  production  tested  at  +  25°C; 
1 00%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 
temperature  extremes  for  commercial/industrial 


I 
II 

III 

IV 

V 
VI 


devices. 
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Fin  Name 


FUNCTIONAL  DESCRIPTION 

Description 


+  VS 

NONINVERTING  INPUT 
INVERTING  INPUT 
LATCH  ENABLE 

[ ENABLE 


■ 

GROUND 1 

GROUND  2 
 i  


-Positive  supply  terminal,  nominally  +5.0V. 

-  Noninverting  analog  input  of  the  differential  input  stage.  The  NONINVERTING  INPUT  must 
be  driven  in  conjunction  with  the  INVERTING  INPUT. 

-  Inverting  analog  input  of  the  differential  input  stage.  The  INVERTING  INPUT  must  be  driven 
in  conjunction  with  the  NONINVERTING  INPUT. 

-  In  the  "compare"  mode  (logic  HIGH),  the  output  will  track  changes  at  the  input  of  the  comparator. 
In  the  "latch"  mode  (logic  LOW),  the  output  will  reflect  the  input  state  just  prior  to  the  comparator 
being  placed  in  the  "latch"  mode.  LATCH  ENABLE  must  be  driven  in  conjunction  with  LATCH 
ENABLE  for  the  AD96687. 

-  In  the  "compare"  mode  (logic  LOW),  the  output  will  track  changes  at  the  input  of  the  comparator. 
In  the  "latch"  mode  (logic  HIGH),  the  output  will  reflect  the  input  state  just  prior  to  the  comparator 
being  placed  in  the  "latch"  mode.  LATCH  ENABLE  must  be  driven  in  conjunction  with 
LATCH  ENABLE  for  the  AD96687. 

-  Negauve  supply  terminal,  nominally  —  5.2V. 

-  One  of  two  complementary  outputs.  Q  will  be  at  logic  HIGH  if  the  analog  voltage  at  the  NON- 
INVERTING  INPUT  is  greater  than  the  analog  voltage  at  the  INVERTING  INPUT  (provided 
the  comparator  is  in  the  "compare"  mode).  See  LATCH  ENABLE  and  LATCH  ENABLE  (AD96687 
only)  for  additional  information. 

-  One  of  two  complementary  outputs.  Q  will  be  at  logic  LOW  if  the  analog  voltage  at  the  NONIN- 
VERTING INPUT  is  greater  than  the  analog  voltage  at  the  INVERTING  INPUT  (provided  the 
comparator  is  in  the  "compare"  mode).  See  LATCH  ENABLE  and  LATCH  ENABLE  (AD96687 
only)  for  additional  information. 

-  One  of  two  grounds,  but  primarily  associated  with  the  digital  ground.  Both  grounds  should  be 
connected  together  near  the  comparator. 

-  One  of  two  grounds,  but  primarily  associated  with  the  analog  ground.  Both  grounds  should  be 
connected  together  near  the  comparator. 

 — 


PIN  DESIGNATIONS 


AD96685 BQ/TQ/BR 


AD96687BQ  TQ  BR 


GROUND 1 


vs+  [T 

NON  INVERTING 

INPUT  L_ 
IN  VERTING  f 
INPUT  ■ 


LATCH  ENABLE  [T 
NC[T 

AD96685TE/BP  »•-[! 


1 INVERTING 
INPUT 

1 NONINVERTING 
INPUT 


NONINVERJTNGQ 

INVERTING  (T 
INPUT  L- 

NC|7 
NC  ^ 

EW8SE 


f  §  s  i  i 
mmmHR 


AD96687TE/BP 


AD96685BH/TH 


LiJHHLiJLiiJ 

i   '-  Z  i  £ 


IlliiB 


(PIN  S  CONNECTED  TO  CASE) 


■ 
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COMPARATORS  12-15 


UIYIPU4 


FEATURES 


High  Gain    200V/mVTyp 

Single  or  Dual  Supply  Operation 

Input  Voltage  Range  Includes  Ground 

Low  Power  Consumption  (1.5mW/Comparator) 

Low  Input  Bias  Current  100nA  Max 

Low  Input  Offset  Current   10nA  Max 

Low  Offset  Voltage   1mV  Max 

Low  Output  Saturation  Voltage    2S0mV  @  4mA 

Logic  Output  Compatible  with  TTL,  DTL,  ECL,  MOS  and 
CMOS 

Directly  Replaces  LM139/239/339  Comparators 
Available  In  Die  Form 


GENERAL  DESCRIPTION 

Four  precision  independent  comparators  comprise  the  CMP- 
04.  Performance  highlights  include  a  very  low  offset  voltage, 
low  output  saturation  voltage  and  high  gain  in  a  single  supply 
design.  The  input  voltage  range  includes  ground  for  single 
supply  operation  and  V-  for  split  supplies.  A  low  power 
supply  current  of  2mA,  which  is  independent  of  supply 
voltage,  makes  this  the  preferred  comparator  for  precision 
applications  requiring  minimal  power  consumption.  Maxi- 
mum logic  interface  flexibility  is  offered  by  the  open-collector 
TTL  output. 


PIN  CONNECTIONS 




ORDERING  INFORMATION  * 


TA  =  +25°C 

PACKAGE 

OPERATING 

vos 

CERDIP 

PLASTIC 

SO 

TEMPERATURE 

(mV) 

14-PIN 

14-PIN 

14-PIN 

RANGE 

1 

CMP04BY* 

MIL 

1 

CMP04FY 

CMP04FP 

CMP04FS 

XIND 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8B3  after  part 

number.  Consult  factory  for  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  "O-can  packages. 


OUT  2  [T 
OUT  1  [T 

v+  (T 
IN  1-  [T 
IN  1+  [T 
IN  2-  [T 


IN  2-  I 


4  1        jo]  IN  4- 

— '  ' —  in  in  3 — 


~m"|  OUT  3 
"ill  OUT  4 
iU  GNO 
TT]  IN  4  + 


14-PIN  HERMETIC  DIP 
(Y-SuHlx) 

14-PIN  EPOXY  DIP 
(P-Sufflx) 

14-PIN  SO 

(S-Suffix) 


TYPICAL  INTERFACE 


SIMPLIFIED  SCHEMATIC  (1/4  CMP-04) 


()3.5,A         ()lOO,A  (T)3.5»A  () 


 1       J   1 

21*         °p-HC°»  21 


*  SUBSTRATE  DIODES 


Driving  CMOS 

5.0 

-U  L 


Driving  TTL 


 -o— 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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REV.  A 


CMP04 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  36V  or±18V 

Differential  Input  Voltage  36Vdc 

Input  Voltage  -0.3V  to  +36V 

Operating  Temperature  Range 

CMP-04FY  -40-C  to  +B5°C 

CMP-04BY  -55-C  to  +125°C 

CMP-04FP,  FS  ~40"Cto  +85°C 

Junction  Temperature  (T.)  -650Cto  +150°C 


Storage  Temperature  Range  -65°C  to  +150°C 

P-Suffix)  -65°Cto+125°C 

Input  Current  (V|N . 


 50mA 


Output  Short-Circuit  to  GND  Continuous 

Lead  Temperature  (Soldering,  60  sec)   300°C 


PACKAGE  TYPE 

8|A(Note2) 

e.c 

UNITS 

14-Pin  Hermetic  DIP  (Z) 

110 

26 

°C/W 

1 4- Pin  Plastic  DIP  (P) 

83 

39 

°C/W 

14-Pin  SO  (S) 

120 

36 

°C/W 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  SjA  is  specified  tor  worst  case  mounting  conditions,  i.e.,  ejA  is  specified  for 
device  in  socket  for  CerDIP  and  P-DIP  packages;  ejA  is  specified  for  device 
soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

CMP-04B/F 
MIN  TYP 

UNITS 



Input  Offset  Voltage 

Vo= 

Rs  =  0n.  RL=5.1kfl 

0.4 

1 

-n  

mV 

V0=  1.4V,  (Note  1) 

Input  Offset  Current 

los 

I|n(+>-I|nH 

RL=5.1kfl 

VQ=1.4V 

2 

10 

nA 

Input  Bias  Current 

lB 

l|N(+>orl,NH 

25 

100 

nA 

Voltage  Gain 

Av 

80 

200 

V/mV 

RL>  15kn,  V+  =  15V,  (Note  5) 

1  arnn-Rinnal  Rnsnnnsn  Timn 

t. 

vlN  =  TTL  Logic  Swing 

V — .  -  1  4V  IHnta  4 1 

VRL=5V,RL=5.1kn 

V,N=100mV  Step,  (Note  4) 
5mV  Overdrive 
VRL=5V,  RL=5.1kn 

Small-Signal  Response  Time 

<r 

1.3 

MS 

Input  Voltage  Range 


CMVR 

(Note  2) 

0 

—  V+ 

-1.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

(Notes  3,  5) 

80 

100 

—  do 

Power  Supply  Rejection  Ratio 

V+  =  +5Vto  18V,  (Note  5) 

80 

100 

PSRR 

dB 

Saturation  Voltage 

Vol 

VINH  >  1V,  VIN(+)  =  0, 
'sinkS^A 



250 

400  mV 

Output  Sink  Current 

'sink 

V1N(-j  >  1V, 
VIN(+)=0,Vo<1.5V 

6 

16 

mA 

Output  Leakage  Current 

V,N(+i>1V. 



'leak 

VinH  =  0,  V0  =  30V 

0.1 

100 

nA 

Supply  Current 

l+ 

RL  =  «,  All  Comps 
V+  =  30V 

0.8 

2.0 

mA 

NOTES: 

1 .  At  output  switch  point,  V0  =  1 .4V,  Rs  =  Ofl  with  V+  from  5V;  and  over  the 
full  input  common-mode  range  (0V  to  V+  -  1 ,5V). 

2.  The  input  common-mode  voltage  or  either  input  signal  voltage  should  not 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  of  the 
common-mode  voltage  range  is  V+ - 1 .5V,  but  either  or  both  inputs  can  go 
to  +30V  without  damage. 

3.  RL  >  15kf>,  V+  =  15V,  VCM  =  1  5V  to  13.5V. 

4.  Sample  tested. 

5.  Guaranteed  by  design. 


REV.  A 


COMPARATORS  12-17 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  -55°C  s TA  s  +1 25°C  for  CMP-04BY,  -40°C sT,s  +85°C  for  CMP-04FY/FP/ 
FS,  unless  otherwise  noted. 


PARAMETER 


SYMBOL 


TT  -OA>!->A3 
CONDITIONS 


CMP-04B/F 
(Note  3) 
MIN        TYP  I 


; 

UNITS 


Input  Offset  Voltage 


Rs=on.  RL  =  5.ikn 

V0=  1.4V,  (Note!) 


Input  Offset  Current 


 '  

Input  Bias  Current  lB 


Ay 


I|n(+)-I|nM 
RL  =  5.1kn 
V0=1.4V  


4  20  nA 


W+>  orl|Nl-) 





™  


Voltage  Gain 


RL>  15kn.  V+  =  15V.  (Note  5) 


Large-Signal  Response  Time 


V,N  =  TTL  Logic  Swing 
VREF=1.4V,  (Note  4) 
VRL=5V,  RL=5  1kf) 


300  — 


Small  Sionalf 

on idi i-otyr idi  r 


UN  «r»r 


<r 


VIN  =  100mV  Step.  (Note  4) 

5mV  Overdrive 

VHL  =  5V.  RL  =  5.1kn  '  ' 


1.3  - 


Input  Voltage  Range 


CMVR 


(Note  2) 


V+-1.S 


Common-Mode  Rejection  Ratio 


CMRR 


(Notes  3,  5) 


dB 


Power  Supply  Rejection  Ratio 


PSRR 


V+  =  +5V  to  18V 


Saturation  Voltage 


Vol 


V,N(-)>1V,  V,N(+)  =  0, 
^sink  —  4mA  


—  250 


mV 


Output  Sink  Current 


V1N(-)>1V. 

V,N(+)  =  0.Vo<1.5V 


mA 




Output  Leakage  Current 


V,Ni+l>1V. 

VIN,-)  =  0.Vo  =  30V 


0.1  200 


Supply  Current 


RL  =  »,  All  Comps 


V+  =  30V 


1.2  3.0 


NOTES: 

1.  Atoutputswitchpoint.Vo=1.4V.Rs=0nwithV+from5V;andoverthefull  3.   RL>  15kfl,  V+ =  15V,  VCM  =  1 
input  common-mode  range  (0V  to  V+- 1.5V).                                         4.  Sample  tested. 

2.  The  input  common-mode  voltage  or  either  input  signal  voltage  should  not  5.  Guaranteed  by  design, 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  of  the 

common-mode  voltage  range  is  V+ - 1 .5V.  but  either  or  both  inputs  can  go 
to  +30V  without  damaae. 


=  1.5V  to  13.5V. 


BURN-IN  CIRCUIT 


:ener 

5.8V  TO  6.2V 
1  WATT  *70H1 
AArv— 


i+307  TO 
ADJACENT 

SOCKETS  MIL-STO-883.  METHOD  1015.  CONDITION  B 


- 


■ 

■ 

■ 

>gn»;  sjuqn.  iloeio  ^rtJis  i 


12-18  COMPARATORS 


REV.  A 


Matched  Transistors 

Contents 


Page 

Selection  Tree    1^-2 

Selection  Guide  

MAT01  -  Matched  Monolithic  Dual  Transistor    13-5 

MAT02  -  Low  Noise,  Matched  Dual  Monolithic  Transistor   13-7 

MAT03  -  Low  Noise,  Matched  Dual  PNP  Transistor   13-10 

MAT04  -  Matched  Monolithic  Quad  Transistor   13-13 


CD 


MATCHED  TRANSISTORS  73-7 


Selection  Tree  —  Matched  Transistors 





MATCHED 
TRANSISTORS 


Dual 


Quad 


MAT02  NPN 
MAT01  NPN 
MAT03  PNP 


MAT04  NPN 


Selection  Guide— Matched  Transistors 


^OS 

TCVos 

AhFE 

en 

Max 

Max 

hFE 

max 

Packag 

e  Temp 

Model 

Type 

nv 

Min1 

% 

nV/VB 

?  Option 

s3  Ranges4 

Comments 

Page5 

MATOl 

Dual  NPN 

100 

0.5 

500 

3 

7.5 

Q 

MJ 

Low  Cost 

13-5 

MAT02 

Dual  NPN 

50 

0.1 

500 

2 

1 

N 

I,  Ml 

Low  Noise,  Low  rBE 

13-7 

MAT03 

Dual  PNP 

100 

0.5 

100 

2 

1 

N 

I,  Ml 

Low  Noise 

13-10 

MAT04 

Quad  NPN 

200 

1 

300 

2 

2.5 

N 

I,  Ml 

Low  Cost 

13-13 

SSM2210 

Dual  NPN 

200 

1 

300 

5 

1 

P 

I 

Low  Cost,  Audio 

D 

SSM2220 

Dual  PNP 

200 

1 

80 

6 

1 

R 

I 

Low  Cost,  Audio 

D 

'Ic  =  1  mA 

%  ==  100  Hz 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP— Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

!D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


■ 


■ 
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ANALOG 
DEVICES 


Matched  Monolithic 
Dual  Transistor 





MAT01 


FEATURES 

•  Low  V0S(Vbe  Match)   40MVTyp 

100MV  Max 

•  Low  TCV08  0.5^ V/°C  Max 

•  High  hFE    500  Mln 

•  Excellent  hFE  Linearity  from  10nA  to  10mA 

•  Low  Noise  Voltage    0.23MVP.P  -  0.1  Hz  to  10 Hz 

•  High  Breakdown   45V  Mln 

•  Available  in  Die  Form 

ORDERING  INFORMATION! 


TA  =  25°C 
V0S  MAX 
(mV) 


PACKAGE 


OPERATING 
TEMPERATURE 
RANGE 


0.1 
0.5 


MAT01AH* 
MAT01GH 


MIL 
MIL 


*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial 

CerDIP,  plastic  DIP,  and  TO-can  packages 


GENERAL  DESCRIPTION 

The  MAT-01  Is  a  monolithic  dual  NPN  transistor.  An  exclu- 
sive Silicon  Nitride  "Triple-Passivation"  process  provides 
excellent  stability  of  critical  parameters  over  both  tempera- 
ture and  time.  Matching  characteristics  include  offset  voltage 
of  40>i V,  temperature  drift  of  0.15jiV/°  C,  and  hFE  matching  of 
0.7%.  Very  high  hpE  is  provided  over  a  six  decade  range  of 
collector  current,  including  an  exceptional  hFE  of  590  at  a 
collector  current  of  only  10nA.  The  high  gain  at  low  collector 
current  makes  the  MAT-01  ideal  for  use  in  low-power, 
low-level  input  stages. 

PIN  CONNECTIONS 




TO-78 
(H-Suffix) 


e2        Substrate  is  connected  to  case. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 
Collector-Base  Voltage  (BVCBO) 

MAT-01  AH,  GH,  N    45V 

Collector-Emitter  Voltage  (BVCE0) 

MAT-01AH,  GH,  N    45V 

Collector-Collector  Voltage  (BVCc) 

MAT-01  AH,  GH,  N    45V 

Emitter-Emitter  Voltage  (BVEE) 

MAT-01  AH,  GH,  N    45V 

Emitter-Base  Voltage  (BVEB0)  (Note  1)   5V 

Collector  Current  (lc)  25mA 

Emitter  Current  (lE)  25mA 

Total  Power  Dissipation 

Case  Temperatures 40° C  (Note  2)    1.8W 

Ambient  Temperatures  70" C  (Note 3)    500mW 

Operating  Ambient  Temperature   -55° C  to +125° C 

Operating  Junction  Temperature    -55°C  to +  150°C 

Storage  Temperature    -65°  C  to +  150°  C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

DICE  Junction  Temperature   -65°C  to  +150°C 

NOTES: 

1 .  Application  of  reverse  bias  voltages  in  excess  of  rating  shown  can  result  in 
degradation  of  hp^  find  hFE  matching  characteristics.  Do  not  attempt  to 
measure  BVEB0  greater  than  the  5V  rating  shown. 

2.  Rating  applies  to  applications  using  heat  sinking  to  control  case  tempera- 
ture. Derate  linearly  at  16.4mW/°  C  for  case  temperatures  above  40*  C. 

3.  Rating  applies  to  applications  not  using  heat  sinking;  device  in  free  air  only. 
Derate  linearly  at  6.3mW/°  C  for  ambient  temperatures  above  70°  C. 

4.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 


BURN-IN  CIRCUIT 




This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  (ax  retrieval  system  at  1-800-446-6212. 
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MATCHED  TRANSISTORS  13-5 


PARAMETER  SYMBOL  CONDITIONS  MIN      TYP      MAX  MIN      TYP  I 


Breakdown  Voltage 

BVceo 

lc=100MA 

45 

45 

V 

unsei  vonage 

VOS 

0.04 

0.1 

0.10 

05 

mV 

Offset  Voltage  Stability 
First  Month 
Long-Term 

Vos/Time 

(Note  1) 
(Note  2) 

— 
— 

2.0 
0.2 

_ 

_ 

2.0 
0.2 

— 

^iV/Mo 

Offset  Current 

 |os  





0.1 


0.6 

- 

0.2 

3.2 

nA 



Bias  Current 

'b 

F 

13 

20 

18 

40 

nA 

Current  Gain 

h 

lc=10nA 

■  C  lU^rt 

lc=10mA 

soo 

- 

580 
770 
840 

— 
250 

430  — 
560  — 
610  — 

Current  Gain  Match 



AhfE 

100nA<lc<10mA 

- 

0  7 
0.8 

3  0 

1.0 

1.2 

8.0 

% 

Low  Frequency  Noise 
Voltage 

enp-p 

0.1Hz  to  10Hz  (Note  3) 

— 

0.23 

0.4 

— 

0.23 

0.4 

»Vp 

Broadband  Noise 
Voltage 

®nRMS 


1Hz  to  10kHz 

0.60 

0.60 

fVRMS 



f      —  1f\U,  i  iLl.t.  1| 

Tq  —  1UMZ  ( N0I6  o  J 

fD=  100Hz  (Note  3) 
f0=  1000Hz  (Note  3) 

7  0 

9  0 

7.0 

9.0 

 '  "  

Noise  Voltage 
Density 



6.1 
6.0 

7.6 
7.5 



6.1 
6.0 

7.6 
7.5 

nV/V  Hz 



Offset  Voltage  Change 

<W0S/AV0B 

0<VCB<30V 

— 

0.5 

3.0 

0.8 

8.0 

/iV/V 

Offset  Current  Change 

Alos/iVCB 

0<VCB<30V 

- 

2 

15 

- 

3 

70 

pA/V 

r\  War-  tnr.Raca 

Leakage  Current 

'cBO 

\i     —  **nv  i  —  n 

VCB     •5UV,  lg  —  U 

(Note  4) 

15 

50 

25 

200 

pA 

Leakage  Current 

'CES 

v    —  m\i  m    —  n 
VCE  —  •3UV.  VBE  u 

(Notes  4,  61 


50 

200 



90 

400 

pA 

Collector-Collector 
Leakage  Current 

'cc 



VCC=30V,  (Note 61 

- 

20 

200 

- 

30 



400 

PA 

Collector  Saturation 
Voltage 

VCE(SAT) 

lB  =  0.1mA,  lc=  1mA 
lB=  1mA,  lc=  10mA 

— 

0.12 
0.8 

— 

0.12 
0.8 

0.25 

V 

Gain-Bandwidth  Product 

fT                       VCE=  10V.  Ic=  10mA 

450 

450 

MHz 

Output  Capacitance 

Cob 

-■  ■  .- 
VCB=15V,  lE  =  0 

2.8 

2.8 

PF 

Collector-Collector 
Capacitance 

CCC 

vCc  =  o 

8.5 

8.5 

PF 

ELECTRICAL  CHARACTERISTICS  at  VCB=  15V,  lc=  10/»A,  -55° C  <  TA<  +  125°C,  unless  otherwise  noted. 


MAT-01AH  MAT -CI  GH 

PARAMETER  SYMBOL  CONDITIONS  MIN      TYP      MAX  MIN      TYP      MAX  UNITS 


Offset  Voltage 

Vos 

0.06 

0.15 

0.14 

0.70 

mV 

Average  Offset 
Voltage  Drift 

TCVqs 

(Note  7 1 

0.15  0.50 

lit -CT 

0.35 

1.8 

^ll'C 

Offset  Current 

I  OS 

0.9 

8.0 

1.5 

15.0 

nA 

Average  Offset 
Current  Drift 

TCI0S 

{ Note  5} 

10 

90 

15 

150 

pA/°C 

Bias  Current 

lB 

28 

60 

36 

130 

nA 

Current  Gain 

nFE 

167 

400 

77 

300 

Collector-Base 
Leakage  Current 

I  CBO 

TA  =  125°  C,  VCB  =  30V, 
lE  =  0(Note4) 

15 

80 

25 

200 

nA 

Collector-Emitter 

TA=125°C.  VCE  =  30V, 

50 

300 

90 

400 

nA 

Leakage  Current 

'CES 

VBE  =  0  (Notes  4.  6) 

Collector-Collector 
Leakage  Current 

Ice 

TA=125°C.  VCC  =  30V 
(Note  6) 

30 

200 

50 

400 

nA 
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ANALOG 
DEVICES 


Low  Noise,  Matched 
Dual  Monolithic  Transistor 


FEATURES 

•  Low  Offset  Voltage  50MV  Max 

•  Low  Noise  Voltage  at  100Hz,  1mA  ...  1.0nV/v  hT  Max 

•  High  Gain  (hFE)   500  Mln  at  lc  =  1mA 

  300  Mln  at  lc=  VA 

•  Excellent  Log  Conformance    rBE  =  0.3X1 

•  Low  Offset  Voltage  Drift  0.1uV/°CMax 

•  Improved  Direct  Replacement  for  LM1 94/394 

•  Available  In  Die  Form 


ORDERING  INFORMATION 


TA  =  +25°C 
Vqs  max 
<"V) 

PACKAGE 

LCC 

TO-78  20-CONTACT 

OPERATING 
TEMPERATURE 
RANGE 

50 

MAT02AH* 

MIL 

50 

MAT02EH 

IND 

150 

MAT02BRC/883 

MIL 

150 

MAT02FH 

IND 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /B83  after  part 

number.  Consult  factory  for  883  data  sheet, 
t     Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 

GENERAL  DESCRIPTION 

The  design  of  the  MAT -02  series  of  NPN  dual  monolithic 
transistors  is  optimized  for  very  low  noise,  low  drift,  and  low 
rBE.  Precision  Monolithics'  exclusive  Silicon  Nitride  "Triple- 
Passivation"  process  stabilizes  the  critical  device  parameters 
over  wide  ranges  of  temperature  and  elapsed  time.  Also,  the 
high  current  gain  (hFE)  of  the  MAT-02  is  maintained  over  a 
wide  range  of  collector  current.  Exceptional  characteristics 
of  the  MAT-02  include  offset  voltage  of  50jiV  max  (A/E 
grades)  and  150/iV  max  (B/F  grades).  Device  performance  is 
specified  over  the  full  military  temperature  range  as  well  as 
at  25° C. 

Input  protection  diodes  are  provided  across  the  emitter-base 
junctions  to  prevent  degradation  of  the  device  character- 
istics due  to  reverse-biased  emitter  current.  The  substrate  is 
clamped  to  the  most  negative  emitter  by  the  parasitic 
isolation  junction  created  by  the  protection  diodes.  This 
results  in  complete  isolation  between  the  transistors. 

The  MAT-02  should  be  used  in  any  application  where  low 
noise  is  a  priority.  The  MAT-02  can  be  used  as  an  input  stage 
to  make  an  amplifier  with  noise  voltage  of  less  than  1.0nV/V  Hz 
at  100Hz.  Other  applications,  such  as  log/anti-log  circuits, 
may  use  the  excellent  logging  conformity  of  the  MAT-02. 
Typical  bulk  resistance  is  only  0.311  to  0.411.  The  MAT-02 
electrical  characteristics  approach  those  of  an  ideal  transistor 
when  operated  over  a  collector  current  range  of  1  itA  to  10mA. 
For  applications  requiring  multiple  devices  see  MAT- 04  Quad 
Matched  Transistor  data  sheet. 


PIN  CONNECTIONS 


TO-78 
(H-Sufflx) 


LiJliJlilHWS 

N.C  7J  fjs  N.C. 

JJ  |i|  SUBSTRATE 

JJ  [i6  N.C. 

JJ  B2 

JJ  Q7  N.C. 

\RHI"l["ll"l7 


MAT-02BRC/883 
20-LEAD  LCC 
(RC-Sufflx) 


NOTE:  Substrate  is  connected  to  case  on  TO-78  package.  Substrate 
is  normally  connected  to  the  most  negative  circuit  potential, 
but  can  be  floated. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  3) 
Collector-Base  Voltage  <BVCB0)    40V 

Collector-Emitter  Voltage  (BVceo)    4"V 

Collector-Collector  Voltage  (BVCC)    40V 

Emitter-Emitter  Voltage  (BVEE)   ,   40V 

Collector  Current  (lc)  20mA 

Emitter  Current  (lE)   20mA 

Total  Power  Dissipation 

Case  Temperature  <40°C  (Note  1 )  1 .8W 

Ambient  Temperature  <70°C  (Note  2)   500mW 

Operating  Temperature  Range 

MAT-02A,  B  -55°C  to  +125°C 

MAT-02E,  F  -25°C  to  +85°C 

Operating  Junction  Temperature  -55°C  to  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  -65°C  to  +1 50°C 

NOTES: 

1.  Rating  applies  to  applications  using  heat  sinking  to  control  case  temperature. 
Derate  linearly  at  16.4mW/°  C  for  case  temperature  above  40°  C. 

2.  Rating  applies  to  applications  not  using  heat  sinking:  device  in  free  air  only. 
Derate  linearly  at  6.3mW/°C  for  ambient  temperature  above  70°C. 

3.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


MATCHED  TRANSISTORS  13-7 


MAT02 


ELECTRICAL  CHARACTERISTICS  at  VCB=  15V.  Ic=  1<V.A,  TA=  25° C,  unless  otherwise  noted. 
 ■  1^^— — — ^ ^ — — 


PARAMETER  SYMBOL 

CONDITIONS 

MAT-02A/E 

MAT-02B/F 

mm 

i  Tr 

MIN 

l  if 

MM 

UNITS 

lc=1mA  <Note1) 
lc=100MA 

500 
500 

605 
590 

z 

400 
400 

605 
590 

— 

Current  Gain  hFE 

lc=10«A 
lc=  VA 

400 

300 

550 
485 

300 
200 

550 
485 

Current  Gain  Match  AhF6 

10jiA<  lc<  1mA,  (Note  2) 

0.5 

2 

05 

4 

* 

Offset  Voltage  Vos 

VCB  =  0 

VA<  lc<  1mA  (Note  7) 

_ 

10 

50 

_ 

80 

150 

Offset  Voltage 

,  0<VCB<VMAX,  (Note 6) 
1/iA  <  lc<  1mA  (Note  7) 

10 

25 

50 

Change  vs  VCB  AV°*/AV<* 



10 

unset  voltage  onange 
vs.  Collector  Current       Av05/A  C 

VCB  =  OV 

1(iA<lc<1mAlNote7) 

-• .  5 

25 

'■■ri 

50 

»v 

Offset  Current  AW*VCB 
Change  vs  VCB                os'  CB 

0<VCB£VMAX 

— 

30 

70 

30 

70 

pA/V 

Bulk  Resistance  rBE 

10liA<  lc<  10mA  (Note  3) 

0.3 

0.5 

0.3 

0.5 

n 

Collector-Base 
Leakage  Current  CB0 

Vcb  =  VMax 

3HUT  ',—  ':>  25 

200 

- 

25 

400 

PA 

Collector-Collector 
Leakage  Current  cc 

Vcc  =  Vma*  (Notes 3,  5) 

£ 

35 

200 

— 

35 

400 

PA 

Collector-Emitter 
Leakage  Current  CES 

vCE  =  vMAX.  (Notes 
vBE  =  o 

3.  5) 

35 

200 

- 

35 

400 

PA 

Noise  voltage  Density  en 

lc  =  1mA.  VCB  =  0.  (Note  4) 
f0  =  10Hz 
fD  =  100Hz 
f0  =  1kHz 
f0=  10kHz 

— 

= 

1.6 
0.9 
0.85 
0.85 

2 
1 

1 

- 
— 

— 

1.6 
0.9 
0.85 
0.85 

3 
2 
2 
2 

nV/x/HT 

Collector  Saturation 
Voltage  vceisat> 

lc  =  1mA 
lB=100,iA 

0.05 

0.1 

- 

0.05 

0.2 

\j 

Input  Bias  Current  lB 

_jc  =  io^  -_ 

25 

34 

nA 



Input  Offset  Current  los 


Ic=10mA 

0.6 

1.3 

nA 

Breakdown  Voltage  BVCEO 

40 

40 

V 

Gain-Bandwidth  Product  fT 

lc  =  10mA,  V0E  =  10V 

200 

200 

MHz 

Output  Capacitance  C0B 

VCB=15V,  lE  =  0 

23 

23 

pF 

Collector-Collector 
Capacitance  00 

Vcc  =  0 

35 

35 

PF 

NOTES: 

1.  Current  gain  is  guaranteed  with  Collector-Base  Voltage  (VCB) 
0  <°  VMAx  a'  'he  indicated  collector  currents. 

2.  Current  Gain  Match  ( AhFE)  is  defined  as: 


AhF 


100  (dlB)  <hFEmin) 
Ic 


3.  Guaranteed  by  design. 

4.  Sample  tested. 

5.  ^  and  lCES  are  verified  by  measurement  of  \ceo- 

6.  This  is  the  maximum  change  in  Vos  as  Vc8  is  swept  from  0V  to  40V. 

7.  Measured  at  lc=  10jjA  and  guaranteed  by  design  over  the  specif ied  range 
of  lc. 
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MAT-02E 

MAT-02F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  I 

4  AX 

UNITS 

Offset  Voltage 

Vos 

VCB  =  0 

1jiA<lc<1mA(Note5) 

70 

220 

«V 

Average  Offset 
Voltage  Drift 

TCV0S 

10,iA  <  lc  <  1mA,  0  <  VCB  <  VMAX.  (No 
V0S  Trimmed  to  Zero,  (Note  3) 

te  1)  — 

0.08 
0.03 

0.3 
0.1 

— 

0.08 
0.03 

1 

0.3 

mWC 

Input  Offset  Current 

I  OS 

lC=10*A 

- 

8 

— 

- 

13 

nA 

Input  Offset 
Current  Drift 

TCI0S 

lc  =  10(iA.  (Note  4) 

40 

90 

40 

150 

pA/"C 

Input  Bias  Current 

. 

lc=10„A 

45 

50 

nA 

Current  Gain  hFE 



lc=1mA.(N0te2) 

lc=100„A 
lc=1„A 

325 
275 

200 

z 

300 
250 

^UU 
150 

_ 

- 
— 

Collector-Base 

Vce  =  V«x 

2 

3 

— 

nA 

Leakage  Current 

Icbo 

Collector-Emitter 
Leakage  Current 

VCe=VMax.Vbe=0 

3 

4 

- 

nA 

Collector-Collector 
Leakage  Current 

Ice 

Vcc'Vmw, 

3 

4 

- 

nA 

ELECTRICAL  CHARACTERISTICS  VCB  =  15V,  -55° C  <  TA<  +125°C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAT- 02  A 

TYP 

MAX 

MAT-02B 
MIN  TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

vCB  =  o 

VA<  lc<  1mA  (Note 5) 

80 

250 

>.v 

Average  Offset 
Voltege  Drift 

TCVos 

10>A<IC<  1mA.  0<VCB<VMAX.  (Note  1)  — 
Vos  Trimmed  to  Zero,  (Note  3)  — 

0.08 
0.03 

0.3 
0.1 

0.08 
0.03 

1 

0.3 

/iWC 

Input  Offset  Current 

'os 

lc=10/iA 

9 

15 

nA 

Input  Offset 
Current  Drift 

TCIos 

lc=10,.A,  (Note 4) 

40 

90 

40 

150 

pA/°C 

Input  Bias  Current 

!b 

lc  = 10,«A 

60 

70 

nA 

Current  Gain 

nFE 

lc=1mA,  (Note  2) 
Ic  =  100mA 
lc  =  lOfA 
l0  =  VA 

275 
225 
175 
150 

— 

250 
200 
150 
100 

I    I    I  I 

Collector-Base 
Leakage  Current 

'CBO 

vCB  =  vMAX 

TA  =  125-C 

15 

25 

nA 

Collector-Emitter 
Leakage  Current 

!cES 

VCE=VMAx.VBE  =  0 
TA  =  125°C 

50 

50 

nA 

Collector-Collector 
Leakage  Current 

ice 

Vcc  VMAX 
TA  =  125°  C 

30 

40 

nA 

1.  Guaranteed  by  Vos  test  (TCV0S  «  for  Vos  <  VBE)  T  =  298k  for 
TA=25°C. 

2.  Current  gain  is  guaranteed  with  Collector-Base  Voltage  (VCB)  swept  from 
0  t0  vmax  at  trie  indicated  collector  current. 

3.  The  initial  zero  offset  voltage  is  established  by  adjusting  the  ratio  of  lc,  to 
lc2  at  TA  =  25°C.  This  ratio  must  be  held  to  0.003%  over  the  entire 
temperature  range.  Measurements  are  taken  at  the  temperature  extremes 
and  25°C. 

4.  Guaranteed  by  design. 

5.  Measured  at  lc=  10^A  and  guaranteed  by  design  over  the  specified  range 
of  lc. 
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Low  Noise,  Matched 
Dual  PNP  Transistor 


MAT03 


FEATURES 

•  Dual  Matched  PNP  Transistor 

•  Low  Offset  Voltage   100/iV  Max 

•  Low  Noise   1nV/VHz@  1kHz  Max 

•  High  Gain     100  Min 

•  High  Gain  Bandwidth   190MHz  Typ 

•  Tight  Gain  Matching   3%  Max 

•  Excellent  Logarithmic  Conformance   rBE  =*  0.3n  Typ 

•  Available  in  Die  Form 

ORDERING  INFORMATION!  

TA  =  +25-C  PACKAGE  OPERATING 

Vos  MAX  TEMPERATURE 

(|iV)  TO-78  LCC  RANGE 

100  MAT03AH"  MAT03ARC/883  MIL 
100  MAT03EH  -  XIND 
200  MAT03FH  -  XIND 

•  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

t    Burn-in  is  available  on  industrial  temperature  range  parts.  ■■■  n  n 

GENERAL  DESCRIPTION 

The  MAT-03  dual  monolithic  PNP  transistor  offers  excellent 
parametric  matching  and  high  frequency  performance.  Low 
noise  characteristics  (1nV/\/Hz  Max  @  1kHz),  high  bandwidth 
(190MHz  typical),  and  low  offset  voltage  (100/iV  Max),  makes 
the  MAT-03  an  excellent  choice  for  demanding  preamplifier 
applications.  Tight  current  gain  matching  (3%  Max  mismatch) 
and  high  current  gain  (100  Min),  over  a  wide  range  of  collector 
current,  makes  the  MAT-03  an  excellent  choice  for  current 
mirrors.  A  low  value  of  bulk  resistance  (typically  0.3fl)  also 
makes  the  MAT-03  an  ideal  component  for  applications  requir- 
ing accurate  logarithmic  conformance. 


Each  transistor  is  individually  tested  to  data  sheet  specifica- 
tions. Device  performance  is  guaranteed  at  25°C  and  over  the 
extended  industrial  and  military  temperature  ranges.  To  insure 
the  long-term  stability  of  the  matching  parameters,  internal 
protection  diodes  across  the  base-emitter  junction  clamp  any 
reverse  base-emitter  junction  potential.  This  prevents  a  base- 
emitter  breakdown  condition  which  can  result  in  degradation  of 
gain  and  matching  performance  due  to  excessive  breakdown 
current. 


PIN  CONNECTIONS 





N.C.  7J  JTf  N.C 

N.C.  JJ  Q7  N.C. 

N.C.  JJ  Qe  N.C. 

B,   7J  Q?  B; 

N.C.  JJ  Q7  N.C. 

y  "  ^ "  y 


MAT-03ARC/883 
20-CONTACT  LCC 
(RC-Suffix) 


■ 


TO-78 
(H  Suffix) 


*c-nc  tt*;>  mc.1     wo  npjttvb    o*t  It. a i sug  ona Ai< 


This  is  an  abridged  data  sliest.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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MAT03 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Collector-Base  Voltage  (BVCB0)  3BV 

Collector-Emitter  Voltage  (BVCE0)  36V 

Collector-Collector  Voltage  (BVCC)  36V 

Emitter-Emitter  Voltage  (BVEE)  36V 

Collector  Current  (lc)  20mA 

Emitter  Current  (Ig)  20mA 

Total  Power  Dissipation 

Ambient  Temperature  <  70°C  (Note  2)   500mW 

Operating  Temperature  Range 

MAT-03A  -55"CtO+125°C 

MAT-03E/F  -40°Cto+85°C 


Operating  Junction  Temperature  -SS'Cto  +150°C 

Storage  Temperature  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  ^65°C  to +150°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 

2.  Rating  applies  to  TO-78  not  using  a  heat  sink,  and  LCC;  devices  in  free  air  only. 
For  TO-78,  derate  linearly  at  6.3mW/°C  above  70°C  ambient  temperature;  for 
LCC.  derate  at  7.8mW/°C. 


ELECTRICAL  CHARACTERISTICS  at  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-03A 
MIN  TYP 

MAX 

MAT-03E 
MIN      TYP  I 

MAX 

MAT-03F 
MIN  TYP 

MAX  UNITS 

Current  Gain 

VOB  =  0V,  -36V 
lc=  1mA 

100 

165 

100 

165 

80 

(NoteD 

lc=100,iA 
lc=10(iA 

90 
80 

160 
120 

90  150 
80  120 

70 
60 

150 
120 

Current  Gain  Matching 
(Note  2) 

AhFE 

lc=100^A,  VCB  =  0V 

-           0  M 

0.5 

3 

_ 

0.5 

3 

0.5 

6 

Offset  Voltage 
(Note  3) 

Vqs 

VCB  =  0V,  lc=100„A 

40 

100 

40 

100 

40 

200 

*v 

lc=  100,iA 

Offset  Voltage  Change 
vs  Collector  Voltage 

AVos/AVCB 

Vcb, -  0V 
Vcb2=-36V 

11 

150 

11 

150 

11 

200  |iV 

Offset  Voltage  Change 

AVos/Alc 

VCB  =  OV 

12 

50 

_ 

12 

75 

vs  Collector  Current 

lc,  =  10,,A,  lC2=1mA 

Bulk  Resistance 

•be 

vCB  =  ov, 

10,iA<lc<1mA 

0.3 

0.75 

0.3 

0.75 

0.3 

0.75 

h 

Offset  Current 

!OS 

lc=  100<iA,  VCB  =  0V 

6 

35 

6 

35 

6 

45 

nA 

Collector-Base 
Leakage  Current 

'CB„ 

VCB  =  -36V  =  VMAX 

50 

200 

50 

200 

50 

400 

PA 

Noise  Voltage  Density 
(Note  4) 

eN 

lc=  1mA,  VCB=  0 
fo  =  10Hz 
fo  =  100Hz 
/o=  1kHz 
fo  =  10kHz 

0.8 
0.7 
0.7 
0.7 

2 
1 
1 
1 

0.8 

0.7 
0.7 
0.7 

0.8 
0.7 
0.7 
0.7 

nV/\ 

TiT 

Collector  Saturation 
Voltage 

VCE(SAT) 

lc=  1mA,  lB=  100mA 

0.025 

0.1 

0.025 

0.1 

0.025 

01 

V 

NOTES: 

1.  Current  gain  is  measured  at  collector-base  voltages  (VCB)  swept  from  0  to 
vmax  at  indicated  collector  current.  Typicals  are  measured  at  VCB  =  0V. 

2.  Current  gain  matching  (AhFE)  is  defined  as: 

100  (AIB)  hFE(MIN) 
AhFE=   .  


3.   Offset  voltage  is  defined  as: 
v0s  =  VBEl-VBEz, 

where  Vos  is  the  differential  voltage  for 


=  Ic2:Vos=V8Ei-VBE2=^ 


4.   Sample  tested.  Noise  tested  and  specified  as  equivalent  input  voltage  for 
each  transistor. 
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PARAMETER 

Current  Gain 


SYMBOL 


CONDITIONS 

VCB=0V,  -36V 
lc=  1mA 
lc=100)iA 
lc=10)iA 





70 
60 
50 


MAT-03A 


110 
100 


MAX 


UNITS 


Offset  Voltage 


Vos 


lc  =  100yA,  VCB  =  0V 
10=100^,  VCB=0V 





40 


Offset  Voltage  Drift 
(Notel) 


TCV0S 


0.3 


0.5 


MV/°C 


Offset  Current 


10=100^.  VCB  =  0V 


nA 


Breakdown  Voltage 


BVCE0 


36 


54 


NOTE: 

1.  Guaranteed  by  Vos  test  (TCV0S  =  Vos/T  for  Vos  ■s  VBE) 
where  T  =  298°  K  for  TA  =  25°C. 


ELECTRICAL  CHARACTERISTICS  at  -40°C  <  TA<  +85°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL  CONDITIONS 

MAT-03E 
MIN       TYP  MAX 

MAT-03F 
MIN  TYP 

MAX 

UNITS 

VCB=0V,-36V 
lc=  1mA 

70 

120 

60 

120 

_ 

Current  Gain 

hFE  lc=100/iA 
lc=10„A 

60 
50 

105  — 
90  - 

50 
40 

105 
90 

Offset  Voltage 

Vos                    lc=100,.A,  VCB  =  0V 

30  135 

30 

265 

„V 

Offset  Voltage  Drift 
(Note  1) 

TCV0S                10=100^.  VCB  =  0V 

0.3  0.5 

0.3 



1.0 

Offset  Current 

l0s                     lc=100„A.  VCB  =  0V 

10  85 

10 

200 

nA 

Breakdown  Voltage 

BVceo 

36 

36 

V 

NOTE: 

1.   Guaranteed  by  Vos  test  (TCV0S  =  Vos/T  for  Vos  <  VBE) 

where  T  =  296"  K  for  TA  =  25°C. 
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— 


- 


MAT04 


— 


..  200m  V  Max 




PIN  CONNECTIONS 


FEATURES 

•  Low  Offset  Voltage  

•  High  Current  Gain  400  Min 

•  Excellent  Current  Gain  Match  2%  Max 

•  Low  Noise  Voltage  at  100Hz,  1mA  2.5nV   Hz  Max 

•  Excellent  Log  Conformance  rBE  =  0.6Q  Max 

•  Matching  Guaranteed  for  All  Transistors 

•  Available  in  Die  Form 


ORDERING  INFORMATION 


PACKAGE 


V„-MAX 


CERDIP 
14-PIN 


PLASTIC 
14-PIN 


OPERATING 
TEMPERATURE 
RANGE 


200 
200 
400 
400 
400 


MAT04AY* 
MAT04EY 
MAT04BY* 
MAT04FY 


MAT04FP 
MAT04FS" 


MIL 

IND 

MIL 

XIND 

XIND 


For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 


GENERAL  DESCRIPTION 

The  MAT-04  is  a  quad  monolithic  NPN  transistor  that  offers 
excellent  parametric  matching  for  precision  amplifier  and  non- 
linear circuit  applications.  Performance  characteristics  of  the 
MAT-04  include  high  gain  (400  minimum)  over  a  wide  range  of 
collector  current,  low  noise  (2.5nV/vTTz  maximum  at  100Hz, 
lc  =  1  mA)  and  excellent  logarithmic  conformance.  The  MAT-04 
also  features  a  low  offset  voltage  of  200uV  and  tight  current  gain 
matching,  to  within  2%.  Each  transistor  of  the  MAT-04  is 
individually  tested  to  data  sheet  specifications.  For  matching 
parameters  (offset  voltage,  input  offset  current,  and  gain  match), 
each  of  the  dual  transistor  combinations  are  verified  to  meet 
stated  limits.  Device  performance  is  guaranteed  at  25°C  and  over 
the  industrial  and  military  temperature  ranges. 

The  long-term  stability  of  matching  parameters  is  guaranteed  by 
the  protection  diodes  across  the  base-emitter  junction  of  each 
transistor.  These  diodes  prevent  degradation  of  beta  and 
matching  characteristics  due  to  reverse  bias  base-emitter 
current. 

The  superior  logarithmic  conformance  and  accurate  matching 
characteristics  of  the  MAT-04  makes  it  an  excellent  choice  for 
use  in  log  and  antilog  circuits.  The  MAT-04  is  an  ideal  choice  in 
applications  where  low  noise  and  high  gain  are  required. 


c,Lt 

8,  |T 
E,  E 
SUB  |T 

MI 

B2  E 

S|C             14-PIN  CERDIP 
j3]B;  (Y-Suffix) 

!HE«         14-PIN  PLASTIC  DIP 
SI  sub  (P-Suffix) 

He, 

T]b,               14-PIN  SO 

C2E 

Ec,  (S-Suffix) 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Collector-Base  Voltage  (BVCBO)  40V 

Collector-Emitter  Voltage  (BVCEO)  40V 

Collector-Collector  Voltage  (BVCC)  40V 

Emitter-Emitter  Voltage  (BV£E)  40V 

Collector  Current  30mA 

Emitter  Current  30mA 

Substrate  (Pin-4  to  Pin-1 1 )  Current  30mA 

Operating  Temperature  Range 

MAT-04AY,  BY  -55°C  TO  +125°C 

MAT-04EY  -25°C  TO  +85°C 

MAT-04FY,FP,FS  -40°C  to+85°C 

Storage  Temperature 

Y  Package  -65°C  to  +150°C 

P  Package  -65°C  to  +125°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

e|A  (Note  2) 

9ic 



UNITS 

14-Pin  CERDIP  (Y) 

108 

16 

°c/w 

14-Pin  Plastic  DIP  (P) 

83 

39 

°c/w 

14-Pin  SO  (S) 

120 

36 

°c/w 

NOTES: 


Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted 

is  specified  for  worst  case  mounting  conditions,  i.e. .  8^  is  specified  for  device 
in  socket  for  CerDIP  and  P-DIP  packages;  ejA  is  specified  for  device  soldered 
to  printed  circuit  board  for  SO  package. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


REV.  C 


MATCHED  TRANSISTORS  13-13 


ft 


ELECTRICAL  CHARACTERISTICS  at  TA  =  25°C  unless  otherwise  noted.  Each  transistor  is  individually  tested.  For  matching 
parameters  (Vos,  bs.  AhFf-:)  each  dual  transistor  combination  Is  verified  to  meet  stated  limits.  All  tests  made  at  endpoints  unless  other- 


wise noted. 


MAT-04A/E 

MAT-04B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN      TYP  MAX 

MIN      TYP  MAX 

UNITS 

10nA^lcs1mA 

Current  Gain 

OV  s  Vcb  s  30V 
(Notel) 

400      800  — 

300      600  — 

CurrentGain 
Match 

4hFE 

Ei-:tr> 

lc  =  100|iA 
0VsVCBs30V 
(Note  2) 

x«M  sH  vW1. 

% 

Oflset  Voltage 

10t»Aslcs1mA 
0VsVCBs30V 
(Note  4) 

—        SO  200 

—      100  400 

Offset  Voltage 
Change vs 



AVqs/AIc 

10[iAslcs1mA 

vCB  =  ov 

—        5  25 

10         50  m-V 

Collector  Current 

(Note  4) 

OffsetVoltage                          4^/^  W*vL*30V 
ChangevsVCB  °= 

—  50 

100 

— 

100  200 

*v 

Bulk  Emitter  Resistance 

10[iAslcs1mA 

'BE  Vcb-OV 

(Note  5) 

—  0.4 

0.6 

0.4 

0.6 

n 

Input  Bias  Current 

lc=100,iA 
B  0VsVCBs30V 

—  125 

250 

— 

165 

330 

nA 

Input  Offset  Current 

lc=100nA 

'os                vCB  =  ov 

—  0.6 

5 

2 

13  nA 

Breakdown  Voltage 

BVCE0  lc=10^A 

 :  

40  — 

40 

— 



—  V 

Collector  Saturation 
Voltage 

Ib=100h.A 
VCE(SAT)  ,c=,mA 

—      0.03  0.06 

0.03  0.06 

V 

Collector-Base 
Leakage  Current 

Iceo                      VCB  =  40V 

—  5 

5 

PA 

Noise  Voltage 
Density 

Vce  =  0V   f0  -  10Hz 
e„                         lc=1mA   f0«  100Hz 

—  2 

—  1.8 

3 
2.5 

2 
1.8 

4 

3 

nVA/HT 

(Note  3)  f0=1kHz 

—  1.8 

2.5 

1.8 

3 

Gain  Bandwidth 
Product 

lc  =  1mA 

T                      Vra -10V 

—  300 

300 

MHz 





Cnnn                 vce=«V   lE  =  0 
1,060  f=1MHz 

Output  Capacitance 

—       10  . 

10 

PF 

Input  Capacitance 

r                          VBE  =  0V      lc  =  0 
°EB0  f=1MHz 

—  40 

40 

PF 

NOTES: 

I   Current  gain  measured  at  lc 
2.   Current  gain  match  is  defined 

=  10nA,  100^  and  1mA. 

lOOIAIaHhremin) 

as:   o.hFE  = 

3.  Sample  tested. 

4.  Measured  at  lc  =  10|iA  and  guaranteed  by  design  over  the  specified  range 
of  U 

5.  Guaranteed  by  design. 

• 

73-74   MATCHED  TRANSISTORS 


REV.  C 


MAT04 


ELECTRICAL  CHARACTERISTICS  at  -25"C  <Z  TA  <  +85-C  for  MAT-04E,  -WC  S  TA  S  +85°C  for  MAT-04F,  unless  otherwise 
noted.  Each  transistor  is  individually  tested.  For  matching  parameters  (Vos,  lQS)  each  dual  transistor  combination  is  verified  to  meet 
stated  limits.  All  tests  made  at  endpoints  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-04E 
MIN      TYP  1 

IAX 

MAT-04F 

MIN      TYP  MAX 

UNITS 

10|iAslcs1mA 

Current  Gain 

"FE 

0VSVCBS30V 

225  625 

200      500  — 

(Notel) 

10(iAs  lcs  1mA 

Offset  Voltage 

Vos 

0VsVces30V 
(Note  3) 

—  60 

260 

—       120  520 

V-V 

Average  Offset 
Voltage  Drift 

TCV0S 

lc  =  100uA 

vCB  =  ov 

(Note  2) 

—  0.2 

1 

—       0.4  2 

nV/°C 

Input  Bias  Current 

t 

lc-100nA 
OV  «  VCB  <  30V 

—  160 

445 

—      200  500 

nA 

Input  Offset  Current 

los 

ic  =  ioo>A 
vCB  =  ov 

—  4 

20 

—          8  40 

nA 

Average  Offset 
Current  Drift 

TCI0S 

lc=100p.A 

vCB  =  ov 

—  50 

—      100  — 

pA/°C 

Breakdown  Voltage 

BVceo 

lc  =  10|iA 

40  — 

40        —  — 

V 

Collector -Base 
Leakage  Current 

'CBO 

VCB  =  40V 

—  0.5 

—       0.5  — 

nA 

Collector- Emitter 
Leakage  Current 

'CES 

VCE  =  40V 

—  5 

—          5  — 

nA 

Collector- Substrate 

VCS  =  40V 

—  0.7 

—       0.7  — 

nA 

Leakage  Current 

'cs 

ELECTRICAL  CHARACTERISTICS  at 

-55°C  <TA<  125°C  unless  otherwise  noted.  Each  transistor  is  individually  tested.  For 

matching  parameters  (V0s,  los)  eacn  dual  11 

ansistor  combination  is  v 

erified  to  meet 

stated  lii 

nits.  All  tests  made  at  endpoints  unless 

otherwise  noted. 

MAT-04A 

MAT-04B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN      TYP  MAX 

UNITS 

10pA<  lc<  1mA 

Current  Gain 

nFE 

0VsVCBs30V 
(Notel) 

175  475 

125      425  — 

1<VAslcs1mA 

Offset  Voltage 

Vos 

OVsVcbSSOV 
(Note  3) 

—  70 

300 

—       140  600 

K-V 

Average  Offset 
Voltage  Drift 

TCVos 

lc=  100|iA 

vCB  =  ov 

(Note  2) 

—  0.2 

1 

—       0.4  2 

uV/°C 

Input  Bias  Current 

'b 

lc  =  100mA 
0V  s  VCB  s  30V 

—  210 

570 

—      235  800 

nA 

Input  Offset  Current 

'os 

lc  =  100nA 

vCB  =  ov 

—  6 

30 

—        12  60 

nA 

Average  Offset 
Current  Drift 

TCIos 

lc  =  100(iA 

vCB  =  ov 

—  50 

—      100  — 

pA/"C 

Breakdown  Voltage 

BVCEO 

Ic-IO^A 

40  — 

40        —  — 

V 

Collector-Base 
Leakage  Current 

'CBO 

Vcb  =  40V 

—  5 

—          5  — 

nA 

Collector-Emitter 
Leakage  Current 

'CES 

VCE  =  40V 

—  100 

—      100  — 

nA 

Collector-Substrate 
Leakage  Current 

<CS 

Vos  =  40V 

—  7 

—          7  — 

nA 

NOTES: 

1.  Current  gain  measured  at  lc  =  10)iA,  100|iA  and  1mA.  3.  Measured  at  lc  =  10|»A  and  guaranteed  by  design  over  the  specified  range 

2.  Guaranteed  by  V^  test  (TCVos  s  Vos/T  for  V^  «  V^)  T  =  29TK  for  of  fe. 
TA  =  25°C. 
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MATCHED  TRANSISTORS  73-75 


13-16   MATCHED  TRANSISTORS 


Page 

Selection  Tree   .'  14-2 

Selection  Guide  \  ,   14-3 

SSM2017  -  Self-Contained  Audio  Preamplifier   14-5 

SSM20 1 8T/SSM2 1 1 8T  -  Trimless  Voltage  Controlled  Amplifiers    14-8 

SSM2024  -  Quad  Current-Controlled  Amplifier   14-12 

SSM2135  -  Dual  Single-Supply  Audio  Operational  Amplifier   14-14 

SSM2 141  -  High  Common-Mode  Rejection  Differential  Line  Receiver    14-24 

SSM2 1 42  -  Balanced  Line  Driver   14-26 

SSM2143- -6  dB  Differential  Line  Receiver    14-28 

SSM2 1 60/SSM2 1 6 1  -  Serial  Input  Hex/Quad  "Clickless"  Volume  Control  with  Master  Attenuation   14-30 

SSM2402/SSM2412- Dual  Audio  Analog  Switches    14-34 

SSM2404  -  Quad  Audio  Switch    14-37 


AUDIO  COMPONENTS  U-1 


Selection  Tree  —  Audio  Components 


— 


—         PRE  AMPS 


SSM2017 


DIFFERENTIAL 
LINE  DRIVERS 
RECEIVERS 


—  Drivers 


SSM2142 


1 —  Receivers 


SSM2141  (Av  =  1) 
SSM2143  (Av  =  2) 


BUFFERS 


BUF04 


AUDIO 
T~ 


BIPOLAR 
OP  AMPS 


Single 

Dual 

(Low  Noise,  Wide  Bandwidth) 

AD829 

AD811 

(NE5534  Upgrade)  (NE5532  Upgrade) 
OP176  OP275 


SINGLE  SUPPLY 


Single 


Dual 


Quad 


AD820  (FET) 
OP113 


AD822  (FET) 
OP213 
OP279 
SSM2135 


OP413 


FETS 


VOLUME 
CONTROL 


SSM2160/61  (6  VCAs  with  D/As) 


CLICKLESS 
SWITCHES 


SSM2402/2412  (Dual) 
SSM2404  (Quad) 


VOLTAGE 
CONTROLLED 
AMPLIFIERS 


SSM2018T/2118T 
SSM2024 


Single 


Dual 


Quad 


AD843 


OP249 


2/AD746  AD713 


(Low  Voltage  Noise) 

AD743 

AD745 


- 


Selection  Guides— Audio  Components 


en  nV/Vlfe 

THD+N 

BW 

Model 

Function 

20kHzBW 

@lkHz 

MHz 

SSM2017 

Audio  Preamplifier 

0.95 

0.005% 

4.0 

SSM2135 

Dual  Audio  Op  Amp 

5.2 

0.001% 

3.5 

SSM2141 

Differential  Line  Receiver 

22.0 

0.001% 

3 

SSM2142 

Balanced  Line  Driver 

117.0 

0.006% 

SSM2143 

Differential  Line  Receiver 

23.6 

0.0006% 

7 

Package  Temp 


Option1  Ran 

ges2  Comments 

Page 

N,R  I 

Low  Noise,  8-Pin  DIP,  High  Gain 

14-5 

N,R  I 

+5  V  Supply,  8-Pin  DIP,  High  Output 

14-14 

N,  R  I 

High  CMRR,  Drives  600  ft 

14-24 

N,  Q,  R  I 

10  V  RMS  into  600  ft,  High  Cap  Load 

14-26 

N,R  I 

Gain  =  1/2  or  2,  High  CMRR 

14-28 

Volume  C 

d  Amplifiers 

Dynamic 

Range 

THD 

BW 

Package 

Temp 

Model 

Function 

dB 

% 

MHz 

Option1 

Ranges2 

Comments 

Page 

SSM2018T 

Voltage  Out  VCA 

117 

0.006 

0.7 

N,R 

I 

Trimless,  140  dB  Gain  Range 

L4-* 

SSM2118T 

Diff.  Current  Out  VCA 

140 

0.006 

14.0 

N,R 

I 

Direct  Output  Summing 

14-8 

SSM2024 

Quad  Current-Controlled  VCA 

82 

0.3 

N 

C 

Low  Feedthrough,  Class  A 

14-12 

SSM2160 

Hex  Digital  Volume  Control 

100 

0.008 

N,R 

I 

"Clickless"  Control,  Master  Attenuator 

14-30 

SSM2161 

Quad  Digital  Volume  Control 

100 

0.008 

N,R 

I 

Low  Crosstalk,  Adjustable  Step 

14-30 

"Clickless"  Audio  Switches 


I 

I 
i 

a 


Model 
SSM2402 
SSM2404 
SSM2412 


Function 

Dual  SPST  Switch 
Quad  SPST  Switch 
Dual  SPST  Switch 


Switch 

Signal 

THD 

Time 

Ron 

Range 

Package 

1 

% 

ms 

ft 

V 

Option1 

R 

0.003 

10.0 

60 

±14.2 

N,R 

I 

0.008 

8.0 

28 

±12.0 

N,  R 

I 

0.003 

3.5 

60 

±14.2 

N,  R 

I 

Break-Before-Make,  Low  Distortion 
Single  Supply,  Low  Crosstalk 
Higher  Speed,  Low  Noise 


Page 

14-34 
14-37 
14-34 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  -  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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T4-4  AUDIO  COMPONENTS 


SSMZU1  / 


FEATURES 

Excellent  Noise  Performance:  950  pV/VHz  or  1.5  dB 
Noise  Figure 

Ultralow  THD:  <0.01%  @  G  =  100  Over  the  Full  Audio 
Band 

Wide  Bandwidth:  1  MHz  @  G  =  100 
High  Slew  Rate:  17  V/(is  typ 
Unity  Gain  Stable 
True  Differential  Inputs 
Subaudio  1/f  Noise  Corner 

8-Pin  Mini-DIP  with  Only  One  External  Component 

Required 
Very  Low  Cost 

Extended  Temperature  Range:  -40°C  to  +85°C 

APPLICATIONS 
Audio  Mix  Consoles 
Intercom/Paging  Systems 
Two-Way  Radio 
Sonar 

Digital  Audio  Systems 
GENERAL  DESCRIPTION 

The  SSM-2017  is  a  latest  generation  audio  preamplifier  combin- 
ing SSM  preamplifier  design  expertise  with  advanced  process- 
ing. The  result  is  excellent  audio  performance  from  a  self- 
contained  8-pin  mini-DIP  device,  requiring  only  one  external 
gain  set  resistor  or  potentiometer.  The  SSM-2017  is  further 
enhanced  by  its  unity  gain  stability. 

Key  specifications  include  ultralow  noise  (1.5  dB  noise  figure) 
and  THD  (<0.01%  at  G  =  100),  complemented  by  wide  band- 
width and  high  slew  rate. 

Applications  for  this  low  cost  device  include  microphone  pream- 
plifiers and  bus  summing  amplifiers  in  professional  and  con- 
sumer audio  equipment,  sonar,  and  other  applications  requiring 
a  low  noise  instrumentation  amplifier  with  high  gain  capability. 


i 


FUNCTIONAL  BLOCK  DIAGRAM 


PIN  CONNECTIONS 


Epoxy  Mini-DIP  (P  Suffix) 


RG,  |T 
-IN  [J 
♦IN  [7 
V-[I 


SSM-2017  3  v+ 

TOP  VIEW     ^|  0UT 
(Not  to  Scale) 

T]  REFERENCE 


16-Pin  Wide  Body  SOL  (S  Suffix) 

Ti]  NC 
"li]  RG2 


nc[T 

RG,  [V 

NC  |T 


■LI 


NC 


V- 
NC 


~a*\  nc 

SSM-2017    Is]  v+ 

7^3      TOP  VIEW   . 

|  5       (Not  to  Scale)      _I2J  NC 

jT]0UT 

Tol  REFERENCE 

 1 

[T  [7]  nc 


LI 


NC  =  NO  CONNECT 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AUDIO  COMPONENTS  14-5 


SSM201 7 -SPECIFICATIONS  Typical  specifications  apply  at  TA  =  +25°C.) 


Parameter 


DISTORTION  PERFORMANCE 
Total  Harmonic  Distortion  Plus  Noise 


NOISE  PERFORMANCE 
Input  Referred  Voltage  Noise  Density 


Input  Current 


Small  Sij 


dwidth 


INPUT 
Input  Offset  Voltage 
Input  Bias  Current 
Input  Offset  Current 
Common-Mode  Rejection 


Power  Supply  Rejection 


Input  Voltage  Range 
Input  Resistance 





OUTPUT 
Output  Voltage  Swing 
Output  Offset  Voltage 
Minimum  Resistive  Load  Drive 

Maximum  Capacitive  Load  Drive 
Short  Circuit  Current  Limit 
Output  Short  Circuit  Duration 


GAIN 
Gain  Accuracy 


Maximum  Gain 


Symbol 


THD+N 


SR 


IMS  ' 


VIOS 
Ib 
los 
CMR 


PSR 


IVR 

RlN 


Vo 
Vnn 


Ro  = 


10  tn 


Conditions 


TA  =  +25°C 
Vo  =  7  Vrms 
R,  =  5  kfi 


G  = 
G  = 
G  = 
G  = 


1000,  f  =  1  kHz 
100,  f  =  1  kHz 
10,  f  =  1  kHz 
l,f  =  1  kHz 


f  =  1  kHz,  G  = 

1000 

f  =  1  kHz;  G  = 

100 

f  =  1  kHz;  G  = 

10 

f  =  1  kHz;  G  = 

1 

f  =  1  kHz,  G  = 

1000 

0.012 
0.005 
0.004 
0.008 



0.95 

I.  95 

II.  83 
107.14 
2 


G  = 

10 

RL  = 

=  4.7  kfi 

Cl  = 

=  50  pF 

TA  = 

=  +25°C 

G  = 

1000 

G  = 

100 

G  = 

10 

G  = 

1 

Vcm 

=  0  V 

Vc« 

=  0  V 

VCM 

=  +8  V 

G 

=  1000 

G 

=  100 

G 

=  10 

G 

=  1,TA 

G 

=  LTA 

vs  = 

±6  Vto 

G 

=  1000 

G 

=  100 

G 

=  10 

G 

=  1 

200 
1000 
2000 
4000 


+25°C 

-40°C  to  +85°C 


Differential,  G  =  1000 
G  =  1 

Common  Mode,  G  =  1000 
G  =  1 


RL  =  2  Ml;  TA  =  +25°C 


+25°C 

-40°Cto  +  85°C 


Output-to-Ground  Short 


TA  =  +25°C 
Ro  =  10  n,  G  =  1000 
Re  =  101  fi,  G  =  100 
Ro  =  l.lkfl,G=  10 
Rg  =  cc,  G  =  1 


Min      Typ  Max 


10 


17 


0.1  1.2 
6  25 
±0.002  ±2.5 


80 
60 
40 
26 
20 


112 

92 

74 

54 

54 


80 

124 

dB 

60 

118 

dB 

40 

101 

dB 

26 

82 

dB 

±8 

V 

1 

Mfl 

30 

Mil 

5.3 

Mfl 

7.1 

Mfl 

=  11.0  ±12.3 
-40 
2 

4.7 
50 
±50 


500 


10 


0.25 

1 

dB 

0.20 

1 

dB 

0.20 

1 

dB 

0.05 

0.5 

dB 

70 

dB 

Units 


nV/VHz 
nV/VHz 
nV/VHz 
nV/VHz 
pA/VHz 


V/us 


kHz 
kHz 
kHz 
kHz 


mV 
MA 
\lA 

dB 
dB 
dB 
dB 


V 

mV 
kfl 
kfi 
pF 
mA 
sec 


- 
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Parameter 


REFERENCE  INPUT 
Input  Resistance 
Voltage  Range 
Gain  to  Output 





ion 


SSM2017 


10 

±8 
1 


kn 
v 

v/v 


POWER  SUPPLY 

Supply  Voltage  Range 

Supply  Current 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  ±22  V 

Input  Voltage   Supply  Voltage 

Output  Short  Circuit  Duration   10  sec 

Storage  Temperature  Range  (P,  Z  Packages)  .  -65°C  to  +150°C 

Junction  Temperature  (T,)   -65°C  to  +  150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  .   300°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Thermal  Resistance1 

8-Pin  Hermetic  DIP  (Z):  6,A  =  134;  8JC  =  12  °C/W 

8-Pin  Plastic  DIP  (P):  6JA  =  96;  8JC  =  37  °C/W 

16-Pin  SOIC  (S):  6,A  =  92;  8JC  =  27  °C/W 


=  0  V,  RL  =  oo 


±22 
±10.6  ±14.0 


V 

mA 


NOTE 

'Bja  is  specified  for  worst  case  mounting  conditions,  i.e.,  8JA  is  specified  for 
device  in  socket  for  cerdip  and  plastic  DIP;  6JA  is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

(TSriSf  -88!  qiJH  nC  i-il-.,VfioO  V-l 


ORDERING  GUIDE 


'XIND  -  -40°C  to  +85X. 

2For  outline  information  see  Package  Information  section. 


Temperature 

Package 

Package 

Model 

Range1 

Description 

Option2 

SSM2017P 

-40°C  to  +  85°C 

8-Pin  Plastic  DIP 

N-8 

SSM2017S 

-40°C  to  +85°C 

16-Lead  SOL 

R-16 

Typical  Performance  Characteristics 


Figure  1.  Typical  THD+Noise*  at  G  =  1,  10,  100,  1000; 
V0  =  ?  VRMS,  VS  =  ±15V,RL  =  5  kO;  TA  =  +25°C 


Ml!  NKKIW  ai7-l*» 


Figure  2.  Typical  THD+Noise*  at  G  =  2,  10,  100,  1000; 
Vo  =  10  VRMS,  Vs  =  ±18V,RL  =  5  k{l;  TA  =  +25°C 


*80  kHz  low-pass  filter  used  for  Figures  1-2. 


OUT 


REFERENCE 


■ 


G  = 


(+IN)-(-IN) 

Basic  Circuit  Connections 


REV.  B 


AUDIO  COMPONENTS  14-7 


ANALOG 


Trimless 

Voltage  Controlled  Amplifiers 


1  kHz,  Unity  Gain) 


FEATURES 

117  dB  Dynamic  Range 
0.006%  Typical  THD+N  ( 
140  dB  Gain  Range 
No  External  Trimming  Required 
Differential  Inputs 
Complementary  Gain  Outputs 
Buffered  Control  Port 
l-V  Converter  On-Chip  (SSM2018T) 
Differential  Current  Outputs  (SSM2118T) 
Low  External  Parts  Count 
Low  Cost 


GENERAL  DESCRIPTION 

The  SSM2018T  and  SSM21 18T  represent  continuing  evolu- 
tion of  the  Frey  Operational  Voltage  Element  (OVCE)  topology 
that  permits  flexibility  in  lie  design  of  high  performance  volume 
control  systems.  Voltage  (SSM2018T)  and  differential  current 
(SSM21 18T)  output  versions  are  offered,  both  laser-trimmed 
for  gain  core  symmetry  and  offset.  As  a  result,  the  SSM20 1 8T  is,  1k  ^ 
the  first  professional  audio  quality  VCA  to  offer  trimless  opera- 
tion. The  SSM21 18T  is  ideal  for  low  noise  summing  in  large 
VCA  based  systems.  \r  *      j#  C 

Due  to  careful  gain  core  layout,  the  SSM20 1 8T/SSM2 1 1 8T 
combine  the  low  noise  of  Class  AB  topologies  with  the  low  dis- 
tortion of  Class  A  circuits  to  offer  an  unprecedented  level  of 
sonic  transparency.  Additional  features  include  differential  in- 
puts, a  140  dB  gain  range,  and  a  high  impedance  control  port. 
The  SSM2018T  provides  an  internal  current-to-voltage  con- 
verter; thus  no  external  active  components  are  required.  The 
SSM2 1 1 8T  has  fully  differential  current  outputs  that  permit 
high  noise-immunity  summing  of  multiple  channels. 

Both  devices  are  offered  in  16-pin  plastic  DIP  and  SOIC  pack- 
ages and  guaranteed  for  operation  over  the  extended  industrial 
temperature  range  of-40°C  to  +85°C. 


FUNCTIONAL  BLOCK  DIAGRAMS 


•Protected  by  U.S.  Patent  Nos.  4,471,320  and  4,560,947. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


14-8  AUDIO  COMPONENTS 


REV.  0 


SPECIFICATIONS 


SSM2018T/SSM2118T 


ELECTRICAL  SPECIFICATIONS  [Vs  =  ±15  V,  Av  =  0  dB,  RL=  100  kQ,  f  =  1  kHz,  0  dBu  =  0.775  Vrms,  simple  VCA  application 
circuit  with  18  kQ  resistors,  -VIN  floating,  and  Class  AB  gain  core  bias  (RB  =  150  kQ),  -40  C  <  Tt  <  +85  C.  unless  otherwise  noted.  Typical 
specifications  apply  at  T»  =  +25  C.J 


Parameter 


AUDIO  PERFORMANCE1 
Noise 
Headroom 

Total  Harmonic  Distortion  plus  Noise 


Conditions 


Min     Typ  Max 


Units 





V,N  =  GND,  20  kHz  Bandwidth 
Clip  Point  =  1  %  THD+N 
2nd  and  3rd  Harmonics  Only  (+25°C  to  +85°C) 

Av  =  OdB,  V[N  =  +10dBu 

Av  =  +20  dB,  VIN  =  -10dBu 

Av  =  -20  dB,  VIN  =  +10  dBu 


-95  -93 
+22 

0.006  0.025 

0.013  0.014 

0.013  0.04 


dBu 
dBu 

% 
% 
% 


INPUT  AMPLIFIER 
Bias  Current 
Offset  Voltage 
Offset  Current 
Input  Impedance 
Common-Mode  Range 
Gain  Bandwid 


VCM  =  0V 
VCM  =  0V 
VCM  =  0V 


VCA  Configuration 


Slew  Rate 


VCP 


0.25 
1 

10 
4 

+  13 
0.7 
14 
10 


1 

15 
100 


OUTPUT  AMPLIFIER  (SSM2018T) 
Offset 1 
Output  > 


Vin  =  0V,Vc  =  +4 

Iout  =  1-5  mA 
Positive-* 


Minimum  Load  Resistance 


tput  Swing 


uA 

mV 

nA 

MQ 

V 

MHz 
MHz 


1.0 


15 


+  10 
-10 


+  13 
+  14 
9 


mV 

V 
V 
kO 




HA 

mq 

mV/dB 
ppm/°C 
mV 
dB 


CONTROL  PORT 
Bias  Current 
Input  Impedance 
Gain  Constant 

Gain  Constant  Temperature  Coefficient 
Control  Feedfhrough 
Maximum  Attenuation 


Device  Powered  in  Socket  >  60  sec 

+  10  dB  to  -40  dB  Gain  Range 
Vc  =  +4  V 


0.36  1 
1 

-30 

-3500 

±1  ±4 

100 


POWER  SUPPLIES 
Supply  Voltage  Range 
Supply  Current 
Power  Supply  Rejection  Ratio 


±5 


11 
80 


+  18 
15 


V 

mA 
dB 


NOTES 

'SSM21 18T  tested  and  characterized  using  OP275  as  current-to-voltage  converter. 
Specifications  subject  to  ch  nge  without  notice. 


■ 


- 

ii  . 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Input  Voltage  ±VS 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  -65°C  to  + 1 50°C 

Junction  Temperature  (Tj)   +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

THERMAL  CHARACTERISTICS 

Thermal  Resistance2 

16-Pin  Plastic  DIP 

6,A   76°C/W 

8JC   33°C/W 

16-Pin  SOIC 

6,A   92°C/W 

eJC   27°C/W 

TRANSISTOR  COUNT 

Number  of  Transistors 

SSM2018T   125 

SSM2118T   108 

ESD  RATINGS 

883  (Human  Body)  Model    500  V 

EIAJ  Model   100  V 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operation  section  of  this  specification  is  not  implied.  Exposure  to  absolute  maxi- 
mum rating  conditions  for  extended  periods  may  affect  device  reli 

28ja  is  specified  for  worst-case  conditions,  i.e.,  8JA  is  specified  for 
for  P-DIP  and  device  soldered  in  circuit  board  for  SOIC  package. 


ana  SUL 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

SSM2018TN 
SSM2018TR 
SSM2118TN 
SSM2118TR 

-40°C  tc#t-85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-16 
R-16 
N-16 

-40°C  to  +85°C 

R-16 

COMP  2  , ,  COMP  1 


COMPENSATION 
NETWORK 


K2> 


WARNING! 


Figure  1.  SSM2018T  Detailed  Functional  Block  Diagram 
CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  SSM2018T/SSM21 18T  features  proprietary  ESD  protection  circuitry,  permanent 
damage  may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 

This  information  applies  10  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


14-10  AUDIO  COMPONENTS 


REV.  0 


SSM2018T/SSI 


V. 


w,w  |jtt:::^:±:±::rt-"  r- 
k-iwo   -4-H+  4- 


Figure  5.  SSM2118T  Typical  Application  Circuit 


.0- 


i0- 


(t) 


COMP  2   , ,  COMP 1 


COMPENSATION 
NETWORK 


-®  @K5> 


Figure  4.  SSM21 18T  Detailed  Functional  Diagram 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


AUDIO  COMPONENTS  14-11 
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DEVICES 


Quad  Current- 
Controlled  Amplifier 


SSM2024 

FEATURES 

GENERAL  DESCRIPTION 

•  Four  VCAs  in  One  Package 

•  Ground  Referenced  Current  Control  Inputs 

•  82dB  S/N  at  0.3  %  TH  3 

•  Full  Class  A  Operation 

•  -40dB  Control  Feedt  irough  (Untrimmed) 

•  Easy  Signal  Summing 

•  6%  Gain  Matching 

APPLICATIONS 

•  Electronic  Musical  Instruments 

•  Noise  Gating 

•  Compressor/Limiters 

•  Signal  Mixing 

•  Automatic  Gain  Control 

•  Voltage-Controlled  Oscillators 


TheSSM-2024  is  a  quad  ClassAnoninverting  current-controlled 
transconductance  amplifier.  Each  of  the  four  VCAs  is  completely 
independent  and  includes  a  ground  referenced  linear  current  gain 
control.  These  voltage-in/current-out  amplifiers  offer  over  82dB 
S/N  at  0.3%  THD.  Other  features  include  low  control  voltage 
feedthrough  and  minimal  external  components  for  most  applica- 
tions. With  four  matched  VCAs  in  a  single  IC,  the  SSM-2024  pro- 
vides a  convenient  solution  for  applications  requiring  multiple 
amplifiers.  The  pinout  groups  the  four  outputs  for  easy  signal 
summing  for  circuits  such  as  four-channel  mixers. 

PIN  CONNECTIONS 


ORDERING  INFORMATION 

PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

16-PIN 

RANGE 

SSM2024P 

-10°Cto+50°C 

N.C.  |T 

in,  rr 

Din, 

CONTROL,  FT 

U]  CONTROL* 

out,  rr 

13]  OUT, 

out2  rr 

12]  OUT3 

CONTROLj  (T 

iT)  CONTROL, 

inj  rr 

10]  IN, 

QND  [T 

TJ  v- 

- 


16-PIN  PLASTIC  DIP 
(P-Suffix) 


BLOCK  DIAGRAM 


IN,0- 

: 


CONTROL,  c— 


0UT,O- 


CONTROL2  O— 


IN20- 


1  T 


-OIN, 


-O  CONTROL. 


-OOUT4 


-OOUT3 

-O  CONTROL, 


The  SSM-2024  Is  mask  work  protected  under  the  Semiconductor  Chip  Protection  Act  of  1 983. 

j.  .  


This  is  an  abridged  data  sheet.  To  obtain  t 
:  data  sheet,  call  our  tax  retrieval  1 
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SSM2024 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  

PACKAGE  TYPE 

36Vor+18V   

9^  (Note  1) 

eic 

UNITS 

Junction  Temperature  

+1Sn°(":          14-Pin  Plastic  DIP  (P) 

90 

47 

°c/w 

Operating  Temperature  Range  

-10to+50°C  NOTES: 

Storage  Temperature  Range  

-65to+150°C  1 

8^  is  specified  for  worst  case  mounting  condition 

in  enr»lfOi  fr\r  D.niD  nsrlrona 

sj-e^e^isspec 

fied  tor  device 

Maximum  Current  into  Anv  Pin  

  10mA 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 

SSM-2024 

PARAMETER  SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Positive  Supply  Current  +l 

I^H^^OV^tlSV 

1         M  j4\     ft  W    —  +ifi  C\/ 

'con'1"4'    0  VS  =  +16.5V 

0.95 
1 .05 

1.40 
1.55 

1.85 
2.05 

mA 

Negative  Supply  Current  -lSY 

'C0N(1  4)-°  VS-±15V 
'con<1-4>=°  Vs  =  ±16.5V 

1 .05 
1.20 

1.55 
1.65 

2.05 
2.25 

mA 

Gain  G 

Icon(1-4)  =  ±500uA 

3842 

4085 

4330 

umhos 

Gain  Matching  AG 


lCON(1-4)  =  ±500uA 

±6 

% 

Input  Offset  Voltage  Vos 


V,N  =  °V  'cON<1-4>  =  ±500fA 

ICon(1-4)  =  +25*a 

±.4 

±1.3 

mV 

Change  in  Offset  Voltage  AVQS 

+2.5uA<lCON(1-4)<+250uA 

+250nA  <  I      (1  -4)  <  +250uA 
CON 

±100 
±250 

±840 
±840 

uV 

Output  Leakage  lQL 

0.1 

±5 

nA 

Control  Rejection  (Untrimmed)  CVR 

lCON(1-4)  =  500uA 
V|N(1-4)=40mVp-p 

30 

41.5 

dB 

Signal-to-Noise  S/N 

V|N(1-4)=40mVp-p 

82 

dB 

Distortion  THD 

V|N(1-4)=40mVp.p 

0.3 

% 

Threshold  Input  Control  Voltage  VTC| 

'OUT*1-")^ 



+160 

+220 

mV 

NOTE:  Specifications  subject  to  change;  consult  latest  data  sheet. 
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FEATURES 

Excellent  Sonic  Characteristics 
High  Output  Drive  Capability 
5.2  nV/Vfiz  Equivalent  Input  Noise  < 


1  kHz 


PIN  CONNECTIONS 

8-Lead  Narrow-Body  SOIC 
(S  Suffix) 


8-Lead  Epoxy  DIP 
(P  Suffix) 


0.001%  THD+IM  (V0  =  2.5  V  p-p  @  1  kHz) 

3.5  MHz  Gain  Bandwidth                                                   out  AC 
Unity-Gain  Stable  -inac 

SSM-2135 

_,  outaIi 
Zlv*  1  

ZlOUTB  -|Na|T 

T^QUTB 
T"|-INB 

Low  Cost  *inaC 
APPLICATIONS                                                              V"*JND  C 

3  -IN  B 

Zl  *IN  B          »IN  A  [T 

Multimedia  Audio  Systems                                                                                 v-/gno [T 
Microphone  Preamplifier 

SSM-2135 

7].INB 

Headphone  Driver 

Differential  Line  Receiver 

Balanced  Line  Driver 

Audio  ADC  Input  Buffer 

Audio  DAC  l-V  Converter  and  Filter 

Pseudo-Ground  Generator 


GENERAL  DESCRIPTION 

The  SSM-2135  Dual  Audio  Operational  Amplifier  permits  excel- 
lent performance  in  portable  or  low  power  audio  systems,  with 
an  operating  supply  range  of  +4  V  to  +36  V  or  ±2  V  to 
±18  V.  The  unity  gain  stable  device  has  very  low  voltage  noise 
of  4.7  nV/VHz,  and  total  harmonic  distortion  plus  noise  below 
0.01%  over  normal  signal  levels  and  loads.  Such  characteristics 
are  enhanced  by  wide  output  swing  and  load  drive  capability.  A 
unique  output  stage*  permits  output  swing  approaching  the  rail 


under  moderate  load  conditions.  Under  severe  loading,  the 
SSM-2135  still  maintains  a  wide  output  swing  with  ultralow 
distortion. 

Particularly  well  suited  for  computer  audio  systems  and  portable 
digital  audio  units,  the  SSM-2135  can  perform  preamplification, 
headphone  and  speaker  driving,  and  balanced  line  driving  and 
receiving.  Additionally,  the  device  is  ideal  for  input  signal  con- 
ditioning in  single-supply  sigma-delta  analog-to-digital  converter 
subsystems  such  as  the  AD1878/AD1879. 

The  SSM-2135  is  available  in  8-pin  plastic  DIP  and  SOIC  pack- 
ages, and  is  guaranteed  for  operation  over  the  extended  indus- 
trial temperature  range  of  — 40°C  to  +85°C. 

•Protected  by  U.  S.  Patent  No.  5,146,181. 
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CDCPICIf* ATI HklC  'vs  =  +5  v-  ~41,°,'  <  T» <  +85°c  unless  otherwise  mtei- 

5l  tUIMoMI  lUPlO  Typical  specifications  apply  at  TA  =  +25°C.) 

Electrical  Characteristics 


SSM2135 


Min  Typ 

-1 — I  


Parameter 


Symbol 


Conditions 


Max 


Units 


AUDIO  PERFORMANCE 
Voltage  Noise  Density 
Current  Noise  Density 
Signal-To-Noise  Ratio 

Total  Harmonic  Distortion 


SNR 
HR 

THD+N 


f  =  1  kHz 
f  =  1kHz 

20  Hz  to  20  kHz,  0  dBu  =  0.775  V  rms 

Clip  Point  =  1%  THD+N,  f  =  1  kHz,  RL  =  10  kn 

Av  =  +1,  VQ  =  1  V  p-p,  f  =  1  kHz,  80  kHz  LPF 

RL  =  10  kn 

R,  =  32  n 


5.2 
0.5 
121 
5.3 

0.003 
0.005 


nV/VHz 
pA/\/Hz 
dBu 
dBu 


% 


DYNAMIC  PERFORMANCE 
Slew  Rate 

Gain  Bandwidth  Product 
Settling  Time 


SR 
GBW 


RL  =  2  Wl,  TA  =  +25°C 
to  0.1%,  2  V  Step 


0.6 


0.9 
3.5 
5.8 


V/u-s 
MHz 

|AS 


INPUT  CHARACTERISTICS 
Input  Voltage  Range 
Input  Offset  Voltage 
Input  Bias  Current 
Input  Offset  Current 
Differential  Input  Impedance 
Common-Mode  Rejection 
Large  Signal  Voltage  Gain 


'  CM 


Vc 
VOS 
Ib 
los 

2  IN 

CMR 

AVo 


Vqut  =  2  V 
VCm  =  0V,Vout 
VCM  7  0  V,  VOUT 


2  V 
2  V 


0  V  : 


4  V,  f  =  dc 


0.01  V  s  Voux  s  3.9  V,  RL  =  600  n 


87 
2 


+4.0 

V 

0.2 

2.0 

mV 

300 

750 

nA 

50 

nA 

4 

Mn 

112 

dB 

V/|xV 

OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing  High 

Output  Voltage  Swing  Low 

Short  Circuit  Current  Limit 


VOL 


RL  =  100  kn 
RL  =  600  n 
RL  =  100  kn 
R,  =  600  n 


4.1 

3.9 


3.5 
3.0 


±30 


V 
V 

mV 
mV 
mA 


POWER  SUPPLY 
Supply  1 

Power  Supply  Rejection  Ratio 
Supply  Current 


v 

PSRR 

IsY 


Single  Supply 
Dual  Supply 
Vs  =  +4  V  to  ■ 
VOUT  =  2.0  V, 
Vs  =  +5  V 
V,  =  ±18  V 


-6  V,  f  =  dc 
No  Load 


+4 

±2 

90  120 

2.8 
3.7 


+36 
±18 


4.0 

5.0 


V 
V 
dB 

mA 
mA 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage 

Single  Supply   +36  V 

Dual  Supply  ±18  V 

Input  Voltage  ±VS 

Differential  Input  Voltage   10  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range   -65°C  to  +150°C 

Operating  Temperature  Range  — 40°C  to  +85°C 

Junction  Temperature  Range  (Tj)  -65°C  to  +150"C 

Lead  Temperature  (Soldering,  60  sec)   +  300°C 

ESD  RATINGS 

883  (Human  Body)  Model  1  kV 

EIAJ  Model   175  V 


THERMAL  CHARACTERISTICS 

Thermal  Resistance1 

8-Pin  Plastic  DIP  8I; 


8-Pin  SOIC 


6 


ja 


103°C/W 
43°C/W 
158°C/W 
43°C/W 


'9jA  is  specified  for  worst  case  conditions,  i.e.,  8JA  is  specified  for  device  in 
socket  for  P-DIP  and  device  soldered  in  circuit  board  for  SOIC  package. 


ORDERING  GUIDE 


■ 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

SSM2135P 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

SSM2135S 

-40°C  to  +85°C 

8-Pin  Narrow  Body 

SO-8 

•For  outline  information  see  Package  Information  section. 
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♦2.5Vdc 

Figure  1.  Test  Circuit  for  Figures  2-4 
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Av.»1,/ =  1kHz 

V 

-F 

IN  =  1Vp-p 

WITH  80kHz  FILTER 

10  100  Ik  10k 

LOAD  RESISTANCE -Q 

Figure  4.  THD+N  vs.  Load  {See  Test  Circuit) 


Figure  2.  THD+N  vs.  Amplitude  (See  Test  Circuit;  Av  = 
+  1,VS  =  +5V,f  =  1  kHz,  with  80  kHz  Low-Pass  Filter) 
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Figure  5.  THD+N  vs.  Gain 


Figure  3.  THD+N  vs.  Frequency  (See  Test  Circuit; 
Av=  +1,  V,N  =  1  Vpp,  with  80  kHz  Low-Pass  Filter) 
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Figure  6.  THD+N  vs.  Supply  Voltage 
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Figure  7.  SMPTE  Intermodulation  Distortion  (Av  =  +  1, 
Vs  =  +5  V,  f  =  1  kHz,  RL  =  10  kO> 


Figure  8.  Input  Voltage  Noise  (20  nV/div) 
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Figure  9.  Voltage  Noise  Density  vs.  Frequency 
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Figure  10.  Current  Noise  Density  vs.  Frequency 


Figure  11.  Frequency  Response  (Av  =  +1,  Vs  =  +5  V, 
VIN  =  1  V  p-p,  RL  =  10  kfl) 
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Figure  12.  Square  Wave  Response  (Vs  =  +5  V,  Av  =  + 1, 
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Figure  22.  Output  Swing  vs.  Supply  Voltage 
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Figure  20.  Maximum  Output  Voltage  vs.  Load  Resistance 
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Figure  23.  Output  Swing  vs.  Temperature  and  Load 
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Figure  21.  Maximum  Output  Swing  vs.  Frequency 
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Figure  24.  Slew  Rate  vs.  Temperature 
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Figure  25.  Open-Loop  Gain  vs.  Temperature 
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Figure  28.  Input  Bias  Current  vs.  Temperature 
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Figure  26.  Cain  Bandwidth  Product  and  Phase  Margin  vs. 
Temperature 
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APPLICATION  INFORMATION 

The  SSM-2135  is  a  low  voltage  audio  amplifier  that  has  excep- 
tionally low  noise  and  excellent  sonic  quality  even  when  driving 
loads  as  small  as  25  !1.  Designed  for  single  supply  use,  the 
SSM-2135's  inputs  common-mode  and  output  swing  to  zero 
volts.  Thus  with  a  supply  voltage  at  +5  V,  both  the  input  and 
output  will  swing  from  0  V  to  +4  V.  Because  of  this,  signal 
dynamic  range  can  be  optimized  if  the  amplifier  is  biased  to  a 
+2  V  reference  rather  than  at  half  the  supply  voltage. 

The  SSM-2135  is  unity-gain  stable,  even  when  driving  into  a 
fair  amount  of  capacitive  load.  Driving  up  to  500  pF  does  not 
cause  any  instability  in  the  amplifier.  However,  overshoot  in  the 
frequency  response  increases  slightly. 

The  SSM-2135  makes  an  excellent  output  amplifier  for  +5  V 
only  audio  systems  such  as  a  multimedia  workstation,  a  CD  out- 
put amplifier,  or  an  audio  mixing  system.  The  amplifier  has 
large  output  swing  even  at  this  supply  voltage  because  it  is 
designed  to  swing  to  the  negative  rail.  In  addition,  it  easily 
drives  load  impedances  as  low  as  25  Q  with  low  distortion. 

The  SSM-2135  is  fully  protected  from  phase  reversal  for  inputs 
going  to  the  negative  supply  rail.  However,  an  internal  ESD 
protection  diodes  will  turn  "on"  when  either  input  is  forced 
more  than  0.5  V  below  the  negative  rail.  Under  this  condition, 
input  current  in  excess  of  2  mA  may  cause  erratic  output  behav- 
ior, in  which  case  a  current  limiting  resistor  should  be  included 
in  the  offending  input  if  phase  integrity  is  required  with  exces- 
sive input  voltages.  A  500  CI  or  higher  series  input  resistor  will 
prevent  phase  inversion  even  with  the  input  pulled  1  volt  below 
the  negative  supply. 

"Hot"  plugging  the  input  to  a  signal  generally  does  not  present 
a  problem  for  the  SSM-2135,  assuming  the  signal  does  not  have 
any  voltage  exceeding  the  device's  supply  voltage.  If  so,  it  is 
advisable  to  add  a  series  input  resistor  to  limit  the  current,  as 
well  as  a  Zener  diode  to  clamp  the  input  to  a  voltage  no  higher 
than  the  supply. 


Figure  27.  Supply  Current  vs.  Temperature 
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APPLICATION  CIRCUITS 

A  Low  Noise  Stereo  Headphone  Driver  Amplifier 

Figure  29  shows  the  SSM-2135  used  in  a  stereo  headphone 
driver  for  multimedia  applications  with  the  AD1848,  a  16-bit 
stereo  codec.  The  SSM-2135  is  equally  well  suited  for  the  serial- 
bused  AD1849  stereo  codec.  The  headphone's  impedance  can  be 
as  low  as  25  O,  which  covers  most  commercially  available  high 
fidelity  headphones.  Although  the  amplifier  can  operate  at  up  to 
±18  V  supply,  it  is  just  as  efficient  powered  by  a  single  +5  V. 
At  this  voltage,  the  amplifier  has  sufficient  output  drive  to 
deliver  distortion-free  sound  to  a  low  impedance  headphone. 

40 


Figure  29.  A  Stereo  Headphone  Driver  for  Multimedia 
Sound  Codec 


Figure  30  shows  the  total  harmonic  distortion  characteristics 
versus  frequency  driving  into  a  32  Q  load,  which  is  a  very  typi- 
cal impedance  for  a  high  quality  stereo  headphone.  The  SSM- 
2135  has  excellent  power  supply  rejection,  and  as  a  result,  is 
tolerant  of  poorly  regulated  supplies.  However,  for  best  sonic 
quality,  the  power  supply  should  be  well  regulated  and  heavily 
bypassed  to  minimize  supply  modulation  under  heavy  loads.  A 
minimum  of  10  p.F  bypass  is  recommended. 


A  Low  Noise  Microphone  Preamplifier 

The  SSM-2135's  4.7  nV/\/Hz  input  noise  in  conjunction  with 
low  distortion  makes  it  an  ideal  device  for  amplifying  low  level 
signals  such  as  those  produced  by  microphones.  Figure  31  illus- 
trates a  stereo  microphone  input  circuit  feeding  a  multimedia 
sound  codec.  As  shown,  the  gain  is  set  at  100  (40  dB),  although 
it  can  be  set  to  other  gains  depending  on  the  microphone  output 
levels.  Figure  32  shows  the  preamplifier's  harmonic  distortion 
performance  with  1  V  rms  output  while  operating  from  a  single 
+  5  V  supply. 

The  SSM-2135  is  biased  to  2.25  V  by  the  VREF  pin  of  the 
AD  1848  codec.  The  same  voltage  is  buffered  by  the  2N4124 
transistor  to  provide  "phantom  power"  to  the  microphone.  A 
typical  electret  condenser  microphone  with  an  impedance  range 
of  100  fi  to  1  kfl  works  well  with  the  circuit.  This  power 
booster  circuit  may  be  omitted  for  dy 
elements. 


— i^7 

v  ri^ss 


Figure  31.  Low 
Sound  Codec 
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Figure  30.  Headphone  Driver  THD+N  vs.  Frequency  into  a 
32  O  Load  (Vs  =  +5  V,  with  80  kHz  Low-Pass  Filter) 


Figure  32.  MIC  Preamp  THD+N  Performance  (Vs  =  +5  V, 
Av  =  40  dB,  VOUT  =  1  V  rms,  with  80  kHz  Low-Pass  Filter) 
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amplifier  for  audio  D/A  converters  because  of  its  low  noise  and 
distortion.  Figure  33  shows  the  implementation  of  an  18-Bit  ste- 
reo DAC  channel.  The  output  amplifier  also  provides  low-pass 
filtering  for  smoothing  the  oversampled  audio  signal.  The  filter's 
cutoff  frequency  is  set  at  22.5  kHz  and  it  has  a  maximally  flat 
response  from  dc  to  20  kHz. 

As  mentioned  above,  the  amplifier's  outputs  can  drive  directly 
into  a  stereo  headphone  that  has  impedance  as  low  as  25  fl  with 
no  additional  buffering  required. 


Figure  33.  +5  V  Stereo  18-Bit  DAC 


A  Single  Supply  Differential  Line  Driver 

Signal  distribution  and  routing  is  often  required  in  audio  sys- 
tems, particularly  portable  digital  audio  equipment  for  profes- 
sional applications.  Figure  34  shows  a  single  supply  line  driver 
circuit  that  has  differential  output.  The  bottom  amplifier  pro- 
vides a  2  V  dc  bias  for  the  differential  amplifier  in  order  to  max- 
imize the  output  swing  range.  The  amplifier  can  output  a 
maximum  of  0.8  V  rms  signal  with  a  +5  V  supply.  It  is  capable 
of  driving  into  600  fi  line  termination  at  a  reduced  output 
amplitude. 


1k 


Figure  34.  Single  Supply  Differential  Line  Driver 


achieved  using  the  circuit  in  Figure  35.  Unlike  a  difference 
amplifier  (a  subtractor),  the  circuit  has  a  true  balanced  input 
impedance  regardless  of  input  drive  levels.  That  is,  each  input 
always  presents  a  20  kfl  impedance  to  the  source.  For  best 
common-mode  rejection  performance,  all  resistors  around  the 
differential  amplifier  must  be  very  well  matched.  Best  results 
can  be  achieved  using  a  10  kfl  precision  resistor  network. 


10k 


A  Pseudo-Reference  Voltage  Generator 

For  single  supply  circuits,  a  reference  voltage  source  is  often 
required  for  biasing  purposes  or  signal  offsetting  purposes.  The 
circuit  in  Figure  36  provides  a  supply  splitter  function  with  low 
output  impedance.  The  1  u.F  output  capacitor  serves  as  a  charge 
reservoir  to  handle  a  sudden  surge  in  demand  by  the  load  as 
well  as  providing  a  low  ac  impedance  to  it.  The  0.1  u.F  feedback 
capacitor  compensates  the  amplifier  in  the  presence  of  a  heavy 
capacitive  load,  maintaining  stability. 

The  output  can  source  or  sink  up  to  12  mA  of  current  with 
+5  V  supply,  limited  only  by  the  100  fl  output  resistor.  Reduc- 
ing the  resistance  will  increase  the  output  current  capability. 
Alternatively,  increasing  the  supply  voltage  to  12  V  also 
improves  the  output  drive  to  more  than  25  mA. 

Vs*  =  *5V  -  *12V 

R3 

2.5kQ 

I  VA  1 


CI 
0.1  |iF 


Figure  36.  Pseudo-Reference  Generator 
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uit\  convener,  me  aaivi-zi53  mases  ior  an  emcieni  auuio  aiten- 
uator,  as  shown  in  Figure  37.  The  circuit  works  off  a  single 
+5  V  supply.  The  DAC's  are  biased  to  a  2  V  reference  level 
which  is  sufficient  to  keep  the  DAC's  internal  R-2R  ladder 
switches  operating  properly.  This  voltage  is  also  the  optimal 
midpoint  of  the  SSM-2135's  common-mode  and  output  swing 
range.  With  the  circuit  as  shown,  the  maximum  input  and  out- 
put swing  is  1.25  V  rms.  Total  harmonic  distortion  measures  a 
respectable  0.01%  at  1  kHz  and  0.1%  at  20  kHz.  The  frequency 
response  at  any  attenuation  level  is  flat  to  20  kHz. 

Each  DAC  can  be  controlled  independently  via  the  8-bit  parallel 
data  bus.  The  attenuation  level  is  linearly  controlled  by  the 
binary  weighting  of  the  digital  data  input.  Total  attenuation 
ranges  from  0  dB  to  -48  dB. 


iuncuon.  similar  oiasing  is  useu.  wun  an  o-ou  ous,  uie 
AD7111  provides  an  88.5  dB  attenuation  range.  Each  bit 
resolves  a  0.375  dB  attenuation.  Refer  to  AD7111  data  sheet  for 
attenuation  levels  for  each  input  code. 


L  AUDIO  O-Hf  - 
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Figure  38.  Single  Supply  Logarithmic  Volume  Control 


Figure  37.  Digital  Volume  Control 
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FEATURES 

•  High  Common-Mode  Rejection 

DC  

60Hz  

20kHz  

40kHz  

•  Low  Distortion  

•  Fast  Slew  Rate  

•  Wide  Bandwidth  

•  Low  Cost 

•  Complements  SSM-2142  Differential  Li 


APPLICATIONS 
•  Line  Receivers 

iMOQLm 
ORDERING  INFORMATION 


..  100dBTyp 
..  100dBTyp 
....  70dB  Typ 
....  62dB  Typ 
0.001%  Typ 
9.5V/|is  Typ 
...  3MHz  Typ 


PACKAGE 


PLASTIC 
8-PIN 


NARROW  BODY  SO 
D-PIN 


OPERATING 
TEMPERATURE 
RANGE 


SSM2141P 


SSM2141S         XIND(-40°C<TA<  +85°C) 


FUNCTIONAL  DIAGRAM 


GENERAL  DESCRIPTION 

The  SSM-21 41  is  an  integrated  differential  amplifier  intended  to 
receive  balanced  line  inputs  in  audio  applications  requiring  a  high 
level  of  noise  immunity  and  optimum  common-mode  rejection. 
The  SSM-21 41  typically  achieves  1 0OdB  of  common-mode  re- 
jection (CMR),  whereas  implementing  an  op  amp  with  four  off- 
the-shelf  precision  resistors  will  typically  achieve  only  40dB  of 
CMR  -  inadequate  for  high-performance  audio. 

The  SSM-21 41  achieves  low  distortion  performance  by  main- 
taining a  large  slew  rate  of  9.5V/us  and  high  open-loop  gain. 
Distortion  is  less  than  0.002%  over  the  full  audio  bandwidth.  The 
SSM-21 41  complements  the  SSM-2142  balanced  line  driver. 
Together,  these  devices  comprise  a  fully  integrated  solution  for 
equivalent  transformer  balancing  of  audio  signals  without  the 
problems  of  distortion,  EMI  fields,  and  high  cost. 

Additional  applications  for  the  SSM-21 41  include  summing  sig- 
nals, differential  preamplifiers,  and  600Q  low  distortion  buffer 
amplifiers. 


PIN  CONNECTIONS 





8-PIN 
PLASTIC  MINI-DIP 
(P-Suffix) 

NARROW  BODY  SO 
(S-Suffix) 





This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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PACKAGE  TYPE 


8-Pin  Plastic  DIP  (P) 


(Note  2) 
 m  «" 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±18V 

Input  Voltage  (Note  1)  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 

Storage  Temperature  Range 

P  Package  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Junction  Temperature  +150°C 

Operating  Temperature  Range  -40°Cto  +85°C 

i 

ELECTRICAL  CHARACTERISTICS  at  Vs  -  ±1 8V,  TA  -  +25°C,  unless  otherwise  noted. 


NOTES: 

1 .  For  supply  voltages  less  than  ±18V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

2.  e|((i6  specified  lorworst  case  mountingconditions,  i.e. ,e|Aisspecifi6d  for  device 
in  socket  for  P-DIP  package. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-2141 
TYP 

MAX 

UNITS 

Offset  Voltage  VM 

vcu-°v 

-1000 

25 

1000 

Gain  Error 

No  Load,  V|N-±10V,  Rs-on 

0.001 

0.01 

Input  Voltage  Range 

IV  R 

(Notel) 

±10 

V 

Common-Mode  Rejection 

CMR 

VCM.±10V 

80 

100 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±6Vto±18V 

0.7 

15 

Output  Swing 

v. 

RL  =  2k£l 

±13 

±14.7 

c  - 

V 

Short-Circuit  Current  Limit 

Output  Shorted  To  Ground 

+45/-15 

mA 

Small-Signal  Bandwidth  (-3dB) 

BW 

RL  =  2kn 

3 

MHz 

Slew  Rate 

SR 

RL.2kQ 

6 

9.5 

V/ns 

Total  Harmonic 
Distortion 

THD 

RL.100W1 
RL-600Q 

0.001 
0.01 

_ 

_ 

% 

Capacitive  Load  Drive  Capability 

cL 

No  Oscillation 

300 

 - 

pF 

Supply  Current 

'sv 

No  Load 

2.5 

3.5 

mA 

NOTE: 

1 .  Input  voltage  range  guaranteed  by  CMR  test. 

■ 

ELECTRICAL  CHARACTERISTICS  at  V 

S  =  ±18V,  -40°C<TA<  + 

85°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-2141 
TYP 

MAX 

UNITS 



Offset  Voltage 

vos 

vc«  =  °v 

-2500 

200 

2500 

|!V 

Gain  Error 

NoLoad.V,N  =  ±10V,Rs  =  0Q 



0.002 

0.02 

% 

Input  Voltage  Range 

IVR 

(Note  1) 

±10 

V 

Common-Mode  Rejection 

CMR 

V^-ltOV 

75 

90 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=±6Vto±18V 

1.0 

20 

Output  Swing 

Vo 

RL  -  2M1 



±13 


±14.7 

_ 

V 



Slew  Rate 

SR 

RL  =  2kQ 

9.5 

VJia 

Supply  Current 

>*Y 

No  Load 

2.6 

4.0 

mA 

NOTE: 

1 .  Input  voltage  range  guaranteed  by  CMR  test. 
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Balanced  Line  Driver 


iii  ■ 


SSM2142 


FEATURES 

Transformer-Like  Balanced  Output 
Drives  10  V  RMS  Into  a  600  n  Load 
Stable  When  Driving  Large  Capacitive  Loads  and  Long 

Cables 
Low  Distortion 

0.006%  typ  20  Hz  20  kHz,  10  V  RMS  into  600  1! 
High  Slew  Rate 

15  V/p-s  typ 
Low  Gain  Error 

(Differential  or  Single-Ended);  0.7%  typ 
Outputs  Short-Circuit  Protected 
Available  In  Space-Saving  8-Pin  Mini-DIP  Package 
Low  Cost 

APPLICATIONS 
Audio  Mix  Consoles 
Distribution  Amplifiers 
Graphic  and  Parametric  Ei 
Dynamic  Range  Processors 
Digital  Effects  Processors 
Telecommunications  Systems 
Industrial  Instrumentation 

Mi-ri  equipment 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  SSM-2142  is  an  integrated  differential-output  buffer  ampli- 
fier that  converts  a  single-ended  input  signal  to  a  balanced  out- 
put signal  pair  with  high  output  drive.  By  utilizing  low  noise 
thermally  matched  thin  film  resistors  and  high  slew  rate  amplifi- 
ers, the  SSM-2142  helps  maintain  the  sonic  quality  of  audio 
systems  by  eliminating  power  line  hum,  RF  interference,  voltage 
drops,  and  other  externally  generated  noise  commonly  encoun- 
tered with  long  audio  cable  runs.  Excellent  rejection  of 
common-mode  noise  and  offset  errors  is  achieved  by  laser 
trimming  of  the  onboard  resistors,  assuring  high  gain  accuracy. 
The  carefully  designed  output  stage  of  the  SSM-2142  is  capable 
of  driving  difficult  loads,  yielding  low-distortion  performance 
despite  extremely  long  cables  or  loads  as  low  as  600  O,  and  is 
stable  over  a  wide  range  of  operating  conditions. 
Based  on  a  cross-coupled,  electronically  balanced  topology, 
the  SSM-2142  mimics  the  performance  of  fully  balanced 
transformer-based  solutions  for  line  driving.  However,  the  SSM- 
2142  maintains  lower  distortion  and  occupies  much  less  board 
space  than  transformers  while  achieving  comparable  common- 
mode  rejection  performance  with  reduced  parts  count. 


The  SSM-2142  in  tandem  with  the  SSM-2141  differential  re- 
ceiver establishes  a  complete,  reliable  solution  for  driving  and 
receiving  audio  signals  over  long  cables.  The  SSM-2141  features 
an  Input  Common-Mode  Rejection  Ratio  of  100  dB  at  60  Hz. 
Specifications  demonstrating  the  performance  of  this  typical  sys- 
tem are  included  in  the  data  sheet. 

PIN  CONNECTIONS 

■ 

8-Pin  Plastic  DIP  16-Pin 

(P  Suffix)  Wide  Body  SOL 

8-Pin  Cerdip  (S  Suffix) 

(Z  Suffix) 


GROUND  OE      Z-A  7) 

v,„  E  1  T\ 


3  *  FORCE 

NCE' 

3 < SENSE 

NC  H 

e]  *V 

-  FORCE  [3  - 

3-v 

-  SENSE  [4  - 
GROUND  [5 

v,N  E- 

NC[7 
NC  [s 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 

1  at  l-800-44«-«212. 
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(Vs  =  ±18  V,  -40°C  <T,<  +85°C,  operating  in  differential  mode  unless 


SSM2142 


—                               ,  i  -rrj  —  -i  —              ■        — / 

Parameter 

Symbol 

Conditions 

Mil        Typ  Max 

Units 

INPUT  IMPEDANCE 

ZlN 

10 

kn 

INPUT  CURRENT 

I,N 

V,N  =  ±7.071  V 

±750  ±900 

uA 

GAIN,  DIFFERENTIAL 

5.8  5.98 

dB 

GAIN,  SINGLE-ENDED 

Single-Ended  Mode 

5.7  5.94 

dB 

GAIN  ERROR,  DIFFERENTIAL 

RL  =  600  fi 

0.7  2 

% 

POWER  SUPPLY  REJECTION 
RATIO  STATIC 

PSRR 

Vs  =  ±13  Vto  ±18  V 

60  80 

dB 

OUTPUT  COMMON-MODE  REJECTION 

OCMR 

See  Test  Circuit;  f  =  1  kHz 

-38  -45 

dB 

OUTPUT  SIGNAL  BALANCE  RATIO 

SBR 

See  Test  Circuit;  f  =  1  kHz 

-35  -40 

dB 

TOTAL  HARMONIC  DISTORTION 
Plus  Noise 

THD+N 

20  Hz  to  20  kHz, 

V0  =  10  V  rms,  RL  =  600  fl 

0  006 

% 

SIGNAL-TO-NOISE  RATIO 

SNR 

VIN  =  0V 

-93.4 

dBu 

HEADROOM 

HR 

CLIP  Level  =  10.5  V  rms 

+93.4 

dBu 

SLEW  RATE 

SR 

15 

V/u.s 

OUTPUT  COMMON-MODE 
VOLTAGE  OFFSET1 

Voos 

RL  =  600  CI 

-250        25  250 

mV 

DIFFERENTIAL  OUTPUT 
VOLTAGE  OFFSET 

VoOD 

RL  =  600  a 

-50        15  50 

mV 

DIFFERENTIAL  OUTPUT 
VOLTAGE  SWING 

Vm  =  ±7.071  V 

±13.8  ±14.14 

V 

;  '  ru  i 

OUTPUT  IMPEDANCE 

Zo 

45           50  55 

a 

SUPPLY  CURRENT 

Unloaded,       =  0  V 

5.5  7.0 

mA 

OUTPUT  CURRENT,  SHORT  CIRCUIT 

'sc 

60  70 

mA 

NOTE 

'Output  common-mode  offset  voltage  can  be  removed  by  inserting  dc  blocking  capacitors  in  the  sense  lines.  See  the  Applications  Information. 


Specifica 


without  notice. 


- 


ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  ±  18  V 

Storage  Temperature  -60°C  to  +  150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

Junction  Temperature  +  150°C 

Operating  Temperature  Range  -40°C  to  +85°C 

Output  Short  Circuit  Duration  (Both  Outputs)  Indefinite 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  These  are  stress  ratings  only;  the  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

ORDERING  GUIDE 


Typical  Application  of  the  SSM-2142  and  SSM-2141 


Operating 

Package 

Package 

Model 

Temperature  Range 

Description 

Option1 

SSM2142P 

-40°C  to  +  85°C 

Plastic  DIP 

N-8 

SSM2142Z 

-40°C  to  +85°C 

Cerdip 

Q-8 

SSM2142S2 

-40°C  to  +85°C 

SOL 

R-16 

NOTES 

'For  outline  information  see  Package  Information  section. 

2For  availability  of  SOIC  package,  contact  your  local  sales  office. 


■ 
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SSM2143 


FEATURES 

High  Common-Mode  Rejection 

DC:  90  dB  typ 

60  Hz:  90  dB  typ 

20  kHz:  85  dB  typ 
Ultralow  THD:  0.0006%  typ  @  1  kHz 
Fast  Slew  Rate:  10  V/(is  typ 
Wide  Bandwidth:  7  MHz  typ  (G  =  1/2) 
Two  Gain  Levels  Available:  G  =  1/2  or  2 
Low  Cost 

GENERAL  DESCRIPTION 

The  SSM-2143  is  an  integrated  differential  amplifier  intended  to 
receive  balanced  line  inputs  in  audio  applications  requiring  a 
high  level  of  immunity  from  common-mode  noise.  The  device 
provides  a  typical  90  dB  of  common-mode  rejection  (CMR), 
which  is  achieved  by  laser  trimming  of  resistances  to  better  than 
0.005%. 

Additional  features  of  the  device  include  a  slew  rate  of  10  V/u.s 
and  wide  bandwidth.  Total  harmonic  distortion  (THD)  is  less 
than  0.004%  over  the  full  audio  band,  even  while  driving  low 
impedance  loads.  The  SSM-2143  input  stage  is  designed  to  han- 
dle input  signals  as  large  as  +28  dBu  at  G  =  1/2.  Although  pri- 
marily intended  for  G  =  1/2  applications,  a  gain  of  2  can  be 
realized  by  reversing  the  +IN/-IN  and  SENSE/REFERENCE 
connections. 

When  configured  for  a  gain  of  1/2,  the  SSM-2143  and  SSM-2142 
Balanced  Line  Driver  provide  a  fully  integrated,  unity  gain  solu- 
tion to  driving  audio  signals  over  long  cable  runs. 


FUNCTIONAL  BLOCK  DIAGRAM 


PIN  CONNECTIONS 


- 


Epoxy  Mini-DIP  (P  Suffix) 
and 

SOIC  (S  Suffix) 


v-  [T 


REF  [T  T]  NC 

-in  |T  SSM-2143  7]  v* 

|   TOP  VIEW   1 

+™  LL  (NOT  TO  SCALE)  ±}  VOUT 


T] SENSE 


NC  =  NO  CONNECT 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Signal-to-Noise  Ratio 
Headroom 


■  A    /«     —    4.1CU    _jnop  «;  T    .      _1_«S«P,  r>  _  I/O    ■■nip..  .«..».!.. 

SNR  0  dBu  =  0.775  V  rms,  20  kHz  BW,  RTI 

HR  Clip  Point  =  1%  THD+N 


-107.3 
+28.0 


dBu 
dBu 


DYNAMIC  RESPONSE 
Slew  Rate 

Small  Signal  Bandwidth 


SR 

BW-3. 


RL  =  2  kO,  CL  =  200  pF 
RL  =  2  kn,  CL  =  200  pF 

G  =  1/2 

G  =  2 


10 

7 

3.5 


V/u-s 

MHz 
MHz 


INPUT 

Input  Offset  Voltage 
Common-Mode  Rejection 

Power  Supply  Rejection 
Input  Voltage  Range 


vios 
CMR 


PSR 
IVR 


VCM  =  0  V,  RTI,  G  =  2 
VCM  =  ±10  V,  RTO 

f  =  dc 

f  =  60  Hz 

f  =  20  kHz 

f  =  400  kHz 
Vs=  ±6Vto±18V 
Common  Mode 
Differential 


-1.2  0.05 


+  1.2 


70 


90 


90 

90 

85 

60 

110 

±15 

±28 


mV 

dB 

dB 

dB 

dB 

dB 

V 

V 


OUTPUT 
Output  Voltage  Swing 
Minimum  Resistive  Load  Drive 
Maximum  Capacitive  Load  Drive 
Short  Circuit  Current  Limit 


2  kn 


:13 


±14 
2 

300 

+45,  -20 


V 


mA 


GAIN 
Gain  Accuracy 


-0.1  0.03 


0.1 


% 


REFERENCE  INPUT 
Input  Resistance 
Voltage  Range 


18 


:10 


kn 
V 


POWER  SUPPLY 
Supply  Voltage  Range 
Supply  Current 


Vs 

IsY 


0  V,  RL  =  x 


t2.7 


tl8 
t4.0 


V 

mA 


Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  

Common-Mode  Input  Voltage  

Differential  Input  Voltage  

Output  Short  Circuit  Duration  

Operating  Temperature  Range  

Storage  Temperature  Range  

Junction  Temperature  (Tj)  

Lead  Temperature  (Soldering,  60  sec.)  .  . 

Thermal  Resistance 

8-Pin  Plastic  DIP  (P):  8,A  =  103,  9JC  » 
8-Pin  SOIC  (S):  8JA  =  150,  8JC  =  43 


 ±18  V 

 ±22  V 

 ±44  V 

.  .  .  .Continuous 
-40oCto  +  85°C 
-65°Cto  +150°C 

 +  150°C 

 +  300°C 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

SSM2143P 

-40°C  to  +85°C 

8-Pin  Plastic  DIP 

N-8 

SSM2143S 

-40°C  to  +85°C 

8-Pin  SOIC 

SO-8 

*For  outline  information  see  Package  Information  section. 


43 


.°c/w 
.°c/w 
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Serial  Input  Hex/Quad  "Clickless" 
Volume  Control 


— 


— 


— 


— 


SSM2160/SSM2161 


FEATURES 

Digitally-Controlled  "Clickless"  Level  Adjustment 
SSM2160:  Six  Channels 
SSM2161:  Four  Channels 
Master  Control  Has  128  1  dB  Steps 
Each  Channel  Has  32  1  dB  Steps  Plus  Mute 
Step  Sizes  Can  Be  Changed  Using  External 
High  Gain  Accuracy 
100  dB  Gain  Range 
Excellent  Audio  Characteristics: 
-100  dBu  SNR  (0  dBu  =  0.775  V  rms,  Vs  =  ±5  V) 
+10  dBu  Headroom  (Vs  =  ±5  V) 
0.008%  THD+N  (@  1  kHz,  VIN  =  -10  dBu.  I 
-80  dB  Crosstalk  |@  1  kHz) 


FUNCTIONAL  BLOCK  DIAGRAM 


Single  or  Dual  Supply  Operation 
24-Pin  Plastic  DIP  and  SOIC  Packages  (SSM2160) 
20-Pin  Plastic  DIP  a  id  SOIC  Packages  (SSM2161) 

APPLICATIONS 

Dolby*  Pro-Logic  Master  Volume  Control 
Home  THXt  System 
DSP  Soundfield  Processors 
Automotive  Audio  Systems 
HDTV  Audio  Systems 

GENERAL  DESCRIPTION  "  \ 

The  SSM2160  and  SSM2161  allow  digital  control  of  volume  for 
six  and  four  channels,  respectively,  with  a  master  level  control. 
In  order  to  avoid  "clicking,"  the  device  uses  high  performance 
voltage  controlled  amplifiers  (VCAs)  for  the  audio  signal  path. 
The  VCA  control  port  eifectively  isolates  DAC  charge  injection 
from  the  audio  path,  which  is  the  major  contributor  to  clicking 
in  resistor-ladder  type  attenuators.  Each  channel  is  controlled  by 
a  dedicated  5-bit  DAC,  providing  32  steps  of  adjustment,  plus 


•Dolby  is  a  I 
tHome  TrD 

egistered  trademark  of  Dolby  Laboratories  Licensing  Corporation. 
1  is  a  registered  trademark  of  Lucasfilm,  Ltd. 

■ 


mute.  In  addition,  a  master  7-bit  DAC  feeds  every  control  port, 
with  128  steps.  Therefore,  a  balance  can  be  achieved  among  all 
channels  over  a  32-step  range,  and  the  master  control  allows  ad- 
justment over  its  entire  range  while  maintaining  the  desired 
channel-to-channel  balance.  Step  sizes  are  defaulted  to  1  dB, 
but  channel  sizes  can  be  increased  or  master  sizes  decreased  by 
the  addition  of  external  resistors.  Approximately  80  dB  of  at- 
tenuation and  up  to  20  dB  of  gain  is  possible. 

The  SSM2 1 60/SSM2 1 6 1  can  operate  either  single  or  dual  sup- 
ply, with  a  total  supply  voltage  range  of  8  V  to  36  V.  An  on-chip 
voltage  reference  is  provided  for  single-supply  applications. 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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SPECIFICATIONS  SSM2160/SSM2161 

ELECTRICAL  SPECIFICATIONS  (Vs  =  ±5  V,  Ay  =  0  dB,  0  dBu  =  0.775  Vrms,  V|B  =  -10  dBu,  tmm  =  1  kHz,  fcu(  =  250  kHz, 
Rl  =  100  kn,  -40  C  <  TA  <  +85  C.  unless  otherwise  noted.  Typical  specifications  apply  at  Tt  =  +25  C.) 





Parameter 

Conditions 

Min      Typ  Max 

Units 

AUDIO  PERFORMANCE 
Noise 
Headroom 

Total  Harmonic  Distortion  Plus  Noise 
Channel  Separation 

Vm  =  GND,  20  kHz  Bandwidth 
Clip  Point  =  1  %  THD+N 
2nd  and  3rd  Harmonics  Only 

Av  =  0  dB 

Av  =  -20  dB 

Av  =  0dB,ViN  =  +10dBu 
Any  Channel  to  Another 

-100  TBD 
+  10 

0.008  TBD 
0.02  TBD 
0.8  1.0 

so- 

dBu 
dBu 

% 
%  " 
% 
dB 

ANALOG  INPUT 
Input  Offset  Voltage 
Input  Impedance 

io 

14 

mV 
k£2 

GAIN  CONTROL  ELEMENTS 
Default  Step  Size — Master 
Default  Step  Size — Channel 
Gain  Error 

Gain  Match  Error 

■ 

Mute  Attenuation 

AyMASTER  =  0  dB  to  -60  dB 

AvCHANNEL  =  0  dB  to  +20  dB 

Relative  to  Same  Channel  | 

AvMASTER  =  0  dB  , 

AvMASTER  =  -20  dB 

AyMASTER  =  -40  dB 

AvMASTER  = -60  dB         •*  g^\^ 
Channel-to-Channel;  Same  Level  Setting 

AyMASTER  =  0  dB 

AyMASTER  = -20  dB 

AyMASTER  =  -20  dB,  AVCH  =  +20  dB 

AyMASTER  = -40  dB       «*C  1^ 

AyMASTER  =  -60  dB 

TBD      1.0  TBD 
TBD      1.0  TBD 

0.25 
0.25 
1 

2 

0.25 
0.25 
0.25 
1 

2 

-1UJ 

dB 
dB 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
dB 

Jt) 

ANALOG  OUTPUT 
Output  Impedance 
Mute  Output  Impedance 
Output  Sink  Current 
Minimum  Resistive  Load  Drive 
Maximum  Capacitive  Drive 
Offset  Voltage 

i  n 

■ 

■ 

Channel  .Muted 

TBD 
TBD 
TBD 
TBD 
TBD 
20 

Q 
a 

mA 

n 

pr 
mV 

CONTROL  SECTION 
Logic  Input  LO 
Logic  Input  HI 
Logic  Input  Current 
Maximum  Clock  Frequency 
Timing  Characteristics 

■ 

0.8 

2.0 

V  , 

v 

Logic  LO  or  HI 
See  Timing  Diagram 

•     1  H< 
1  2 

UA 
MHz 

REFERENCE 
Output  Voltage 
Output  Impedance 
Load  Regulation 

J 

Vs  =  +10  V  (Single  Supply) 
-10mA<IL<+10mA 

4.9         5.0  5.1 
TBD 
0.1 

V 
fj 

% 



POWER  SUPPLIES 
Supply  Voltage  Range 

Supply  Current 

Power  Supply  Rejection  Ratio 

■ 

Dual  Supply 
Single  Supply 
Positive 
Negative 
Dual  Supply 

+4  +15 
+8  +30 
TBD  TBD 
20  30 
TBD 

'  V  - 
V 

mA 
.  mA 
dB 

Specifications  subject  to  change  without  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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LJuai  oupjjiy  ■  -j-iu  v 

Single  Supply  +36  V 

Analog  Input  Voltage  +VS 

Logic  Input  Voltage  ±Vs 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  -65°C  to  + 1 50°C 

Junction  Temperature  (Tj)   + 1 50°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

THERMAL  CHARACTERISTICS 

Thermal  Resistance2 
24-Pin  Plastic  DIP  (SSM2160) 

8ja   

%c  '  TBD°C/W 

24-Pin  SOIC  (SSM2160) 

8jA     ......  ,   .  .....  ,.»'»....}..«..'• 

%c   •  •  •  •  ■••  

20-Pin  Plastic  DIP  (SSM2161) 

eJA    TBD°C/W 

9JC   TBD°C/W 

20-Pin  SOIC  (SSM2161) 

9JA   TBD°C/W 

e,c   TBD°C/W 


■ 


.  TBD°C/W 


.  TBD°C/W 
.  TBD°C/W 


v+  [T  • 

AGND  [T 
VREF  [I 

Vourl  H 

Vout3  |T  SSM2160 

v  3  rr  TOPVIEW 

«'  LL  (Nol  to  Scale) 
VqutS  LI 

WRffl  [jo 
EE  [n 
V-  [w 


SSM2161  PIN  CONFIGURATION 
20-Lcad  Plastic  DIP  and  SOIC 


TRANSISTOR  COUNT 

Number  of  Transistors  .  . 


*. 


ESD  RATINGS 

883  (Human  Body)  Model   TBD 

EIAJ  Model   TBD  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operation  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2BjA  is  specified  for  worst-case  conditions,  i.e.,  8JA  is  specified  for  device  in  socket 
for  P-DIP  and  device  soldered  in  circuit  board  for  SOIC  package. 

ORDERING  GUIDE 


v*  (T 

agnd  rr 

j — 

■Z  El 
v„i  rr 


m]  chset 

19]  MSTR  OUT 
n\  MSTR  SET 

if]  Vout' 

M  v«2 


SSM2161 

TOP  VIEW  ._ 

•out3  Lt  (Not  to  Scale)  ill  vout 

VM3  f7  M]  Vh4 

WRITE  [T  13]  DATA 

LD  [V  12]  CLK 

V-  [l0  IT]  DGND 


Model 

Temperature  Range 

Package  Option* 

■ 

SSM2160N 

-40°C  to  +85°C 

N-24 

SSM2160R 

-40°C  to  +85°C 

R-24 

SSM2161N 

-40°C  to  +85°C 

N-20 

SSM2161R 

-40°C  to  +85°C 

R-20 

*N  =  Plastic  DIP;  R  =  SOIC.  For  outline  information  see  Package  Information 
section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  SSM2160/SSM2161  features  proprietary  ESD  protection  circuitry,  permanent 
damage  may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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REV.  0 


SSM2160/SSM2161 

SSM2160  POWER  SUPPLY  CONNECTIONS 


0.1  MF 


0.1  (IF 


i 

Dual  Supply 




Single  Supply 
TYPICAL  APPLICATION 


Single  Supply  Using  External  Reference 


■ 

I.  INC 


H 


Ill  o  out\  / 


V 

*  Use  formula  RM  =  1400X/(1X). 
"  Use  formula  RCH  =  44-20X/(X-1 ),  where  "X"  equals  desired  step  size  in  dB. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 

REV.  0  AUDIO  COMPONENTS  14-33 


ANALOG 
DEVICES 


Dual  Audio 
Analog  Switches 


FEATURES 

•  "Clickless"  Bilateral  Audio  Switching 

•  Guaranteed  "Break-Before-Make"  Switching 

•  Low  Distortion   0.003%  Typ 

•  Low  Noise  1nV//Hz 

•  Superb  OFF-lsolation  ,  120dBTyp 

•  Low  ON-Reslstance  60£2  Typ 

•  Wide  Signal  Range: 

 10V  RMS 

. ±20V  Max 


VS  =  ±18V.. 

•  Wide  Power 

•  Availal 


''yRange  


ORDERING  INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

SOL 

TEMPERATURE 

14-PIN 

16-PIN 

RANGE 

SSM2402P 

SSM2402S 

XIND' 

SSM2412P 

SSM2412S 

XIND- 

•XIND  =  -40°Cto+85°C 


GENERAL  DESCRIPTION 

The  SSM-2402/2412  are  dual  analog  switches  designed  spe- 
cifically for  high-performance  audio  applications.  Distortion  and 
noise  are  negligible  over  the  full  audio  operating  range  of  20Hz 
to  20kHz  at  signal  levels  of  up  to  10VRMS.  The  SSM-2402/2412 
offer  a  monolithic  integrated  alternative  to  expensive  and  noisy 
relays  or  complex  discrete  JFET  circuits.  Unlike  conventional 
general-purpose  CMOS  switches,  the  SSM-2402/2412  provide 
superb  fidelity  without  audio  "clicks"  during  switching. 

Conventional  TTL  or  CMOS  logic  can  be  used  to  control  the 
switch  state.  No  external  pull-up  resistors  are  needed.  A  "T" 
configuration  provides  superb  OFF-isolation  and  true  bilateral 
operation.  The  analog  inputs  and  outputs  are  protected  against 
overload  and  overvoltage. 

An  important  feature  is  the  guaranteed  "break-before-make'for 
all  units,  even  IC-to-IC.  In  large  systems  with  multiple  switching 
channels,  all  separate  switching  units  must  open  before  any 
switch  goes  into  the  ON -state.  With  the  SSM-2402/2412,  you 
can  be  certain  that  multiple  circuits  will  all  break-before-make. 

The  SSM-2402/2412  represent  a  significant  step  forward  in 
audio  switching  technology.  Distortion  and  switching  noise  are 
significantly  reduced  in  the  new  SSM-2402/2412  bipolar-JFET 
switches  relative  to  CMOS  switching  technology.  Based  on  a 


new  circuit  topology  that  optimizes  audio  performance,  the 
SSM-2402/2412  make  use  of  a  proprietary  bipolar-JFET  proc- 
ess with  thin-film  resistor  network  capability.  Nitride  capacitors, 
which  are  very  area  efficient,  are  used  for  the  proprietary  ramp 
generator  that  controls  the  switch  resistance  transition.  Very 
wide  bandwidth  amplifiers  control  the  gate-to-source  voltage 
over  the  full  audio  operating  range  for  each  switch.  The  ON- 
resistance  remains  constant  with  changes  in  signal  amplitude 
and  frequency,  thus  distortion  is  very  low,  less  than  0.01  %  Max. 

The  SSM-2402  is  the  first  analog  switch  truly  optimized  for  high- 
performance  audio  applications.  For  broadcasting  and  other 
switching  applications  which  require  a  faster  switching  time,  we 
recommend  the  SSM-2412-adual  analog  switch  with  one-third 
of  the  switching  time  of  the  SSM-2402. 

PIN  CONNECTIONS 


GROUND fT 
SW,  CONTROL  fT 
N.C.- 
SW,  IN 
N.C*  [T 
SW,  OUT  fT 


5^ 


i  i 
.  i  i 


u}  v+ 
ibjsw, 

«]  N.C.- 
1l]  SW,  IN 

75]  N.c* 

TJ  SW,  OUT 
TJ  N.C* 


14-PIN 
PLASTIC  DIP 
(P-Sufflx) 


GROUND [T 
W,  CONTROL  IX 
N.C*  fT 


N.C-  [T 
SW,  OUT  (T 

v-LT 

N.C  fT 


«]  v+ 

iFJ  SW,  CONTROL 
33  N.C.- 
«]  SW,  IN 
jl]  N.C.' 
TfJ  SW,  OUT 
TpJ  N.C. 
TJ  N.C. 


16-PIN  SOL 

(S-Suffix) 


'  GUARD  PINS  FOR  INPUT/OUTPUT  ISOLATION 
(GROUND  FOR  BEST  PERFORMANCE) 


CONTROL  LOGIC 


Logic  In 

Switch  State 

0 

OFF 

Logic -0-£  0.8V 

1 

ON 

Logic  "T2  2.0V 

sheet.  To  obtain  the  most  recent  version  or 
call  our  fax  retrieval  system  at  1-800-446-6212. 


74-34   AUDIO  COMPONENTS 


REV.  A 


FUNCTIONAL  DIAGRAM 


MAIN 

SHUNT 

SWITCH 
CONTROL 

swrrcH 

CONTROL 

 1  

RAMP  GENERATOR 

CONTROL 
INPUT 


LOGIC  HIGH  =  ON 
LOGIC  LOW  =  OFF 
S,  ,  S2  .  MAIN  SWITCHES 
S3  =  SHUNT  SWITCH 


SSM2402/SSM2412 


TIMING  DIAGRAM 


/ 

>V  MAIN  SWITC 
\  .SHUNT  SWH 

*c>iLotIn" 

J  --■ 

<  c 

Z  UJ 

/       MAIN  SWITCH  OPEH 

/  \ 

DC  £j                               /         SHUNT  SWITCH  OPEN  \ 

is         /  \ 

cc 

/                   MAIN  SWITCH  OPEN/  \ 
J              SHUNT  SWITCH  CLOSED  \ 

HIGH 

CONTROL 
INPUT 

I 

•*-  'o«  -»l  -"* 

l»-  'off 



LOW  

TIUF 

SWITCH  TIMING 

ABSOLUTE  MAXIMUM  RATINGS 

Operating  Temperature  Range  -40°C  to  +85°C 

Operating  Supply  Voltage  Range  ±20V 

Analog  Input  Voltage  Range 
Continuous  V-  +3.5V  sV.sVt  -3.5V 

A 

Maximum  Current  Through  Switch  20mA 

Logic  Input  Voltage  Range  V+  Supply  to  -2V 

V+ Supply  to  Ground     +36V 

V-  Supply  to  Ground  -20V 

VA  to  V- Supply   +36V 


PACKAGE  TYPE 

e|A  (NOTED 

°,c 

UNITS 

14-Pin  Plastic  DIP  (P) 

76 

33 

•c/w 

16-Pin  SOL(S) 

92 

27 

•c/w 



NOTE 


e)A  is  specified  for  worst  case  mounting  conditions,  i.e.,  e|A  is  specified  for 
device  in  socket  for  P-DIP  package;  e.A  is  specified  for  device  soldered  to 
printed  circuit  board  for  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1 8V,  RL  =  OPEN,  and  -*0oC  s  TA  s  +85°C,  unless  otherwise  noted. 
All  specifications,  tables,  graphs,  and  application  data  apply  to  both  the  SSM-2402  and  SSM-241 2,  unless  otherwise  noted. 


SSM-2402/2412 
MIN  TYP 

PARAMETER 

SYMBOL 

CONDITIONS 

MAX 

UNITS 

Positive  Supply 
Current 

+  ISY 

V,L  =  0.8V,  2.0V 
(Note  1) 

6.0 

7.5 

mA 

Negative  supply 
Current 

"'SY 

v|L  =  o.»v,  z.ov 
(Note  1) 

4.8 

6.0 

mA 

Ground  Current 

'gnd 

V|L  =  0.8V,  2.0V 
(Note  1) 

0.6 

 1  

1.5 

mA 

Digital  Input  High 

VINH 

TA  =  Full  Temperature  Rang 

1 

2.0 

- 

V 

Digital  Input  Low 

VINL 

TA  =  Full  Temperature  Rang 

■ 

0.8 

V 

Logic  Input 
Current 

'logic 

V|N  =  0to15V 
(Note  2) 

1.0 

5.0 

MA 

Analog  Voltage 
Range  (Note  3) 

VANALOG 

-14.2 

+14.2 

V 
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PARAMETER 

SYMBOL 

CONDITIONS 

MM 

TYP 

MAX 

UNITS 

Analog  Current 
Range  (Note  3) 



'analog 

-10 

+10 

mA 

Overvoltage  Input 
Current 





"in  "supply 

±40 

- 

mA 



Switch  ON 

-14.2£VAS+14.2V 
lA  «  ±10mA,  V|L  -  2.0V 
TA-+25°C 

TA  -  Full  Temperature  Range 
Tempco  (aRq^aT) 

- 

60 

85 
115 
_ 

a 

Resistance 

RON 

— 
- 

- 
0.2 

a 

CU'C 

RON  Match 

RONMATCH 

-14.2sVAs+14.2V 
lA-±10mA,  V1L-2.0V 

— 

1 

5 

% 

Switch  ON 
Leakage  Current 

V|L  =  2.0V 
-1 4.2V  SVA£+1 4.2V 

- 

0.05 

1.0 

** 

(Notes  1 , 2) 

vA-ov 

0.05 

10.0 

nA 

Switch  OFF 
Leakage  Current 
(Notes  1 , 2) 

V|L  =  0.8V 
-1 4.2V  SVAS+1 4.2V 

vA  =  ov 

's(OFF) 

- 

0.05 
0.05 

1.0 
10.0 

nA 

(Note  4) 

'on 

VA=+10V,  RL=2k£l 

TA  =  +25°C,  See  Test  Circuit 

SSM-2402 
SSM-2412 

— 

- 

10.0 
3.5 

- 

_ 

ms 



Turn-Off  Time 

(Note  5) 



'off 

VA  =  +10V,  RL  =  2kO 

TA  =  +25"C,  See  Test  Circuit 

SSM-2402 
SSM-2412 

- 

4.0 
1.5 

- 

ms 

Break-Before-Make 

TA  =  +25-C 

SSM-2402 

_ 

6.0 

_ 

Time  Delay  (Note  6) 

"off  'on 

ecu  o>i  o 

2.0 

ms 

Charge  Injection 

Q  T4.+2S"C 

SSM-2402 
SSM-2412 

— 

50 
1  ou 

 — 

— 

pC 

- 

ON-State 
Input  Capacitance 

CS(ON) 

f  =  5kHz,TA=+25°C 

12 

PF 

OFF-State 
Input  Capacitance 

CS(OFF) 

f  =  5kHz,TA-+25"C 

4 

PF 

OFF  Isolation 

'SOIOFF) 

VA=10VRMS,20Hz  to  20kHz 
TA  =  +25°C,  See  Test  Circuit 

120 

dB 

Channel-to-Channel 
Crosstalk 

CT 

VA=10VBMS.20Hz  to  20kHz 
TA  -  +25°C 

96 

dB 

Total  Harmonic 
Distortion  (Note  7) 

THD 

0  to  10VHMS,  20Hz  to  20kHz 
TA  =  +25°C,  RL«5k£l 

0.003 

0.01 

% 

Spectral  Noise 
Density 

8n 

20Hz  to  20kHz 
T.  .  *2SSC 

1 

nV/VHz 

Wideband  Noise 
Density 

20Hz  to  20kHz 

0.2 

■ 

TA  -  +25°C 

NOTES: 

1 .  "V|L"  is  the  Logic  Control  Input. 

2.  Current  tested  at  V|N  =  0V.  This  is  the  worst  case  condition. 

3.  Guaranteed  by  RON  test  condition. 

4.  Turn-ON  Time  is  measured  from  the  time  the  logic  input  reaches  the  50%  point 
to  the  time  the  output  reaches  50%  of  the  final  value. 


5.  Turn-OFF  time  is  measured  from  the  time  the  logic  input  reaches  the  50%  point 
to  the  time  the  output  reaches  50%  of  the  initial  value. 

6.  Switch  is  guaranteed  by  design  to  provide  break-before-make  operation. 

7.  THD  guaranteed  by  design  and  dynamic  RQN  testing. 
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ANALOG 


Quad  Audio  Switch 


FEATURES 

"Clickless"  Bilateral  Audio  Switching 
Four  SPST  Switches  in  a  20-Pin  Package 
Ultralow  THD+N:  0.0008%  @  1  kHz  (2  V  rms, 

RL  =  100  kft) 
Low  Charge  Injection:  35  pC  typ 
High  OFF  Isolation:  -100  dB  typ  (RL  =  10  kft  @  1  kHz) 
Low  Crosstalk:  -94  dB  typ  (RL  =  10  kil  <§  1  kHz) 
Low  ON  Resistance:  28  fl  typ 
Low  Supply  Current:  900  \iA  typ 
Single  or  Dual  Supply  Operation:  +11  V  to  +24  V  or 

±5.5  V  to  ±12  V 
Guaranteed  Break-Before-Make 
TTL  and  CMOS  Compatible  Logic  Inputs 
Low  Cost-Per-Switch 


BLOCK  DIAGRAM  OF  ONE  SWITCH  CHANNEL 


PIN  CONNECTIONS 
Epoxy  Mini-DIP  (P-Suffix) 
and  SOIC  (S-Suffix) 


GENERAL  DESCRIPTION 

The  SSM-2404  integrates  four  SPST  analog  switches  in  a  single 
20-pin  package.  Developed  specificaUy  for  high  performance 
audio  applications,  distortion  and  noise  are  negligible  over  the 
full  operating  range  of  20  Hz  to  20  kHz.  With  very  low  charge 
injection  of  35  pC,  "clickless"  audio  switching  is  possible,  even 
under  the  most  demanding  conditions. 

Switch  control  is  realized  by  conventional  TTL  or  CMOS  logic. 
Guaranteed  "break-before-make"  operation  assures  that  all 
switches  in  a  large  system  will  open  before  any  switch  reaches 
the  ON  state. 

Single  or  dual  supply  operation  is  possible.  Additional  features 
include  -100  dB  OFF  isolation,  -94  dB  crosstalk  and  28  fl 
ON  resistance.  Optional  current-mode  switching  permits  an 
extended  signal-handling  range.  Although  optimized  for  large 
load  impedances,  the  SSM-2404  maintains  good  audio  perfor- 
mance even  under  low  load  impedance  conditions. 


SW1  a  [T  - — 

AGND  [T  SW1 


2o]  SW4  A 
SW4  j7|  AGND 
3  [T  —O^O-l    U>,p-  IT]  SW4  B 


EH 

E- 


DGND 
SW1  CONTROL 
SW2  CONTROL  [T  — 
NC*  [T 
SW2  B  [T 
AGND  [T 


SW2A  [l0 


SSM-2404 


-        SW4  CONTROL 
■  j7]  SW3  CONTROL 
«]  V- 

SW3B 
F3    iJ]  AGND 
"n\  SW3A 


NC  a  NO  CONNECT 

'CONNECT  TO  ANALOG  GROUND 
FOR  BEST  NOISE  ISOLATION 


REV.  B 


AUDIO  COMPONENTS  14-37 


SSM2404   SPECIFICATIONS (Vs  =  ±1Z  v  T" =  +2S°C>  unless  o,herwise  sPeci,ied- 


Typical  specifications  apply  at  T,  =  +25°C.) 


Parameter 


AUDIO  PERFORMANCE 
Total  Harmonic  Distortion  Plus  Noise 

Spectral  Noise  Density 
Wideband  Noise  Density 

ANALOG  SIGNAL  SECTION 
Analog  Voltage  Range 
Analog  Current  Range 
ON  Resistance 
RoN  Matching 
ON  Leakage  Current 
OFF  Leakage  Current 
Charge  Injection 
ON-State  Input  Capacitance 
OFF-State  Input  Capacitance 
OFF  Isolation 

Channel-to-Channel  Crosstalk 


Symbol 


THD+N 
e„p-p 


Conditions 


@  1  kHz,  with  80  kHz  Filter, 
RL  =  100  kn,  V,n  =  2  V  rms 
20  Hz  to  20  kHz 
20  Hz  to  20  kHz 


0.0008 

0.8 

0.6 


% 

nV/VHz 
M-Vp-p 


VA 
Ia 

Ron 

Ron  Match 

Iscoim) 

Is(OFF) 

Q 

Con 

CoFF 
'sCKOFF) 

Cr 


V,NH 

=  2.4  V, 

Ia 

=  ±2  mA 

V,NH 

=  2.4  V, 

vA 

=  0  V 

Ia  = 

±10  mA, 

vA 

=  ±10  Vdc 

Ia  = 

±10  mA, 

vA 

=  0  V 

Va  = 

±10  V 

vA  = 

±10  V 

VA  = 

5  Vrms 

vA  = 

5  V  rms 

-20 
-20 


50  mV  rms,  f  =  1  kHz,  RL  =  10  kfl 


±12 

V 

±10 

mA 

28 

45 

n 

1 

% 

0.1 

+20 

nA 

0.1 

+20 

nA 

35 

pC 

31 

pF 

17 

PF 

-100 

dB 

-94 

dB 

CONTROL  SECTION 
Digital  Input  High 
Digital  Input  Low 
Turn-On  Time1 
Turn-Off  Time2 
Break-Before-Make  Time  Delay 
Logic  Input  Current 

Logic  HI 

Logic  LO 


VlNH 

k>N 
toFF 

toN-toFF 


DGND  =  0  V 
DGND  =  0  V 
See  Test  Circuit 
See  Test  Circuit 


Vpnh  =  2.4V 
V™  =0.8V 


2.4 
0 


-1000 
-1000 


vs 

V 

0.8 

V 

8 

50 

ms 

5 

30 

ms 

3 

20 

ms 

1.3 

+  1000 

nA 

1.0 

+  1000 

nA 

POWER  SUPPLY 
Supply  Voltage  Range 


Positive  Supply  Current 
Negative  Supply  Curreni 
Ground  Current 


SY  + 


Single  Supply 
Dual  Supply 
All  Channels  On 
All  Channels  On 
All  Channels  On 


: 


+  11 
±5.5 

-1.5 
-2.0 


+24 
±12 

0.9  5 

-0.6 

-0.3 


v 
V 

mA 
mA 
mA 


NOTES 

'Turn-on  time  is  measured  from  the  time  the  logic  input  reaches  the  50%  point  to  the  time  the  output  reaches  50%  of  the  final  value. 
2Turn-off  time  is  measured  from  the  time  the  logic  input  reaches  the  50%  point  to  the  time  the  output  reaches  50%  of  the  initial  value. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage 

Single  Supply   +27  V 

Dual  Supply  ±13.5  V 

Analog  Input  Voltage  (VA)  Vs 

Logic  Input  Voltage  (VINIVINH)  Vs 

Maximum  Current  Through  Any  Switch   20  mA 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature  (Tj)  +  150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

Thermal  Resistance1 

20-Pin  Plastic  DIP  (P):  8,A  =  74,  0JC  =  32  °C/W 

20-Pin  SOIC  (S):  8JA  =  90,  8,c  =  27  °C/W 

NOTE 

'6,A  is  specified  for  worst  case  mounting  conditions,  i.e.,  6JA  is  specified  for 
device  in  socket  for  P-DIP  package. 


ORDERING  GUIDE 


Operating 

Temperature 

Package 

Model 

Range 

Package 

Option* 

SSM2404P 

-40°C  to  +85°C 

20-Pin  Plastic  DIP 

N-20 

SSM2404S 

-40°C  to  +85°C 

20-Pin  SOIC 

R-20 

*N  =  Plastic  DIP,  R  = 
ma  don  section. 


SOIC.  For  outline  information  see  Package  Infor- 
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SSM2404 


VA  (IN)  "  SOn'VBMS 
I  =  20Hz  TO  100kHz 


R..10kfiAND100kn 


OFF  ISOLATION  =  20  LOG  [ "77~~~) 

OFF  Isolation  Test  Circuit 


input  low 


"A  (IN|  - 


VA(OUT) 


1.4V          tr<100ns  1.4V 
t.< 100ns 


DC  VOLTAGE 


CLOSED 


WW  Timing  Diagram 


+12V 

 2_ 


"A  (IN)"  

SWITCH 
CONROL 


GND  V- 


~0VA(OUT) 


Test  Circuit  for  tON/tOFF  Timing  Specification,  tON/tOFF 
Switching  Response,  and  ON/OFF  Transition  Photos 


Figure  2.  Headroom  (Vs  =  ±12V,f  =  1kHz,  with 
80  kHz  Filter) 


LOAD  RESISTANCE  -"n 

Figure  3.  THD+N  vs.  Load  (Vs  =±12  V,  VA  =  2  V  rms, 
f  =  1  kHz,  with  80  kHz  Filter) 


Figure  1.  THD+N  vs.  Frequency  (Vs  =  ±12  V, 
VA  =  2V  rms,  with  80  kHz  Filter) 






- 

SUPPLY  VOLTAGE  -  V 


Figure  4.  THD+N  vs.  Supply  Voltage  (VA  =  2  V  rms, 
f  =  7  kHz,  RL  =  700  kO,  with  80  kHz  Filter) 
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Figure  5.  Frequency  Response  (Vs  =  ±12  V, 
VA  =  1  Vrms,RL  =  100  kW 
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Figure  8.  Output  Voltage  Swing  vs.  Load  Resistance 


Figure  6.  SSM-2404  Spectral  Noise  Density  En 
[5  Devices  (20  Switches)  Chained  Together] 


Figure  7.  Square  Wave  Response  (TA  =  +25°C, 
Vs  =  ±12  V,  RL  =  700  kn,  f  =  20  kHz) 
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Figure  9.  Output  Voltage  Swing  vs.  Supply  Voltage 
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Figure  10.  OFF-lsolation  vs.  Frequency 
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Figure  1 1.  Channel-to-Channel  Crosstalk  vs.  Frequency 
(Worst-Case  Conditions,  as  Measured  Between 
Switches  1  and  4,  or  2  and  3) 
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Figure  14.  Leakage  Current  vs.  Analog  Voltage 
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Figure  12.  ON  Resistance  vs.  Analog  Voltage 
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Figure  15.  Switching  Time  vs.  Temperature 
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Figure  13.  Overvoltage  Characteristics 
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Figure  16.  Supply  Current  vs.  Temperature 
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Figure  17.  tON.'tOFF  Switching  Response 


16:1  and  up.  The  break- beiore-make  feature  is  guaranteed  irom 
part  to  part  allowing  such  multiple-package  applications. 

As  Figure  20  shows,  the  SSM-2404  is  easy  to  use,  and  no  addi- 
tional devices  are  needed.  The  load  resistors  are  recommended 
for  improved  OFF-isolation  and  charge  injection.  The  ON  resis- 
tance of  the  switch  is  only  28  SI  typically,  which  causes  very 
little  signal  attenuation  even  with  a  load  resistor. 
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Figure  18.  Switch  OFF-to-ON  Transition  (RL  =  5  kil) 


Figure  20.  Basic  Circuit  Configuration 


Figure  19.  Switch  ON-to-OFF  Transition  (RL  =  5  ki}) 


APPLICATIONS  INFORMATION 

The  SSM-2404  integrates  four  analog  CMOS  switches  with  guar- 
anteed "break-before-make"  operation  to  provide  high  quality 
audio  switching.  Each  switch  has  complementary  N-channel  and 
P-channel  MOSFETs  to  allow  the  analog  input  voltage  range  to 
include  the  positive  and  negative  rails  and  improve  linearity.  In 
addition,  the  topology  permits  fully  bilateral  switching.  When 
using  the  SSM-2404  there  is  full  flexibility  in  configuring  the 
switches.  For  example,  they  can  be  used  individually  as  shown 
in  Figure  20,  or  as  a  double-pole,  double-throw  (DPDT)  switch, 
which  is  explained  later.  The  SSM-2404  can  also  be  configured 


OPTIMIZING  PERFORMANCE 

As  the  performance  curves  show,  the  switch  is  optimized  for 
high  impedance  loads.  The  distortion  performance  is  at  its  best 
when  the  switch  has  a  load  impedance  of  100  kfi  or  greater  as 
shown  in  Figure  1 .  However,  even  at  lower  values  of  load 
resistances,  the  1  kHz  distortion  performance  is  still  excellent, 
0.006%  for  a  10  kfl  load.  The  main  trade-off  with  THD  is 
OFF-isolation  and  crosstalk.  This  is  shown  in  Figures  10  and 
11,  again  with  two  different  load  conditions.  As  these  graphs 
show,  the  10  kfl  load  yields  approximately  a  16  dB  improve- 
ment in  both  characteristics. 

Thus,  the  optimum  operating  point  depends  on  the  most  critical 
parameters.  When  THD  is  critical  then  high  load  impedances 
should  be  used;  however,  when  crosstalk  and  OFF-isolation  are 
critical,  lower  impedances  on  the  order  of  10  kfl  should  be  used. 
An  additional  benefit  of  using  the  smaller  load  resistor  is  that 
any  charge  injected  onto  the  output  will  be  shunted  to  ground 
through  the  resistor.  If  improved  OFF-isolation  is  needed,  the 
SSM-2402  dual  audio  switch  should  be  considered  with  its  excel- 
lent 120  dB  OFF-isolation  at  20  kHz. 

It  is  important  that  all  of  the  AGND  pins  be  connected  to  the 
system  analog  ground.  These  pins  isolate  the  input  and  output 
of  each  switch.  Without  connecting  these  pins,  the  OFF- 
isolation  will  degrade  significantly. 
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DETAILED  SWITCH  OPERATION 

A  simplified  circuit  schematic  with  the  functional  sections  is 
shown  in  Figure  2 1 .  The  TTL  interface  has  an  internally  regu- 
lated 5  V  to  ensure  TTL  logic  levels  regardless  of  the  supply 
voltage.  The  logic  threshold  is  with  respect  to  the  DGND  pin, 
which  can  be  offset.  For  example,  if  DGND  is  connected  to  the 
negative  supply,  then  the  SSM-2404  will  operate  with  negative 
rail  logic.  The  interface  shifts  the  control  logic  down  to  the  neg- 
ative supply  and  inverts  it  to  drive  Nl. 


BREAK-BEFORE-MAKE         RAMP  GENERATOR 

Figure  21.  Simplified  Schematic 

Nl  in  combination  with  CI  and  the  100  nA  current  source  pro- 
vides the  break-before-make  operation  of  the  switch.  When  the 
switch  is  on,  Nl  is  off  and  CI  is  charged  up  to  the  positive  rail. 
However,  when  the  SW  CONTROL  is  turned  off,  then  the  gate 
of  Nl  is  pulled  high.  This  turns  Nl  on,  providing  a  low  imped- 
ance path  to  quickly  discharge  CI  to  the  negative  rail,  which 
quickly  "breaks"  the  switch.  On  the  other  hand,  when  the  SW 
CONTROL  goes  high  again,  the  gate  of  Nl  is  pulled  low,  turn- 
ing it  off.  This  leaves  CI  to  be  slowly  charged  up  to  the  positive 
rail  by  the  100  nA  current  source.  The  difference  in  the  dis- 
charge and  charging  times  ensures  break-before-make  operation, 
even  from  device  to  device. 

The  voltage  on  CI  is  inverted  by  PI  to  drive  the  ramp  generator 
differential  pair,  consisting  of  P2,  P3  and  N2,  N3.  This  differ- 
ential pair  steers  the  100  nA  of  tail  current  to  either  charge  or 
discharge  C2.  As  discussed  above,  when  the  switch  is  on,  CI  is 
charged  up  to  the  positive  rail.  PI  inverts  this,  putting  a  low 
voltage  equivalent  to  the  negative  supply  on  the  gate  of  P2.  The 
BIAS  voltage  is  approximately  equal  to  the  midpoint  of  the  two 
supply  voltages.  Thus,  when  P2  is  pulled  down,  it  is  turned  on 
and  P3  is  off.  All  of  the  100  nA  flows  through  N2  and  is  mir- 
rored by  N3.  Thus,  the  100  nA  discharges  C2  through  N3. 
When  C2  is  pulled  low,  the  inverter  turns  N4  on  by  pulling  its 
gate  high,  and  the  second  inverter  turns  P4  on.  To  turn  the 
switch  off  the  gate  of  P2  is  pulled  above  the  BIAS  so  that  all 
100  nA  charges  C2  through  P3.  This  is  then  inverted  to  turn  off 
N4  and  P4. 

The  internal  ramp  has  rise  and  fall  times  on  the  order  of  a  few 
milliseconds  which  is  sped-up  by  the  inverters.  As  the  gate 


voltages  of  N4  and  P4  are  changing,  the  ON  resistance  of  each 
switch  is  ramping  from  its  OFF  state  to  28  ft  and  vice  versa. 
The  actual  rise  and  fall  times  are  shown  in  Figures  18  and  19 
for  a  5  kft  load.  These  times  are  significantly  slower  than  typical 
switches,  minimizing  the  SSM-2404's  charge  injection  and  giv- 
ing it  "clickless"  performance. 

DOUBLE-POLE  DOUBLE-THROW  SWITCH 

The  SSM-2404  is  ideal  as  a  one-chip  solution  for  a  stereo  switch. 
The  schematic  in  Figure  22  shows  the  typical  configuration. 
This  circuit  will  select  one  of  two  stereo  sources,  channel  A  or 
B.  The  switch  controls  for  the  left  and  right  input  of  each  chan- 
nel are  tied  together  so  that  both  will  be  turned  on  or  off  simul- 
taneously. An  inverter  is  inserted  between  the  channel  A  and  B 
controls  so  that  only  one  logic  signal  is  needed.  The  outputs  can 
be  configured  many  different  ways,  such  as  an  inverting  or  non- 
inverting  amplifier  stage,  and  the  10  kft  load  resistors  are  added 
to  improve  the  OFF-isolation.  The  performance  of  this  stereo 
switch  is  equivalent  to  each  individual  switch,  yielding  a  high 
quality  audio  switch  that  is  virtually  transparent  to  the  signal. 
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Figure  22.  Double-Pole,  Double-Throw  Stereo  Switch 


VIRTUAL  GROUND  SWITCHING 

The  SSM-2404  was  built  on  a  CMOS  process  with  a  24  V  oper- 
ating limit  for  the  total  supply  voltage  across  the  part.  This 
leads  to  a  corresponding  limit  on  the  analog  voltage  range.  How- 
ever, to  achieve  larger  signal  swings,  the  SSM-2404  should  be 
configured  in  the  virtual  ground  mode.  As  shown  in  Figure  23, 
the  output  of  the  SSM-2404  is  connected  to  the  inverting  input 
of  an  amplifier.  Since  the  noninverting  input  is  grounded,  the 
SSM-2404  will  also  be  biased  at  ground,  and  large  voltage 
swings  on  the  circuit's  input  will  not  significantly  change  the 
voltage  on  the  switch.  The  only  limitation  is  that  the  current 
through  the  switch  needs  to  be  less  than  ±10  mA,  and  the  volt- 
age range  is  limited  only  by  the  op  amp  and  its  supply  voltages. 
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The  circuit  was  tested  with  an  SSM-2131  high  slew  rate  audio 
amplifier  and  the  results  are  shown  in  Figures  24  and  25.  This 
configuration  yields  excellent  THD  performance  that  is  prima- 
rily determined  by  the  amplifier.  Also,  the  headroom  is  now 
+24  dBu  (0  dBu  =  0.775  V  rms),  which  is  due  to  the  amplifi- 
er's output  voltage  swing.  Thus,  even  though  the  SSM-2404  has 
a  ±  12  V  limitation  on  its  supplies,  it  can  be  used  in  systems 
with  much  higher  voltage  ranges.  For  example,  the  double-pole 
double-throw  switch  from  Figure  22  can  be  reconfigured  in  the 
virtual  ground  mode  to  allow  higher  voltage  swings,  as  shown 
in  Figure  26.  This  application  realizes  the  excellent  performance 
of  Figures  24  and  25  while  providing  a  low  cost  switching 
solution. 
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Figure  23.  Virtual  Ground  Switching 
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Figure  24.  Virtual  Ground  Switch  THD+N  vs.  Frequency 
(Vs  =  ±12  V,VA  =  2Vrms,with  80  kHz  Filter) 
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Figure  25.  Virtual  Ground  Switch  Headroom  (Vs  =  ±12  V 
for  SSM-2404;  Vs  =  ±  78  V  for  Op  Amp,  f  =  1  kHz,  with 
80  kHz  Filter) 
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Figure  26.  Double-Pole,  Double-Throw  Stereo  Switch 
Using  Virtual  Ground  Operation 
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Selection  Trees  —  Interface  Products 


INTERFACE  PRODUCTS 


1 


I 


*RS-232 


External  Caps  (1.0  ^F) 
(Low  Power) 


Drivers  (Vcc  =  +5  V) 


ADM230L  (5D) 
ADM234L  (4D) 


Drivers/Receivers 

(VCC  =  +5V,100  kBPS) 


ADM232L  (2D,  2R) 
ADM236L  (4D,  4R) 
ADM237L  (5D,  3R) 
ADM238L  (4D,  4R) 
ADM241L  (4D,  5R) 
•ADM223  (4D,5R) 


Drivers/Receivers 

(VCC  =  +5V&12V) 


ADM231L  (2D,  2R) 
ADM239L(3D,4R) 


'  Receivers  Active  in 


External  Caps  (0.1  ^F) 


Drivers/Receivers 

(VCC  =  +5V,200  kBPS) 


ADM206  (4D,  4R) 
ADM207  (5D,  3R) 
ADM208  (4D,  4R) 
ADM232A  (2D,2R) 
ADM222  (w/Shutdown) 
ADM242  (w/Shutdown 
and  Enable) 


Low  Power 

(Vcc  =  +5  V,  120  kBPS) 


ADM202  (2D,2R) 
ADM211  (4D,5R) 
*ADM213  (4D,5R) 


I 


RS-232/422/423 
COMBINATION 


External  Caps  =  0.1  nF 


AD7306 

2D,  RS-232 
ID,  RS-422 
2R,  RS-232  &  RS-422 
1  (Selectable) 
1R,  RS-232  or  1R,  RS-422 

ADM5170 

Octal  Line  Driver 

RS-232/RS-423 

(Selectable) 

ADM5180 

Octal  Diff.  Receiver 
RS-232/RS-422A/RS-423A 


Internal  Caps 


Drivers/Receivers 

(Vcc  =  +5  V  &  12  V) 


ADM203  (2  DR,  2R,  120  kBS) 
ADM205  (5  DR,  5R,  120  kBS) 


ADM209  (3D,  4R) 


Low  Power 


ADM233L  (2  DR,  2R,  200  kBS) 
ADM235L  (5  DR,  5R,  200  kBS) 


RS-4 


ADM485 
ADM1485 


DIGITAL 

"SONET" 


Clock  Recover 
Data  Recover 
(Receivers) 


Internal  V' 


AD800  (-45 

AD800  (-521) 
1 

AD802  (-15J-A) 
-1 


£ 


^PROCESSOR 
SUPERVISORY  CIRCUITS 

I  =ZI 


WITH 
ON-CHIP 
BATTERY  SWITCH 


— 


Limited  Function 

•  Vcc  Monitor 

•  VBATX  Monitor 

•  Watchdog  Detector 




Full  Function 

•  Vcc  Monitor 

•  VBATr  Monitor 

•  Watchdog  Timer 

•  RAM  Write  Protection 


Vcc  =  +5V+5% 


ADM690  (Reset  Pulse  Width  =  50  ns) 
ADM694  (Reset  Pulse  Width  =  100  ns) 


H  Vcc  =  +5  V  ±  10% 


Vcc  =  +5  V  ±  5% 


ADM691  (Reset  Pulse  Width  =  70  ns) 
ADM695  (Reset  Pulse  Width  =  280  ns) 


Vcc  =  +5  V  I  10% 


ADM693  (Reset  Pulse  Width  =  70  ns) 


ADM692  (Reset  Pulse  Width  =  50  ns) 

Function  Table 


Vcc  =  +3  V  to  +5.5  V 


ADM696 


WITHOUT 
ON-CHIP 
BATTERY  SWITCH 


Full  Function 

•  Vcc  Monitor 

•  Watchdog  Timer 

•  RAM  Write  Protection 


Vcc  =  +3  V  to  +5.5  V 


ADM697 


Vcc  POWER  SUPPLY 

MONITOR 



ADM698 


Vcc  POWER  SUPPLY 
MONITOR  WITH 
WATCHDOG  DETECTOR 


ADM699 


ADM690-ADM699  Functions 

ADM690 

ADM691 

ADM692 

A  DM693 

ADM694 

ADM695 

ADM696 

ADM697 

ADM698 

ADM699 

Fixed  Power  Up /Down  Reset 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

Variable  Power  Up /Down  Reset 

/ 

/ 

Battery  Backup  Switching 

✓ 

/ 

/ 

✓ 

/ 

✓ 

✓ 

Watchdog  Timer 

/ 

/ 

/ 

/ 

/ 
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/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

Power  Failing  Warning 

/ 

/ 

/ 

Write  Protect 

/ 

/ 

/ 

✓ 
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Line  Drivers/Receivers 


Model 

ADM202 

ADM203 

ADM205 

ADM206 

ADM207 

ADM208 

ADM209 

ADM211 

ADM213 

ADM222 

ADM223 

ADM230L 

ADM231L 

ADM232A 

ADM232L 

ADM233L 

ADM234L 

ADM235L 

ADM236L 

ADM237L 

ADM238L 

ADM239L 

ADM241L 

ADM242 

ADM5170 

ADM5180 

ADM485 

ADM1485 

AD7306 


Power 
Supply 

+5V 
+5V 
+5  V 

8? 

+5V 

+5  V,  +12  V 
+5V 
+5  V 
+5  V 
+5V 
+5V 

+5  V,  +12  V 
+5V 


+5V 
+5  V 
+5V 
+5V 
+5V 
+5V 
+5V 

+5  V,  +12  V 
+5  V 
+5  V 

+10  V,  -10  V 

+5V 

+5V 

+5  V 

+5V 


No.  of 
Drivers 

2 (232) 
2 (232) 
5 (232) 
4(232) 
5 (232) 

4  (232) 
3 (232) 
4 (232) 
4 (232) 
2 (232) 
4 (232) 
5 (232) 
2 (232) 
2 (232) 
2 (232) 
2 (232) 
4 (232) 

5  (232) 
4(232) 
5 (232) 
4 (232) 
3 (232) 
4(232) 
2 (232) 

8  (232/423) 
0 

1(485) 
1(485) 
2 (232) 
1  (422) 


No.  of 

Data  Rate 

External 

Low  Power 

TTL  Three- 

No.  of  Package 

Receivers 

kB/S 

Capacitors 

Shutdown  SD 

State  EN 

Pins  Options1 

2 (232) 

120 

4-0.1  |*F 

No 

No 

lo 

IN,  K 

2 (232) 

120 

None 

No 

No 

"Ml 

XI 

s  a32i 

_>  >  , 

120 

None 

Yes 

Yes 

IA 

XI 
IN 

3 (232) 

120 

4-0.1  u.F 

Yes 

Yes 

KT    p  DC 

3 (232) 

120 

4-0.1  uJF 

No 

No 

~>A 

KT    D  DC 
IN,  K,  Ko 

4 (232) 

120 

4-0.1  u.F 

No 

No 

7d 

iM 

IN,  K,  Ko 

5 (232) 

120 

2-0.1  |iF 

No 

Yes 

fA 

IN,  K,  Kj 

5 (232) 

120 

4-0.1  (j.F 

Yes 

Yes 

28 

D  DC 
K,  K3 

5 (232) 

120 

4-0.1  u.F 

Yes  (SD) 

Yes  (EN) 

10 

Z5 

D  DC 
K,  Ko 

2 (232) 

200 

4-0.1  »iF 

Yes  (SD) 

No 

1C 

lo 

IN,  K 

5 (232) 

120 

4-1.0  (J.F 

Yes  (SD) 

Yes  (EN) 

LO 

D  DC 

K,  Ko 

0 

120 

4-1.0  (xF 

Yes 

No 

20 

N,  Q,  R 

2 (232) 

120 

2-1.0  uT 

No 

No 

lyl 

XT    f\  l> 

JN,  ti,  K 

2 (232) 

200 

4-0.1  uP 

No 

No 

16 

N,  R 

2 (232) 

120 

4-1.0  u.F 

No 

No 

16 

N,  Q,  R 

2 (232) 

120 

None 

No 

No 

20 

N 

0 

120 

4-1.0  jiF 

No 

No 

16 

N,  Q,  R 

5 (232) 

120 

None 

Yes 

Yes 

24 

N,  Q 

3 (232) 

120 

4-1.0  »iF 

Yes 

24 

N,  Q,  R 

3 (232) 

120 

4-1.0  uF 

IB 

No 

24 

N,  Q,R 

4 (232) 

120 

4-1.0  jiF 

No 

No 

24 

N,  Q,  R 

5(232) 

120 

2-1.0  ,iF 

No 

Yes 

24 

N,  Q.R 

5 (232) 

120 

4-1.0  ,iF 

Yes 

Yes 

28 

R,  RS 

2  (232) 

200 

4-0.1  u-F 

Yes  (SD) 

Yes 

18 

N,  R 

0 

116 

None  No 

Yes 

28 

N,P 

8  (232/423) 

200 

None 

No 

No 

28 

N,P 

1(485) 

5000 

None 

No 

No 

8 

N,  Q.R 

1(485) 

30000 

None 

No 

No 

8 

N,  Q,R 

1  (232) 

100 

4-0.1  (iF 

No 

No 

24 

R 

1  (232/422) 

5000 

Temperature 
Ranges2 

C 
C 


C,I 
C,I 
I 

C,I 
C,I 
C,I 
C,I 
C,I 
C,I 
C,I 
C,I 
C,I 

I 

C,I 
C,I 
C,I 
C,I 

c 


Page 

15-26 
15-26 
15-30 
15-30 
15-30 
15-30 
15-30 
15-30 
15-30 
15-40 
15--»7 
15-47 
15^*7 
15-40 
15-47 
15-47 
15-47 
15-^47 
15^t7 
15-17 
15-47 
15-47 
15-47 
15-40 
15-91 
15-95 
15-57 
15-84 
15-18 


'Package  Options:  D  f=  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  I 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +10°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  -  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 


Clock  Recovery  Circuits 


Model 

AD80045 
AD800-52 
AD800-155 


Description 

Clock  Recovery  and  Data  Retiming  Phase  Locked  Loop 
Clock  Recovery  and  Data  Retiming  Phase  Locked  Loop 
Clock  Recovery  and  Data  Retiming  Phase  Locked  Loop 


Frequency 

44.736  MHz  DS-3 
51.84  MHz  STS-1 
155.52  MHz  STS-3  or  STM-1 


Package 
Options1 

Q 
R 
R 


Temp 


Page  Comments 

15-7  5  V  Supply,  10K  ECL  Compatible 

15-7  5  V  Supply,  10K  ECL  Compatible 

15-7  5  V  Supply,  10K  ECL  Compatible 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  -  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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ANALOG 
DEVICES 


Clock  Recovery  and  Data  Retiming 
Phase-Locked  Loop 


AD80G7AD802' 


FEATURES 
Standard  Products 

44.736  Mbps- DS-3 

51.84  Mbps-STS-1 

155.52  Mbps-STS-3  or  STM-1 
Accepts  NRZ  Data,  No  Preamble  Required 
Recovered  Clock  and  Retimed  Data  Outputs 
Phase-Locked  Loop  Type  Clock  Recovery -No  Crystal 

Required 
Random  Jitter:  20°  Peak-to-Peak 
Pattern  Jitter:  Virtually  Eliminated 
10KH  ECL  Compatible 
Single  Supply  Operation:  -5.2  V  or  +5  V 
Wide  Operating  Temperature  Range:  -40°C  to  +85°C 


FUNCTIONAL  BLOCK  DIAGRAM 


COMPENSATING 
ZERO 


Hm 
i 


LOOP 
FILTER 


AD8O0/AD802 



RECOVERED 
'  CLOCK 
OUTPUT 

RETIMED 
•  DATA 
OUTPUT 


TUT 


PRODUCT  DESCRIPTION 

The  AD800  and  AD802  employ  a  second  order  phase-locked 
loop  architecture  to  perform  clock  recovery  and  data  retiming 
on  Non-Return  to  Zero,  NRZ,  data.  This  architecture  is  capable 
of  supporting  data  rates  between  20  Mbps  and  160  Mbps. 
The  products  described  here  have  been  defined  to  work  with 
standard  telecommunications  bit  rates.  45  Mbps  DS-3  and  52 
Mbps  STS-1  are  supported  by  the  AD800-45  and  AD800-52 
respectively.  155  Mbps  STS-3  or  STM-1  are  supported  by  the 
AD802-155. 

Unlike  other  PLL-based  clock  recovery  circuits,  these  devices 
do  not  require  a  preamble  or  an  external  VCXO  to  lock  onto 
input  data.  The  circuit  acquires  frequency  and  phase  lock  using 
two  control  loops.  The  frequency  acquisition  control  loop  ini- 
tially acquires  the  clock  frequency  of  the  input  data.  The  phase- 
lock  loop  then  acquires  the  phase  of  the  input  data,  and  ensures 
that  the  phase  of  the  output  signals  track  changes  in  the  phase 
of  the  input  data.  The  loop  damping  of  the  circuit  is  dependent 
on  the  value  of  a  user  selected  capacitor;  this  defines  jitter  peak- 
ing performance  and  impacts  acquisition  time.  The  devices 
exhibit  0.08  dB  jitter  peaking,  and  acquire  lock  on  random  or 
scrambled  data  within  4  x  105  bit  periods  when  using  a  damp- 
ing factor  of  5. 

During  the  process  of  acquisition  the  frequency  detector  pro- 
vides a  Frequency  Acquisition  (FRAC)  signal  which  indicates 
that  the  device  has  not  yet  locked  onto  the  input  data.  This  sig- 
nal is  a  series  of  pulses  which  occur  at  the  points  of  cycle  slip 
between  the  input  data  and  the  synthesized  clock  signal.  Once 
the  circuit  has  acquired  frequency  lock  no  pulses  occur  at  the 
FRAC  output. 


The  inclusion  of  a  precisely  trimmed  VCO  in  the  device  elimi- 
nates the  need  for  external  components  for  setting  center  fre- 
quency, and  the  need  for  trirnming  of  those  components.  The 
VCO  provides  a  clock  output  within  ±20%  of  the  device  center 
frequency  in  the  absence  of  input  data. 

The  AD800  and  AD802  exhibit  virtually  no  pattern  jitter,  due 
to  the  performance  of  the  patented  phase  detector.  Total  loop 
jitter  is  20°  peak-to-peak.  Jitter  bandwidth  is  dictated  by  mask 
programmable  fractional  loop  bandwidth.  The  AD800,  used  for 
data  rates  <  90  Mbps,  has  been  designed  with  a  nominal  loop 
bandwidth  of  0.1%  of  the  center  frequency.  The  AD802,  used 
for  data  rates  in  excess  of  90  Mbps,  has  a  loop  bandwidth  of 
0.08%  of  center  frequency. 

All  of  the  devices  operate  with  a  single  +5  V  or  -5.2  V  supply. 


by  U.S. 
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n  I 

Parameter1 

... 
L^ondition 

AD800-45BQ 
Mill     Typ  Max 

AD800-52BR 
Min      Typ  Max 

AD802-155KR/BR 
Min      i  vp  Max 

Units 

NOMINAL  CENTER  FREQUENCY 

44.736 

51.84 

155.52 

MHz 

OPERATING  TEMPERATURE 
RANGE  (Tmin  <°  T„AX) 

K  Grade 
B  Grade 

40  85 

-40  85 

0  70 
-40  85 

°C 

■c 

TRACKING  RANGE 

43  45.5 

49  53 

155  156 

Mbps 

CAPTURE  RANGE 

43  45.5 

49  53 

155  156 

Mbps 

STATIC  PHASE  ERROR 

P  =  1,TA  =  +25°C, 
VEE  =  -5-2V 
p=  1 

2  10 

3  11.5 

2  10 

3  11.5 

14  30 

18  37 

Degrees 
Degrees 

RECOVERED  CLOCK  SKEW 

'rcs  (Figure  1) 

0.2       0.6  1 

0.2       0.6  1 


0.2       0.8  1 

ns 

SETUP  TIME 

tSL.  (Figure  1) 

2.06  2.37 

ns 

TRANSITIONLESS  DATA  RUN 

240 

240 

240 

Bit  Periods 

OUTPUT  JITTER 

P=  1 

27-  1  PRN  Sequence 
2"-l  PRN  Sequence 

2 

2.5  4.7 
2.5  4.7 

2 

2.5  4.7 
2.5  4.7 

3.5 

5.4  9.7 
5.4  9.7 

Degrees  rms 
Degrees  rms 
Degrees  rms 

JITTER  TOLERANCE 

.. 

f  =  10  Hz 
f  =  2.3  kHz 
f  =  30  kHz 
f  =  1  MHz 
f  =  30  Hz 
f  =  300  Hz 
f  -  2  kHz 
f  =  20  kHz 
f  =  6.5  kHz 
f  =  65  kHz 

2,500 

6.5 

0.47 

0.47 

2,500 

830 
83 
7.4 
0.47 

3,000 

2.0  7.6 
0.26  0.9 

Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 
Unit  Intervals 

JITTER  TRANSFER 
Damping  Factor 

Capacitor,  CD 
£  =  1,  Nominal 
4  =  5,  Nominal 
4  =  10,  Nominal 

Peaking 
$=1,  Nominal 
4  =  5,  Nominal 
4  =  10,  Nominal 

Bandwidth 

TA  =  +25°C,VEE=  -5.2  V 
T.  =  +25°C,V„=-5.2V 
TA=+25°C,VEE  =  -5.2  V 

■  

8.2 

0.22 

0.82 

2 

0.08 
0.02 
45 

6.8 

0.15 

0.68 

2 

0.08 
0.02 
52 

2.2 

0.047 

0.22 

2 

0.08 
0.02 
130 

nF 
uF 
uF 

dB 
dB 
dB 
kHz 

ACQUISITION  TIME 
p  =  1/2 
TA  =  +25-C 
VH  =  -5.2  V 

4  =  1 
4  =  5 
{=  10 

1  x  104 

3  x  10!  8  x  10' 
8x  105 

1  x  10" 

3x  10'  8xl0! 
8  x  10s 

1.5  x  10" 

4  x  105     8  x  105 
1.4  x  106 

Bit  Periods 
Bit  Periods 
Bit  Periods 

POWER  SUPPLY 
Voltage  (VMIN  to 
Current 

TA  =  +25°C 

TA=+25°C,VEE=-5.2V 

4.5     -5.2  -5.5 
125  170 
180 

-4.5     -5.2  -5.5 
125  170 
180 

-4.5     -5.2  -5.5 
140  180 
205 

Volts 

mA 

mA 

INPUT  VOLTAGE  LEVELS 
Input  Logic  High,  VIH 
Input  Logic  Low,  V,H 

TA  =  +25°C 

1.084  -0.72 
1.95  -1.594 

-1.084  -0.72 
-1.95  -1.594 

-1.084  -0.72 
-1.95  -1.594 

Volts 
Volts 

OUTPUT  VOLTAGE  LEVELS 
Output  Logic  High,  VOH 
Output  Logic  Low,  VOL 

TA  =  +25°C 

1.084  -0.72 
1.95  -1.60 

-1.084  -0.72 
-1.95  -1.60 

-1.084  -0.72 
-1.95  -1.60 

Volts 
Volts 

INPUT  CURRENT  LEVELS 
Input  Logic  High,  IIH 
Input  Logic  Low,  IIL 

TA  =  +25°C 

125 
80 

125 
80 

125 
80 

uA 
uA 

OUTPUT  SLEW  TIMES 
Rise  Time  (t„) 
FaU  Time  (tF) 

TA  -  +25°C 

20%-80% 

80%-20% 

0.75  1.5 
0.75  1.5 

0.75  1.5 
0.75  1.5 

0.75  1.5 
0.75  1.5 

ns 
ns 

SYMMETRY 
Recovered  Clock  Output 

p  =  1/2,  TA  =  +25°C 
V^  =  -5.2  V 

45  55 

45  55 

45  55 

% 

NOTES 

'Refer  to  Glossary  for  parameter  definition. 
Specifications  subject  to  change  without  notice. 


75^8   INTERFACE  PRODUCTS 


REV.  B 


AD800/AD802 


V 


 -6  V 

to  +300  mV 


ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  

Input  Voltage  (Pin  16  or  Pin  17  to  Vcc) 

Maximum  Junction  Temperature 

SOIC  Package   +  150°C 

Ceramic  DIP  Package   +  175°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

ESD  Rating 

AD800      1500  V 

AD802   1000  V 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only;  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to  an 
absolute  maximum  rating  condition  for  an  extended  period  may  adversely 
affect  device  reliability. 


,  CHARACTERISTICS 


DATAOUT  50% 
(PIN  2) 


IX 


CLKOUT  50% 
(PIN5) 


SETUP  TIME 
<SO 


Figure  1.  .. 
(See  Previous  Page) 


PIN  DESCRIPTIONS 


Number 

Mnemonic 

Description 

1 

DATAOUT 

Differential  Retimed  Data  Output 

2 

DATAOUT 

Differential  Retimed  Data  Output 

3 

VcC2 

Digital  Ground 

4 

CLKOUT 

Differential  Recovered  Clock  Output 

5 

CLKOUT 

Differential  Recovered  Clock  Output 

6 

VEE 

Digital  VEE 

7 

Digital  VEE 

8 

Vcci 

Digital  Ground 

9 

AVEE 

Analog  VEE 

10 

ASUBST 

Analog  Substrate 

11 

CF2 

Loop  Damping  Capacitor  Input 

12 

CF, 

Loop  Damping  Capacitor  Input 

13 

AVCC 

Analog  Ground 

14 

VCci 

Digital  Ground 

15 

VEE 

Digital  VEE 

16 

DATAIN 

Differential  Data  Input 

17 

DATAIN 

Differential  Data  Input 

18 

SUBST 

Digital  Substrate 

19 

FRAC 

Differential  Frequency  Acquisition 

Indicator  Output 

20 

FRAC 

Differential  Frequency  Acquisition 

Indicator  Output 

a 

Wjc 

SOIC  Package 
Cerdip  Package 

22°C/W 
25°C/W 

75°C/W 
90°C/W 

Use  of  a  heatsink  may  be  required  depending  on  operating  environment. 
GLOSSARY 

Maximum  and  Minimum  Specifications 
Maximum  and  minimum  specifications  result  from  statistical 
analyses  of  measurements  on  multiple  devices  and  multiple  test 
systems.  Typical  specifications  indicate  mean  measurements. 
Maximum  and  minimum  specifications  are  calculated  by  adding 
or  subtracting  an  appropriate  guardband  from  the  typical  speci- 
fication. Device-to-device  performance  variation  and  test  system- 
to-test  system  variation  contribute  to  each  guardband. 

Nominal  Center  Frequency 

This  is  the  frequency  that  the  VCO  will  operate  at  with  no  input 
signal  present  and  the  loop  damping  capacitor,  CD)  shorted. 

Tracking  Range 

This  is  the  range  of  input  data  rates  over  which  the  PLL  will 
remain  in  lock. 

Capture  Range 

This  is  the  range  of  input  data  rates  over  which  the  PLL  can 
acquire  lock. 

Static  Phase  Error 

This  is  the  steady-state  phase  difference,  in  degrees,  between  the 
recovered  clock  sampling  edge  and  the  optimum  sampling 
instant,  which  is  assumed  to  be  halfway  between  the  rising  and 
falling  edges  of  a  data  bit.  Gate  delays  between  the  signals  that 
define  static  phase  error,  and  IC  input  and  output  signals  pro- 
hibit direct  measurement  of  static  phase  error. 

Data  Transition  Density,  p 

This  is  a  measure  of  the  number  of  data  transitions,  from  "0"  to 
"1"  and  from  "1"  to  "0,"  over  many  clock  periods,  p  is  the  ratio 
(Osps  1)  of  data  transitions  to  clock  periods. 

Jitter 

This  is  the  dynamic  displacement  of  digital  signal  edges  from 
their  long  term  average  positions,  measured  in  degrees  rms,  or 
Unit  Intervals  (UI).  Jitter  on  the  input  data  can  cause  dynamic 
phase  errors  on  the  recovered  clock  sampling  edge.  Jitter  on  the 
recovered  clock  causes  jitter  on  the  retimed  data. 

Output  Jitter 

This  is  the  jitter  on  the  retimed  data,  in  degrees  rms,  due  to  a 
specific  pattern  or  some  psuedo-random  input  data  sequence 
(PRN  Sequence). 

Jitter  Tolerance 

Jitter  tolerance  is  a  measure  of  the  PLL's  ability  to  track  a  jit- 
tery input  data  signal.  Jitter  on  the  input  data  is  best  thought  of 
as  phase  modulation,  and  is  usually  specified  in  unit  intervals. 


ORDERING  GUIDE 


Device 

Center  Frequency 

Fractional  Loop  Bandwidth 

Description 

Operating  Temperature 

Package  Option* 

AD800-45BQ 
AD800-52BR 
AD802-155BR 
AD802-155KR 

44.736  MHz 
51.84  MHz 
155.52  MHz 
155.52  MHz 

0.1% 
0.1% 
0.08% 
0.08% 

20-Pin  Cerdip 
20-Pin  Plastic  SOIC 
20-Pin  Plastic  SOIC 

20-Pin  Plastic  SOIC 

 '  

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

0°C  to  +70°C 

I  

Q-20 
R-20 
R-20 

R-20 

1  

•For  outline  information  see  Package  Information  section. 
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the  input  jitter,  some  modulation  signal  must  be  generated  at 
the  output  of  the  phase  detector  (see  Figure  21).  The  modula- 
tion output  from  the  phase  detector  can  only  be  produced  by  a 
phase  error  between  the  data  input  and  the  clock  input.  Hence, 
the  PLL  can  never  perfectly  track  jittered  data.  However,  the 
magnitude  of  the  phase  error  depends  on  the  gain  around  the 
loop.  At  low  frequencies  the  integrator  provides  very  high  gain, 
and  thus  very  large  jitter  can  be  tracked  with  small  phase  errors 
between  input  data  and  recovered  clock.  At  frequencies  closer  to 
the  loop  bandwidth,  the  gain  of  the  integrator  is  much  smaller, 
and  thus  less  input  jitter  can  be  tolerated.  The  PLL  data  output 
will  have  a  bit  error  rate  less  than  1  x  10~ 10  when  in  lock  and 
retiming  input  data  that  has  the  specified  jitter  applied  to  it. 

Jitter  Transfer 

The  PLL  exhibits  a  low-pass  filter  response  to  jitter  applied  to 
its  input  data. 

Bandwidth 

This  describes  the  frequency  at  which  the  PLL  attenuates  sinu- 
soidal input  jitter  by  3  dB. 

Peaking 

This  describes  the  maximum  jitter  gain  of  the  PLL  in  dB. 
Damping  Factor,  £ 

£  describes  how  the  PLL  will  track  an  input  signal  with  a  phase 
step.  A  greater  value  of  i;  corresponds  to  less  overshoot  in  the 
PLL  response  to  a  phase  step.  £  is  a  standard  constant  in  second 
order  feedback  systems. 

Acquisition  Time 

This  is  the  transient  time,  measured  in  bit  periods,  required  for 
the  PLL  to  lock  on  input  data  from  its  free-running  state. 


uiuc  cquais  uie  uine  mat  me  ciock  signal  is  greater  than  the 
midpoint  between  its  "0"  level  and  its  "1"  level. 

Bit  Error  Rate  vs.  Signal-to-Noise  Ratio 

The  AD800  and  AD802  were  designed  to  operate  with  standard 
ECL  signal  levels  at  the  data  input.  Although  not  recommended, 
smaller  input  signals  are  tolerable.  Figure  8,  14,  and  20  show 
the  bit  error  rate  performance  versus  input  signal-to-noise  ratio 
for  input  signal  amplitudes  of  full  900  mV  ECL,  and  decreased 
amplitudes  of  80  mV  and  20  mV.  Wideband  amplitude  noise  is 
summed  with  the  data  signals  as  shown  in  Figure  2.  The  full 
ECL  and  80  mV  signals  give  virtually  indistinguishable  results. 
The  20  mV  ! 


.    .    .  "  ... 

lock,  but  signal  acquisition 


also  provide  adequate  performance  when  in 
luisition  may  be  impaired. 


D.U.T. 

AD80O/AD8O2 


0(.F  >180Q 


Figure  2.  Bit  Error  Rate  vs.  Signal-to-Noise  Ratio  Test: 
Block  Diagram 


USING  THE  AD800  AND  THE  AD802  SERIES 
Ground  Planes 

Use  of  one  ground  plane  for  connections  to  both  analog  and  dig- 
ital grounds  is  recommended.  Output  signal  sensitivity  to  power 
supply  noise  (PECL  configuration,  Figure  22)  is  less  using  one 
ground  plane  than  when  using  separate  analog  and  digital 
ground  planes. 

Power  Supply  Connections 

Use  of  a  10  p.F  tantalum  capacitor  between  VEE  and  ground  is 
recommended. 

Use  of  0.1  u.F  ceramic  capacitors  between  IC  power  supply  or 
substrate  pins  and  ground  is  recommended.  Power  supply 
decoupling  should  take  place  as  close  to  the  IC  as  possible. 
Refer  to  schematics,  Figure  22  and  Figure  26,  for  advised 
connections. 

Sensitivity  of  IC  output  signals  (PECL  configuration,  Figure  22) 
to  high  frequency  power  supply  noise  (at  2  x  the  nominal  data 
rate)  can  be  reduced  through  the  connection  of  signals  AVcc 
and  VCCI,  and  the  addition  of  a  bypass  network.  The  type  of 
bypass  network  to  consider  depends  on  the  noise  tolerance 
required.  The  more  complex  bypass  network  schemes  tolerate 
greater  power  supply  noise  levels.  Refer  to  Figures  23  and  24 
for  bypassing  schemes  and  power  supply  sensitivity  curves. 


Transmission  Lines 

Use  of  50  fi  transmission  lines  are  recommended  for  DATAIN, 
CLKOUT,  DATAOUT,  and  FRAC  signals. 

Terminations 

Termination  resistors  should  be  used  for  DATAIN,  CLKOUT, 
DATAOUT,  and  FRAC  signals.  Metal,  thick  film,  1%  tolerance 
resistors  are  recommended.  Termination  resistors  for  the 
DATAIN  signals  should  be  placed  as  close  as  possible  to  the 
DATAIN  pins. 

Connections  form  VEE  to  lead  resistors  for  DATAIN, 
DATAOUT,  FRAC,  and  CLKOUT  signals  should  be  individ- 
ual, not  daisy  chained.  This  will  avoid  crosstalk  on  these  signals. 

Loop  Damping  Capacitor,  CD 

A  ceramic  capacitor  may  be  used  for  the  loop  damping  capacitor. 
Input  Buffer 

Use  of  an  input  buffer,  such  as  a  10H116  Line  Receiver  IC,  is 
suggested  for  an  application  where  the  DATAIN  signals  do  not 
come  directly  from  an  ECL  gate,  or  where  noise  immunity  on 
the  DATAIN  signals  is  an  issue. 
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Typical  Characteristics 
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Figure  3.  AD800-45  Center  Frequency  vs.  Temperature 


10 
9 

I 

i 7 

i  6 


AD800/AD802 


-40        -20  0  20  40  60  80  100 

TEMPERATURE  -  C 

Figure  4.  AD800-45  Jitter  vs.  Temperature 
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Figure  5.  AD800-45  Capture  and  Tracking  Range  vs. 
Temperature 
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Figure  6.  AD800-45  Jitter  Tolerance 
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Figure  7.  AD800-45  Acquisition  Range  vs.  Input  Jitter 


Figure  8.  AD800-45  Bit  Error  Rate  vs.  Input  Jitter 
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AD800/AD802 
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Figure  9.  AD800-52  Center  Frequency  vs.  Temperature 
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Figure  10.  AD800-52  Jitter  vs.  Temperature 
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Figure  1 1.  AD800-52  Capture  and  Tracking  Flange  vs. 
Temperature 
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Figure  13.  AD800-52  Acquisition  Range  vs.  Input  Jitter 
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Figure  12.  AD800-52  Jitter  Tolerance 


Figure  14.  AD800-52  Bit  Error  Rate  vs.  Input  Jitter 
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Figure  15.  AD802-1 55  Center  Frequency  vs.  Temperature 
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Figure  17.  AD802-155  Capture  Range,  Tracking  Range  vs. 
Temperature 
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16.  AD802-1 55  Output  Jitter  vs.  Temperature 
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Figure  18.  AD802-155  Jitter  Tolerance 


Figure  19.  AD802-155  Minimum  Acquisition  Range  vs. 
Jitter  Frequency,  TMIN  to  TMAX,  VMIN  to  VMAX 
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Figure  20.  AD802-155  Bit  Error  Rate  vs.  Input  Jitter 
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THEORY  OF  OPERATION 

The  AD800  and  AD802  are  phase-locked  loop  circuits  for  recov- 
ery of  clock  from  NRZ  data.  The  architecture  uses  a  frequency 
detector  to  aid  initial  frequency  acquisition,  refer  to  Figure  21 
for  a  block  diagram.  Note  the  frequency  detector  is  always  in 
the  circuit.  When  the  PLL  is  locked,  the  frequency  error  is  zero 
and  the  frequency  detector  has  no  further  effect.  Since  the  fre- 
quency detector  is  always  in  circuit,  no  control  functions  are 
needed  to  initiate  acquisition  or  change  mode  after  acquisition. 
The  frequency  detector  also  supplies  a  frequency  acquisition 
(FRAC)  output  to  indicate  when  the  loop  is  acquiring  lock. 
During  the  frequency  acquisition  process  the  FRAC  output  is  a 
series  of  pulses  of  width  equal  to  the  period  of  the  VGO.  These 
pulses  occur  on  the  cycle  slips  between  the  data  frequency  and 
the  VCO  frequency.  With  a  maximum  density  (1010  .  .  .)  data 
pattern,  every  cycle  slip  will  produce  a  pulse  at  FRAC.  How- 
ever, with  random  data,  not  every  cycle  slip  produces  a  pulse. 
The  density  of  pulses  at  FRAC  increases  with  the  density  of 
data  transitions.  The  probability  that  a  cycle  slip  will  produce  a 
pulse  increases  as  the  frequency  error  approaches  zero.  After  the 
frequency  error  has  been  reduced  to  zero,  the  FRAC  output  will 
have  no  further  pulses.  At  this  point  the  PLL  begins  the  process 
of  phase  acquisition,  with  a  settling  time  of  roughly  2000  bit 
periods.  Valid  retimed  data  can  be  guaranteed  by  waiting  2000 
bit  periods  after  the  last  FRAC  pulse  has  occurred. 

Jitter  caused  by  variations  of  density  of  data  transitions  (pattern 
jitter)  is  virtually  eliminated  by  use  of  a  new  phase  detector  (pat- 
ented). Briefly,  the  measurement  of  zero  phase  error  does  not 
cause  the  VCO  phase  to  increase  to  above  the  average  run  rate 
set  by  the  data  frequency.  The  jitter  created  by  a  27  -  1 
pseudo-random  code  is  1/2  degree,  and  this  is  small  compared  to 
random  jitter. 

The  jitter  bandwidth  for  the  AD802-155  is  0.08%  of  the  center 
frequency.  This  figure  is  chosen  so  that  sinusoidal  input  jitter  at 
130  kHz  will  be  attenuated  by  3  dB.  The  jitter  bandwidths  of 
the  AD800-45  and  AD800-52  are  0.1%  of  the  respective  center 
frequencies.  The  jitter  bandwidth  of  the  AD800  or  the  AD802  is 
mask  programmable  from  0.01%  to  1%  of  the  center  frequency. 
A  device  with  a  very  low  loop  bandwidth  (0.01%  of  the  center 
frequency)  could  effectively  filter  (clean  up)  a  jittery  timing  ref- 
erence. Consult  the  factory  if  your  application  requires  a  special 
loop  bandwidth. 


The  damping  ratio  of  the  phase-locked  loop  is  user  program- 
mable with  a  single  external  capacitor.  At  155  MHz  a  damping 
ratio  of  10  is  obtained  with  a  0.22  u.F  capacitor.  More  generally, 
the  damping  ratio  scales  as  1.7  x  \ZfDATA  x  CD.  At  155  MHz 
a  damping  ratio  of  1  is  obtained  with  a  2.2  nF  capacitor.  A 
lower  damping  ratio  allows  a  faster  frequency  acquisition;  gener- 
ally the  acquisition  time  scales  directly  with  the  capacitor  value. 
However,  at  damping  ratios  approaching  one,  the  acquisition 
time  no  longer  scales  directly  with  the  capacitor  value.  The 
acquisition  time  has  two  components:  frequency  acquisition  and 
phase  acquisition.  The  frequency  acquisition  always  scales  with 
capacitance,  but  the  phase  acquisition  is  set  by  the  loop  band- 
width of  the  PLL  and  is  independent  of  the  damping  ratio. 
Thus,  the  0.08%  fractional  loop  bandwidth  sets  a  minimum 
acquisition  time  of  15,000  bit  periods.  Note  the  acquisition  time 
for  a  damping  factor  of  1  is  specified  as  15,000  bit  periods.  This 

periods  for  phase  acquisition.  Compare  this  to  the  400,000  bit 
periods  acquisition  time  specified  for  a  damping  ratio  of  5;  this 
consists  entirely  of  frequency  acquisition,  and  the  2,000  bit 
periods  of  phase  acquisition  is  negligible. 

While  lower  damping  ratio  affords  faster  acquisition,  it  also 
allows  more  peaking  in  the  jitter  transfer  response  (jitter  peak- 
ing). For  example,  with  a  damping  ratio  of  10  the  jitter  peaking 
is  0.02  dB,  but  with  a  damping  factor  of  1,  the  peaking  is  2  dB. 


RECOVERED 
CLOCK  OUTPUT 


RETIMED 
DATA  OUTPUT 


•  FRAC  OUTPUT 

Figure  21.  AD800  and  AD802  Block  Diagram 
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Figure  22.  Evaluation  Board  Schematic,  Positive  Supply 
Table  I.  Evaluation  Board,  Positive  Supply:  Components  List 


Reference 
Designator 

Description 

Quantity 

Rl-8,  R15-18 
R9-14 

Resistor,  100  n,  1% 
Resistor,  154  ft,  1% 
Resistor,  130  fl,  1% 
Resistor,  80.6  fl,  1% 

Capacitor,  Loop  Damping  (See  Specifications  Page) 

Capacitor,  10  llF,  Tantalum 

Capacitor,  0.1  u.F,  Ceramic  Chip 

AD8O0/AD802 

10H116,  ECL  Line  Receiver 

12 

6 

R19,  20,  23,  24 
R21,  22,  25,  26 

3 

C3-C21 

Zl 

Z2 

4 
4 

17 

(A) 


BYPASS 
NETWORK 
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Figure  23.  Bypass  Network  Schemes 
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Figure  24.  AD802-155  Output  Jitter  vs.  Supply  Noise 
(PECL  Configuration) 
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Figure  25.  Power  Supply  Noise  Sensitivity  Test  Circuit,  PECL  Configuration 


Figure  26.  Evaluation  Board  Schematic,  Negative  Supply 


Table  II.  Evaluation  Board,  Negative  Supply:  Components  List 


Reference  Designator 

Description 

Quantity 

Rl-8 



Resistor,  100  n,  1% 

8 

R9-12 

Resistor,  154  (I,  1% 

4 

R13,  14,  17,  18 

Resistor,  80.6  n,  1% 

4 

R15,  16,  19,  20 

Resistor,  130  n,  1% 

4 

R21,  22 

Resistor,  274  n,  1% 

cD 

Capacitor,  Loop  Damping  (See  Specifications  Page) 

C2 

Capacitor,  10  nF,  Tantalum 

C3-C12 

Capacitor,  0. 1  n-F,  Ceramic  Chip 

10 

Zl 

AD800/AD802 

Z2 

10H116,  ECL  Line  Receiver 
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Figure  28.  Negative  Supply  Configuration:  Solder  Side 
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Figure  29,  Positive  Supply  Configuration:  Component 
Side  (Top  Layer) 


Figure  30.  Positive  Supply  Configuration:  Solder 
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FEATURES 

RS-232  and  RS-422  on  One  Chip 

Single  +5  V  Supply 

0.1  p.F  Capacitors 

Short  Circuit  Protection 

Excellent  Noise  Immunity 

Low  Power  BiCMOS  Technology 

High  Speed,  Low  Skow  RS-422  Operation 

-40°C  to  +85°C  Operation 

APPLICATIONS 
DTE-DCE  Interface 
Packet  Switching 
Local  Area  Networks 
Data  Concentration 
Data  Multiplexers 

Integrated  Services  Digital  Network  (ISDN) 
GENERAL  DESCRIPTION 

The  AD7306  line  driver/receiver  is  a  5  V  monolithic  product 
which  provides  an  interface  between  TTL  signal  levels  and  dual 
standard  EIA  RS-232/RS-422  signal  levels.  The  part  contains 
two  RS-232  drivers,  one  RS-422  driver,  one  RS-232  receiver, 
and  one  receiver  path  which  can  be  configured  either  as  RS-232 
or  as  RS-422. 

An  internal  charge  pump  voltage  converter  facilitates  operation 
from  a  single  +  5  V  power  supply.  The  internal  charge  pump 
generates  ±  10  V  levels  allowing  RS-232  output  levels  to  be 
developed  without  the  need  for  external  bipolar  power  supplies. 

A  highly  efficient  charge  pump  design  allows  operation  using 
non  polarized,  miniature  0. 1  u.F  capacitors.  This  gives  a  consid- 
erable saving  in  printed  circuit  board  space  over  conventional 
products  which  can  use  up  to  10  u.F  capacitors.  The  charge 
pump  output  voltages  may  also  be  used  to  power  external  cir- 
cuitry which  requires  dual  supplies. 


FUNCTIONAL  BLOCK  DIAGRAM 


TTUCMOS 
INPUTS 


TTUCMOS 
OUTPUTS 


i10V 
POWER  SUPPLY 
GENERATOR 


AD7306 
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i  
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1  RS-422 
I  INPUT 


The  RS-232  channels  are  suitable  for  communications  rates  up 
to  100  kHz  and  the  RS-422  channels  are  suitable  for  high  speed 
communications  up  to  5  MHz.  The  RS-422  transmitter  comple- 
mentary outputs  are  closely  matched  and  feature  low  riming 
skew  between  the  complementary  outputs.  This  is  often  an 
essential  requirement  to  meet  tight  system  timing  specifications. 

All  inputs  feature  ESD  protection,  all  driver  outputs  feature 
high  source  and  sink  current  capability  and  are  internally  pro- 
tected against  short  circuits  on  the  outputs.  An  epitaxial  layer  is 
used  to  guard  against  latch-up. 

The  part  is  available  in  a  24-lead  SOIC  and  24-pin  plastic  DIP 
packages. 
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(Vcc  =  +5  V  ±  5%,  C1  =  C2  =  C3  =  C4  =  0.1  jaF.  All  specifications  TMIH  to 


AD7306 


Parameter 


Min  Typ 


Max 


Units 


Test  Conditions/Comments 


RS-232  DRIVER 
TTL  Input  Logic  Low,  Vjnl 
TTL  Input  Logic  High,  V^h 
Input  Logic  Current 
RS-232  High  Level  Output  Voltage 
RS-232  Low  Level  Output  Voltage 
Output  Short  Circuit  Current 
Slew  Rate 

Output  Resistance  (Powered  Down) 


2.0 

0.8 

V 
V 

5.0 
-5.0 

0.1 
7.3 
-6.5 

±10 

(jlA 

v 

V 

±5 
8 

300 

±12 

20 

4 

10M 

30 

mA 

V/|xs 

V/^s 

n 

VfN  =  0  V  to  Vcc 
RL  =  3  kn 
RL  =  3  kfl 

VOUT  =  0  V,  TA  =  0°C  to  +70°C 
CL  =  50  pF,  RL  =  3  kn 
CL  =  2500  pF,  RL  =  3  ka 
Vcc  =  0  V,  Vou-r  =  ±3  V 


■ 

Ioux  =  +4  mA 
Ioux  =  -4  mA 


RS-232  RECEIVER 
Input  Voltage  Range 
RS-232  Input  Threshold  Low 
RS-232  Input  Threshold  High 
RS-232  Input  Hysteresis 
RS-232  Input  Resistance 
TTL  Output  Voltage  Low,  VOL 
TTL  Output  Voltage  High,  VOH 





-15 
0.8 

0.1 
3 

3.5 


1.3 
1.7 
0.4 

5 

0.2 
4.8 


+  15 

2.4 
1.0 

7 

0.4 


V 
V 
V 
V 

kn 

V 
V 


'OUT  " 

 i  





RS-422  DRIVER 
TTL  Input  Logic  Low  ,  VINL 
TTL  Input  Logic  High,  VmK 
Logic  Input  Current 

Differential  Output  Voltage 

Common-Mode  Output  Voltage 
A|VOUT|  for  Complementary  O/P  States 
Output  Short  Circuit  Current 


0.1 


2 


35 


0.8 
±10 
5.0 
3 

0.2 
150 


V 
V 
aA 

V 
V 
V 
V 

mA 


VIN  =  0  V  to  Vcc 


Vcc  =  5  V,  RL  Diif  =  =?;  Figure  3 
RL  Diff  =  100  fl;  Figure  3 

RL  Diff  =  100  n 
0V<  Vcmr  <+7V 


RS-422  RECEIVER 
Common-Mode  Voltage  Range 
Differential  Input  Threshold  Voltage 
Input  Voltage  Hysteresis 
Input  Resistance 
TTL  Output  Voltage  Low,  VOL 
TTL  Output  Voltage  High,  VOH 


-0.2 

70 

3  5 
0.2 

3.5  4.8 


±7 
+0.2 

7 

0.4 


V 
V 

mV 
kfl 
V 
V 


Typical  RS-422  Input  Voltage  <5  V 

Vc„  =  0V 

IOUT  =  +4.0  mA 
IOUT  =  -4.0  mA 


232/422  SEL  Input 

nput  Logic  Low,  V1N_ 


0.1 


0.8 
±10 


V 
V 
u.A 


V^  =  0  Vto  Vcc 


POWER  SUPPLY  CURRENT 
Ice 


10 


15 


mA 


Outputs  Unloaded 


CHARGE  PUMP  VOLTAGE  GENERATOR 
V+  Output  Voltage 

V-  Output  Voltage 

Generator  Rise  Time 


9 

-9 
200 


V 
V 

U.S 


RS-232  Output  Unloaded; 
See  Typical  Performance  Curves 
RS-232  Outputs  Unloaded; 
See  Typical  Performance  Curves 


Specifications  subject  to  change  without  notice. 
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TIMING  SPECIFICATIONS  mL*  m*m 

iiitiiiiu  or twirium iuiio  unless  otnerwi 

i#i  —  u.i  fjir.  nn  aucuniuauulis  lM 

N  10  'MAX 

se  note 

a.) 

Parameter 

Typ 

Max 

Units 

Test  Conditions/Comments 

RS-422  Driver 

rropdgauuii  j_/ciay  input  lu  \_/uipuL  ^  plhj  ^-PHL 

35 

100 

RL  Diff  =  100  n,  CLI  =  CL2  = 

100  pF,  Figures  2  &  4 

RS-422  O/P  to  O/P  T,w™ 

2 

10 

ns 

RL  Diff  =  100  n,  CL1  =  CL2  = 

100  pF,  Figures  2  &  4 

j_/river  iMbc/jrdii  l  nnc  i  rj  ip 

15 

40 

RL  Diff  =  100  n,  CL1  =  CL2  =  100  pF,  Figures  2  &  4 

RS-422  Receiver 

Propagation  Delay  Input  to  Output  Tpm,  Tp^^ 

70 

200 

ns 

CL  =  15  pF.  Figure  5 

RS-737/RS-477  Fnahle 

RS-737  nkahle  to  RS-477  Fnnhlp  T 

70 

200 

Figure  6 

RS-42?  Di<y»hle  to  RS-2  \2  Fnahle  T 

70 

200 

Figure  6 

i  rdnbirniaiuii  ixdic  ^ivo^t^. j 

5 

MHz 

RS-232  Receiver 

PmwwHtiflH  T*)elav  Tnnur  to  On  trait 

1000 

ns 

Transmission  Rate  (RS-232) 

100 

kHz 

CL  =  50  pF 

20 

kHz 

CL  =  2.5  nF 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  noted) 

Voc  J  .  +7  V 

V+  (Vcc -0.3  V)  to +13.2  V 

V-   +0.3  V  to  -13.2  V 

Inputs 

T1IN,T2IN   V-toV+ 

T3IN  -0.3  V  to  V+ 

R1[N  A7B,  R2JN  -25  V  to  +25  V 

232/422  SEL  -0.3  V  to  V+ 

Outputs 

Tlour  .T2OUT  -15  V  to +15  V 

T3OUT(A),  (B)   -0.3  V  to  +7  V 

RlOUT5  R2OUT  -0.3  V  to  (Vcc  +  0.3  V) 


CAUTION 


Short  Circuit  Duration 
TOUT   Continuous 

Power  Dissipation 

Small  Outline    650  mW 

DIP    650  mW 

Operating  Temperature  Range 

Commercial  (J  Version)   0°C  to  +70°C 

Industrial  (A  Version)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  of  time  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7306  feamres  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Description 

Package  Option* 

AD7306JR 

0°C  to  +70°C 

24-Lead  SOIC 

R-24 

AD7306JN 

0°C  to  +70°C 

24-Pin  DIP 

N-24 

AD7306AR 

-40°C  to  +85°C 

24-Lead  SOIC 

R-24 

AD7306AN 

-40°C  to  +85°C 

24-Pin  DIP 

N-24 

- 


*For  outline  information  see  Package  Information  section. 
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SOIC 

DIP 

Pin 

Pin 

Mnemonic 

Function 

1 

19 

V+ 

Internally  Generated  Positive  Supply  (+9  V  nominal).  A  0.1  jiF  capacitor  must  be  connected 

between  this  pin  and  GND. 

2,3 

20,  22 

C1  +  ,  Cl- 

External  Capacitor  1  Terminals.  A  0.1  (J.F  capacitor  must  be  connected  between  these  pins. 

4 

23 

R2,N 

RS-232  Receiver  R2  Input.  This  input  accepts  RS-232  input  voltages. 

5 

24 

TIout 

RS-232  Transmitter  (Driver)  Tl  Output  (Typically  ±7.5  V). 

6 

1 

T20ut 

RS-232  Transmitter  (Driver)  T2  Output  (Typically  ±7.5  V). 

7 

2 

Vcc 

Power  Supply  Input  (5V+  5%). 

8 

3 

R1,n  (B) 

RS-422  Receiver  Rl,  Differential  Input  B. 

9 

4 

R1IN/R1IN  (A) 

Receiver  Rl  Input.  May  be  configured  to  accept  either  single  ended  RS-232  levels  or 

differential  RS-422  levels.  It  is  configured  using  the  232/422  SEL  pin. 

10 

5 

T3out  (B) 

RS-422  Transmitter  (Driver)  T3,  Differential  Output  B. 

11 

6 

T3OUT  (A) 

RS-232  Transmitter  (Driver)  T3,  Differential  Output  A. 

12,  13 

16,  21 

NC 

No  Connect  Pins. 

14,  18 

7,  11 

GND 

Ground  Pin.  Must  be  connected  to  0  V. 

15 

8 

232/422  SEL 

Select  Input.  This  input  configures  Receiver  Rl  to  accept  either  RS-232  or  RS-422  signal  levels. 

A  Logic  1  on  this  input  selects  232  operation  while  a  Logic  0  selects  422  operation. 

16 

9 

T3IN 

TTL/CMOS  Input  to  the  RS-422  Transmitter  T3. 

17 

10 

RloUT 

TTL/CMOS  Output  from  Receiver  Rl. 

19 

12 

TTL/CMOS  Input  to  RS-232  Transmitter  T2. 

20 

13 

Tift, 

TTL/CMOS  Input  to  RS-232  Transmitter  Tl. 

21 

14 

R2oux 

TTL/CMOS  Output  from  Receiver  R2. 

22,  23 

15,  17 

C2+,  C2- 

External  Capacitor  2  Terminals.  A  0.1  jiF  capacitor  must  be  connected  between  these  pins. 

24 

18 

V- 

Internally  Generated  Negative  Supply  (-9  V  nominal).  A  0.1  p.F  capacitor  must  be  connected 

between  this  pin  and  GND 

m]  V- 

"out  E 

23]  C2- 

Vcc  U 

22~]  C2+ 

R1IN(B)  (T 

il]  R2out 

BV"lN<A>  [7 

20]  T1IN 

T30UT(B)  [7 

19]  T2,„ 

T30UT(A)  [T 

1°1  GND 

GND  [7 

J£|  >«OUT 

232/422  SEL  [T 

jis]  T3,„ 

T3IN  [7 

15~|  232/422  SEL 

mOUT  [10 

1«1  GND 

GND  [il 

13l  NC 

"IN 

AD7306 
DIP 

TOP  VIEW 
(Not  to  Scale) 


i3  Ttout 
22I  C1- 

"ill  NC 

20I  C1+ 

1F|  v- 

J£]  C2- 
jTJ  NC 
lT|  C2t 


NC  =  NO  CONNECT 


NC  =  NO  CONNECT 


SOIC  Pin  Configuration 


DIP  Pin  Configuration 
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+5V  IN  PI 


0.1, 


C1-  POWER 
m      SUPPLY  , 
GENERATOR 

C2- 


1  ||0,1nF 


TloUT^l 


RS-232 
OUTPUTS 


"OUT, 

RS-422 
T3out(B)  1  0UTPUT 

"outwJ 


T300T(A) 


0V 


RS-232 
INPUT 


*-  R11N/R11N(A)) 


Figure  4.  RS-422  Driver.  Propagation  Delay, 
Rise/Fall  Timing 


RS-422 
INPUT 


Figure  1.  AD7306  Application  Circuit  (SOIC  Package) 


8  \  DC.*?*  2.5V 

H1 IN  (B) )  INPUT  DIFFERENTIAL 


INPUT 
R1IN  (B)-R1IN(A) 


R1  OUT 


T3out(b> 


CL1  = 100pF 


T3,N  I 


Figure  5.  RS-422 


T30ur(A) 


232/422  SEL 


Figure  2.  RS-422  Driver.  Propagation  Delay  Test  Circuit 


T3,N  I 


t 


 L 


R1out 


 /k  r- 

RS-232  RS-422 


VOH 

Vol 


Figure  3.  RS-422  Driver.  Voltage  Measurement 
Test  Circuit 


RS-— 


?  Receiver  Enable  Timing 


■ 


■ 
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GENERAL  DESCRIPTION 

The  AD7306  drivers/receivers  provide  an  interface  which  is 
compatible  with  RS-232/RS-422  standard  interfaces.  As  both 
standards  are  widely  accepted  it  is  often  necessary  to  provide  an 
interface  which  is  compatible  with  both.  The  AD7306  is  ideally 
suited  to  this  type  of  application  as  both  standards  may  be  met 
using  a  single  package.  This  part  contains  two  RS-232  drivers, 
one  RS-422  driver,  one  RS-232  receiver,  and  one  receiver  path 
which  can  be  configured  as  either  RS-232  or  RS-422.  This 
receiver  is  configured  using  the  232/422  SEL  pin. 

This  part  also  contains  an  internal  charge  pump  voltage  con- 
verter which  facilitates  operation  using  a  single  +  5  V  power 
supply. 

Charge  Pump  DC-DC  Voltage  Generator 

The  charge  pump  voltage  generator  uses  a  switched  capacitor 
technique  to  develop  ±10  V  levels  from  an  input  +5  V  supply. 
A  highly  efficient  charge  pump  design  coupled  with  a  high  fre- 
quency internal  oscillator  permit  operation  using  four  0.1  (iF 
capacitors. 


t5V 
INPUT  I 
SUPPLY 


V+ 

»10V 

v         POWER  SUPPLY 
CC  GENERATOR 

V- 

C1t      C1--  C2* 

C2- 

_|_C3 


.C4 

"  0.1  iiF 


C1 
0.1|iF 


C2 
0.1|iF 


Figure  7.  Charge  Pump  Voltage  Generator 

Capacitors  CI  and  C2  act  as  charge  storage  capacitors  while  C3 
and  C4  provide  output  smoothing.  For  correct  operation  all  four 
capacitors  must  be  included.  Either  polarized  or  nonpolarized 
capacitors  may  be  used  for  C1-C4.  If  a  polarized  type  is  used, 
then  the  correct  polarity  should  be  observed.  This  may  be 
ignored  with  nonpolarized  type  capacitors. 

The  charge  pump  output  voltages,  V+  and  V-,  are  used  inter- 
nally to  power  the  RS-232  transmitters.  This  permits  RS-232 
output  levels  to  be  developed  on  the  RS-232  transmitter  out- 
puts. The  charge  pump  output  voltages  may  also  be  used  to 
power  external  circuitry  if  the  current  requirements  are  small. 
Please  refer  to  the  TypicsJ  Performance  Characteristics. 

The  generator  rise  time  after  power  up  is  200  u.s  typical.  This 
time  is  necessary  to  completely  charge  the  storage  capacitors  in 
the  charge  pump.  Therefore,  RS-232  data  transmission  should 
not  be  initiated  until  this  time  has  elapsed  after  switch  on.  This 
will  ensure  that  valid  data  is  : 


RS-232  Drivers 

The  RS-232  drivers  in  the  AD7306  meet  the  EIA  RS-232  speci- 
fications. The  drivers  are  inverting  level  shifters  which  convert 
TTL/CMOS  levels  into  RS-232  output  levels.  The  input  switch- 
ing threshold  is  typically  1.3  V.  With  a  typical  RS-232  load,  the 
output  levels  are  ±7.5  V.  Under  worst  case  load  conditions,  the 
drivers  are  guaranteed  to  provide  ±5  V  which  meets  the  mini- 
mum RS-232  requirement.  The  output  slew  rate  is  internally 
limited  to  <30  V/u.s  without  the  need  for  an  external  slew- 
limiting  capacitor.  Short  circuit  protection  is  also  provided 
which  prevents  damage  in  the  event  of  output  fault  conditions. 
Active  current  limiting  is  used  which  limits  the  output  short 
circuit  current  to  less  than  12  mA  in  the  event  of  an  output 
fault.  This  type  of  current  limiting  does  not  degrade  the  output 
voltage  swing  under  normal  loading  conditions  as  would  be  the 
case  with  conventional  passive  limiting. 

The  powered-down  output  impedance  is  typically  10  Mfl.  This 
is  considerably  larger  than  the  300  fl  minimum  value  required 
by  the  RS-232  specification.  It  provides  additional  protection 
under  fault  conditions  where  another  powered-up  transmitter 
output  is  inadvertently  shorted  to  the  powered-down  device. 

RS-232  Receivers 

The  receivers  are  inverting  level  shifters  which  accept  RS-232 
input  levels  (±3Vto±15V)  and  translates  them  into  5  V 
TTL/CMOS  levels.  The  input  switching  thresholds  are  0.8  V 
minimum  and  2.4  V  maximum  which  are  well  within  the 
RS-232  requirement  of  ±3  V.  Internal  5  kfl  pull-down  resistors 
to  GND  are  provided  on  the  receiver  inputs.  This  ensures  that 
an  unconnected  input  will  be  interpreted  as  a  low  level  giving  a 
Logic  "1"  on  the  TTL/CMOS  output.  Excellent  noise  immunity 
is  achieved  by  the  use  of  hysteresis  and  internal  filtering  cir- 
cuitry. The  filter  rejects  noise  glitches  of  up  to  0.5  u-s  in 
duration. 

RS-422  Driver 

The  RS-422  driver  on  the  AD7306  accepts  a  TTL/CMOS  input 
and  translates  it  into  a  differential  RS-422  level  signal.  The 
input  switching  threshold  is  typically  1.3  V.  The  unloaded  out- 
put differential  voltage  is  typically  ±5  V  (see  Typical  Perfor- 
mance Characteristics).  Short  circuit  protection  is  provided  on 
the  output  which  limits  the  current  to  less  than  150  mA. 

RS-422  Receiver 

The  RS-422  receiver  on  the  AD7306  accepts  a  differential  input 
signal  and  translates  it  into  a  TTL/CMOS  output  level.  The 
input  resistance  on  both  differential  inputs  is  5  kfl  typical.  With 
the  receiver  inputs  unconnected  (floating),  internal  biasing 
ensures  that  the  receiver  output  is  a  Logic  "1." 

Excellent  noise  immunity  and  high  transmission  speed  is 
achieved  i 
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Figure  10.  RS-232  Driver;  RL  =  5  fcft  CL  =  50  pF  Figure  73.  RS-422  Driver;  RLDIFF  =  700  n,  CL1  =  CL 

=  700  pF 
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Single-Ended  Data  Transmission 

Single-ended  interfaces  are  used  for  low  speed,  short  distance 
communications  such  as  from  a  computer  terminal  to  a  printer. 
A  single  line  is  used  to  carry  the  signal.  Various  standards  have 
been  developed  to  standardize  the  communication  link,  the  most 
popular  of  these  being  the  RS-232.  The  RS-232  standard  was 
introduced  in  1962  by  the  EI  A  and  has  been  widely  used 
throughout  the  industry.  The  standard  has  been  revised  several 
times,  and  the  current  revision  is  known  as  EIA-232E.  The 
RS-232  standard  is  suitable  for  single-ended  data  transmission  at 
relatively  slow  data  rates  over  short  distances.  A  typical  RS-232 
interface  is  shown  in  Figure  14. 


AD7306 

Differential  Data  Transmission 

When  transmitting  at  high  data  rates,  over  long  distances  and 
through  noisy  environments,  single-ended  data  transmission  is 
often  inadequate.  In  this  type  of  application,  differential  data 
transmission  offers  superior  performance.  Differential  transmis- 
sion uses  two  signal  lines  to  transmit  data.  It  rejects  ground 
shifts  and  is  insensitive  to  noise  signals  which  appear  as  common 
mode  voltages  on  the  transmission  lines.  To  accommodate  faster 
data  communication,  the  differential  RS-422  standard  was  devel- 
oped. Therefore,  it  can  be  used  to  reliably  transmit  data  at 
higher  speeds  and  over  longer  distances  than  single-ended  trans- 
mission. A  typical  RS-422  interface  is  shown  in  Figure  15. 


DATA 
IN 


-»- 


RS-232  CHANNEL 
 »  


DATA 
IN 


-»- 


RS-422  CHANNEL 
 »  


Figure  14.  Single-Ended  RS-232  Interface 


Figure  15.  Differential  RS-422  Interface 


Table  I.  Comparison  of  RS-232  and  RS-422 
Interface  Standards 


Specification 

EIA-232E 

RS-422 

Transmission  Type 

Single-Ended 

Differential 

Maximum  Data  Rate 

20  kB/s 

10  MB/s 

Maximum  Cable  Length 

Load  Dependent 

4000  ft 

Minimum  Driver  Output  Voltage 

±5  V 

±1.5  V 

Slew  Rate 

30  V/jjls  max 

Receiver  Input  Resistance 

3  kft  to  7  kfl 

4  kft  min 

Receiver  Input  Sensitivity 

±3  V 

±200  mV 

Receiver  Input  Voltage  Range 

±15  V 

±7  V 

No.  of  Drivers  per  Line 

1 

1 

No.  of  Receivers  per  Line 

1 

10 

■ 
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ANALOG 
DEVICES 


High  Speed,  +5  V,  0.1  |xF 
CMOS  RS-232  Drivers/Receivers 








ADM202/ADM203 





FEATURES 

120  kB  Transmission  Rate 

ADM202:  Small  (0.1  p.F)  Charge  Pump  Capacitors 

ADM203:  No  External  Capacitors  Required 

Single  5  V  Power  Supply 

Meets  EIA-232-E  and  V.28  Specifications 

Two  Drivers  and  Two  Receivers 

On-board  DC-DC  Converters 

±9  V  Output  Swing  with  +5  V  Supply 

Low  Power  BiCMOS:  2.0  mA  lcc 

±30  V  Receiver  Input  Levels 

APPLICATIONS 

Computers 

Peripherals 

Modems 

Printers 

Instruments 

GENERAL  DESCRIPTION 

The  ADM202/ADM203  is  a  two-channel  RS-232  line  driver/ 
receiver  pair  designed  to  operate  from  a  single  +5  V  power  sup- 
ply. A  highly  efficient  on-chip  charge  pump  design  permits 
RS-232  levels  to  be  developed  using  charge  pump  capacitors  as 
small  as  0.1  p.F.  The  capacitors  are  internal  to  the  package  on 
the  ADM203  so  no  external  capacitors  are  required.  These  con- 
verters generate  ±  10  V  RS-232  output  levels. 

The  ADM202/ADM203  meets  or  exceeds  the  EIA-232-E  and 
V.28  specifications.  Fast  driver  slew  rates  permit  operation  up 
to  120  kB  while  high  drive  currents  allows  for  extended  cable 
lengths. 

An  epitaxial  BiCMOS  construction  minimizes  power  consump- 
tion to  10  mW  and  also  g;uards  against  latch-up.  Overvoltage 
protection  is  provided  allowing  the  receiver  inputs  to  withstand 
continuous  voltages  in  excess  of  ±30  V.  In  addition,  all  pins 
contain  ESD  protection  to  levels  greater  than  2  kV. 

The  ADM202  is  available  in  16-lead  DIP  and  both  narrow  and 
wide  SOIC  packages.  Tb:  ADM203  is  available  in  a  20-pin  DIP 


FUNCTIONAL  BLOCK  DIAGRAMS 


Inputs* 


♦INTERNAL  400k£i  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
-INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 


This  is  an  abridged  data  sheet .  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  l-800-44*-6212. 
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CDFPinPATIflNC  <Vcc  =  +s  v  ±10%' (ADM202  C1_C4  ■ 01  ^  A" Specifi- 

OrCviriwHI  lUllO  cations  TMIN  to  TMSX,  unless  otherwise  noted.) 


ADM202/ADM203 


Parameter 

Min 

Typ 

Max 

Units 

Test  Conditions/Comments 

Output  Voltage  Swing 

±5 

±9 

V 

Vcc  = 

=  5  V  ±  5%,  TlOUT,  T2OUT  Loaded  with  3  kO  to 

GND 

Output  Voltage  Swing 

±5 

±9 

V 

Vcc  = 

=  5  V  ±  10%,  TA=  +25°C, 

1  Ioutj  1  ■'out  loaded 

with  i 

kO  to  GND 

Vcc  Power  Supply  Current 

1.5 

2 

mA 

No  Load,  TIjn,  T2in  =  V^ 

3.0 

4 

mA 

No  Load,  Tin,,  T2W  =  GND 

Input  Logic  Threshold  Low,  V^jl 

0.8 

V 

Tin 

■ 

Input  Logic  Threshold  High,  V^^ 

2.0 

V 

Tin 

Logic  Pull-Up  Current 

10 

25 

u-A 

Tin  ~ 

0  V 

RS-232  Input  Voltage  Range 

-30 

+30 

V 

RS-232  Input  Threshold  Low 

0.8 

1.2 

V 

• 

RS-232  Input  Threshold  High 

1.7 

2.4 

V 

RS-232  Input  Hysteresis 

0.2 

0.5 

1.0 

V 

RS-232  Input  Resistance 

5 

7' 

kn 

TTL/CMOS  Output  Voltage  Low,  VOL 

0.4 

V 

Iout 

=  1.6  mA 

TTL/CMOS  Output  Voltage  High,  VOH 

3.5 

V 

Iqut 

=  -1.0mA 

Propagation  Delay 

0.5 

5 

P-S 

RS-232  to  TTL 

Instantaneous  Slew  Rate1 

25 

30 

V/(xs 

cL  = 

10  pF,  RL  =  3-7  kn,  TA  = 

+25°C 

Transition  Region  Slew  Rate 

5 

V/u.s 

RL  = 

3  kn,  CL=  2500  pF 

Measured  from  +3  V  to  -3  V  or 

-3  V  to  +3  V 

Baud  Rate 

120 

kB 

RL  = 

3  kfi,  CL  =  1  nF 

Output  Resistance 

300 

a 

Vcc  = 

=  v+  =  V-  =  0  V,  VOUT 

=  ±2  V 

RS-232  Output  Short  Circuit  Current 

±10 

±60 

mA 

NOTE 

'Sample  tested  to  ensure  compliance 
Specifications  subject  to  change  without  notice 


e. 


•  eat  • 


+6  V 


0.3  V  to  (Vcc  +  0.3  V) 
 ±30  V 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc  ,.v    "I" 

V+    (Vcc  -  0-3  V)  to  +14  V 

V-   +0.3  V  to -14  V 

Input  Voltages 

tm   

RrN  

Output  Voltages 

TOUT  (V+,  +0.3  V)  to  (V-,  -  0.3  V) 

Rout  -0.3  V  to  (Vcc  +  0.3  V) 

Short  Circuit  Duration 

TOUT   Continuous 

Power  Dissipation 

N-16  DIP   470  mW 

R-16N  SOIC   600  mW 

R-16W  SOIC    500  mW 

N-20  DIP   890  mW 

Thermal  Impedance 

N-16  DIP   135°C/W 

R-16N  SOIC   105°C/W 


R-16W  SOIC   105°C/W 

N-20  DIP   125°C/W 

Operating  Temperature  Range 
Commercial  (J  Version)  0°C  to  +70°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  Soldering 

Vapor  Phase  (60  sec)  +215°C 

Infrared  (15  sec)  +220°C 

ESD  Rating  >2000  V 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this 
specification  is  not  implied.  Exposure  to  absolute  maximum  raring  conditions 
for  extended  periods  of  time  may  affect  reliability. 

ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM202JN 

ADM202JRN 

ADM202JRW 

ADM203JN 

0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 

0°C  to  +70°C 

N-16 

R-16N 

R-16W 

N-20 

*For  outline  information  see  Package  Information  section. 


) 
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PIN  CONFIGURATIONS 
DIP/SOIC 


i— I  ^  

ei*  [T  i» 

v*  [7 

ci-  [7 

C2*  \T  ADM202 

STop  View 
(Not  to  Scale) 

v-  [T 


R2,N  ft 


16j  V,;,. 

1?]  GND 
H]  T1OUT 

12]  *W 

10]  T2IN 


DIP 


T2«  |T 

Ttj,  [7 

m0ur  U 

mK  [7 

"our  F  ADM203 
Top  View 
GND  |_6_    (Not  to  Scale) 

Vcc  |T 

a*  [7 

GND  [7 


»]  ""out 

iTj  H2M 

17]  V- 

ij]  C2- 
15~|  C2* 
l7]  V* 
l7]  C1- 

12]  v- 


PIN  FUNCTION  DESCliUPTION 


•INTERNAL  400kQ  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
-INTERNAL  5ku  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  1.  Typical  Operating  Circuits 


Function 


vcc 
V+ 
V- 
GND 
C1  + 

Cl- 

C2+ 

C2- 

T,n 

Tout 


Power  Supply  Input  5  V  ±  10%. 
Internally  Generated  Positive  Supply  (+10  V  nominal). 
Internally  Generated  Negative  Supply  (-10  V  nominal). 
Ground  Pin.  Must  be  connected  to  0  V. 

ADM202  External  Capacitor,  (+  terminal)  is  connected  to  this  pin. 

ADM203 :  The  capacitor  is  connected  internally  and  no  external  capacitor  is  required. 

ADM202  External  Capacitor,  (-  terminal)  is  connected  to  this  pin. 

ADM203:  The  capacitor  is  connected  internally  and  no  external  capacitor  is  required. 

ADM202  External  Capacitor,  (+  terminal)  is  connected  to  this  pin. 

ADM203  The  capacitor  is  connected  internally  and  no  external  capacitor  is  required. 

ADM202  External  Capacitor,  (-  terminal)  is  connected  to  this  pin. 

ADM203  The  capacitor  is  connected  internally  and  no  external  capacitor  is  required. 

Transmitter  (Driver)  Inputs.  These  inputs  accept  TTL/CMOS  levels.  An  internal  400  kfl  pull-up  resistor  to  Vcc  is 
connected  on  each  input. 

Transmitter  (Driver)  Outputs.  These  are  RS-232  levels  (typically  ±10  V). 
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Rin 


Receiver  Inputs.  These 
on  each  of  these  inputs. 
Receiver  Outputs.  These  are  TTL/CMOS  levels 


levels.  An  internal  5  kfl 


GENERAL  INFORMATION 

The  ADM202/ADM203  is  an  RS-232  drivers/receivers  designed 
to  solve  interface  problems  by  meeting  the  EIA-232E  specifica- 
tions while  using  a  single  digital  +5  V  supply.  The  EIA  stan- 
dard requires  transmitters  that  will  deliver  ±5  V  minimum  on 
the  transmission  channel  and  receivers  that  can  accept  signal 
levels  down  to  ±3  V.  The  parts  achieve  this  by  integrating  step 
up  voltage  converters  and  level  shifting  transmitters  and  receiv- 
ers onto  the  same  chip.  CMOS  technology  is  used  to  keep  the 
power  dissipation  to  an  absolute  minimum. 

The  ADM203  uses  internal  capacitors  and,  therefore,  no  exter- 
nal capacitors  are  required. 

The  ADM202  contains  an  internal  voltage  doubler  and  a  voltage 
inverter  which  generates  ±  10  V  from  the  +5  V  input.  External 
0.1  (j.F  capacitors  are  required  for  the  internal  voltage  converter. 

The  ADM202/ADM203  is  a  modification,  enhancement  and 
improvement  to  the  AD230-AD241  family  and  derivatives 
thereof.  It  is  essentially  plug-in  compatible  and  does  not  have 
materially  different  applications. 

CIRCUIT  DESCRIPTION 

The  internal  circuitry  consists  of  three  main  sections.  These  are 

(a)  A  Charge  Pump  Voltage  Converter 

(b)  RS-232  to  TTL/CMOS  Receivers 

(c)  TTL/CMOS  to  RS-232  Transmitters 

Charge  Pump  DC-DC  Voltage  Converter 

The  charge  pump  voltage  converter  consists  of  an  oscillator  and 
a  switching  matrix.  The  converter  generates  a  ±10  V  supply 
from  the  input  5  V  level.  This  is  done  in  two  stages  using  a 
switched  capacitor  technique  as  illustrated  below.  First,  the  5  V 
input  supply  is  doubled  to  10  V  using  capacitor  CI  as  the  charge 
storage  element.  The  10  V  level  is  then  inverted  to  generate 
-10  V  using  C2  as  the  storage  element. 

Capacitors  C3  and  C4  are  used  to  reduce  the  output  ripple. 
Their  values  are  not  critical  and  can  be  reduced  if  higher  levels 
of  ripple  are  acceptable.  The  charge  pump  capacitors  CI  and  C2 
may  also  be  reduced  at  the  expense  of  higher  output  impedance 
on  the  V+  and  V-  supplies.  On  the  ADM203,  all  capacitors  CI 
to  C4  are  molded  into  the  package. 

The  V+  and  V-  supplies  may  also  be  used  to  power  external 
circuitry  if  the  current  requirements  are  small. 


ond  o- 


S1 

— 0-p3- 
I 

— o-ro- 


INTERNAL 

OSCILLATOR 


'  '  —T— 

-1  ^offo  1  O  v0 


I 


S1 

v»  o— o-ro- 


S'T'o- 


GND  O  O-TTS- 


INTERNAL 
OSCILLATOR 


! 


S4  U 
— Ol  C— 


■* — 





-O  V-  =  -(Vt) 


Figure  3.  Charge  Pump  Voltage  Inverter 
Transmitter  (Driver)  Section 

The  drivers  convert  TTL/CMOS  input  levels  into  EIA-232-E 
output  levels.  With  Vcc  =  +5  V  and  driving  a  typical  EIA- 
232-E  load,  the  output  voltage  swing  is  ±9  V.  Even  under  worst 
case  conditions  the  drivers  are  guaranteed  to  meet  the  ±5  V 
EIA-232-E  minimum  requirement. 

The  input  threshold  levels  are  both  TTL  and  CMOS  compatible 
with  the  switching  threshold  set  at  Vcc/4.  With  a  nominal  Vcc 
=  5  V  the  switching  threshold  is  1.25  V  typical.  Unused  inputs 
may  be  left  unconnected,  as  an  internal  400  kfl  pull-up  resistor 
pulls  them  high  forcing  the  outputs  into  a  low  state. 

As  required  by  the  EIA-232-E  standard  the  slew  rate  is  limited 
to  less  than  30  V/|xs  without  the  need  for  an  external  slew  limit- 
ing capacitor  and  the  output  impedance  in  the  power-off  state  is 
greater  than  300  fi. 

Receiver  Section 

The  receivers  are  inverting  level  shifters  that  accept  EIA-232-E 
input  levels  (±5  V  to  ±  15  V)  and  translate  them  into  5  V  TTL/ 
CMOS  levels.  The  inputs  have  internal  5  kfl  pull-down  resistors 
to  ground  and  are  also  protected  against  overvoltages  of  up  to 
±30  V.  The  guaranteed  switching  thresholds  are  0.8  V  mini- 
mum and  2.4  V  maximum  which  are  well  within  the  ±3  V 
EIA-232  requirement.  The  low  level  threshold  is  deliberately 
positive  as  it  ensures  that  an  unconnected  input  will  be  inter- 
preted as  a  low  level. 

The  receivers  have  Schmitt  trigger  input  with  a  hysteresis  level 
of  0.5  V.  This  ensures  error  free  reception  both  for  noisy  inputs 
and  for  inputs  with  slow  transition  times. 


Figure  2.  Charge  Pump  Voltage  Doubler 
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FEATURES 

0.1  nF  to  10  |iF  Capacitors 
120  kB/s  Data  Rate 

2  Receivers  Active  in  Shutdown  (ADM213) 

On-Board  DC-DC  Con  verters 

±9  V  Output  Swing  with  +5  V  Supply 

Low  Power  (15  mW) 

Low  Power  Shutdown  <5  pW 

±30  V  Receiver  Input  Levels 

Latch-Up  FREE 

Plug-In  Upgrade  for  MAX205-211/213 

APPLICATIONS 

Computers 

Peripherals 

Modems 

Printers 

Instruments 


GENERAL  DESCRIPTION 

The  ADM2xx  family  of  line  drivers/receivers  is  intended  for  all 
EIA-232-E  and  V.28  communications  interfaces,  especially  in 
applications  where  ±12  V  is  not  available.  The  ADM205, 
ADM206,  ADM211  and  ADM213  feature  a  low  power  shut- 
down mode  which  reduces  power  dissipation  to  less  than  5  u-W 
making  them  ideally  suited  for  battery  powered  equipment.  The 
ADM205  does  not  require  ;my  external  components  and  is  par- 
ticularly useful  in  applications  where  printed  circuit  board  space 
is  critical.  The  ADM213  his  an  active-low  shutdown  and  an 
active-high  receiver  enable  control.  Two  receivers  of  the 
ADM213  remain  active  during  shutdown.  This  feature  is  useful 
for  ring  indicator  monitoring. 


TYPICAL  OPERATING  CIRCUIT 


'INTERNAL  400*11  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
-INTERNAL  5kS!  PULL-DOWN  RESISTOR  ON  EACH  RS232  INPUT 

All  members  of  the  ADM2xx  family,  except  the  ADM209, 
include  two  internal  charge  pump  voltage  converters  which 
allow  operation  from  a  single  +5  V  supply.  These  converters 
convert  the  +  5  V  input  power  to  the  ±  10  V  required  for 
RS-232  output  levels.  The  ADM209  is  designed  to  operate  from 
+5  V  and  +12  V  supplies.  An  internal  +12  V  to  -12  V  charge 
pump  voltage  converter  generates  the  -12  V  supply. 


Table  I.  Selection  Table 


No.  of 

No.  of 

Low  Power 

TTL 

No.  of  Receivers 

Part 

Power 

RS-232 

RS-232 

External 

Shutdown 

Three-State 

Active  in 

Number 

Supply  Voltage 

Drivers 

Receivers 

Capacitors 

(SD) 

EN 

Shutdown 

ADM205 

+5  V 

5 

5 

None 

Yes 

Yes 

0 

ADM206 

+5  V 

4 

3 

4 

Yes 

Yes 

0 

ADM207 

+5  V 

5 

3 

4 

No 

No 

0 

ADM208 

+5  V 

4 

4 

4 

No 

No 

0 

ADM209 

+  5  V&  +9Vto  +13.2  V 

3 

5 

2 

No 

Yes 

0 

ADM211 

+5  V 

4 

5 

4 

Yes 

Yes 

0 

ADM213 

+  5V 

4 

5 

4 

Yes  (SD) 

Yes  (EN) 

2 
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cnroiriPATinikic  vcc  =  +5  v  ±  10%  (206, 207, 208,  ADM205-ADM21 1/ADM213 

Or  LUIMUAI  \\3tiO  209,  211,  213);  Vcc  =  +5  V  ±  5% 

(ADM205);  V+  =  +9  V  to  +13.2  V  (ADM209);  C1-C4  =  0.1  »jlF  Ceramic.  All  Specifications  TMIN  to  TMAX  unless  otherwise  noted.) 


Parameter 

Min 

Typ 

Max 

Units 

Test  Conditions/Comments 

Output  Voltage  Swing 

—  < 

±5 

±y 

volts 

All  .transmitter  Uutputs  Loaded  with  3  kll  to  Urouna 

Power  Supply  Current 

3 

7 

mA 

No  Load,  ADM2UO,  ADM.Hl,  ADM213 

i 
D 

n 
7 

mA 

No  Load,  AUM2Uy 

A  A 

U.4 

1 

mA 

V+  Power  Supply  Current 

3.5 

(  5 

mA 

No  Load,  V+  =  12  V  ADM209  Only 

Shutdown  Supply  Current 

1 

c 

5 

uA 

input  Logic  inresnoia  Low, 

U.o 

V 

T        T3  XT    CT\    TJXT  On 

1  jnj  UN,  SU,  eN,  i>D 

Input  Logic  1  hreshold  High ,  VINH 

2.0 

V 

T"           T7XT     pr\     rVl  pr\ 

1  in,  hN,  SD,  LN,  SD 

Logic  Pull-Up  Current 

in 

1U 

ZD 

uA 

Kb-232  Input  Voltage  Kange 

in 
—  5\) 

+  3U 

V 

Ko-232  Input  Inresnoia  Low 

U.o 

1.2 

V 

Ks-232  Input  Inresnoia  High 

1  T 

1.7 

2.4 

V 

RS-232  Input  Hysteresis 

0.2 

0.5 

1.0 

V 

RS-232  Input  Resistance 

3 

5 

7 

kn 

1 1  jl/l.ml>s  output  voltage  low,  vol 

3.5 

A  4 
U.4 

V 

!out  -  1.6  mA 

I  I L/LMU5  Output  Voltage  High,  VOH 

V 

Iout  =-1.0  mA 

TTL/CMOS  Output  Leakage  Current 

0.05 

±5 

|xA 

T7VT          IT           p\t          /\  IT     rv  ^  7  TI   IT 

bN  =  Vcc,  EN  =  0  V,  0  V  £  Rout  —  Vcc 

Output  Enable  Time  (TEN) 

115 

ns 

ADM205,  ADM206,  ADM209,  ADM211 

Output  Disable  Time  (TDIS) 

1  £C 

165 

ns 

(Figure  25.  CL  =  150  pF) 

ADM205,  ADM206,  ADM209,  ADM211 

t,rigure  ZD.  KL  —  i  KM) 

1  ropagation  Delay 

U.D 

D 

fXS 

DC  13">  frt  TTT 
Ko-Z3Z  tO  1  1  L 

Instantaneous  Slew  Rate1 

ZD 

3U 

\T/..  c 

V/fJLS 

LL  -  1U  p^j  KL  -  3-/  Kiij  1A  -  +25  L 

Transition  Region  Slew  Rate 

3 

0 

V/|XS 

T)               ~              /->              ->CAA  «C 

KL  —  3  Kil,  LL  ~  25UU  pr 

Measured  from  +3  V  to  -3  V  or  -3  V  to  +3  V 

Output  Resistance 

RS-232  Output  Short  Circuit  Current 

300 

n 

Vcc  =  V+  =  V-  =  0  V,  VOUT  =  ±2  V 



±12 

±60 

mA 

NOTE 



'Sample  tested  to  ensure  compliance. 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc  -0.3  V  to  +6  V 

V+  (Vcc  -  0.3  V)  to  +14  V 

V-   +0.3  V  to  -14  V 

Input  Voltages 

Tin   -0.3  V  to  (Vcc  +  0.3  V) 

R,N  ±30  V 

Output  Voltages 

TOUT  (V+,  +  0.3  V)  to  (V-,  -  0.3  V) 

Rout   -0.3  V  to  (Vcc  +  0.3  V) 

Short  Circuit  Duration 
Toux   Continuous 

Power  Dissipation 
N-24  DIP  (Derate  13.5  mW/°C  above  +70°C)  ....  1000  mW 
N-24A  DIP  (Derate  13.5  mW/°C  above  +70°C)  ...  500  mW 

R-24  SOIC  (Derate  12  mW/°C  above  +70°C)   850  mW 

R-28  SOIC  (Derate  12.5  mW/°C  above  +70°C)  ....  900  mW 
RS-28  SSOP  (Derate  10  mW/°C  above  +70°C)  ....  900  mW 
Q-24  Cerdip  (Derate  12.5  mW/°C  above  +70°C)  .  .  1000  mW 
D-24  Ceramic  (Derate  20  mW/°C  above  +70°C)   .  .  1000  mW 


Thermal  Impedance,  8JA 

N-24  DIP   120°C/W 

N-24A  DIP   \WQm 

R-24  SOIC   85°C/W 

R-28  SOIC   80°C/W 

RS-28  SSOP  100'C/W 

Q-14  Cerdip  105°C/W 

Q-16  Cerdip  100°C/W 

Q-20  Cerdip  100°C/W 

Q-24  Cerdip   55°C/W 

D-24  Ceramic  50°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature,  Soldering  +300°C 

Vapour  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

ESD  Rating  >  2000  V 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or 
any  other  conditions  above  those  indicated  in  The  operation  sections  of  this 
specification  is  not  implied.  Exposure  to  absolute  maximum  rating  conditions 
for  extended  periods  of  time  may  affect  reliability. 
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Temperature 
Range 

Package 
Option* 

Temperature 
Range 

Temperature 
Range 

Model 

Model 

Package 
Option* 

Model 

Package 
Option* 

ADM205 

ADM205AN 

-40°C  to  +85°C 

N-24A 

ADM206 

ADM206AN 
ADM206AR 
ADM206ARS 

-40  C  to  +85  C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-24 
R-24 
RS-24 

ADM207 

ADM207AN 
ADM207AR 
ADM207ARS 

-40  C  to  +  85  C 
-40°Cto  +  85°C 
-40°Cto  +85°C 

N-24 
R-24 
RS-24 

ADM208 

ADM208AN 
ADM208AR 
ADM208ARS 

-40°C  to  +85°C 
-40°Cto  +85°C 
-40°C  to  +85°C 

N-24 
R-24 
RS-24 

ADM209 

ADM209AN 
ADM209AR 
ADM209ARS 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-24 
R-24 
RS-24 

ADM211 

ADM211AR 
ADM211ARS 

-40°C  to  +85°C 
-40°Cto+85°C 

R-28 
RS-28 

ADM213 

ADM213AR 
ADM213ARS 

-40°C  to  +85°C 
-40°C  to  +85°C 

R-28 
RS-28 

■ 

*N  =  Plastic  DIP;  R  =  Small  Outline  IC  (! 


OIC);  RS  =  Small  Shrink  Outline  Package  (SSOP).  For  outline  information  see  Package  Information  section. 


 I  1  

"OUT  [I   »  El  R3'N 

T3oUT  [T  [23]  R3, 

"out  E 
"out  E 

R2out[E 
T2,n  E 

"«  E 

"'out  E 
R1INQo 
GND  QT 

Vcc  E 


22]  T5IN 
lj 
E|  EN 

ADM205     ®]  T50UT 
Top  View  — 1 
(Not  to  Scale)    2£j  H4,N 

El  R4«UT 
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El  T3'« 

El  R5OUT 

El  rsin 


+5V  INPUT 
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Figure  1.  ADM.205  DIP  Pin  Configuration 


•INTERNAL  «0kS!  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
"INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  2.  ADM205  Typical  Operating  Circuit 
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Rgure  3.  ADM206  DIP/SOIC/SSOP  Pin  Configuration  Figure  5.  ADM207  DIP/SOIC/SSOP  Pin  Configuration 
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Figure  4.  ADM206  Typical  Operating  Circuit  Figure  6.  ADM207  Typical  Operating  Circuit 
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Hgtire  7.  /40M208  DIP/SOIC/SSOP  Pin  Configuration 


NC  •  NO  CONNECT 

Figure  9.  ADM209  DIP/SOIC/SSOP  Pin  Configuration 
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"INTERNAL  400kH  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
"INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  8.  ADM208  Typical  Operating  Circuit 
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Figure  10.  ADM209  Typical  Operating  Circuit 
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F/'gure  7 1.  ADM21 1  SOIC/SSOP  Pin  Configuration 
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F/'gure  13.  ADM213  SOIC/SSOP  Pin  Configuration 
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Figure  12.  ADM211  Typical  Operating  Circuit 


*  INTERNAL  400kS2  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
"  INTERNAL  5kS2  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 
—  ACTIVE  IN  SHUTDOWN 

Figure  14.  ADM213  Typical  Operating  Circuit 
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PIN  FUNCTION  DESCRIPTION 


Function 

Power  Supply  Input  5  V  ±  10%  (+5  V  ±  5%  ADM205). 
Internally  generated  positive  supply  (+10  V  nominal)  on  all  parts  ( 
ADM209  requires  external  9  V  to  13.2  V  supply. 
Internally  generated  negative  supply  (-10  V  nominal). 
Ground  pin.  Must  be  connected  to  0  V. 

(ADM209  only)  External  capacitor  (+  terminal)  is  connected  to  this  pin. 
(ADM209  only)  External  capacitor  (-  terminal)  is  connected  to  this  pin. 

(ADM206,  ADM207,  ADM208,  ADM211,  ADM213)  External  capacitor  (+  terminal)  is  connected  to  this  pin. 

(ADM206,  ADM207,  ADM208,  ADM211,  ADM213)  External  capacitor  (-  terminal)  is  connected  to  this  pin. 

(ADM206,  ADM207,  ADM208,  ADM211,  ADM213)  External  capacitor  (+  terminal)  is  connected  to  this  pin. 

(ADM206,  ADM207,  ADM208,  ADM211,  ADM213)  External  capacitor  (-  terminal)  is  connected  to  this  pin. 

Transmitter  (Driver)  Inputs.  These  inputs  accept  TTL/CMOS  levels.  An  internal  400  kfl  pull-up  resistor  to  Vcc  is 
connected  on  each  input. 

Transmitter  (Driver)  Outputs.  These  are  RS-232  levels  (typically  ±  10  V). 

Receiver  Inputs.  These  inputs  accept  RS-232  signal  levels.  An  internal  5  kfl  pull-down  resistor  to  GND  is  connected 
on  each  input. 

Receiver  Outputs.  These  are  TTL/CMOS  levels. 

Enable  Input.  Active  low  on  ADM205,  ADM206,  ADM209,  ADM211.  Active  high  on  ADM213.  This  input  is  used 
to  enable/disable  the  receiver  outputs.  With  EN  =  Low  (EN  =  High  ADM213),  the  receiver  outputs  are  enabled. 
With  EN  =High  (EN  =  low  ADM213),  the  outputs  are  placed  in  a  high  impedance  state.  This  facility  is  useful  for 
connecting  to  microprocessor  systems. 

Shutdown  Input.  Active  high  on  ADM205,  ADM206,  ADM211.  Active  low  on  ADM213.  With  SD  =  high  on  the 
ADM205,  ADM206,  ADM211,  the  charge  pump  is  disabled,  the  receiver  outputs  are  placed  in  a  high  impedance 
state  and  the  driver  outputs  are  turned  off.  With  SD  low  on  the  ADM213,  the  charge  pump  is  disabled,  the  driver 
outputs  are  turned  off  and  all  receivers  except  R4  and  R5  are  placed  in  a  high  impedance  state.  In  shutdown,  the 
power  coosumption  reduces  to  5  p.W. 

No  Connect.  No  connections  are  required  to  this  pin. 

 !  


09. 


Table  II.  ADM205,  ADM206,  ADM211  Truth  Table 


SD 

EN 

Status 

Transmitters  T1-T5 

Receivers  R1-R5 

0 

0 

Normal  Operation 

Enabled 

Enabled 

0 

1 

Normal  Operation 

Enabled 

Disabled 

1 

0 

Shutdown 

Disabled 

Disabled 

■  . 


Table  III.  ADM213  Truth  Table 


SD 

EN 

Status 

Transmitters  T1-T4 

Receivers  R1-R3 

Receivers  R4,  RS 

0 

0 

Shutdown 

Disabled 

Disabled 

Disabled 

0 

1 

Shutdown 

Disabled 

Disabled 

Enabled 

1 

0 

Normal  Operation 

Enabled 

Disabled 

Disabled 

1 

1 

Normal  Operation 

Enabled 

Enabled 

Enabled 
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Typical  Performance  Characteristics 
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Figure  15.  Charge  Pump  V+,  V-  vs.  Current 
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Figure  17.  Transmitter  Output  Voltage  vs.  Vcc 
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Figure  16.  Transmitter  Slew  Rate  vs.  Load  Capacitance 
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Figure  18.  Transmitter  Output  Voltage  vs.  Current 
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Figure  19.  Charge  Pump  Impedance  vs.  Vcc 


REV.O 


INTERFACE  PRODUCTS  15-37 


Figure  20.  Charge  Pump,  V+,  V-  Exiting  Shutdown 


Figure  21.  Transmitter  Output  Loaded  Slew  Rate 


Figure  22.  Transmitter  Output  Unloaded  Slew  Rate 
GENERAL  INFORMATION 

The  ADM205-ADM211  and  ADM213  family  of  RS-232  drivers/ 
receivers  are  designed  to  solve  interface  problems  by  meeting 
the  EIA-232-E  specifications  while  using  a  single  digital  +5  V 
supply.  The  EIA-232-E  standard  requires  transrnitters  which 
will  deliver  ±5  V  minimum  on  the  transmission  channel  and 
receivers  which  can  accept  signal  levels  down  to  ±3  V.  The 
ADM205-ADM211  and  ADM213  meet  these  requirements  by 
integrating  step  up  voltage  converters  and  level  shifting  trans- 
mitters and  receivers  onto  ihe  same  chip.  CMOS  technology  is 
used  to  keep  the  power  dissipation  to  an  absolute  minimum.  A 
comprehensive  range  of  transmitter/receiver  combinations  is 
available  to  cover  most  communications  needs.  The  ADM205- 
ADM211  and  ADM213  are  modifications,  enhancements  and 
improvements  to  the  AD230-AD241  family  and  derivatives 
thereof.  They  are  essentially  plug-in  compatible  and  do  not  have 
materially  different  applications. 

The  ADM205,  ADM206,  ADM211,  and  ADM213  are  particu- 
larly useful  in  battery  powered  systems  as  they  feature  a  low 
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The  ADM205  is  designed  for  applications  where  space  saving  is 
important  as  the  charge  pump  capacitors  are  molded  into  the 
package. 

The  ADM209  includes  only  a  negative  charge  pump  converter 
and  are  intended  for  applications  where  a  positive  12  V  is 
available. 

To  facilitate  sharing  a  common  line  or  for  connection  to  a 
microprocessor  data  bus  the  ADM205,  ADM206,  ADM209, 
ADM211  and  ADM213  feature  an  enable  (EN)  function.  When 
disabled,  the  receiver  outputs  are  placed  in  a  high  impedance 
state. 

CIRCUIT  DESCRIPTION 

The  internal  circuitry  in  the  ADM205-ADM211  and  ADM213 
consists  of  three  main  sections.  These  are: 

(a)  A  charge  pump  voltage  converter 

(b)  RS-232  to  TTL/CMOS  receivers 

(c)  TTL/CMOS  to  RS-232  transminers 

Charge  Pump  DC-DC  Voltage  Converter 

The  charge  pump  voltage  converter  consists  of  an  oscillator  and 
a  switching  matrix.  The  converter  generates  a  ±  10  V  supply 
from  the  input  5  V  level.  This  is  done  in  two  stages  using  a 
switched  capacitor  technique  as  illustrated  in  Figures  23  and  24. 
First,  the  5  V  input  supply  is  doubled  to  10  V  using  capacitor 
CI  as  the  charge  storage  element.  The  10  V  level  is  then 
inverted  to  generate  -10  V  using  C2  as  the  storage  element. 
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Figure  23.  Charge-Pump  Voltage  Doubler 
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Figure  24.  Charge-Pump  Voltage  Inverter 

Capacitors  C3  and  C4  are  used  to  reduce  the  output  ripple. 
Their  values  are  not  critical  and  can  be  reduced  if  higher  levels 
of  ripple  are  acceptable.  The  charge  pump  capacitors  CI  and  C2 
may  also  be  reduced  at  the  expense  of  higher  output  impedance 
on  the  V+  and  V—  supplies. 

The  V+  and  V-  supplies  may  also  be  used  to  power  external 
circuitry  if  the  current  requirements  are  small. 
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i  convert  TTL/CMOS  input  levels  into  EIA-232-E 
output  levels.  With  Vcc  =  +5  V  and  driving  a  typical  EIA- 
232-E  load,  the  output  voltage  swing  is  ±9  V.  Even  under  worst 
case  conditions  the  drivers  are  guaranteed  to  meet  the  ±5  V 
EIA-232-E  minimum  requirement. 

The  input  threshold  levels  are  both  TTL  and  CMOS  compatible 
with  the  switching  threshold  set  at  Vcc/4.  With  a  nominal 
Vcc  =  5  V  the  switching  threshold  is  1.25  V  typical.  Unused 
inputs  may  be  left  unconnected,  as  an  internal  400  kfl  pull-up 
resistor  pulls  them  high  forcing  the  outputs  into  a  low  state. 

As  required  by  the  EIA-232-E  standard,  the  slew  rate  is  limited 
to  less  than  30  V/u.s  without  the  need  for  an  external  slew  limit- 
ing capacitor  and  the  output  impedance  in  the  power-off  state  is 
greater  than  300  fl. 

Receiver  Section 

The  receivers  are  inverting  level  shifters  which  accept  EIA- 
232-E  input  levels  (±5  V  to  ±15  V)  and  translate  them  into  5  V 
TTL/CMOS  levels.  The  inputs  have  internal  5  kfi  pull-down 
resistors  to  ground  and  are  also  protected  against  overvoltages  of 
up  to  ±30  V.  The  guaranteed  switching  thresholds  are  0.8  V 
minimum  and  2.4  V  maximum  which  are  well  within  the  ±3  V 
EIA-232-E  requirement.  The  low  level  threshold  is  deliberately 
positive  as  it  ensures  that  an  unconnected  input  will  be  inter- 
preted as  a  low  level. 

The  receivers  have  Schmitt  trigger  inputs  with  a  hysteresis  level 
of  0.5  V.  This  ensures  error-free  reception  for  both  noisy  inputs 
and  for  inputs  with  slow  transition  times. 

Shutdown  (SD) 

The  ADM205,  ADM206,  ADM211  and  ADM213  feature  a  con- 
trol input  which  may  be  used  to  disable  the  part  and  reduce  the 
power  consumption  to  less  than  5  (iW.  This  is  very  useful  in 
battery  operated  systems.  During  shutdown  the  charge  pump  is 
turned  off,  the  transmitters  are  disabled  and  all  receivers  except 
R4  and  R5  on  the  ADM213  are  put  into  a  high-impedance  dis- 
abled state.  Receivers  R4  and  R5  on  the  ADM213  remain 
enabled  during  shutdown.  This  feature  allows  monitoring  exter- 
nal activity  such  as  ring  indicator  monitoring  while  the  device  is 
in  a  low  power  shutdown  mode.  The  shutdown  control  input  is 
active  high  on  all  parts  except  the  ADM213  where  it  is  active 
low.  Refer  to  Tables  II  and  III. 
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Enable  Input 

The  ADM205,  ADM209,  ADM211,  and  ADM213  feature  an 
enable  input  used  to  enable  or  disable  the  receiver  outputs.  The 
enable  input  is  active  low  on  the  ADM205,  ADM209,  ADM211 
and  active-high  on  the  ADM213.  Refer  to  Tables  II  and  III. 
When  disabled,  all  receiver  outputs  are  placed  in  a  high  imped- 
ance state.  This  function  allows  the  outputs  to  be  connected 
directly  to  a  microprocessor  data  bus.  It  can  also  be  used  to 
allow  receivers  from  different  devices  to  share  a  common  data 
line.  The  timing  diagram  for  the  enable  function  is  shown  in 
Figure  25. 
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*  POLARITY  OF  EN  IS  REVERSED  FOR  ADM213 


Figure  25.  Enable  Timing 


APPLICATION  HINTS 
Driving  Long  Cables 

In  accordance  with  the  EIA-232-E  standard,  long  cables  are  per- 
missible provided  that  the  total  load  capacitance  does  not  exceed 
2500  pF.  For  longer  cables  which  do  exceed  this,  then  it  is  pos- 
sible to  trade  off  baud  rate  vs.  cable  length.  Large  load  capaci- 
tances cause  a  reduction  in  slew  rate,  and  hence  the  maximum 
transmission  baud  rate  is  decreased.  The  ADM205-ADM211 
and  ADM213  are  designed  so  that  the  slew  rate  reduction  with 
increasing  load  capacitance  is  minimized. 

For  the  receivers,  it  is  important  that  a  high  level  of  noise 
immunity  be  inbuilt  so  that  slow  rise  and  fall  times  do  not  cause 
multiple  output  transitions  as  the  signal  passes  slowly  through 
the  transition  region.  The  ADM205-ADM211  and  ADM213 
have  0.5  V  of  hysteresis  to  guard  against  this.  This  ensures  that, 
even  in  noisy  environments,  error-free  reception  can  be 
achieved. 

High  Baud  Rate  Operation 

The  ADM205-ADM211  and  ADM213  feature  high  slew  rates 
permitting  data  transmission  at  rates  well  in  excess  of  the  EIA- 
232-E  specification.  The  drivers  maintain  ±5  V  signal  levels  at 
data  rates  up  to  120-kB/s  under  worst-case  loading  conditions. 
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ANALOG 


High  Speed,  +5  V,  0.1  jiF 
CMOS  RS-232  Drivers/Receivers 


— 


— 





ADM222/ADM232A/ADM242' 


FEATURES 

200  kB/s  Transmission  Rate 
Small  (0.1  u.F)  Charge  Pump  Capacitors 
Single  5  V  Power  Supply 
Meets  All  EIA-232-E  and  V.28  Specifications 
Two  Drivers  and  Two  Receivers 
On-Board  DC-DC  Converters 
±9  V  Output  Swing  with  +5  V  Supply 
±30  V  Receiver  Input  Levels 

Pin  Compatible  with  MAX222/MAX232A/MAX242 





APPLICATIONS 

Computers 

Peripherals 

Modems 

Printers 

Instruments 


GENERAL  DESCRIPTION 

The  ADM222,  ADM232A,  ADM242  are  a  family  of  high  speed 
RS-232  line  drivers/receivers  offering  transmission  rates  up  to 
200  kB/s.  Operating  from  a  single  +5  V  power  supply,  a  highly 
efficient  on-chip  charge  pump  using  small  (0.1  uF)  external 
capacitors  allows  RS-232  bipolar  levels  to  be  developed.  Two 
RS-232  drivers  and  two  RS-232  receivers  are  provided  on  each 
device. 

The  devices  are  fabricated  on  BiCMOS,  an  advanced  mixed 
technology  process  whicli  combines  low  power  CMOS  with  high 
speed  bipolar  circuitry.  This  allows  for  transmission  rates  up  to 
200  kB/s  yet  minimizes  the  quiescent  power  supply  current  to 
under  5  mA. 

The  ADM232A  is  a  pin- compatible,  high  speed  upgrade  for  the 
AD232  and  for  the  ADM232L.  It  is  available  in  16-pin  DIP  and 
in  both  narrow  and  wide  surface  mount  (SOIC)  packages. 


The  ADM222  contains  an  additional  shutdown  (SHDN)  func- 
tion which  may  be  used  to  disable  the  device  thereby  reducing 
the  supply  current  to  0.1  nA.  During  shutdown,  all  transmit/ 
receive  functions  are  disabled.  The  ADM222  is  available  in 
1 8-pin  DIP  and  in  a  wide  surface  mount  (SOIC)  package. 

The  ADM242  combines  both  shutdown  (SHDN)  and  enable 
(EN)  functions.  The  shutdown  function  reduces  the  supply 
curent  to  0.1  mA.  During  shutdown,  the  transmitters  are 
disabled  but  the  receivers  continue  to  operate  normally.  The 
enable  function  allows  the  receiver  outputs  to  be  disabled 
thereby  facilitating  sharing  a  common  bus!  The  ADM242  is 
available  in  18-pin  DIP  and  in  a  wide  surface  mount  (SOIC) 
package. 


FUNCTIONAL  BLOCK  DIAGRAM 
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ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM222AN 

-40°C  to  +85°C 

N-18 

ADM222AR 

-40°C  to  +85°C 

R-18W 

ADM232AAN 

-40°C  to  +85°C 

N-16 

ADM232AARN 

-40°C  to  +85°C 

R-16N 

ADM232AARW 

-40°C  to  +85°C 

R-16W 

sSm 

-40°C  to  +85°C 
-40°C  to  +85°C 

N-18 
R-18W 

*For  outline  informatior 

see  Package  Information  section. 

1  by  U.S. 


No.  5,237,209. 
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CDEPinPATinMC  (Vcc=+sv±  10%, 

Or  tblrlUMI  lUNO  ifications TH1H to TH„ 

C1-C4  = 

0.1  uF: 

all  sDec- 

unless  c 

thprwkp  nnteri  ) 

ADM222/ADM232A/ADM242 

Parameter 

Mm 



Tvo 

Max 

Units 

1  est  Conditions/ Comments 



RS-232  TRANSMITTERS 

Output  Voltage  Swing 

±5 

±9 

V 

All  Transmitter  Outputs  Loaded  with 

3  kQ  to  Ground 

Input  Logic  Threshold  Low,  VINL 

1.4 

0.8 

V 

1  rxi 
IN 

Input  Logic  Threshold  High,  V!NH 

2.0 

1.4 

V 

Logic  Pullup  Current 

tz 
J 

40 

uA 

TIN=0V 

Data  Rate 

200 

kB/s 

Output  Resistance 

300 

Q 

XT                    It  i              XT                 /"\    1  T      X  T                          1    ^    X  T 

Vcc  =  V+  =  V-  =  0  V,  V0UT  =  ±2  V 

Output  Short  Circuit  Current  (Instantaneous) 

±7 

±22 

mA 

RS-232  RECEIVERS 

RS-232  Input  Voltage  Range 

-30 

+30 

V 

RS-232  Input  Threshold  Low 

0.8 

1.3 

V 

RS-232  Input  Threshold  High 

1.8 

2.4 

V 

RS-232  Input  Hysteresis 

0.2 

0.5 

1.0 

V 

Vcc  =  5  V 

RS-232  Input  Resistance 

3 

5 

7  ' 

k£2 

TTL/CMOS  Output  Voltage  Low,  VOL 

0.2 

0.4 

V 

Im-r  =  3.2  mA 

OUT 

TTL/CMOS  Output  Voltage  High,  VOH 

3.5 

V 

=  -1.0  mA 

(J  U   l                              *    ■  V      ****  M 

TTL/CMOS  Output  Short-Circuit  Current 

-2 

-10 

mA 

Source  Current  (Vou-r  =  GND) 

TTL/CMOS  Output  Short-Circuit  Current 

10 

30 

mA 

Sink  Current  (V0ijt  =  "^cc) 

TTL/CMOS  Output  Leakage  Current 

4-  n 

iU.Uj 

T  1U 

SHDN  =  GND/EN  =  Vcc 

0V<VOLT<Vcc 

EN  Input  Threshold  Low,  V,^ 

1  A 

n  ft 

V 

*  V  T  T              *.  •  1                t       |  J    XT'     1  XT 

EN  Input  Threshold  High,  VINH 

2.0 

1.4 

V 

POWER  SUPPLY 

Power  Supply  Current 

4 

8 

mA 

No  Load 

15 

mA 

3  k£2  Load  on  Both  Outputs 

Shutdown  Power  Supply  Current 

C\  1 
u.  1 

i  if 

uA 

SHDN  Input  Leakage  Current 

+  j 

MA 

SHDN  Input  Threshold  Low,  VINL 

n  ft 

V 

SHDN  Input  I  nreshold  High,  V,NH 

2.0 

1.4 

V 

AC  CHARACTERISTICS 

Transition  Region  Slew  Rate 

6 

12 

30 

V/us 

C,  =  50  pF  to  2500  pF,  RL  =  3  kft  to  7  k  Q 

Measured  from  +3  V  to  -3  V  or  -3  V  to  +3  V 

Transmitter  Propagation  Delay  TTL  to  RS-232 

0.7 

3.5 

JOS 

0.7 

3.5 

us 

•-PLHT 

Receiver  Propagation  Delay  RS-232  to  TTL 

0.2 

0.5 

LIS 

tpHLR 

0.3 

0.5 

US 

tpLHR 

Receiver  Output  Enable  Time 

125 

500 

ns 

ten 

Receiver  Output  Disable  Time 

160 

500 

ns 

^DR 

Transmitter  Output  Enable  Time 

250 

(IS 

SHDN  Goes  high 

Transmitter  Output  Disable  Time 

3.5 

us 

SHDN  Goes  low 

Transmitter  +  to  -  Propagation  Delay  Difference 

300 

ns 

Receiver  +  to  -  Propagation  Delay  Difference 

100 

ns 

Specifications  subject  to  change  without  notice. 
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ADM222/ADM232A/ADM242 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc    +6V 

V+  (Vcc -0.3  V)  to +13  V 

V-   +0.3  V  to -13  V 

Input  Voltages 

T,N   -0.3  V  to  (Vcc  +  0.3  V) 

R,N    ±30  V 

Output  Voltages 

T0UT   (V+,  +0.3  V)  to  (V-,  -0.3  V) 

Rout   -0.3  V  to  (Vcc  +  0.3  V) 

Short  Circuit  Duration 
T0UT    Continuous 

Power  Dissipation  N- 16    400  mW 

(Derate  7.5  mW/°C  above  +70°C) 

8,A>  Thermal  Impedance  80°C/W 

Power  Dissipation  R-16N    400  mW 

(Derate  7  mW/°C  above  +70°C) 

6JA,  Thermal  Impedance  80°C/W 


Power  Dissipation  R-16W    400  mW 

(Derate  7  mW/°C  above  +70°C) 

9JA)  Thermal  Impedance  80°C/W 

Power  Dissipation  N-18    400  mW 

(Derate  7  mW/°C  above  +70°C) 

8,A,  Thermal  Impedance  80°C/W 

Power  Dissipation  R-18W    400  mW 

(Derate  7  mW/°C  above  +70°C) 

6JA,  Thermal  Impedance  80°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)    -40°C  to  +85°C 

Storage  Temperature  Range    -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Vapor  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  of  time  may  affect  reliability. 


Test  Circuits 


v 


IPLHT 


VOUT 


tpHLT 


V,N 


VOUT 


tPHLR 


tPLHR 


Vcc 
50% 
GND 


Figure  1.  Transmitter  Propagation  Delay  Timing 


Figure  3.  Receiver  Propagation  Delay  Timing 





Figure  2.  Receiver  Enable  Timing 


Figure  4.  Receiver  Disable  Timing 
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ADM222/ADM232A/ADM242 


PIN  FUNCTION  DESCRIPTION 


1 


Mnemonic  Function 


50pF 


Figure  5.  Shutdown  Test  Circuit 


TRANSMITTER 
OUTPUT 


Figure  6.  Transmitter  Shutdown  Disable  Timing 


TTL/CMOS 
INPUTS' ^ 


f  R1out 

ttl/cmos  j 

outputs'!  10 

R2out 


SHDN 


INTERNAL  400k!!  PULL-UP  RESISTOR 
ON  EACH  TTL/MOS  INPUT 
INTERNAL  5k<!  PULL-DOWN  RESISTOR 
ON  EACH  RS-232  INPUT 


V+ 

V 

GND 
C1  + 

Cl- 

C2+ 

C2- 

TM 

Tout 
Rin 


Rout 
NC 

EN 


SHDN 


Power  Supply  Input,  +5  V  ±  10%. 
Internally  generated  positive  supply  (+10  V 
nominal) . 

Internally  generated  negative  supply  (-10  V 
nominal). 

Ground  Pin.  Must  be  connected  to  0  V. 
External  capacitor  1,  (+  terminal)  is  connected 
to  this  pin. 

External  capacitor  1,  (-  terminal)  is  connected 
to  this  pin. 

External  capacitor  2,  (+  terminal)  is  connected 
to  this  pin. 

External  capacitor  2,  (-  terminal)  is  connected 
to  this  pin. 

Transmitter  (Driver)  Inputs.  These  inputs  accept 
TTL/CMOS  levels.  An  internal  400  kfi  pull-up 
resistor  to  Vcc  is  connected  on  each  input. 
Transmitter  (Driver)  Outputs.  These  are  RS-232 
levels  (typically  ±9  V). 

Receiver  Inputs.  These  inputs  accept  RS-232 
signal  levels.  An  internal  5  k£2  pull-down 
resistor  to  GND  is  connected  on  each  of  these 
inputs. 

Receiver  Outputs.  These  are  TTL/CMOS  levels. 
No  Connect.  No  connections  are  required  to  this 
pin. 

(ADM242  Only)  Active  Low  Digital  Input.  May 
be  used  to  enable  or  disable  (three-state)  both 
receiver  outputs. 

(ADM222  &  ADM242)  Active  Low  Digital 
Input.  May  be  used  to  disable  the  device  so  that 
the  power  consumption  is  minimized.  On  the 
ADM222  all  drivers  and  receivers  are  disabled. 
On  the  ADM242  the  drivers  are  disabled  but  the 
receivers  remain  enabled. 


NC  [7 
ci*  fT 

v+  [T 
ci-  [T 

C2*  [7 
C2-  fj[ 

T2oUT  [T 
R2|N  fT 


ADM222 

TOP  VIEW 
(Not  to  Scale) 


til  SHDN 

g]  VCC 

16]  GND 

15]  T10UT 

14]  R1|N 

13]  R1ouT 

li]  T1|N 

1l]  T2|N 

To]  R2out 


NC  =  NO  CONNECT 


Figure  7.  ADM222  Typical  Operating  Circuit 


Figure  8.  ADM222  DIP  &  SOIC  Pin  Configurations 
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v[T 
ci-  \T 

cz*  rr 

C2-  [T 
V-  |_6_ 
T2OUT  Dl 
"2|N  EE 

ADM232A 

TOP  VIEW 
(Not  to  Scale) 

j3  Vcc 
"jH  GND 

3  T1OUT 

HI  "1ih 
j3  t1in 

3  "in 

cu  fT 
ci-  [T 

C2*  [J 
C2-  [T 
V-  [_7_ 
T20UT  [T 
R2|N  [T 

ADM242 

TOP  VIEW 
(Not  to  Scale) 

]3  Vec 
lil  GND 

ii]  tiout 

14]  R1l» 

'iil  mom 
J2]  tiin 

]3  T2,N 
10]  R2our 

Figure  9.  ADM232A  DIP/SOIC  Pin  Configuration 

F/'gure  7  7.               DIP/SOIC  Pin  Configuration 

C1 
0.1|JF- 


TTUCMOS 
INPUTS* 


C5 

O.lpF  ^ 
6.3V  X 


TTL/CMOS 
OUTPUTS 'S 


fT„N^ 

T5  la 

f  RIOUT^I 


C1- 


Vec 

♦5V  TO  *10V  V* 
VOLTAGE  DOUBLER 


C2t 

VOLTAGE°NVERTER  "~ 

C2- 


^3 


— 


ADM232A 

GND 


1 


C3 
0.1  pF 


-•-tioutI 

7 

H**  T2outJ 

R1in"| 
-LaR^J 


RS-232 
OUTPUTS 


RS-232 
INPUTS" 


*  INTERNAL  400K1J  PULL-UP  RESISTOR 
*       ON  EACH  TTL/MOS  INPUT 

**  INTERNAL  Skli  PULL-DOWN  RESISTOR 
ON  EACH  RS-232  INPUT 


C1 
0.1  (IF  " 


C2_ 
0.1pF" 


C5  .— 

0.1  mf  4= 

6.3V  _L 


T1lu» 
T2|N» 


f  R1omJ! 
TTL/CMOS  J  uu,-«— 

OUTPUTS* 1 


Vec 

*5VTO*10V  Vt 
VOLTAGE  DOUBLER 


+5VTO-10V  v_ 
VOLTAGE  INVERTER 


GND 


ADM242 


1 


C3 
0.1  (IF 


L  04 
-J-  0.1 

TIout"! 


15 


-»-T2outJ 
11.  R1,n1 


f  INPUTS" 
|R2lN  J 


INTERNAL  400kII  PULL-UP  RESISTOR 
ON  EACH  TTL/MOS  INPUT 
"  INTERNAL  5ki2  PULL-DOWN  RESISTOR 
ON  EACH  RS-232  INPUT 


Figure  10.  ADM232A  Typical  Operating  Circuit 


Figure  12.  ADM242  Typical  Operating  Circuit 
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Typical  Performance  Characteristics-ADM222/ADM232A/ADM242 


Vc 

;  =  t5V  _ 
=  *25-C 

Tj 

- 

u 

  ]  » 

- 1  

5  10 

U,(IH)-mA 


Figure  13.  Charge  Pump  V+,  V-  vs.  Current 


Figure  16.  Transmitter  Output  Voltage  vs.  Current 
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tu 

£ 

3i 4 


£  3  - 


VCC  =  *5V 
T»  =  *25-C 
TX1  =  »5V;  TX2  =  0V  -  5V  SQUARE  WAVE 
BOTH  TX  OUTPUTS  LOADED  WITH  3k//CL 
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Figure  14.  Transmitter  Baud  Rate  vs.  Load  Capacitance 


Figure  17.  Charge  Pump  V+,  V- Exiting  Shutdown 


Figure  15.  Transmitter  Unloaded  Slew  Rate 


Figure  18.  Transmitter  Fully  Loaded  Slew  Rate 
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GENERAL  INFORMATION 

The  ADM222/ADM232A/ADM242  are  high  speed  RS-232 
drivers/receivers  requiring  a  single  digital  +5  V  supply.  The  RS- 
232  standard  requires  transmitters  that  will  deliver  ±5  V 
minimum  on  the  transmission  channel  and  receivers  that  can 
accept  signal  levels  down  to  ±3  V.  The  parts  achieve  this  by 
integrating  step  up  voltage  converters  and  level  shifting  trans- 
mitters and  receivers  onto  the  same  chip.  CMOS  technology  is 
used  to  keep  the  power  dissipation  to  an  absolute  minimum. 
All  devices  contains  an  internal  charge  pump  voltage  doubler 
and  a  voltage  inverter  that  generates  ±  10  V  from  the  +5  V 
input.  Four  external  0. 1  uF  capacitors  are  required  for  the 
internal  charge  pump  voltage  convener. 

The  ADM222/ADM232A/ADM242  is  a  modification,  enhance- 
ment and  improvement  to  the  AD230-AD241  family  and 
derivatives  thereof.  It  is  essentially  plug-in  compatible  and  does 
not  have  materially  different  applications. 

CIRCUIT  DESCRIPTION 

The  internal  circuitry  consists  of  four  main  sections.  These  are: 

A  Charge  Pump  Voltage  Converter 
TTL/CMOS  to  RS-232  Transmitters 
RS-232  to  TTL/CMOS  Receivers 
Enable  and  Shutdown  Functions. 

Charge  Pump  DC-DC  Voltage  Converter 

The  Charge  Pump  Volu  ge  converter  consists  of  an  oscillator 
and  a  switching  matrix.  The  converter  generates  a  ±  10  V  supply 
from  the  input  5  V  level  This  is  done  in  two  stages  using  a 
switched  capacitor  technique.  The  5  V  input  supply  is  doubled 
to  1 0  V  using  capacitor  C 1  as  the  charge  storage  element.  The 
-10  V  level  is  also  generated  from  the  input  5  V  supply  using  CI 
and  C2  as  the  storage  elements. 

Capacitors  C3  and  C4  are  used  to  reduce  the  output  ripple. 
Their  values  are  not  critical  and  can  be  reduced  if  higher  levels 
of  ripple  are  acceptable.  The  charge  pump  capacitors  C 1  and 
C2  may  also  be  reduced  at  the  expense  of  higher  output 
impedance  on  the  V+  and  V-  supplies. 

The  V+  and  V-  supplies  may  also  be  used  to  power  external 
circuitry  if  the  current  requirements  are  small.  Please  refer  to 
the  typical  performance  characteristics  which  shows  the  V+,  V- 
output  voltage  vs.  current. 

In  the  shutdown  mode  the  charge  pump  is  disabled  and  V+ 
decays  to  Vcc  while  V-  decays  to  0  V. 

Transmitter  (Driver)  Section 

The  Drivers  convert  TTL/CMOS  input  levels  into  RS-232 
output  levels.  With  Vcc=  +5  V  and  driving  a  typical  RS-232 
load,  the  output  voltage  swing  is  ±9  V.  Even  under  worst  case 
conditions  the  drivers  are  guaranteed  to  meet  the  +  5  V  RS-232 
minimum  requirement. 

The  input  threshold  levels  are  both  TTL  and  CMOS  compat- 
ible with  the  switching  direshold  set  at  Vcc/4.  With  a  nominal 
VCc  =  5  V  the  switching  threshold  is  1 .25  V  typical.  Unused 
inputs  may  be  left  unconnected,  as  an  internal  400  kfi  pull-  up 
resistor  pulls  them  high  forcing  the  outputs  into  a  low  state. 


As  required  by  the  RS-232  standard,  the  slew  rate  is  limited  to 
less  than  30  V/us  without  the  need  for  an  external  slew  limiting 
capacitor,  and  the  output  impedance  in  the  power-off  state  is 
greater  than  300  Q. 

Receiver  Section 

The  receivers  are  inverting  level  shifters  which  accept  RS-232 
input  levels  (+  3  V  to  + 1 5  V)  and  translate  them  into  5  V  TTL/ 
CMOS  levels.  The  inputs  have  internal  5  kT2  pull-down  resistors 
to  ground  and  are  also  protected  against  overvoltages  of  up  to 
±30  V.  The  guaranteed  switching  thresholds  are  0.8  V  mini- 
mum and  2.4  V  maximum  which  are  well  within  the  ±3  V  RS- 
232  requirement.  The  low  level  threshold  is  deliberately  positive 
as  it  ensures  that  an  unconnected  input  will  be  interpreted  as  a 
low  level. 

The  receivers  have  Schmitt  trigger  input  with  a  hysteresis  level 
of  0.5  V.  This  ensures  error  free-reception  for  both  noisy  inputs 
and  for  inputs  with  slow  transition  times 

Enable  and  Shutdown  Functions 

On  the  ADM222,  both  receivers  are  fully  disabled  during 
shutdown. 

On  the  ADM242,  both  receivers  continue  to  operate  normally. 
This  function  is  useful  for  monitoring  activity  so  that  when  it 
occurs,  the  device  can  be  taken  out  of  the  shutdown  mode. 

The  ADM242  also  contains  a  receiver  enable  function  (EN) 
which  can  be  used  to  fully  disable  the  receivers,  independent  of 
SHDN. 


APPLICATIONS  INFORMA1 

A  selection  of  typical  operati 
to  19. 


hown  in  Figures  1 3 


Figure  19.  Transmitter  Output  Disable  Timing 


■ 


15-46   INTERFACE  PRODUCTS 


REV.  0 


□ 


ANALOG 


H"5  V  PowBrsd 
CMOS  RS-232  Drivers/Receivers 


ADM223/ADM230L-ADM241L 


FEATURES 

Single  5  V  Power  Supply 

Meets  All  EIA-232-E  and  V.28  Specifications 

120  kB/s  Data  Rate 

On-Board  DC-DC  Converters 

±9  V  Output  Swing  with  +5  V  Supply 

Small  1  p.F  Capacitors 

Low  Power  Shutdown  <1  |iA 

Receivers  Active  in  Shutdown  (ADM223) 

ESD  >  2  kV 

±30  V  Receiver  Input  Levels 
Latch-Up  FREE 

Plug-In  Upgrade  for  MAX223/230-241 
Plug-In  Upgrade  for  AD230-AD241 

APPLICATIONS 
Computers 
Peripherals 
Modems 


ADM232L  TYPICAL  OPERATING  CIRCUIT 


Instruments 
GENERAL  DESCRIPTION 

The  ADM2xx  family  of  line  drivers/receivers  is  intended  for  all 
EIA-232-E  and  V.28  communications  interfaces,  especially  in 
applications  where  ±  12  V  is  not  available.  The  ADM223, 
ADM230L,  ADM235L,  ADM236L  and  ADM241L  feature  a 
low  power  shutdown  mode  which  reduces  power  dissipation  to 
less  than  5  u.W  making  them  ideally  suited  for  battery  powered 
equipment.  Two  receivers  remain  enabled  during  shutdown  on 
the  ADM223.  The  ADM233L  and  ADM235L  do  not  require 
any  external  components  and  are  particularly  useful  in  applica- 
tions where  printed  circuit  board  space  is  critical. 


All  members  of  the  ADM230L  family,  except  the  ADM231L 
and  the  ADM239L,  include  two  internal  charge  pump  voltage 
converters  which  allow  operation  from  a  single  +5  V  supply. 
These  converters  convert  the  +5  V  input  power  to  the  ±10  V 
required  for  RS-232  output  levels.  The  ADM231L  and 
ADM239L  are  designed  to  operate  from  +5  V  and  + 12  V  sup- 
plies. An  internal  + 12  V  to  - 12  V  charge  pump  voltage  con- 
verter generates  the  - 12  V  supply. 

The  ADM2xxL  is  an  enhanced  upgrade  for  the  AD2xx  family 
featuring  lower  power  consumption,  faster  slew  rate  and  opera- 
tion with  smaller  (1  u.F)  capacitors. 


Table  I.  Selection  Table 


No.  of 

No.  of 

Low  Power 

TTL 

Part 

Power 

RS-232 

RS-232 

External 

Shutdown 

Three-State 

No.  of 

Number 

Supply  Voltage 

Drivers 

Receivers 

Capacitors 

(SD) 

EN 

Pins 

ADM223 

+5  V 

4 

5 

4 

Yes  (SD) 

Yes  (EN) 

28 

ADM230L 

+5  V 

5  ' 

0 

4 

Yes 

No 

20 

ADM231L 

+5  V  &  +7.5  V  to  +13.2  V 

2 

2 

2 

No 

No 

14 

ADM232L 

+5  V 

2 

2 

4 

No 

No 

16 

ADM233L 

+5  V 

2  • 

2 

None 

No 

No 

20 

ADM234L 

+5V 

"i 

0 

4 

No 

No 

16 

ADM235L 

+5  V 

1 

None 

Yes 

Yes 

24 

ADM236L 

+5  V 

4 

3 

4 

Yes 

Yes 

24 

ADM237L 

+5  V 

5 

4 

No 

No 

24 

ADM238L 

+5  V 

4 

4 

4 

No 

No 

24 

ADM239L 

+5  V&  +7.5  V  to  +13.2  V 

-  3 

5 

2 

No 

Yes 

24 

ADM241L 

+5  V 

4 

5 

4 

Yes 

Yes 

28 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Output  Voltage  Swing 
Vcc  Power  Supply  Current 

±5 

±9 
2 

3.5 

3.0 
6 

Volts 
mA 

  A 

mA 

All  Transmitter  Outputs  Loaded  with  3  kfi  to  Ground 

VT      T         J      All  T"                  XT         /                     A  r\inn\ 

No  Load,  All  TINS  =  Vcc  (except  ADM223) 

XT«  T  J      All  T    pAlTA 

No  Load,  All  Ijns  =  (jND 

0.4 

1 

mA 

ADM231L,  ADM239L 

V+  Power  Supply  Current 

1.5 

4 

  A 

mA 

No  Load,  V  +  =  11  V  ADM231L  &  AL»M23yL  Only 

Shutdown  Supply  Current 

i 
1 

5 

uA 

Input  Logic  Threshold  Low,  VINL 

A  O 

0.8 

it 
V 

-r-        T7XT    On    TTXT  Cn 

lixr,  tllN,  bL),  nJN,  blJ 

Input  Logic  Threshold  High,  V^h 

2.0 

V 

liN,  EN,  bU,  EN,  oD 

Logic  Pull-Up  Current 

10 

25 

(jtA 

tin  =  0  V 

RS-232  Input  Voltage  Range 

—30 

_l_  2A 
+  30 

V 

RS-232  Input  Threshold  Low 

0.8 

1.2 

V 

RS-232  Input  Threshold  High 

1.7 

2.4 

V 

RS-232  Input  Hysteresis 

0.2 

0.5 

1  A 

1.0 

XT 
V 

RS-232  Input  Resistance 

3 

5 

7 

kn 

TTL/CMOS  Output  Voltage  Low,  VOL 

0.4 

V 

TTL/CMOS  Output  Voltage  High,  VOH 

3.5 

V 

loUT  =  _1°  ™A 

TTL/CMOS  Output  Leakage  Current 

0.05 

±5 

nA 

EN  =  Vcc,  0V<  Rout  -  "cc 

Output  Enable  Time  (Ten) 

250 

ns 

ADM223,  ADM235L,  ADM236L,  ADM239L,  ADM241L 

(Figure  25.  CL  =  150  pr) 

Output  Disable  Time  (TDIS) 

50 

ns 

ADM223,  ADM235L,  ADM236L,  ADM239L,  ADM241L 

(Figure  25.  RL  =  1  kfi) 

Propagation  Delay 

0.5 

M-s 

RS-232  to  TTL 

Instantaneous  Slew  Rate1 

25 

30 

V/us 

CL  =  10  pF,  RL  =  3-7  kfi,  TA  =  +25°C 

Transition  Region  Slew  Rate 

5 

V/jJLS 

RL  =  3  kn,  CL  =  2500  pF 

jvieasurta  irom  <  j  v  io    d  v  or    j  v  to  i-d  v 

Output  Resistance 

300 

n 

Vcc  =  V+  =  V-  =  0  V,  VOUT  =  ±2  V 

RS-232  Output  Short  Circuit  Current 

±10 

mA 

■  

NOTE 

'Sample  tested  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 

■ 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  noted) 

Vcc  -0.3  V  to  +6  V 

V+  (Vcc  -  0.3  V)  to  +14  V 

V-   +0.3  V  to -14  V 

Input  Voltages 

Tjn   -0.3  V  to  (Vcc  +  0.3  V) 

RIN  ±30  V 

Output  Voltages 

TOUT   (V+,  +  0.3  V)  to  (V-,  -  0.3  V) 

Rout   -0.3  V  to  (Vcc  +  0.3  V) 

Short  Circuit  Duration 
Tqut   Continuous 

Power  Dissipation 

N-14  DIP  (Derate  10  mW/°C  above  +70°C)   800  mW 

N-16  DIP  (Derate  10.5  mW/°C  above  +70°C)   ....  840  mW 

N-20  DIP  (Derate  11  mW/°C  above  +70°C)   890  mW 

N-24  DIP  (Derate  13.5  mW/°C  above  +70°C)  ....  1000  mW 
N-24A  DIP  (Derate  13.5  mW/T  above  +70°C)  ...  500  mW 

R-16  SOIC  (Derate  9  mW/°C  above  +70°C)   760  mW 

R-20  SOIC  (Derate  9.5  mW/°C  above  +70°C)    ....  800  mW 

R-24  SOIC  (Derate  12  mW/°C  above  +70°C)   850  mW 

R-28  SOIC  (Derate  12.5  mWC  above  +70°C)          900  mW 

RS-28  SSOP  (Derate  10  mW/°C  above  +70°C)  ....  900  mW 
Q-14  Cerdip  (Derate  10  mW/°C  above  +70°C)  ....  720  mW 
Q-16  Cerdip  (Derate  10  mW/°C  above  +70°C)  ....  800  mW 
Q-20  Cerdip  (Derate  11.2  mW/°C  above  +70°C)  ...  890  mW 
Q-24  Cerdip  (Derate  12.5  mW/°C  above  +70°C)  .  .  1000  mW 
D-24  Ceramic  (Derate  20  mW/°C  above  +70°C)   .  .  1000  mW 


Thermal  Impedance,  9JA 

N-14  DIP   140°C/W 

N-16  DIP   135°C/W 

N-20  DIP   125°C/W 

N-24  DIP   120°C/W 

N-24A  DIP   110°C/W 

R-16  SOIC  105°C/W 

R-20  SOIC  105°C/W 

R-24  SOIC   85°C/W 

R-28  SOIC   80°C/W 

RS-28  SSOP  100°C/W 

Q-14  Cerdip  105°C/W 

Q-16  Cerdip  100°C/W 

Q-20  Cerdip  100°C/W 

Q-24  Cerdip   55°C/W 

D-24  Ceramic  50°C/W 

Operating  Temperature  Range 

Commercial  (J  Version)  0  to  +70°C 

Industrial  (A  Version)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature,  Soldering  +  300°C 

Vapour  Phase  (60  sec)   j  +215°C 

Infrared  (15  sec)  +220°C 

ESD  Rating   >2000  V 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or 
any  other  conditions  above  those  indicated  in  the  operation  sections  of  this 
specification  is  not  implied.  Exposure  to  absolute  m 
for  extended  periods  of  time  may  affect  reliability. 
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Model 

Temperature 
Range 

Package 
Option* 

Model 

temperature 
Range 

racKage 
Option* 

Model 

X  ciupviaituc 

Range 

Option* 

ADM223 

ADM230L 

ADM231L 

ADM223AR 
ADM223ARS 

-40°C  to  +85°C 
-40°C  to  +85°C 

R-28 
RS-28 

ADM230LJN 
ADM230LJR 
ADM230LAN 
ADM230LAR 
ADM230LAQ 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-20 
R-20 
N-20 
R-20 
Q-20 

ADM231LJN 

ADM231LJR 

ADM231LAN 

ADM231LAR 

ADM231LAQ 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°Cto  +85°C 
-40°C  to  +85°C 

N-14 
R-16 
N-14 
R-16 
Q-14 

ADM232L 

ADM233L 

ADM234L 

ADM232LJN 
ADM232LJR 
ADM232LAN 
ADM232LAR 
ADM232LAQ 

0°C  to  +70°C 
0°C  to  +  70°C 
-40°C  to  +85°C 
-40°Cto  +  85°C 
-40°C  to  +  85°C 

N-16 
R-16 
N-16 
R-16 
Q-16 

ADM233LJN 
ADM233LAN 

0°C  to  +70°C 
-40°C  to  +85°C 

N-20 
N-20 

ADM234LJN 
ADM234LJR 
ADM234LAN 
ADM234LAR 
ADM234LAQ 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-16 
R-16 
N-16 
R-16 
Q-16 

ADM235L 

ADM236L 

ADM237L 

ADM235LJN 
ADM235LAN 
ADM235LAO 

0°C  to  +70°C 

N-24A 
N-24A 

ADM236LJN 

ADM236LAR 
ADM236LAQ 

0°C  to  +70°C 
0°C  to  +  70°C 
-40°C  to  +85°C 
-40°C  to  +  85°C 
-40°C  to  +85°C 

N-24 
R-24 
N-24 
R-24 
Q-24 

ADM237LJN 

ADM237LJR 

ADM237LAN 

ADM237LAR 

ADM237LAQ 

0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +  85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-24 
R-24 
N-24 
R-24 
Q-24 

ADM238L 

ADM239L 

ADM241L 

ADM238LJN 
ADM238LJR 

AlJMz  5  0  J_  A  IN 

ADM238LAR 
ADM238LAQ 

0°C  to  +70°C 
0°C  to  +70°C 

4U  L  to  +o;  L 
-40°C  to  +85°C 
-40°C  to  +85°C 

N-24 
R-24 

XT  ~>A 

R-24 
Q-24 

ADM239LJN 
ADM239LJR 

AT"MW)2QT  AM 
A  JJMZ  D  7JL  AIN 

ADM239LAR 
ADM239LAQ 

0°C  to  +70°C 
0°C  to  +70°C 

— 4U  ^  to  +0J  ^ 

-40°C  to  +85°C 
-40°Cto  +85"C 

N-24 
R-24 

M  ~iA 

R-24 
Q-24 

ADM241LJR 
ADM241LAR 
AJJMZ41.LJKO 
ADM241LARS 

0°C  to  +70°C 
-40°C  to  +85°C 

U  t^  tO  -r  /U  ^ 

-40°C  to  +85°C 

R-28 
R-28 
RS-28 
RS-28 

*D  =  Ceramic  DIP;  N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC);  RS  =  Small  Shrink  Outline  Package  (SSOP). 
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"out  E 
T10UT  [7 

"out  |J 

",N  E 

T1,nE 
GND  E 

vCc  E 

en  [T 
v»  |T 

C1-  [10 


ADM230L 

TOP  VIEW 
(Not  to  Scale) 


ID  "out 
19]T5,N 

ib]  NC 

17]  SD 

n]  "out 

«]  T4IN 
»]  T3in 
l7|  V- 

w]  ca- 
ii"]  c2* 


NC  =  NO  CONNECT 


Figure  1.  ADM230L  DIP/SOIC  Pin  Configuration 


■ 


■ 


1„F 


1MF 
t16V 

MOUT 

"out 

"out 

RS-232 
OUTPUTS 

"out 

"OUT^ 
SD 

"INTERNAL  40OkQ  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 

Figure  2.  ADM230L  Typical  Operating  Circuit 


SOIC 


cit  [T 
ci-  [T 
v-  [7 

"out  E 
R2lN  [7 

"20UT  E 

"in  E 
NC  [T 


ADM231L 

TOP  VIEW 
(Not  to  Scale) 


li]  Vt 
is]  Vcc 
l7|  GND 
3  t1out 

«]  R1.N 

2l|  "'out 
io]ti,b 

T]  NC 


NC  =  NO  CONNECT 

Figure  3.  ADM231L  DIP  &  SOIC  Pin  Configurations 


♦5V  INPUT 


i  4^ 


'INTERNAL  400kQ  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
"INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  4.  ADM231L  Typical  Operating  Circuit 
(DIP  Pinout) 
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ADM223/ADM230L-ADM241L 


cu  [T 

v*  [7 
ci-  [T 

C2+  [T 
C2-  [T 

v-  [T 

■"out  [l 

R2|N  [l 


 ^  1—, 

«]  GND 
j<]  "0UT 

ADM232L    13]  R1IN 

TOP  VIEW   1 

(Not  10  Scale)    J£J  R10UT 

j3  T1'» 
10]  T2IN 


figure  5.  ADM232L  DIP/SOIC  Pin  Configuration 

i 


re  5.  ADM232 


TTUCMOS 
OUTPUTS 


INPUTS** 


INTERNAL  400kS2  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
"INTERNAL  5kSi  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

figure  6.  ADM232L  Typical  Operating  Circuit 


INTERNAL  400kQ  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
"INTERNAL  5kS>  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

figure  8.  ADM233L  Typical  Operating  Circuit 
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T20UT  U 
T2,N  [£ 
T1,H  |J 
GND  IT 

vCc  [I 

ci»  [T 


ADM234L 

TOP  VIEW 
(Not  to  Scale) 


If]  T40UT 
«]  T3IN 

"12]  V- 

77]  ca- 

1cT|  C2t 

T|  ci- 


Figure  9.  ADM234L  DIP/SOIC  Pin  Configuration 


0 

ci* 

♦5V  TO  +10V 

s 

VOLTAGE 

C1- 

DOUBLER 

Vt 

C2+ 

+10VTO-10V 

V- 

(12 

VOLTAGE 

C2- 

INVERTER 

3  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 

figure  70.  ADM234L  Typical  Operating  Circuit 


■ 


"out  [I 
T30ut  Q[ 
T10UT  |T 

"out  [I 

R2,„[7 
R20Ut[6 
T2,„  |T 
T1,N  \± 
B10UT  [I 

GND  flT 


ADM235L 

TOP  VIEW 
(Not  to  Scale) 


M]  R3,n 
m]  R30UT 

2l]  SD 
2o"1  EN 
3  TSOUT 

]3  "«OUT 

3  T4,„ 
«]  T3,„ 

3  RSout 
13]  R5,N 


figure  77.  /4D/W235/.  DIP  Pin  Configuration 


•INTERNAL  40OK2  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
"INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

figure  12.  ADM23SL  Typical  Operating  Circuit 
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ADM223/ADM230L-ADM241L 


JOUT 
1OUT 


T2out[I 

>"in[i 
""out  LT 

T2,«  [T 
"in  [l 

GND  fa" 

Vcc[£ 
C1  +  [To 

v+  [77 

C1-  [12 


— w  1—1 

»  «]  T40UT 

23jR2,N 
^]  R2out 
IT]  SD 
20]  EN 

ADM236L    ]s]  T4,H 

TOP  VIEW   1 

(Not  to  Scale)    J£|  T3m 

33  B3out 

33  "3,n 

7F]  V- 

14]  ca- 
ll] C2t 


Figure  13.  ADM236L  DIP/SOIC  Pin  Configuration 


T3OUT  E 

"OUT  u 

T2oUT[T 

R1out  u 

T2,N  [T 
GND  [T 

vcc[7 
ct»  [10 
vt  [77 

ci-  [12 


ADM237L 

TOP  VIEW 
(Not  to  Scale) 


E]  T4°UT 
S]r2,k 

13  "KOUT 
2l]  T5,N 

3  T5OUT 
El  T4'» 
JJ]  T31N 

3f]  "3out 
33  R3IN 

33  v- 

l7]  C2- 
l7|  C2* 


•INTERNAL  400kS2  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
-INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  14.  ADM236L  Typical  Operating  Circuit 


♦5V  INPUT 


Met* 

♦5VTO  *10V 

(V 

VOLTAGE 

®  C1- 

DOUBLER 

Vt 

(n 

Ja)C2t 

*10V  TO  -10V 

s 

VOLTAGE 

V- 

©C2- 

INVERTER 

Figure  15.  ADM237L  DIP/SOIC  Pin  Configuration 


1  i «. 


TTUCMOS 
OUTPUTS 


GJ»  ADM237L 

<U  


"INTERNAL  40OkSi  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
—INTERNAL  SkSl  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 


Figure  16.  ADM237L  Typical  Operating  Circuit 
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ADM223/ADM230L-ADM241L 


♦5V  INPUT 


•INTERNAL  400kQ  PULL-UP  RESISTOR  ON  EACH  TTL  CMOS  INPUT 
"INTERNAL  5kQ  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  18.  ADM238L  Typical  Operating  Circuit 


'OUT  [T 
R1,N  [± 
GND  [T 

M 
1 

Ot  \T  ADM239L 

HTOP  VIEW 
(Not  to  Scale) 

V-  [7 
R51N  [7 


«out  Qo 
"out  g 
R4,N  ^2 


«]  T1„ 
23]T2IN 

R20UT 
IT]  R2IN 
»]T20UT 
19]  "our 
^] 

16]T3,N 
H]  NC 
l7]  EN 
«]  "OUT 


NC  =  NO  CONNECT 


6JC1*  *12VTO-12V 

VOLTAGE       Vt  (5> 

7)  C1- 


TTUCMOS 
OUTPUTS 


Figure  19.  ADM23SL  DIP/SOIC  Pin  Configuration 


INTERNAL  400kS2  PULL-UP  RESISTOR  ON  EACH  TTLVCMOS  INPUT 
"INTERNAL  5kS2  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  20.  ADM239L  Typical  Operating  Circuit 
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ADM223/ADM230L-ADM241L 


R1,N[7 
GND  [lO 

v*  [13 

C1-  [l4 


m. 

B2,N  E 
B^OUT  E 
T2«  E 

T1.N  |T  ADM241L  |»]'"out 

rr  TOP  VIEW       —-I  _„ 

m°K\2\  (Not  to  Sol.)  lflJT4'» 


»]  T3,„  I,  T4>» 

i7|  R5, 

R5,N 
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li]  ra- 
ti] C2+ 


F/gure  27.  AD/W247,l  SOIC/SSOP  Pin  Configuration 


GND  ADM241L  <25>*-  SD 




INTERNAL  400kQ  PULL-UP  RESISTOR  ON  EACH  TTL  CMOS  INPUT 
-INTERNAL  5kli  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

Figure  22.  ADM241L  Typical  Operating  Circuit 

tSV  INPUT 


T30UT  E  • 

T10UT  [2" 

T20UT  [T 
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H20UT  |T 
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R1|N  |T  »]  T3in 

17|  RSout 
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TTUCMOS 
INPUTS* 


GND  [lO 
Vcc  [iT 
C1*  [l2 
V*  [l3 
C1-  Q4 


F/'gure  23.  ADM223  SOIC/SSOP  Pin  Configuration 


TTUCMOS 
OUTPUTS 


REV.O 


I  T4"-« 

R1OUT  M 

^OUT 

R3OUT  "*V6J 

R4OUT  "% 

Hg 

, 05  OUT  — 

EN  ■* 

•-(24 

INTERNAL  400k<!  PULL-UP  RESISTOR  ON  EACH  TTUCMOS  INPUT 
"INTERNAL  5kB  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 
NOTE:  RECEIVERS  R4  AND  R5  REMAIN  ACTIVE  IN  SHUTDOWN. 

Figure  24.  ADM223  Typical  Operating  Circuit 
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vcc 
V+ 


^nuooo/pnuoom  In«™«^'0%  (+5  v  ±  5%  ADM233Lj  ADM235L). 

Internally  generated  positive  supply  (+10  V  nominal)  on  all  parts  except  ADM231L  and  ADM239L. 
ADM231L,  ADM239L  requires  external  7.5  V  to  13.2  V  supply. 
V-  Internally  generated  negative  supply  (- 10  V  nominal). 

GND  Ground  pin.  Must  be  connected  to  0  V. 

C+  (ADM231L  and  ADM239L  only).  External  capacitor  (+  terminal)  is  connected  to  this  pin. 

C-  (ADM231L  and  ADM239L  only).  External  capacitor  (-  terminal)  is  connected  to  this  pin. 

(ADM230L,  ADM232L,  ADM234L,  ADM236L,  ADM237L,  ADM238L,  ADM241L)  External  capacitor  (+  terminal) 
is  connected  to  this  pin. 

(ADM233L)  The  capacitor  is  connected  internally  and  no  external  connection  to  this  pin  is  required. 

(ADM230L,  ADM232L,  ADM234L,  ADM236L,  ADM237L,  ADM238L,  ADM241L)  External  capacitor  (-  terminal) 
is  connected  to  this  pin. 

(ADM233L)  The  capacitor  is  connected  internally  and  no  external  connection  to  this  pin  is  required. 

(ADM230L,  ADM232L,  ADM234L,  ADM236L,  ADM237L,  ADM238L,  ADM241L)  External  capacitor  (+  terminal) 
is  connected  to  this  pin. 

(ADM233L)  Internal  capacitor  connections,  Pins  11  and  15  must  be  connected  together. 

(ADM230L,  ADM232L,  ADM234L,  ADM236L,  ADM237L,  ADM238L,  ADM241L)  External  capacitor  (-  terminal) 
is  connected  to  this  pin. 

(ADM233I.)  Internal  capacitor  connections,  Pins  10  and  16  must  be  connected  together. 

Transmitter  (Driver)  Inputs.  These  inputs  accept  TTL/CMOS  levels.  An  internal  400  kft  pull-up  resistor  to  Vcc  is 
connected  on  each  input. 

Transmitter  (Driver)  Outputs.  These  are  RS-232  levels  (typically  ±10  V). 

Receiver  Inputs.  These  inputs  accept  RS-232  signal  levels.  An  internal  5  kfl  pull-down  resistor  to  GND  is  connected  on 
each  input. 

Rout  Receiver  Outputs.  These  are  TTL/CMOS  levels. 

EN/EN        Enable  Input.  Active  low  on  ADM235L,  ADM236L,  ADM239L,  ADM241L.  Active  high  ADM223.  This  input  is  used 
to  enable/disable  the  receiver  outputs.  With  EN  =  low  (EN  =  high  ADM223),  the  receiver  outputs  are  enabled.  With 
EN  =  high  (EN  =  low  ADM223),  the  outputs  are  placed  in  a  high  impedance  state.  This  facility  is  useful  for 
connecting  to  microprocessor  systems. 

Shutdown  Input.  Active  high  on  ADM235L,  ADM236L,  ADM241L.  Active  low  on  ADM223.  With  SD  =  high  on  the 
ADM235L,  ADM236L,  ADM241L,  the  charge  pump  is  disabled,  the  receiver  outputs  are  placed  in  a  high  impedance 
state  and  the  driver  outputs  are  turned  off.  With  SD  low  on  the  ADM223,  the  charge  pump  is  disabled,  the  driver 
outputs  are  turned  off  and  all  receivers  except  R4  and  R5  are  placed  in  a  high  impedance  state.  In  shutdown,  the  power 
consumption  reduces  to  5  (iW. 

NC  No  Connect.  No  connections  are  required  to  this  pin. 


Table  I.  ADM235L,  ADM236L,  ADM241L  Truth  Table 


Table  O.  ADM223  Truth  Table 


Transmitters 

Receivers 

Transmitters 

Receivers 

SD 

EN 

Status 

T1-T5 

R1-R5 

SD 

EN 

Status 

T1-T4 

R1-R3 

R4,  R5 

0 

0 

Normal  Operation 

Enabled 

Enabled 

0 

0 

Shutdown 

Disabled 

Disabled 

Disabled 

0 

1 

Normal  Operation 

Enabled 

Disabled 

0 

1 

Shutdown 

Disabled 

Disabled 

Enabled 

1 

0 

Shutdown 

Disabled 

1 

0 

Normal  Operation 

Enabled 

Disabled 

Disabled 

1 

1 

Normal  Operation 

Enabled 

Enabled 

Enabled 

; 
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+5  V  Low  Power 
EIA  RS-485  Transceiver 


ADM485 


FEATURES 

Meets  EIA  RS-485  Standard 
5  Mb/s  Data  Rate 
Single  +5  V  Supply 

-7  V  to  +12  V  Bus  Common-Mode  Range 
High  Speed,  Low  Power  BiCMOS 
Thermal  Shutdown  Protection 
Short  Circuit  Protection 
Zero  Skew  Driver 
Driver  Propagation  Delay:  10  ns 
Receiver  Propagation  Delay:  25  ns 
High  Z  Outputs  with  Power  Off 
Superior  Upgrade  for  LTC485 

APPLICATIONS 
Low  Power  RS-485  Systems 
DTE-DCE  Interface 
Packet  Switching 
Local  Area  Networks 
Data  Concentration 
Data  Multiplexers 

Integrated  Services  Digital  Network  (ISDN) 


DESCRIPTION 

The  ADM485  is  a  differential  line  transceiver  suitable  for  high 
speed  bidirectional  data  communication  on  multipoint  bus  trans- 
mission lines.  It  is  designed  for  balanced  data  transmission  and 
complies  with  both  EIA  Standards  RS-485  and  RS-422.  The 
part  contains  a  differential  line  driver  and  a  differential  line 
receiver.  Both  the  driver  and  the  receiver  may  be  enabled  inde- 
pendently. When  disabled,  the  outputs  are  tristated. 

The  ADM485  operates  from  a  single  +5  V  power  supply. 
Excessive  power  dissipation  caused  by  bus  contention  or  by 
output  shorting  is  prevented  by  a  thermal  shutdown  circuit. 
This  feature  forces  the  driver  output  into  a  high  impedance  state 
if  during  fault  conditions  a  significant  temperature  increase  is 
detected  in  the  internal  driver  circuitry. 

Up  to  32  transceivers  may  be  connected  simultaneously  on  a 
bus,  but  only  one  driver  should  be  enabled  at  any  time.  It  is 
important  therefore  that  the  remaining  disabled  drivers  do  not 
load  the  bus.  To  ensure  this,  the  ADM485  driver  features  high 
output  impedance  when  disabled  and  also  when  powered  down. 


FUNCTIONAL  BLOCK  DIAGRAM 




■ 


This  minimizes  the  loading  effect  when  the  transceiver  is  not 
being  utilized.  The  high  impedance  driver  output  is  maintained 
over  the  entire  common-mode  voltage  range  from  -7  V  to 
+  12  V. 

The  receiver  contains  a  fail  safe  feature  which  results  in  a  logic 
high  output  state  if  the  inputs  are  unconnected  (floating). 

The  ADM485  is  fabricated  on  BiCMOS,  an  advanced  mixed 
technology  process  combining  low  power  CMOS  with  fast 
switching  bipolar  technology.  All  inputs  and  outputs  contain 
protection  against  ESD;  all  driver  outputs  feature  high  source 
and  sink  current  capability.  An  epitaxial  layer  is  used  to  guard 
against  latch-up. 

The  ADM485  features  extremely  fast  switching  speeds.  Minimal 
driver  propagation  delays  permit  transmission  at  data  rates  up  to 
5  Mbits/s  while  low  skew  minimizes  EMI  interference. 

The  part  is  fully  specified  over  the  commercial  and  industrial 
temperature  range  and  is  available  in  an  8-pin  DIL/  SOIC 
package. 
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ADM485— SPECIFICATIONS ,«,« 


=  +5  V  ±  5%.  All  specifications 


Parameter 


Min      Typ  Max 


Units  Test 


DRIVER 

Differential  Output  Voltage,  VOD 

VOD, 

A|VOD|  for  Complementary  Output  States 
Common-Mode  Output  Voltage  Vqc 
AIVqcI  for  Complementary  Output  States 
Output  Short  Circuit  Current  (VOUT  =  High) 
Output  Short  Circuit  Current  (VOUT  =  Low) 
CMOS  Input  Logic  Threshold  Low,  VINL 
CMOS  Input  Logic  Threshold  High,  VINH 
Logic  Input  Current  (DE,  DI) 


2.0 
1.5 
1.5 


35 
35 


2.0 


5.0 
5.0 
5.0 
5.0 
0.2 
3 

0.2 
250 
250 
0.8 

±1.0 


V 
V 
V 
V 
V 
V 
V 

mA 

mA 

V 

V 

HA 


R  =      Figure  1 

Vcc  =  5  V,  R  =  50  ft  (RS422),  Figure  1 
R  =  27  fi  (RS485),  Figure  1 
Vtst  =  -7  V  to  +12  V,  Figure  2 
R  =  27  ft  or  50  £1,  Figure  1 
R  =  27  n  or  50  ft,  Figure  1 
R  =  27  ft  or  50  ft 
-7V  s  VQ  s  +12  V 
— 7  V  ■=  V   ■=  +12  V 

- 








old  Voltage,  VXH 
»  AVXH 


RECEIVER 
Differential  In] 
Input  Voltage 
Input  Resistance 
Input  Current  (A. 


Logic  Enable  Input  Current  (RE) 
CMOS  Output  Voltage  Low,  VOL 
CMOS  Output  Voltage  High,  VOH 
Short  Circuit  Output  Current 
Tristate  Output  Leakage  Current 


-0.2 


12 


4.0 

7 


70 


+0.2 


+  1 
-0.8 
±1 
0.4 

85 

±1.0 


V 

mV 

kO 

mA 

mA 

u.A 

V 

V 

mA 

u.A 


-7  V  s  VCM  £  +12  V 
Vcm  =  0  V 

-7V<  Vcm^  +12  V 
Vpn  =  12  V 
VIN  =  -7  V 

IOUT  =  +4.0  mA 
IOUT  =  —4.0  mA 
VOUT  =  GND  or  Vcc 
0.4  V  s  VOUT  =6  +2.4  V 


POWER  SUPPLY  CURRENT 
Icc  (Outputs  Enabled) 
Icc  (Outputs  Disabled) 


1.35 
0.7 


2.2 
1 


mA 
mA 


Outputs  Unloaded,  Digital  Inputs  =  GND  or  Vcc 
Outputs  Unloaded,  Digital  Inputs  =  GND  or  V^ 


Specifications  subject  to  change  without  notice. 


TIMING  SPECIFICATIONS  (Vcc  =  +5  V  ±  5%.  All  specifications  TMIN  to  TMAX  unless  otherwise  noted.) 


Parameter 


Min     Typ     Max     Units     Test  Conditions/  Comments 


DRIVER 

Propagation  Delay  Input  to  Output  TPLH,  TPHL 
Driver  O/P  to  O/P  TSKBW 
Driver  Rise/Fall  Time  TR,  TF 
Driver  Enable  to  Output  Valid 
Driver  Disable  Timing 


2  10 
0 
2 
10 
10 


15 
5 

10 

25 
25 


ns 
ns 


RL  Diff  =  54  ft  CL1  =  CL2  =  100  pF,  Figure  3 
RL  Diff  =  54  ft  CL1  =  Clj  =  100  pF,  Figure  3 
RL  Diff  =  54  ft  CL1  =  Cu  =  100  pF,  Figure  3 


_ 


RECEIVER 

Propagation  Delay  Input  to  Output  TPLH,  TPHL 
Skew  ITplh-TphlI 
Receiver  Enable  TEN, 
Receiver  Disable  TPN2 


18 


25 
0 
15 
15 


40 

5 

25 
25 


ns 
ns 
ns 


CL  =  15  pF,  Figure  5 

■ 

Figure  6 

Figure  6  


Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  noted) 

Vcc    +7V 

Inputs 

Driver  Input  (DI)   -0.3  V  to  Vcc  +  0.3  V 

Control  Inputs  (DE,  RE)  -0.3  V  to  Vcc  +  0.3  V 

Receiver  Inputs  (A,  B)  -14  V  to  +14  V 

Outputs 

Driver  Outputs    -14Vto+14V 

Receiver  Output   -0.5  V  to  Vcc  +  0.5  V 

Power  Dissipation  8-Pin  DIP   500  mW 

6JA,  Thermal  Impedance   +  130°C/W 

Power  Dissipation  8-Pin  SOIC   450  mW 

6JA>  Thermal  Impedance   +  170°C/W 

Power  Dissipation  8-Pin  Cerdip   500  mW 

e)A,  Thermal  Impedance   +125°C/W 

Operating  Temperature  Range 

Commercial  (J  Version)  0°C  to  +70°C 

Industrial  (A  Version)  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Vapour  Phase  (60  sec;   +215°C 

Infrared  (15  sec)  +220°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  of  time  may  affect  device 
reliability. 

Table  I.  Transmitting 


INPUTS 


RE 

DE 

D, 

B 

A 

X 



1 

1 

o 

1 

X 

1 

0 

1 

0 

X 

0 

X 

Z 

z 

OUTPUTS 


Table  II.  Receiving 


RE 


INPUTS 
DE  A-B 


a  +0.2  V 
==  -0.2  V 
Inputs  Open 


OUTPUT 
RO 


1 

0 
1 

z 


PIN  FUNCTION  DESCRIPTION 


Pin 

Mnemonic 

Function 

1 

RO 

Receiver  Output.  When  enabled  if  A  >  B  by 
200  mV,  then  RO  =  High.  If  A  <  B  by 
200  mV,  then  RO  =  Low. 

2 

RE 

Receiver  Output  Enable.  A  low  level  enables 

the  receiver  output,  RO.  A  high  level  places 
it  in  a  high  impedance  state. 

3 

DE 

Driver  Output  Enable.  A  high  level  enables 
the  driver  differential  outputs,  A  and  B.  A 
low  level  places  it  in  a  high  impedance  state. 

4 

DI 

Driver  Input.  When  the  driver  is  enabled  a 
logic  Low  on  DI  forces  A  low  and  B  high 
while  a  logic  High  on  DI  forces  A  high  and  B 
low. 

5 

GND 

Ground  Connection,  0  V. 

6 

A 

Noninverting  Receiver  Input  A/Driver 
Output  A. 

7 

B 

Inverting  Receiver  Input  B/Driver  Output  B. 

8 

Power  Supply,  5  V  ±  5%. 

PIN  CONFIGURATION 


RO  (T  • 
RE  [7  ADM485 

de[T 

01  E 

I 


TOP  VIEW 
(Not  to  Scale) 


7]  GND 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM485JN 

0°C  to  +70°C 

N-8 

ADM485JR 

0°C  to  +70°C 

R-8 

ADM485AN 

-40°C  to  +85°C 

N-8 

ADM485AR 

-40°C  to  +85°C 

R-8 

ADM485AQ 

-40°C  to  +85°C 

Q-8 

•For  outline  information  see  Package  Information  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  ADM485  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 


REV.O 


INTERFACE  PRODUCTS  75-59 


Figure  2.  Driver  Voltage  Measurement  Test  Circuits  Figure  5.  Receiver  Propagation  Delay  Test  Circuit 


Figure  3.  Driver  Propagation  Delay  Test  Circuit  Figure  6.  Receiver  Enable/Disable  Test  Circuit 


Switching  Characteristics 


Figure  8.  Driver  Enable/Disable  Timing  Figure  10.  Receiver  Enable/Disable  Timing 
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Typical  Performance  Characteristics— ADM485 


Figure  1 1.  Receiver  Output  Low  Figure  12.  Receiver  Output  High  Figure  13.  Receiver  Output  High 

Voltage  vs.  Output  Current  Voltage  vs.  Output  Current  Voltage  vs.  Temperature 


1  = 

tnA 

0  25  50  75  100  125 
TEMPERATURE  - °C 


Figure  14.  Receiver  Output  Low 
Voltage  vs.  Temperature 


OUTPUT  VOLTAGE  -  Volts 


Figure  15.  Driver  Differential  Out- 
put Voltage  vs.  Output  Current 


TEMPERATURE  - 


100  125 


Figure  16.  Driver  Differential  Output 
Voltage  vs.  Temperature,  RL  =  54  SI 


A 

i 

7 

OUTPUT  VOLTAG  E  -  Volts 

Figure  17.  Driver  Output  Low 
Voltage  vs.  Output  Current 


OUTPUT  VOLTAGE  -  Volts 


Figure  18.  Driver  Output  High 
Voltage  vs.  Output  Current 
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Figure  19.  Supply  Current  vs. 
Temperature 
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APPLICATIONS  INFORMATION 
Differential  Data  Transmission 

Differential  data  transm:  ssion  is  used  to  reliably  transmit  data  at 
high  rates  over  long  distmces  and  through  noisy  environments. 
Differential  transmission  nullifies  the  effects  of  ground  shifts 
and  noise  signals  which  ippear  as  common-mode  voltages  on  the 
line.  There  are  two  mair  standards  approved  by  the  Electronics 
Industries  Association  (EIA)  which  specify  the  electrical  charac- 
teristics of  transceivers  used  in  differential  data  transmission. 

The  RS-422  standard  splines  data  rates  up  to  10  MBaud  and 
line  lengths  up  to  4000  ft.  A  single  driver  can  drive  a  transmis- 
sion line  with  up  to  10  receivers. 

In  order  to  cater  for  true  multipoint  communications,  the 
RS-485  standard  was  def  ned.  This  standard  meets  or  exceeds  all 
the  requirements  of  RS-422  but  also  allows  for  up  to  32  drivers 
and  32  receivers  to  be  comected  to  a  single  bus.  An  extended 
common-mode  range  of  -7  V  to  + 12  V  is  defined.  The  most 
significant  difference  between  RS-422  and  RS-485  is  the  fact 
that  the  drivers  may  be  disabled  thereby  allowing  more  than  one 
(32  in  fact)  to  be  connected  to  a  single  line.  Only  one  driver 
should  be  enabled  at  time ,  but  the  RS-485  standard  contains 
additional  specifications  to  guarantee  device  safety  in  the  event 
of  line  contention. 

Cable  and  Data  Rate 

The  transmission  line  of  choice  for  RS-485  communications  is  a 
twisted  pair.  Twisted  pair  cable  tends  to  cancel  common-mode 
noise  and  also  causes  cancellation  of  the  magnetic  fields  gener- 
ated by  the  current  flowirg  through  each  wire,  thereby,  reduc- 
ing the  effective  inductance  of  the  pair. 

The  ADM485  is  designed  for  bidirectional  data  communications 
on  multipoint  transmission  lines.  A  typical  application  showing  a 


multipoint  transmission  network  is  illustrated  in  Figure  26.  An 
RS-485  transmission  line  can  have  as  many  as  32  transceivers  on 
the  bus.  Only  one  driver  can  transmit  at  a  particular  time  but 
multiple  receivers  may  be  enabled  simultaneously. 

As  with  any  transmission  line,  it  is  important  that  reflections  are 
minimized.  This  may  be  achieved  by  terminating  the  extreme 
ends  of  the  line  using  resistors  equal  to  the  characteristic  imped- 
ance of  the  line.  Stub  lengths  of  the  main  line  should  also  be 
kept  as  short  as  possible.  A  properly  terminated  transmission 
line  appears  purely  resistive  to  the  driver. 

Thermal  Shutdown 

The  ADM485  contains  thermal  shutdown  circuitry  which  pro- 
tects the  part  from  excessive  power  dissipation  during  fault  con- 
ditions. Shorting  the  driver  outputs  to  a  low  impedance  source 
can  result  in  high  driver  currents.  The  thermal  sensing  circuitry 
detects  the  increase  in  die  temperature  and  disables  the  driver 
outputs.  The  thermal  sensing  circuitry  is  designed  to  disable  the 
driver  outputs  when  a  die  temperature  of  150°C  is  reached.  As 
the  device  cools,  the  drivers  are  re-enabled  at  140°C. 

Propagation  Delay 

The  ADM485  features  very  low  propagation  delay  ensuring 
maximum  baud  rate  operation.  The  driver  is  well  balanced 
ensuring  distortion  free  transmission. 

Another  important  specification  is  a  measure  of  the  skew 
between  the  complementary  outputs.  Excessive  skew  impairs  the 
noise  immunity  of  the  system  and  increases  the  amount  of  elec- 
tromagnetic interference  (EMI). 

Receiver  Open-Circuit  Fail  Safe 

The  receiver  input  includes  a  fail-safe  feature  which  guarantees  a 
logic  high  on  the  receiver  when  the  inputs  are  open  circuit  or 
floating. 


Table  III.  Comparison  of  RS-422  and  RS-485  Interface  Standards 


Specification 

RS-422 

RS-485 

Transmission  Type 

Differential 

Differential 

Maximum  Cable  Length 

4000  ft. 

4000  ft. 

Minimum  Driver  Output  Voltage 

±2  V 

±1.5  V 

Driver  Load  Impedance 

ioo  n 

54  n 

Receiver  Input  Resistance 

4  kfi  min 

12  k!l  min 

Receiver  Input  Sensitivity 

±200  mV 

±200  mV 

Receiver  Input  Voltage  Range 

-7  V  to  +7  V 

-7  V  to  +12  V 

No  of  Drivers/Receivers  Per  Line 



1/10 

 ' 
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Microprocessor 
Supervisory  Circuits 


ADM690-ADM695 


FEATURES 

Superior  Upgrade  for  MAX690-MAX695 
Specified  Over  Temperature 
Low  Power  Consumption  (5  mW) 
Precision  Voltage  Monitor 
Reset  Assertion  Down  to  1  V  Vcc 
Low  Switch  On-Resistance  1.5  ft  Normal, 

20  il  in  Backup 
High  Current  Drive  (100  mA) 
Watchdog  Timer-100  ms,  1.6  s,  or  Adjustable 
600  nA  Standby  Current 
Automatic  Battery  Backup  Power  Switching 
Extremely  Fast  Gating  of  Chip  Enable  Signals  (5  ns) 
Voltage  Monitor  for  Power  Fail 

APPLICATIONS 
Microprocessor  Systems 
Computers 
Controllers 

Intelligent  Instruments 
Automotive  Systems 

GENERAL  DESCRIPTION 

The  ADM690-ADM695  family  of  supervisory  circuits  offers 
complete  single  chip  solutions  for  power  supply  monitoring  and 
battery  control  functions:  in  microprocessor  systems.  These  func- 
tions include  u.P  reset,  backup  battery  switchover,  watchdog 
timer,  CMOS  RAM  write  protection,  and  power  failure  warn- 
ing. The  complete  family  provides  a  variety  of  configurations  to 
satisfy  most  microprocessor  system  requirements. 

The  ADM690,  ADM692  and  ADM694  are  available  in  8-pin 
DIP  packages  and  provide: 

1.  Power-on  reset  output  during  power-up,  power-down  and 
brownout  conditions.  The  RESET  output  remains  opera- 
tional with  Vcc  as  low  as  1  V. 

2.  Battery  backup  switching  for  CMOS  RAM,  CMOS  micropro- 
cessor or  other  low  power  logic. 

3.  A  reset  pulse  if  the  optional  watchdog  timer  has  not  been 
toggled  within  a  specified  time. 

4.  A  1.3  V  threshold  detector  for  power  fail  warning,  low 
battery  detection,  or  lo  monitor  a  power  supply  other  than 
+5  V. 

The  ADM691,  ADM693  and  ADM695  are  available  in  16-pin 
DIP  and  small  outline  packages  and  provide  three  additional 
functions: 

1.  Write  protection  of  CMOS  RAM  or  EEPROM. 

2.  Adjustable  reset  and  watchdog  timeout  periods. 

3.  Separate  watchdog  timeout,  backup  battery  switchover,  and 
low  Vcc  status  outpuis. 


FUNCTIONAL  BLOCK  DIAGRAMS 


POWER  FAIL 
OUTPUT (PFO) 


'VOLTAGE  DETECTOR  =  4.65V  (ADM690,  ADM694) 
4.40V  (ADM692) 

2RESET  PULSE  WIDTH  =  50ms  (ADM690,  AOM692) 
200ms  (ADM694) 


BATTON 


r  

"batt  Q  J 


'VOLTAGE  DETECTOR  =  4.65V  (ADH691. , 
4.40V  (ADM693) 

The  ADM690-ADM695  family  is  fabricated  using  an  advanced 
epitaxial  CMOS  process  combining  low  power  consumption 
(5  mW),  extremely  fast  Chip  Enable  gating  (5  ns)  and  high  reli- 
ability. RESET  assertion  is  guaranteed  with  Vcc  as  low  as  1  V. 
In  addition,  the  power  switching  circuitry  is  designed  for  mini- 
mal voltage  drop  thereby  permitting  increased  output  current 
drive  of  up  to  100  mA  without  the  need  for  an  external  pass 
transistor. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS  t  'JiSSSE = admb90-adm695 


Parameter 

yi  i  ii 

Tvr\ 

i  yp 

max 

f  Tnitc 

'units 

Test  Conditions/Comments 

BATTERY  BACKUP  SWITCHING 

Vcc  Operating  Voltage  Range 

ADM690,  ADM691,  ADM694,  ADM695 

4.75 

5.5 

V 

ADM692,  ADM693 

4.5 

5.5 

V 

VBATr  Operating  Volts  ge  Range 

ADM690,  ADM691,  ADM694,  ADM695 

2.0 

4.25 

V 

ADM692,  ADM693 

2.0 

4.0 

V 

VOUT  Output  Voltage 

Vcc  " 

0.05 

vcc- 

0.025 

V 

Iout  _  1  mA 

Vcc  " 

0.5 

vcc- 

0.25 

V 

IOUT  s  100  mA 

Vqut  m  Battery  Backup  Mode 

^BATT 

"  0-05  VBATT 

-  0.02 

V 

Iout  =  250  uA,  Vcc  <  VBATT  ■ 

-  0.2  V 

Supply  Current  (Excludes  I0ut) 

1 

1.95 

mA 

Iout  =  I"0  mA 

Supply  Current  in  Battery  Backup  Mode 

0.6 

1 

uA 

Vcc  =  0  V,  VBATT  =  2.8  V 

Battery  Standby  Currer  t 

5.5  V  >  Vcc  >  VBATT  +  0.2  V 

(+  =  Discharge,  -  =  Charge) 

-0.1 

+0.02 

H-A 

TA  =  +25°C 

-1.0 

+0.02 

uA 

Battery  Switchover  Thrsshold 

70 

mV 

Power  Up 

Vcc  —  VBatt 

50 

mV 

Power  Down 

Battery  Switchover  Hysteresis 

20 

mv 

BATT  ON  Output  Voliage 

0.3 

V 

Isink  =  3.2  mA 

BATT  ON  Output  Sho  1  Circuit  Current 

35 

mA 

BATT  ON  =  VOUT  =  4.5  V  Sink  Current 

0.5 

1 

25 

uA 

BATT  ON  =  0  V  Source  Current 

RESET  AND  WATCHDOG  TIMER 

Reset  Voltage  Threshold 

ADM690,  ADM691,  A.DM694,  ADM695 

4.5 

4.65 

4.73 

V 

ADM692,  ADM693 

4.25 

4.4 

4.48 

V 

Reset  Threshold  Hysteresis 

40 

mV 

Reset  Timeout  Delay 

ADM690,  ADM691,  \DM692,  ADM693 

35 

50 

70 

ms 

OSC  SEL  =  HIGH,  Vcc  =  5  V 

TA  =  +25°C 

ADM694,  ADM695 

140 

200 

280 

ms 

OSC  SEL  =  HIGH,  Vcc  =  5  V 

TA  =  +25°C 

Watchdog  Timeout  Period,  Internal  Oscillator 

1.0 

1.6 

2.25 

s 

Long  Period,  Vcc  =  5  V,  TA  = 

+25°C 

70 

100 

140 

ms 

Short  Period,  Vcc  =  5  V,  TA  = 

+25°C 

Watchdog  Timeout  Period,  External  Clock 

3840 

4097 

Cycles 

Long  Period 

768 

1025 

Cycles 

Short  Period 

Minimum  WDI  Input  Pulse  Width 

50 

ns 

VIL  =  0.4,  VIH  =  3.5  V 

RESET  Output  Voltage  @  Vcc  =  + 1  V 

4 

200 

mV 

Isink  =  10  M-A,  Vcc  =  1  V 

RESET,  LOW  LINE  Output  Voltage 

0.4 

V 

ISINK=  1.6  mA,  Vcc  =  4.25  V 

3.5 

V 

^source  =  1  M-A,  Vcc  =  5  V 

RESET,  WDO  Output  Voltage 

0.4 

V 

ISINK=  1.6mA,Vcc  =  5V 

3.5 

V 

Isource  =  1  M-A,  Vcc  =  4-25  V 

Output  Short  Circuit  Source  Current 

1 

3 

25 

M-A 

Output  Short  Circuit  Sink  Current 

25 

mA 

WDI  Input  Threshold 

Vcc  =  5  V1 

Logic  Low 

0.8 

V 

■ 

Logic  High 

3.5 

V 

WDI  Input  Current 

20 

50 

uA 

WDI  =  VOUT,  TA  =  +  25°C 

-15 

WDI  =  0  V,  TA  =  +25°C 

POWER  FAIL  DETECTOR 

PFI  Input  Threshold 

1.25 

1.3 

1.35 

V 

Vcc  =  +5  V 

PFI  Input  Current 
PFO  Output  Voltage 

-25 

±0.01 

+25 

nA 

0.4 

V 

Isink  =  3.2  mA 

3.5 

V 

Isource  =  1  M-A 

rr\J  onort  Circuit  oourc :  current 

1 

3 

25 

PFI  =  Low,  PFO  =  0  V 

PFO  Short  Circuit  Sink  (current 

A 

fti  =  mgn,  ftu  =  vOUT 

CHIP  ENABLE  GATING 

CEIN  Threshold 

0.8 

V 

Vu. 

3.0 

V 

Vl„ 

CEIN  Pull-Up  Current 

3 

M-A 

CEqut  Output  Voltage 

0.4 

V 

Isink  =  3.2  mA 

Vqut 

-  1.5 

V 

Isource  "  3.0  mA 

VoUT 

-  0.05 

V 

Source  ~  1  M-A,  Vcc  =  0  V 

CE  Propagation  Delay 

5 

9 

ns 
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UoC  1IN  input  current 

+2 

H-A 

OSC  SEL  Input  Pull-Up  Current 

5 

uA 

OSC  IN  Frequency  Range 

0 

250 

kHz 

OSC  SEL  =  0  V 

OSC  IN  Frequency  with  External  Capacitor 

4 

kHz 

OSC  SEL  =  0  V,  Cosc  =  47  pF 


NOTE 

'WDI  is  a  three  level  input  which  is  internally  biased  to  38%  of  Vcc  and  has  an  input  impedance  of  approximately  125  kfl. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc  "°-3  V  to  +6  V 

VBA1-r  -0.3  V  to  +6  V 

All  Other  Inputs  -0.3  V  to  VOUT  +  0.5  V 

Input  Current 

Vcc   200  mA 

Vbatt  50  mA 

GND  20  mA 

Digital  Output  Current  20  mA 

Power  Dissipation,  N-8  DIP   400  mW 

6JA  Thermal  Impedance   120°C/W 

Power  Dissipation,  Q-8  DIP    500  mW 

6JA  Thermal  Impedance   125°C/W 

Power  Dissipation,  N-16  DIP    600  mW 

8JA  Thermal  Impedance   135°C/W 

Power  Dissipation,  Q-16  DIP    600  mW 

6JA  Thermal  Impedance   100°C/W 

Power  Dissipation,  R-16  SOIC   600  mW 

6JA  Thermal  Impedance   110°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Vapor  Phase  (60  sees)   +215°C 

Infrared  (15  sees)   +220°C 

Storage  Temperature  Range   -65°C  to  +150°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  of  time  may  affect  device 
reliability. 
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Model 

Temperature  Range 

raCKdgc  \J  pi  ion 

ADM690AN 

-40°Cto  +85°C 

N-8 

ADM690AQ 

-40°C  to  +85°C 

Q-8 

ADM690SQ 

-55°Cto  +  125°C 

Q-8 

ADM691AN 

-40°Cto  +  85°C 

N-16 

ADM691AR 

-40°C  to  +  85°C 

R-16 

ADM691AQ 

-40°Cto  +85°C 

Q-16 

ADM691SQ 

-55°C  to  +125°C 

Q-16 

ADM692AN 

-40°C  to  +85°C 

N-8 

ADM692AQ 

-40°C  to  +85°C 

Q-8 

ADM692SQ 

-55°C  to  +125°C 

Q-8 

ADM693AN 

-40°C  to  +85°C 

N-16 

ADM693AR 

-40°C  to  +85°C 

R-16 

ADM693AQ 

-40°C  to  +85°C 

Q-16 

ADM693SQ 

-55°C  to  +125°C 

Q-16 

ADM694AN 

-40°C  to  +85°C 

N-8 

ADM694AQ 

-40°Cto  +85°C 

Q-8 

ADM694SQ 

-55°Cto  +125°C 

Q-8 

ADM695AN 

-40°C  to  +  85°C 

N-16 

ADM695AR 

-40°C  to  +  85°C 

R-16 

ADM695AQ 

-40°C  to  +85°C 

Q-16 

ADM695SQ 

-55°C  to  +125°C 

Q-16 

*For  outline  information  see  Package  Information  section. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  ADM690-ADM695  features  proprietary  ESD  protection  circuitry,  permanent 
damage  may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore, 
proper  ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of 
functionality. 
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PIN  FUNCTION  DESCRIPTION 


ADM690-ADM695 


Mnemonic  Function 


GND 
RESET 


WDI 

PFI 
PFO 


CE, 
CEn 


IX 


BATT  ON 

LOW  LINE 

RESET 
OSC  SEL 


OSC  IN 


■* 


WDO 


Power  Supply  Input:  +5  V  Nominal. 

Backup  Battery  Input.  Connect  to  Ground  if  a  backup  battery  is  not  used. 

Output  Voltage,  Vcc  or  VBATT  is  internally  switched  to  VOUT  depending  on  which  is  at  the  highest  potential.  VOUT 
can  supply  up  to  100  mA  to  power  CMOS  RAM.  Connect  VOUT  to  Vcc  if  Voux  and  VBAXT  are  not  used. 
0  V.  Ground  reference  for  all  signals. 
Logic  Output.  RESET  goes  low  if 

1.  Vcc  :"alls  below  the  Reset  Threshold 

2.  Vcc  falls  below  VBAXX 

3.  The  watchdog  timer  is  not  serviced  within  its  timeout  period. 

The  reset  threshold  is  typically  4.65  V  for  the  ADM690/ADM691/ADM694/ADM695  and  4.4  V  for  the  ADM692  and 
ADM69).  RESET  remains  low  for  50  ms  (ADM690/ADM691/ADM692/ADM693)  or  200  ms  (ADM694/ADM695) 
after  Vc,;  returns  above  the  threshold.  RESET  also  goes  low  for  50  (200)  ms  if  the  watchdog  timer  is  enabled  but  not 
serviced  within  its  timeout  period.  The  RESET  pulse  width  can  be  adjusted  on  the  ADM691/ADM693/ADM695  as 
shown  ir  Table  I.  The  RESET  output  has  an  internal  3  uA  pull  up,  and  can  either  connect  to  an  open  collector 
Reset  bus  or  directly  drive  a  CMOS  gate  without  an  external  pull-up  resistor. 

Watchdog  Input.  WDI  is  a  three  level  input.  If  WDI  remains  either  high  or  low  for  longer  than  the  watchdog  timeout 
period,  RESET  pulses  low  and  WDO  goes  low.  The  timer  resets  with  each  transition  on  the  WDI  line.  The  watchdog 
timer  may  be  disabled  if  WDI  is  left  floating  or  is  driven  to  midsupply. 

Power  F;iil  Input.  PFI  is  the  noninverting  input  to  the  Power  Fail  Comparator  When  PFI  is  less  than  1.3  V,  PFO 
goes  low.  Connect  PFI  to  GND  or  VOUT  when  not  used. 

Power  Fiji  Output.  PFO  is  the  output  of  the  Power  Fail  Comparator.  It  goes  low  when  PFI  is  less  than  1.3  V.  The 

comparator  is  turned  off  and  PFO  goes  low  when  Vcc  is  below  VBATT. 

Logic  Input.  The  input  to  the  CE  gating  circuit.  Connect  to  GND  or  VOUT  if  not  used. 

Logic  Output.  CEoux  is  a  gated  version  of  fhe_CEIN  signal.  CEOUT  tracks  CE,N  when  Vcc  is  above  the  reset 

threshold.  If  Vcc  is  below  the  reset  threshold,  CEoux  is  forced  high.  See  Figures  5  and  6. 

Logic  Output.  BATT  ON  goes  high  when  Voux  is  internally  switched  to  the  VBAXX  input.  It  goes  low  when  Voux 
is  interna  Jy  switched  to  Vcc.  The  output  typically  sinks  35  mA  and  can  directly  drive  the  base  of  an  external 
PNP  transistor  to  increase  the  output  current  above  the  100  mA  rating  of  Voux. 

Logic  Output.  LOW  LINE  goes  low  when  Vcc  falls  below  the  reset  threshold.  It  returns  high  as  soon  as  Vcc  rises 
above  the  reset  threshold. 

Logic  Oucput.  RESET  is  an  active  high  output.  It  is  the  inverse  of  RESET. 

Logic  Ostillator  Select  Input.  When  OSC  SEL  is  unconnected  (floating)  or  driven  high,  the  internal  oscillator  sets 
the  reset  iictive  time  and  watchdog  timeout  period.  When  OSC  SEL  is  low,  the  external  oscillator  input,  OSC  IN, 
is  enabled.  OSC  SEL  has  a  3  p-A  internal  pull  up,  (see  Table  I). 

Oscillator  Logic  Input.  With  OSC  SEL  low,  OSC  IN  can  be  driven  by  an  external  clock  signal  or  an  external 
capacitor  can  be  connected  between  OSC  IN  and  GND.  This  sets  both  the  reset  active  pulse  timing  and 
the  watchdog  timeout  period  (see  Table  I  and  Figure  4).  With  OSC  SEL  high  or  floating,  the  internal  oscillator  is 
enabled  and  the  reset  active  time  is  fixed  at  50  ms  typ.  (ADM691/93)  or  200  ms  typ  (ADM695).  In  this  mode  the 
OSC  IN  pin  selects  between  fast  (100  ms)  and  slow  (1.6  s)  watchdog  timeout  periods.  In  both  modes,  the  timeout 
period  immediately  after  a  reset  is  1.6  s  typical. 

Logic  Output.  The  Watchdog  Output,  WDO,  goes  low  if  WDI  remains  either  high  or  low  for  longer  than  the 
watchdog  cimeout  period.  WDO  is  set  high  by  the  next  transition  at  WDI.  If  WDI  is  unconnected  or  at  midsupply, 
the  watchdog  timer  is  disabled  and  WDO  remains  high.  WDO  also  goes  high  when  LOW  LINE  goes  low. 
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ADRA6Q0  ADftfl6il5 


PIN  CONFIGURATIONS 


rE 
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CC  ADM694 

gnd|T 


ADM690 

VBATT 

ADM692  TIrese? 
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7]  WO 
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WE 
v0UtE 


LOW 


v  line  [7 


OSC  IN  (7 
OSC  SEL  [7 


ADM691 


16~1  RESET 
l7]  RESET 


vccE  ADM693  iTJwdo 
gnd[7]    ADM695  jjjg^ 

23  "out 

TT|woi 

1Q~|  PFO 
TJpFI 


HTOP  VIEW 
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PRODUCT  SELECTION  GUIDE 


Part 
Number 

Nominal  Reset 
Time 

Nominal  Vcc 
Reset  Threshold 

Nominal  Watchdog 
Timeout  Period 

Battery  Backup 
Switching 

Base  Drive 
Ext  PNP 

Chip  Enable 
Signals 

ADM690 

50  ms 

4.65  V 

1.6  s 

Yes 

No 

No 

ADM691 

50  ms  or  ADJ 

4.65  V 

100  ms,  1.6  s,  ADJ 

Yes 

Yes 

Yes 

ADM692 

50  ms 

4.4  V 

1.6  s 

Yes 

No 

No 

ADM693 

50  ms  or  ADJ 

4.4  V 

100  ms,  1.6  s,  ADJ 

Yes 

Yes 

Yes 

ADM694 

200  ms 

4.65  V 

1.6  s 

Yes 

No 

No 

ADM695 

200  ms  or  ADJ 

4.65  V 

100  ms,  1.6  s,  ADJ 

Yes 

Yes 

Yes 

CIRCUIT  INFORMATION 
Battery  Switchover  Section 

The  battery  switchover  circuit  compares  Vcc  to  the  VBATT 
input,  and  connects  VOUt  to  whichever  is  higher.  Switchover 
occurs  when  Vcc  is  50  mV  higher  than  VBATT  as  Vcc  falls,  and 
when  Vcc  is  70  mV  greater  than  VBAXT  as  Vcc  rises.  This 
20  mV  of  hysteresis  prevents  repeated  rapid  switching  if  Vcc 
falls  very  slowly  or  remains  nearly  equal  to  the  battery  voltage. 


Figure  7.  Battery  Switchover  Schematic 

During  normal  operation  with  Vcc  higher  than  VBATT,  Vcc  is 
internally  switched  to  Voux  via  an  internal  PMOS  transistor 
switch.  This  switch  has  a  typical  on-resistance  of  1.5  fi  and  can 
supply  up  to  100  mA  at  the  VOUT  terminal.  Voux  is  normally 
used  to  drive  a  RAM  memory  bank  which  may  require  instanta- 
neous currents  of  greater  than  100  mA.  If  this  is  the  case  then  a 
bypass  capacitor  should  be  connected  to  VOUT.  The  capacitor 
will  provide  the  peak  current  transients  to  the  RAM.  A  capaci- 
tance value  of  0.1  u-F  or  greater  may  be  used. 


If  the  continuous  output  current  requirement  at  VOUT  exceeds 
100  mA  or  if  a  lower  Vcc-VOUT  voltage  differential  is  desired, 
an  external  PNP  pass  transistor  may  be  connected  in  parallel 
with  the  internal  transistor.  The  BATT  ON  output  (ADM691/ 
ADM693/ADM695)  can  directly  drive  the  base  of  the  external 
transistor. 

A  20  fl  MOSFET  switch  connects  the  VBAXX  input  to  VOUT 
during  battery  backup.  This  MOSFET  has  very  low  input-to- 
output  differential  (dropout  voltage)  at  the  low  current  levels 
required  for  battery  back  up  of  CMOS  RAM  or  other  low  power 
CMOS  circuitry.  The  supply  current  in  battery  back  up  is  typi- 
cally 0.6  |xA. 

The  ADM690/ADM691/ADM694/ADM695  operates  with  bat- 
tery voltages  from  2.0  V  to  4.25  V  and  the  ADM692/ADM693 
operates  with  battery  voltages  from  2.0  V  to  4.0  V.  High  value 
capacitors,  either  standard  electrolytic  or  the  farad  size  double 
layer  capacitors,  can  also  be  used  for  short-term  memory  back 
up.  A  small  charging  current  of  typically  10  nA  (0.1  )iA  max) 
flows  out  of  the  VBATT  terminal.  This  current  is  useful  for 
maintaining  rechargeable  batteries  in  a  fully  charged  condition. 
This  extends  the  life  of  the  back  up  battery  by  compensating  for 
its  self  discharge  current.  Also  note  that  this  current  poses  no 
problem  when  lithium  batteries  are  used  for  back  up  since  the 
maximum  charging  current  (0.1  |aA)  is  safe  for  even  the  smallest 
lithium  cells. 

If  the  battery-switchover  section  is  not  used,  VBATT  should  be 
connected  to  GND  and  Voux  should  be  connected  to  V^. 
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ADM690-ADM695 


POWER  FAIL  RESET  OUTPUT   

RESET  is  an  active  low  output  which  provides  a  RESET  signal 
to  the  Microprocessor  whenever  Vcc  is  at  an  invalid  level. 
When  Vcc  falls  below  he  reset  threshold  the  RESET  output  is 
forced  low.  The  nominil  reset  voltage  threshold  is  4.65  V 
(ADM690/ADM691/ADM694/ADM695)  or  4.4  V  (ADM692/ 
ADM693). 


 1  1       I  V 


LOW  LINE 


t,  =  RESET  TIME. 

VI  ■  RESET  VOLTAGE  THRESHOLD  LOW 
V2  ■  RESET  VOLT*  QE  THRESHOLD  HIGH 
HYSTERESIS  ■  V2-V1 

Figure  2.  Power  Fail  Reset  Timing 


On  power-up  RESET  will  remain  low  for  50  ms  (200  ms  for 
ADM694  and  ADM695]  after        rises  above  the  appropriate 
reset  threshold.  This  allows  time  for  the  power  supply  and 
microprocessor  to  stabilize.  On  power-down,  the  RESET  output 
remains  low  with  Vcc  a;  low  as  1  V.  This  ensures  that  the 
microprocessor  is  held  in  a  stable  shutdown  condition. 

This  RESET  active  time  is  adjustable  on  the  ADM691/ 
ADM693/ADM695  by  using  an  external  oscillator  or  by 
connecting  an  external  capacitor  to  the  OSC  IN  pin.  Refer  to 
Table  I  and  Figure  4. 

The  guaranteed  minimum  and  maximum  thresholds  of  the 
ADM690/ADM691/ADM694/ADM695  are  4.5  V  and  4.73  V, 
while  the  guaranteed  thresholds  of  the  ADM692/ADM693  are 
4.25  V  and  4.48  V.  The  ADM690/ADM691/ADM694/ADM695 
is,  therefore,  compatible  with  5  V  supplies  with  a  + 10%,  -5% 
tolerance  while  the  ADM  692/ADM693  is  compatible  with  5  V  ± 
10%  supplies.  The  reset  hreshold  comparator  has  approximately 
50  mV  of  hysteresis.  The  response  time  of  the  reset  voltage 
comparator  is  less  than  1  u.s.  If  glitches  are  present  on  the  Vcc 
line  which  could  cause  spurious  reset  pulses,  then  Vcc  should 
be  decoupled  close  to  the  device. 

In  addition  to  RESET  th  :  ADM691/ADM693/ADM695  contain 
an  active  high  RESET  output.  This  is  the  complement  of 
RESET  and  is  intended  f«r  processors  requiring  an  active  high 
RESET  signal. 


Watchdog  Timer  RESET 

The  watchdog  timer  circuit  monitors  the  activity  of  the  micro- 
processor in  order  to  check  that  it  is  not  stalled  in  an  indefinite 
loop.  An  output  line  on  the  processor  is  used  to  toggle  the 
Watchdog  Input  (WDI)  line.  If  this  line  is  not  toggled  within 
the  selected  timeout  period,  a  RESET  pulse  is  generated.  The 
nominal  watchdog  timeout  period  is  preset  at  1.6  seconds  on  the 
ADM690/ADM692/ADM694.  The  ADM691/ADM693/ADM695 
may  be  configured  for  either  a  fixed  "short"  100  ms  or  a  "long" 
1.6  second  timeout  period  or  for  an  adjustable  timeout  period.  If 
the  "short"  period  is  selected,  some  systems  may  be  unable  to 
service  the  watchdog  timer  immediately  after  a  reset,  so  the 
ADM691/ADM693/ADM695  automatically  selects  the  "long" 
timeout  period  directly  after  a  reset  is  issued.  The  watchdog 
timer  is  restarted  at  the  end  of  reset,  whether  the  reset  was 
caused  by  lack  of  activity  on  WDI  or  by  Vcc  falling  below  the 
reset  threshold. 

The  normal  (short)  timeout  period  becomes  effective  following 
the  first  transition  of  WDI  after  RESET  has  gone  inactive.  The 
watchdog  timeout  period  restarts  with  each  transition  on  the 
WDI  pin.  To  ensure  that  the  watchdog  timer  does  not  time  out, 
either  a  high-to-low  or  low-to-high  transition  on  the  WDI  pin 
must  occur  at  or  less  than  the  minimum  timeout  period.  If  WDI 
remains  permanently  either  high  or  low,  reset  pulses  will  be 
issued  after  each  "long"  timeout  period  (1.6  s).  The  watchdog 
monitor  can  be  deactivated  by  floating  the  Watchdog  Input 
(WDI)  or  by  connecting  it  to  midsupply. 


RESET  | 


t,  =  RESET  TIME. 

tj  =  NORMAL  (SHORT)  WATCHDOG  TIMEOUT  PERIOD. 

tj  •  WATCHDOG  TIMEOUT  PERIOD  IMMEDIATELY  FOLLOWING  A  RESET. 

Figure  3.  Watchdog  Timeout  Period  and  Reset  Active 
Time 
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OSCSEL 

OSC  IN 

Watchdog  Timeout  Period 

Reset  Active  Period 

Normal 

Immediately 
After  Reset 

ADM691/ADM693 

ADM695 

Low 
Low 

Floating  or  High 
Floating  or  High 

External  Clock  Input 
External  Capacitor 
Low 

Floating  or  High 

1024  CLKS 
400  ms  x  C/47  pF 
100  ms 
1.6  s 

4096  CLKS 
1.6  s  x  C/47  pF 
1.6  s 
1.6  s 

512  CLKS 

200  ms  x  C/47  pF 

50  ms 

50  ms 

2048  CLKS 
800  ms  x  C/47  pF 
200  ms 
200  ms 

8 

OSC  SEL 

-L 

ADM691 
ADM693 
ADM695 

7 

OSC  IN 

lc 

—i-  *-osc 

Figure  4b.  External  Capacitor 


NOTE 

With  the  OSC  SEL  pin  low,  OSC  IN  can  be  driven  by  an  external  clock  signal,  or  an  external  capacitor  can  be  connected  between  OSC  IN  and  GND.  The 
nominal  internal  oscillator  frequency  is  10.24  kHz.  The  nominal  oscillator  frequency  with  external  capacitor  is:  Fosc  (Hz)  =  184,000/C  (pF). 

The  watchdog  timeout  period  is  fixed  at  1.6  seconds,  and  the 
reset  pulse  width  is  fixed  at  50  ms  on  the  ADM690/ADM692. 
On  the  ADM694  the  watchdog  timeout  period  is  also  1.6  sec- 
onds but  the  reset  pulse  width  is  fixed  at  200  ms.  The 
ADM691/ADM693/ADM695  allow  these  times  to  be  adjusted  as 
shown  in  Table  I.  Figure  4  shows  the  various  oscillator  configu- 
rations which  can  be  used  to  adjust  the  reset  pulse  width  and 
watchdog  timeout  period. 

The  internal  oscillator  is  enabled  when  OSC  SEL  is  high  or 
floating.  In  this  mode,  OSC  IN  selects  between  the  1.6  second 
and  100  ms  watchdog  timeout  periods.  With  OSC  IN  connected 
high  or  floating,  the  1.6  second  timeout  period  is  selected;  while 
with  it  connected  low,  the  100  ms  timeout  period  is  selected.  In 
either  case,  immediately  after  a  reset,  the  timeout  period  is  1.6 
seconds.  This  gives  the  microprocessor  time  to  reinitialize  the 
system.  If  OSC  IN  is  low,  then  the  100  ms  watchdog  period 
becomes  effective  after  the  first  transition  of  WDI.  The  software 
should  be  written  such  that  the  1/0  port  driving  WDI  is  left  in 
its  power-up  reset  state  until  the  initialization  routines  are  com- 
pleted and  the  microprocessor  is  able  to  toggle  WDI  at  the  mini- 
mum watchdog  timeout  period  of  70  ms. 

Watchdog  Output  (WDO)  

The  Watchdog  Output  WDO  (ADM691/ADM693/ADM695) 
provides  a  status  output  which  goes  low  if  the  watchdog  timer 
"times  out"  and  remains  low  until  set  high  by  the  next  transi- 
tion on  the  Watchdog  Input.  WDO  is  also  set  high  when  Vcc 
goes  below  the  reset  threshold. 


CLOCK 
0  TO  250kHz 


ADM691 
ADM693 
ADM695 


NC 

8 

OSC  SEL 

ADM691 
ADM693 
ADM695 

- 

NC 

'.'  i  •  ,it.7' 

OSC  IN 

Figure  4c.  Internal  Oscillator  (1.6  Second 

NC 

8 

OSC  SEL 

ADM691 
ADM693 
ADM695 

7 

OSC  IN 

Figure  4d.  Internal  Oscillator  (100  ms  Watchdog) 


Figure  4a.  External  Clock  Source 
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ADM690-ADM695 


CE  Gating  and  RAM  Write  Protection  (ADM691/ADM693/ 
ADM695) 

The  ADM691/ADM69.i/ADM695  products  include  memory 
protection  circuitry  wh:  ch  ensures  the  integrity  of  data  in  mem- 
ory by  preventing  write  operations  when  Vcc  is  at  an  invalid 
level.  There  are  two  additional  pins,  CE^  and  CEOUT,  which 
may  be  used  to  control  the  Chip  Enable  or  Write  inputs  of 
CMOS  RAM.  When  V,;c  is  present,  CEOUT  is  a  buffered  rep- 
lica of  CEIN,  with  a  5  r  s  propagation  delay.  When  Vcc  falls 
below  the  reset  voltage  threshold  or  VBATT,  an  internal  gate 
forces  CEoux  high,  independent  of  CEIN. 

CEOUT  typically  drives  the  CE,  CS,  or  write  input  of  battery 
backed  up  CMOS  RAM.  This  ensures  the  integrity  of  the  data 
in  memory  by  preventing  write  operations  when  Vcc  is  at  an 
invalid  level.  Similar  protection  of  EEPROMs  can  be  achieved 
by  using  the  CEOUT  to  drive  the  store  or  write  inputs. 

If  the  5  ns  typical  propagation  delay  of  CEOUT  is  excessive,  con- 
nect CEIN  to  GND  and  use  the  resulting  CEoux  to  control  a 
high  speed  external  logi  :  gate. 


ce,n 


CE0UT 


Figure  5.  Chip  Enable  Gating 


i  i 
i  i 


H— t.- 


 1 — 


i  i 


CEou 


i 

t,  =  RESET  TIME. 

V1  =  RESET  VOLTAGE  "HRESHOLD  LOW 
V2  ■  RESET  VOLTAGE  "HRESHOLD  HIGH 
HYSTERESIS  =  V2-V1 


Figure  6.  Chip  Enable  Timing 


Power  Fail  Warning  Comparator 

An  additional  comparator  is  provided  for  early  warning  of  fail- 
ure in  the  microprocessor's  power  supply.  The  Power  Fail  Input 
(PFI)  is  compared  to  an  internal  +1.3  V  reference.  The  Power 
Fail  Output  (PFO)  goes  low  when  the  voltage  at  PFI  is  less  than 
1.3  V.  Typically  PFI  is  driven  by  an  external  voltage  divider 
which  senses  either  the  unregulated  dc  input  to  the  system's  5  V 
regulator  or  the  regulated  5  V  output.  The  voltage  divider  ratio 
can  be  chosen  such  that  the  voltage  at  PFI  falls  below  1.3  V  sev- 
eral milliseconds  before  the  +  5  V  power  supply  falls  below  the 
reset  threshold.  PFO  is  normally  used  to  interrupt  the  micropro- 
cessor so  that  data  can  be  stored  in  RAM  and  the  shut  down 
procedure  executed  before  power  is  lost. 


Figure  7.  Power  Fail  Comparator 


Table  II.  Input  and  Output  Status  In  Battery  Backup  Mode 


Signal 


vOUT 

RESET 
RESET 

LOW  LINE 
BATT  ON 

WDI 


WDO 

PFI 

PFO 
CEIN 


dioUT 

OSC  IN 
OSC  SEL 


Status 


Voux  is  connected  to  VBATT  via  an  internal 
PMOS  switch. 
Logic  low. 

Logic  high.  The  open  circuit  output  voltage  is 
equal  to  Voux. 
Logic  low. 

Logic  high.  The  open  circuit  voltage  is  equal  to 

WDI  is  ignored.  It  is  internally  disconnected 
from  the  internal  pull-up  resistor  and  does  not 
source  or  sink  current  as  long  as  its  input  voltage 
is  between  GND  and  VOUT  The  input  voltage 
does  not  affect  supply  current. 
Logic  high.  The  open  circuit  voltage  is  equal 

10  VOUT- 

The  Power  Fail  Comparator  is  turned  off  and 
has  no  effect  on  the  Power  Fail  Output. 
Logic  low. 

CEIN  is  ignored.  It  is  internally  disconnected 
from  its  internal  pull-up  and  does  not  source  or 
sink  current  as  long  as  its  input  voltage  is 
between  GND  and  VOUT.  The  input  voltage 
does  not  affect  supply  current. 
Logic  high.  The  open  circuit  voltage  is  equal  to 

V0UT- 

OSC  IN  is  ignored. 
OSC  SEL  is  ignored. 
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FEATURES 

Superior  Upgrade  for  MAX696/MAX697 
Specified  Over  Temperature 
Adjustable  Low  Line  Voltage  Monitor 
Power  OK/Reset  Time  Delay 
Reset  Assertion  Down  to  1  V  Vcc 
Watchdog  Timer- 100  ms,  1.6  s,  or  Adjustable 
Low  Switch  On  Resistance 
1.5  ft  Normal,  20  ft  in  Backup 
600  nA  Standby  Current 

Automatic  Battery  Backup  Switching  (ADM696) 
Fast  On-Board  Gating  of  Chip  Enable  Signals  (ADM697) 
Voltage  Monitor  for  Power  Fail  or  Low  Battery 


APPLICATIONS 
Microprocessor  Systems 
Computers 
Controllers 

Intelligent  Instruments 
Automotive  System;; 
Critical  p.P  Power  Monitoring 


GENERAL  DESCRIPTION 

The  ADM696/ADM697  supervisory  circuits  offer  complete  sin- 
gle chip  solutions  for  power  supply  monitoring  and  battery  con- 
trol functions  in  microprocessor  systems.  These  functions 
include  u.P  reset,  backup-battery  switchover,  watchdog  timer, 
CMOS  RAM  write  protection,  and  power  failure  warning. 

The  ADM696/ADM697  are  available  in  16-pin  DIP  and  small 
outline  packages  and  provide  the  following  functions: 

1 .  Power-On  Reset  output  during  power-up,  power-down  and 
brownout  conditions.  The  RESET  voltage  threshold  is 
adjustable  using  an  external  voltage  divider.  The  RESET 
output  remains  operational  with  Vcc  as  low  as  1  V. 

2.  A  Reset  pulse  if  the  optional  watchdog  timer  has  not  been 
toggled  within  a  specified  time. 

3.  Separate  watchdog  timeout  and  low  line  status  outputs. 

4.  Adjustable  reset  and  watchdog  timeout  periods. 

5.  A  1.3  V  threshold  detector  for  power  fail  warning,  low  bat- 
tery detection,  or  to  monitor  a  power  supply  other  than  Vcc. 

6.  Battery  backup  switching  for  CMOS  RAM,  CMOS  micro- 
processor or  other  low  power  logic  (ADM696). 

7.  Write  protection  of  CMOS  RAM  or  EEPROM  (ADM697). 


FUNCTIONAL  BLOCK  DIAGRAMS 




OSC  IN  ( 
OSC  SEL  { 


WATCHDOG  /*\ 
INPUT  (WD1)  V 


POWER  FAIL 
INPUT  (PFI) 


WATCHDOG 
TRANSITION  DETECTOR 


ADM697 


? POWER  FAIL 
OUTPUT (PFO) 


The  ADM696/ADM697  is  fabricated  using  an  advanced  epitaxial 
CMOS  process  combining  low  power  consumption  (5  mW), 
extremely  fast  Chip  Enable  gating  (5  ns)  and  high  reliability. 
RESET  assertion  is  guaranteed  with  Vcc  as  low  as  1  V.  In  addi- 
tion, the  power  switching  circuitry  is  designed  for  minimal  volt- 
age drop  thereby  permitting  increased  output  current  drive  of 
up  to  100  mA  without  the  need  for  an  external  pass  transistor. 


This  is  an  abridged  data  sheet  To  obtain  the 


To< 


l  at  1-800-446-6212. 
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TM„  unless  otherwise  noted.) 


ADM696/ADM697 


Parameter 


Min 


Typ 


Max 


Units 


Test< 


Vcc  Operating  Voltage  Range 
VBAXT  Operating  Voltage  Range 


3.0 
2.0 


5.5 

Vrr 


-  0.3 





BATTERY  BACKUP  SWITCHING  (ADM6%) 
VOUT  Output  Voltage 

VOUT  in  Battery  Backup  Mode 
Supply  Current  (exclud:s  I0ut) 
Supply  Current  in  Battery  Backup  Mode 
Battery  Standby  Current 
(+  =  Discharge,  -  =  Charge) 

Battery  Switchover  Thrjshold 
Vcc  —  VBATT 

Battery  Switchover  Hysteresis 

BATT  ON  Output  Voltage 

BATT  ON  Output  Short  Circuit  Current 


Vcc  -  0.05  Vcc  " 
Vcc  -  0  5  Vcc  - 
Vbatt  -  0.05  VBATr 
1 

0.6 


-0.1 
-1 


0.5 


70 
50 
20 

7 
1 


0.025 
0.25 
-  0.02 


1.95 
1 

+0.02 
+0.02 


0.4 

25 


V 
V 
V 

mA 
uA 

uA 
uA 
mV 
mV 
mV 
V 

mA 
uA 


lour  =  1  mA 
Wr  *  100  mA 

loUT  : 


0.2  V 


250  uA,  Vcc  <  VBATT 
out  _  100  mA 
Vcc  =  0  V,  VBATT  =  2.8  V 
5.5  V  >  Vcc  >  VBAXT  +  0.2  V 
TA  =  +25°C 

Power-Up 
Power-Down 


Isink  -  I  -6  mA 
BATT  ON  =  VOUT 
BATT  ON  =  VOUT) 
Source  Current 


=  2.4  V  Sink  Current 

Vcc  =  0  V, 


RESET  AND  WATCHD3G  TIMER 
Low  Line  Threshold  (LLIN) 
Reset  Timeout  Delay 

Watchdog  Timeout  Period,  Internal  Oscillator 

Watchdog  Timeout  Period,  External  Clock 

Minimum  WDI  Input  Ililse  Width 
RESET  Output  Voltage  @  Vcc  =  +1  V 
RESET,  RESET  Output  Voltage 


1.25 

35 

1.0 

70 

4032 

960 

50 


3.5 


1.3 
50 
1.6 
100 


1.35 

70 

2.25 

140 

4097 

1025 


V 

ms 

s 

ms 

Cych 

Cycles 


LOW  LINE,  WDO  Output  Voltage 

Output  Short  Circuit  Source  Current 

WDI  Input  Threshold 

Logic  Low 

Logic  High 

WDI  Input  Current 


3.5 
1 


3.5 
-50 


4 

200 

mV 

0.4 

V 

0.4 

V 

V 

0.4 

V 

V 

3 

25 

MA 

0.8 

V 

V 

20 

50 

uA 

-15 

uA 

1.3 

1.4 

V 

±15 

+  50 

mV 

±0.01 

+25 

nA 

±0.01 

+50 

nA 

0.4 

V 

V 

3 

25 

uA 

Vcc  =  +5  V,  +3  V 

OSC  SEL  =  HIGH,  V^  =  5  V,  TA  =  +25°C 
Long  Period,  Vcc  =  5  V,  TA  =  +25"C 
Short  Period,  Vcc  =  5  V,  TA  =  +25°C 
Long  Period 
Short  Period 

Vil  =  0.4,  Vm  =  3.5  V,  Vcc  =  5  V 

Isink  =  10  pA,  V^  =  1  V 

Isink  =  400  uA,  Vcc  =  2  V,  VBATT  =  0  V 

ISINK=  1.6  mA,3V<Vcc<  5.5  V 

Isource  =  1  M-A,  Vcc  =  5  V 

Isink  =  I-6  mA< 

Isource  =  1  mA,  Vcc  =  5  V 


Vcc  =  5  V 


WDI  i 


*OUT>  >. Vcc. 


(Vcc)  TA  =  +25°C 


WDI  =  0  V,  TA  =  +25°C 


POWER  FAIL  DETECTOR 
PFI  Input  Threshold 
PFI-LLIN  Threshold  Difference 
PFI  Input  Current 
LLIN  Input  Current 
PFO  Output  Voltage 

PFO  Short  Circuit  Source  Current 


1.2 
-50 

-25 

-50 

3.5 
1 


Vcc  =  +3  V,  +5  V 
Vcc  =  +3  V,  +5  V 


Isink  -  I-6 

Isource  =  1  M-A,  Vcc  =  5  V 
PFI  =  Low,  PFO  =  0  V 


CHIP  ENABLE  GATING  (ADM697) 
CEm  Threshold 


CE1N  Pullup  Current 
CEOUT  Output  Voltage 

CE  Propagation  Delay 


3.0 

Vcc  -  0.5 


0.8 

0.4 
25 


V 

V 

uA 

V 

V 


,  Vcc  =  5  V 


Isink  -  L6  ™A 
Isource  =  800  u.A 


OSCILLATOR 

OSC  IN  Input  Current 

OSC  SEL  Input  Pullup  Current 

OSC  IN  Frequency  Ranije 

OSC  IN  Frequency  with  Ext.  Capacitor 


±2 
5 


250 


uA 
uA 
kHz 
kHz 


OSC  SEL  =  0  V 
OSC  SEL  =  0  V,  Cosc  =  47  pF 


NOTE 

'WDI  is  a  three-level  input  wl  ich  is  internally  biased  to  38%  of       and  has  an  input  impedance  of  approximately  125  Ml. 

bject  to  c 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otheiwise  noted) 

Vcc  -0.3  V  to  +6  V 

Vbatt  "0.3  V  to  +6  V 

All  Other  Inputs  -0.3  V  to  VOUT  +  0.5  V 

Input  Current 

Vcc   200  mA 

VBATT  i  50  mA 

GND  20  mA 

Digital  Output  Current  20  mA 

Power  Dissipation,  N-16  DIP    600  mW 

6JA  Thermal  Impedance   135°C/W 

Power  Dissipation,  Q-16  DIP    600  mW 

9JA  Thermal  Impedance   100°C/W 


Power  Dissipation,  R-16  SOIC   600  mW 

BJA  Thermal  Impedance   1 10°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Lead  Temperature  (Soldering,  10  s)  +  300°C 

Vapor  Phase  (60  s)   +215°C 

Infrared  (15  s)   +220°C 

Storage  Temperature  Range   -65°C  to  +150°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
l  ratings  for  extended  periods  of  time  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD696/ADM697  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur 
on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions 
are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 



ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM696AN 

-40°C  to  +85°C 

N-16 

ADM696AR 

-40°C  to  +85°C 

R-16 

ADM696AQ 

-40°C  to  +85°C 

Q-16 

ADM696SQ 

-55°Cto  +125°C 

Q-16 

ADM697AN 

-40°C  to  +85°C 

N-16 

ADM697AR 

-40°C  to  +85°C 

R-16 

ADM697AQ 

-40°C  to  +85°C 

Q-16 

ADM697SQ 

-55°C  to  +125°C 

Q-16 

PIN  CONFIGURATIONS 


*For  outline  information  see  Package  Information  section. 


♦WE 
voutU 
vccE 

GND  [T 
BATT  ON  [T 
LOW  LINE  [T 
OSC  IN  [T 
OSC  SEL  [T 


ADM696 


TOP  VIEW 
(Not  to  Scale) 


Its]  RESET 
RESET 
14~]  WDO 

iT]  NC 

TT|  WDI 

10]  PFO 
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I 
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ADM696/ADM697 


PIN  FUNCTION  DESCRIPTION 


Mnemonic 


Pin  No. 
ADM696  ADM697 


Function 


GND 
RESET 

WDI 

PFI 
PFO 

CEIN 
CEOUT 

BATT  ON 


LOW  LINE 

RESET 
OSC  SEL 


OSC  IN 


WDO 


NC 
LL!N 


TEST 


4 

15 


11 

9 
10 


16 

8 


14 


5 
15 


11 

9 
10 

13 
12 


16 

8 


14 


Power  Supply  Input  +3  V  to  +5  V. 

Backup  Battery  Input.  Connect  to  Ground  if  a  backup  battery  is  not  used. 
Output  Voltage,  Vc 

c  or  Vbat-j-  is  internally  switched  to  Vq^t  depending  on  which  is  at  the 
highest  potential.  VOUT  can  supply  up  to  100  mA  to  power  CMOS  RAM.  Connect  VOUT  to 


VreifVc 


Vc 
■  and  V, 


CC  "  "OUT  "BATT  are  not  used 

0  V.  Ground  reference  for  all  signals. 


Logic  Output.  RESET  goes  low  whenever  LLIN  falls     low  1.3  V  or  when  Vcc  falls  below 
t"e  vbatt  mPut  voltage.  RESET  remains  low  for  50  .ns  after  LLIN  goes  above  1.3  V, 
RESET  also  goes  low  for  50  ms  if  the  watchdog  timer  is  enabled  but  not  serviced  within  its 
timeout  period.  The  RESET  pulse  width  can  be  adjusted  as  shown  in  Table  I. 
Watchdog  Input,  WDI  is  a  three  level  input.  If  WDI  remains  either  high  or  low  for  longer 
than  the  watchdog  timeout  period,  RESET  pulses  low  and  WDO  goes  low.  The  timer  resets 
with  each  transition  at  the  WDI  input.  The  watchdog  timer  is  disabled  when  WDI  is  left 
floating  or  is  driven  to  midsupply. 

Power  Fail  Input.  PFI  is  the  noninverting  input  to  the  Power  Fail  Comparator  when  PFI  is 
less  than  1.3  V,  PFO  goes  low.  Connect  PFI  to  GND  or  VOUT  when  not  used.  See  Figure  1. 

Power  Fail  Output.  PFO  is  the  output  of  the  Power  Fail  Comparator.  It  goes  low  when  PFI 
is  less  than  1.3  V.  The  comparator  is  turned  off  and  PFO  goes  low  when  Vcc  is  below 
Vbatt- 

Logic  Input.  The  input  to  the  CE  gating  circuit.  Connect  to  GND  or  VOUT  if  not  used. 

Logic  Output.  CEOUT  is  a  gated  version  of_ the  CEIN  signal.  CEoux  tracks  CE,N  when  LLIN 
is  above  1.3  V.  If  LLIN  is  below  1.3  V,  CEOUT  is  forced  high. 

Logic  Output.  BATT  ON  goes  high  when  VOUT  is  internally  switched  to  the  VBATT  input. 

It  goes  low  when  VOUT  is  internally  switched  to  Vcc.  The  output  typically  sinks  7  mA  and 

can  directly  drive  the  base  of  an  external  PNP  transistor  to  increase  the  output  current  above 

the  100  mA  rating  of  VOUT. 



Logic  Output.  LOW  LINE  goes  low  when  LLIN  falls  below  1.3  V.  It  returns  high  as  soon  as 
LL-x,  rises  above  1.3  V 


Logic  Output.  RESET  is  an  active  high  output.  It  is  the  inverse  of  RESET. 
Logic  Oscillator  Select  Input.  When  OSC  SEL  is  unconnected  or  driven  high,  the  internal 
oscillator  sets  the  reset  time  delay  and  watchdog  timeout  period.  When  OSC  SEL  is  low,  the 
external  oscillator  input,  OSC  IN,  is  enabled.  OSC  SEL  has  a  3  uA  internal  pullup.  See 
Table  I  and  Figure  4. 

Logic  Oscillator  Input.  When  OSC  SEL  is  low,  OSC  IN  can  be  driven  by  an  external  clock 
to  adjust  both  the  reset  delay  and  the  watchdog  timeout  period.  The  timing  can  also  be 
adjusted  by  connecting  an  external  capacitor  to  this  pin.  See  Table  I  and  Figure  4.  When 
OSC  SEL  is  high  or  floating,  OSC  IN  selects  between  fast  and  slow  watchdog  timeout 
periods. 


Logic  Output.  The  Watchdog  Output,  WDO,  goes  low  if  WDI  remains  either  high  or  low 
for  longer  than  the  watchdog  timeout  period.  WDO  is  set  high  by  the  next  transition  at 
WDI.  If  WDI  is  unconnected  or  at  midsupply,  WDO  remains  high.  WDO  also  goes  high 
when  LOW  LINE  goes  low. 
No  Connect.  It  should  be  left  open. 

Voltage  Sensing  Input.  The  voltage  on  the  low  line  input,  LLIN,  is  compared  with  a  1.3  V 
reference  voltage.  This  input  is  normally  used  to  monitor  the  power  supply  voltage.  The 
output  of  the  comparator  generates  a  LOW  LINE  output  signal.  It  also  generates  a 
RESET/RESET  output. 

This  is  a  special  test  pin  using  during  device  manufacture.  It  should  be  connected  to  GND. 
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CIRCUIT  INFORMATION 
Battery-Switchover  Section  (ADM696) 

The  battery  switchover  circuit  compares  Vcc  to  the  VBATT 
input,  and  connects  Voux  to  whichever  is  higher.  Switchover 
occurs  when  Vcc  is  50  mV  higher  than  VBATX  as  Vcc  falls,  and 
when  Vcc  is  70  mV  greater  than  VBATT  as  Vcc  rises.  This 
20  mV  of  hysteresis  prevents  repeated  rapid  switching  if  Vcc 
falls  very  slowly  or  remains  nearly  ecftl  to  the  battery  voltage. 

During  normal  operation  with  Vcc  higher  than  VBATT)  Vcc  is 
internally  switched  to  VOUT  via  an  in'^rnal  PMOS  transistor 
switch.  This  switch  has  a  typical  on  rr— stance  of  1.5  fl  and  can 
supply  up  to  100  mA  at  the  VOUT       inal.  Voux  is  normally 
used  to  drive  a  RAM  memory  barJ>eV     h  may  require  instanta- 
neous currents  of  greater  than  100  mA.  If  this  is  the  case,  then  a 
bypass  capacitor  should  be  connected  to  Voux.  The  capacitor 
will  provide  the  peak  current  transients  to  the  RAM.  A  capaci- 
tance value  of  0.1  u.F  or  greater  may  be  used. 

If  the  continuous  output  current  requirement  at  VOUT  exceeds 
100  mA  or  if  a  lower  Vcc-VOUT  voltage  differential  is  desired, 
an  external  PNP  pass  transistor  may  be  connected  in  parallel 
with  the  internal  transistor.  The  BATT  ON  output  can  directly 
drive  the  base  of  the  external  transistor. 
A  20  n  MOSFET  switch  connects  the  VBATT  input  to  VOUT 
during  battery  backup.  This  MOSFET  has  very  low  input-to- 
output  differential  (dropout  voltage)  at  the  low  current  levels 
required  for  battery  backup  of  CMOS  RAM  or  other  low  power 
CMOS  circuitry.  The  supply  current  in  battery  backup  is  typi- 
caUy0.6aA. 

The  ADM696  operates  with  battery  voltages  from  2.0  V  to  Vcc 
-0.3  V).  High  value  capacitors,  either  standard  electrolytic  or 
the  farad-size  double  layer  capacitors,  can  also  be  used  for  short- 
term  memory  backup.  A  small  charging  current  of  typically 
10  nA  (0.1  uA  max)  flows  out  of  the  VBATT  terminal.  This  cur- 
rent is  useful  for  maintaining  rechargeable  batteries  in  a  fully 
charged  condition.  This  extends  the  life  of  the  backup  battery 
by  compensating  for  its  self  discharge  current.  Also  note  that 
this  current  poses  no  problem  when  lithium  batteries  are  used 
for  backup  since  the  maximum  charging  current  (0.1  uA)  is  safe 
for  even  the  smallest  lithium  cells. 

If  the  battery-switchover  section  is  not  used,  VBATT  should  be 
connected  to  GND  and  VOUt  should  be  connected  to  Vcc- 


BATT  ON 

(ADM691,  ADM693, 


■ 


Low  Line  RESET  OUTPUT   

RESET  is  an  active  low  output  which  provides  a  RESET  signal 

to  the  microprocessor  whenever  the  Low  Line  Input  (LLIN)  is 

below  1.3  V.  The  LLIN  input  is  normally  used  to  monitor  the 

power  supply  voltage.  An  internal  timer  holds- RESET  low  for 

50ms  after  the  voltage  on  LLIN  rises  above  1.3  V.  This  is 

intended  as  a  power-on  RESET  signal  for  the  processor.  It 

allows  time  for  the  power  supply  and  microprocessor  td-stabi- 

lize.  On  power-down,  the  RESET  outjSOt  remains  low  with  Vcc 

as  low  as  1  V.  This  ensures  that  the  njicroprocessor  istheld  in  a 

stable  shutdown  condition.  '  ' 

*  si  ■* 
The  LLIN  comparator  has  approximately  12  mV  of  hysteresis 

for  enhanced  noise  immunity. 


In  addition  to  RESET,  an  active  high  RESET  output  is  also 
available.  This  is  the  complement  of  RESET  and  is  useful  for 
processors  requiring  an  active  high  RESET. 


I 


I 


1 


V1  =  RESET  VOLTAGE  THRESHOLD  LOW 
V2  =  RESET  VOLTAGE  THRESHOLD  HIGH 
HYSTERESIS  =  V2-V1 

Figure  2.  Power-Fail  Reset  Timing 


Watchdog  Timer  RESET 

The  watchdog  timer  circuit  monitors  the  activity  of  the  micro- 
processor in  order  to  check  that  it  is  not  stalled  in  an  indefinite 
loop.  An  output  line  on  the  processor  is  used  to  toggle  the 
Watchdog  Input  (WDI)  line.  If  this  line  is  not  toggled  within 
the  selected  timeout  period,  a  RESET  pulse  is  generated.  The 
ADM696/ADM697  may  be  configured  for  either  a  fixed  "short" 
100  ms  or  a  "long"  1.6  second  timeout  period  or  for  an  adjust- 
able timeout  period.  If  the  "short"  period  is  selected  some  sys- 
tems may  be  unable  to  service  the  watchdog  timer  immediately 
after  a  reset,  so  a  "long"  timeout  is  automatically  initiated 
directly  after  a  reset  is  issued.  The  watchdog  timer  is  restarted 
at  the  end  of  Reset,  whether  the  Reset  was  caused  by  lack  of 
activity  on  WDI  or  by  LLIN  falling  below  the  reset  threshold. 

The  normal  (short)  timeout  period  becomes  effective  following 
the  first  transition  of  WDI  after  RESET  has  gone  inactive.  The 
watchdog  timeout  period  restarts  with  each  transition  on  the 
WDI  pin.  To  ensure  that  the  watchdog  timer  does  not  time  out, 
either  a  high-to-low  or  low-to  high  transition  on  the  WDI  pin 
must  occur  at  or  less  than  the  minimum  timeout  period.  If  WDI 
remains  permanently  either  high  or  low,  reset  pulses  will  be 
issued  after  each  timeout  period  (1.6  s).  The  watchdog  monitor 
can  be  deactivated  by  floating  the  Watchdog  Input  (WDI)  or  by 
connecting  it  to  midsupply. 


Figure  1.  Battery  Switchover  Schematic 
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Table  I.  ADM696,  ADM697  Reset  Pulse  Width  and  Watchdog  Timeout  Selections 


OSC  SEL 

OSC  IN 

Watchdog  Timeout  Period 

Reset  Active  Period 

Normal 

Immediately  After  Reset 

Low 

External  Clock  Input 

1024  CLKS 

40%  CLKS 

512  CLKS 

Low 

External  Capacitor 

400  ms  x  C/47  pF 

1.6  s  x  C/47  pF 

200  ms  x  C/47  pF 

Floating  or  High 

Low 

100  ms 

1.6  s 

50  ms 

Floating  or  High 

Floating  or  High 

1.6  s 

1.6  s 

50  ms 

NOTE 

With  the  OSC  SEL  pin  low,  OSC  IN  can  be  driven  by  an  external  clock  signal,  or  an  external  capacitor  can  be  connected  between  OSC  IN  and  GND.  The 
nominal  internal  oscillator  frequency  is  10.24  kHz.  The  nominal  oscillator  frequency  with  external  capacitor  is:  Fosc  (Hz)  =  184,000/C  (pF). 


t,  =  RESET  TIME 
tj  =  NORMAL  (SHORT)  WATCHDOG  TIMEOUT  PERIOD 


tj  ■  WATCHDOG  TIMEOUT  PERIOD  IMMEDIATELY  FOLLOWING  A  RESET 

Figure  3.  Watchdog  Timeout  Period  and  Reset  Active  Time 

The  watchdog  timeout  period  defaults  to  1.6  s  and  the  reset 
pulse  width  defaults  to  50  ms  but  these  times  to  be  adjusted  as 
shown  in  Table  I.  Figure  4  shows  the  various  oscillator  configu- 
rations which  can  be  used  to  adjust  the  reset  pulse  width  and 
watchdog  timeout  period. 

The  internal  oscillator  is  enabled  when  OSC  SEL  is  high  or 
floating.  In  this  mode,  OSC  IN  selects  between  the  1.6  second 
and  100  ms  watchdog  timeout  periods.  In  either  case,  immedi- 
ately after  a  reset  the  timeout  period  is  1.6  s.  This  gives  the 
microprocessor  time  to  reinitialize  the  system.  If  OSC  IN  is  low, 
then  the  100  ms  watchdog  period  becomes  effective  after  the 
first  transition  of  WDI.  The  software  should  be  written  such 
that  the  I/O  port  driving  WDI  is  left  in  its  power-up  reset  state 
until  the  initialization  routines  are  completed  and  the  micropro- 
cessor is  able  to  toggle  WDI  at  the  minimum  watchdog  timeout 
period  of  70  ms. 


OSC  SEL 

ADM69X 

OSC  IN 

8 

OSC  SEL 

± 

ADM69X 

7 

OSC  IN 

J  OSC 

Figure  4b.  External  Capacitor 


Figure  4c.  Internal  Oscillator  (1.6  s  Watchdog) 


OSC  SEL 

OSC  IN 

ADM69X 

15 

Figure  4d.  Internal  Oscillator  (100  ms  Watchdog) 


Watchdog  Output  (WDO) 


The  Watchdog  Output  WDO  provides  a  status  output  which 
goes  low  if  the  watchdog  timer  "times  out"  and  remains  low 
until  set  high  by  the  next  transition  on  the  watchdog  input. 
WDO  is  also  set  high  when  LLIN  goes  below  the  reset 
threshold. 


Figure  4a.  External  Clock  Source 
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CE  Gating  and  RAM  Write  Protection  (ADM697) 

The  ADM697  contains  memory  protection  circuitry  which 
ensures  the  integrity  of  data  in  memory  by  preventing  write 
operations  when  LLIN  is  below  the  threshold  voltage.  When 
LL[N  is  greater  than  1.3  V,  CEOUT  is  a  buffered  replica  of 
CEIN,  with  a  5  ns  propagation  delay.  When  LLm  falls  below 
the  1.3  V  threshold,  an  internal  gate  forces  CEOUT  high,  inde- 
pendent of  CEIN. 

CEoux  typically  drives  the  CE,  CS,  or  Write  input  of  battery 
backed  up  CMOS  RAM.  This  ensures  the  integrity  of  the  data 
in  memory  by  preventing  write  operations  when  Vcc  is  at  an 
invalid  level. 

If  the  5  ns  typical  propagation  delay  of  CEOUT  is  excessive,  con- 
nect CEIN  to  GND  and  use  the  resulting  CEOUT  to  control  a 
high  speed  external  logic  gate. 


!   _ 

ADM697 

LL„  LOW  =  0 

"tn°k  =  1  —s  

Figure  5.  Chip  Enable  Gating 


CEOUT 


I 


V1  -  RESET  VOLTAGE  THRESHOLD  LOW 
V2  -  RESET  VOLTAGE  THRESHOLD  HIGH 
HYSTERESIS  ■  V2-V1 

Figure  6.  Chip  Enable  Timing 
Power  Fail  Warning  Comparator 

An  additional  comparator  is  provided  for  early  warning  of  fail- 
ure in  the  microprocessor's  power  supply.  The  Power  Fail  Input 
(PFI)  is  compared  to  an  internal  +1.3  V  reference.  The  Power 


Fail  Output  (PFO)  goes  low  when  the  voltage  at  PFI  is  less  than 
1.3  V.  Typically  PFI  is  driven  by  an  external  voltage  divider 
which  senses  either  the  unregulated  dc  input  to  the  system's  5  V 
regulator  or  the  regulated  5  V  output.  The  voltage  divider  ratio 
can  be  chosen  such  that  the  voltage  at  PFI  falls  below  1.3  V  sev- 
eral milliseconds  before  the  +5  V  power  supply  falls  below  the 
reset  threshold.  PFO  is  normally  used  to  interrupt  the  micro- 
processor so  that  data  can  be  stored  in  RAM  and  the  shut-down 
procedure  executed  before  power  is  lost. 


INPUT 
POWER 


Figure  7.  Power  Fail  Comparator 
Table  II.  Input  and  Output  Status  In  Battery  Backup  Mode 
Signal  |  Status 


RESET 
RESET 


LOW  LINE 
BATTON 

WDI 
WDO 


PFI 

PFO 
CE,N 


CEOUT 

OSCIN 
OSC  SEL 


(ADM696) 

Vqut  is  connected  to  VBATT  via  an 
internal  PMOS  switch. 
Logic  low. 

Logic  high.  The  open  circuit  output  voltage  is 
equal  to  Voux. 

Logic  low. 

(ADM696)  Logic  high.  The  open  circuit  voltage 
is  equal  to  VOUT. 

WDI  is  ignored.  It  is  internally  disconnected 

from  the  internal  pullup  resistor  and  does  not 

source  or  sink  current  as  long  as  its  input  voltage 

is  between  GND  and  Votrr.  The  input  voltage 

does  not  affect  supply  current. 

Logic  high.  The  open  circuit  voltage  is  equal  to 

Vout- 

The  Power  Fail  Comparator  is  turned  off  and 
has  no  effect  on  the  Power  Fail  Output. 
Logic  low. 

CEIN  is  ignored.  It  is  internally  disconnected 
from  its  internal  pullup  and  does  not  source  or 
sink  current  as  long  as  its  input  voltage  is 
between  GND  and  VOUT.  The  input  voltage 
does  not  affect  supply  current. 

Logic  high.  The  open  circuit  voltage  is  equal  to 

Vqut- 

OSC  IN  is  ignored. 
OSC  SEL  is  ignored. 
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I 

Vcc  =  +5V 

'  A 

SLOP 

=  =  1.5Q 

'out  -  mA 


Figure  8.  VOUT  vs.  lOUT  Normal  Operation 
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Figure  11.  RESET  Active  Time  vs.  Temperature 


Figure  9.  VOUT  vs.  Battery  Backup 


Figure  12.  RESET  Output  Voltage  vs.  Supply  Voltage 


TEMPERATURE -°C 

Figure  10.  PFI  Input  Threshold  vs.  Temperature 
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Figure  13.  RESET  Timeout  Delay  vs.  Vcc 
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FEATURES 

Superior  Upgrade  for  MAX698/MAX699 

Guaranteed  RESET  Assertion  with  Vcc  =  1  V 

Low  0.6  mA  Supply  Current 

Precision  4.65  V  Voltage  Monitor 

Power  OK/Reset  Time  Delay 

Watchdog  Timer 

Minimum  Component  Count 

Performance  Specified  over  Temperature 

APPLICATIONS 
Microprocessor  Systems 
Computers 
Controllers 

Intelligent  Instruments 
Automotive  Systems 
Critical  nP  Power  Monitoring 


ADM698/ADM699 


FUNCTIONAL  BLOCK  DIAGRAM 



Anuisaa/ 


WATCHDOG 
INPUT 
WDI* 


ADM699 


RESET 
GENERATOR 


WATCHDOG 
TRANSITION  DETECTOR 
(1  sec) 


WATCHDOG 
OUTPUT  WDO* 


*WDI  (ADM699  ONLY) 
RESET  (SOIC  ONLY) 
WDO  (ADM699  SOIC  ONLY) 


GENERAL  DESCRIPTION 

The  ADM698/ADM699  supervisory  circuits  provide  power 
supply  monitoring  and  watchdog  timing  for  microprocessor 
systems. 

The  ADM698  monitors  the  5  V  Vcc  power  supply  and  gener- 
ates a  RESET  pulse  during  power  up,  power  down  and  during 
low  voltage  "Brown  Out"  conditions.  The  RESET  output  is 
guaranteed  to  be  functional  (logic  low)  with  Vcc  as  low  as  1  V. 


The  ADM699  features  an  identical  monitoring  circuit  as  in  the 
ADM698  plus  an  additional  watchdog  timer  input  to  monitor 
microprocessor  activity.  The  RESET  output  is  forced  low  if  the 
watchdog  input  is  not  toggled  within  the  1  second  watchdog 
timeout  period. 

Both  parts  are  available  in  8-pin  plastic  DIP  and  16-lead  SOIC 
packages.  The  16-lead  SOIC  contains  additional  outputs  RESET 
(without  inversion)  and  Watchdog  Output  WDO  (ADM699 
only). 


+5VO- 


TYPICAL  APPLICATION 


ADM698 
ADM699 


 2!J2_ 


4  : 


[|P  POWER 
[.PRESET 


HP  SYSTEM 


I/O  LINE 



'ADM699  ONLY 
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(Vcc  =  +5  V  ±  10%,  T»  =  TMIH  to  TM(X  unless  otherwise 


ADM698/ADM699 


Parameter 


Mir. 


Typ 


Max 


Units 


Test  Conditions/Coi 


Vcc  Operating  Voltage  Range 
Supply  Current 


3.0 


0.6 


5.5 
1.95 


V 

mA 


Power-Down  Reset  Assertion 
Power-Up  Reset  Deassertion 
Reset  Threshold  Hysteresis 
Reset  Active  Time 


4.5 


140 


4.65 

40 
200 


4.73 
4.73 

280 


V 
V 

mV 
ms 


TA  =  +25°C,  Vc 


+5  V 


Watchdog  Timeout  Period  (ADM699) 
Minimum  WDI  Input  Pulse  Width 


1.0 
50 


1.6 


2.25 


TA  =  +25°C,  Vcc  =  +5  V 
V„.  =  0.4,  VIH  =  3.5  V 


RESET  Output  Voltage 

RESET  Output  Voltage  (Vcc  =  1  V) 


RESET  and  WDO  Output  Voltage 


3.5 


3.5 


0.4 
200 

0.4 


RESET  Output  Short  Circuit  Current 


25 


V 

mV 
V 
V 
V 

mA 


=  1.6  mA,  Vr 


=  4.4  V 
Isink  =  10  M-A,  Vcc  =  1-0  V 
^SOURCE  ~  I  M-A,  Vcc  —  5  V 
Isink  =  1-6  mA,  V^  =  5  V 


Is 


1  m-A,  Vcc  =  4.4  V 


Output  Sink  Current 


WDI  Input  Threshold  (ADM699) 

Logic  Low 

Logic  High 
WDI  Input  Current 


3.5 
-50 


20 


0.8 
50 


-20 


V 
V 
uA 
u.A 


WDI  =  Vcc,  TA 
WDI  =  0  V,  TA  = 


■■  +25°C 
+25°C 


Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  +25°C  unless  otherwise  noted) 

Vcc  -0.3  V  to  +6  V 

All  Other  Inputs  -0.3  V  to  Vcc  +  0.3  V 

Power  Dissipation  8-Pin  DIP   500  mW 

9,A,  Thermal  Impedance   +  120°C/W 

Power  Dissipation  16-Pin  SOIC   375  mW 

8JA,  Thermal  Impedance   +  110°C/W 

Power  Dissipation  8-Pin  Cerdip   500  mW 

6JA,  Thermal  Impedance   +125°C/W 

Operating  Temperature  Range 

Industrial  (A  Version)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +  125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Vapor  Phase  (60  sees)   +215°C 

Infrared  (15  sees)   +220°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  of  time  may  affect  device  reliability. 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Option* 

ADM698AN 

-40°C  to  +85°C 

N-8 

ADM698AR 

-40°C  to  +85°C 

R-16 

ADM698AQ 

-40°C  to  +85°C 

Q-8 

ADM698SQ 

-55°C  to  +125°C 

0-8 

ADM699AN 

-40-C  to  +85°C 

N-8 

ADM699AR 

-40°C  to  +  85°C 

R-16 

ADM699AQ 

-40°C  to  +  85°C 

Q-8 

ADM699SQ 

-55°Cto  +125°C 

Q-8 

•For  outline  information  see  Package  Information  section. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  ADM698/ADM699  features  proprietary  ESD  protection  circuitry,  permanent 
damage  may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore, 
proper  ESD  precautions  are  recommended  to  avoid  performance  degradation  or  loss  of 
functionality. 
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(3  mJ  ■■ 


■ 


PIN  FUNCTION  DESCRIPTION 


Mnemonic  Function 


»cc 

GND 

RESET 


RESET 


WDO 


+5  V  Power  Supply  Input. 

0  V.  Ground  reference  for  all  signals. 


Logic  Output.  RESET  goes  low  whenever  Vcc 
falls  below  the  reset  voltage  threshold  (4.65  V 
typ).  RESET  remains  low  for  a  minimum  of 
140  ms  after  Vcc  returns  to  5  V.  RESET  also  goes 
low  for  a  minimum  of  140  ms  if  the  watchdog 
timer  is  enabled  but  not  serviced  within  its 
timeout  period. 

Watchdog  Input.  WDI  is  a  three  level  input.  If 
WDI  remains  either  high  or  low  for  longer  than 
the  watchdog  timeout  period,  RESET  pulses  low 
and  WDO  goes  low.  The  timer  resets  with  each 
transition  on  the  WDI  line.  The  watchdog  timer 
may  be  disabled  if  WDI  is  left  floating  or  is  driven 
to  midsupply. 

(SOIC  packages  only)  Logic  Output.  RESET  is  an 
active  high  output.  It  is  the  inverse  of  RESET. 
(SOIC  ADM699  only)  Logic  Output.  The 
Watchdog  Output,  WDO,  goes  low  if  WDI 
remains  either  high  or  low  for  longer  than  the 
watchdog  timeout  period.  WDO  is  set  high  by  the 
next  transition  at  WDI.  If  WDI  is  unconnected  or 
at  midsupply,  the  watchdog  timer  is  disabled  and 
WDO  remains  high. 


TYPICAL 


PERF 


ORMANCE  CURVES 


Figure  7.  RESET  Output  Voltage  vs.  Vcc 


PIN  CONFIGURATION  (DIP) 


Ll 

u 
I 

GND  [7 


GND 


ADM698, 
ADM699 

TOP  VIEW 
(Not  to  Scale) 


7|  GND 
7]  RESET 
7]  NC  (WDI)* 

TJnc 


*( )  ADM699  ONLY 


PIN  CONFIGURATION  (SOIC) 


l|]  RESET 

15]  RESET 
ADM698/  =^„0^r„ 
ADM699  !£lNC(WDO)* 

13]  NC 
TOP  VIEW  =d 
(Not  to  Scale)  jU  NC 

ll]  NC  (WDI)* 
10]  NC 
T]  GND 

«( )  ADM699  ONLY 
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u;  200 
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'  
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Figure  2.  RESET  Active  Time  vs.  Temperature 


Figure  3.  RESET  Voltage  Threshold  vs.  Temperature 
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CIRCUIT  INFORMATION 
Power  Fail  RESET 

A  precision  voltage  detector  monitors  Vcc  and  generates  a 
RESET  output  to  hold  the  microprocessor's  Reset  line  low  when 
Vcc  falls  below  the  reset  threshold  (4.65  V)  (see  Figure  4).  The 
reset  voltage  threshold  is  set  to  accommodate  a  5%  variation  on 
Vcc.  The  voltage  detector  has  40  mV  hysteresis  to  ensure  that 
glitches  on  Vcc  do  not  activate  the  RESET  output. 


On  power  up,  an  internal  monostable  holds  RESET  low  for 
140  ms  after  Vcc  rises  above  the  reset  threshold.  This  allows  the 
power  supply  to  stabilize  on  power  up  and  also  prevents 
repeated  toggling  of  RESET  even  if  the  5  V  power  drops  out 
and  recovers  with  each  power  line  cycle.  In  order  to  prevent 
mistriggering  due  to  transient  voltage  spikes,  it  is  recommended 
that  a  0.1  u.F  capacitor  be  connected  at  the  Vcc  pin. 

The  RESET  output  is  guaranteed  to  remain  low  with  Vcc  as 
low  as  1  V.  This  holds  the  microprocessor  in  a  stable  shutdown 
condition  as  the  power  supply  comes  up. 

On  the  16-lead  SOIC  package,  an  active  high  RESET  output  is 
also  provided.  This  is  the  complement  of  RESET  and  is 
intended  for  microprocessors  requiring  an  active  high  signal. 


»- 




- 


V,  =  RESET  VOLTAGE  THRESHOLD 
V2  =  RESET  VOLTAGE  THRESHOLD  ♦ 

THRESHOLD  HYSTERESIS 
t,  =  RESET  TIME 

Figure  4.  Watchdog  Timeout  Period  vs.  Temperature 


I 


Watchdog  Timer  (ADM699  Only) 

The  watchdog  timer  input  (WDI)  monitors  an  I/O  line  from  the 
uP  system.  The  |xP  must  toggle  this  input  once  every  1.6  sec- 
onds to  verify  correct  software  execution.  Failure  to  toggle  the 
line  indicates  that  the  u.P  system  is  not  correctly  executing  its 
program  and  may  be  tied  up  in  an  endless  loop.  If  this  happens, 
a  reset  pulse  is  generated  to  initialize  the  processor. 
The  WDI  input  is  a  three  level  input  and  will  recognize  a  low- 
to-  high  or  a  high-to-low  transition  on  its  input.  The  watchdog 
timer  is  reset  by  each  WDI  transition  and  then  begins  its  time- 
out period.  If  the  WDI  pin  remains  either  high  or  low,  reset 
pulses  will  be  issued  every  1.6  seconds  typically.  If  the  watch- 
dog timer  is  not  needed,  the  WDI  input  should  be  left  floating. 


The  Watchdog  Output  (WDO)  (SOIC  package  Only)  provides 
watchdog  status  information.  It  is  driven  low  if  WDI  is  not  tog- 
gled within  the  watchdog  timeout  period.  It  goes  high  at  the 
next  WDI  transition.  It  is  also  set  high  when  Vcc  falls  below 
the  reset  threshold. 


1 





RESET 


 ;  


t,  PRESET  TIME 

t2  =  WATCHDOG  TIME  OUT  PERIOD 


Figure  5.  Watchdog  Timeout  Period  and  Reset  Active  Time 
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ADM1485 




FEATURES 

Meets  EIA  RS-485  Standard 
30  Mb/s  Data  Rate 
Single  +5  V  Supply 
-7  V  to  +12  V  Bus  Common-Mode  Range 
High  Speed.  Low  Power  BiCMOS 
Thermal  Shutdown  Protection 
Short  Circuit  Protection 
Zero  Skew  Driver 
Driver  Propagation  Delay:  10  ns 
Receiver  Propagation  Delay:  25  ns 
High  Z  Outputs  with  Power  Off 
Superior  Upgrade  for  LTC1485 

APPLICATIONS 

Low  Power  RS-485  Systems 

DTE-DCE  Interface 

Packet  Switching 

Local  Area  Networks 

Data  Concentration 

Data  Multiplexers 

Integrated  Services  Digital  Network  (ISDN) 


DESCRIPTION 

The  ADM1485  is  a  differential  line  transceiver  suitable  for  high 
speed  bidirectional  data  communication  on  multipoint  bus  trans- 
mission lines.  It  is  designed  for  balanced  data  transmission  and 
complies  with  both  EIA  Standards  RS-485  and  RS-422.  The 
part  contains  a  differential  line  driver  and  a  differential  line 
receiver.  Both  the  driver  and  the  receiver  may  be  enabled  inde- 
pendently. When  disabled,  the  outputs  are  tristated. 

The  ADM1485  operates  from  a  single  +5  V  power  supply. 
Excessive  power  dissipation  caused  by  bus  contention  or  by 
output  shorting  is  prevented  by  a  thermal  shutdown  circuit. 
This  feature  forces  the  driver  output  into  a  high  impedance  state 
if  during  fault  conditions  a  significant  temperature  increase  is 
detected  in  the  internal  driver  circuitry. 

Up  to  32  transceivers  may  be  connected  simultaneously  on  a 
bus,  but  only  one  driver  should  be  enabled  at  any  time.  It  is 
important  therefore  that  the  remaining  disabled  drivers  do  not 
load  the  bus.  To  ensure  this,  the  ADM1485  driver  features  high 
output  impedance  when  disabled  and  also  when  powered  down. 


FUNCTIONAL  BLOCK  DIAGRAM 


5)  GND 


This  minimizes  the  loading  effect  when  the  transceiver  is  not 
being  utilized.  The  high  impedance  driver  output  is  maintained 
over  the  entire  common-mode  voltage  range  from  -7  V  to 
+  12  V. 

The  receiver  contains  a  fail  safe  feature  which  results  in  a  logic 
high  output  state  if  the  inputs  are  unconnected  (floating). 

The  ADM1485  is  fabricated  on  BiCMOS,  an  advanced  mixed 
technology  process  combining  low  power  CMOS  with  fast 
switching  bipolar  technology.  All  inputs  and  outputs  contain 
protection  against  ESD;  all  driver  outputs  feature  high  source 
and  sink  current  capability.  An  epitaxial  layer  is  used  to  guard 
against  latch-up. 

The  ADM1485  features  extremely  fast  switching  speeds.  Mini- 
mal driver  propagation  delays  permit  transmission  at  data  rates 
up  to  30  Mbits/s  while  low  skew  minimizes  EMI  interference. 

The  part  is  fully  specified  over  the  commercial  and  industrial 
temperature  range  and  is  available  in  an  8-pin  DIL/  SOIC 
package. 
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cc  =  +5  V  ±  5%.  All  specifications  TMIN  to  TMAX  unless  otherwise  noted.) 


ADM1485 


Parameter 


Mill      Typ  Max 


Units 


Test  Conditions/Comments 


DRIVER 
Differential  Output  Voltage,  VOD 

VoD3 

A|VOE>|  for  Complementary  Output  States 
Common-Mode  Output  Voltage  Vqc 
AIVqcI  for  Complementary  Output  States 
Output  Short  Circuit  Current  (VOUT  =  High) 
Output  Short  Circuit  Current  (Voux  =  Low) 
CMOS  Input  Logic  Threshold  Low,  V,NL 
CMOS  Input  Logic  Threshold  High,  VINH 
Logic  Input  Current  (DE,  DI) 


2.0 
1.5 
1.5 


35 
35 

2.0 


5.0 
5.0 
5.0 
5.0 
0.2 
3 

0.2 
250 
250 
0.8 

±1.0 


V 
V 
V 
V 
V 
V 
V 

mA 

mA 

V 

V 

uA 


R  =  oo,  Figure  1 

Vcc  =  5  V,  R  =  50  fi  (RS-422),  Figure  1 

R  =  27  a  (RS-485),  Figure  1 

Vtst  =  -7  V  to  + 12  V,  Figure  2 

R  =  27  n  or  50  fi,  Figure  1 

R  =  27  fi  or  50  fi,  Figure  1 

R  =  27  fi  or  50  fi 

-7V<V„<  +12  V 

-7V<V„<  +12  V 


RECEIVER 

Differential  Input  Threshold  Voltage,  VTH 
Input  Voltage  Hysteresis,  AVra 
Input  Resistance 
Input  Current  (A,  B) 

Logic  Enable  Input  Current  (RE) 
CMOS  Output  Voltage  Low,  VOL 
CMOS  Output  Voltage  High,  VOH 
Short  Circuit  Output  Current 
Tristate  Output  Leakage  Current 


-0.2 


70 


12 


4.0 

7 


+0.2 


+  1 
-0.8 
±1 
0.4 

85 

±1.0 


V 

mV 

kfi 

mA 

mA 

uA 

V 

V 

mA 
uA 


-7VsVCM£  +12  V 
Vcm  =  0V 

-7V-VCM-  +12  V 
V1N  =  12  V 
VIN  =  -7  V 


IOUT  =  +4.0  mA 
IOUT  =  -4.0  mA 
VOUT  =  GND  or  Vcc 
0.4  V  <  VOUT  s  +2.4  V 


POWER  SUPPLY  CURRENT 
Ice  (Outputs  Enabled) 
Ice  (Outputs  Disabled) 


1.35 
0.7 


2.2 
1 


mA 
mA 


Outputs  Unloaded,  Digital  Inputs  =  GND 
Outputs  Unloaded,  Digital  Inputs  =  GND 


or  Vcc 
or  Vcc 


Specifications  subject  to 


without  notice. 


TIMING  SPECIFICATIONS  (Vcc  =  +5  V  ±  5%.  All  specifications  TM,N  to  TMAX  unless  otherwise  noted.) 


Parameter 

Min     Typ  Max 

Units 

Test  Conditions/  Comments 

DRIVER 

Propagation  Delay  Input  to  Output  TPLH,  TPHL 
Driver  O/P  to  OTP  TSKEW 
Driver  Rise/Fall  Time  TR,  TF 
Driver  Enable  to  Output  Valid 
Driver  Disable  Timing 

2         10  15 
0  5 
2  10 
10  25 
10  25 

ns 
ns 
ns 
ns 
ns 

RL  Diff  =  54  fi  CL1  =  Cu  =  100  pF,  Figure  3 
RL  Diff  =  54  fi  CL1  =  CL2  =  100  pF,  Figure  3 
RL  Diff  =  54  fi  CL1  =  CL2  =  100  pF,  Figure  3 

RECEIVER 

Propagation  Delay  Input  to  Output  TPLH,  TPHL 
Skew  |TPLM-TPHL| 
Receiver  Enable  TEN, 
Receiver  Disable  TEN2 

18        25  40 
0  5 
15  25 
15  25 

ns 
ns 
ns 
ns 

CL  =  15  pF,  Figure  5 

Figure  6 
Figure  6 

Specifications  subject  to  change  without  notice. 
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Table  I.  Transmitting 


INPUTS 


RE 

DE 

DI 

B 

A 

X 

1 

1 

0 

1 

X 

1 

•  0  .  ..  ,.,  : 

1 

0,  . 

X 

0 

X 

z 

z 

OUTPUTS 


Table  II.  Receiving 


INPUTS 


RE 

DE 

A-B 

RO 

0 

0 

£  +0.2  V 

1 

0 

0 

s  -0.2  V 

0 

0 

0 

Inputs  Open 

1 

1 

0 

X 

z 

OUTPUT 


■ 

ABSOLUTE  MAXIMUM  RATINGS* 

(TA  =  25°C  unless  otherwise  noted) 

Vcc    +7V 

Inputs 

Driver  Input  (DI)   .....  ...  -0.3  V  to  Vcc  +  0.3  V 

Control  Inputs  (DE,  RE)  -0.3  V  to  Vcc  +  0.3  V 

Receiver  Inputs  (A,  B)  -14  V  to  +14  V 

Outputs 

Driver  Outputs  -14  V  to  +14  V 

Receiver  Output   .  -0.5  V  to  Vcc  +  0.5  V 

Power  Dissipation  8-Pin  DIP  '   500  mW 

eJA)  Thermal  Impedance   +  130°C/W 

Power  Dissipation  8-Pin  SOIC   450  mW 

8JA,  Thermal  Impedance   +170°C/W 

Power  Dissipation  8-Pin  Cerdip   500  mW 

9JA,  Thermal  Impedance   +  125°C/W 

Operating  Temperature  Range 

Commercial  (J  Version)  0°C  to  +70°C 

Industrial  (A  Version)  -40°C  to  +  85°C 

Storage  Temperature  Range   .  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)    ,  .  .  .  ,  +300°C 

Vapour  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  ratings  for  extended  periods  of  time  may  affect  device 
reliability. 


PIN  FUNCTION  DESCRIPTION 


Pin   Mnemonic  Function 


Receiver  Output.  When  enabled  if  A  >  B  by 
200  mV,  then  RO  =  High.  If  A  <  B  by 
200  mV,  then  RO  =  Low. 
Receiver  Output  Enable.  A  low  level  enables 
the  receiver  output,  RO.  A  high  level  places 
it  in  a  high  impedance  state. 
Driver  Output  Enable.  A  high  level  enables 
the  driver  differential  outputs,  A  and  B.  A 
low  level  places  it  in  a  high  impedance  state. 
Driver  Input.  When  the  driver  is  enabled  a 
logic  Low  on  DI  forces  A  low  and  B  high 
while  a  logic  High  on  DI  forces  A  high  and  B 
low. 

Ground  Connection,  0  V. 
Noninverting  Receiver  Input  A/Driver 
Output  A. 

Inverting  Receiver  Input  B/Driver  Output  B. 
Power  Supply,  5  V  ±  5%.  


■ 

" 

PIN  CONFIGURATION 


I 


M       ±  V  i+ 


rj     top  view  71 

I —    (Not  to  Seals)  — ' 


R0[T  •  T]vcc 

SI  [7     ADM1485  7]b 


(Not  to  Scale) 
DI  [T  7]  C 

 frr 


ORDERING  GUIDE 


Model 


ADM1485JN 
ADM1485JR 
ADM1485AN 
ADM1485AR 
ADM1485AQ 


Temperature  Range 


0°C  to  +70°C 
0°C  to  +70°C 
-40°C  to  +85°C 
-40°C  to  +85°C 
-40°C  to  +85°C 


Package  Option* 


N-8 
R-8 
N-8 
R-8 
Q-8 


•For  outline  : 


rmation  see  ] 


tion  section. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  ADM1485  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 
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Test  Circuits 


oo  T  1 — 


Figure  1.  Driver  Voltage  Measurement  Test  Circuit 


DE  IN  O 

Figure  4.  Driver  Enable/Disable  Test  Circuit 
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Figure  2.  Driver  Voltage  Measurement  Test  Circuit  2  Figure  5.  Receiver  Propagation  Delay  Test  Circuit 

♦  1.5V  o— 1 


Figure  3.  Driver  Propagation  Delay  Test  Circuit 


HE  IN  O  

Figure  6.  flece/Vi 


Switching  Characteristics 

 \ 

1.5V  -  - 


Figure  7.  Driver  Propagation  Delay,  Rise/Fall  Timing 
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Figure  8.  Driver  Enable/Disable  Timing 


Figure  10.  Receiver  Enable/Disable  Timing 
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2.0 

OUTPUT  VOLTAGE  -  Volts 

Figure  11.  Receiver  Output  Low 


4.0  4.5 
OUTPUT  VOLTAGE  -  Volts 


Figure  12.  Receiver  Output  High 
Voltage  vs.  Output  Current 


0  25  SO  75  100  125 
TEMPERATURE  -  °C 

Figure  13.  Receiver  Output  High 
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Figure  14.  Receiver  Output  Low 
Voltage  vs.  Temperature 
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OUTPUT  VOLTAGE  -  Volts 

Figure  15.  Driver  Differential  Out- 
put Voltage  vs.  Output  Current 
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Figure  16.  Driver  Differential  Output 
Voltage  vs.  Temperature,  RL  =  54  (I 
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Figure  17.  Driver  Output  Low 
Voltage  vs.  Output  Current 
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Figure  18.  Driver  Output  High 
Voltage  vs.  Output  Current 


1.00 

0.95 

< 

0.90 

£ 

1 

i- 

0.85 

z 

LU 

EC 

cc 

0.80 

0 

t 

0.75 

Q. 

i 

0.70 

0.65 

DRIVER  ENABLED 


DRIVER  DISABLED 


0  25  50  75  100  125 
TEMPERATURE  -  -C 


Figure  19.  Supply  Current  vs. 
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ADM1485 


APPLICATIONS  INFORMATION 


Differential  Data  Transmission 

Differential  data  transmission  is  used  to  reliably  transmit  data  at 
high  rates  over  long  distances  and  through  noisy  environments. 
Differential  transmission  nullifies  the  effects  of  ground  shifts 
and  noise  signals  which  appear  as  common-mode  voltages  on  the 
line.  There  are  two  main  standards  approved  by  the  Electronics 
Industries  Association  (EIA)  which  specify  the  electrical  charac- 
teristics of  transceivers  used  in  differential  data  transmission. 

The  RS-422  standard  specifies  data  rates  up  to  10  MBaud  and 
line  lengths  up  to  4000  ft.  A  single  driver  can  drive  a  transmis- 
sion line  with  up  to  10  receivers. 

In  order  to  cater  for  true  multipoint  communications,  the 
RS-485  standard  was  defined.  This  standard  meets  or  exceeds  all 
the  requirements  of  RS-422  but  also  allows  for  up  to  32  drivers 
and  32  receivers  to  be  connected  to  a  single  bus.  An  extended 
common-mode  range  of  -7  V  to  +12  V  is  defined.  The  most 
significant  difference  between  RS-422  and  RS-485  is  the  fact 
that  the  drivers  may  be  disabled  thereby  allowing  more  than  one 
(32  in  fact)  to  be  connected  to  a  single  line.  Only  one  driver 
should,  be  enabled  at  time,  but  the  RS-485  standard  contains 
additional  specifications  to  guarantee  device  safety  in  the  event 
of  line  contention. 

Cable  and  Data  Rate 

The  transmission  line  of  choice  for  RS-485  communications  is  a 
twisted  pair.  Twisted  pair  cable  tends  to  cancel  common-mode 
noise  and  also  causes  cancellation  of  the  magnetic  fields  gener- 
ated by  the  current  flowing  through  each  wire,  thereby,  reduc- 
ing the  effective  inductance  of  the  pair. 

The  ADM1485  is  designed  for  bidirectional  data  communications 
on  multipoint  transmission  lines.  A  typical  application  showing  a 

! 

Table  III.  Comparison  of  RS-422 


multipoint  transmission  network  is  illustrated  in  Figure  26.  An 
RS-485  transmission  line  can  have  as  many  as  32  transceivers  on 
the  bus.  Only  one  driver  can  transmit  at  a  particular  time  but 
multiple  receivers  may  be  enabled  simultaneously. 

As  with  any  transmission  line,  it  is  important  that  reflections  are 
minimized.  This  may  be  achieved  by  terminating  the  extreme 
ends  of  the  line  using  resistors  equal  to  the  characteristic  imped- 
ance of  the  line.  Stub  lengths  of  the  main  line  should  also  be 
kept  as  short  as  possible.  A  properly  terminated  transmission 
line  appears  purely  resistive  to  the  driver. 

Thermal  Shutdown 

The  ADM1485  contains  thermal  shutdown  circuitry  which  pro- 
tects the  part  from  excessive  power  dissipation  during  fault  con- 
ditions. Shorting  the  driver  outputs  to  a  low  impedance  source 
can  result  in  high  driver  currents.  The  thermal  sensing  circuitry 
detects  the  increase  in  die  temperature  and  disables  the  driver 
outputs.  The  thermal  sensing  circuitry  is  designed  to  disable  the 
driver  outputs  when  a  die  temperature  of  150°C  is  reached.  As 
the  device  cools,  the  drivers  are  re-enabled  at  140°C. 

Propagation  Delay 

The  ADM1485  features  very  low  propagation  delay  ensuring 
maximum  baud  rate  operation.  The  driver  is  well  balanced 
ensuring  distortion  free  transmission. 

Another  important  specification  is  a  measure  of  the  skew 
between  the  complementary  outputs.  Excessive  skew  impairs  the 
noise  immunity  of  the  system  and  increases  the  amount  of  elec- 
tromagnetic interference  (EMI). 

Receiver  Open-Circuit  Fail  Safe 

The  receiver  input  includes  a  fail-safe  feature  which  guarantees  a 
floating8  P  P 


and  RS-485  Interface  Standards 


Specification 

RS-422 

RS-485 

Transmission  Type 
Maximum  Cable  Length 
Minimum  Driver  Output  Voltage 

Differential 
4000  ft. 

±2  V 

Differential 
4000  ft. 
±1.5  V 

Driver  Load  Impedance 
Receiver  Input  Resistance 
Receiver  Input  Sensitivity 
Receiver  Input  Voltage  Range 
No  of  Drivers/Receivers  Per  Line 

ioo  a 

4  kfl  min 
±200  mV 
-7  V  to  +7  V 
1/10 

54  n 

12  kfl  min 
±200  mV 
-7  V  to  +12  V 
32/32 
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ADM5170 


FEATURES 

Eight  Single  Ended  Line  Drivers  in  One  Package 

CCITT  V.10/X.26 
Resistor  Programmable  Slew  Rate 
Wide  Supply  Voltage  Range 
Low  Power  CMOS 
3-State  Outputs 
TTL/CMOS  Compatible  Inputs 
Output  Short  Circuit  Protection 
Available  in  28-Pin  DIP/PLCC 
Low  Power  Replacement  for  UC5170C 

APPLICATIONS 

High  Speed  Communication 

Computer  l-O  Ports  Peripherals 

High  Speed  Modems 

Printers 

Logic  Level  Translation 

■ 


FUNCTIONAL  BLOCK  DIAGRAM 


AOMS170 


 ^>o  - 


c,  <*> 


0,Q 


GENERAL  DESCRIPTION 

The  ADM5170  is  an  octal  line  driver  suitable  for  digital  communi- 
cation systems  with  data  rates  up  to  11 6  kB/s.  Input  TTL  or 
CMOS  signal  levels  are  inverted  and  translated  into  either  EIA 
RS-232E  or  RS-423A  signal  levels  depending  on  the  status  of  the 
Mode  Select  inputs  MS+  and  MS-.  With  both  Mode  Select  inputs 
at  GND,  RS-423  operation  is  selected  while  with  MS+  connected 
to  VDD  and  MS-  connected  to  Vss,  RS-232  operation  is  selected. 

The  output  slew  rates  may  be  controlled  using  an  external  resistor 
connected  between  the  SRA  (Slew  Rate  Adjust)  pin  and  GND. 
Resistor  values  between  2  k£2  and  10  k£2  may  be  selected  giving  a 
slew  rate  which  can  be  adjusted  from  10  V/us  to  2.2  V/us.  This 
adjustment  of  the  slew  rate  allows  tailoring  of  the  output  character- 
istics to  suit  the  interface  cable  being  used. 

The  outputs  may  be  disabled  using  the  EN  (Enable  Input).  This 
feature  permits  sharing  of  a  common  output  line, 

The  ADM5170  is  fabricated  on  an  advanced  CMOS  process 
featuring  low  power  consumption.  In  the  disabled  state  the  power 
consumption  reduces  from  500  mW  to  40  mW.  The  ADM5170  is 
available  in  both  28-pin  DIP  and  28-lead  PLCC  packages. 


<)  ^>> 


<)  ^cS>0- 


Q  *o 


^>c>  O 


6  Fo 


Q  Go 


 ()H0 


RS-232/RS-423 
MODE  SELECT 


SLEW  HATE 
CONTROL 


Truth  Table 


Inputs 
EN 

Data 

Outputs 
EIA  RS-232E' 



RS-423A 

0 
0 
1 

0 
1 

X 

(VDD-3V) 
(Vss  -  3  V) 
HighZ 

5  V  to  6  V 
-5  V  to  -6  V 
HighZ 

'Minimum  Output  Level 

This  is  an  abridged  data  sheet.  To  obtain  the  mi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ADM51 70— SPECIFICATIONS 


( V0„=  +10  V  ±  10%,  Va=  -10  V  +  10%  V,  MS+  =  MS-  =  0  V,  Ra 
10  kft.  All  Specifications  TMIK  to  TMA<  unless  otherwise  noted.) 


Parameter 





POWER  REQUIREMENTS 
VDD  Range 
Vss  Range 
IDD  (Disabled) 
IDD  (Enabled) 
Iss  (Disabled) 
Iss  (Enabled) 


TyP  MaX 


2 


25 
-2 
-23 


15 

-15 

4 

36 
-A 
-36 


Units 


V 
V 

mA 
mA 
mA 
mA 


Test  ( 


EN  =  High, 
RL  =  oo,  EN  =  0  V 
EN  =  High 
RL  =  ~,  EN  =  0  V 



DIGITAL  INPUTS 
Input  Logic  Threshold  High,  VmH 
Input  Logic  Threshold  Low,  V,^ 
Input  Clamp  Voltage,  VMK 
Input  High  Level  Current,  I,NH 
Input  Low  Level  Current,  IINL 


2.0 


-1 


-1.1 


0.8 

-1.8 
1 


V 

V 

V 

uA 

MA 


IIN  =  -15  mA 
V™„  =  2.4V 
Vm.  =  0.4  V 


OUTPUTS 

RS-423A  Outputs 

High  Level  Output  Voltage 

Low  Level  Output  Voltage 


Output  Balance,  VSAL 
RS-232  Outputs 
High  Level  Output  Voltage 

Low  Level  Output  Voltage 

Off-State  Output  Current,  Ioz 
Short  Circuit  Current,  Ios 


5.0 

5.3 

6.0 

V 

5.0 

5.3 

6.0 

V 

4.5 

5.2 

6.0 

V 

-5.0 

-5.3 

-6.0 

V 

-5.0 

-5.6 

-6.0 

V 

-4.5 

-5.4 

-6.0 

V 

0.05 

0.4 

V 

7.0 

7.6 

VDD 

V 

7.0 

7.6 

vDD 

V 

-7.0 

-7.7 

Vss 

V 

-7.0 

-7.7 

Vss 

V 

-100 

100 

uA 

15 

50 

100 

mA 

15 

40 

100 

mA 

EN  =  0.8  V,  MS+  =  MS-  =  0  V 
RL  =  ~,V1N  =  0.8V 
RL  =  3  k£2,  Vw  =  0.8  V 
RL  =  450  £i,  Vm  =  0.8  V 

RL  =  °°>  v1N  =  2.0  V 

RL  =  3  kfl,  VIN  =  2.0  V 

RL  =  450  £2,  Vm  =  2.0  V 

Rl=  450  a,  VBAL  =  V0„-VOL 

EN  =  0.8  V,  MS+  =  VDD,  MS-  =  V^ 

Rl  =  -,Vw  =  0.8V 

RL  =  3  kQ,  Vm  =  0.8  V 

RL  =  °°,Vm  =  2.0V 

R^=  3  k£2,  VIN  =  2.0  V 

EN  =  2.0  V^Vo  =  ±6  V,  VDD=  15  V,  Vss  =  -15  V 
V1N  =  0  V,  EN  =  0  V 
VIN  =  5  V,  EN  =  0  V 


Specifications  subject  to  change  without  notice. 


tim i up  p  u  a  n  a  PTrniCTipp  ( VDI|  =  +10  V  +  10%,  =  — 1 0  V  ±  10%,  MS+  =  MS—  =  0  V.  All  Specifications  TM1K  to  Tm 
I  IIVIINb  UnAKAUItKloMliO  unless  otherwise  noted.) 


Parameter 


Min  Typ 


Max 


Units 


Test  Conditions/Comments 


Output  Slew  Rate 
Output  Slew  Rate 

Output  to  Hi-Z  Propagation  Delay  (Disable) 


6.65 
1.33 


Hi-Z  to  Valid  Output  Propagation  Delay  (Enable) 


10 

14 

V/us 

2.0 

3 

V/us 

0.3 

1.0 

us 

0.5 

1.0 

Ms 

6.0 

15 

MS 

7.0 

15 

us 

Fig  1,  Fig  2.  Rs^  =  2  Hi,  RL  =  450  CI,  CL  =  50  pF 
Rising/Falling  Edge,  tR,  tF 

Fig  1,  Fig  2.  RSRA  =  10  kQ,  RL  =  450  CI,  CL  =  50  pF 
Rising/Falling  Edge,  tR ,  tF 

Fig  1,  Fig  3.  RS8A  =  10  k£2,  RL  =  450  £2,  CL  =  50  pF 

W 

Fig  1,  Fig  3.  Rsra  —10  kQ,  RL  =  450£2,  CL  =  50  pF 

tzH 


Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

(TA=  25°C  unless  otherwise  noted) 

VDD   :  +15  V 

Vjj  .Tr:.. -15  V 

Input  Voltages 

VM   -0.3to(VDD+0.3V) 

Ouput  Voltages 

V0lrr  .:  -12  V  to +12  V 

Output  Short  Circuit  Duration   Continuous 

Power  Dissipation  Plastic  DIP   1250  mW 

(Derate  at  12.5  mW/°C  above  +50°C) 

9,A,  Thermal  Impedance  75°C/W 

Power  Dissipation  PLCC    1000  mW 

(Derate  at  10  mW/°C  above  +50°C) 

8JA,  Thermal  Impedance  80°C/W 

Operating  Temperature  Range 

Commercial  (J  Version)    0°C  to  +70°C 

Industrial  (A  Version)   -40°C  to  +85°C 

Lead  Temperature  (Soldering  10  sec)   +300°C 

Vapour  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option* 

ADM5170JN 

0°C  to  +70°C 

N-28 

ADM5170AN 

-40°C  to  +85°C 

N-28 

ADM5170JP 

0°C  to  +70°C 

P-28A 

ADM5170AP 

-40°C  to  +85°C 

P-28A 

*For  outline  inform: 

tion  see  Package  Information  s 

ection. 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  of  time  may  affect  reliability. 

CAUTION  


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  ADM5170  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 


Figure  1.  Timing  Test  Circuit 


90%  =L 


J 


Figure  3.  Enable/Disable  Timing  Waveforms 


'  Timin9  Waveforms 
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NC  =  NO  CONNECT 

PLCC 
m  <  <°  2  i°  x-  a 

,r*ir*iHrni*iMH 


connected  between  the  SRA  pin  and  GND.  The  slew  rate  is 
approximately. 

Slew  Rate  (V/us)  -  20//?^  (kO) 

Resistors  between  2  kQ  and  1 0  kSi  may  be  used  providing  a  slew 
rate  which  may  be  varied  from  10  V/|is  to  2.2  V/us.  Figure  5  in  the 
Typical  Performance  Characteristics  section  shows  how  the  slew 
rate  varies  with  RSRA  while  Figure  8  shows  how  the  transition  time 
(10%  to  90%)  varies  with  RSRA.  Waveshaping  of  the  output  allows 
the  user  to  control  the  level  of  interference  (near-end  crosstalk) 
which  may  be  coupled  to  adjacent  circuits  in  an  interconnection. 
The  recommended  output  characteristics  for  cable  length  and  data 
rate  are  given  in  the  EIA  RS-423A  specifications. 

Maximum  Data  Rate  (kB/s)  =  300/t  (for  rates  from  1  kB/s  to 
lOOkB/s). 

Cable  Length  (feet)  =  100  X  t  (Max  Length  =  4000  ft.) 

where  t  is  the  transition  time  (in  us)  for  the  output  to  swing  from 
10%  to  90%  of  its  steady  state  values.  The  absolute  maximum  data 
rate  is  1 00  kB/s  and  the  maximum  cable  length  is  limited  to  4000  ft. 

Output  Mode  Programming 

The  ADM5170  has  two  programmable  output  modes  which 
provide  different  output  voltage  levels.  The  low  output  mode  meets 
the  specifications  of  EIA  standards  RS-423A  while  the  high  output 
mode  meets  the  RS-232  specifications.  The  high  output  mode 
provides  greater  output  swings  and  is  suitable  for  driving  lines 
where  higher  attenuation  levels  must  be  tolerated.  This  mode  is 
selected  by  connecting  the  mode  select  pins  to  the  supplies,  MS+  to 
VDD  and  MS-  to  Vss.  The  low  output  mode  is  selected  by  connect- 
ing both  mode  select  pins  MS+  and  MS-  to  GND.  This  mode 
provides  a  controlled  output  swing  with  lower  output  levels. 


[12|[13||_H][15]L16|[17|[18] 
NC  =  NO  CONNECT 

PIN  FUNCTION  DESCRIPTION 


Mnemonic  Function 


GND 
A, ...  ^ 
A0 .  . .  H0 
EN 

MS+,  MS- 


SRA 


Inputs 

MS+ 

MS- 

EN 

GND 

GND 

0 

GND 

GND 

,  o 

VDD 

"ss 

0 

VDD 

Vss 

0 

X 

X 

1 1_ 

Power  Supply  Input,  +10  V  ±  10%. 
Power  Supply  Input,  -10  V  ±  10%. 
Ground  Pin.  Must  be  connected  to  0  V. 
Digital  Input  to  Drivers  A  to  H. 
RS-232/RS-423  Output  from  Drivers  A  to  H. 
Enable  Pin.  When  high,  all  outputs  are  3-stated. 
Mode  Select  Inputs.  Used  to  control  the  output 
level  swing.  With  MS+  &  MS-  connected  to  GND, 
RS-423A  output  levels  are  selected.  With  MS+ 
connected  to  VDD  and  MS-  connected  to  Vss, 
RS-232  output  levels  are  developed. 
Slew  Rate  Adjust  Input.  An  external  resistor  (2  k£J 
to  10  k£l)  connected  between  this  pin  and  GND  is 
used  to  control  the  Output  Slew  Rate  (10  V/us  to 
2.2  V/us). 


Data 


0 
1 
0 

1 

X 


Outputs 


Output 


5  V  to  6  V  (RS-423) 
-5  V  to  -6  V  (RS-423) 
(VDD  —  3  V)  (RS-232) ' 
(Vjs  +  3  V)  (RS-232)1 
High  Z 


'Minimum  Output  Level. 
Typical  Application  Circuit 

A  typical  application  circuit  using  a  single  driver  in  the  ADM5 1 70 
is  shown  in  Figure  4.  This  circuit  is  suitable  for  either  RS-232  or 
RS-423  communication.  An  ADM5180  octal  receiver  is  used  to 
translate  the  signal  back  to  CMOS  logic  level  at  the  receiving  end. 


Figure  4.  RS-232/RS-423A  Typical  Application  Circuit 
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Octal,  RS-232/RS-423  Line  Receiver 


ADM5180 


FEATURES 

Eight  Differential  Line  Receivers  in  One  Package 
Meets  EIA  Standard  EIA-232E,  423A,  422A  and 

CCITT  V.10,  V.11,  V.28 
Single  +5  V  Supply 
Differential  Inputs  Withstand  ±25  V 
Internal  Hysteresis 

Low  Power  CMOS  -3.5  mA  Supply  Current 
TTL/CMOS  Compatible  Outputs 
Available  in  28-Pin  DIP  and  PLCC  Packages 
Low  Power  Replacement  for  UC5180C/NE5180 

APPLICATIONS 

High  Speed  Communication 

Computer  l-O  Ports 

Peripherals 

High  Speed  Modems 

Printers 

Logic  Level  Translation 


GENERAL  DESCRIPTION 

The  ADM5180  is  an  octal  differential  line  receiver  suitable  for  a 
wide  range  of  digital  communication  systems  with  data  rates  up  to 
200  kB/s.  Input  signals  conforming  to  EIA  Standards  232-E,  422A 
and  CCITT  V.  1 0,  V.  1 1 ,  V.28,  X.26,  and  X.27  are  accepted  and 
translated  into  TTL  /CMOS  output  signal  levels. 

The  ADM5180  is  a  superior  upgrade  for  the  UC5180C  and  the 
NE5180.  It  is  fabricated  on  an  advanced  BiCMOS  process, 
allowing  high  speed  bipolar  circuitry  to  be  combined  with  low 
power  CMOS.  This  minimizes  the  power  consumption  to  less  than 
25  mW. 

A  failsafe  function  ensures  a  known  output  state  under  a  variety  of 
input  fault  conditions  as  defined  in  RS-422A  and  RS-423A.  The 
failsafe  function  is  controlled  by  FS1  and  FS2.  Each  controls  four 
receivers.  With  FS  =  Low  and  a  fault  condition  the  output  is  forced 
low  while  if  FS  =  High,  the  output  is  forced  high. 

The  device  is  available  in  both  28-pin  DIP  and  28-lead  PLCC 
packages. 


FUNCTIONAL  BLOCK  DIAGRAM 


ADM5180 


Truth  Table 


O  *o 


6  B0 

Q  Co 


0  "o 


O  E0 


O  F0 


6  Ho 


Qg0 


Differential 
(+)  -  H 


>200  mV 

<-200  mV 

O/C 

S/C 

O/C 

S/C 


Failsafe  Input 
FS1,  FS2 


X 
X 
L 
L 
H 
H 


Receiver 
Logic  Output 


H 
L 
L 
L 
H 
H 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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ADM51 80-SPECIFICATIONS  S^'SET 


t  Range  =  ±7  V.  All  Specifications  lm  to 


Parameter 

Min      Typ  Max 

Units 

Test  Conditions/Comments 

POWER  REQUIREMENTS 
Idd 

4.75  5.25 
3.5  5 

V 

mA 

INPUTS 

Input  Resistance,  Rbj 

Differential  Input  High  Threshold,  V-n, 

Differential  Input  Low  Threshold,  VTL 

Hysteresis,  VH 

Open  Circuit  Input  Voltage,  VIOC 
Input  Capacitance 
Input  Current,  Im 

3  7 
50  200 
400 

-200  -50 
Ann 

50  140 
60 
20 
3.25 

-3.25 

kfl 
mV 
mV 
mV 
m  v 
mV 
mV 
pF 
mA 
mA 

3  V  <  |  Vjn  |  <  25  V 

Rs  =  0  Q,  V0UT  =  2.7  V,  lom  =  r-ii0  uA,  See  Figure  1 
Rs  =  500  n,  V0UT  =  2.7  V,  I0UT  =  -440  |iA,  See  Figure  1 
Rs  =  0  £2,  V0UT  =  0.45  V,  I0UT  =  8  mA,  See  Figure  1 

Ks  —  jUU  If,  V 0UT  —  U.4:j  V,  lour  —  °  nirt,  occ  Jrigure  1 

FSl,  FS2  =  0  V  or  VDD,  See  Figure  1 

• 

VIN  =  +10V 
Vm  =  -10V 

OUTPUTS 

High  Level  Output  Voltage, V0H 
Low  Level  Output  Voltage  ,VOL 

Short  Circuit  O/P  Current,  Ios 

0.4 

0.45 

100 



V 
V 
V 

mA 

Vm=  1.0V,IOUT  =  -440uA 

V,D  =  -1.0  V,  I0UT=  4  mA 

Vro  =  -1 .0  V,  I0UT  =  8  mA,  TA  =  0°C  to  +70°C 

Note  1 

FAILSAFE  FUNCTION 

T^ilcafo  Otitrmt  VrtltQfT/*  V 

ransaie  wucput  vonage,  Vqps 
FSl,  FS2  Input  Current 

! 

0.40 
0.45 

2.7 

-10  +10 

V 
V 
V 
MA 

Inputs  Open  or  Shorted  Together  or  One  Input  Open 

and  One  Grounded 

0<IOOT<4mA;FSl,FS2  =  0V 

0  <  IOUT  <  8  mA,  TA  =  0°C  to  +70°C;  FSl,  FS2  =  0  V 

0  >  lour  >  -400  MA;  FSl,  FS2  =  VDD 

NOTE 

'Only  one  output  may  be  shorted  at  any  time. 
Specifications  subject  to  change  without  notice. 


■ 


TIMING  CHARACTERISTICS  (v.,=  +5  V  ±  5%.  All  Specifications  lm  to  TMU  unless  otherwise  noted) 


Parameter 

Min      Typ  Max 

Units 

Test  Conditions/Comments 

Propagation  Delay-Low  to  High 
Propagation  Delay-High  to  Low 

550 
550 

ns 
ns 

CL  =  50  pF,  V1N  =  ±500mV 
CL=50  pF,  V,N  =  +500  mV 

Acceptable  Input  Frequency 

0.1 

MHz 

Unused  Input  Grounded,  VIN  =  ±200  mV 
Unused  Input  Grounded,  VIN  =  ±500  mW 

Rejectable  Input  Frequency 

5.5 

MHz 

Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS' 

(TA=  25°C  unless  otherwise  noted) 

Vdd   +7  V 

Common-Mode  Input  Voltage    +15V 

Differential  Input  Voltage    +25  V 

Failsafe  Voltage    .  -0.3  V  to  Vcc 

Output  Short  Circuit  Duration    Continuous2 

Power  Dissipation  Plastic  DIP    ■   1250  mW 

(Derate  at  12.5  mW/°C  Above  +50°C) 

9JA,  Thermal  Impedance  75°C/W 

Power  Dissipation  PLCC    1000  mW 

(Derate  at  12.5  mW/°C  Above  +50°C) 

eIA)  Thermal  Impedance  +80°C/W 


ADM5180 

Operating  Temperature  Range 

Commercial  ( J  Version)   0°C  to  +70°C 

Industrial  (A  Version)   -40°C  to  +80°C 

Lead  Temperature  (Soldering  10  sec)   +300°C 

Vapour  Phase  (60  sec)   +215°C 

Infrared  (15  sec)  +220°C 

NOTES 

'This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  indicated  in  the  operation  sections  of  this  speci- 
fication is  not  implied.  Exposure  to  absolute  maximum  rating  conditions  for 
extended  periods  of  time  may  affect  reliability. 

2Only  one  output  should  be  shorted  at  any  time. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  ADM5180  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING 


ESD  SENSITIVE  DEVICE 


FS 

=  Vbo 

|Vout 

F 

S  =  GND 

J 

Vhi 

<*-  "re 

-«  1  1  

 1  

1  ^ 

*PLH 

tp„L 

/  \ 

/ 


vTu  v™,       0       vTL2   VTH2  V1N 

Figure  1.  VTL,  V^,  VH  Definition 


Figure  3.  Timing  Waveform 


Figure  2.  Timing  Test  Load 


ORDERING  GUIDE 


Model 


ADM5180JN 
ADM5180AN 
ADM5180JP 
ADM5180AP 


0°C  to  +70°C 
^0°C  to  +85°C 
0"C  to  +70°C 
-40°C  to  +85°C 


Package  Option* 


N-28 
N-28 
P-28A 
P-28A 


*For  outline  information  see  Package  Information  section. 
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A-  [T  • 

A+  [T 
Ao  [Z 

Bo  [I 

FS,  ry  ADM5180 

'—  TOP  VIEW 
°~  [i  (Not  to  Scale) 

Ct  [T 
c0  \m 

D-  [11 
D+  [l2 

°0  [H 
GND  [l4 


27]  H0 

26]  H+ 

25]  H- 

«1  Go 

23]  G+ 

22]  G- 

S]  FS2 

20]  FD 

19]  Fi- 
ll] F- 

ll]  Et 

«]  E- 


B+[J 
Bo  \± 
FS1  [7 

C-[| 

c+  [9 

CoE? 
D-  [ll 


PLCC 

I  C  +  I  00  + 
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ADM5180 

TOP  VIEW 
(Not  to  Scale) 


M]  I 
23] 
22]  i 

H]  i 
20]  i 
is]  i 


|^[13J[14]11S][16J[17|L!8] 
D     0°     i  UJ     uf  ll- 

PIN  DESCRIPTION 


Mnemonic 


GND 

A+  .  .  .  H+ 

A-  . . .  H- 
A0  .  .  .H0 

FS1,  FS2 


Function 


Power  Supply  Input,  5  V  ±  5%. 
Ground  Pin.  Must  be  connected  to  0  V. 
Noninverting  Input  to  Differential  Receivers 
AtoH. 

Inverting  Input  to  Differential  Receivers  A  to  H. 

Receiver  Outputs  A  to  H. 

A  through  D  and  FS2  controls  receivers 

E  through  H. 

Failsafe  Control  Inputs.  FS1  controls  receivers 
A  through  D  and  FS2  control  Receiver 
E  through  H. 


input  fault  conditions  as  defined  in  RS-422A  and  RS-423A 
standards.  The  fault  conditions  are  (1)  Driver  in  power-off 
condition,  (2)  Receiver  not  interconnected  with  Driver,  (3)  Open- 
circuited  interconnecting  cable,  and  (4)  Short-circuited  intercon- 
necting cable.  If  any  of  these  four  fault  conditions  occurs  at  the 
inputs  of  a  receiver,  then  the  output  of  that  receiver  is  driven  to  a 
known  logic  level.  The  failsafe  level  is  programmed  using  the 
failsafe  (FS)  input.  There  are  two  failsafe  inputs,  FS1  and  FS2 
which  each  control  four  receivers.  FSI  controls  receivers  A  .  .  .  D 
and  FS2  controls  receivers  E  .  .  .  H.  A  connection  to  VDD  on  the 
failsafe  input  sets  the  output  high  under  fault  conditions  while  a 
connection  to  GND  sets  the  output  low. 


FSI,  FS2 

Output  During  Fault  Condition 

vDD 

High 

GND 

Low 

Input  Filtering 

The  ADM5180  contains  internal  low  pass  filtering  for  additional 
noise  rejection.  Frequencies  above  the  passband  will  be  rejected. 
For  the  specified  input  (5.5  MHz  at  ±500  mV)  the  input  stage 
attenuates  the  signal  such  that  the  threshold  levels  are  not  reached 
and  therefore  no  change  of  state  occurs  on  the  output.  The  filtering 
is  a  function  of  both  amplitude  and  and  frequency.  As  the  signal 
amplitude  decreases  then  the  rejected  frequency  will  decrease. 
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Selection  Tree  —  Motion  Control 


MOTION  CONTROL* 


RESOLVER  TO 
DIGITAL  CONVERTERS 
VARIABLE  RESOLUTION 


10, 12, 14, 16-Bit 


AD2S80A  (40-Pin  DIP) 

AD2S82A  (44-Pin  PLCC) 

AD2S83    (With  High  Accuracy  Velocity 
Output) 

AD2S90    (20-Pin  PLCC  Serial) 


—     Fixed  Resolution 


12-Bit 


AD2S81A  (28-Pin  DIP) 


Reference  Oscillator 


AD2S99  (2  kHz  to  20  kHz) 


MOTOR 
CONTROL 


AD2S100  (Vector  Transformation) 


Transducer  & 
Signal  Conditioner 


Acceleration 


ADXL05  (+5g) 

ADXL50   (±50  g) 

ADXL181  (-125  to  +250  g, 
-150  to  +880  g) 


LVDT  CONVERTERS 


AD2S93  (14-Bit  Serial  I/O) 


LVDTs 
Signal  Conditioners 


AD598  (4  Wire) 
AD698  (3, 4, 5  Wire) 


■ 


*AII  Products  are  Monolithic 
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Digital-to-Synchro  and  Resolver  Converters 


Load 


Reference  Reference 
Frequency     Input  Volt 


Res  Output  Accuracy  Driving  Options  Options 
Bits     Format1     arc  mins  Capability     Hz  V  rms 

DRC1745     14       R5  ±1,  ±2,  ±3      2.0VA6        dc-2600  0-3.4 


Signal 

Output  Volt  Transformer 
Options  Output 


±2,  ±47 


AD2S65  14  R 
DRC1746     16  R5 

AD2S66       16  R 

Motor  Control 

Model  Description 
AD2S100         AC  Vector  Controller 


dc-2600  0-3.4 


±1,  ±2,  ±3  2.0VA6  dc— 2600  0—3.4 
±1,  ±2,  ±47     -  dc— 2600  0—3.4 


Vrms 

0-6.8 


0-6.8 
0-6.8 

0-6.8 


Isolations 

Use  Ext.  STM 
1680  and  STM 
1683  Transformer 


Use  Ext.  STM 
1680  and  STM 
1683  Transformer 


Package  Temp 
Options2  Ranges3 
M  M 


M 


M 


M 


C,M 


M 


C,M 


Page4  Comments 

CI  3-107     Digital-to-Resolver  Converter 

with  Int.  2  VA  Power  Amplifier. 
Optional  Int.  TransZorbf  Pro- 
tection. 2  Byte  Latched  Inputs 

CI  3-35      Digital-to-Resolver  Converter. 
Autonulling  (AN)  Option 

CI  3-107     16-Bit  Version  of  DRC1745 


CI  3-35 


Digital-to-Resolver  Converter. 
Autonulling  (AN)  Option 


Options2 


Temp  Range3 


Synchro/Resolver  Support  Components 

Model  Description 

AD2S99  Programmable  Sine  Wave  Oscillator 

AD2S75  Signal  and  Reference  Isolation  for  AD2S80/81/82 

OSC1758  Hybrid  Sine/Cosine  Power  Oscillator 


Package 
Options2 
P 

M 
M 


Temp 

Ranges3 

I 

C,M 
C,M 


Page4 
16-51 


Page4 
16-48 

CI  3-43 
CI  3-117 


LVDT  Signal  Conditioners 

Description 

Single  Chip  LVDT  Driver/Amplifier 


Comments 

Vector  Coordinate  Transformation,  15  arc  min,  2  u.s  Settling  Time 


Comments 

2  kHz-20  kHz  Freq.,  Transducer  Output  Phase  Locking 

56-20,000  Hz  Freq,  11.8-115  V  rms  Ref,  11.8/26790  V  rms  Input 
0.0-10  kHz  Frequency  Range6,  In-phase  and  Quadrature  Outputs, 
1.5  W  Output  Power 


Model 
AD598 
AD698 


Single  Chip  4- Wire  LVDT  Driver/Amplifier         P,  Q 


Package  Options2 
D,  R 


Temp  Ranges3 

C,I 
I,M 


Page4  Co, 
16-63  20 1 
16-67         Improved  Performance,  Multiple  Configurations 


I  kHz,  Phase  Insensitive,  High  Accuracy 


'S  =  Synchro;  R  =  Resolver. 

2Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  "  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic  Quad  Flatpack; 
ST  -  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  -  Single-ln-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offerings,  the  M  temperature  des- 
ignator will  be  followed  by:  /  to  indicate  883B,  ,  for  IAN,  D  for  SMD,  and  s  for  space  level. 
4CI  =  Data  Converter  Reference  Manual,  Volume  I.  All  other  entries  refer  to  this  volume. 
'Synchro  format  output  with  external  output  transformer  STM1683. 
6Can  be  used  with  pulsating  power  supply  for  reduced  dissipation. 
7Dcpends  on  option. 

Boldface  Type:  Data  sheet  information  in  this  volume. 

tTransZorb  is  a  trademark  of  General  Semiconductor  Industries,  Inc. 
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Synchro,  Resolver,  Inductosynt  and  LVDT-to-Digital  Converters 


Res 

Model  Bits 

Input  Accuracy 
Format1    arc  mins 

Tracking  Rate 

revs/sec2 

Reference 
Frequency 
Options  Hz 

Input 
Isol 

Package  Temp 
Options3  Ranges" 

Page5 

SDC/RDC1741  12 

S,R  ±15.3 

18 

400,  2.6  k 

Yes 

M 

C,  M 

CI  3-119 

SDC/RDC1742  12 

S,  R  ±8.5 

18                  400,  2.6  k 

Yes 

M 

CM 

CI  3-119 

AD2S81A6         12         I,R  ±30' 

260 

400^20  k 

No 

D 

C 

16-11 

SDC/RDC1740  14 

S,  R  ±5.3 

27 

400,  2.6  k 

Yes 

M 

C,  M 

CI  3-119 

AD2S80A6         16,  14, 
12,  10s 

I,  R         ±2,  ±4,  ±8 

1040' 

50-20  k 

No 

D,  E 

C,  I,  M/D 

16-7 

AD2S82A6         16,  14, 
12,  10° 

I,  R         ±2,  ±4,  ±8 

1040' 

50-20  k 

No 

P 

C 

16-11 

AD2S83            16,  14, 
12,  10s 

I,  R  ±8 

1040' 

50-20  k 

No 

P 

I 

16-15 

AD2S34  14 

R            ±2.6,  ±4.0 

20,  48 

0.4,  2.6,  4.0  k 

No 

Z 

M 

CI  3-7 

AD2S46  16 

S,R         ±1.3,  ±2.6 

12 

0.4->2.6  k 

No 

D 

M 

CI  3-23 

1 

■•  ,."3  •             ..  .  .1  . 

ents 


Tristate,  Latched  Output 
Internal  Transformer  Isolatioi 
Tristate,  Latched  Output 
Internal  Transformer  Isolatioi 
Monolithic,  User  Selectable 
Characteristics,  High  Tracki 
Quality  Velocity  Output,  Cla 
Tristate,  Latched  Output 
Internal  Transformer  Isolatioi 
Monolithic,  User  Selectable 
Characteristics  and  Resoluti< 
Tracking  Rate  and  Quality  V 
Output 

Monolithic,  User  Selectable 
Characteristics  and  Resolutii 
Tracking  Rate  and  Quality  V 
Output 

Monolithic,  User  Selectable 
Dynamic  Characteristics  and 
Resolution.  High  Tracking  R 
±0.15%  Linearity  Velocity  O 
Dual  Channel  Resolver-to-Dig 
Converter  with  On-Board  Osc 
16-Bit  Resolver/Synchro-to- 
Digital  Converter,  1.3  arc  min 


Model 

AD2S44 

AD2S90 
AD2S93 


Res  Input  Accuracy 
Bits       Format1    arc  mins 

S,  R         ±2.6,10  ±4.0,  20 
±5.2 


14 


12 


I,R  ±8 


Tracking  Rate  Reference 
Options  Frequency 


revs/sec2 


375 


14  LVDT      0.1,0.05%  TBD 


Options  Hz 

0.4^2.6  k 

2.0->10.0  k 
2.0-10.0  k 


Input 
Isol 

No 
No 
No 


Package 
Options3 

M 


Temp 
Ranges4 

M 


C,I 


Page5  Comments 

CI  3-15      Dual  Channel  Resolver/ 

Synchro-to-Digital  Converter 
with  Loss  of  Track  Detection 

16-27        Low  Cost  RDC,  Incremental 
Encoder  and  Absolute 
Position  Output 

16-37        14-Bit  LVDT-to-Digital  Converter 


'S  -  Synchro;  R  -  Resolver;  I  =  Inductosyn. 

2In  general,  higher  reference  frequency  options  have  higher  tracking  rates. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  «  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-  Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip 
Carrier. 

"Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  -  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55"C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B, ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

SCI  =  Data  Converter  Reference  Manual,  Volume  I.  All  other  entries  refer  to  this  volume. 

6Die  Revision. 

7Consult  data  sheet. 

"Resolution  is  user  selectable. 

'Depends  on  resolution  selected. 
'"±2.6  arc  min  only  available  over  0°C  to  +70°C. 
Boldface  Type:  Data  sheet  information  in  this  volume, 
flnductosyn  is  a  registered  trademark  of  Farrand  Industries,  Inc. 
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Resolver-to-Digital  Converter 


FEATURES 

Monolithic  (BiMOS  II)  Tracking  R/D  Converter 
40-Pin  DIP  Package 
44-Pin  LCC  Package 

10-,  12-,  14-  and  16-Bit  Resolution  Set  by  User 
Ratiometric  Conversion 
Low  Power  Consumption:  300  mW  typ 
Dynamic  Performance  Set  by  User  m 
High  Max  Tracking  Rate  1040  RPS  (10  Bits) 
Velocity  Output  « 
Industrial  Temperature  Range  Versions 
Military  Temperature  Range  Versions 
ESD  Class  2  Protection  (2,000  V  min) 
/883  B  Parts  Available 

APPLICATIONS 

DC  Brushless  and  AC  Motor  Control 
Process  Control 

Numerical  Control  of  Machine  Tools 

Robotics 

Axis  Control 

Military  Servo  Control 

GENERAL  DESCRIPTION 

The  AD2S80A  is  a  monolithic  10-,  12-,  14-  or  16-bit  tracking 
resolver-to-digital  converter  contained  in  a  40-pin  DIP  or  44-pin 
LCC  ceramic  package.  It  is  manufactured  on  a  BiMOS  II  pro- 
cess that  combines  the  advantages  of  CMOS  logic  and  bipolar 
high  accuracy  linear  circuits  on  the  same  chip. 

The  converter  allows  users  to  select  their  own  resolution  and 
dynamic  performance  with  external  components.  This  allows  the 
users  great  flexibility  in  defining  the  converter  that  best  suits 
their  system  requirements.  The  converter  allows  users  to  select 
the  resolution  to  be  10,  12,  14  or  16  bits  and  to  track  resolver 
signals  rotating  at  up  to  1040  revs  per  second  (62,400  rpm) 
when  set  to  10-bit  resolution. 

The  AD2S80A  converts  resolver  format  input  signals  into  a  par- 
allel natural  binary  digital  word  using  a  ratiometric  tracking  con- 
version method.  This  ensures  high-noise  immunity  and  tolerance 
of  lead  length  when  the  converter  is  remote  from  the  resolver. 

The  10-,  12-,  14-  or  16-bit  output  word  is  in  a  three-state  digital 
logic  available  in  2  bytes  on  the  16  output  data  lines.  BYTE 
SELECT,  ENABLE  and  INHIBIT  pins  ensure  easy  data  trans- 
fer to  8-  and  16-bit  data  buses,  and  outputs  are  provided  to 
allow  for  cycle  or  pitch  counting  in  external  counters. 

An  analog  signal  proportional  to  velocity  is  also  available  and 
can  be  used  to  replace  a  tachogenerator. 

The  AD2S80A  operates  over  50  Hz  to  20,000  Hz  reference 
frequency. 


PRODUCT  HIGHLIGHTS 
Monolithic.  A  one  chip  solution  reduces  the 
required  and  increases  the  reliability. 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S80A  to  be  10,  12,  14  or  16  bits  allow- 
ing the  user  to  use  the  AD2S80A  with  the  optimum  resolution 
for  each  application. 

Ratiometric  Tracking  Conversion.  Conversion  technique  pro- 
vides continuous  output  position  data  without  conversion  delay 
and  is  insensitive  to  absolute  signal  levels.  It  also  provides  good 
noise  immunity  and  tolerance  to  harmonic  distortion  on  the  ref- 
erence and  input  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external 
resistor  and  capacitor  values  the  user  can  determine  bandwidth, 
maximum  tracking  rate  and  velocity  scaling  of  the  converter  to 
match  the  system  requirements.  The  external  components 
required  are  all  low  cost  preferred  value  resistors  and  capacitors, 
and  the  component  values  are  easy  to  select  using  the  simple 
instructions  given. 

Velocity  Output.  An  analog  signal  proportional  to  velocity  is 
available  and  is  linear  to  typically  one  percent.  This  can  be  used 
in  place  of  a  velocity  transducer  in  many  applications  to  provide 
loop  stabilization  in  servo  controls  and  velocity  feedback  data. 

Low  Power  Consumption.  Typically  only  300  mW. 

Military  Product.  The  AD2S80A  is  available  processed  in 
accordance  with  MIL-STD-883B,  Class  B. 


MODELS  AVAILABLE 

Information  on  the  models  available  is  given  in  the  section 
"Ordering  Guide." 


This  is  an 
complete  data 


data  sheet.  To  obtain  the  most  recent  version  or 
,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD2S80A  SPECIFICATIONS  (typical  at  +25°C  unless  othewise  noted) 


Parameter 

Conditions 

AD2S80A 
.Mm         Typ  Max 

Units 

SIGNAL  INPUTS 

Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 
Maximum  Voltage 

50  20,000 
1.8          2.0  2.2 
60  150 

1.0 

8 

Hz 

V  rms 
nA 

Mn 

Vpk 

REFERENCE  INPUT 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

50  20,000 
1.0  8.0 
60  150 

1.0 



CONTROL  DYNAMICS 
Repeatability 
Allowable  Phase  Shift 
Tracking  Rate 

Bandwidth1 

(Signals  to  Reference) 
10  Bits 
12  Bits 
14  Bits 
16  Bits 

User  Selectable 

1 

-10  +10 
1040 
260 
65 

16.25 

LSB 

Degrees 

rps 

rps 

rps 

rps 

ACCURACY 

Angular  Accuracy 

Monotonicity 

Missing  Codes  (16-Bit  Resolution) 

A,  J,S 

B,  K,  T 
L,  U 

Guaranteed  Monotonic 
A,  B,  J,  K,  S,  T 
L,  U 

±8  +1  LSB 
±4  +1  LSB 
±2  +1  LSB 

4 
1 

arc  min 
arc  min 
arc  min 

Codes 
Code 

VELOCITY  SIGNAL 
Linearity 
Reversion  Error 
DC  Zero  Offset2 
DC  Zero  Offset  Tempco 
Gain  Scaling  Accuracy 
Output  Voltage 
Dynamic  Ripple 
Output  Load 

Over  Full  Range 

• 

1  mA  Load 
Mean  Value 

±1  ±3 
±1  ±2 
6 

-22 

±10 

±8          ±9  ±10.5 
1.5 
1.0 

%  FSD 
%  FSD 
mV 

u-V/°C 
%  FSD 
V 

%  rms  O/P 
kfl 

INPUT/OUTPUT  PROTECTION 
Analog  Inputs 
Analog  Outputs 

Overvoltage  Protection 
Short  Circuit  O/P  Protection 

±8 

±5.6        ±8  ±10.4 

V 

mA 

DIGITAL  POSITION 
Resolution 
Output  Format 
Load 

10,  12,  14,  and  16 
Bidirectional  Natural  Binary 

3 

LSTTL 

INHIBIT3 
Sense 

Time  to  Stable  Data 

Logic  LO  to  Inhibit 

600 

ns 

ENABLE3 
ENABLE  Time 

Logic  LO  Enables  Position  Output.  Logic  HI  Outputs 
in  High  Impedance  State 



35  110 

ns 

BYTE  SELECT3 
Sense 
Logic  HI 
Logic  LO 

Time  to  Data  Available 

MS  Byte  DB1-DB8,  LS  Byte  DB9-DB16 
LS  Byte  DB1-DB8,  LS  Byte  DB9-DB16 

60  140 

ns 

SHORT  CYCLE  INPUTS 
SCI  SC2 
0  0 

0  1 

1  0 

1  1 

Internally  Pulled  High  (100  kfi  to  +VS) 

10  Bit 

MBit 
16  Bit 

DATA  LOAD 
Sense 

Internally  Pulled  High  (100  kfl)  to  +VS.  Logic  LO  Allows 
Data  to  be  Loaded  into  the  Counters  from  the  Data  Lines 

150  300 

ns 

BUSY3 
Sense 
Width 
Load 

Logic  HI  When  Position  O/P  Changing 
Use  Additional  Pull-Up 

200  600 

1 

ns 

LSTTL 
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Parameter 

Conditions 

AD2S80A 
Min         Typ  Max 

Units 

DIRECTION3 
Sense 

Max  Load 

Logic  HI  Counting  Up 
Logic  LO  Counting  Down 

3 

LSTTL 

RIPPLE  CLOCK5 
Sense 
Width 
Reset 
Load 

Logic  HI;  All  Is  to  All  Os;  All  Os  to  all  Is 
Dependent  on  Input  Velocity 
Before  Next  Busy 

300 

3 

LSTTL 

DIGITAL  INPUTS 
High  Voltage,  VIH 

Low  Voltage,  VIL 

INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±VS  =  ±10.8  V,  VL  =  5.0  V 
INHIBIT,  ENABLE 
DB1-DB16,  Bvte  Select 
±VS  =  ±13.2  V,  VL  =  5.0  V 

2.0 

0.8 

v 
V 

DIGITAL  INPUTS 
High  Current,  IIH 

Low  Current,  I,L 

INHIBIT,  ENABLE 
DB1-DB16 

±VS  =  ±13.2  V,  VL  =  5.5  V 
INHIBIT,  ENABLE 
DB1-DB16,  Bvte  Select 
±VS  =  ±13.2  V,  VL  =  5.5  V 

±100 
±100 

nA 
u.A 

DIGITAL  INPUTS 
Low  Voltage,  V,L 

Low  Current,  IIL 

ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±VS  =  ±12.0  V,  VL  =  5.0  V 

ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±VS  =  ±12.0  V,  VL  =  5.0  V 

1.0 
-400 

V 
u.A 

DIGITAL  OUTPUTS 
High  Voltage,  VOH 

Low  Voltage,  VOL 

DB1-DB16 

RIPPLE  CLK,  DIR 

±VS  =  ±12.0  V,VL  =  4.5  V 

IOH  =  100  uA 

DB1-  DB16 

RIPPLE  CLK,  DIR 

±VS  =  ±12.0  V,  VL  =  5.5  V 

IOL  =  1.2  mA 

2.4 

0.4 

V 

v'  *;  , 

THREE  STATE  LEAKAGE 
Current  IL 

DB1-DB16  Only 

±VS  =  ±12.0  V,  VL  =  5.5  V,  VOL  =  0  V 
±VS  =  ±12.0  V,  VL  =  5.5  V,  VOH  =  5.0  V 

±100 
±100 

uA 

u.A 

POWER  SUPPLIES 
Voltage  Levels 

+vs 

-Vs 

+vL 

Current 
±Is 
±Is 

*t 

±VS@  ±12  V 
±VS  <g  ±13.2  V 
+VL  @  ±5.0  V 

+  10.8  +13.2 
-10.8  -13.2 
+5  +13.2 

±12  ±23 
±19  ±30 
±0.5  ±1.5 

V 
V 
V 

mA 
mA 
mA 

'Refers  to  small  signal  bandwidth. 

2Output  offset  dependent  on  value  for  R6. 

3Refer  to  timing  diagram. 

Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 


ESD  SENSITIVITY  

The  AD2S80A  features  an  input  protection  circuit  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charges  Device  Model). 

The  AD2S80A  is  ESD  protection  Class  II  (2000  V  min).  Proper  ESD  precautions  are  strongly 
recommended  to  avoid  functional  damage  or  performance  degradation.  For  further  information  on 
ESD  precautions,  refer  to  Analog  Devices  ESD  Prevention  Manual. 


WARNING! 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (+VS,  -Vs)   ±  12  V  dc  ±  10% 

Power  Supply  Voltage  VL   +5  V  dc  ±10% 

Analog  Input  Voltage  (SIN  and  COS)  2  V  rms  ±  10% 

Analog  Input  Voltage  (REF)  1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±  10  Degrees  (max) 
Ambient  Operating  Temperature  Range 

Commercial  (JD,  KD,  LD)  0°C  to  +70°C 

Industrial  (AD,  BD)   -40°C  to  +85°C 

Extended  (SD,  SE,  TD,  TE,  UD,  UE)  .  .  .  -55°C  to  +125°C 

ABSOLUTE  MAXIMUM  RATINGS1  (with  respect  to  GND) 

+VS2   +14  Vdc 

-Vs  -14  Vdc 

+VL  ..\  '.<:  +VS 

Reference   + 14  V  to  -Vs 

SIN  +14  Vto  -Vs 

COS   +14Vto-Vs 

Any  Logical  Input  -0.4  V  dc  to  +VL  dc 

Demodulator  Input  + 14  V  to  — Vs 

Integrator  Input  +14  V  to  —  Vs 

VCO  Input   +14  V  to  -Vs 

Power  Dissipation   860  mW 

Operating  Temperature 

Commercial  (JD,  KD,  LD)  0°C  to  +70°C 

Industrial  (AD,  BD)   -40°C  to  +85°C 

Extended  (SD,  SE,  TD,  TE,  UD,  UE)  .  .  .  -55°C  to  +125°C 

6JC3  (40-Pin  DIP  883  Parts  Only)   11°C/W 

6JC3  (44-Pin  LCC  883  Parts  Only)   10°C/W 

Storage  Temperature  (All  Grades)  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

CAUTION: 

1.  Absolute  Maximum  Ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  +VS  and  -Vs  pins. 

3.  With  reference  to  Appendix  C  of  MIL-M-38510. 


ORDERING  GUIDE 


Model 


AD2S80AJD 

AD2S80AKD 

AD2S80ALD 

AD2S80AAD 

AD2S80ABD 

AD2S80ASD 

AD2S80ATD 

AD2S80AUD 

AD2S80ASE 

AD2S80ATE 

AD2S80AUE 

AD2S80ASD/883B 

AD2S80ATD/883B 

AD2S80ASE/883B 

AD2S80ATE/883B 


Operating 

Temperature  Range 

Accuracy 

Package 
Option* 

0°C  to  +70°C 

8  arc  min 

D-40 

0°C  to  +70°C 

4  arc  min 

D-40 

0°C  to  +70°C 

2  arc  min 

D-40 

-40°C  to  +85°C 

8  arc  min 

D-40 

-40°C  to  +85°C 

4  arc  min 

D-40 

-55°Cto  +125°C 
-55°Cto  +  125°C 

8  arc  min 
4  arc  min 

D-40 

D-40 

-55°C  to  +125°C 

2  arc  min 

D-40 

-55°C  to  +  125°C 

8  arc  min 

E-44A 

-55°Cto  +125°C 

4  arc  min 

E-44A 

-55°C  to  +125°C 

2  aire  min 

E-44A 

-55°Cto  +125°C 

8  arc  min 

D-40 

-55°Cto  +125°C 

4  arc  min 

D-40 

-55°C  to  +125°C 

8  arc  min 

E-44A 

-55°Cto  +  125°C 

4  arc  min 

E-44A 

AD2S80A  PIN  CONFIGURATIONS 
DIP  (D)  Package 


REFERENCE  l/P 

DEMOD  l/P 

AC  ERROR  O/P 

COS 

ANALOG  GND 

SIGNAL  GND 

SIN 

+v, 

MSB  DB1 

DB2 

DBS 

DM 

DBS 

DB6 

DB7 

DBS 

DBS 

DB10 

OB11 

DB12 

TOP  VIEW 
(Not  to  Scale! 


40"l  DEMOD  OIP 
"jj"!  INTEGRATOR  C 
INTEGRATOR  l/l 
VCO  I  P 

-v, 

RIPPLE  CLK 
DIRECTION 
BUSY 

DATA  LOAD 
SC2 
SC1 

DIGITAL  GND 
26*|  INHIBIT 
27~\  BYTE  SELECT 
26]  ENABLE 

24~]  DB1 6  LSB 
23]  DB15 
22]  DB14 
2l]DB13 


LCC  (E)  Package 


C39  -VB 

I  RIPPLE  CLOCK 


C36  BUSY 
C35  DATA  LOAD 
C34  NC 


C32  SCI 

£31  DIGITAL  GND 

>  INHIBIT 

f*29  NC 


PIN  DESIGNATIONS 


*D  =  Ceramic  DIP  Package;  E  =  Leadless  Ceramic  Chip  Carrier  Package. 
For  outline  information  see  Package  Information  section. 


DESCRIPTION 

REFERENCE  l/P 
DEMOD  l/P 
AC  ERROR  O/P 

COS 

ANALOG  GROUND 
SIGNAL  GROUND 

REFERENCE  SIGNAL  INPUT 
DEMODULATOR  INPUT 
RATIO  MULTIPLIER  OUTPUT 
COSINE  INPUT 
POWER  GROUND 
RESOLVER  SIGNAL  GROUND 

SIN 

+vs 

DB1-OB16 

v. 

ENABLE 

BYTE  SELECT 
INHIBIT 

DIGITAL  GROUND 

SINE  INPUT 

POSmVE  POWER  SUPPLY 
PARALLEL  OUTPUT  DATA 
LOGIC  POWER  SUPPLY 

LOGIC  HI-OUTPUT  DATA  IN  HIGH  IMPEDANCE 
STATE.  LOGIC  LO  PRESENTS  DATA  TO  THE 
OUTPUT  LATCHES. 

LOGIC  HI -MOST  SIGNIFICANT  BYTE  TO  DB 1-088 
LOGIC  LO- LEAST  SIGNIFICANT  BYTE  TO  DB1-DB8. 
LOGIC  LO  INHIBITS  DATA  TRANSFER  TO 
OUTPUT  LATCHES. 
DIGITAL  GROUND 

SC1-SC2 
DATA  LOAD 

BUSY 

DIRECTION 

RIPPLE  CLOCK 

■ 

-v, 

VCO  l/P 

SELECT  CONVERTER  RESOLUTION 

LOGIC  LO  DB1-D16  INPUTS  LOGIC  HI  DB1-D16 

OUTPUTS 

CONVERTER  BUSY,  DATA  NOT  VAUD  WHILE 
BUSY  HI 

LOGIC  STATE  DEFINES  DIRECTION 

OF  INPUT  SIGNAL  ROTATION 

POSITIVE  PULSE  WHEN  CONVERTER  OUTPUT 

CHANGES  FROM  18  TO  ALL  08  OR  VICE  VERSA 
NEGATIVE  POWER  SUPPLY 
VCO  INPUT 

INTEGRATOR  l/P 
INTEGRATOR  O/P 
DEMOD  O/P 

INTEGRATOR  INPUT 
INTEGRATOR  OUTPUT 
DEMODULATOR  OUTPUT 
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DEVICES 


Variable  Resolution,  Monolithic 
Resolver-to-Digital  Converters 


FEATURES 

Monolithic  (BiMOS  II)  Tracking  R/D  Converter 
Ratiometric  Conversion 
Low  Power  Consumption:  300  mW  typ 
Dynamic  Performance  Set  by  User 
Velocity  Output 

ESD  Class  2  Protection  (2,000  V  min) 
AD2S81A 

28-Pin  DIP  Package 
Low  Cost 

AD2S82A 

44-Pin  PLCC  Package 

10-,  12-,  14-  and  16-Bit  Resolution  Set  by  User 
High  Max  Tracking  Rate  1040  RPS  (10  Bits) 
VCO  Output  (Inter  LSB  Output) 
Data  Complement  Facility 

APPLICATIONS 

DC  Brushless  and  AC  Motor  Control 
Process  Control 
Numerical  Control  of  Machine  Tools 
Robotics 
Axis  Control 

GENERAL  DESCRIPTION 

The  AD2S82A  is  a  monolithic  10-,  12-,  14-  or  16-bit  tracking 
resolver-to-digital  converter  contained  in  a  44-pin  J  leaded 
PLCC  package.  Two  extra  functions  are  provided  in  the  new 
surface  mount  package  -  COMPLEMENT  and  VCO  output. 

The  AD2S81A  is  a  monolithic  12-bit  fixed  resolution  tracking 
resolver-to-digital  converter  packaged  in  a  28-pin  DIP. 

The  converters  allow  users  to  select  their  own  dynamic  performance 
with  external  components.  This  allows  the  users  great  flexibility  in 
defining  the  converter  that  best  suits  their  system  requirements. 
The  AD2S82A  allows  users  to  select  the  resolution  to  be  10,  12, 
14  or  16  bits  and  to  track  resolver  signals  rotating  at  up  to  1040 
revs  per  second  (62,400  rpm)  when  set  to  10-bit  resolution. 

The  AD2S81A  and  AD2S82A  convert  resolver  format  input 
signals  into  a  parallel  natural  binary  digital  word  using  a  ratio- 
metric  tracking  conversion  method.  This  ensures  high-noise 
immunity  and  tolerance  of  lead  length  when  the  converter  is 
remote  from  the  resolver. 

The  output  word  is  in  a  three-state  digital  logic  form  available  in 
2  bytes  on  the  16  output  data  lines  for  the  AD2S82A  and  on  8 
output  data  lines  for  the  AD2S81A.  BYTE  SELECT,  ENABLE 
and  INHIBIT  pins  ensure  easy  data  transfer  to  8-  and  16-bit 
data  buses,  and  outputs  are  provided  to  allow  for  cycle  or  pitch 
counting  in  external  counters. 

An  analog  signal  proportional  to  velocity  is  also  available  and 
can  be  used  to  replace  a  tachogenerator. 


AD2S82A  FUNCTIONAL  BLOCK  DIAGRAM 


INTEGRATOR 

O/P 


PRODUCT  HIGHLIGHTS 

Monolithic.  A  one-chip  solution  reduces  the  package  size 
required  and  increases  the  reliability. 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S82A  to  be  10,  12,  14  or  16  bits 
allowing  the  user  to  use  the  AD2S82A  with  the  optimum  resolu- 
tion for  each  application. 

Ratiometric  Tracking  Conversion.  Conversion  technique  pro- 
vides continuous  output  position  data  without  conversion  delay 
and  is  insensitive  to  absolute  signal  levels.  It  also  provides  good 
noise  immunity  and  tolerance  to  harmonic  distortion  on  the  ref- 
erence and  input  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external 
resistor  and  capacitor  values  the  user  can  determine  bandwidth, 
maximum  tracking  rate  and  velocity  scaling  of  the  convener  to 
match  the  system  requirements.  The  external  components 
required  are  all  low  cost,  preferred  value  resistors  and  capaci- 
tors, and  the  component  values  are  easy  to  select  using  the  sim- 
ple instructions  given. 

Velocity  Output.  An  analog  signal  proportional  to  velocity  is 
available  and  is  linear  to  typically  one  percent.  This  can  be  used 
in  place  of  a  velocity  transducer  in  many  applications  to  provide 
loop  stabilization  in  servo  controls  and  velocity  feedback  data. 

Low  Power  Consumption.  Typically  only  300  mW. 
MODELS  AVAILABLE 

Information  on  the  models  available  is  given  in  the  section 
"Ordering  Information." 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(typical  at  +25°C  unless  otherwise  noted) 


Parameter 


SIGNAL  INPUTS 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 
Maximum  Voltage 


.  


Con**™  


AD2S81A 
Mill       Typ  Max 


400 
1.8 


1.0 


2.0 
60 


20,000 

2.2 

150 


AD2S82A 


^  M"  


50 


REFERENCE  INPUT 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 


400 
1.0 


1.0 


60 


20,000 

8.0 

150 


50  20,000 
* 


Hz 
Vpk 
nA 
MO 


CONTROL  DYNAMICS 
Repeatability 
Allowable  Phase  Shift 
Tracking  Rate 


Bandwidth1 


(Signals  tc 
10  Bits 
12  Bits 
14  Bits 
16  Bits 

User  Selectable 


1 

+  10 


260 


1  . 

1040 

260 

65 

16.25 


LSB 

Degrees 

rps 

rps 

rps 

rps 


ACCURACY 
Angular  Accuracy 


Monotonicity 
Missing  Codes  (16-Bit  Resolution) 


H 

J 
K 
L 

Guaranteed  Monotonic 
J.K 


±30  +1  LSB 


±22  +  1  LSB 
±8  +  1  LSB 
±4  +  1  LSB 
±2  +  1  LSB 

4 
1 


arc  nun 
arc  min 
arc  min 
arc  rain 

Codes 
Code 


VELOCITY  SIGNAL 
Linearity 
Reversion  Error 
DC  Zero  Offset2 
DC  Zero  Offset  Tempco 
Gain  Scaling  Accuracy 
Output  Voltage 
Dynamic  Ripple 
Output  Load 


Over  Full 


1  mA  Load 
Mean  Value 


±3 
±2 
6 


±10 

±10.5 

1.5 

1.0 

 H 


* 
* 

: 

* 
* 


%  FSD 
%  FSD 
mV 

%rmsO/P 


INPUT/OUTPUT  PROTECTION 
Analog  Inputs 
Analog  Outputs 


Overvoltage  Protection 
Short  Circuit  O/P  Protection 


t5.6  ± 


S10.4 


V 
mA 


DIGITAL  POSITION 
Resolution 
Output  Format 
Load 


10,  12,  14,  and  16 


INHIBIT3 

Sense 

Time  to  Stable  Data 

Logic  LO  to  Inhibit 

600 

* 

ns 

ENABLE3 
ENABLE/Disable  Time 

Logic  LO  Enables  Position 
Output.  Logic  HI  Outputs  in 
High  Impedance  State 

35  110 


* 

ns 

BYTE  SELECT3 
Sense 
Logic  HI 

Logic  LO 

Time  to  Data  Available 

MS  Byte  DB1-DB8, 
(LS  Byte  DB9-DB16)4 

LS  Byte  DB1-DB8, 
(LS  Byte  DB9-DB16)4 

60  140 





ns 

SHORT  CYCLE  INPUTS" 

SCI  SC2 
0  0 

0  1 

1  0 

1  1 

Internally  Pulled  High 
(100kfi)to+Vs 

10  Bit 
12  Bit 
14  Bit 
16  Bit 

DATA  LOAD4 
Sense 

Internally  Pulled  High  (100  kfl) 
to  +VS;  Logic  LO  Allows 
Data  to  Be  Loaded  into  the 
Counters  from  the  Data  Lines 

150  300 

ns 
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AD2S81 A/AD2S82A 


Parameter 

Conditions 

AD2S81A 
Min       Typ  Max 

AD2S82A 
Min       Typ  Max 

Units 

Intemallv  Pulled  High  (100  kft)  to 
+VS;  Logic  LO  to  Activate;  No 
Connect  for  Normal  Operation 

BUSY1 
sense 
Width 

Logic  HI  When  Position  O/P  Changing 
Use  Additional  Pull-Up 

200  600 

1 

* 

ns 

LSTTL 

DIRECTION1 
Sense 

M^v  T  naH 

Logic  HI  Counting  Up 
Logic  LO  Counting  Down 

3 

* 

LSTTL 

RIPPLE  CLOCK3 
Sense 

Width 
Reset 
Load 

Logic  HI,  All  Is  to  All  0s 
AU  0s  to  All  Is 
Dependent  On  Input  Velocity 
Before  Next  Busy 

300 

3 

• 

* 
* 

LSTTL 

DIGITAL  INPUTS 
High  Voltage,  VIH 

Low  Voltage,  V,L 

INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±VS  =  ±10.8  V,  VL  =  5.0  V 
INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±VS  =  ±13.2  V,  VL  =  5.0  V 

2.0 

0.8 

* 
* 

V 
V 

DIGITAL  INPUTS 
High  Current,  IIH 

Low  Current,  I!L 

INHIBIT,  ENABLE 
DB1-DB16 

±VS  =  ±13.2  V,  VL  =  5.5  V 
INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±.VS  =  ±43.2  V,  VL  =  5.5  V 

±100 
±100 

* 

uA 

DIGITAL  INPUTS 
Low  Voltage,  VIL 

Low  Current,  IIL 

ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±VS  =  ±  12.0  V,  VL  =  5.0  V 

ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±VS  =  ±  12.0  V,  VL  =  5.0  V 

1.0 
-400 

* 
* 

V 
uA 

DIGITAL  OUTPUTS 
High  Voltage,  VOH 

Low  Voltage,  VOL 

DB1-DB16;  RIPPLE  CLK,  DIR 
±VS=  ±  12.0  V,  VL=  4.5  V 
IOH  =  100  uA 

DB1-  DB16,  RIPPLE  CLK,  DIR 

_VS  -  -1Z.UV,  VL-  3.3  V 

IOL  =  1.2  mA 

2.4 

* 

V  . 

0.4 

* 

V 

THREE-STATE  LEAKAGE 
Current  IL 

DB1-DB16  Onlv 

+VS  =  ±  12.0  V,VL  =  5.5  V 

Vol  =  0  V 

+VS  =  ±12.0  V,VL  =  5.5  V 
VOH  =  5.0  V 

±100 
±100 

* 
* 

uA 
uA 

POWER  SUPPLIES 
Voltage  Levels 

+vs 

-Vs 

+vL 

Current 

+  10.8  +13.2 
-10.8  -13.2 
+5  +13.2 

* 
* 

V 
V 
V 

+Is 
+Is 

+Il 

±VS(S  ±12V 
±VS  (5  ±13.2  V 
±VL  <S  ±5.0  V 

±12  ±23 
±19  ±30 
±0.5  ±1.5 

,-■•■* 
* 
* 

mA 
mA 
mA 

NOTES 

'Refers  to  small  signal  bandwidth. 
2Output  offset  dependent  on  value  for  R6. 
3Refer  to  timing  diagram. 
•'AD2S82A  only. 

•Specifications  same  as  AD2S81A. 

Alfmin  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
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iVHM  Duj/pi^    «  unagk.  ^  i   »s  w        I   kl>M  f  Ut  —1070 

Power  Supply  Voltage  VL   +5  V  dc  ±  10% 

Analog  Input  Voltage  (SIN  and  COS)  2  V  rms  ±  10% 

Analog  Input  Voltage  (REF)   1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±  10  Degrees  (max) 
Ambient  Operating  Temperature  Range 

Commercial  (JD,  HP,  JP,  KP,  LP)  0°C  to  +70°C 

PIN  DESIGNATIONS 


MNEMONIC 

DESCRIPTION 

REFERENCE  l/P 

REFERENCE  SIGNAL  INPUT 

DEMOD  l/P 

DEMODULATOR  INPUT 

AC-  tKKUH  U/r 

n/iTJA         ||  TIDI  ICQ  m  ITDI  IT 

HA  1 IU  MUL 1  IrLltn  UU  1  rU  I 

COD  l/r 

/"*/~iCIMC  IMDI  IT 

LUblNt  INrU  1 

ANALOG  GROUND 

POWER  GROUND 

SIGNAL  GROUND 
SIN  l/P 

RESOLVER  SIGNAL  GROUND 
SINE  INPUT 

+VS 

POSITIVE  POWER  SUPPLY 

DB1-DB16 

PARALLEL  OUTPUT  DATA 

Vl 

LOGIC  POWER  SUPPLY 

ENABLE 

1  flfiir  HI— ni ITPI IT  DATA  IN  HlfiH  IMPFDANPF 
STATE,  LOGIC,  LO  PRESENTS  DATA  TO  THE 
OUTPUT  LATCHES. 

BYTE  SELECT 

LOGIC  HI-MOST  SIGNIFICANT  BYTE  TO  DB1-DB8 
LOGIC  LO-LEAST  SIGNIFICANT  BYTE  TO  DB1-DB8. 

INHIBIT 

LOGIC  LO  INHIBITS  DATA  TRANSFER  TO  OUTPUT 
LATCHES. 

DIGITAL  GROUND 

DIGITAL  GROUND 

SC1— SC2* 

SELECT  CONVERTER  RESOLUTION 

DATA  LOAD- 

LOGIC  LO  DB1-D16  INPUTS 
LOGIC  HI  DB1-D16  OUTPUTS 

BUSY 

CONVERTER  BUSY.  DATA  NOT  VALID  WHILE  BUSY  HI 

DIRECTION 

LOGIC  STATE  DEFINES  DIRECTION  OF  INPUT  SIGNAL 
ROTATION 

RIPPLE  CLOCK 

POSITIVE  PULSE  WHEN  CONVERTER  OUTPUT 
CHANGES  FROM  IS  TO  ALL  OS  OR  VICA  VERSA 

-v, 

NEGATIVE  POWER  SUPPLY 

VCO  l/P 

VCO  INPUT 

INTEGRATOR  l/P 

INTEGRATOR  INPUT 

INTEGRATOR  O/P 

INTEGRATOR  OUTPUT 

DEMOD  O/P 

DEMODULATOR  OUTPUT 

COMPLEMENT- 

ACTIVE  LOGIC  LO 

VCO  O/P* 

VCO  OUTPUT 

-AD2S82A  ONLY 

ORDERING  GUIDE 

Operating 

Temperature 

Package 

Accuracy 

Range 

Option* 

AD2S81AJD 

30  arc  min 

0°C  to  +70°C 

D-28 

AD2S82AHP 

22  arc  min 

0°C  to  +70°C 

P-44A 

AD2S82AJP 

8  arc  min 

0°C  to  +70°C 

P-44A 

AD2S82AKP 

4  arc  min 

0°C  to  +70°C. 

P-44A 

AD2S82ALP 

2  arc  min 

0°C  to  +70°C 

P-44A 

*D  =  Ceramic  DIP  Package;  P  =  Plastic  Leaded  Chip  Carrier 
(PLCC)  Package.  For  outline  information  see  Package 
Information  section. 


CAUTION 


.   «  g   Tit  V  UC 

-Vs  -14  Vdc 

+VL  f.  +VS 

Reference   + 14  V  to  -Vs 

SIN  +14  Vto  -Vs 

COS   + 14  V  to  -Vs 

Any  Logical  Input  -0.4  V  dc  to  +VL  dc 

Demodulator  Input  +14  V  to  —  Vs 

Integrator  Input  + 14  V  to  — Vs 

VCO  Input   +14  Vto  -Vs 

Power  Dissipation   860  mW 

Operating  Temperature 

Commercial  (JD,  HP,  JP,  KP,  LP)  0°C  to  +  70°C 

Storage  Temperature  (All  Grades)  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

CAUTION: 

1.  Absolute  Maximum  Ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  +VS  and  — Vs  pins. 

PIN  CONFIGURATIONS 


REFERENCE  I  P  [T 

28]  DEMOD  OP 

DEMOD IP  [T 
AC  ERROR  O  P  (T 
COSi/P  JT 
ANALOG  GND  (T 
SIN  I  P  [T 

*VS  L? 

MSBDB1  \T 

AD2S81A 
top  view 

(Hoi  to  Scats) 

JtJ  INTEGRATOR  O/P 
Sj  INTEGRATOR  VP 

25]  VCO  l/P 

H]RC 

22]  oin 

2l]  BUSY 

DB2  jT 
D63  [tO 
DBA  [TT 
DB5 

D86  [iT 
OB7  QT 

20]  DIGITAL  GNO 

INHIBIT 

[ii]  BYTE  SELECT 
jf]  ENABLE 

~is\  DB8LSB 

*  a. 

NC  =  NO  CONNECT              a.          »           O  a 

?    _     W    a.    O  O 

o   o   o  S 


O     <     O     ft  Q 


SINO'P  [7 

♦vsH 

MS8D81  [7 
NC  [lO 
DB2  Rl 
OB3  |l| 
OB4  [j| 
OB5  [u 

DBS  rjs 

OB7  [iS 
DBS  [l7 


AD2S82A 

TOP  VIEW 
(Not  lo  Scale) 


BUSV 

DATA  LOAD 
COMP 

SC2 
SCI 


NNNHNNliiJlHJNlizJlHJ 

s  1 1 1 1 1 1 1  ^  j|  || 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  volts,  which 
readily  accumulate  on  the  human  body  and  on  test  equipment,  can  discharge  without  detection. 
Although  devices  feature  proprietary  ESD  protection  circuitry,  permanent  damage  may  still  occur 
on  these  devices  if  they  are  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper 
precautions  are  recommended  to  avoid  any  performance  degradation  or  loss  of  functionality. 


WARNING!  ^< 
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ANALOG               Variable  1 

■  ■ 

■ 

■  ■  ■ 

DEVICES  Resolver-to- 

Di{ 

jital 

Converter 



AD2S83 

FEATURES 

Monolithic  Tracking  R/D  Converter 
High  Accuracy  Velocity  Output 
High  Max  Tracking  Rate  1040  RPS  (10  Bits) 
44-Pin  PLCC  Package 

10-,  12-,  14-  or  16-Bit  Resolution  Set  by  User 
Ratiometric  Conversion 
Stabilized  Velocity  Reference 
Dynamic  Performance  Set  by  User 
Industrial  Temperature  Range  Versions 

APPLICATIONS 

DC  and  AC  Servo  Motor  Control 
Process  Control 

Numerical  Control  of  Machine  Tools 

Robotics 

Axis  Control 

GENERAL  DESCRIPTION 

The  AD2S83  is  a  monolithic  10-,  12-,  14-  or  16-bit  tracking 
resolver-to-digital  converter  contained  in  a  44-pin  PLCC  pack- 
age. It  is  manufactured  on  Analog  Devices'  BiMOS  II  process 
that  combines  the  advantages  of  CMOS  logic  and  bipolar  high 
accuracy  linear  circuits  on  the  same  chip. 

The  converter  allows  users  to  select  their  own  resolution  and 
dynamic  performance  with  external  components.  This  allows  the 
users  great  flexibility  in  defining  the  converter  that  best  suits 
their  system  requirements.  The  converter  allows  users  to  select 
the  resolution  to  be  10,  12,  14  or  16  bits  and  to  track  resolver 
signals  rotating  at  up  to  1040  revs  per  second  (62,400  rpm) 
when  set  to  10-bit  resolution. 

The  AD2S83  converts  resolver  format  input  signals  into  a  paral- 
lel natural  binary  digital  word  using  a  ratiometric  tracking  con- 
version method.  This  ensures  high  noise  immunity  and  tolerance 
of  long  leads  allowing  the  converter  to  be  located  remote  from 
the  resolver. 

The  position  output  from  the  converter  is  presented  via  3-state 
output  pins  which  can  be  configured  for  operations  with  8-  or 
16-bit  bus.  BYTE  SELECT,  ENABLE  and  INHIBIT  pins 
ensure  easy  data  transfer  to  8-  and  16-bit  data  bus,  and  outputs 
are  provided  to  allow  for  cycle  or  pitch  counting  in  external 
counters. 

A  precise  analog  signal  proportional  to  velocity  is  also  available 
and  will  replace  a  tachogenerator. 

The  AD2S83  operates  over  reference  frequencies  in  the  range 
0  Hz  to  20,000  Hz. 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

High  Accuracy  Velocity  Output.  A  precision  analog  velocity 
signal  with  a  typical  linearity  of  ±0.1%  and  reversion  error  less 
than  ±0.3%  is  generated  by  the  AD2S83.  The  provision  of  this 
signal  removes  the  need  for  mechanical  tachogenerators  used  in 
servo  systems  to  provide  loop  stabilization  and  speed  control. 

Monolithic.  A  one-chip  solution  reduces  the  package  size  and 
increases  the  reliability. 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S83  to  be  10,  12,  14  or  16  bits 
allowing  the  user  to  use  the  AD2S83  with  the  optimum 
resolution  for  each  application. 

Ratiometric  Tracking  Conversion.  This  technique  provides 
continuous  output  position  data  without  conversion  delay  and  is 
insensitive  to  absolute  signal  levels.  It  also  provides  good  noise 
immunity  and  tolerance  to  harmonic  distortion  on  the  reference 
and  input  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external 
resistor  and  capacitor  values  the  user  can  determine  bandwidth, 
maximum  tracking  rate  and  velocity  scaling  of  the  converter  to 
match  the  system  requirements.  The  external  components  re- 
quired are  all  low  cost,  preferred  value  resistors  and  capacitors, 
and  the  component  values  are  easy  to  select  using  the  free  com- 
ponent selection  software  design  aid. 

MODELS  AVAILABLE 

Information  on  the  models  available  is  given  in  the  section 
"Ordering  Information." 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD2S83 —SPECIFICATIONS  <±vt  =  ±12  v  dC  ±  s%;  vL = +5  v  dC  ±  io%;  ta = -4o°c  to  +850 


Parameter 

Conditions 

Mn  ADTvoJ 

Mm             Typ  Max 

Units 
Units 

SIGNAL  INPUTS  (SIN,  COS) 
Frequency1 
Voltage  Level 

0  20,000 
1.8              2.0  2.2 
60  150 

Hz 

V  rms 
nA 

input  eias  current 
Input  Impedance 

1.0 

Mil 

REFERENCE  INPUT  (REF 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

0  20,000 
1.0  8.0 
60  150 

1.0 

Hz 

Vpk 

nA 

Mn 

PERFORMANCE 
Repeatability 

eonoiefcaf!  -fltooioV 

LSB 

Allowable  Phase  Shift 
Max  Tracing  Rate 

Bandwidth 

(Signals  to  Reference) 
10  Bits 
12  Bits 
14  Bits 
16  Bits 

User  Selectable 

-10  +10 

1040 

260 

65 

16.25 

Degrees 

T8  ir.l 
rps 
rps 
rps 

ACCURACY 

Angular  Accuracy 
Monotonicity 

Missing  Codes  (16-Bit  Resolution) 

A 

Guaranteed  Monotonic 
A 

±8  +1  LSB 
4 

arc  min 

Codes 


VELOCITY  SIGNAL 
Linearity2, 3- 4 

Reversion  Error 
DC  Zero  Offset5 
Gain  Scaling  Accuracy 
Output  Voltage 
Dynamic  Ripple 

VCO  Rate  0-500  kHz 

VCO  Rate  500  kHz-1000  kHz 

1  mA  Load 
Mean  Value 



±0.1  ±0.25 
±0.25  ±1.0 
±0.3  ±1.0 

ifJoqicf  bni  jejJ?0;OVi  t^aae'tbt  »<0 

±1.5  ±3 

±8 

1.0 

%  U 
% 

%  Output 
mV 
%  FSR 

V 

%  rms  O/P 

INPUT/OUTPUT  PROTECTION 
Analog  Inputs 
Analog  Outputs 

'  

Overvoltage  Protection 
Short  Circuit  O/P  Protection 

±8 

±5.6           ±8  ±10.4 

y 

mA 

DIGITAL  POSITION 
Resolution 
Output  Format 
Load 

lft    1?     1A    inH  If, 

lu,  iz,  it,  ana  10 
Bidirectional  Natural  Binary 

3 

LSTTL 

INHIBIT6 

Sense 

Time  to  Stable  Data 

Logic  LO  to  INHIBIT 

240             390  490 

ns 

ENABLE6 
ENABLE6/Disable  Time 

Logic  LO  Enables  Position  Output 
Logic  HI  Outputs  in  High 
Impedance  State 

35  110 

ns 

BYTE  SELECT* 
Sense 
Logic  HI 
Logic  LO 

Time  to  Data  Available 

MS  Byte  DB1-DB8 
LS  Byte  DB1-DB8 

60  140 

ns 

SHORT  CYCLE  INPUTS 

SCI  SC2 
0  0 

0  1 

1  0 
1  1 

Internally  Pulled  High  via  100  kf! 
100  kfl  to  +VS 

12-Dit  Resolution 
14-Bit  Resolution 
16-Bit  Resolution 

COMPLEMENT 

Internally  Pulled  High  via  100  kfi 
to  +VS.  Logic  LO  to  Activate; 
No  Connect  for  Normal  Operation 

REV.  B 


AD2S83 


Parameter 

Conditions 

AD2S83 
Min             Typ  Max 

Units 

DATA  LOAD 
Sense 

Internally  Pulled  High  via  100  kfl 
to  +VS.  Logic  LO  Allows 
Data  to  be  Loaded  into  the  Counters 
from  the  Data  Lines 

150  300 



ns 

BUSY6'7 
Sense 
Width 
Load 

• 

Logic  HI  When  Position  O/P  Changing 
Use  Additional  Pull-Up  (See  Figure  2) 

200 

350 
1 

ns 

LSTTL 

DIRECTION6 
Sense 

Max  Load 

Logic  HI  Counting  Up 
Logic  LO  Counting  Down 

3 

LSTTL 

RIPPLE  CLOCK6 
Sense 

Logic  HI 

All  Is  to  All  0s 

All  0s  to  All  Is 

Width 
Reset 
Load 

Dependent  on  Input  Velocity 
Before  Next  Busy 

300 

3 

ns 

LSTTL 

DIGITAL  INPUTS 

Input  High  Voltage,  Vm 

TWUTBTT    I7XTADT  IT 

1NH1B1 1 ,  ENABLE 
DB1-DB16,  Byte  Select 
±VS  =  ±11.4  V,  VL  =  5.0  V 
INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±VS  =  ±12.6  V,  VL  =  5.0  V 

2.0 

V 

Input  Low  Vol 

tage,  VIL 

0.8 

DIGITAL  INPUTS 
Input  High  Current,  I,H 

Input  Low  Current,  IIL 

Pip  i  riRiA 

±VS  =  ±  12.6  V,  VL  =  5.5  V 
INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±VS=  ±12.6  V,  VL  =  5.5  V 

±100 
±100 



am 
(xA 

DIGITAL  INPUTS 
Low  Voltage,  VIL 

Low  Current,  I1L 

/ 

CV1ADT  c    m 

ENABLE  —  HI 

SCI,  SC2,  DATA  LOAD 

±VS  =  ±12.0  V,  VL  =  5.0  V 

ENABLE  =  HI 

SCI,  SC2,  DATA  LOAD 

±VS  =  ±12.0  V,  VL  =  5.0  V 

1.0 
-400 

:'V.; '  11  '  •  -i 

DIGITAL  OUTPUTS 
High  Voltage,  VOH 

DB1-DB16 

2.4 

V 

Low  Voltage,  VOL 

RIPPLE  CLK,  DIR 

±VS  —  ±12. U  V,  VL  =  4.5  V 

IOH  =  100  m-A 

DB1-DB16 

RIPPLE  CLK,  DIR 

±VS  =  ±12.0  V,  VL  =  5.5  V 

IOL  =  1.2  mA 

1 

 7-~ 

0.4 

V 

NOTES 

'Angular  accuracy  is  not  guaranteed  <50  Hz  reference  frequency. 

2Linearity  Derates  from  500  kHz-1000  kHz  (K  0.0017%/kHz. 

3Refer  to  Definition  of  Linearity,  "The  AD2S83  as  a  Silicon  Tachogenerator." 

4Worst  case  reversion  error  at  temperature  extremes. 

sVelocity  output  offset  dependent  on  value  for  R6. 

'Refer  to  timing  diagram. 

'Busy  pulse  guaranteed  up  to  a  VCO  rate  of  900  kHz. 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 
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pnrAiriniT 


riAiio 

VOL  =  0V 

±VS=  ±12.0  V,VL  =  5.5  V 
VOH  =  5.0  V 


±20 


uA 


RATIO  MULTIPLIER 
AC  Error  Output  Scaling 


10  Bit 
12  Bit 
14  Bit 
16  Bit 


177.6 
44.4 
11.1 
2.775 


mV/Bit 
mV/Bit 
mV/Bit 
mV/Bit 


PHASE  SENSITIVE  DETECTOR 
Output  Offset  Voltage 
Gain 

In  Phase 

In  Quadrature 
Input  Bias  Current 
Input  Impedance 
Input  Voltage 


w.r.t.  REF 
w.r.t.  REF 


-0.882 


1.0 


-0.9 


60 


12 

-0.918 

±0.02 

150 

±8 


mV 


V  rms/V  dc 

V  rms/V  dc 
nA 
Mfl 
V 


INTEGRATOR 
Open- Loop  Gain 
Dead  Zone  Current  (Hysteresis) 
Input  Offset  Voltage 
Input  Bias  Current 
Output  Voltage  Range 


At  10  kHz 


57 
90 


±8 


60 
100 

1 

60 


63 
110 

5 

150 


dB 

nA/LSB 

mV 

nA 

V 


VCO 
Maximum  Rate 
VCO  Rate 

VCO  Power  Supply  Sensitivity 
Rate 

Input  Offset  Voltage 
Input  Bias  Current 
Input  Bias  Current  Tempco 
Linearity  of  Absolute  Rate 

0  kHz-500  kHz 

500  kHz-1000  kHz 
Reversion  Error 


+ve  DIR 
-ve  DIR 


+VS 

-vs 


1.1 

8.25 

8.25 


8.50 
8.50 


r  I 

12 

+0.22 

±0.1 

±0.15 

±0.3 


8.75 
8.75 


+0.5 
-0.5 


50 


±0.15 

±1.0 

±0.5 


MHz 

kHz/uA 

kHz/uA 

%/V 
%/V 
mV 
nA 

nATC 


%  Output 


POWER  SUPPLIES 
Voltage  Levels 

+VS 
"Vs. 
+VL 
Current 
±Is 
±Is 

±1, 


±VS(«  ±12  V 
±VS(H  ±12.6  V 
+  VL(S  ±5.0  V 


+  11.4 

+  12.6 

-11.4 

-12.6 

+4.5 

+  5 

+vs 

±12 

±23 

±19 

±30 

±0.5 

±1.5 

V 
V 

V 

mA 
mA 
mA 


All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 

ORDERING  GUIDE 


Temperature 

Package 

Option* 

Model 

Range 

Accuracy 

AD2S83AP 

-40°C  to  +85°C 

8  arc  min 

P-44A 

*P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see 
Package  Information  section. 


■ 

■ 
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ABSOLUTE  MAXIMUM  RATINGS1  (with  respect  to  GND) 

+VS2    +13  Vdc 

-Vs2  .  -13  Vdc 

+vt  :•   +vs 

Reference   +13  V  to  -Vs 

SIN  +13  Vto  -Vs 

COS   + 13  V  to  -Vs 

Any  Logic  Input  -0.4  V  dc  to  +VL  dc 

Demodulator  Input  +13  V  to  -Vs 

Integrator  Input  .  +13  V  to  -Vs 

VCO  Input  +13  V  to  -Vs 

Power  Dissipation   800  mW 

Operating  Temperature 

Industrial  (AP)  -40°C  to  +85°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

CAUTION: 

1.  Absolute  Maximum  Ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  +VS  and  -Vs  pins. 
RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (+VS,  -Vs)  ±12  V  dc  ±  5% 

Power  Supply  Voltage  VL  +5  V  dc  ±  10% 

Analog  Input  Voltage  (SIN  and  COS)   2  V  rms  ±  10% 

Analog  Input  Voltage  (REF)  1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±10  Degrees  (max) 
Ambient  Operating  Temperature  Range 

Industrial  (AP)  -40°C  to  +85°C 

PIN  CONFIGURATION 

a.  * 

.'.  .      •  ■>        : .  ,    • »  •■Bo 


PIN  DESIGNATIONS 


SIN  UP  [T 

•v,  [I 

nc  rr 

(MSB)  DB1  [l^ 

DB2  Q7 

OB3  QF 

OB4  Q7 

DBS  \TT 

DB6  [l? 

DB7  fJ7 

DBS  fj7 


c     Q    o     a     a.  a. 

^  o  o  a  o  o  - 
u.    s   a   w   w   o  o 

S    S   S   I   £   S  > 

RHRRRRR, 

 1 — *  


AD2S83 

TOP  VIEW 
(Not  to  Scale) 


3s]  RIPPLE  CLOCK 

37]  DIRECTION 

36]  BUSY 

3sl  COMP 

34]  DATA  LOAD 

33]  SCI 

32]  SC2 

3ll  DIGITAL  GND 
30]  INHIBIT 
29]  NC 


a    a    a  a 


<  m  —1 


Pin 
Nos. 


1 

2 
3 
4 
5 
6 
7 
8 

10-25 

26 

27 


28 


30 
31 

32,  33 
34 

35 
36 

37 


39 
40 
41 
42 
43 
44 


Mnemonic 


DEMOD  O/P 
REFERENCE  I/P 
AC  ERROR  O/P 

COS 

ANALOG  GND 
SIGNAL  GND 
SIN 

+VS 

DB  1-DB  16 

+  V, 


ENABLE 


BYTE  SELECT 


INHIBIT 

DIGITAL  GND 
SC2-SC1 
DATA  LOAD 


COMPLEMENT 

■ 

BUSY 

DIRECTION 
RIPPLE  CLOCK 

-vs 

VCO  I/P 
VCO  O/P 

INTEGRATOR  O/P 
INTEGRATOR  I/P 
DEMOD  VP 


Description 


Demodulator  Output 
Reference  Signal  Input 
Ratio  Multiplier  Output 
Cosine  Input 
Power  Ground 
Resolver  Signal  Ground 
Sine  Input 

Positive  Power  Supply 

Parallel  Output  Data 

Logic  Power  Supply 

Logic  HI- Output  Data  Pins  in 

High  Impedance  State 

Logic  LO -Presents  Active  Data 

to  the  Output  Pins 

Logic  HI-Most  Significant  Byte  to 

DB1-DB8 

Logic  LO-Least  Significant  Byte 
to  DB1-DB8 

Logic  LO  Inhibits  Data  Transfer 
to  Output  Latches 
Digital  Ground 
Select  Converter  Resolution 
Logic  LO  DB1-DB16  Inputs 
Logic  HI  DB  1-DB  16  Outputs 
Active  Logic  LO 
Converter  Busy, 
While  Busy  HI 
Logic  State  Defines  Direction  of 
Input  Signal  Rotation 
Positive  Pulse  When  Converter  Output 
Changes  from  Is  to  All  0s  or  Vice  Versa 
Negative  Power  Supply 
VCO  Input 
VCO  Output 
Integrator  Output 
Integrator  Input 
Demodulator  Input 


NC  =  NO  CONNECT 


ESD  SENSITIVITY  

The  AD2S83  features  an  input  protection  circuit  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charges  Device  Model). 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 

degradation.  For  further  information  on  ESD  precautions,  refer  to  Analog  Devices  ESD  Prevention 

,1  ; 


Manual. 
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Bit  Weight  Table 


Binary 

Resolution 

Degrees 

Minutes 

Seconds 

Kits  (,rs ) 

(NN) 

/Bit 

/Bit 

/Bit 

0 

1 

360.0 

21600.0 

1296000.0 

1 

2 

180.0 

10800.0 

648000.0 

2 

4 

90.0 

5400.0 

27/i.nnn  ft 

3 

ft 

2700  0 

10Z.UUU.U 

4 

16 

"?"3  5 

£.£..  J 

1350  0 

aiftnn  n 

o 1UUU.U 

5 

32 

11.25 

675.0 

40500.0 

6 

64 

5.625 

337.5 

20250.0 

7 

128 

i  one 
c.oiZj 

loo. ID 

10125  0 

8 

84  375 

5062  5 

9 

512 

n  7ft2 i ?^ 

±">  1  Q7^ 

2531  25 

10 

1024 

0.3515625 

21.09375 

1265.625 

11 

2048 

0.1757813 

10.546875 

632.8125 

12 

4096 

0.0878906 

5.273438 

316.40625 

13 

8192 

0.0439453 

2.636719 

158.20313 

14 

16384 

0.0219727 

1.318359 

79.10156 

15 

32768 

0.0109836 

0.659180 

39.55078 

16 

65536 

0.0054932 

0.329590 

19.77539 

17 

131072 

0.0027466 

0.164795 

9.88770 

18 

262144 

0.0013733 

0.082397 

4.94385 

sr«i  )\.-:j.tin.  .{  ',-rs. ' -oa  %ig<x  I 
CONNECTING  THE  CONVERTER 
The  power  supply  voltages  connected  to  +VS  and  -\ 
should  be  +12  V  dc  and  -12  V  dc  and  must  not  be  reversed. 
The  voltage  applied  to  VL  can  be  +5  V  dc  to  +VS. 

It  is  recommended  that  decoupling  capacitors  are  connected  in 
parallel  between  the  power  lines  +VS,  — Vs  and  ANALOG 
GROUND  adjacent  to  the  converter.  Recommended  values  are 
100  nF  (ceramic)  and  10  u.F  (tantalum).  Also  capacitors  of 
100  nF  and  10  u-F  should  be  connected  between  +VL  and 
DIGITAL  GROUND  adjacent  to  the  converter. 

■ 

■ 


- 





SIN 
SIG  GND 

COS 
GND 

RIPPLE 
CLOCK 


I 




V* 

The  resolver  signal  connections  should  be  made  to  the  SIN  and 
COS  inputs,  REFERENCE  INPUT  and  SIGNAL  GROUND  as 
shown  in  Figure  10  and  described  in  section  "CONNECTING 
THE  RESOLVER." 

The  two  signal  ground  wires  from  the  resolver  should  be  joined 
at  the  SIGNAL  GROUND  pin  of  the  converter  to  minimize  the 
coupling  between  the  sine  and  cosine  signals.  For  this  reason  it 
is  also  recommended  that  the  resolver  is  connected  using  indi- 
vidually screened  twisted  pair  cables  with  the  sine,  cosine  and 
reference  signals  twisted  separately. 

SIGNAL  GROUND  and  ANALOG  GROUND  are  connected 
internally.  ANALOG  GROUND  and  DIGITAL  GROUND 
must  be  connected  externally  and  as  close  to  the  converter  as 
possible. 

The  external  components  required  should  be  connected  as 
shown  in  Figure  1. 

CONVERTER  RESOLUTION 

Two  major  areas  of  the  AD2S83  specification  can  be  selected  by 
the  user  to  optimize  the  total  system  performance.  The  resolu- 
tion of  the  digital  output  is  set  by  the  logic  state  of  the  inputs 
SCI  and  SC2  to  be  10,  12,  14  or  16  bits;  and  the  dynamic  char- 
acteristics of  bandwidth  and  tracking  rate  are  selected  by  the 
choice  of  external  components. 

The  choice  of  the  resolution  will  affect  the  values  of  R4  and  R6 
which  scale  the  inputs  to  the  integrator  and  the  VCO  respec- 
tively (see  section  COMPONENT  SELECTION).  If  the 
resolution  is  changed,  then  new  values  of  R4  and  R6  must  be 
switched  into  the  circuit. 


Note:  When  changing  resolution  under  dynamic  conditions,  do 
so  when  BUSY  is  low,  i.e.,  when  data  is  not  changing. 



REFERENCE 


AC  ERR0R  °/F 


SEGMENT 
SWITCHING 


_    R  -  2R  DAC 


AD2S83 


16-BIT  UP/DOWN  COUNTER 


OUTPUT  DATA  LATCH 


VCO  +  DATA 
TRANSFER 
LOGIC 


VCO 
l/P 


?-t  ■<  JxLL  «^<«<l<KKm<  »-^_^3__o— Jl— ^j^— J>— 
 I     +5V    DIG   BUSY      |  INHIBIT 

ENABLE  BYTE         GND  DIRECTION 


VCO 
O/P 


SELECT 

Figure  1.  Connection  Diagram 


TRACKING 
RATE 

SELECTION 
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CONVERTER  OPERATION 

When  connected  in  a  circuit  such  as  shown  in  Figure  10,  the 
AD2S83  operates  as  a  tracking  resolver-to-digital  converter.  The 
output  will  automatically  follow  the  input  for  speeds  up  to  the 
selected  maximum  tracking  rate.  No  convert  command  is  neces- 
sary as  the  conversion  is  automatically  initiated  by  each  LSB 
increment,  or  decrement,  of  the  input.  Each  LSB  change  of  the 
converter  initiates  a  BUSY  pulse. 

The  AD2S83  is  remarkably  tolerant  of  input  amplitude  and  fre- 
quency variation  because  the  conversion  depends  only  on  the 
ratio  of  the  input  signals.  Consequently  there  is  no  need  for 
accurate,  stable  oscillator  to  produce  the  reference  signal.  The 
inclusion  of  the  phase  sensitive  detector  in  the  conversion  loop 
ensures  high  immunity  to  signals  that  are  not  phase  or  fre- 
quency coherent  or  are  in  quadrature  with  the  reference  sij 

SIGNAL  CONDITIONING 

The  amplitude  of  the  SINE  and  COSINE  signal  inputs  should 
be  maintained  within  10%  of  the  nominal  values  if  full  perfor- 
mance is  required  from  the  velocity  signal. 

The  digital  position  output  is  relatively  insensitive  to  amplitude 
variation.  Increasing  the  input  signal  levels  by  more  than  10% 
will  result  in  a  loss  in  accuracy  due  to  internal  overload.  Reduc- 
ing levels  will  result  in  a  steady  decline  in  accuracy.  With  the 
signal  levels  at  50%  of  the  correct  value,  the  angular  error  will 
increase  to  an  amount  equivalent  to  1.3  LSB.  At  this  level  the 
repeatability  will  also  degrade  to  2  LSB  and  the  dynamic  re- 
sponse will  also  change,  since  the  dynamic  characteristics  are 
proportional  to  the  signal  level. 

The  AD2S83  will  not  be  damaged  if  the  signal  inputs  are 
applied  to  the  converter  without  the  power  supplies  and/or  the 
reference. 

REFERENCE  INPUT 

The  amplitude  of  the  reference  signal  applied  to  the  converter's 
input  is  not  critical,  but  care  should  be  taken  to  ensure  it  is  kept 
within  the  recommended  operating  limits. 

The  AD2S83  will  not  be  damaged  if  the  reference  is  supplied 
to  the  converter  without  the  power  supplies  and/or  the  signal 
inputs. 

HARMONIC  DISTORTION 

The  amount  of  harmonic  distortion  allowable  on  the  signal  and 
reference  lines  is  10%. 

Square  waveforms  can  be  used  but  the  input  levels  should  be 
adjusted  so  that  the  average  value  is  1 .9  V  rms.  (For  example,  a 
square  wave  should  be  1.9  V  peak.)  Triangular  and  sawtooth 
waveforms  should  have  a  amplitude  of  2  V  rms. 

Note:  The  figure  specified  of  10%  harmonic  distortion  is  for 
calibration  convenience  only. 

POSITION  OUTPUT 

The  resolver  shaft  position  is  represented  at  the  converter  out- 
put by  a  natural  binary  parallel  digital  word.  As  the  digital  posi- 
tion output  of  the  converter  passes  through  the  major  carries, 
L«f  all  "Is"  to  all  "0s"  or  the  inverse,  a  RIPPLE  CLOCK  (RC) 
logic  output  is  initiated  indicating  that  a  revolution  or  a  pitch  of 
the  input  has  been  completed. 


The  direction  of  input  rotation  is  indicated  by  the  DIRECTION 
(DIR)  logic  output.  This  direction  data  is  always  valid  in 
advance  of  a  RIPPLE  CLOCK  pulse  and,  as  it  is  internally 
latched,  only  changing  state  (1  LSB  min  change  in  input)  with  a 
corresponding  change  in  direction. 

Both  the  RIPPLE  CLOCK  pulse  and  the  DIRECTION  data  are 
unaffected  by  the  application  of  the  INHIBIT.  The  static  posi- 
tional accuracy  quoted  is  the  worst  case  error  that  can  occur 
over  the  full  operating  temperature  excluding  the  effects  of 
offset  signals  at  the  INTEGRATOR  INPUT  (which  can  be 
trimmed  out  -  see  Figure  1),  and  with  the  following  conditions: 
input  signal  amplitudes  are  within  10%  of  the  nominal;  phase 
shift  between  signal  and  reference  is  less  than  10  degrees. 

These  operating  conditions  are  selected  primarily  to  establish  a 
repeatable  acceptance  test  procedure  which  can  be  traced  to 
national  standards.  In  practice,  the  AD2S83  can  be  used  well 
outside  these  operating  conditions  providing  the  above  points 
are  observed. 

VELOCITY  SIGNAL 

The  tracking  converter  technique  generates  an  internal  signal  at 
the  output  of  the  integrator  (INTEGRATOR  OUTPUT)  that  is 
proportional  to  the  rate  of  change  of  the  input  angle.  This  is  a 
dc  analog  output  referred  to  as  the  VELOCITY  signal. 

It  is  recommended  that  the  velocity  output  be  buffered. 

The  sense  is  positive  for  an  increasing  angular  input  and  nega- 
tive for  decreasing  angular  input.  The  full-scale  velocity  output 
is  ±8  V  dc.  The  output  velocity  scaling  and  tracking  rate  are  a 
function  of  the  resolution  of  the  converter;  this  is  summarized 
below. 


Max  Tracking 

Nominal  Scaling 

Res 

Rate  (rps) 

(rps/V  dc) 

10 

1040 

130 

12 

260 

32  5 

14 

65 

8.125 

16 

16.25 

2.03 

(Velocity  O/P  =  ±8  V  dc  nominal) 

The  output  velocity  can  be  suitably  scaled  and  used  to  i 
conventional  DC  tachogenerator.  For  more  detailed  information 
see  "AD2S83  as  a  Silic 


nore  d 
ator"  section. 


DC  ERROR  SIGNAL 

The  signal  at  the  output  of  the  phase  sensitive  detector 
(DEMODULATOR  OUTPUT)  is  the  signal  to  be  nulled  by 
the  tracking  loop  and  is,  therefore,  proportional  to  the  error 
between  the  input  angle  and  the  output  digital  angle.  As  the 
converter  is  a  Type  2  servo  loop,  the  demodulator  output  signal 
will  increase  if  the  output  fails  to  track  the  input  for  any  reason. 
This  is  an  indication  that  the  input  has  exceeded  the  maximum 
tracking  rate  of  the  converter  or,  due  to  some  internal  or  exter- 
nal malfunction,  the  converter  is  unable  to  reach  a  null.  By  con- 
necting two  external  comparators,  this  voltage  can  be  used  as  a 
"built-in-test." 
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components  tor  tne  converter  in  order  to  acnieve  tne  required 
bandwidth  and  tracking  rate.  In  all  cases  the  nearest  "preferred 
value"  component  should  be  used,  and  a  5%  tolerance  will  not 
degrade  the  overall  performance  of  the  convener.  Care  should 
be  taken  that  the  resistors  and  capacitors  will  function  over  the 
required  operating  temperature  range.  The  components  should 
be  connected  as  shown  in  Figure  1. 

Free  PC  compatible  software  is  available  to  help  users  select  the 
optimum  component  values  for  the  AD2S83,  and  display  the  transfer 
gain,  phase  and  small  step  response. 

For  more  detailed  information  and  explanation,  see  sec- 
tion "CIRCUIT  FUNCTIONS  AND  DYNAMIC 
PERFORMANCE." 
1.  HF  Filter  (R1,R2,  CI,  C2) 

The  function  of  the  HF  filter  is  to  remove  any  dc  offset  and 
to  reduce  the  amount  of  noise  present  on  the  signal  inputs  to 
the  AD2S83,  reaching  the  Phase  Sensitive  Detector  and 
affecting  the  outputs.  Rl  and  C2  may  be  omitted  -  in  which 
case  R2  =  R3  and  CI  =  C3,  calculated  below  -  but  their  use 
is  particularly  recommended  if  noise  from  switch  mode 
power  supplies  and  brushless  motor  drive  is  present. 

Values  should  be  chosen  so  that 


15  Ml  s  Rl  =  R2  s  56  Ml 
2  ir  R\  f/HF 


and  fREF  =  Reference  frequency  (Hz) 

This  filter  gives  an  attenuation  of  3  times  at  the  input  to  the 
phase  sensitive  detector. 

Gain  Scaling  Resistor  (R4)  (See  Phase  Sensitive  Demodulator 
Section) 

If  RI,  C2  are  fitted  then: 

E  jyc 

R4  =  100  x  10-' 

where  100  x  10"  =  current/LSB 
If  Rl,  C2  are  not  fitted  then: 

i 

Eric 


X 


R4 


100  x  ir9 


where  EDC  =  160  x  10  3  for  10  bits  resolution 
=  40  x  10"3  for  12  bits 
=  10  x  10"3  for  14  bits 
=  2.5  x  10  3  for  16  bits 
=  Scaling  of  the  DC  ERROR  in  volts/LSB 

AC  Coupling  of  Reference  Input  (R3,  C3) 

Select  R3  and  C3  so  that  there  is  no  significant  phase  shift  at 

the  reference  frequency.  That  is, 


R3 


C3  > 


ioo  *n 

1 


Ri  x  fa,, 
with  R3  in  n. 
4.  Maximum  Tracking  Rate  (R6) 

The  VCO  input  resistor  R6  sets  the  maximum  tracking  rate 
of  the  converter  and  hence  the  velocity  scaling  as  at  the  max 
tracking  rate,  the  velocity  output  will  be  8  V. 


rememDereu  mat  uic  imcaniy  ui  uic  velocity  uuipui.  is 
specified  across  0  kHz-500  kHz  and  500  kHz-1000  kHz. 
The  following  conversion  can  be  used  to  determine  the 
corresponding  rps: 


rps 


VCO  Rate  (Hz) 


Note  that  "T"  must  not  exceed  the  maximum  tracking  rate  or 
1/16  of  the  reference  frequency. 

6.81  x  1010  j 

R6 


T  x 


where  n  =  bits  per  revolution 

=  1,024  for  10  bits  resolution 

=  4,096  for  12  bits 

=  16,384  for  14  bits 

=  65,536  for  16  bits 

Closed-Loop  Bandwidth  Selection  (C4,  C5,  R5) 

a.  Choose  the  closed-loop  bandwidth  (fBW)  required 
ensuring  that  the  ratio  of  reference  frequency  to  band- 
width does  not  exceed  the  following  guidelines: 

Resolution  Ratio  of  Reference  Frequency/Bandwidth 
10  2.5  :  1 

12  4:1 
14  6:1 
16  7.5  :  1 

Typical  values  may  be  100  Hz  for  a  400  Hz  reference  fre- 
quency and  500  Hz  to  1000  Hz  for  a  5  kHz  reference 
frequency. 

b.  Select  C4  so  that 

21 


C4 


•R6  x  fBW 

with  R6  in  fl  and  fBW  in  Hz  selected  above. 

c.  C5  is  given  by 

C5  =  5  x  C4 

d.  R5  is  given  by 

4 


Ri 


a 


2  X  TT  x  fm-  X  C5 

6.  VCO  Phase  Compensation 
The  following  values  of  C6  and  R7  should  be  connected  as 
close  as  possible  to  the  VCO  output,  Pin  41. 

C6  =  390  pF,  R7  =  3.3  kfl 

7.  VCO  Optimization 

To  optimize  the  performance  of  the  VCO  a  capacitor,  C7, 
should  be  placed  across  the  VCO  input  and  output,  Pins  40 
and  41. 

C7  =  150  pF 

8.  Offset  Adjust 

Offsets  and  bias  currents  at  the  integrator  input  can  cause  an 
additional  positional  offset  at  the  output  of  the  converter  of  1 
arc  minute  typical,  5.3  arc  minutes  maximum.  If  this  can  be 
tolerated,  then  R8  and  R9  can  be  omitted  from  the  circuit. 

If  fitted,  the  following  values  of  R8  and  R9  should  be  used: 
i?8  =  4.7  M(l,  R9  =  1  Affl  1 
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To  adjust  the  zero  offset,  ensure  the  resolver  is  disconnected 
and  all  the  external  components  are  fitted.  Connect  the  COS 
pin  to  the  REFERENCE  INPUT  and  the  SIN  pin  to  the 
SIGNAL  GROUND  and  with  the  power  and  reference 
applied,  adjust  the  potentiometer  to  give  all  "Os"  on  the  digi- 
tal output  bits. 

The  potentiometer  may  be  replaced  with  s 
if  preferred. 


DATA  TRANSFER 


To  transfer  data  the  INHIBIT  input  should  be  used.  The  data 
will  be  valid  490  ns  after  the  application  of  a  logic  "LO"  to  the 
INHIBIT.  This  is  regardless  of  the  time  when  the  INHIBIT  is 
applied  and  allows  time  for  an  active  BUSY  to  clear.  By  using 
the  ENABLE  input  the  two  bytes  of  data  can  be  transferred 
after  which  the  INHIBIT  should  be  returned  to  a  logic  "HI" 
state  to  enable  the  output  latches  to  be  updated. 

BUSY  Output 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  the 
signal  appearing  on  the  BUSY  output  is  a  series  of  pulses  at 
TTL  levels.  A  BUSY  pulse  is  initiated  each  time  the  input 
moves  by  the  analog  equivalent  of  one  LSB  and  the  internal 
counter  is  incremented  or  i 


INHIBIT  Input 

The  INHIBIT  logic  input  only  inhibits  the  data  transfer  from 
the  up-down  counter  to  the  output  latches  and,  therefore,  does 
not  interrupt  the  operation  of  the  tracking  loop.  Releasing  the 
INHIBIT  automatically  generates  a  BUSY  pulse  to  refresh  the 
output  data. 


ENABLE  Input 

The  ENABLE  input  determines  the  state  of  the  output  data.  A 
logic  "HI"  maintains  the  output  data  pins  in  the  high  impedance 
condition,  and  the  application  of  a  logic  "LO"  presents  the  data 
in  the  latches  at  the  output  pins.  The  operation  of  the 
ENABLE  has  no  effect  on  the  conversion  process. 

BYTE  SELECT  Input 

The  BYTE  SELECT  input  selects  the  byte  of  the  position  data 
to  be  presented  at  the  data  output  pins  DB1  to  DB8.  The  least 
significant  byte  will  be  presented  on  data  output  pins  DB9  to 
DB16  (with  the  ENABLE  input  taken  to  a  logic  "LO")  regard- 
less of  the  state  of  the  BYTE  SELECT  pin.  Note  that  when  the 
AD2S83  is  used  with  a  resolution  less  than  16  bits  the  unused 
data  lines  are  pulled  to  a  logic  "LO."  A  logic  "HI"  on  the 
BYTE  SELECT  input  will  present  the  eight  most  significant 
data  bits  on  data  output  pins  DB1  through  DB8.  A  logic  "LO" 
will  present  the  least  significant  byte  on  data  outputs  1  to  8, 
i.e.,  data  outputs  1  to  8  will  duplicate  data  outputs  9  to  16. 

The  operation  of  the  BYTE  SELECT  has  no  effect  on  the  con- 
version process  of  the  convener. 


RIPPLE  CLOCK 

As  the  output  of  the  converter  passes  through  the  major  carry, 
i.e.,  all  "Is"  to  all  "0s"  or  the  converse,  a  positive  going  edge  on 
the  RIPPLE  CLOCK  (RC)  output  is  initiated  indicating  that  a 
revolution,  or  a  pitch,  of  the  input  has  been  completed. 

The  minimum  pulse  width  of  the  ripple  clock  is  300  ns. 
RIPPLE  CLOCK  is  normally  set  high  before  a  BUSY  pulse  and 
resets  before  the  next  positive  going  edge  of  the  next  busy  pulse. 

The  only  exception  to  this  is  when  DIR  changes  while  the  RIP- 
PLE CLOCK  is  high.  Resetting  of  the  RIPPLE  clock  will  only 
occur  if  the  DIR  remains  stable  for  two  consecutive  positive 
BUSY  pulse  edges. 

If  the  AD2S83  is  being  used  in  a  pitch  and  revolution  counting 
application,  the  ripple  and  busy  will  need  to  be  gated  to  prevent 
false  decrement  or  increment  (see  Figure  2). 


RIPPLE  CLOCK  is  unaffected  by  INHIBIT. 


TO  COUNTER 
(CLOCK) 


BUSY 


NOTE:  DO  NOT  USE  ABOVE  CCT  WHEN  INHIBIT  IS  LOW. 

Figure  2.  Diode  Transistor  Logic  Nand  Gate 
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Digital  Timing 
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1  ■ 

n 


Parameter 


tj  200 

t2  10 

t3  470 

t4  re 

woj  >.<  tiaIm*)  h3HV»  -feo  avoaA  a  k?to* 

t6  70 

t7  485 

t8  515 

tio  40 

tn  35 

t12  60 

t„  60 


350 

25 

580 

45 

25 

140 

625 

670 

490 

110 

110 

140 

125 


Condition 


BUSY  WIDTH  VH-VH 
RIPPLE  CLOCK  VH  to  BUSY  VH 
RIPPLE  CLOCK  VL  to  Next  BUSY  VH 
BUSY  VH  to  DATA  VH 
BUSY  V„  to  DATA  V, 


INHIBIT  VH  to  BUSY  VH 
MIN  DIR  V„  to  BUSY  VH 
MIN  DIR  VH  to  BUSY  VH 
INHIBIT  VL  to  DATA  STABLE 
ENABLE  V,  to  DATA  VH 


ENABLE  VL  to  DATA  VL 
BYTE  SELECT  VL  to  DATA  STABLE 


BYTE  SELECT  VH  to  DATA  STABLE 




DIRECTION  Output 

The  DIRECTION  (DIR)  output  indicates  the  direction  of  the 
input  rotation.  Any  change  in  the  state  of  DIR  precedes  the  cor- 
responding BUSY,  DATA  and  RIPPLE  CLOCK  updates.  DIR 
can  be  considered  as  an  asynchronous  output  and  can  make 
multiple  changes  in  state  between  two  consecutive  LSB  update 
cycles.  This  occurs  when  the  direction  of  rotation  of  the  input 
changes  but  the  magnitude  of  the  rotation  is  less  than  1  LSB. 


For  Example: 


Initial  Counter  State 
Applied  Data  Word 


Counter  State  after  DATA  LOAD 


10  10  1 
110  0  0 
110  0  0 


Initial  Counter  State 
Applied  Data  Word 


10  10  1 
110  0  0 


COMPLEMENT 


The  COMPLEMENT  input  is  an  active  low  input  and  is  inter- 
nally pulled  to  +VS  via  100  kfl. 


Strobing  DATA  LOAD  and  COMPLEMENT  pins  to  logic  LO 
will  set  the  logic  HI  bits  of  the  AD2S83  counter  to  a  LO  state. 
Those  bits  of  the  applied  data  which  are  logic  LO  will  not 
change  the  corresponding  bits  in  the  AD2S83  counter. 


Counter  State  after  DATA  LOAD  and  Complement   0  0  10  1 

In  order  to  read  the  counter  following  a  DATA  LOAD,  the  pro- 
cedure below  should  be  followed: 

1.  Place  Outputs  in  high  impedance  state  (ENABLE  =  HI). 
Present  data  to  pins. 


Pull  DATA  LOAD  and  COMPLEMENT  pins  to  ground. 

Wait  100  ns. 

Remove  data  from  pins. 

Remove  outputs  from  high  impedance  state  (ENABLE 
=  LO). 
Read  outputs. 


76-24    MOTION  CONTROL  PRODUCTS  REV.  B 


AD2S83 


VELOCITY  ERRORS 

Some  "ripple"  or  noise  will  always  be  present  in  the  velocity 
signal.  Velocity  signal  ripple  is  caused  by,  or  related  to,  the  fol- 
lowing parameters.  The  resulting  effects  are  generally  additive. 
This  means  diagnosis  needs  to  be  an  iterative  process  in  order  to 
define  the  source  of  the  error. 

1.0  Reference  Frequency 

A  ripple  content  at  the  reference  frequency  is  superimposed 
on  the  velocity  signal  output.  The  amplitude  depends  on  the 
loop  bandwidth.  This  error  is  a  function  of  a  dc  offset  at  the 
input  to  Phase  Sensitive  Demodulator  (PSD). 

2.0  Resolver  Inaccuracies 

Impedance  mismatch  occur  in  the  sine  and  cosine  windings 
of  the  resolver.  These  give  rise  to  differential  phase  shift 
between  the  sine  and  cosine  inputs  to  the  RDC  and  varia- 
tions in  the  resolver  output  amplitudes. 

2.1  Sine  and  Cosine  Amplitude  Mismatch 
ripple  voltages. 

2.2  Differential  Phase  Shift  between  the  Sine  and  Cosine  Inputs 
The  frequency  of  this  ripple  is  usually  twice  the  input  veloc- 
ity, and  the  amplitude  is  proportional  to  the  magnitude  of 
the  velocity  signal.  The  phase  shift  is  normally  induced 
through  the  connections  from  the  resolver  to  the  converter. 
Maintaining  equal  lengths  of  screened  twisted  pair  cable 
from  the  resolver  to  the  AD2S83  will  reduce  the  effects  of 
resistive  imbalance,  and  therefore,  reduce  differential  phase 
shift. 

3.0  LSB  Update  Ripple 
LSB  update  noise 


■ 


the  resolver  rotates  and  the  dig- 
ital outputs  of  the  RDC  are  updated.  For  a  correctly  scaled 
loop,  this  ripple  component  has  a  magnit 
mately  2  mV  peak  at  16-bit  resolution. 

3. 1  Ripple  due  to  the  LSB  rate  given  by: 

LSB  rate  =  N  x  Reference  Frequency 
The  PSD  generates  sums  and  differences  of  all  its  compo- 
nent input  frequencies,  so  when  the  LSB  update  rate  is  an 
multiple  of  the  reference  frequency,  a  beat  frequency  is  gen- 
erated. The  magnitude  of  this  ripple  is  a  function  of  the 
LSB  weighting,  i.e.,  ripple  is  less  at  16  bits. 

4.0  Torque  Ripple 

Torque  ripple  is  a  phenomenon  associated  with  motors.  An 
ac  motor  naturally  exhibits  a  sinusoidal  back  emf.  In  an 
ideal  system  the  current  fed  to  the  motor  should,  in  order  to 
cancel,  also  be  sinusoidal.  In  practice  the  current  is  often 
trapezoidal.  Consequently,  the  output  torque  from  the 
motor  will  not  be  smooth  and  torque  ripple  is  created.  If 
the  loading  on  a  motor  is  constant,  the  velocity  of  the  motor 
shaft  will  vary  as  a  result  of  the  cyclic  variation  of  motor 
torque.  The  variation  in  velocity  then  appears  on  the  veloc- 
ity output  as  ripple.  This  is  not  an  error  but  a  true  velocity 
variation  in  the  system. 


Offset  Errors 

The  limiting  factor  in  the  measuring  of  low  or  "creep"  speeds  is 
the  level  of  dc  offset  present  at  zero  velocity.  The  zero  velocity 
dc  offset  at  the  output  of  the  AD2S83  is  a  function  of  the  input 
bias  current  to  the  VCO  and  the  value  for  the  input  resistor  R6. 
See  "Circuit  Functions  and  Dynamic  Performance  VCO." 

The  offset  can  be  minimized  by  reducing  the  maximum  tracking 
rate  so  reducing  the  value  for  R6.  Offset  is  a  function  of  track- 
ing rate  and  therefore  resolution;  the  dc  offset  is  lowest  at  16 
bits.  To  increase  the  dynamic  range  of  the  velocity  dynamic  res- 
olution switching  can  be  employed.  (Contact  MCG  Applications 
for  more  information.) 

CONNECTING  THE  RESOLVER 

The  recommended  connection  circuit  is  shown  in  Figure  10. 

In  cases  where  the  reference  phase  relative  to  the  input  sig- 
nals from  the  resolver  requires  adjustment,  this  can  be  easily 
achieved  by  varying  the  value  of  the  resistor  R2  of  the  HF  filter 
(see  Figure  1). 

Assume  that  Rl  =  R2  =  R  and  CI  =  C2  =  C 

and  Reference  Frequency  =  — -  . 

2  it  RG 

By  altering  the  value  of  R2,  the  phase  of  the  reference  relative 
to  the  input  signals  will  change  in  an  approximately  linear  man- 
ner for  phase  shifts  of  up  to  10  degrees. 

Increasing  R2  by  10%  introduces  a  phase  lag  of  2  degrees. 
Decreasing  R2  by  10%  introduces  a  phase  lead  of  2  degrees. 


PHASE  LEAD 


PHASE  SHIFT  CIRCUITS 


Figure  9.  Phase  Shift  Circuits 


PHASE  LAG  = 
ARC  TAN  2.-ifRC 
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TYPICAL  CIRCUIT  CONFIGURATION 

Figure  10  shows  a  typical  circuit  configuration  for  the  AD2S83 
with  12-bit  resolution.  Values  of  the  external  components  have 
been  chosen  for  a  reference  frequency  of  5  kHz  and  a  maximum 
tracking  rate  of  260  rps  with  a  bandwidth  of  520  Hz.  Placing 
the  values  for  R4,  R6,  C4  and  C5  in  the  equation  for  KA  gives  a 
value  of  2.7  x  106.  The  resistors  are  0.125  W,  5%  tolerance  pre- 
ferred values.  The  capacitors  are  100  V  ceramic,  10%  tolerance 
components. 


For  signal  and  reference  voltages  greater  than  2  V  rms  a  simple 
voltage  divider  circuit  of  resistors  can  be  used  to  generate  the 
correct  signal  level  at  the  converter.  Care  should  be  taken  to 
ensure  that  the  ratios  of  the  resistors  between  the  sine  signal  line 
and  ground  and  the  cosine  signal  line  and  ground  are  the  same. 
Any  difference  will  result  in  an  additional  position  error. 


REFERENCE 
INPUT 


RESOLVER 
SIGNAL 


COS  HIGH 
REF LOW 
COS  LOW 
SIN  LOW 


SIN  HIGH 
♦  12V 


NOTE:  R7,  C6  AND  C7  SHOULD  BE  CONNECTED  AS 
CLOSE  AS  POSSIBLE  TO  THE  CONVERTER  PINS. 
SIGNAL  SCREENS  SHOULD  BE  CONNECTED  TO  PIN  5 


Figure  10.  Typical  Circuit  Configuration 


16-26    MOTION  CONTROL  PRODUCTS 


REV.  B 


ANALOG 
DEVICES 


Low  Cost,  Complete  12-Bit 
Resolver-to-Digital  Converter 


FEATURES 

Complete  Monolithic  Resolver-to-Digital  Converter 

Incremental  Encoder  Emulation  (1024-Line) 

Absolute  Serial  Data  (12-Bit) 

Differential  Inputs 

12-Bit  Resolution 

Industrial  Temperature  Range 

20-Pin  PLCC 

Low  Power  (50  mW) 

APPLICATIONS 
Industrial  Motor  Control 
Servo  Motor  Control 
Industrial  Gauging 
Encoder  Emulation 
Automotive  Motion  Sensing  i 
Factory  Automation 
Limit  Switching 


I  Control 


GENERAL  DESCRIPTION 

The  AD2S90  is  a  complete  12-bit  resolution  tracking  resolver-to- 
digital  converter.  No  external  components  are  required  to  oper- 
ate the  device. 

The  converter  accepts  2  V  rms  ±  10%  input  signals  in  the  range 
3-20  kHz  on  the  SIN,  COS  and  REF  inputs.  A  Type  II  servo 
loop  is  employed  to  track  the  inputs  and  convert  the  input  SIN 
and  COS  information  into  a  digital  representation  of  the  input 
angle.  The  bandwidth  of  the  converter  is  set  internally  at  1  kHz. 
The  maYimiim  tracking  rate  is  375  rps  at  12-bit  resolution. 

Angular  position  output  information  is  available  in  two  forms, 
absolute  serial  binary  and  incremental  A  quad  B. 

The  absolute  serial  binary  output  is  12-bit  (1  in  40%).  The  data 
output  pin  is  high  impedance  when  Chip  Select  CS  is  logic  HI. 
This  allows  the  connection  of  multiple  converters  onto  a  com- 
mon bus.  Absolute  angular  information  in  serial  pure  binary 
form  is  accessed  by  CS  followed  by  the  application  of  an  exter- 
nal clock  (SCLK)  with  a  maximum  rate  of  2  MHz. 

The  encoder  emulation  outputs  A,  B  and  NM  continuously  pro- 
duce signals  equivalent  to  a  1024  line  encoder.  When  decoded 
this  corresponds  to  12-bits  resolution.  Three  common  north 
marker  pulse  widths  are  selected  via  a  single  pin  (NMC). 

An  analog  velocity  output  signal  provides  a  representation  of 
velocity  from  a  rotating  resolver  shaft  travelling  in  either  a 
clockwise  or  counterclockwise  direction. 


FUNCTIONAL  BLOCK  DIAGRAM 


SIN  C 
SINLO  C 

COSC 
COSLO  C 


0-f 

Vangle 


HIGH  ACCURACY 
ANGLE         S|N  cos 

MULTIPLIER 


SIN  (8  -4) 

-u>r 


DECODE 
LOGIC 


_l 


REF 


P.S.D.  AND 
FREQUENCY 
SHAPING 


DIGITAL  k 
ANGLE  <j> 


UP  -  DOWN 
COUNTER 


AMPLIFIER 

U/D 


HIGH 
DYNAMIC 
RANGE  V.C.O. 


DIR 


The  AD2S90  operates  on  a  ±5  V  dc  ±  5%  power  supplies  and 
is  fabricated  on  Analog  Devices'  Linear  Compatible  CMOS  pro- 
cess (LC2MOS).  LC2MOS  is  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic 
circuits. 

PRODUCT  HIGHLIGHTS 

Complete  Resolver-Digital  Interface.  The  AD2S90  provides 
the  complete  solution  for  digitizing  resolver  signals  (12-bit  reso- 
lution) without  the  need  for  external  components. 

Dual  Format  Position  Data.  Incremental  encoder  emulation  in 
standard  A  QUAD  B  format  with  selectable  North  Marker 
width.  Absolute  serial  12-bit  angular  binary  position  data 
accessed  via  simple  3- wire  interface. 

Single  High  Accuracy  Grade  in  Low  Cost  Package.  ±  10.6  arc 
minutes  of  angular  accuracy  available  in  a  20-pin  PLCC. 

Low  Power.  Typically  50  mW  power  consumption. 
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voiiage  nmputuue 

Frequency 

Input  Bias  Current 

Input  Impedance 

Common-Mode  Volts1 

CMRR 

1.0  L.L 

3  20 
1.0 

100 

60 

v  rms 

kHz 

nA 

Mfl 

mV  peak 
dB 

COS  to  COS  LO 

V,N  =  2  ±  10%  V  rms 
VIN  =  2  ±  10%  V  rms 
CMV  @  SINLO,  COSLO  w.r.t. 
AGND  @  10  kHz 

REFERENCE  INPUT 
Voltage  Amplitude 
Frequency 
Input  Bias  Current 
Input  Impedance 
Permissible  Phase  Shift 

1.8          2.0  3.35 
3  20 

100 

-10  +10 


V  rms 

kHz 

nA 

kn 

Degrees 

Relative  to  SIN,  COS  Inputs 

CONVERTER  DYNAMICS 
Bandwidth 

Maximum  Tracking  Rate 
Maximum  VCO  Rate  (CLKOUT) 
Settling  Time 

1°  Step 

179°  Step 

700          840  1000 

375 

1.536 

7 

20 

Hz 
rps 
MHz 

ms 

ms 

ACCURACY 

Angular  Accuracy2 
Repeatability3 

±10.6  +1  LSB 
1 

arc  min 
LSB 

VELOCITY  OUTPUT 
Scaling 

Output  Voltage  at  max  rps 
Load  Drive  Capability 

127.5       150  172.5 
±2.17  ±2.875 
±250 

rps/V  dc 
V  dc 
uA 

Vout  =  ±2.5  V  dc 

LOGIC  INPUTS  SCLK,  CS 
Input  High  Voltage  (V,NH) 
Input  Low  Voltage  (VINL) 
Input  Current  (IIN) 
Input  Capacitance 

3.5 

1.5 
10 
10 

Vdc 
Vdc 
uA 
pF 

VDD  =  +5  V  dc,  Vss  =  -5  V  dc 
VDD=  +5Vdc,Vss=  -5  Vdc 

LOGIC  OUTPUTS  DATA,  A,  B,4 
NM,  CLKOUT,  DIR 
Output  High  Voltage 
Output  Low  Voltage 

4.0 

1.0 
0.4 



Vdc 
Vdc 
Vdc 

VDD  =  +5  V  dc,  Vss  =  -5  V  dc 
IOH  =  1  mA 
IOL  =  1  mA 
IOL  =  400  uA 

SERIAL  CLOCK  (SCLK) 
SCLK  Input  Rate 

2 

MHz 

1:1  Mark  Space  Ratio 

NORTH  MARKER  CONTROL  (NMC) 
90° 
180° 
360° 

+4.75      +5.0  +5.25 
-0.75      DGND  +0.75 
-4.75      -5.0  -5.25 

Vdc 
Vdc 
Vdc 

North  Marker  Width  Relative  to 
to  "A"  Cycle 

■ 

POWER  SUPPLIES 

vss 

Iss 

+4.75      +5.00  +5.25 
-4.75      -5.00  -5.25 
7 
9 

Vdc 
Vdc 
mA 
mA 

NOTES 

'If  the  tolerance  on  signal  inputs  =  ±5%,  then  CMV  =  200  mV. 

21  LSB  =  5.3  arc  minute. 

Specified  at  constant  temperature. 

4Output  load  drive  capability. 

Specifications  subject  to  change  without  notice. 
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CSB 


SCLK 


■ 

DATA   

■ 


7 


MSB 


*  THE  MINIMUM  ACCESS  TIME:  USER 

Serial  Interface 


lsb| 


- 


Parameter 

AD2S90 

Units 

Test  Conditions/Notes 

ti 

h 
U 

150 
600 
250 
250 
100 

150 

ns  max 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 
ns  max 

 =  

CS  to  DATA  Enable 

CS  to  1st  SCLK  Negative  Edge 

SCLK  Low  Pulse 

SCLK  High  Pulse 

SCLK  Negative  Edge  to  DATA  Valid 
CS  High  Pulse  Width 

CS  High  to  DATA  High  Z  (Bus  Relinquish) 

'SCLK  can  only  be  applied  after  t2  has  elapsed. 


/ 


90° 


NM  180° 
^\360° 











COUNTER  IS  CLOCKED  ON 
THIS  EDGE 


L 


NUMBER  OF  DEGREES  REFERS  TO  WIDTH  RELATIVE  TO  "  A  "  CYCLE 

Incremental  Encoder 


CK  OUT 


F 


A,  B,  NM 


DIR 


tcLK- 
tABN 


t  DIR 


DIR/CLKOUT/AB  and  NM  Timing 


AD2S90 

Parameter 

Min 

Max 

Units 

Test  Conditions/Notes 

lDIR 

200 

ns 

DIR  to  CLKOUT  Positive  Edge 

tcLK 

250 

400 

ns 

CLKOUT  Pulse  Width 

250 

ns 

CLKOUT  Negative  Edge  to  A,  B  &  NM  Transition 

'Timing  data  are  not  100%  production  tested.  Sample  tested  at  +25°C  only  to  ensure  conformance  to  data  sheet  limits.  Logic  output  timing  tests  carried  out 
using  10  pF,  100  kfl  load. 

'Capacitance  of  data  pin  in  high  impedance  state  =  15  pF. 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (VDD-VSS)  ±5  V  dc  ±  5% 

Analog  Input  Voltage  (SIN,  COS  &  REF)   .  .  .  2  V  rms  ±  10% 

Signal  and  Reference  Harmonic  Distortion  10% 

Phase  Shift  between  Signal  and  Reference  . 
Ambient  Operating  Temperature  Range 
Industrial  (AP)  

ABSOLUTE  MAXIMUM  RATINGS* 


PIN] 


Pin 
No. 


r 

■ 


±10° 


-40°C  to  +85°C 


Vss  to  AGND  +0.3  V  dc  to  -7.0  V  dc 

AGND  to  DGND   -0.3  V  dc  to  VDD  +  0.3  V  dc 

Analog  Inputs  to  AGND 

REF   Vss  -  0.3  V  dc  to  VDD  +  0.3  V  dc 

SIN,  SIN  LO  Vss  -  0.3  V  dc  to  VDD  +  0.3  V  dc 

COS,  COS  LO   Vss  "  0.3  V  dc  to  VDD  +  0.3  V  dc 

Analog  Output  to  AGND 

VEL  Vss  to  VDD 

Digital  Inputs  to  DGND,  CSB, 

SCLK,  RES   -0.3  V  dc  to  VDD  +  0.3  V  dc 

Digital  Outputs  to  DGND,  NM,  A,  B, 

DIR,  CLKOUT  DATA  -0.3  V  dc  to  VDD  +  0.3  V  dc 

Operating  Temperature  Range 

Industrial  (AP)  -40°C  to  +85°C 

Storage  Temperature  Range   .  -65°C  to  +150°C 

Lead  Temperature  (Soldering  10  sees)   300°C 

Power  Dissipation  to  +75°C    300  mW 

Derates  above  +75°C  by   10  mW/°C 

*Stresses  above  those  listed  in  "Absolute  Maximum  Ratings"  may  cause  per- 
manent damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device  reliability. 

ORDERING  INFORMATION 


SCLK 


cs 


Model 

Temperature  Range 

Accuracy 

Package  Option* 

AD2S90AP 

-40°C  to  +85°C 

8  arc  min 

P-20A 

*p  = 

Package  Infc 


9 


10 


11 
12 
13 
14 

15 

16 


Chip  Carrier.  For  outline  information  see 


z  z  o  o  o 
u>    o>    <    o  o 


data[T 

SCLK  fi" 

cs[T 

A[7 

•e 


AD2S90 


1 1  REF 


Ts]f 
l7|  VEL 
16] CLKOUT 

is]nmc 


18 


19 


20 


LlIHLuJLuJIhJ 


Mnemonic 


rr  — 

SINLO 


AGND       Analog  ground,  reference  ground. 
SIN  SIN  channel  noninverting  input  connect 

to  resolver  SIN  HI  output.  SIN  to  SIN 
LO  =  2  V  rms  ±  10%. 
SIN  channel  inverting  input  connect  to 
resolver  SIN  LO. 
TA       Serial  interface  data  output.  High  impedance 
with  CS  =  HI.  Enabled  by  CS  =  0. 
Serial  interface  clock.  Data  is  clocked  out  on 
"first"  negative  edge  of  SCLK  after  a  LO  transi- 
tion on  CS.  12  SCLK  pulses  to  clock  data  out. 
Chip  select.  Active  LO.  Logic  LO  transi- 
tion enables  DATA  output. 
Encoder  A  output.  A  leads  B  for  increasing 
angular  rotation. 


B 

NM 
DIR 


DGND 

Vss 


NMC 


CLKOUT 


COS  LO 


COS 





Function 


Encoder  B  output 


Encoder  North  Marker  emulation  oul 
Pulse  triggered  as  code  passes  through  zero. 
Three  common  pulse  widths  available. 
Indicates  direction  of  rotation  of  input. 
Logic  HI  =  increasing  angular  rotation. 
Logic  LO  =  decreasing  angular  rotation. 
Digital  power  ground  return. 
Negative  power  supply,  -5  V  dc  ±  5%. 
Positive  power  supply,  +5  V  dc  ±  5%. 
Positive  power  supply,  +5  V  dc  ±  5%. 
Must  be  connected  to  Pin  13. 

A 

North  marker  width  control.  Internally 

pulled  HI  via  50  kfl  nominal. 

■ 

Internal  VCO  clock  output.  Indicates 
angular  velocity  of  input  signals.  Max 
nominal  rate  =  1.536  MHz.  CLKOUT  is  a 
300  ns  positive  pulse. 
Indicates  angular  velocity  of  input  signals. 
Positive  voltage  w.r.t.  AGND  indicates 
increasing  angle.  FSD  =  375  rps. 
Converter  reference  input.  Normally 
derived  from  resolver  primary 
excitation.  REF  =  2  V  rms  nominal. 
Phase  shift  w.r.t.  COS  and  SIN  =  ±  10"  max 
COS  channel  inverting  input.  Connect 
to  resolver  COS  LO. 
COS  channel  noninverting  input. 
Connect  to  resolver  COS  HI  output. 
COS  =  2  V  rms  ±  10%. 


••;  t  ; 


ESD  SENSITIVITY  

The  AD2S90  features  an  input  protection  circuit  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Charges  Device  Model). 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  For  further  information  on  ESD  precautions,  refer  to  Analog  Devices  ESD  Prevention 
Manual. 


WARNING! 
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RESOLVER  FORMAT  SIGNALS 

A  resolver  is  a  rotating  transformer  which  has  two  stator  wind- 
ings and  one  rotor  winding.  The  stator  windings  are  displaced 
mechanically  by  90°  (see  Figure  1).  The  rotor  is  excited  with  an 
ac  reference.  The  amplitude  of  subsequent  coupling  onto  the 
stator  windings  is  a  function  of  the  position  of  the  rotor  (shaft) 
relative  to  the  stator.  The  resolver,  therefore,  produces  two  out- 
put voltages  (S3-S1,  S2-S4)  modulated  by  the  SINE  and 
COSINE  of  shaft  angle.  Resolver  format  signals  refer  to  the  sig- 
nals derived  from  the  output  of  a  resolver.  Equation  1  illustrates 
the  output  form. 


sim 

COS& 


(1) 


S3-S1  =j 
S2-S4  =  E0. 
where:  6         =  shaft  angle 

SIN  wt  =  rotor  excitation  frequency 
E0       =  rotor  excitation  amplitude 

Principle  of  Operation 

The  AD2S90  operates  on  a  Type  2  tracking  closed-loop  princi- 
ple. The  output  continually  tracks  the  position  of  the  resolver 
without  the  need  for  external  convert  and  wait  states.  As  the 
transducer  moves  through  a  position  equivalent  to  the  least  sig- 
nificant bit  weighting,  the  output  is  updated  by  one  LSB. 

On  the  AD2S90,  CLKOUT  updates  corresponding  to  one  LSB 
increment.  If  we  assume  that  the  current  word  state  of  the 
up-down  counter  is  <t>,  S3-S1  is  multiplied  by  COS  <t>  and  S2-S4 
is  multiplied  by  SIN  <t>  to  give: 

Ea  SIN  at  •  SIN  6  C05<t> 

Ea  SIN  on  •  COS  8  SIN<S>  (2) 
An  error  amplifier  subtracts  these  signals  giving: 


e0  sin  e  •  (sin  e  cos  <s>-cos  e  sin  <j>j 

Ea  SIN  ur  ■  SIN  (9-<W 
where  (8-<t>)  =  angular  error 


(3) 


A  phase  sensitive  detector,  integrator  and  voltage  controlled 
oscillator  (VCO)  form  a  closed  loop  system  which  seeks  to  null 
sin  (8-<t>).  When  this  is  accomplished  the  word  state  of  the 
up/down  counter,  <)>,  equals  within  the  rated  accuracy  of  the 
converter,  the  resolver  shaft  angle  8. 


For  more  information  on  the  operation  of  the  converter,  see 
Circuit  Dynamics  section. 


S2  TO  S4 
(COS) 


S3TOS1 
(SIN) 


R2  TO  R4 
(REF) 




— 

AAAft 

mm 

90-  180-  270- 

8 

Figure  1.  Electrical  and  Physical  Resolver  Representation 
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RESOLVER 


OSCILLATOR 


REF 

COSLO 

VDD 

COS 

vss 

AGND 

DGND 

SIN 

SIN  LO 

AD2S90AP 

T  T  ^  »nv 

'FZZ  ^  "  (POWER  GROUND) 
T    T7"F  0-5V 


His  lie  Mr  ||8  j' 


POWER  RETURN 

Figure  2.  Connecting  the  AD2S90  to  a  Resolver 
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Refer  to  Figure  2.  Positive  power  supply  VDD  =  +5  V  dc  ± 
5%  should  be  connected  to  Pin  13  &  Pin  14  and  negative  power 
supply  Vss  =  -5  V  dc  ±  5%  to  Pin  12.  Reversal  of  these 
power  supplies  will  destroy  the  device.  S3  (SIN)  and  S2  (COS) 
from  the  resolver  should  be  connected  to  the  SIN  and  COS  pins 
of  the  converter.  SI  (SIN)  and  S4  (COS)  from  the  resolver 
should  be  connected  to  the  SINLO  and  COSLO  pins  of  the 
converter.  The  maximum  signal  level  of  either  the  SIN  or  COS 
resolver  outputs  should  be  2  V  rms  ±  10%.  The  AD2S90 
AGND  pin  is  the  point  at  which  all  analog  signal  grounds 
should  be  star  connected.  The  SIN  LO  and  COS  LO  pins  on 
the  AD2S90  should  be  connected  to  AGND.  Separate  screened 
twisted  cable  pairs  are  recommended  for  all  analog  inputs  SIN, 
COS,  and  REF.  The  screens  should  terminate  at  the  converter 
AGND  pin. 

North  marker  width  selection  is  controlled  by  Pin  15,  NMC. 
Application  of  VDD,  0  V,  or  Vss  to  NMC  will  select  standard 
90°,  180°  and  360°  pulse  widths.  If  unconnected,  the  NM  pulse 
defaults  to  90°.  For  a  more  detailed  description  of  the  output 
formats  available  see  the  Position  Output  section. 

ABSOLUTE  POSITION  OUTPUT 
SERIAL  INTERFACE 

Absolute  angular  position  is  represented  by  serial  binary  data 
and  is  extracted  via  a  three  wire  interface,  DATA,  CS  and 
SCLK.  The  DATA  output  is  held  in  a  high  impedance  state 
when  CS  is  HI. 

Upon  the  application  of  a  Logic  LO  to  the  CS  pin,  the  DATA 
output  is  enabled  and  the  current  angular  information  is  trans- 
ferred from  the  counters  to  the  serial  interface.  Data  is  retrieved 
by  applying  an  external  clock  to  the  SCLK  pin.  The  maximum 
data  rate  of  the  SCLK  is  2  MHz.  To  ensure  secure  data  retrieval 
it  is  important  to  note  that  SCLK  should  not  be  applied  until  a 
minimum  period  of  600  ns  after  the  application  of  a  Logic  LO 
to  CS.  Data  is  then  clocked  out,  MSB  first,  on  successive  nega- 
tive edges  of  the  SCLK;  12  clock  edges  are  required  to  extract 
the  full  12  bits  of  data.  Subsequent  negative  edges  greater  than 
the  defined  resolution  of  the  converter  will  clock  zeros  from  the 
data  output  if  CS  remains  in  a  low  state. 

If  a  resolution  of  less  than  12  bits_is  required,  the  data  access 
can  be  terminated  by  releasing  CS  after  the  required  number  of 
bits  have  been  read. 


7 
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INCREMENTAL  ENCODER  OUTPUTS 

The  incremental  encoder  emulation  outputs  A,  B  and  NM  are 
free  running  and  are  always  valid,  providing  that  valid  resolver 
format  input  signals  are  applied  to  the  converter. 

INCREASING  ANGLE 


A 


H. 





i 




NUMBER  OF  DEGREES  REFERS  TO  WIDTH  RELATIVE  TO  ■  A  •  CYCLE 


•SELECTABLE  WITH  THREE  -  LEVEL 
CONTROL  PIN  •  MARKER  '  DEFAULT 
TO  »•  USING  INTERNAL  PULL  -  UP. 


LEVEL 

WIDTH 

♦v0D 

0 

-vss 

90° 
180" 
360- 

Figure  4.  A,  B  &  NM  Timing 


The  AD2S90  emulates  a  1024-line  encoder.  Relating  this  to  con- 
verter resolution  means  one  revolution  produces  1024  A,  B 
pulses.  A  leads  B  for  increasing  angular  rotation.  The  addition 
of  the  DIR  output  negates  the  need  for  external  A  and  B  direc- 
tion decode  logic.  DIR  is  HI  for  increasing  angular  rotation. 

The  north  marker  pulse  is  generated  as  the  absolute  angular 
position  passes  through  zero.  The  AD2S90  supports  the  three 
industry  standard  widths  controlled  using  the  NMC  pin.  Figure 
4  details  the  relationship  between  A,  B  and  NM.  The  width  of 
NM  is  defined  relative  to  the  A  cycle. 

Unlike  incremental  encoders,  the  AD2S90  encoder  output  is  not 
subject  to  error  specifications  such  as  cycle  error,  eccentricity, 
pulse  and  state  width  errors,  count  density  and  phase  <p. 

The  maximum  speed  rating,  n,  of  an  encoder  is  calculated  from 
its  maximum  switching  frequency,  f^,  and  its  ppr  (pulses  per 
revolution). 


60  x 


Am 
'R 


•  THE  MINIMUM  ACCESS  TIME:  USER  DEPENDENT 

Figure  3.  Serial  Read  Cycle 

CS  can  be  released  a  minimum  of  100  ns  after  the  last  negative 
edge.  If  the  user  is  reading  data  continuously,  CS  can  be  reap- 
plied a  minimum  of  250  ns  after  it  is  released  (see  Figure  3). 


PPi 

The  AD2S90  A,  B  pulses  are  initiated  from  CLKOUT  which 
has  a  maximum  frequency  of  1.536  MHz.  The  equivalent 
encoder  switching  frequency  is: 

1/4  x  1.536  MHz  =  384  kHz  (4  updates  =  1  pulse) 

At  12  bits  the  ppr  =  1024,  therefore  the  maximum  speed,  n,  of 
the  AD2S90  is: 

60  x  384000 
«  =  =  22500  rpm 

This  compares  favorably  with  encoder  specifications  where  f,^ 
is  specified  from  20  kHz  (photo  diodes)  to  125  kHz  (laser  based) 
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solution  to  replace  optical  encoders  directly  without  the  need  to 
change  or  upgrade  existing  application  software. 

VELOCITY  OUTPUT 

The  analog  velocity  output  VEL  is  scaled  to  produce  150  rps/V 
dc  ±  15%.  The  sense  is  positive  V  dc  for  increasing  angular 
rotation.  VEL  can  drive  a  maximum  load  combination  of  10  left 
and  30  pF.  The  internal  velocity  scaling  is  fixed. 

POSITION  CONTROL 

The  rotor  movement  of  dc  or  ac  motors  used  for  servo  control  is 
monitored  at  all  times.  Feedback  transducers  used  for  this  pur- 
pose detect  either  relative  position  in  the  case  of  an  incremental 
encoder  or  absolute  position  and  velocity  using  a  resolver.  An 
incremental  encoder  only  measures  change  in  position  not  actual 
position. 

Closed  Loop  Control  Systems 

The  primary  demand  for  a  change  in  position  must  take  into 
account  the  magnitude  of  that  change  and  the  associated  acceler- 
ation and  velocity  characteristics  of  the  servo  system.  This  is 
necessary  to  avoid  "hunting"  due  to  over-  or  underdamping  of 
the  control  employed. 

A  position  loop  needs  both  actual  and  demand  position  informa- 
tion. Algorithms  consisting  of  proportional,  integral  and  deriva- 
tive control  (PID)  may  be  implemented  to  control  the  velocity 
profile. 

A  simplified  position  loop  is  shown  in  Figure  5. 


POSITION  CONTROLLER 


H8>  ^ 


ACTUAL 
POSITION 


Figure  5.  Position  Loop 


MOTION  CONTROL  PROCESSES 

Advanced  VLSI  designs  mean  that  silicon  system  blocks  are 
now  available  to  achieve  high  performance  motion  control  in 




servo  systems. 


COMMAND  POSITION 
SEQUENCER  (32  BIT) 

HOST 
INTERFACE 

i 


POSITION 
FEEDBACK 
PROCESSOR 
(32  BIT) 


DIGITAL 

PID 
FILTER 
(16  BIT) 


HOST  I/O 
PORT 


TO  HOST  PROCESSOR 

r  " 


■  MIAMI 

zoidal  velocity  profile  via  the  I/O  port. 

As  can  be  seen  from  Figure  6  encoder  position  feedback  infor- 
mation is  used.  This  is  a  popular  format  and  one  which  the 
AD2S90  emulates  thereby  facilitating  the  replacement  of  encod- 
ers with  an  AD2S90  and  a  resolver.  However,  major  benefits 
can  be  realized  by  adopting  the  resolver  principle  as  opposed  to 
the  incremental  technique. 

Incremental  feedback  based  systems  normally  carry  out  a  peri- 
odic check  between  the  position  demanded  by  the  controller  and 
the  increment  position  count.  This  requires  software  and  hard- 
ware comparisons  and  battery  backup  in  the  case  of  power  fail- 
ure. If  there  is  a  supply  failure  and  the  drive  system  moves, 
unless  all  parts  of  the  system  are  backed  up,  a  reset  to  a  known 
datum  point  needs  to  take  place.  This  can  be  extremely  hazard- 
ous in  many  applications.  The  AD2S90  gets  round  this  problem 
by  supplying  an  absolute  position  serial  data  stream  upon 


request,  thus  removing  the  need  to  reset  to  a  known  datum. 
DSP  Interfacing 

The  AD2S90  serial  output  is  ideally  suited  for  interfacing  to 
DSP  configured  microprocessors.  Figures  7  to  10  illustrate  how 
to  configure  the  AD2S90  for  serial  interfacing  to  the  DSP.  In  all 
cases  the  AD2S90  is  configured  for  12-bit  operation. 

ADSP-2105  Interfacing 

Figure  7  shows  the  AD2S90  interfaced  to  an  ADSP-2105.  The 
on-chip  serial  port  of  the  ADSP-2105  is  used  in  alternate  fram- 
ing receive  mode  with  internal  framing  (internally  inverted)  and 
internal  serial  clock  generation  (externally  inverted)  options 
selected.  In  this  mode  the  ADSP-2105  provides  a  CS  and  a 
serial  clock  to  the  AD2S90.  The  serial  clock  is  inverted  to  pre- 
vent timing  errors  as  a  result  of  both  the  AD2S90  and  ADSP- 
2105  clock  data  on  the  negative  edge  of  SCLK.  The  first  data 
bit  is  void;  12-bits  of  significant  data  then  follow  on  each  con- 
secutive negative  edge  of  the  clock.  Data  is  clocked  from  the 
AD2S90  into  the  data  receive  register  of  the  ADSP-2105.  This  is 
internally  set  to  13  bit  (12  bits  and  one  "dummy"  bit)  when  13 
bits  are  received.  The  serial  port  automatically  generates  an 
internal  processor  interrupt.  This  allows  the  ADSP-2105  to  read 
12  significant  bits  at  once  and  continue  processing. 

The  ADSP-2101,  ADSP-2102,  ADSP-2111  and  21msp50  can  all 
interface  to  the  AD2S90  with  similar  interface  circuitry. 


SCLK 
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5S  AD2S90 
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»  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  7.  ADSP-2105/AD2S90  Serial  Interface 


Figure  6.  Practical  Implementation  of  the  AD2S90 
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TMS32020  Interfacing 

Figure  8  shows  the  serial  interface  between  the  AD2S90  and  the 
TMS3202Q.  The  interface  is  configured  in  alternate  internal 
framing,  external  clock  (externally  inverted)  mode.  Sixteen  bits 
of  data  are  clocked  from  the  AD2S90  into  the  data  receive  regis- 
ter (DDR)  of  the  TMS32020.  The  DRR  is  fixed  at  16  bits.  To 
obtain  the  12-significant  bits,  the  processor  needs  to  execute 
three  right  shifts.  (First  bit  read  is  void,  the  last  three  will  be 
zeros).  When  16  bits  have  been  received  by  the  TMS32020,  it 
generates  an  internal  interrupt  to  read  the  data  from  the  DRR. 


*  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  8.  TMS32020/AD2S90  Serial  Interface 
DSP56000  Interface 

Figure  9  shows  a  serial  interface  between  the  AD2S90  and  the 
DSP56000.  The  DSP  in  configured  for  normal  mode  synchro- 
nous operation  with  gated  clock  with  SCK  and  SCI  as  outputs. 
SCI  is  applied  to  CS. 


SCLK 

SCLK 

DSP 
56000 

g5  AD2S90 

SRD 

DATA 

•  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  9.  DSP56000/AD2S90  Serial  Interface 

The  DSPS6000  assumes  valid  data  on  the  first  falling  edge  of 
SCK.  SCK  is  inverted  to  ensure  that  the  valid  data  is  clocked  in 
after  one  leading  bit.  The  receive  data  shift  register  (SRD)  is  set 
for  a  13-bit  word. 

When  this  register  has  received  13  bits  of  data,  it  generates  an 
internal  interrupt  on  the  DSP56000  to  read  the  12-bits  of  signifi- 
cant data  from  the  register. 

NEC7720  Interface 

Figure  10  shows  the  serial  interface  between  the  NEC7720  and 
the  AD2S90.  The  NEC7720  expects  data  on  the  rising  edge  of 
its  SCK  output,  and  therefore  unlike  the  previous  interfaces  no 
inverter  is  required  to  clock  data  into  the  SI  register.  There  is 
no  need  to  ignore  the  first  data  bit  read.  SIEN  is  used  to  Chip 


Select  the  AD2S90  and  frame  the  data.  The  SI  register  is  fixed 
at  16  bits,  therefore,  to  obtain  the  12-significant  bits  the  proces- 
sor needs  to  execute  four  right  shifts.  Once  the  NEC7720  has 
read  16  bits,  an  internal  interrupt  is  generated  to  read  the  inter- 
nal contents  of  the  SI  register. 


SCLK 

SCLK 

liPD 

SiEN 

q§  AD2S90 

7720 

SI 

DATA 

•  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  10.  tiPD7720/AD2S90  Serial  Interface 

EDGE  TRIGGERED  4  x  DECODING  LOGIC 

In  most  data  acquisition  or  control  systems  the  A,  B  incremental 
outputs  must  be  decoded  into  absolute  information,  normally  a 
parallel  word,  before  they  can  be  utilized  effectively. 

To  decode  the  A,  B  outputs  on  the  AD2S90  the  user  must 
implement  a  4  x  decoding  architecture.  The  principle  states 
that  one  A,  B  cycle  represents  4  LSB  weighted  increments  of 
the  converter  (see  Equation  4). 

Up  =  (TA)  •  B  +  (1A)  •  B  +  (TB)  •  A  +  (IB.)  ■  A 

Down  =  ( t  A)  ■  B  +  (  f  A)  ■  B  +  (  f  B)  ■  A  +  ( I B)  •  A  (4) 


CLOCKWISE  ROTATION 


COUNTER  CLOCKWISE  ROTATION 


Figure  11.  Principles  of  4  x  Decoding 

The  algorithms  in  Equation  4  can  be  implemented  using  the 
architecture  shown  in  Figure  12.  Traditionally  the  direction  of 
the  shaft  is  decoded  by  determining  whether  A  leads  B.  The 
AD2S90  removes  the  need  to  derive  direction  by  supplying  a 
direction  output  state  which  can  be  fed  straight  into  the 
up-down  counter. 

For  further  information  on  this  topic  please  refer  to  the  applica- 
tion note  "Circuit  Applications  of  the  AD2S90  Resolver-to- 
Digital  Converters." 


EDGE  GENERATOR 


UP/DOWN 
COUNTER 
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Figure  12.  4  x  Decoding  Incremental  to  Parallel  Conversion 
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REMOTE  MULTIPLE  SENSOR  INTERFACING 

The  DATA  output  of  the  AD2S90  is  held  in  a  high  impedance 
state  until  CS  is  taken  LO.  This  allows  a  user  to  operate  the 
AD2S90  in  an  application  with  more  than  one  converter  con- 
nected on  the  same  line.  Figure  13  shows  four  resolvers  inter- 
faced to  four  AD2S90s.  Excitation  for  the  resolvers  is  provided 
locally  by  an  oscillator. 

SCLK,  DATA  and  two  address  lines  are  fed  down  low  loss 
cables  suitable  for  communication  links.  The  two  address  lines 
are  decoded  locally  into  CS  for  the  individual  converters.  Data  is 
received  and  transmitted  using  transmitters  and  receivers. 


Ajdl 


s 


/f,  =  364s"2 

K2  =  200,000s- 


(7) 


The  AD2S90  acceleration  constant  is  given  by: 

Ka  -  K,  ■  K2  =  72.8  x  106  sec'2  (8) 
The  AD2S90's  design  has  been  optimized  with  a  critically 
damped  response.  The  closed-loop  transfer  function  is  given  by: 


®OUT 


1  +st, 


*2  S3  '2 

1  +SI,  +  — -  +i71F 
A  [A  2  A1A2 


(9) 
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Figure  13.  Remote  Sensor  Interfacing 


CIRCUIT  DYNAMICS/ERROR  SOURCES 
Transfer  Function 

The  AD2S90  operates  as  a  Type  2  tracking  servo  loop.  An  inte- 
grator and  VCO/counter  perform  the  two  integrations  inherent 
in  a  Type  2  loop. 

The  overall  system  response  of  the  AD2S90  is  that  of  a  unity 
gain  second  order  low-pass  filter,  with  the  angle  of  the  resolver 
as  the  input  and  the  digital  position  data  as  the  output.  Fig- 
ure 14  illustrates  the  AD2S90  system  diagram. 


A1(S) 

A2(S) 
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Figure  14.  AD2S90  Transfer  Function 


The  open  loop  transfer  function  is  given  by; 

eot/7-  =  k,  k2  (l  +  ail 
eIN      s2    1  +  st2 


where: 


A,(i) 


AT,  1  +  sh 
s  1  +  st2 


1.0  ms 

90  |jls 


(5) 


(6) 


The  normalized  gain  and  phase  diagrams  are  given  in  Figures  15 
and  16. 


Figure  15.  AD2S90  Gain  Plot 
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Figure  16.  AD2S90  Phase  Plot 
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The  small  step  response  is  given  in  Figure  17,  and  is  the  time 
taken  for  the  converter  to  settled  to  within  1  LSB. 


ts  =  7.00  ms  (12-bit  resolution) 

The  large  step  response  (steps>20°)  applies  when  the  error  volt- 
age will  exceed  the  linear  range  of  the  converter.  Typically  it  will 
take  three  times  longer  to  reach  the  first  peak  for  a  179°  step. 

In  response  to  a  velocity  step  [VELOUT/(d8/dt)]  the  velocity 
output  will  exhibit  the  same  response  characteristics  as  outlined 


Figure  17.  Small  Step  Response 


■ 


SOURCES  OF  ERROR 
Acceleration  Error 

A  tracking  converter  employing  a  Type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defined  using  the 
on  constant  Ka  of  the  converter. 


Input  Acceleration 


(10) 


Error  in  Output  Angle 

The  numerator  and  denominator's  units  must  be  consistent.  Ka 
does  not  define  maximum  input  acceleration,  only  the  error  due  to 
its  acceleration.  The  maximum  acceleration  allowable  before  the 
converter  loses  track  is  dependent  on  the  angular  accuracy 
requirements  of  the  system. 

Angular  Error  x  Ka  =  degrees! seel  (11) 

Ka  can  be  used  to  predict  the  output  position  error  for  a  given 
input  acceleration.  The  AD2S90  has  a  fixed  Ka  =  72.8  x  106 
sec"2  if  we  apply  an  input  accelerating  at  100  revs/sec2  in  12-bit 
mode. 

Input  Acceleration  [LSBIsert] 
Ka  [sec-2] 

100[^te2]x2^^2xl0_3Lm 


72.8  x  10" 


■ 
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ANALOG 
DEVICES 


Low  Cost 
LVDT-to-Digital  Converter 


AD2S93 


FEATURES 

Full  Function  Monolithic  LVDT-to-Digital  Converter 

Absolute  Serial  Data  Output 

Uncommitted  Differential  Input 

Repeatability 

Remote  Diagnostics 

14-Bit  Resolution 

Industrial  Temperature  Range 

28-Pin  PLCC 

Low  Power 


GENERAL  DESCRIPTION 

The  AD2S93  is  a  complete  14-bit  resolution  tracking  LVDT-to- 
digital  converter.   A  Type  II  tracking  loop  is  employed  to  track 
the  A-B  input  and  produce  a  digital  output  equal  to  (A-B)/ 
(REF/2),  where  REF  is  a  fixed  amplitude  ac  reference  phase  co- 
herent with  the  A-B  input.  This  allows  the  measurement  of  any 
2-,  3-,  4-  and  5-wire  LVDT  or  linear  amplitude  modulated  in- 
put. The  operating  frequency  range  is  from  360  Hz  to  10  kHz 
with  user  definable  bandwidth  set  externally  within  a  range  of 
45  Hz  to  1250  Hz. 

The  AD2S93  has  a  16-bit  serial  output.  The  MSB  (LOS),  read 
first,  indicates  a  loss  of  the  signal  A,  B,  or  reference  inputs  to  the 
converter  or  transducer.  The  second  and  third  MSBs  are  flags 
indicating  whether  [-REF/2  (UNR)  <  A-B  <  +REF/2  (OVR])  is 
outside  the  linear  operating  range  of  the  converter.  The  dis- 
placement data  is  presented  as  13-bit  offset  binary  giving  a  +  12- 
bit  operating  range.  LOS,  OVR  and  UNR  are  pinned  out  on 
the  device,  in  addition  a  NULL  flag  is  available  which  is  set 
when  (A-B)  =  0. 

Absolute  displacement  information  is  accessed  when  CS  is  taken 
LO  followed  by  the  application  of  an  external  clock  (SCLK) 
with  a  maximum  rate  of  2  MHz.  Data  is  read  MSB  first.  When 
CS  is  high  the  DATA  output  is  high  impedance;  this  allows 
daisy  chaining  of  more  than  one  converter  onto  a  common  bus. 

The  A,  B  differential  input  allows  the  user  to  scale  the  A,  B  in- 
puts between  1  and  10.  This  enables  the  user  to  accurately  set 
up  the  inputs  matching  the  REF  input  to  the  DIFF  output.  The 


FUNCTIONAL  BLOCK  DIAGRAM 


APPLICATIONS 
Industrial  Gauging 
Industrial  Process  Control 
Linear  Positioning  Systems 
Linear  Actuator  Control 
Automotive  Motion  Sensing  and  Control 
Torque  Sensing  Conditioner 
AC  Strain  Gages  Conditioning 
Avionics 


SERIAL 
INTERFACE 


DIFF  output  is  the  resultant  A-B.  The  AD2S93  operates  using 
±5  V  +  5%  power  supplies  and  is  fabricated  on  Analog  Devices' 
linear  compatible  CMOS  process  (LC2MOS).  The  (LC2MOS) 
is  a  mixed  technology  process  that  combines  precision  bipolar 
circuits  with  low  power  logic. 

PRODUCT  HIGHLIGHTS 

Complete  LVDT-to-Digital  Interface.  The  AD2S93  pro- 
vides the  complete  solution  for  digitizing  LVDT  signals  to  14- 
bit  resolution. 

Serial  16-Bit  Output  Data.  One  16-bit  read  from  the 
AD2S93  determines  input  signal  continuity  (LOS),  over  and 
underrange  detection  and  1 3  bits  of  offset  binary  displacement 
information. 

High  Accuracy  Grade  in  Low  Cost  Package.  0.05%  and 
0.1%  integral  linearity  over  the  full  -40°C  to  +85°C  operating 
temperature  range. 

Uncommitted  Differential  Input.  Allows  configuration  of  2-, 
3-,  4-  and  5-wire  LVDTs. 

Multiple  Converter  Interfacing.  High  impedance  data  out- 
put and  a  simple  three-wire  interface  reduces  cabling  and  elimi- 
nates bus  contention. 

Low  Power.  70  mW  power  consumption  (typ). 
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Anocoo  CDroiciOATinuc  <v°» = +5 v ± 5%; ^ = -5 v * 5%- AGND = DGND = 0 v- T*  =  -40°c t0  +85°' 


Max  Voltage  Level1 

0.8        1.0  1.2 

V  rms 

Nominal  Full  Scale2 
Input  Bias  Current 
Input  Impedance 
CMRR 

Maximum  Sensitivity3 

@  +25°C 

VA.B=  1  Vrms,G=  1 

1.0 

1.1 

1  0 

57 
342 

V  rms 
uA 
MQ 
dB 

uV  pk/LSB 

REFERENCE  INPUT 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 
Permissible  Phase  Shift4 

@0  V+25°C 
Signal  to  Reference 

0.36  10 
1.8        2.0  2.2 
1 

1.0 

-10  +10 

kHz 
V  rms 
MA 
Mi2 

Degrees 

CONVERTER  DYNAMICS 
Bandwidth 
VCO  Mode  =  1 

VCO  Mode  =  2 
Maximum  Slew  Rate 
Mode  =  1 
Mode  =  2 

Set  by  User 

VCO  Gain  Connected  to 
VCOI/P 

VCO  Gain  No  Connect 

500  1250 
45  500 

2400  3000 
800  1000 

■ 

Hz 
Hz 

LSB/ms 
LSB/ms 

ACCURACY 
Integral  Linearity 

Differential  Linearity 

Repeatability 

Zero  Position  Offset 

• 

Gain  Error 

AP 
BP 
AP 
BP 

AP  @  +25°C 

BP  @  +25°C 

AP  @  -40°C  to  +85°C 

BP  @  -40°C  to  +85°C 

0.1 

0.05 

<2 

<1 

±1 

-3  3 
-1  1 
-4  4 
-2  2 

+0.7 

%FSD 

%  FSD 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

%  FS 

VELOCITY  OUTPUT 
Max  Output  Voltage 
Load  Drive  Capability 

Denotes  Max  Input  Speed 

±4.0 
+  250 

Vdc 
MA 

LOGIC  INPUTS  SCLK,  CS 
Input  High  Voltage  VINH 
Input  Low  Voltage  VINL 
Input  Current  IIN 
Input  Capacitance 

3.5 

1.5 

500 

10 

Vdc 
Vdc 
nA 
pF 

LOGIC  OUTPUTS 

OVR,  UNR,  NULL,  DATA,  A,  B  CLKOUT  DIR 
Output  High  Voltage 
Output  Low  Voltage 

@  1  mA 
@  1  mA 

4.0 

1.0 

Vdc 
Vdc 

LOS  OUTPUT 

Drive  Capability 

Signal  Threshold  (A-B) 
REF  Threshold 
Timeout  Threshold 

Open  Drain  Output 
Pull-Up  to  +VDD  via  12  kiJ 

i 

400 

0.1               ti  0.2 
0.22 

50 

■ 

|iA 

V  rms 

V  rms 
ms 
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its 


Parameter 


Test  Conditions 


_ 


Min  Typ 


Max 


SERIAL  CLOCK  (SCLK) 
SCK  Input  Rate 
Maximum  Read  Rate  (16  Bits) 


Continuous 


9.2 




MHz 
us 


 1 


POWER  SUPPLY 

T 

Ann 


7 
7 


10 
10 


mA 
mA 


NOTES 

'The  signal  input  voltage  maximum  should  always  be  set  at  10%  less  than  the  reference  input 
'Nominal  +  FS  =  V,_,  =  VreF/2,  FS  =-VA_B  =  VMr/2 
'With  G  =  10;  Sensitivity  34.2  uV  pk/LSB 

'Phase  shift  cause  gain  errors.  "See  Phase  Shift  and  Quadrative  Effects." 
Specifications  subject  to  change  without  notice. 


TIMING  CHARACTERISTICS  (VDD  =  +5  V  ±  5%,  AGND  =  DGND  =  0V,Ts  =  -40°C  to  +85°C  unless  otherwise  noted) 


Parameter 

AD2S93 

Units 

Test  Conditions 

t,' 

k 
t3 

U 
k 

150 
600 
250 
250 
100 
600 
150 

ns  max 
ns  min 
ns  min 
ns  min 
ns  max 
ns  min 
,  ns  max 

CS  to  DATA  Enable 



CS  to  1st  SCLK  Positive  Edge 
SCLK  High  Pulse 
SCLK  Low  Pulse 

SCLK  Positive  Edge  to  DATA  Valid 
CS  High  Pulse  Width 

CS  High  to  DATA  High  Z  (Bus  Relinquish) 

NOTE 

'SCLK  can  only  be  applied  after  t,  has  elapsed. 


CS 


SCLK 

DATA  — 
•1  - 

I 





t  *  =  THE  MINIMUM  ACCESS  TIME:  USER  DEPENDENT 
TOTAL  MAX  READ  TIME  =  t2  +  16.  (t3  +  t4  )  +  t7 
TOTAL  MAX  READ  TIME  =  600  +16  (250  +  250)  +  150  ns 
TOTAL  MAX  READ  TIME  =  600  ♦  8000  +  150  ns 
TOTAL  MAX  READ  TIME  =  8.750  us  (SINGLE  READ  ONLY) 


Timing  Diagram 

■  . 

■ 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (VDD-VSS)   ±5  V  dc  ±  5% 

Analog  Input  Voltage  (A,  B)    1  V  rms  ±  10% 

Analog  Reference  Input  (REF)    2  V  rms  ±  10% 

Signal  and  Reference  Harmonic  Distortion   <10% 

Operating  Temperature  Range 
Industrial  (AP,  BP)   -40°C  to  +85°C 

ABSOLUTE  MAXIMUM  RATINGS* 

VDD  to  AGND   -0.3  Vdc  to  +  7.0  V  dc 

Vss  to  AGND   +0.3  V  dc  to  -  7.0  V  dc 

AGND  to  DGND   -0.3  V  dc  to  VDD  +  0.3  V  dc 

Analog  Inputs  to  AGND  REF  Vss- 0.3  V  to  VDD  +  0.3  V 

A,  B  Vss  -  0.3  V  to  VDD  + 0.3  V 

Analog  Output  to  AGND  VEL   Vss  to  VDD 

Digital  Inputs  to  DGND 

CS,  SCLK   -0.3  V  to  VDD  +  0.3  V 

Digital  Outputs  to  DGND 

NULL,  DIR,  CLKOUT,  DATA  ....  -0.3  V  to  VDD  +  0.3  V 
Operating  Temperature  Range 

Industrial  (A,  B)   -40°C  to +85°C 

Lead  Temperature  (Soldering  10  sec)   +300°C 

Power  Dissipation  to +75°C    +100  mW 

Derates  above  +75°C  by   10  mW/°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
l  is  not  implied.  Exposure  to  absolute 
s  for  extended  periods  may  affect  device  reliability. 


PIN  DESIGNATIONS 


data[? 

SCLK  [T 

cs[7 
nc  [a 

UNR  \J 
CLKOUT  [lO 
NCfjl 


AD2S93 

TOP  VIEW 
(Not  to  Scale) 


[l2j[l3|[l4l[l5j[l6|[l7jH 


25]  NC 
24]  REF 
23|  VEL 
22]  INTIN 
2]  VCOGAIN 
2<i|  ACERROR 
7S[  DEMOOIN 


S 


J  8 


NC  =  NO  CONNECT 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Linearity 

Option* 

AD2S93AP 

-40°C  to  +85°C 

0.1% 

P-28A 

AD2S93BP 

~40°C  to  +85°C 

0.05% 

P-28A 

•For  outline  information  see  Package  Information  section. 
CAUTION  


Pin 

_  _ 
-No. 

_  _ 

Mnemonic 

Description 

1 

AGND 

Analog  Ground. 

2 

DIFF 

Output  of  Signal  Input  Preamplifier. 

3 

GAIN 

Connect  GAIN  Pin  to  DIFF  for 
nominal  x  1 .  Gains  greater  than 

1  can  be  resistively  scaled. 

Do  not  leave  unconnected. 

4 

LOS 

Denotes  A  or  B  lines  loss  of 
connection  and/or  loss  of  reference 
to  transducer  or  converter. 

5 

DATA 

16-bit  serial  data  output  13  bits  of 
absolute  position  information  plus 
overrange  and  underrange  plus  LOS. 

6 

SCLK 

Serial  Clock.  Maximum  rate  =  2  MHz. 

7 

CS 

Chip  Select.  Loads  serial  interface 

with  current  positional  information 
and  enable  output. 

9,  12 

UNR,  OVR 

Two  pins  that  denote  whether  the 
input  signals  are  underrange  or 
overrange. 

10 

CLKOUT 

Updates  every  LSB. 

13 

NULL 

Denotes  Null  Position. 

14 

DIR 

Indicates  direction.  DIR  is  HI  for 
positive  displacement  and  LO  for 
negative  displacement. 

15 

DGND 

Digital  Ground. 

16 

Vss 

Negative  Power  Supply  -5.0  V  dc 
±  5%. 

17 

VDD 

Positive  Power  Supply  +5.0  V  dc 
±  5%. 

18 

DEMODOUT 

Output  of  the  Phase  Sensitive 
Demodulator. 

19 

DEMODIN 

Input  to  Phase  Sensitive 

Demodulator. 

20 

ACERROR 

AC  Error  Output. 

21 

VCO  GAIN 

Sets  the  VCO  gain  internally. 
Connect  to  VEL  for  2400  LSB/s. 
Disconnect  for  800  LSB/s. 

22 

INTIN 

Determines  system  dynamics  connect 

C  and  RC  (serial)  parallel 

combination  across  INTIN  and 
VEL  to  determine  loop  dynamics. 

23 
24 

VEL 

Analog  Velocity  Output. 

REF 

Single  ended  input  for  fixed 
amplitude  reference. 

27,  28 

B,  A 

Uncommitted  differential  inputs 
for  the  A,  B  signal  inputs. 

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD2S93  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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GLOSSARY  OF  TERMS 
INTEGRAL  LINEARITY 

Integral  linearity  deviation  as  a  percent  of  full  scale.  A  0.1%  de- 
viation is  equivalent  to  8-LSB  change  on  the  output. 

Gain 

The  converter  gain  is  the  maximum  variation  in  the  ratio  of 
A-B/REF/2  to  the  maximum  digital  input. 

Output  Offset 

The  output  offset  is  the  digital  output  code  when  the  analog  in- 
put signal  A-B  =  0. 


Overrange  (OVR) 

OVR  goes  high  when  A-B  is  in  phase  with  REF  and  larger  than 
REF/2. 

Underrange  (UNR) 

UNR  goes  high  when  A-B  is  out  of  phase  with  REF  and  larger 
than  REF/2. 

PRINCIPLE  OF  OPERATION 

The  AD2S93  is  based  on  a  Type  2  tracking  closed-loop  prin- 
ciple. The  output  tracks  the  position  of  the  LVDT  without  the 
need  for  external  convert  and  wait  states.  As  the  transducer 
moves  through  a  position  equivalent  to  the  least  significant  bit 
weighting,  the  output  is  updated  by  one  LSB.  On  the  AD2S93, 
CLKOUT  updates  corresponding  to  one  LSB  increment.  Fig- 
ure 1  illustrates  the  principle  of  operation. 


Figure  1.  Functional  Block  Diagram 


Because  the  conversion  depends  on  the  ratio  of  the  input  signals 
(ratiometric  ac  bridge),  the  AD2S93  is  remarkably  tolerant  of 
input  amplitude  and  frequency.  This,  combined  with  the  defin- 
able Type  2  tracking  closed-loop  guarantees  the  AD2S93's  re- 
peatability for  a  given  input.  A  phase  sensitive  detector, 
integrator  and  voltage  controlled  oscillator  (VCO)  form  a  closed 
loop  system  which  seeks  to  null  the  output  of  the  ACERROR. 
When  this  is  accomplished  the  word  state  of  the  up/down 
counter  equals  within  the  rated  accuracy  of  the  converter,  the 
LVDT  position  output. 

For  more  information  on  the  operation  of  the  converter,  see 
"Circuit  Dynamics"  section. 

DATA  FORMAT 
OPERATING  RANGE 

The  AD2S93  operating  range  is  defined  in  Figure  2.  The  lin- 
earity and  specified  operating  range  of  the  converter  is  the  cen- 
tral two  12-bit  quadrants  through  zero.  The  corresponding 
input  relationship  is  -REF/2  <  A-B  <  +REF/2,  (±  is  used  to  de- 
note phase  coherency).  The  sign  bit  is  low  for  inputs  with  A-B 
in  phase  with  REF.  The  two  remaining  1 2-bit  quadrants  are 
used  to  denote  over  (OVR)  and  underrange  (UNR) .  OVR  goes 
high  when  A-B  is  in  phase  with  REF  and  larger  than  REF/2. 
UNR  goes  high  when  A-B  is  out  of  phase  with  REF  and  larger 
than  REF/2.  LOS  is  an  open  drain  output  which  pulls  high 
when  A  and/or  B  are  removed  or  REF  is  removed  (see  "Inbuilt 
Diagnostics"),  or  A  +  B  is  less  than  100  mV. 

SCALING  THE  INPUTS 

In  order  to  match  the  LVDT  output  to  the  AD2S93  output,  the 
inputs  to  the  AD2S93  need  to  be  scaled.  The  operating  range  is 
illustrated  in  Figure  2.  The  AD2S93  operates  across  ±  12-bit 
range  where  the  remaining  1 2-bit  quadrants  are  used  to  denote 
overrange  and  underrange.  The  output  position  word  is  a  func- 
tion of  the  ratio  between  A-B  and  Vrkf  (see  Figure  2)  where: 


+FSR 


(A-B) 


VREF12 


■ 
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0100 
0100 
0000 


0011 
0011 


OVR  - 
UNR  - 
SIGN- 


OUTPUT  CODES 
MAGNITUDE 


1111  1111 
0000  0000 
0000  0000 


1111 

0000 


1111 
1111 


1111 

0000 
0000 


1111 
1111 


O0O0  0000 
0000  0000 


1111 

0000 
0001 


1111 

0000 
0001 


1110 

1111 


*VE  POSITION 
FULL  SCALE 


-VE  POSITION 


RATIO  OF  A-  B/REF/2  ' 


■ 


Figure  2.  Output  Code  Format 


If  the  maximum  operating  stroke  of  an  LVDT  yielded  a  1  V  rms 
A-B  output,  the  weighting  of  the  LVDT  to  AD2S93  digital  out- 
put would  be: 

 Input  Signal  Full  Scale  


Full-Scale  Operating  Range  (±212) 

1x2a/2       .■■<  ,- 
213  ' 
Input  Scaling  =  345  \iVILSB 

This  can  be  equated  directly  to  the  LVDT  sensitivity  specifica- 
tion in  mm/v/v. 

Note:  The  overrange  and  underrange  quadrants  can  be  utilized 
by  decoding  the  overrange  and  underrange  MSBs  and  decoding 
the  12  magnitude  bits.  This  will  increase  the  operating  range  of 
the  AD2S93  accordingly.  However,  if  the  input  A-B  >  VreF 
then  the  converter  will  lose  track  of  the  input  and  will  only  re- 
gain track  when  the  input  signal  returns  to  within  the  operating 
range  of  the  converter. 

INPUT  GAIN 

Since  the  transformation  ratio  of  an  LVDT  or  RVDT  from  exci- 
tation voltage  to  signal  voltage  can  be  1:0.15,  provision  for  gain 
scaling  has  been  provided.  The  gain  can,  therefore,  be  selected 
to  ensure  that  the  full-scale  output  of  converter  represents  the 
maximum  stroke  position  of  the  transducer. 

The  gain  setting  is  accomplished  by  connecting  Pin  2,  (DIFF) 
and  Pin  3  (GAIN)  together  (unity  gain)  or  connecting  two  resis- 
tors as  shown  in  Figure  3. 

The  gain  of  the  input  stage  is  calculated  using  the  following 
equation: 

DIFF  {A-B)  =  l  |  R3 


{A-B)  IN 


Figure  3.  Pre-Amp 


SETTING  THE  CONVERTER  BANDWIDTH 

The  AD2S93  bandwidth  is  set  by  placing  three  external  compo- 
nents, CI,  C2,  and  R2,  around  the  integrator  as  illustrated  by 
the  figure  below. 


Figure  4.  Integrator  and  VCO 

Before  the  bandwidth  can  be  set,  the  corresponding  VCO  gain 
setting  must  be  determined.  The  VCO  gain  is  directly  related  to 
the  slew  rate  of  the  converter.  This  is  set  internally  to  two  dif- 
ferent rates  defined  internally  by  Rv. 

Typical  converter  slew  rates  are  defined  below, 

G  (1)  =  2400  LSB/ms-Mode  1 
G  (2)  =  800  LSB/ms-Mode  2 


e.g.,  For  a  gain  of  5,  R3  =  12  k£2,  R4  =  3  k£2 
For  a  gain  of  10,  R3  =  18  k£J,  R4  =  2  k£2 
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Calculation  of  the  component  values  for  the  bandwidth  is  de- 
tailed below.  For  more  detailed  information  on  component 
value  selection  for  the  AD2S93,  please  consult  the  "Passive 
Component  Selection  and  Dynamic  Modeling  Software  for  the 
AD2S93  LVDT-to-Digital  Converter." 

VCO  Gain  G  (1)  Mode  1 

The  available  bandwidth  with  this  option  is  from  0.5  kHz  to 
1.25  kHz. 

FreF>8x  Fo 
CI  =  1/(800  x  Fo2) 
C2  =  8  x  CI 
R2  =  45  x  Fo 

Where  FmF  is  the  reference  frequency,  Fo  is  the  closed-loop 
3  dB  point. 

VCO  Gain  G  (2)  Mode  2 

The  available  bandwidth  with  this  option  is  from  45  Hz 
to  500  Hz. 


FreF>  8  xFo 
CI  =  1/(2400  x  Fo2) 
C2  =  8  CI 
R2  =  45  x  Fo 


Where  FreF  is  the  reference  frequency,  Fo  is  the  closed-loop 
3  dB  point. 

INTERFACING  TO  THE  AD2S93  (SEE  "TIMING 
CHARACTERISTICS") 

The  absolute  position  information  is  extracted  via  a  three-wire 
interface,  DATA,  CS  and  SCLK.  The  DATA  output  is  held  in 
a  high  impedance  state  when  CS  is  high. 

Upon  the  application  of  logic  low  to  the  CS  pin,  the  DATA  is 
enabled  and  the  current  position  information  is  transferred  from 
the  counters  to  the  serial  interface.  Data  is  retrieved  by  applying 
an  external  clock  to  the  SCLK  pin.  The  maximum  data  rate  of 
the  SCLK  is  2  MHz.  To  ensure  secure  data  retrieval,  it  is 
important  to  note  that  SCLK  should  not  be  applied  until  a 
minimum  period  of  600  ns  after  the  application  of  logic  low  to 
CS.  Data  is  then  clocked  out  on  successive  positive  edges  of 
SCLK:  16  clock  edges  are  required  to  extract  the  entire  data 
word.  Subsequent  positive  edges  greater  than  the  defined  reso- 
lution of  the  converter  will  clock  zeros  from  the  data  output  if 
CS  remains  in  a  low  state.  The  format  of  the  data  read  is  shown 
in  Table  L 

Table  I. 


DBO 

DBl 

DB2 

DB3 

DATA  DB4-D15 
MSB  LSB 

Function 

LOS 

OVR 

UNR 

SIGN 

MAGNITUDE 

If  less  than  the  full  1 6-bit  word  is  required,  then  the  data  read 
can  be  terminated  by  releasing  CS  after  the  required  number  of 
bits  have  been  read. 

CS  can  be  released  a  minimum  of  1 00  ns  after  the  last  positive 
edge.  If  the  user  is  reading  data  continuously,  CS  can  be  reap- 
plied after  a  minimum  of  600  ns  after  it  is  released.  The  mini- 
mum repetitive  read  time  of  the  same  converter  is  given  by  ( 1 6 
bits  read  @  2  MHz).  Min  RD  Time  =  [600  +  (16  x  500)  + 
600]  =  9.2  us. 


IN-BUILT  DIAGNOSTICS 

The  first  three  bits  read  from  the  serial  interface  preceding  the 
sign  and  magnitude  data  can  be  used  to  determine  whether  the 
data  is  valid  or  not.  Over  and  underrange  (OVR,  UNR)  denote 
the  two  extremes  of  the  LVDT  stroke  where  linearity  of  the 
LVDT  may  degrade.  Loss  of  signal  LOS  is  an  open  drain  out- 
put which  pulls  high  (12  k£J  pull  up)  when  one  of  the  following 
conditions  is  satisfied: 

1 .  A  and/or  B  is  disconnected. 

2.  REF  is  disconnected. 

Note:  LOS  has  a  response  time  of  50  ms  max  to  the  conditions 
stated  above,  see  "Specifications." 

CONNECTING  THE  CONVERTER 

Positive  power  supply  VDD  =  +5  V  dc  ±  5%  should  be  con- 
nected to  Pin  17  and  negative  power  supply  Vss  =  -5  V  dc  ±  5% 
to  Pin  16.  Reversal  of  these  power  supplies  will  destroy  this  device. 
For  LVDT  connections  to  the  converter  please  refer  to  Figures 
5  through  7.  On  all  connections,  the  maximum  input  reference 
signal  Vref  =  2.0  V  rms  ±  10%.  To  operate  within  the  standard 
operating  range,  A-B  should  not  exceed  1.0  V  rms  +  10%.  The 
AD2S93  AGND  point  is  the  point  at  which  all  analog  signal 
grounds  should  be  connected.  Ground  returns  from  the  LVDT 
should  be  connected  to  AGND.  The  AD2S93  DGND  pin 
should  be  connected  to  the  AD2S93  AGND  pin.  Ancillary  Digi- 
tal circuitry  must  be  connected  to  the  Star  Point  and  not  to  the 
AD2S93  AGND  pin. 

In  all  cases,  the  AD2S93  has  been  configured  with  the  following 
dynamics. 


Reference  Frequency 
3  dB  Bandwidth 


5  kHz 
625  Hz 


Vco  Gain  is  set  in  MODE  1  where  VCO  GAIN  is  connected  to 
VEL. 

Using  the  procedure  described  in  "setting  the  converter  band- 
width" the  following  preferred  values  (El 2  series)  were  calcu- 
lated: 

CI  =  3.3  nF 
C2  =  27  nF 
R2  =  27  kCl 

CALCULATING  HF  FILTER  (C3,  C4,  R5,  R6) 
15k£J  <R5  =  R6<56k£i 


C3=C4= 


1 


2it  R5  Frep 


So,  C3  =  1  nF,  R5  =  R6  =  33  kQ,  C4  =  1  nF  and  in  all  cases 
R7  =  15  kQ. 

Half-Bridge  Type  LVDT  Connection 

In  this  method  of  connection,  it  is  necessary  to  add  two  addi- 
tional bridge  completion  resistors  Rc  and  Rc,  in  order  to  derive 
a  reference  for  the  AD2S93.  In  selecting  the  bridge  completion 
resistor,  it  is  important  to  remember  that  mismatch  between  Rci 
and  Rc2  will  cause  nonzero  errors  at  null.  If  two  LVDTs  are  be- 
ing used  for  differential  measurements,  the  resistors  can  be  re- 
placed by  the  second  LVDT. 
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Three-  or  Four-Wire  LVDT  Connection 

In  this  method  of  connection,  shown  in  Figure  6,  the  converters 
digital  output  is  proportional  to  the  ratio: 

{A-B) 


(A  +  B)/  2 


where  A  and  B  are  the  individual  LVDT  secondary  output  volt- 
ages. Inspection  of  Figure  6  should  demonstrate  why  this  rela- 
tionship is  true.  (A-B)  is  simply  the  voltage  across  the  series 
connected  secondaries  of  the  LVDT  and  is  applied  to  the  A,  B 
input  to  the  converter.  (A  +  B)/2  is  effectively  the  average  of 
the  two  secondary  voltages  as  computed  by  the  balanced  bridge 
completion  resistors  and  the  grounding  of  the  secondary 
center-tap. 

Note:  This  method  of  connection  is  appropriate  only  for  where 
(A  +  B)  is  a  constant,  independent  of  LVDT  position.  Any  lack 
of  constancy  in  (A  +  B)  will  be  reflected  as  an  additional  non- 




linearity  in  the  output.  It  is  up  to  the  user  to  determine  if  (A  + 
B)  is  sufficiently  constant  over  the  particular  stroke  length  em- 
ployed. 

This  method  will  usually  restrict  the  usable  LVDT  range  to  half 
of  its  full  range.  The  restriction  can  be  eliminated,  however,  by 
attenuating  DIFF  by  a  factor  of  2  or  increasing  VreF  by  a  factor 
of  2.  This  connection  method  has  the  tremendous  advantage  of 
being  insensitive  to  temperature  related  phase  shifts  and  excita- 
tion oscillator  instability  effects  usually  associated  with  more 
conventional  LVDT  conversion  systems. 

As  in  the  case  of  the  half-bridge  type  LVDT  connection,  Ro 
and  Rc2  are  the  bridge  completion  resistors  and  are  matched  to 
a  degree  sufficient  to  ensure  that  the  digital  output  representing 
the  null  position  does  not  vary  from  the  LVDT's  natural  null 
position.  If  null  adjustment  is  required,  a  potentiometer  can  be 
used  in  place  of  the  common  connection  between  the  two 
resistors. 


L5jLiJ[7jL±JLiJNLiiJ 

2  I  |  g 


Figure  5.  Half-Bridge  Type  L  VDT  Connection 


NC  =  NO  CONNECT 


Figure  6.  Three-  or  Four-Wire  LVDT  Connection 


- 
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Two-Wire  LVDT  Connection 

This  method  should  be  used  in  cases  where  the  sum  of  the 
LVDT  secondary  output  voltages  (A  +  B)  is  not  constant  with 
LVDT  displacement  over  the  desired  stroke  length.  This  method 
of  connection,  shown  in  Figure  7,  still  maintains  the  ratiometric 
operation  and  the  insensitivity  to  variations  in  reference  ampli- 
tude and  frequency.   However,  the  phase  shift  between  VreF 
and  VI  should  be  minimized  to  maintain  accuracy  (see  Section 
"PHASE  SHIFT  AND  QUADRATURE  EFFECTS").  Sug- 
gested phase  compensation  circuits  are  shown  in  Figure  7. 

I  QUADRATURE  EFFECTS 


se  shift  can  be  high  in  LVDTs,  some- 


PHASE  SHIFT  t 

Reference  to  signal  { 

times  in  the  order  of  70  degrees.  If  the  converter  is  connected 
as  in  Figures  5  and  6,  any  effects  due  to  this  phase  shift  are 
minimized.  This  connection  method,  therefore,  provides  out- 
standing benefits. 

The  additional  gain  error  caused  by  reference  to  signal  phase 
shifts  is  given  by: 

(1  -cos  6)  x  100%  of  FSR 


REMOTE  MULTIPLE  SENSOR  INTERFACING 

The  DATAoutput  of  the  AD2S93  is  held  in  a  high  impedance 
state  until  CS  is  taken  LO.  This  allows  a  user  to  operate  the 
AD2S93  in  an  application  with  more  than  one  converter  con- 
nected on  the  same  line.  Figure  8  shows  four  LVDTs  interfaced 
to  four  AD2S93s.  Excitation  for  the  LVDT  is  provided  locally 
by  an  oscillator. 

SCLK,  DATA  and  two  address  lines  are  fed  down  low  loss 
cables  suitable  for  communication  links.  The  two  address  lines 
are  decoded  locally  into  CS  for  the  individual  converters.  Data 
is  received  and  transmitted  using  transmitters  and  receivers. 


2-4  DECODING 
(74HC139) 


fj  LVDT  [  ~^ 


where 


8  =  phase  shift  between  Vref  and  DIFF. 


§ LVDT  V, 


When  the  phase  shift  between  V^rand  VI  is  zero,  additional 
quadrature  on  the  signal  will  have  no  effect  on  the  converter. 
This  is  another  benefit  of  the  conversion  method.  For  example, 
when  a  REF  lags  (A-B)  by  approximately  1 0°,  the  gain  error  is 
approximately  1%.  When  (A-B)  lags  REF  by  approximately 


buffer" 


AD2S93 
2 


4^ 
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4 
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-SCLK. 
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3" 
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Figure  8.  Remote  Sensor  Interface 


NC  =  NO  CONNECT 


Figure  7.  Two-Wire  LVDT  Connection 
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1  +  st, 


1  +  st,  + 


sjh  e 


*OVT  =  *1*2  + 

2 


i  +  — i —  +  „ 

K1K2  ^1^2 


l  +  st2 


grator  and  VCO/counter  perform  the  two  integrations  inherent 
in  a  Type  2  loop. 

The  overall  system  response  of  the  AD2S93  is  that  of  a  unity 

gain  second  order  low-pass  filter,  with  the  position  of  the  LVDT 

as  the  input  and  the  digital  position  data  as  the  output.  Figure  9  ,•    j    •      JLJ-  •      •  r-  in 

■ri  u  irwcm  a-  The  normalized  gain  and  phase  diagrams  are  given  in  Figures  10 

and  11  with  a  bandwidth  of  1.25  kHz. 


illustrates  the  AD2S93  system  diagram. 

VEL  OUT 

IN 


G1(8) 

G2  (s) 

OUT 


T 


Figure  9.  AD2S93  Transfer  Function 

Note:  The  AD2S93  has  been  configured  with  the  following  dy- 
namics. 

Reference  Frequency        10  kHz 
3  dB  Bandwidth  1250  Hz 

VCO  Gain  is  set  in  MODE  1  where  VCOGAIN  is  connected  to 
VEL. 

Using  the  procedure  described  in  "SETTING  THE  CON- 
VERTER BANDWIDTH,"  the  following  preferred  values  (E12 
series)  were  calculated: 

CI  =  820  pF 
C2  =  6.8  nF 
R2  =  56  kX2 

C3  =  C4  =  470  pF,  R7  =  15  k£},  R5  =  R6  =  33  kQ,  C4  = 
470  pF 

The  open-loop  transfer  function  is  given  by: 

Gl(s)  =  — -  —  1  

5       1  +  sr. 


s 
0 
-5 
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Figure  10.  AD2S93  Gain  Plot 


G2(5)  =  ^ 


where: 


h  =  R2  C2 
and: 


K, 


4x10-  60xl0-9)<  1  = 
25xl03  C,  +  C2 

4 
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Figure  11.  AD2S93  Phase  Plot 


Ry  XCy 

Note  A2  has  two  values  depending  on  which  mode  is  being  used 

K2  (MODE!)  =  640  X  103 
K2(MODE2)  =  160  X  103 

The  AD2S93  acceleration  constant  is  given  by: 
Ka  —  K\  x  K2 

Therefore  in  the  example  given, 

Ka  =  K,  x  K2  =  21  x  640  x  103  =  13.44  x  106  s'2 
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he  small  step  response  is  given  in  Figure  12,  and  is  the  time 
taken  for  the  converter  to  settled  to  within  1  LSB. 

ts  =  7  ms  ( 1 4-du'r  resolution) 

The  large  step  response  (steps  >5%  of  FSR)  applies  when  the 
error  voltage  will  exceed  the  linear  range  of  the  converter.  Typi- 
cally it  will  take  three  times  longer  to  reach  the  first  peak  FSR. 

In  response  to  a  velocity  step  [VELOUT/(d6/dt)]  the  velocity 
output  will  exhibit  the  same  response  characteristics  as  outlined 
above. 


2%FS 


— A 

17- 

0  4  8  12  16 

Figure  12.  Small  Step  Response 


AD2S93 

SOURCES  OF  ERROR 
ACCELERATION  ERROR 

A  tracking  converter  employing  a  Type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defined  using  the 
acceleration  constant  K„  of  the  converter. 

input  acceleration 

K-a  ~  ~  

position 

The  numerator  and  denominator's  units  must  be  consistent. 
Ka  does  not  define  maximum  input  acceleration,  only  the  error  due 
to  its  acceleration.  The  maximum  acceleration  allowable  before 
the  converter  loses  track  is  dependent  on  the  positional  accuracy 
requirement  of  the  system. 

Position  Error  x  Ka  =  LSBIsec2 

Ka  can  be  used  to  predict  the  output  position  error  for  a 
given  input  acceleration.  The  AD2S93  in  the  example  has 
a  Ka  =  13.44  x  106  sec"2  if  we  apply  an  input  accelerating  at 
100x2"LSB/sec2. 

input  acceleration | LSBIsec2  J 

Error  in  LSBs  =  7T7  171 

Ka[secl\ 


100  x  214 
13.44  x10s 


0.1 2  LSBs 


■ 


REV.  A 


MOTION  CONTROL  PRODUCTS  16-47 


ANALOG 
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oaaa  no  eaosv  tott 


Programmable 
Oscillator 


AD2S99 


— I  


FEATURES 

Programmable  Sinusoidal  Oscillator 
Synthesized  Synchronous  Reference  Output 
Programmable  Output  Frequency  Range:  2  kHz 
Wide  Power  Supply  Range 
"Loss-of-Signal"  Indicator 
20-Pin  PLCC  Package 
Low  Cost 

APPLICATIONS 
Primary  Excitation  of: 

Resolvers 

Synchros 

LVDTs 

RVDTs 

Pressure  Transducers 
Load  Cells 
Inductosyns 
AC  Bridges 


TIONAL  BLOCK  DIAGRAM 


20  kHz 


FBIAS 
SEL1 


FREQUENCY 
SELECT 


PUSH/ 
PULL 
O/P  STAGE 


SINE  WAVE 
GENERATOR 


^Ito 
excJ 


SYNREF 
(TOR/D 
CONVERTER) 




I 


FROM 
RESOLVER 


GENERAL  DESCRIPTION 

The  AD2S99  is  a  programmable  sinusoidal  oscillator  available 
in  a  20-pin  PLCC  package,  with  an  operating  temperature  range 
of^K)°Cto+85°C. 

The  AD2S99  provides  a  sine  wave  excitation  output  for  resolv- 
ers and  a  wide  variety  of  ac  transducers.  The  AD2S99  also  pro- 
vides a  synthesized  reference  output  signal  which  is  phase  locked 
to  the  Sin  and  Cos  inputs  of  the  AD2S99.  These  inputs  are 
provided  by  the  secondary  windings  of  a  resolver.  The  synthe- 
sized reference  eliminates  the  need  for  preset  phase  shift  circuits 
and  allows  synchronous  demodulation  schemes  such  as  type  II 
tracking  conveners  to  be  implemented  without  additional  cali- 
bration of  the  total  system. 

By  providing  a  Synchronous  Reference  output,  the  AD2S99 
eliminates  the  temperature  dependent  phase  shifts  found  with 
inductive  transducers,  and  their  resultant  errors. 

The  AD2S99  requires  only  one  external  resistor  for  operation. 
The  AD2S99  is  manufactured  on  a  LC2MOS  process  that  com- 
bines high  density,  low  power  CMOS  logic  with  bipolar  linear 
circuitry. 


UCT  HIGHLIGHTS 
Dynamic  Phase  Compensation 

The  AD2S99  dynamically  compensates  for  any  phase  variation 
in  the  transducer  by  phase  locking  the  outputs  of  the  transducer 
to  the  synthesized  reference  output  of  the  AD2S99. 

Programmable  Frequency 

The  oscillator  frequency  is  easily  programmed  to  2  kHz,  5  kHz, 
10  kHz  or  20  kHz  by  using  the  frequency  select  pins. 

Loss  of  Signal  Pin 

The  "LOS"  output  indicates  a  signal  failure  if  both  the  sensor 
outputs  feeding  back  to  the  AD2S99  are  lost. 

Wide  Power  Supply  Range 

The  AD2S99  operates  over  the  ±5  V  to  ±  15  V  power  supply 
range. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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LIGATIONS 


(Vs  =  ±4.75  V  to  ±1 5.75  V  @  -40°C  to  +85°C  unless  otherwise  noted) 


AD2S99 


.ieter 


vEQUENCY  OUTPUT  RANGE 

2  kHz 

5  kHz 
10  kHz 
20  kHz 


ACCURACY 
Frequency 

Amplitude 

Power  Supply  Rejection  Ratio 


Min 


Typ 


Max 


2000 
5000 
10000 
20000 


±10 

% 

±20 

% 

±5 

% 

'  ±10 

% 

:±3 

±10 

% 

±20 

•% 

1 

±3 

±5 

% 

±10 

% 

0.002 

Vp-p/V 




Units 

Test  Conditions 

SEL1  SEL2 

Hz 

Vss  Vss 

Hz 

Vss  GND 

Hz 

GND  Vss 

Hz 

GND  GND 

AP  Grade  @  +25°C 

AP  Grade  -40°C  to  +85°C 

BP  Grade  @  +25°C 

BP  Grade  -40°C  to  +85°C 

AP  Grade  @  +25°C 

AP  Grade  -40°C  to  +85°C 

BP  Grade  @  +25°C 

BP  Grade  -40°C  to  +85°C 

Output  Variation  as  Function  of 

Change  in  Power  Supply  Voltage 


EXCITATION  OUTPUT 
EXC.  EXC 
SYNREF 


Square  Wave 

Rload=  1 45  fi  to  GND 

Cload=  1000  pF 


OUTPUT  DRIVE  CAPABILITY 
EXC,  EXC 
Current  Drive 

Capacitive  Drive 


PHASE  LOCK  RANGE 
SIN  Input  to  REF  Output 
Additional  Phase  Delay 

AP  Grade 

BP  Grade 
LOS  Detector  Threshold 


Vss  =  -5  V,  VDD  =  +5  V 
VSS  =  -15V,VDD  =  +15V 


Degrees 

Degrees 
Degrees 
V  rms 


TOTAL  HARMONIC  DISTORTION 
EXC,  EXC 
AP  Grade 
BP  Grade 


-25 
-30 


dB 
dB 


@2kHz 

Rload=  145£ito  GND 
Cload=  1000  pF 


FREQUENCY  SELECT  INPUTS 
SELL  SEL21 


Vss 


AGND 


Vdc 


LOS  OUTPUT 
Output  Low  Voltage 
Output  High  Voltage 


VDD-0.4 



Vdc 
Vdc 


IOL  =  400  uA 

50  ld2  Pull  Up  to  VDD  (Open 
Drain  Output)  


POWER  SUPPLIES 
Supply  Currents 


+4.75  +15.75 
-4.75  -15.75 


Vdc 
Vdc 


VDD  = +15.75  V,  Vss  = -15.75  V 
Vdd  =  +4.75  V,  Vss  =  -4.75  V 


TEMPERATURE  RANGE 


-40 
-65 


+85 
+  150 


°C 
°C 


Operating 
Storage 


NOTES 

'Frequency  select  pins  SEL1  and  SEL2  must  be  connected  to  appropriate  voltage  levels  before  power  is  applied. 
Specifications  subject  to  change  without  notice. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (VDD  to  Vss)  ±4.75  V  to  ±15.75  V 

Analog  Input  Voltage  (SIN  and  COS)   2  V  rms  ±  10% 

Frequency  Select  (SEL1  and  SEL2)   Vss  to  AGND 

Operating  Temperature  Range  -^0°C  to  +85°C 

ABSOLUTE  MAXIMUM  RATINGS* 

VDD    +16.5  V 

Vss  ,.r...'  >tw.:<.>.  U.. ;  '. .  1  -165  V 

Operating  Temperature  -40°C  to  +85°C 

Storage  Temperature  -65°C  to  +150°C 

Analog  Input  Voltages  (SIN  and  COS)   Vss  -  0.3  V 

 toVDD  +  0.3V 

Frequency  Select  (SEL1,  SEL2)    VSS-0.4V 

 to  AGND  +  0.4  V 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

ORDERING  GUIDE 


PIN  DESIGNATIONS 


Pin 

No. 


Model 


AD2S99PP 


Temperature  Range 


-40°C  to  +85°C 


Package  Option* 


1 

2 

3 

5 

6* 

7 

10 

11 

12 
16* 
17 
18 
19 


Mnemonic 


SEL2 

SEL1 

FBIAS 

SIN 

DGND 

COS 

SYNREF 

LOS 

VDD 
AGND 
EXC 
EXC 


P-20A 


Description 


*For  outline  information  see  Package  Information  section. 


  20*    |      Vss  1  Ne, 

*Note:  Pins  6  and  1 6  must  be  connec 


Frequency  Select  2 

Frequency  Select  1 

External  Freq.  Adjust  Pin 

Resolver  Output  SIN 

Digital  Ground 

Resolver  Output  COS 

Synthesized  Reference  Output 

Indicates  When  Both  the  SIN  and 
COS  Are  Below  the  Threshold. 

Positive  Power  Supply 

Analog  Ground 

Resolver  Reference  (Plus) 

Resolver  Reference  (Minus) 

Negative  Power  Supply 

egative  Power  Supply 


connected  together  and  Pins  1 9  and  20  must  be 


PIN  CONFIGURATION 


NC  [T 
SIN  [T 
DGND  [T 
COS  [7 

Ncr? 


AD2S99 

TOP  VIEW 
(Not  to  Scale) 


L9jlioJLLLlli2jL!3j 
*  |  3  >S  * 


is]  ixc 
u\  EXC 
jjj]  AGND 

k\  NC 

H)  NC 


NC  .  NO  CONNECT 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD2S99  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD2S100 


FEATURES 

Complete  Vector  Coordinate  Transformation  on  Silicon 

hogonal  90°  Signal 
Transformation 
Three-Phase  Balance  Diagnostic -Homopolar  Output 

APPLICATIONS 

AC  Induction  and  DC  Permanent 
Magnet  Motor  Control 
HVAC,  Pump,  Fan  Control 
Material  Handling 
Robotics 
Spindle  Drives 
Gyroscopes 
Dryers 
Washing  Machines 
Electric  Cars 
Actuators 

Three-Phase  Power  Measurement 
Digital-to-Resolver  &  Synchro  Conversion 

GENERAL  DESCRIPTION 

The  AD2S100  performs  the  vector  rotation  of  three  phase  120 
degree  or  two-phase  90  degree  sine  and  cosine  signals  by  trans- 
ferring these  inputs  into  a  new  reference  frame  which  is  con- 
trolled by  the  digital  input  angle  <t>.  Two  transforms  are 
included  in  the  AD2S100.  The  first  is  the  Clarke  transform 
which  computes  the  sine  and  cosine  orthogonal  components  of  a 
three  phase  input.  These  signals  represent  real  and  imaginary 
components  which  then  form  the  input  to  the  Park  transform. 
The  Park  transform  relates  the  angle  of  the  input  signals  to  a 
reference  frame  controlled  by  the  digital  input  port.  The  digital 
input  is  a  12-bit  parallel  binary  representation. 

If  the  input  current  signals  are  represented  by  Vds  and  Vqs, 
respectively,  where  Vds  and  Vqs  are  the  real  and  imaginary 
components,  then  the  transformation  can  be  described  as 
follows: 

Vds'  =  Vds  Cos*  -  Vqs  Sin<)> 
Vqs'  =  Vds  Sin<J>  +  Vqs  Cos* 

Where  Vds'  and  Vqs'  are  the  output  of  the  Park  transform  and 
Sin<t>,  and  Cos<t>  are  the  values  internally  derived  by  the 
AD2S100  from  the  binary  digital  data. 

The  input  section  of  the  device  can  be  configured  to  accept 
either  three-phase  inputs,  two-phase  inputs  of  a  three-phase  sys- 
tem, or  two  90  degree  input  signals.  The  homopolar  output 
detects  the  imbalance  of  a  three-phase  input  only.  Under  normal 
conditions,  this  output  will  be  zero. 


Co*.  - 
•  (».2«n- 


FUNCTIONAL  BLOCK  DIAGRAM 

■BUSY 


INPUT 
DATA 
STROBE 


PARALLEL 
DATA 
12  BITS 


,  SINE  AND 
.  COSINE 
MULTIPLIER 


SECTOR  I 
MULTIPLIER!  y  (jLTni^JE  ft 


20-3* 

Vb 

CO»(B.120-  .») 

- 

H^-Co«  («  .  240-  *  *) 

1  Sinn-. 

The  digital  input  section  will  accept  a  resolution  of  up  to  12  bits 
(AD2S100).  An  input  data  strobe  signal  is  required  to  synchro- 
nize the  position  data  and  load  this  information  into  the  device 
counters.  A  busy  output  is  provided  to  identify  the  conversion 
status  of  the  AD2S100.  The  busy  period  represents  the  conver- 
sion time  of  the  vector  rotation. 

Two  analog  output  formats  are  available.  A  two-phase  rotated 
output  facilitates  multiple  rotation  blocks.  Three  phase  format 
signals  are  available  for  use  with  a  PWM  inverter. 

PRODUCT  HIGHLIGHTS 

Hardware  Peripheral  for  Standard  Microcontrollers  and  DSP 
Systems 

The  AD2S100  removes  the  time  consuming  cartesian  transfor- 
mations from  digital  processors  and  benchmarks  a  speed 
improvement  of  30: 1  on  standard  20  MHz  processors.  AI 
transformation  time  =  2  u.s  (typ). 

Field  Orientated  Control  of  AC  and  DC  Brushless  Motors 

The  AD2S100  accommodates  all  the  necessary  functions  to  pro- 
vide a  hardware  solution  for  ac  vector  control  of  induction 
motors  and  dc  brushless  motors. 

Three-Phase  Imbalance  Detection 

The  AD2S100  can  be  used  to  sense  overcurrent  situations  or 
imbalances  in  a  three-phase  system  via  the  homopolar  output. 

Resolver  to  Digital  Converter  Interface 

The  AD2S100  provides  general  purpose  interface  for  position 
sensors  used  in  the  application  of  dc  brushless  and  ac  induction 
motor  control. 
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+85°C  unless  otherwise  noted) 


Parameter 


Min 


Typ 


Max 


Units 


5%  AGND  =  DGND  =  0  V;  TA  =  -40°C 

"SSSi  — 


SIGNAL  INPUTS 
PH/IP1,  2,  3,  4  Voltage  Level 
PH/IPH1,  2,  3  Voltage  Level 
Input  Impedance 

PH/IP1,  2,  3 

PH/IPH1,  2,  3 

PH/IP1,  4 
Gain 

PH/IP1,  2,  3,  4 

PH/IPH1,  2,  3 


t2.8 


±3.3 

±4.25 


Vp-P 
Vp-P 


DC  to  50  kHz 
DC  to  50  kHz 


7.5  10 
13.5  18 


0.98 


1.02 


0.56 


kfi 

kn 
Mn 

tutritrO  istoqoroo  i 


Mode  lOn,  (2  Phase)  Sin  &  Cos 

I  — ataone«iL!  MMMi  ssiifn-owtrtT 


VECTOR  PERFORMANCE 
36  Input-Output 
Radius  Error 
(Any  Phase) 

Angular  Error1- 2  (PH/IP) 
(PH/IPH) 
Monotonicity       ^  ,  _. 
Full  Power  Bandwidth 
Small  Signal  Bandwidth 


0.35  0.7 

9  18 
24 


50 
200 


DC  to  600  Hz 


arc  mm 
arc  min 

kHz 
kHz 


DC  to  600  Hz 
DC  to  600  Hz 
Guaranteed  Monotonic 

hmG 


■ 

PH/IP,  PH/IPH  INPUTS 
DC  to  50  kHz 
Inputs  =  0  V 

1°  Input  to  Settle  to  ±  1  LSB 
(Input  to  Output) 

Outputs  to  AGND 


ANALOG  SIGNAL  OUTPUTS 
PH/OP1,  2,  3,  4 
Output  Voltage3 
Offset  Voltage 
Slew  Rate 

Small  Signal  Step  Response 

Output  Resistance 
Output  Drive  Current 
Resistive  Load 
Capacitive  Load 


t2.8 


►3.3 


3.0 

2 


2 
2 
1 

15 
4.0 

50 


Vp-P 

mV 

V/u.s 

a 

mA 
kO 
pF 


■ 

Positive  Pulse 


STROBE 
Write 

Max  Update  Rate 


100 


366 


ns 

kHz 










■ 

 1  


BUSY 
Pulse  Width 

VOH 
VOL 


1.7 


2.5 

1 


Vdc 
Vdc 


Conversion  in  Process 
IOH  =  0.5  mA 
IOL  =  0.5  mA 


Input  Current,  IIN 
Input  Capacitance,  CIN 


3.5 


1.5 
±10 


10 


V  dc 
Vdc 
uA 
pF 


CONVERT  MODE 
(CONV1,  CONV2) 
VIH 

vIL 

Input  Current 
Input  Capacitance 


3.5 

1.5 
100 

10 


Vdc 
Vdc 
u.A 
PF 


! 

Internal  50  kSl  PuU-Up  Resistor 


CONVERT  LOGIC 
CONV1  


CONV2 


i  a  If)  szBMmda 


NO  CONNECT 

DGND 

VDD 


DGND 


2-  Phase  Orthogonal  with  2  Inputs 
Nominal  Input  Level 

3-  Phase  (0°,  120°,  240°)  with  3  Inputs 
Nominal/High  Input  Level 

3  Phase  (0°,  120°,  2W)  with  2  Inputs 
Nominal  Input  Level 
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Parameter 





Min 




Typ 


Max 


Units 


Conditions 

 !  :  


HOMOPOLAR  OUTPUT 
HPOP-Output 


HPFILT-FI LTER 


0.5 


00 


Vdc 
Vdc 
Vdc 


kfi 


Ioh  =  0.5  mA 
IOL  =  0.5  mA 
Homopolar  Output-Internal 
Isource  =  25  u-A  and  20  kfl 
to  AGND 

Internal  Resistor  with  External 
Capacitor  =  220  nF 


POWER  SUPPLY 

V°SD 
Idd 
Iss 


 L- 


4.75 
-5.25 


45 


5.25 
-4.75 
10 
10 


Vdc 
V  dc 
mA 


_ 


Quiescent  Current 
Quiescent  Current 


NOTES 

'Angular  accuracy  includes  offsets  and  gain  errors.  Stationary  digital  input  and  maximum  analog  frequency  inputs. 

included  in  the  angular  error  is  an  allowance  for  the  additional  error  caused  by  the  phase  delay  as  a  function  of  the  input  frequency.  For  example  if 
Wirr  f  600  Hz,  the  contribution  to  the  error  due  to  phase  delay  in  650  ns  x  fINPUT  x  60  x  360  =  8.4  arc  minutes. 
'Output  subject  to  input  voltage  and  gain. 
Specifications  in  boldface  are  production  tested. 
Specifications  subject  to  change  without  notice. 


RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (+VDD,  -Vss)   ±5  V  dc  ±  5% 

Analog  Input  Voltage  (PH/IP1,  2,  3,  4)   2  V  rms  ±  10% 

Analog  Input  Voltage  (PH/IPH1,  2,  3)  3  V  rms  ±  10% 

Ambient  Operating  Temperature  Range 
Industrial  (AP)  -40°C  to  +  85°C 

ORDERING  GUIDE 


■  •  Vss  to  VDD 

-0.3  V  to  VDD  +  0.3  V  dc 
-0.3  V  to  VDD  +  0.3  V  dc 


Temperature 

Package 

Model 

Temperature  Range 

Accuracy 

Option* 

AD2S100AP 

-40°C  to  +85°C 

18  arc  min 

P-44A 

*P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information  see  Package 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C) 

VDD  to  AGND   -0.3  V  to  +7  V  dc 

Vss  to  AGND  +0.3  V  to  -7  V  dc 

AGND  to  DGND   ±0.3  V  dc 


Analog  Input  Voltage  to  AGND  .  . 

Digital  Input  Voltage  to  DGND  . 

Digital  Output  Voltage  to  DGND 

Analog  Output  Voltage  to  AGND 

 Vss  -  0.3  V  to  VDD  +  0.3  V  dc 

Analog  Output  Load  Condition  (PH/OP1,  2,  3,  4 

SIN8,  COS9)  2  kfl 

Power  Dissipation  60  mW 

Operating  Temperature 

Industrial  (AP)  -40°C  to  +85°C 

Storage  Temperature   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

CAUTION 

1.  Absolute  Maximum  Ratings  are  those  values  beyond  which 
damage  to  the  device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  +VDD 

Vss  pins. 


CAUTION   .  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD2S100  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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Pin 

Mnemonic 

Description 

3 

STROBE 

Start  Conversion 

4 

Positive  Power  Supply 

5 

Negative  Power  Supply 

6 

PH/OP4 

Sin  (6  +  <(>) 

7 

PH/OP1 

Cos  (6  +  <(>) 

8 

PH/OP3 

Cos  (6  +  240°  +  <))) 

9 

PH/OP2 

Cos  (8  +  120°  +  <t>) 

10 

AGND 

Analog  Ground 

11 

PH/IP4 

Sin  8  Input 

12 

PH/IPH3 

High  Level  Cos  (8  +  240°)  Input 

13 

PH/IP3 

Cos  (8  +  240°)  Input 

High  Level  Cos  (8  +  120°)  Input 

14 

PH/IPH2 

15 

PH/IP2 

Cos  (8  +  120°)  Input 

16 

PH/IPH1 

High  Level  Cos  8  Input 

17 

PH/IP1 

Cos  (8)  Input 

19 

Vss 

Negative  Power  Supply 

20 

HPREF 

Homopolar  Reference 

21 

HPOP 

Homopolar  Output 

22 

HPFILT 

Homopolar  Filter 

23 

CONV1 

Select  Input  Format  (3  Phase/3  Wire,  Sin  8 

24 

CONV2 

Cos  8/Input,  3  Phase/2  Wire) 

25 

COS 

Cos  Output 

26 

SIN 

Sin  Output 

27 

DB12 

(DB1  =  MSB  DB12  =  LSB 

38 

DB1 

Parallel  Input  Data) 

41 

vDD 

Positive  Power  Supply 

42 

DGND 

Digital  Ground 

44 

BUSY 

Conversion  in  Progress 
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NOTES 

Signal  Inputs  PH/IP  and  PH/IPH  on  Pin  Nos.  11  through  17. 

1.  90°  orthogonal  signals  =  Sin  6,  Cos  6  (Resolver)  =  PH/IP4  and  PH/IPI. 

2.  Three  phase,  120°,  three  wire  signals 

=  Cos  6,  Cos  (8  +  120°),  Cos  (9  +  240°). 

=  PH/IPI,  PH/IP2,  PH/IP3 

High  Level  =  PH/IPH1,  PH/IPH2,  PH/IPH3. 

3.  Three  Phase,  120°,  two  wire  signals  =  Cos  (6  +  120°),  Cos  (9  +  240°)  = 
PH/IP2  PH/IP3 

In  all  cases  where  any  of  the  input  Pins  11  through  17  are  not  used,  they 
must  be  left  1 


I    1    r    o  o 

NC.  NO  CONNECT 
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drives  is  that  the  magnitude  and  position  of  the  rotating  air-gap 
rotor  flux  be  known.  This  is  normally  carried  out  by  measuring 
the  rotor  position  via  a  position  sensor  and  establishing  a  rotor 
reference  frame  that  can  be  related  to  stator  current  coordinates. 

To  generate  a  flux  component  in  the  rotor,  stator  current  is 
applied.  A  build-up  of  rotor  flux  is  concluded  which  must  be 
maintained  by  controlling  the  stator  current,  ids,  parallel  to  the 
rotor  flux.  The  rotor  flux  current  component  is  the  magnetizing 
current,  imr. 

Torque  is  generated  by  applying  a  current  component  which  is 
perpendicular  to  the  magnetizing  current.  This  current  is  nor- 
mally called  the  torque  generating  current,  iqs. 

To  orient  and  control  both  the  torque  and  flux  stator  current 
vectors  a  coordinate  transformation  is  carried  out  to  establish  a 
new  reference  frame  related  to  the  rotor.  This  complex  calcula- 
tion is  carried  out  by  the  AD2S100  vector  processor. 

To  expand  upon  the  vector  operator  a  description  of  a  single 
vector  rotation  is  of  assistance.  If  it  is  considered  that  the  mod- 
uli of  a  vector  is  OP  and  that  through  the  movement  of  rotor 
position  by  <t>,  we  require  the  new  position  of  this  vector  it  can 
be  deduced  as  follows: 

Let  original  vector  OP  =  A  (Cos  6  +  jSIN  6)  where  A  is  a 
constant; 

so  if,  OQ  =  OP  e'*  (1) 
and:  «**  =  Cos  <t>  +  jSin  <b 

OQ  =  A  (Cos  {6  +  4)1+    Sin  16  +  <j>H 
=  A  [Cos  6  Cos  <t>  -  Sin  6  Sin  <t>  +  jSin  8  Cos  <$>  +  jCos  6  5m  <t>7 
=  A  [iCos  6  +  jSin  61  (Cos  <)>  +  jSin  cj>l]  (2) 


0 

/     H  +  $ 

f    ♦  Nf1 

P 

-  d 

o 

Figure  1.   Vector  Rotation  in  Polar  Coordinate 

The  complex  stator  current  vector  can  be  represented  as  i,  =  im  + 

aibl  +  a2ics  where  a  =  e  ^  and  a2  =  e  ^.  This  can  be  replaced 

3  3 
by  rectangular  coordinates  as 

h  =  ijs+ji„  (3) 

In  this  equation  ids  and  iqs  represent  the  equivalent  of  a  two- 
phase  stator  winding  which  establishes  the  same  magnitude  of 
MMF  in  a  three-phase  system.  These  inputs  can  be  seen  after 
the  three-phase  to  two-phase  transformation  in  the  AD2S100 
block  diagram.  Equation  (3)  therefore  represents  a  three-phase 
to  two-phase  conversion. 


now  rotated  by  the  operator  e"\  where  er*  =  Cos  4>  +  jSin  <(>. 

Here  the  term  vector  rotator  comes  into  play  where  the  stator 
current  vector  can  be  represented  in  rotor-based  coordinates  or 
visa  versa. 

The  AD2S100  uses  e"1'  as  the  core  operator.  Here  <t>  represents 
the  digital  position  angle  which  rotates  as  the  rotor  moves.  In 
terms  of  the  mathematical  function,  it  rotates  the  orthogonal  ids 
and  iqs  components  as  follows: 


ids'  +j'qi'  =  tfds  «** 


where  id. 
And 


,  i„  '  =  stator  currents  in  the  rotor  reference  frame. 


«V*  =  Cos  <(>  +  jSin  b 


-  l-fjs  +  ]IpHCos  <(>  +  jSin  <t>l 
The  output  from  the  AD2S100  takes  the  form  of: 

id,'  =  fi  Cos  <t>  -  Iqs  Sin  i> 
=      Sin  <)>  +      Cos  4> 


The  matrix  equation  is: 


V" 

Cos  <t>  —Sin  4> 
Sin  4>      Cos  <|> 


and  it  is  shown  in  Figure  2. 


Figure  2.  AD2S100  Vector  Rotation  Operation 
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CONVERTER  OPERATION  , 

The  architecture  of  the  AD2S100  is  illustrated  in  Figure  3.  The 
AD2S100  is  configured  in  the  forward  transformation  which 
rotates  the  rotor  frame  coordinates  to  the  stator  frame. 


Forward  Rotation 

In  this  configuration  the  3tt> — 2<t>  Clark  is  bypassed,  and  inputs 
are  fed  directly  into  the  quadrature  (PH/IP4)  and  direct  (PHI 
IP1)  inputs  to  the  Park  transform,  e'*,  where     is  defined  by 
the  AD2S100's  digital  input.  Position  data,  <t>,  is  loaded  into  the 
input  latch  on  the  positive  edge  of  the  strobe  pulse.  (For  detail 
on  the  timing,  please  refer  to  the  "timing  diagram.")  The  nega- 
tive edge  of  the  strobe  signifies  that  conversion  has  commenced. 
A  busy  pulse  is  subsequently  produced  as  data  is  passed  from 
the  input  latches  to  the  Sin  and  Cos  multipliers.  During  the 
loading  of  the  multiplier,  the  busy  pulse  remains  high  to  ensure 
simultaneous  setting  of  <t  in  both  the  Sin  and  Cos  registers. 

The  negative  edge  of  the  busy  pulse  signifies  that  the  multipliers 
are  set  up  and  the  orthogonal  analog  inputs  are  multiplied  real 
time.  The  resultant  two  outputs  are  accessed  via  the  PH/OP1 
(Pin  7)  and  PH/OP4  (Pin  6),  alternatively  they  can  be  directly 
applied  to  the  output  Clark  transform.  The  Clark  output  is 
the  vector  sum  of  the  analog  input  vector  (Cos8  (PH/OP1),  Cos 
(9  +  120°)  (PH/OP2),  Cos  (6  +  240°)  (PH/OP3)  and  the  digital 
input  vector  <J>. 

For  other  configurations,  please  refer  to  "Forward  and  Reverse 


Transformation." 


CONNECTING  THE  CONVERTER 
Power  Supply  Connection 

The  power  supply  voltages  connected  to  VDD  and  Vss  pins 
should  be  +5  V  dc  and  -5  V  dc  and  must  not  be  reversed. 
Pin  4  (VDD)  and  Pin  41  (VDD)  should  both  be  connected  to 
+  5  V;  similarly,  Pin  5  (Vss)  and  Pin  19  (Vss)  should  both  be 
connected  to  -5  V  dc. 

It  is  recommended  that  decoupling  capacitors,  100  nF  (ceramic) 
and  10  u.F  (tantalum)  or  other  high  quality  capacitors,  are  con- 
nected in  parallel  between  the  power  line  VDD,  Vss  and  AGND 
adjacent  to  the  convener.  Separate  decoupling  capacitors  should 
be  used  for  each  converter.  The  connections  are  shown  in  Fig- 
ure 4. 
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ANALOG  SIGNAL  INPUT  AND  OUTPUT 

CONNECTIONS 

Input  Analog  Signals 

All  analog  signal  inputs  to  AD2S100  are  voltages.  There  are  two 
different  voltage  levels  of  three-phase  (0°,  120°,  240°)  signal 
inputs.  One  is  the  nominal  level,  which  is  ±2.8  V  dc  or  2  V  rms 
and  the  corresponding  input  pins  are  PH/IP1  (Pin  17),  PH/IP2 
(Pin  15),  PH/IP3  (Pin  13)  and  PH/IP4  (Pin  11). 

The  high  level  inputs  can  accommodate  voltages  from  nominal 
up  to  a  maximum  of  ±VDD/VSS.  The  corresponding  input  pins 
are  PH/IPH1  (Pin  16),  PH/IPH2  (Pin  14)  and  PH/IPH3  (Pin 
12).  The  homopolar  output  can  only  be  used  in  the  three-phase 
connection  mode. 

The  converter  can  accept  both  two-phase  format  and  three-phase 
format  input  signals.  For  the  two-phase  format  input,  the  two 
inputs  must  be  orthogonal  to  each  other.  For  the  three-phase 
format  input,  there  is  the  choice  of  using  all  three  inputs  or 
using  two  of  the  three  inputs.  In  the  latter  case,  the  third  input 
signal  will  be  generated  internally  by  using  the  information  of 
other  two  inputs.  The  high  level  input  mode,  however,  can  only 
be  selected  with  three-phase/three-input  format.  All  these  differ- 
ent conversion  modes,  including  nominal/high  input  level  and 
two/three-phase  input  format  can  be  selected  using  two  select 
pins  (Pin  23,  Pin  24).  The  functions  are  summarized  in  Table  I. 

Table  I.  Conversion  Mode  Selection 


Mode 

Description 

CONV1 
(Pin  23) 

CONV2 
(Pin  24) 

MODE1 

2-Phase  Orthogonal  with  2  Inputs 
Nominal  Input  Level 

NC 

DGND 

MODE2 

3-Phase  (0°,  120°,  240°)  with  3  Inputs 
Nominal/High  Input  Level* 

DGND 

vDD 

MODE3 

3-Phase  (0°,  120°,  240°)  with  2  Inputs 
Nominal  Input  Level 

vDD 

*The  high  level  input  mode  can  only  be  selected  with  MODE2. 

MODEL  2-Phase/2  Inputs  with  Nominal  Input  Level 

In  this  mode,  PH/IP1  and  PH/IP4  are  the  inputs  and  the  Pins 
12  through  16  must  be  left  unconnected. 

MODE2:  3-Phase/3  Inputs  with  Nominal/High  Input  Level 

In  this  mode,  either  nominal  or  high  level  inputs  can  be  used. 
For  nominal  level  input  operation,  PH/IP1,  PH/IP2  and  PH/IP3 
are  the  inputs,  and  there  should  be  no  connections  to  PH/IPH1, 
PH/IPH2  and  PH/IPH3;  similarly,  for  high  level  input  opera- 
tion, the  PH/IPH1,  PH/IPH2  and  PH/IPH3  are  the  inputs,  and 
there  should  be  no  connections  to  PH/IP1,  PH/IP2  and  PH/IP3. 
In  both  cases,  the  PH/IP4  should  be  left  unconnected.  For  high 
level  signal  input  operation,  select  MODE2  only. 

MODE3:  3-Phase/2  Inputs  with  Nominal  Input  Level 

In  this  mode,  PH/IP2  and  PH/IP3  are  the  inputs  and  the  third 
signal  will  be  generated  internally  by  using  the  information  of 
other  two  inputs.  It  is  recommended  that  PH/IP1,  PH/IPH1, 
PH/IPH2,  PH/IP4  and  PH/IPH3  should  be  left  unconnected. 


Figure  4.  AD2S100  Power  Supply  Connection 
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Output  Analog  Signals 

There  are  three  forms  of  analog  output  from  the  AD2S100. 

Sin/Cos  orthogonal  output  signals  are  derived  from  the  Clark/ 
three-to-two-phase  conversion  before  the  Park  angle  rotation. 
These  signals  are  available  on  Pin  25  (Cos  9)  and  Pin  26  (Sin  6), 
and  occur  before  Park  angle  rotation. 

Three-Phase  Output  Signals 

(Cos  (6  +  <M,  Cos  C<t>  +  6  +  120°),  Cos  (4>  +  8  +  240°)),  where 
<t>  represents  digital  input  angle.  These  signals  are  available  on 
Pin  7  (PH/OP1),  Pin  9  (PH/OP2)  and  Pin  8  (PH/OP3), 
respectively. 

Two-Phase  (Sin  (6  +  <)>),  Cos  (6  +  <(>))  Signals 
These  represent  the  output  of  the  coordinate  transformation. 
These  signals  are  available  on  Pin  6  (PH/OP4,  Sin  (8  +  d>))  and 
Pin  7  (PH/OP1,  Cos  (6  +  *)). 

HOMOPOLAR  OUTPUT 
Homopolar  Reference 

In  a  three-phase  ac  system,  the  sum  of  the  three  inputs  to  the 
converter  can  be  used  to  indicate  whether  or  not  the  phases  are 
balanced. 

If  VSUM  =  PH/IP1  +  PH/IP2  +  PH/IP3  (or  PH/IPH1  + 
PH/IPH2  +PH/IPH3)  this  can  be  rewritten  as  VSUM  =  [Cos8,+ 
Cos  (6  +  120°)  +  Cos  (6  +  240°)]  =  0.  Any  imbalances  in  the 
line  will  cause  the  sum  VSUM  #  0.  The  AD2S100  homopolar 
output  (HPOP)  goes  high  when  VSUM  >  3  x  V,s.  The  voltage 
level  at  which  the  HPOP  indicates  an  imbalance  is  determined 
by  the  HPREF  threshold,  V,s.  This  is  set  internally  at  ±0.5  V 
dc  (±0.1  V  dc).  The  HPOP  goes  high  when 


Va  < 


(CosB  +  Cos  (9  +  120°)  +  Cos  18  +  240°)] 


x  V 


where  V  is  the  nominal  input  voltage. 

With  no  external  components  VSUM  must  exceed  ±1.5  V  dc  in 
order  for  HPOP  to  indicate  an  imbalance.  The  sensitivity  of  the 
threshold  can  be  reduced  by  connecting  an  external  resistor 
between  HPOP  and  ground  as  shown  in  Figure  5,  where, 
0-5  Rext 

_  B     REXT  +  20000 

Rext  -  " 
V„  =  V  dc. 


HOMOPOLAR 
REFERENCE 


0 


Example:  From  the  equivalent  circuit,  it  can  be  seen  that  the 
inclusion  of  a  20  kfi  resistor  will  reduce  Vts  to  ±0.25  V  dc.  This 
corresponds  to  an  imbalance  of  ±0.75  V  dc  in  the  inputs. 

Homopolar  Filtering 

The  equation  VSUM  =  Cos9  +  Cos  (9  +  120°)  +  Cos  (9  +  240") 
=  0  denotes  an  imbalance  when  VSUM  #  0.  There  are  condi- 
tions, however,  when  an  actual  imbalance  will  occur  and  the 
conditions  as  define  by  VSUM  will  be  valid.  For  example,  if  the 
first  phase  was  open  circuit  when  9  =  90°  or  270°,  the  first 
phase  is  valid  at  0  V  dc.  VSUM  is  valid,  therefore,  when  Cos8  is 
close  to  0.  In  order  to  detect  an  imbalance  9  has  to  move  away 
from  90°  or  270°,  i.e.,  when  on  a  balanced  line  Cos  9^0. 

Line  imbalance  is  detected  as  a  function  of  HPREF,  either  set 
by  the  user  or  internally  set  at  ±0.5  V  dc.  This  corresponds  to  a 
dead  zone  when  4>  =  90°  or  270°  ±  30°,  i.e.,  VSUM  =  0,  and, 
therefore,  no  indicated  imbalance.  If  an  external  20  kfi  resistor 
is  added,  this  halves  VIS  and  reduces  the  zone  to  ±  15°.  Note 
this  example  only  applies  if  the  first  phase  is  detached. 

In  order  to  prevent  this  false  triggering  an  external  capacitor 
needs  to  be  placed  from  HPFILT  to  ground,  as  shown  in  Fig- 
ure 5.  This  averages  out  the  perceived  imbalance  over  a  com- 
plete cycle  and  will  prevent  the  HPOP  from  alternatively 
indicating  balance  and  imbalance  over  8  =  0°  to  360°. 

For 

=  1000  rpm    Cext  =  200  nF 


~dt 


100  rpm    Cext  =  2.2  )xF 


Note:  The  slower  the  input  rotational  speed,  the  larger  the  time 
constant  required  over  which  to  average  the  HPOP  output.  Use 
of  the  homopolar  output  at  slow  rotational  speeds  becomes 
impractical  with  respect  to  the  increased  value  for  CEXT. 
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Figure  5.  The  Equivalent  Homopolar  Reference  Input 
Circuitry  .  . 


Figure  6,  AD2S100  Homopolar  Output  Connections 
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Busy  Output 

The  state  of  converter  is  indicated  by  the  state  of  the  BUSY  out- 
put (Pin  44).  The  BUSY  output  will  go  HI  at  the  negative  edge 
of  the  STROBE  input.  This  is  used  to  synchronize  digital  input 
data  and  load  the  digital  angular  rotation  information  into  the 
device  counter.  The  BUSY  output  will  remain  HI  for  2  (is,  and 
go  LO  until  the  next  strobe  negative  edge  occurs. 

Strobe  Input 

The  width  of  the  positive  STROBE  pulse  should  be  at  least 
100  ns,  in  order  to  successfully  start  the  conversion.  The  maxi- 
mum frequency  of  STROBE  input  is  366  kHz,  i.e.,  there  should 
be  at  least  2.73  u.s  from  the  negative  edge  of  one  STROBE 
pulse  to  the  next  rising  edge.  This  is  illustrated  by  the  following 
timing  diagram  and  table. 


STROBE 


BUSY 

_  .  _ 


Figure  7.  AD2S100  Timing  Diagram 

Note:  Digital  data  should  be  stable  25  ns  before  and  after  posi- 
tive strobe  edge. 

Table  II.  AD2S100  Timing  Table 


figure  8  shows  a  typical  circuit  configuration  tor  the  AD25100 
in  a  three  phase,  nominal  level  input  mode  (MODE2). 


Parameter 

Min 

Typ 

Max 

Condition 

ti 
t2 
U 
U 

tr 

100  ns 
1.7  m.s 

30  ns 

100  ns 
20  ns 

150  ns 

2.5  (jls 

STROBE  Pulse  Width 
STROBE  I  to  BUSY  t 
BUSY  Pulse  Width 
BUSY  1  to  STROBE  T 
BUSY  Pulse  Rise  Time 
with  No  Load 
BUSY  Pulse  Rise  Time 

tf 

10  ns 
120  ns 

with  68  pF  Load 
BUSY  Pulse  Fall  Time 
with  No  Load 
BUSY  Pulse  Fall  Time 
with  68  pF  Load 

Figure  8.  Typical  Circuit  Configuration 


APPLICATIONS 

Forward  and  Reverse  Transformation 

The  AD2S100  can  perform  both  forward  and  reverse  transfor- 
mations. The  section  "Theory  of  Operation"  explains  how  the 
chip  operates  with  the  core  operator  e+i*,  which  performs  a  for- 
ward transformation.  The  reverse  transformation,  e~'*,  is  not 
mentioned  in  the  above  sections  of  the  data  sheet  simply  to 
avoid  the  confusion  in  the  functionality  and  pinout.  However, 
the  reverse  transformation  is  very  useful  in  many  different  appli- 
cations, and  the  AD2S100  can  be  easily  configured  in  a  reverse 
transformation  configuration.  Figure  9  shows  four  different 
phase  input/output  connections  for  AD2S 100  reverse  transfor- 
mation operation. 
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Figure  9.  Reverse  Transformation  Connections 
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VIn  Figure  9,         operator  performs  a  180°  phase  shift  opera- 
tion. It  can  be  illustrated  by  a  2-phase-to-3-phase  reverse  trans- 
formation. An  example  is  shown  in  Figure  10. 


sine 


PH/1P1  (Co«e) 


PH/OP1  _ 


Co«(e  »  ♦) 

AD2S100 

PH/0P3  |  

Coa(e  *  240°  t  ♦) 

PH/IP4  (Sine)  PH/OP2 

Coa(e  ♦  i  w  ♦  ♦) 


Cos{6  - 

Coi(e  1 120"  -  4>) 


Co.(et240--») 


♦  I 


Figure  10.  Two-Phase  to  Three-Phase  Reverse 
Transformation 

Field  Oriented  Control  of  AC  Induction  Machine  in  a  Rotor 
Flux  Frame 

The  architecture  shown  in  Figure  1 1  identifies  a  simplified 
scheme  where  the  AD2S100  permits  the  DSP  computing  core  to 
execute  the  motor  control  in  what  is  normally  termed  the  rotor 
reference  frame.  This  reference  frame  actually  operates  in  syn- 
chronism with  the  rotor  of  a  motor.  This  has  significant  benefits 


regarding  motor  control  efficiency  and  economics.  The  calculat- 
ing power  required  in  the  rotor  reference  frame  is  significantly 
reduced  because  the  currents  and  flux  are  rotating  at  the  slip 
frequency.  This  permits  calculations  to  be  carried  out  in  time 
frames  of,  100  u-s,  or  under  by  a  fixed-point  DSP.  Benchmark 
timing  in  this  type  of  architecture  can  attain  floating-point  speed 
processing  with  a  fixed-point  processor.  Perhaps  the  largest 
advantage  is  in  the  ease  with  which  the  rotor  flux  position  can 
be  obtained.  A  large  amount  of  computation  time  is,  therefore, 
removed  by  the  AD2S100  vector  processors  due  to  the  split 
architecture  shown  in  Figure  11.  Motor  control  systems  employ- 
ing one  DSP  to  carry  out  the  cartesian  to  polar  transformations 
required  for  vector  control  are,  therefore,  tasked  with  additional 
duties  due  to  the  fact  that  they  normally  operate  in  the  flux  ref- 
erence frame. 

The  robustness  of  the  control  system  can  also  be  increased  by 
carrying  out  the  control  in  the  rotor  reference  frame.  This  is 
achieved  through  the  ability  to  increase  and  improve  both  the 
algorithm  quality  in  nonlinear  calculations  attributed  to  magne- 
tizing inductance  and  rotor  time  constant  for  example.  An 
increase  in  sampling  time  can  also  be  concluded  with  this  archi- 
tecture by  avoiding  the  additional  computing  associated  with 
number  truncation  and  rounding  errors  which  reduce  the  signal 
to  noise  rejection  ratio. 


VELOCITY 
FEEDBACK 


POSITION 
FEEDBACK 

POSITION 
SET  POINT 


Figure  1 1.  Rotor  Reference  Frame  Architecture 
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SIMPLE  SLIP  CONTROL 

In  an  adjustable-frequency  drive,  the  control  strategy  must 
ensure  that  motor  operation  is  restricted  to  low  slip  frequencies, 
resulting  in  stable  operation  with  a  high  power  factor  and  a  high 
torque  per  stator  ampere.  Figure  12  shows  the  block  diagram  of 
simple  slip  control  using  the  AD2S100.  Here,  the  slip  frequency 
command  io2  and  the  current  amplitude  command  are  sent  to 
the  microprocessor  to  generate  two  orthogonal  signals,  |I|  Sin  6 
and  |I|  Cos  6  here  (6  =  w2.)  With  the  actual  shaft  position  angle, 
<)>,  (resolver-to-digital  converter)  and  the  orthogonal  signals  from 


(I)  set  - 


liPHOC 

ISInn 

AD2S100 

la 
lb 

PWM 

INVERTER 

ICosu 

Ic 

dt 


Figure  12.  Slip  Control  of  AC  Induction  Motor  with 
AD2S100 

the  uP,  the  AD2S100  generates  the  inverter  frequency  and 
amplitude  command  into  a  three-phase  format.  The  three-phase 
sine  wave  reference  currents  are  reproduced  in  the  stator  phases. 
For  general  applications,  both  the  steady-state  and  dynamic  per- 
formance of  this  simple  control  scheme  is  satisfactory.  For 
detailed  information  about  this  application,  please  refer  to  the 
bibliography  at  the  end  of  the  data  sheet. 

ADVANCED  PMSM  SERVO  CONTROL 

Electronically  commutated  permanent  magnet  synchronous 
motors  (PMSM)  are  used  in  high  performance  drives  for 
machine  tools  and  robotics.  When  a  field  orientated  control 
scheme  is  deployed,  the  resulting  brushless  drive  has  all  the 
properties  required  for  servo  applications  in  machine  tool  fed 
drives,  industrial  robots,  and  spindle  drives.  These  properties 
include  large  torque/inertia  ratio,  a  high  peak  torque  capability 
for  fast  acceleration  and  deceleration  with  high  torsional  stiffness 
at  standstill. 

Figure  13  shows  the  AD2S100  configured  for  both  forward  and 
reverse  transformations.  This  architecture  concludes  both  flux 
and  torque  current  components  independently.  The  additional 
control  of  Vd  (flux  component)  allows  for  the  implementation  of 
field  weakening  schemes  and  maintenance  of  power  f 


AD2S100 


For  more  detailed  information,  please  refer  to  the  application 
note  "Vector  Control  Using  a  Single  Vector  Rotation  Semicon- 
ductor for  Induction  and  Permanent  Magnet  Motors." 

MOTION  CONTROL  DSP  COPROCESSOR 

AC  induction  motors  are  superior  to  dc  motors  with  respect  to 
size/power  ratio,  weight,  rotor  inertia,  maximum  rotating  veloc- 
ity, efficiency  and  cost  for  motor  ratings  greater  than  5  HP. 
However,  because  of  nonlinear  and  the  highly  interactive  multi- 
variable  control  structure,  ac  induction  motors  have  been  con- 
sidered difficult  to  control  in  applications  demanding  variable 
speed  and  torque. 

Field  orientated  control  theory  and  practice,  under  development 
since  1975,  has  offered  the  same  level  of  control  enjoyed  by  tra- 
ditional dc  machines.  Practical  implementation  of  these  algo- 
rithms involves  the  use  of  DSP  and  microprocessor  based 
architectures.  The  AD2S100  removes  the  needs  for  software 
implementation  of  the  rotor-to-stator  and  stator-to-rotor  trans- 
formations in  the  DSP  or  n-P.  The  reduction  in  throughput 
times  from  typically  100  \x$  ((xP)  and  40  u.s  (DSP)  to  2  u.s 
increases  system  bandwidths  while  also  allowing  additional  fea- 
tures to  be  added  to  the  CPU.  The  combination  of  the  fixed 
point  ADSP-2101  and  the  AD2S100,  the  "advanced  motion  con- 
trol engine"  shown  in  Figure  14,  enables  bandwidths  previously 
attainable  only  through  the  use  of  floating  point  devices. 

For  more  detailed  information  on  the  AD2S100  vector  control 
application  and  on  this  advanced  motion  control  engine,  please 
refer  to  application  notes  "Vector  Control  Using  a  Single  Vector 
Rotation  Semiconductor  for  Induction  and  Permanent  Magnet 
Motors." 

MEASUREMENT  OF  HARMONICS 

Three-phase  ac  power  systems  are  widely  used  in  power  genera- 
tion, transmission  and  electric  drive.  The  quality  of  the  elec- 
tricity supply  is  affected  by  harmonics  injected  into  the  power 
main.  In  inverter  fed  ac  machines,  fluxes  and  currents  of  various 
frequencies  are  produced.  Predominantly  in  ac  machines  the  5th 
and  7th  harmonics  are  the  most  damaging;  their  reaction  with 
the  fundamental  flux  component  produces  6th  harmonic  torque 
pulsations.  The  subsequent  pulsating  torque  output  may  result 
in  uneven  motion  of  the  motor,  especially  at  low  speeds. 

The  AD2S100  can  be  used  to  monitor  and  detect  the  presence 
and  magnitude  of  a  particular  harmonic  on  a  three-phase  line. 
Figure  15  shows  the  implementation  of  such  a  scheme  using  the 
AD2S100.  Note,  the  actual  line  voltages  will  have  to  be  scaled 
before  applying  to  the  three-phase  input  of  the  AD2S100. 

Selecting  a  harmonic  is  achieved  by  synchronizing  the  rotational 
frequency  of  the  park  digital  input,  <)>,  with  the  frequency  of  the 
fundamental  flux  component  and  the  integer  harmonic  selected. 
The  update  rate,  r,  of  the  counters  is  determined  by: 


4096  x 


n  x  u> 

2  TT 


Here, 


Figure  13.  PMSM  Servo  Control  Using  AD2S100 


r  =  input  clock  pulse  rate  (pulses/second); 

n  =  the  order  of  harmonics  to  be  measured; 

o>  =  fundamental  angular  frequency  of  the  ac  signal. 
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Figure  14.  Advanced  Motion  Control  Engine 


The  magnitude  of  the  n-th  harmonic  as  well  as  the  fundamental 
component  in  the  power  line  is  represented  by  the  output  of  the 
low-pass  filter,  ak.  In  concert  with  magnitude  of  the  harmonic 
the  AD2S100  homopolar  output  will  indicate  whether  the 
three  phases  are  balanced  or  not.  For  more  details  about  this 
application,  refer  to  the  related  application  note  listed  in  the 
bibliography. 


AD2S80A 


AD2S10O 


HOMOPOLAR 
OUTPUT 


Figure  15.  Harmonics  Measurement  Using  AD2S100 
MULTIPLE  POLE  MOTORS 

For  multi-pole  motor  applications  where  a  single  speed  resolver 
is  used,  the  AD2S100  input  has  to  be  configured  to  match  the 
electrical  cycle  of  the  resolver  with  the  phasing  of  the  motor 
windings.  The  input  to  the  AD2S100  is  the  output  of  a  resolver- 
to-digital  converter,  e.g.,  AD2S80A  series.  The  parallel  output 
of  the  converter  needs  to  be  multiplied  by  2°_1,  where  n  =  the 
number  of  pole  parts  of  the  motor.  In  practice  this  is  imple- 
mented by  shifting  the  parallel  output  of  the  converter  left  rela- 
tive to  the  number  of  pole  pairs. 

Figure  16  shows  the  generic  configuration  of  the  AD2S80A  with 
the  AD2S100  for  a  motor  with  n  pole  pairs.  The  MSB  of  the 
AD2S100  is  connected  to  MSB-(n-l)  bit  of  the  AD2S80A  digital 
output,  MSB-1  bit  to  MSB-(n-2)  bit,  .  .  .  ,  LSB  bit  to  LSB  bit 
of  AD2S80A,  etc. 

Figure  17  shows  the  AD2S80A  configured  for  use  with  a  four 
pole  motor,  where  n  =  2.  Using  the  formula  described  the  MSB 
is  shifted  left  once. 


MSB-1 


MSB  -  (n-1) 


LSB.(n-1) 


12,14  OR  16-BIT  RESOLUTION  MODE 

Figure  16.  A  General  Consideration  in  Connecting  R/D 
Converter  and  AD2S100  for  Multiple  Pole  Motors 

AD2S80A  AD2S10O 


14-BIT  RESOLUTION  MODE 


Figure  17.  Connecting  of  R/D  Converter  AD2S80A  and 
AD2S100  for  Four-Pole  Motor  Application 
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DIGIT AL-TO-RESOLVER  AND  SYNCHRO 
CONVERSION 

The  AD2S100  can  be  configured  for  use  as  a  12-bit  digital-to- 
resolver  (DRC)  or  synchro  converter  (DSC).  DRCs  and  DSCs 
are  used  to  simulate  the  outputs  of  a  resolver  or  a  synchro.  The 
simulated  outputs  are  represented  by  the  trans] 
below. 

Resolver  Outputs 

Asiniot.costJ) 
Asinuit.sintb 


Configuring  the  AD2S100  for  DRC  and  DSC  operation  is  done 
by  the  following. 
DRC-Must  Select  Mode  1 


Inputs 


Outputs 


Synchro  Outputs 

Asinojt.sinrb 
Asinujt.sin  (<b  +  120°) 
Asinojt.sin  (<t>  +  240°) 

where:   Asinuit  =  fixed  ac  reference 

<t>  =  digital  input  angle,  i.e.,  shaft  position 

The  waveforms  are  shown  in  Figures  18  and  19. 
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Inputs      PH/IP4  Pin  11 
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Figure  18.  Electrical  Representation  and  Typical  Resolver 
Signals 


SI  TO  S2 


HI  TO  R2 


WW 

0-  90*  180-  270'  360' 

6 

Figure  19.  Electrical  Representation  and  Typical  Synchro 
Signals 


5 


Reference  Asimut 
AGND 

Outputs     PH/OP1     Pin  7      -Asinwt  Sin<t> 

PH/OP2  Pin  9  -Asinut  Sin  (*  +  120°) 
PH/OP3     Pin  8      -Asinwt  Sin  (4>  +  240°) 

NOTES 

1 .  Valid  information  is  only  available  after  the  strobe  pulse  and  BUSY  go 
low.  For  more  information  on  DRCs  see  the  AD2S65/AD2S66  data  s 

2.  To  correct  for  inverse  phasing  of  the  DSC  outputs  the  reference  should  be 
inverted,  or  the  MSB  can  be  inverted. 

APPLICATION  NOTES  LIST 

1 .  "Vector  Control  Using  a  Single  Vector  Rotation  Semiconduc- 
tor for  Induction  and  Permanent  Magnet  Motors,"  by  F.  P. 
Flett,  Analog  Devices. 

2.  "Gamana  -  DSP  Vector  Coprocessor  for  Brushless  Motor 
Control,"  by  Analog  Devices  and  Infosys  Manufacturing 
System. 

"Silicon  Control  Algorithms  for  Brushless  Permanent  Magnet 
Synchronous  Machines,"  by  F.  P.  Flett. 

"Single  Chip  Vector  Rotation  Blocks  and  Induction  Motor 
Field  Oriented  Control,"  by  A.  P.  M.  Van  den  Bossche  and 
P.  J.  M.  Coussens. 

"Three  Phase  Measurements  with  Vector  Rotation  Blocks  in 
Mains  and  Motion  Control,"  P.  J.  M.  Coussens,  et  al. 

6.  "Digital  to  Synchro  and  Resolver  Conversion  with  the  AC 
Vector  Processor  AD2S100,"  by  Dennis  Fu. 

7.  "Experiment  with  the  AD2S100  Evaluation  Board,"  by 
Dennis  Fu. 
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LVDT  Signal 
Conditioner 


FEATURES 

Single  Chip  Solution,  Contains  Internal  Oscillator  and 

Voltage  Reference 
No  Adjustments  Required 
Insensitive  to  Transducer  Null  Voltage 
Insensitive  to  Primary  to  Secondary  Phase  Shifts 
DC  Output  Proportional  to  Position 
20  Hz  to  20  kHz  Frequency  Range 
Single  or  Dual  Supply  Operation 
Unipolar  or  Bipolar  Output 
Will  Operate  a  Remote  LVDT  at  Up  to  300  Feet 
Position  Output  Can  Drive  Up  to  1000  Feet  of  Cable 
Will  Also  Interface  to  an  RVDT 
Outstanding  Performance 

Linearity:  0.05%  of  FS  max 

Output  Voltage:  ±11  V  min 

Gain  Drift:  50  ppm/°C  of  FS  max 

Offset  Drift:  50  ppm/°C  of  FS  max 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD598  is  a  complete,  monolithic  Linear  Variable  Differen- 
tial Transformer  (LVDT)  signal  conditioning  subsystem.  It  is 
used  in  conjunction  with  LVDTs  to  convert  transducer  mechan- 
ical position  to  a  unipolar  or  bipolar  dc  voltage  with  a  high 
degree  of  accuracy  and  repeatability.  All  circuit  functions  are 
included  on  the  chip.  With  the  addition  of  a  few  external  pas- 
sive components  to  set  frequency  and  gain,  the  AD598  converts 
the  raw  LVDT  secondary  output  to  a  scaled  dc  signal.  The 
device  can  also  be  used  with  RVDT  transducers. 

The  AD598  contains  a  low  distortion  sine  wave  oscillator  to 
drive  the  LVDT  primary.  The  LVDT  secondary  output  consists 
of  two  sine  waves  that  drive  the  AD598  directly.  The  AD598 
operates  upon  the  two  signals,  dividing  their  difference  by  their 
sum,  producing  a  scaled  unipolar  or  bipolar  dc  output. 

The  AD598  uses  a  unique  ratiometric  architecture  (patent  pend- 
ing) to  eliminate  several  of  the  disadvantages  associated  with 
traditional  approaches  to  LVDT  interfacing.  The  benefits  of  this 
new  circuit  are:  no  adjustments  are  necessary,  transformer  null 
voltage  and  primary  to  secondary  phase  shift  does  not  affect  sys- 
tem accuracy,  temperature  stability  is  improved,  and  transducer 
interchangeinterchangeabilityability  is  improved. 

The  AD598  is  available  in  two  performance  grades: 

Grade  Temperature  Range 


AD598JR     0  to  +70°C  20-Pin  Small  Outline  (SOIC) 

AD598AD     -40°C  to  +85°C         20-Pin  Ceramic  DIP 
It  is  also  available  processed  to  MIL-STD-883B,  for  the  military 
range  of  -55°C  to  +125°C. 


■ 

PRODUCT  HIGHLIGHTS 

1.  The  AD598  offers  a  monolithic  solution  to  LVDT  and 
RVDT  signal  conditioning  problems;  few  extra  passive  com- 
ponents are  required  to  complete  the  conversion  from 
mechanical  position  to  dc  voltage  and  no  adjustments  are 
required. 

2.  The  AD598  can  be  used  with  many  different  types  of 
LVDTs  because  the  circuit  accommodates  a  wide  range  of 
input  and  output  voltages  and  frequencies;  the  AD598  can 
drive  an  LVDT  primary  with  up  to  24  V  rms  and  accept  sec- 
ondary input  levels  as  low  as  100  mV  rms. 

3.  The  20  Hz  to  20  kHz  LVDT  excitation  frequency  is  deter- 
mined by  a  single  external  capacitor.  The  AD598  input  signal 
need  not  be  synchronous  with  the  LVDT  primary  drive. 
This  means  that  an  external  primary  excitation,  such  as  the 
400  Hz  power  mains  in  aircraft,  can  be  used. 

4.  The  AD598  uses  a  ratiometric  decoding  scheme  such  that 
primary  to  secondary  phase  shifts  and  transducer  null  voltage 
have  absolutely  no  effect  on  overall  circuit  performance. 

5.  Multiple  LVDTs  can  be  driven  by  a  single  AD598,  either  in 
series  or  parallel  as  long  as  power  dissipation  limits  are  not 
exceeded.  The  excitation  output  is  thermally  protected. 

6.  The  AD598  may  be  used  in  telemetry  applications  or  in  hos- 
tile environments  where  the  interface  electronics  may  be 
remote  from  the  LVDT.  The  AD598  can  drive  an  LVDT  at 
the  end  of  300  feet  of  cable,  since  the  circuit  is  not  affected 
by  phase  shifts  or  absolute  signal  magnitudes.  The  position 
output  can  drive  as  much  as  1000  feet  of  cable. 

7.  The  AD598  may  be  used  as  a  loop  integrator  in  the  design  of 
simple  electromechanical  servo  loops. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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OVERALL  ERROR2 
Tmi„  to  T^ 
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SIGNAL  OUTPUT  CHARACTERISTICS 

Output  Voltage  Range  (T,„in  to  Tm„) 

±11 

±11 

V 

Output  Current  (Tmin  to  TmaJ 

8 

6 

mA 

Short  Circuit  Current 

20 

20 

mA 

Nonlinearity3  (Tmin  to  T^ 
Gain  Error4 

75 

±500 

75 

±500 

ppm  of  FS 

0.4 

±1 

0.4 

±1 

%  of  FS 

Gain  Drift 

20 

±100 

20 

±50 

ppm/°C  of  FS 

Offset5 

0.3 

±1 

0.3 

±1 

%  of  FS 

Offset  Drift 

7 

±200 

7 

±50 

ppm/°C  of  FS 

Excitation  Voltage  Rejection6 

100 

100 

ppm/dB 

Power  Supply  Rejection  (±12  V  to  ±18  V) 
PSRR  Gain  (Tmi„  to 

300 

100 

400 

100 

ppm/V 

PSRR  Offset  (Tmin  to  Tmax) 

100 

15 

200 

15 

ppm/V 

Common  Mode  Rejection  (±3  V) 

CMRR  Gain  (T^  to  Tmait) 

100 

25 

200 

25 

ppm/V 

CMRR  Offset  (Tmin  to  Tm^) 

inn 

1UU 

g 

200 

6 

ppm/V 

Output  Ripple7 

4 

4 

mV  rms 

EXCITATION  OUTPUT  CHARACTERISTICS  «3  2.5  kHz) 

Excitation  Voltage  Range 

2.1 

24 

2.1 

24 

V  rms 

Excitation  Voltage 

CRT  —  Onenl8 

1.2 

2.1 

1.2 

2.1 

V  rms 

(Rl  =  12.7  kO)8 

2.6 

4.1 

2.6 

4.1 

V  rms 

(RI  =  487  Qf 

14 

20 

14 

20 

V  rms 

Excitation  Voltage  TC9 

600 

600 

ppm/°C 

Output  Current 

jU 

30 

mA  rms 

T^,,  to  Tmax 

12 

mA  rms 

Short  Circuit  Current 

DC  Offset  Voltage  (Differential,  Rl  =  12.7  kfl) 

60 

60 

mA 

^min  tO  Tmax 

30 

±100 

30 

±100 

mV 

Frequency 

20 

20k 

20 

20k 

Hz 

Frequency  TC,  (Rl  =  12.7  kfl) 

200 

200 

ppm/°C 

Total  Harmonic  Distortion 

-50 

-50 

dB 

SIGNAL  INPUT  CHARACTERISTICS 

Signal  Voltage 

0.1 

3.5 

0.1 

3.5 

V  rms 

Input  Impedance 

200 

200 

kn 

Input  Bias  Current  (AIN  and  BIN) 

r- 

5 

1 

5 

|jA 

Signal  Reference  Bias  Current 

2 

10 

2 

10 

Excitation  Frequency 

n 

20 

0 

20 

kHz 

POWER  SUPPLY  REQUIREMENTS 



Operating  Range 

13 

36 

13 

36 

V 

Dual  Supply  Operation  (±10  V  Output) 

±13 

±13 

V 

Single  Supply  Operation 

0  to  + 10  V  Output 

17.5 

17.5 

V 

0  to  - 10  V  Output 

17.5 

17.5 

V 

Current  (No  Load  at  Signal  and  Excitation  Outputs) 

12 

15 

12 

15 

mA 

16 

1  

18 

mA 

TEMPERATURE  RANGE 
JR  (SOIC) 
AD  (DIP) 

0 

70 

-40 

+85 

°C 
°C 

PACKAGE  OPTION10 
SOIC  (R-20) 
Side  Brazed  DIP  (D-20) 

AD598JR 



AD598AD 
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NOTES 

'VA  and  VB  represent  the  Mean  Average  Deviation  (MAD)  of  the  detected  sine  waves.  Note  that  for  this  Transfer  Function  to  linearly  represent  positive  dis- 
placement, the  sum  of  VA  and  VB  of  the  LVDT  must  remain  constant  with  stroke  length.  See  "Theory  of  Operation."  Also  see  Figures  7  and  12  for  R2. 
2From  Tmjn  to  TmaJ(  the  overall  error  due  to  the  AD598  alone  is  determined  by  combining  gain  error,  gain  drift  and  offset  drift.  For  example,  the  worst  case 
overall  error  for  the  AD598AD  from  Tmin  to  Tmax  is  calculated  as  follows:  overall  error  =  gain  error  at  +25°C  (±1%  full  scale)  +  gain  drift  from  -40°C  to 
+25°C(50  ppm/T  of  FS  x  +65°C)  +  offset  drift  from  -40"C  to  +  25°C  (50  ppm/°C  of  FSx  65°C)  =  ±1.65%  of  full  scale.  Note  that  1000  ppm  of  full  scale 
equals  0.1%  of  full  scale.  Full  scale  is  defined  as  the  voltage  difference  between  the  maximum  positive  and  maximum  negative  output. 

3Nonlinearity  of  the  AD598  only,  in  units  of  ppm  of  full  scale.  Nonlineariry  is  defined  as  the  maximum  measured  deviation  of  the  AD598  output  voltage  from 
a  straight  line.  The  straight  line  is  determined  by  connecting  the  maximum  produced  full-scale  negative  voltage  with  the  maximum  produced  full-scale  positive 
voltage. 

4See  Transfer  Function. 

5This  offset  refers  to  the  (VA-VB)/(VA+VB)  input  spanning  a  full-scale  range  of  ±1.  [For  (VA-VB)/(VA+VB)  to  equal  +1,  VB  must  equal  zero  volts;  and  corre- 
spondingly for  (VA-VB)/(VA+VB)  to  equal  -1,  VA  must  equal  zero  volts.  Note  that  offset  errors  do  not  allow  accurate  use  of  zero  magnitude  inputs;  practical 
inputs  are  limited  to  100  mV  rms.]  The  ±1  span  is  a  convenient  reference  point  to  define  offset  referred  to  input.  For  example,  with  this  input  span  a  value  of 
R2  =  20  kfi  would  give  Vou  r  span  a  value  of  ±  10  volts.  Caution,  most  LVDTs  will  typically  exercise  less  of  the  (VA-VB)/(VA+VB)  input  span  and  thus 
require  a  larger  value  of  R2  to  produce  the  ±10  V  output  span.  In  this  case  the  offset  is  correspondingly  magnified  when  referred  to  the  output  voltage.  For 
example,  a  Schaevitz  E100  LVDT  requires  80.2  k£i  for  R2  to  produce  a  ±10.69  V  output  and  (VA-VB)/(VA+VB)  equals  0.27.  This  ratio  may  be  determined 
from  the  graph  shown  in  Figure  18,  (VA-VB)/(VA+VB)  =  (1.71  V  rms-0.99  V  rms)/(1.71  V  rms+0.99  V  rms).  The  maximum  offset  value  referred  to  the 
±10.69  V  output  may  be  determined  by  multiplying  the  maximum  value  shown  in  the  data  sheet  (±1%  of  FS  by  1/0.27  which  equals  ±3.7%  maximum.  Simi- 
larly, to  determine  the  maximum  values  of  offset  drift,  offset  CMRR  and  offset  PSRR  when  referred  to  the  ±  10.69  V  output,  these  data  sheet  values  should 
also  be  multiplied  by  (1/0.27).  For  this  example,  for  the  AD598AD  the  maximum  values  of  offset  drift,  PSRR  offset  and  CMRR  offset  would  be:  185  ppm/°C 
of  FS;  741  ppm/V  and  741  ppm/V  respectively  when  referred  to  the  ±10.69  V  output. 

6For  example,  if  the  excitation  to  the  primary  changes  by  1  dB,  the  gain  of  the  system  will  change  by  typically  100  ppm. 
'Output  ripple  is  a  function  of  the  AD598  bandwidth  determined  by  C2,  C3  and  C4.  See  Figures  16  and  17. 
8R1  is  shown  in  Figures  7  and  12. 

"Excitation  voltage  drift  is  not  an  important  specification  because  of  the  ratiometric  operation  of  the  AD598. 
l0For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tested  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


THERMAL  CHARACTERISTICS 


"jc  9JA 

22°C/W  80°C/W 
25°C/W  85°C/W 


SOIC  Package 
Side  Brazed  Package 

ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  +VS  to  -Vs   36  V 

Storage  Temperature  Range 

R  Package   -65°C  to  +  150°C 

D  Package   -65°C  to  +150°C 

Operating  Temperature  Range 

AD598JR   0  to  +70°C 

AD598AD  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  60  Seconds)   ....  +300"C 

Power  Dissipation  Up  to  +65°C   1.2  W 

Derides  Above  +65°C  12  mW/°C 


CONNECTION  DIAGRAM 
Plastic  SOIC  (R)  Package 
and 

Side  Brazed  Ceramic  DIP  (D)  Package 

EXClfT 
EXC2[T 
LEVEL t [7 
LEVEL  2  [7 
FREQ  1  [J_ 
FREQ  2  [7 
Bl  FILTER  [7 
B2  FILTER  [7 


TOP  VIEW 
(Not  to  Scale) 


2£,*vs 
19]  OFFSET  1 
is]  OFFSET  2 
17]  SIGNAL  REFERENCE 
iJJ  SIGNAL  OUTPUT 
li]  FEEDBACK 
14]  OUTPUT  FILTER 
13]  A1  FILTER 
[2]  A2  FILTER 

3*. 


- 
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THEORY  OF  OPERATION 

A  block  diagram  of  the  AD598  along  with  an  LVDT  (Linear 
Variable  Differential  Transformer)  connected  to  its  input  is 
shown  in  Figure  5.  The  LVDT  is  an  electromechanical  trans- 
ducer whose  input  is  the  mechanical  displacement  of  a  core  and 
whose  output  is  a  pair  of  ac  voltages  proportional  to  core  posi- 
tion. The  transducer  consists  of  a  primary  winding  energized  by 
an  external  sine  wave  reference  source,  two  secondary  windings 
connected  in  series,  and  the  moveable  core  to  couple  flux 
between  the  primary  and  secondary  windings. 


Figure  5.  AD598  Functional  Block  Diagram 

The  AD598  energizes  the  LVDT  primary,  senses  the  LVDT 
secondary  output  voltages  and  produces  a  dc  output  voltage  pro- 
portional to  core  position.  The  AD598  consists  of  a  sine  wave 
oscillator  and  power  amplifier  to  drive  the  primary,  a  decoder 
which  determines  the  ratio  of  the  difference  between  the  LVDT 
secondary  voltages  divided  by  their  sum,  a  filter  and  an  output 
amplifier. 

The  oscillator  comprises  a  multivibrator  which  produces  a  tri- 
wave  output.  The  triwave  drives  a  sine  shaper,  which  produces 
a  low  distortion  sine  wave  whose  frequency  is  determined  by  a 
single  capacitor.  Output  frequency  can  range  from  20  Hz  to 
20  kHz  and  amplitude  from  2  V  rms  to  24  V  rms.  Total  har- 
monic distortion  is  typically  -50  dB. 

The  output  from  the  LVDT  secondaries  consists  of  a  pair  of 
sine  waves  whose  amplitude  difference,  (VA-VB),  is  proportional 
to  core  position.  Previous  LVDT  conditioners  synchronously 
detect  this  amplitude  difference  and  convert  its  absolute  value  to 
a  voltage  proportional  to  position.  This  technique  uses  the  pri- 
mary excitation  voltage  as  a  phase  reference  to  determine  the 


polarity  of  the  output  voltage.  There  are  a  number  of  problems 
associated  with  this  technique  such  as  (1)  producing  a  constant 
amplitude,  constant  frequency  excitation  signal,  (2)  compensat- 
ing for  LVDT  primary  to  secondary  phase  shifts,  and  (3)  com- 
pensating for  these  shifts  as  a  function  of  temperature  and 
frequency. 

The  AD598  eliminates  all  of  these  problems.  The  AD598  does 
not  require  a  constant  amplitude  because  it  works  on  the  ratio  of 
the  difference  and  sum  of  the  LVDT  output  signals.  A  constant 
frequency  signal  is  not  necessary  because  the  inputs  are  rectified 
and  only  the  sine  wave  carrier  magnitude  is  processed.  There  is 
no  sensitivity  to  phase  shift  between  the  primary  excitation  and 
the  LVDT  outputs  because  synchronous  detection  is  not 
employed.  The  ratiometric  principle  upon  which  the  AD598 
operates  requires  that  the  sum  of  the  LVDT  secondary  voltages 
remains  constant  with  LVDT  stroke  length.  Although  LVDT 
manufacturers  generally  do  not  specify  the  relationship  between 
VA+VB  and  stroke  length,  it  is  recognized  that  some  LVDTs  do 
not  meet  this  requirement.  In  these  cases  a  nonlinearity  will 
result.  However,  the  majority  of  available  LVDTs  do  in  fact 
meet  these  requirements. 

The  AD598  utilizes  a  special  decoder  circuit.  Referring  to  the 
block  diagram  and  Figure  6  below,  an  implicit  analog  comput- 
ing loop  is  employed.  After  rectification,  the  A  and  B  signals  are 
multiplied  by  complementary  duty  cycle  signals,  d  and  (1-d) 
respectively.  The  difference  of  these  processed  signals  is  inte- 
grated and  sampled  by  a  comparator.  It  is  the  output  of  this 
comparator  that  defines  the  original  duty  cycle,  d,  which  is  fed 
back  to  the  multipliers. 

As  shown  in  Figure  2,  the  input  to  the  integrator  is  [(A+B)d]- 
B.  Since  the  integrator  input  is  forced  to  0,  the  duty  cycle 
d  =  B/(A+B). 

The  output  comparator  which  produces  d  =  B/(A+B)  also  con- 
trols an  output  amplifier  driven  by  a  reference  current.  Duty 
cycle  signals  d  and  (1-d)  perform  separate  modulations  on  the 
reference  current  as  shown  in  Figure  6,  which  are  summed.  The 
summed  current,  which  is  the  output  current,  is  Iref  x  (l-2d). 
Since  d  =  B/(A+B),  by  substitution  the  output  current  equals 
Iref  x  (A-B)/(A+B).  This  output  current  is  then  filtered  and 
converted  to  a  voltage  since  it  is  forced  to  flow  through  the  scal- 
ing resistor  R2  such  that: 

Vout  =  Iref  x  (A-B)/[A+B)  x  R2 


Figure  6.  Block  Diagram  of  Decoder 
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Universal 
LVDT  Signal  Conditioner 


AD698 


FEATURES 

Single  Chip  Solution,  Contains  Internal  Oscillator  and 

Voltage  Reference 
No  Adjustments  Required 
Interfaces  to  Half-Bridge  LVDT,  4-Wire  LVDT 
DC  Output  Proportional  to  Position 
20  Hz  to  20  kHz  Frequency  Range 
Unipolar  or  Bipolar  Output 
Will  Also  Implement  AC  Bridge 
Outstanding  Performance 

Linearity:  0.05% 

Output  Voltage:  ±11  V 

Gain  Drift:  20  ppm/°C  (typ) 

Offset  Drift:  5  ppm/°C  (typ) 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  DESCRIPTION 

The  AD698  is  a  complete,  monolithic  Linear  Variable  Differen- 
tial Transformer  (LVDT)  signal  conditioning  subsystem.  It  is 
used  in  conjunction  with  LVDTs  to  convert  transducer  mechan- 
ical position  to  a  unipolar  or  bipolar  dc  voltage  with  a  high 
degree  of  accuracy  and  repeatability.  All  circuit  functions  are 
included  on  the  chip.  With  the  addition  of  a  few  external  pas- 
sive components  to  set  frequency  and  gain,  the  AD698  converts 
the  raw  LVDT  output  to  a  scaled  dc  signal.  The  device  will 
operate  with  half-bridge  LVDTs,  LVDTs  connected  in  the 
1  configuration,  (4-wire),  RVDTs. 


The  AD698  contains  a  low  distortion  sine  wave  oscillator  to 
drive  the  LVDT  primary.  Two  synchronous  demodulation 
channels  of  the  AD698  are  used  to  detect  primary  and  secondary 
amplitude.  The  part  divides  the  output  of  the  secondary  by  the 
amplitude  of  the  primary  and  multiplies  by  a  scale  factor.  This 
eliminates  scale  factor  errors  due  to  drift  in  the  amplitude  of 
the  primary  drive,  improving  temperature  performance  and 
stability. 

The  AD698  uses  a  unique  ratiometric  architecture  to  eliminate 
several  of  the  disadvantages  associated  with  uaditional 
approaches  to  LVDT  interfacing.  The  benefits  of  this  new  cir- 
cuit are:  no  adjustments  are  necessary;  temperature  stability  is 
improved;  and  transducer  interchangeability  is  improved. 

The  AD698  is  available  in  two  performance  grades: 

Grade         Temperature  Range  Package 

AD698AP     -40°C  to  +85°C  28-Pin  PLCC 

AD698SQ     -55°C  to  +  125°C        24-Pin  Cerdip 


11 


PRODUCT  HIGHLIGHTS 

1 .  The  AD698  offers  a  single  chip  solution  to  LVDT  signal 
conditioning  problems.  All  active  circuits  are  on  the  mono- 
lithic chip  with  only  passive  components  required  to  com- 
plete the  conversion  from  mechanical  position  to  dc  voltage. 

2.  The  AD698  can  be  used  with  many  different  types  of  posi- 
tion sensors.  The  circuit  is  optimized  for  use  with  any 
LVDT,  including  half-bridge  and  series  opposed,  (4  wire) 
configurations.  The  AD698  accommodates  a  wide  range  of 
input  and  output  voltages  and  frequencies. 

3.  The  20  Hz  to  20  kHz  excitation  frequency  is  determined  by  a 
single  external  capacitor.  The  AD698  provides  up  to  24  volts 
rms  to  differentially  drive  the  LVDT  primary,  and  the 
AD698  meets  its  specifications  with  secondary  input  levels  as 
low  as  100  millivolts  rms. 

4.  Change  in  oscillator  amplitude  with  temperature  will  not 
affect  overall  circuit  performance.  The  AD698  computes  the 
ratio  of  the  secondary  voltage  to  the  primary  voltage  to  deter- 
mine position  and  direction.  No  adjustments  are  required. 

Multiple  LVDTs  can  be  driven  by  a  single  AD698  either  in 
series  or  parallel  as  long  as  power  dissipation  limits  are  not 
exceeded.  The  excitation  output  is  thermally  protected. 

The  AD698  may  be  used  as  a  loop  integrator  in  the  design  of 
simple  electromechanical  servo  loops. 

The  sum  of  the  secondaries'  voltages  do  not  need  to  be 


constant. 
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TRANSFER  FUNCTION1 

VoUT 

A 

=  B  X 

500  uA 

x  R2 

V 

OVERALL  ERROR  TMIN  to  TMAX 

0.4 

1.65 

0.4 

1.65 

%  of  FS 

SIGNAL  OUTPUT  CHARACTERISTICS 

Output  Voltage  Range 

±11 

±11 

V 

Output  Current,  TMIN  to  TMAX 

11 

11 

mA 

Short  Circuit  Current 

20 

20 

mA 

Nonlinearity2  TMIN  to  TMAX 

75 

±500 

75 

±500 

ppm  of  FS 

Gain  Error3 

0.1 

±1.0 

0.1 

±1.0 

%  of  FS 

Gain  Drift 

20 

±100 

20 

±100 

ppm/°C  of  FS 

Output  Offset 

0.02 

±1 

0.02 

±1 

%  of  FS 

Offset  Drift 

5 

±25 

5 

±25 

ppm/°C  of  FS 

Excitation  Voltage  Rejection4 

100 

100 

ppm/dB 

Power  Supply  Rejection  (±12  V  to  +18  V) 

PSRR  Gain 

50 

300 

50 

300 

ppm/V 

PSRR  Offset 

15 

100 

15 

100 

ppm/V 

Common-Mode  Rejection  (±3  V) 

CMRR  Gain 

25 

100 

25 

100 

ppm/V 

CMRR  Onset 

2 

100 

2 

100 

ppm/V 

Output  Ripple5 

4 

4 

mV  rms 

EXCITATION  OUTPUT  CHARACTERISTICS  «5  2.5  kHz) 

Excitation  Voltage  Range 

2.1 

24 

2.1 

24 

V  rms 

Excitation  Voltage  (Resistors  Are  1%  Absolute  Values) 

(Rl  =  Open)6 

1.2 

2.15 

1.2 

2.15 

Vrms 

(Rl  =  12.7  kO) 

2.6 

4.35 

2.6 

4.35 

V  rms 

(Rl  =  487  O) 

14 

21.2 

14 

21.2 

Vrms 

Excitation  Voltage  TC7 

100 

100 

ppmAC 

Output  Current 

30 

50 

30 

50 

mA  rms 

Tmin  10  TMAX 

40 

40 

mA  rms 

Short  Circuit  Current 

60 

60 

mA 

DC  Offset  Voltage  (Differential,  Rl  =  12.7  kfl) 

TMIN  t0  TMAX 

30 

±100 

30 

±100 

mV 

Frequency 

20 

20  k 

20 

20  k 

Hz 

Frequency  TC 

200 

200 

ppm/°C 

1  otal  Harmonic  Distortion 

-50 

-50 

dB 



SIGNAL  INPUT  CHARACTERISTICS 

A/B  Ratio  Usable  Full-Scale  Range 

0.1 

0.9 

0.1 

0.9 

Signal  Voltage  B  Channel 

0.1 

3.5 

0.1 

3.5 

V  rms 

Signal  Voltage  A  Channel 

0.0 

3.5 

0.0 

3.5 

V  rms 

Input  Impedance 

200 

200 

kfl 

Input  Bias  Current  (BIN,  AIN) 

1 

5 

1 

5 

M-A 

Signal  Reference  Bias  Current 

2 

10 

2 

10 

p.A 

Excitation  Frequency 

o 

20k 

o 

20k 

rlz 

POWER  SUPPLY  REQUIREMENTS 

Operating  Range 

13 

36 

13 

36 

V 

Dual  Supply  Operation  (±10  V  Output) 

±13 

±13 

V 

Single  Supply  Operation 

0  V  to  + 10  V  Output 

17.5 

17.5 

V 

OVto  -10  V  Output 

17.5 

17.5 

V 

{""nrrfMit  fNV\  I  naH  at  Signal  anH  pYnratinn  OiifnufO 

12 

15 

12 

15 

Tmin  t0  Tmax 

18 

18 

mA 

OPERATING  TEMPERATURE  RANGE 

-55 

+  125 

-40 

+  85 

°C 
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tor,  i.e.,  multiply  Voux  x  +1  for  ACOMPt  >  AcOMP„,  and  VQ 


- 1  for  ACOMP_  >  ACOMP+ . 


- 


2Nonlinearity  of  the  AD698  only  in  units  of  ppm  of  full  scale.  Nonlinearity  is  defined  as  the  maximum  measured  deviation  of  the  AD698  output  voltage  from  a  straight 
line.  The  straight  line  is  determined  by  connecting  the  maximum  produced  full-scale  negative  voltage  with  the  maximum  produced  full-scale  positive  voltage. 
3See  Transfer  Function. 

4For  example,  if  the  excitation  to  the  primary  changes  by  1  dB,  the  gain  of  the  system  will  change  by  typically  100  ppm. 

5Output  ripple  is  a  function  of  the  AD698  bandwidth  determined  by  CI  and  C2.  A  1000  pF  capacitor  should  be  in  parallel  with  R2  to  reduce  the  output  ripple. 
See  Figures  7  and  13. 
6R1  is  shown  in  Figures  7  and  13. 

'Excitation  voltage  drift  is  not  an  important  specification  because  of  the  ratiometric  operation  of  the  AD698. 

8From  Tmjh  to  Tmax  the  overall  error  due  to  the  AD698  alone  is  determined  by  combining  gain  error,  gain  drift  and  offset  drift.  For  example,  the  typical  over- 
all error  for  the  AD698AP  from  TM1N  to  TMAX  is  calculated  as  follows:  Overall  Error  =  Gain  Error  at  25°C  (±0.2%  Full  Scale)  +  Gain  Drift  from  — tO°C  to 
25°C  (20  ppmAC  x  65°C)  +  Offset  Drift  from  -40°C  to  25°C  (5  ppmTC  x  65°C)  =  ±0.36%  of  full  scale.  Note  that  1000  ppm  of  full  scale  equals  0.1%  of  full 
scale. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tested  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 

ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  (+VS  to  -Vs)    .  . 
Storage  Temperature  Range 

P  Package  -65°C  to  +150°C 

Q  Package   -65°C  to  +150°C 

Operating  Temperature  Range 

AD698SQ   -55°C  to  +125°C 

AD698AP   -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

Power  Dissipation  Derates  above  +65°C 

P  Package   12  mW/°C 

Q  Package  12  mW/°C 
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CONNECTION  DIAGRAMS 
28-Pin  PLCC 

c  O  O  Q,  n  u.  U. 
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THERMAL  CHARACTERISTICS 


8jc  8ja 

P  Package 
Q  Package 

30°C/W  60°C/W 
26°C/W  62°C/W 

ORDERING  GUIDE 

Model 

Package  Description 

Package  Option* 

AD698AP 
AD698SQ 

28-Pin  PLCC 

24-Pin  Double  Cerdip 

P-28A 
Q-24A 

•For  outline  infc 

rmation  see  Package  Information  se 

ction. 
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TOP  VIEW 
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N/C  =  NO  CONNECT 
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BFILT1  fi" 
BFILT2 


E 

♦  BIN  [iT 
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CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD698  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


AD698 

TOP  VIEW 
(Not  to  Scale) 
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Typical  CharaCteriStiCS  (at  +25°C  and  Vs  =  ±15  V  unless  otherwise  noted) 
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Figure  1.  Gain  and  Offset  PSRR  vs.  Temperature 


Figure  3.  Typical  Gain  Drift  vs.  Temperature 


0 

 1  I  I  

OFFSET  CMRR  > 

3V 

-06 
-10 
-15 
-20 
-25 
-30 
-35 

at 

IN  CM 

F!R  !  C 

V 

-45 

TEMPERATURE  -  "C 

Figure  2.  Gain  and  Offset  CMRR  vs.  Temperature 
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Figure  4.  Typical  Offset  Drift  vs.  Temperature 
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'  OF  OPERATION 

A  block  diagram  of  the  AD698  along  with  an  LVDT  (linear 
variable  differential  transformer)  connected  to  its  input  is  shown 
in  Figure  5  below.  The  LVDT  is  an  electromechanical 
transducer— its  input  is  the  mechanical  displacement  of  a  core, 
and  its  output  is  an  ac  voltage  proportional  to  core  position. 
Two  popular  types  of  LVDTs  are  the  half-bridge  type  and  the 
series  opposed  or  four-wire  LVDT.  In  both  types  the  moveable 
core  couples  flux  between  the  windings.  The  series-opposed 
connected  LVDT  transducer  consists  of  a  primary  winding  ener- 
gized by  an  external  sine  wave  reference  source  and  two  second- 
ary windings  connected  in  the  series  opposed  configuration.  The 
output  voltage  across  the  series  secondary  increases  as  the  core  is 
moved  from  the  center.  The  direction  of  movement  is  detected 
by  measuring  the  phase  of  the  output.  Half-bridge  LVDTs  have 
a  single  coil  with  a  center  tap  and  work  like  an  autotransformer. 
The  excitation  voltage  is  applied  across  the  coil;  the  voltage  at 
the  center  tap  is  proportional  to  position.  The  device  behaves 
very  similar  to  a  resistive  voltage  divider. 


Figure  5.  Functional  Block  Diagram 


The  AD698  energizes  the  LVDT  coil,  senses  the  LVDT  output 
voltages  and  produces  a  dc  output  voltage  proportional  to  core 
position.  The  AD698  has  a  sine  wave  oscillator  and  power 
amplifier  to  drive  the  LVDT.  Two  synchronous  demodulation 
stages  are  available  for  decoding  the  primary  and  secondary  volt- 
ages. A  decoder  determines  the  ratio  of  the  output  signal  voltage 
to  the  input  drive  voltage,  (A/B).  A  filter  stage  and  output 
amplifier  are  used  to  scale  the  resulting  output. 

The  oscillator  compris< 
wave  output.  The  triwave  drives  a  sine  shaper  which  produces  a 
low  distortion  sine  wave.  Frequency  and  amplitude  are  deter- 
mined by  a  single  resistor  and  capacitor.  Output  frequency  can 
range  from  20  Hz  to  20  kHz  and  amplitude  from  2  V  to  24  V 
rms.  Total  harmonic  distortion  is  typically  -50  dB. 

The  AD698  decodes  LVDTs  by  synchronously  demodulating 
the  amplitude  modulated  input  (secondaries),  A,  and  a  fixed 
input  reference  (primary  or  sum  of  secondaries  or  fixed  input), 
B.  A  common  problem  with  earlier  solutions  was  that  any  drift 
in  the  amplitude  of  the  drive  oscillator  corresponds  directly  to  a 
gain  error  in  the  output.  The  AD698,  eliminates 


a  multivibrator  which  produces  a  tri- 


■ 


these  errors  by  calculating  the  ratio  of  the  LVDT  output  to  its 
input  excitation  in  order  to  cancel  out  any  drift  effects.  This 
device  differs  from  the  AD598  LVDT  signal  conditioner  in  that 
it  implements  a  different  circuit  transfer  function  and  does  not 
require  the  sum  of  the  LVDT  secondaries  (A  +  B)  to  be  con- 
stant with  stroke  length. 

The  AD698  block  diagram  is  shown  below.  The  inputs  consist 
of  two  independent  synchronous  demodulation  channels.  The  B 
channel  is  designed  to  monitor  the  drive  excitation  to  the 
LVDT.  The  full  wave  rectified  output  is  filtered  by  C2  and  sent 
to  the  computational  circuit.  Channel  A  is  identical  except  that 
the  comparator  is  pinned  out  separately.  Since  the  A  channel 
may  reach  0  V  output  at  LVDT  null,  the  A  channel  demodula- 
tor is  usually  triggered  by  the  primary  voltage,  (B  Channel).  In 
addition,  a  phase  compensation  network  may  be  required  to  add 
a  phase  lead  or  lag  to  the  A  Channel  to  compensate  for  the 
LVDT  primary  to  secondary  phase  shift.  For  half-bridge  cir- 
cuits the  phase  shift  is  noncritical,  and  the  A  channel  voltage  is 
large  enough  to  trigger  the  demodulator. 


Figun 

Once  both  channels  are  demodulated  and  filtered  a  division  cir- 
cuit, implemented  with  a  duty  cycle  multiplier,  is  used  to  calcu- 
late the  ratio  A/B.  The  output  of  the  divider  is  a  duty  cycle. 
When  A/B  is  equal  to  1,  the  duty  cycle  will  be  equal  to  100%. 
(This  signal  can  be  used  as  is  if  a  pulse  width  modulated  output 
is  required.)  The  duty  cycle  drives  a  circuit  that  modulates  and 
filters  a  reference  current  proportional  to  the  duty  cycle.  The 
output  amplifier  scales  the  500  uA  reference  current  converting 
it  to  a  voltage.  The  output  transfer  function  is  thus, 

V0ut  =  Iref  x  A/B  x  R2,  where  Iref  =  500  uA 

■ 
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CONNECTING  THE  AD698 

The  AD698  can  easily  be  connected  for  dual  or  single  supply 
operation  as  shown  in  Figures  7  and  13.  The  following  general 
design  procedures  demonstrate  how  external  component  values 
are  selected  and  can  be  used  for  any  LVDT  that  meets  AD698 
input/output  criteria.  The  connections  for  the  A  and  B  channels 
and  the  A  channel  comparators  will  depend  on  which  transducer 
is  used.  In  general  follow  the  guidelines  below. 

Parameters  set  with  external  passive  components  include:  excita- 
tion frequency  and  amplitude,  AD698  input  signal  frequency, 
and  the  scale  factor  (V/inch).  Additionally,  there  are  optional 
features;  offset  null  adjustment,  filtering,  and  signal  integration, 
which  can  be  implemented  by  adding  external  components. 


Figure  7.  Interconnection  Diagram  for  Half-Bridge  LVDT 
and  Dual  Supply  Operation 

DESIGN  PROCEDURE 
DUAL  SUPPLY  OPERATION 

Figure  7  shows  the  connection  method  for  half-bridge  LVDTs. 
Figure  8  demonstrates  the  connections  for  3-  and  4-wire  LVDTs 
connected  in  the  series  opposed  configuration.  Both  examples 
use  dual  ±15  volt  power  supplies. 

A.  Determine  the  Oscillator  Frequency 

Frequency  is  often  determined  by  the  required  BW  of  the  sys- 
tem. However,  in  some  system  the  frequency  is  set  to  match  the 
LVDT  zero  phase  frequency  as  recommended  by  the  manufac- 
turer; in  this  case  skip  to  Step  4. 

1 .  Determine  the  mechanical  bandwidth  required  for  LVDT 
position  measurement  subsystem,  fsuBSYSTEM-  F°r  tms 
example,  assume  fsuBSYSTEM  =  250  Hz. 

2.  Select  minimum  LVDT  excitation  frequency  approximately 
10  x  f subsystem*  Therefore,  let  excitation  frequency  = 
2.5  kHz. 


3.  Select  a  suitable  LVDT  that  will  operate  with  an  excitation 
frequency  of  2.5  kHz.  The  Schaevitz  E100,  for  instance,  will 
operate  over  a  range  of  50  Hz  to  10  kHz  and  is  an  eligible 
candidate  for  this  example. 

4.  Select  excitation  frequency  determining  component  CI. 

CI  =  35  v-F  HzlfEXciTATioN 


PHASE  LEAD  =  Arc  Tan  1/(Hz  RC) 
WHERE  R  =  Rs//  (Rs  *  RT) 


Figure  8.  AD698  Interconnection  Diagram  for  Series 
Opposed  LVDT  and  Dual  Supply  Operation 

B.   Determine  the  Oscillator  Amplitude 

Amplitude  is  set  such  that  the  primary  signal  is  in  the  1.0  V  to 
3.5  V  rms  range  and  the  secondary  signal  is  in  the  0.25  V  to 
3.5  V  rms  range  when  the  LVDT  is  at  its  mechanical  full-scale 
position.  This  optimizes  linearity  and  minimizes  noise  suscepti- 
bility. Since  the  part  is  ratiometric,  the  exact  value  of  the  excita- 
tion is  relatively  unimportant. 

5.  Determine  optimum  LVDT  excitation  voltage,  VEXC.  For  a 
4-wire  LVDT  determine  the  voltage  transformation  ratio, 
VTR,  of  the  LVDT  at  its  mechanical  full  scale.  VTR  = 
LVDT  sensitivity  X  Maximum  Stroke  Length  from  null. 

LVDT  sensitivity  is  listed  in  the  LVDT  manufacturer's  cata- 
log and  has  units  of  volts  output  per  volts  input  per  inch  dis- 
placement. The  E100  has  a  sensitivity  of  2.4  mV/V/mil.  In 
the  event  that  LVDT  sensitivity  is  not  given  by  the  manufac- 
turer, it  can  be  computed.  See  section  on  determining  LVDT 
sensitivity. 
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Multiply  the  primary  excitation  voltage  by  the  VTR  to  get 
the  expected  secondary  voltage  at  mechanical  full  scale.  For 
example,  for  an  LVDT  with  a  sensitivity  of  2.4  mV/V/mil 
and  a  full  scale  of  ±0.1  inch,  the  VTR  =  0.0024  V/V/Mil  x 
100  mil  =  0.24.  Assuming  the  maximum  excitation  of  3.5  V 
rms,  the  maximum  secondary  voltage  will  be  3.5  V  rms  x 
0.24  =  0.84  V  rms,  which  is  in  the  acceptable  range. 

Conversely  the  VTR  may  be  measured  explicitly.  With  the 
LVDT  energized  at  its  typical  drive  level  VPRI,  as  indicated 
by  the  manufacturer.  Set  the  core  displacement  to  its 
mechanical  full-scale  position  and  measure  the  output  VSEC 
of  the  secondary.  Compute  the  LVDT  voltage  transformation 
ratio,  VTR.  VTR  =  VSEC/VPRI.  For  the  E100,  VSEC  = 
0.72  V  for  VPR,  =  3  V.  VTR  =  0.24. 

For  situations  where  LVDT  sensitivity  is  low,  or  the 
mechanical  FS  is  a  small  fraction  of  the  total  stroke  length  an 
input  excitation  of  more  than  3.5  V  rms  may  be  needed.  In 
this  case  a  voltage  divider  network  may  be  placed  across  the 
LVDT  primary  to  provide  smaller  voltage  for  the  +BIN  and 
-BIN  input.  If,  for  example,  a  network  was  added  to  divide 
the  B  Channel  input  by  1/2  then  the  VTR  should  also  be 
reduced  by  1/2  for  the  purpose  of  component  selection. 

Check  the  power  supply  voltages  by  verifying  that  the  peak 
values  of  VA  and  VB  are  at  least  2.5  volts  less  than  the  volt- 
ages at  +VS  and  -Vs. 

Referring  to  Figure  9,  for  Vs  =  ±15  V,  select  the  value  of 
the  amplitude  determining  component  Rl  as  shown  by  the 
curve  in  Figure  9. 


R1  =k!i 

Figure  9.  Excitation  Voltage  VEXC  vs.  R1 

C.  Choose  the  Filter  Capacitors:  C2,  C3,  C4 

7.  C2,  C3  and  C4  are  a  function  of  the  desired  bandwidth  of  the 
AD698  position  measurement  subsystem.  They  should  be 
nominally  equal  values. 

C2  =  C3  =  C4  =  10"4  Farad  HzlfSUBSYSTEU  (Hz) 

If  the  desired  system  bandwidth  is  250  Hz,  then 

C2  =  C3  =  C4  =  10"4  Farad  Hz/250  Hz  =  0.4  u.F 

See  Figures  14,  15  and  16  for  more  information  about 
AD698  bandwidth  and  phase  characterization. 

D.  Set  the  Full-Scale  Output  Voltage 

8.  Compute  R2,  which  sets  the  AD698  gain  or  full-scale  output 
range,  several  pieces  of  information  are  needed: 


a.  LVDT  sensitivity,  S 

b.  Full-scale  core  displacement  from  null,  d 

S  x  d  =  VTR  and  also  equals  the  ratio  A/B  at  mechanical 
full  scale.  The  VTR  should  be  converted  to  units  of  V/V. 

For  a  full-scale  displacement  of  d  inches,  voltage  out  of  the 
AD698  is  computed  as 

Vout  =  S  x  d  x  500       x  R2. 

VOUT  is  measured  with  respect  to  the  signal  reference,  Pin 
17  shown  in  Figure  7. 

Solving  for  R2, 


R2 


S  x  d  x  500  (ju4 


(1) 


For  VOUT  =  ±10  V  full-scale  range,  (20  V  span)  and  d 
=  ±0.1  inch  full-scale  displacement,  (0.2  inch  span) 


R2  ■■ 


20  V 


=  83.3  k(l 


2.4  x  0.2  x  500  jiA 

VOUT  as  a  function  of  displacement  for  the  above  example  is 
shown  in  Figure  10. 


-0.1 

H — 


+0.1d  (INCHES) 
— * 


Figure  10.  VOUT  (±10  V  Full  Scale)  vs.  Core  Displacement 
(±0. 1  Inch) 

E.  Optional  Offset  of  Output  Voltage  Swing 

9.  Selections  of  R3  and  R4  permit  a  positive  or  negative  output 
voltage  offset  adjustment. 


1.2  V  x  R2  x 


(2) 


^R3  +  2  Ml     #4  +  2  k(l 

For  no  offset  adjustment  R3  and  R4  should  be  open  circuit. 

To  design  a  circuit  producing  a  0  V  to  + 10  V  output  for  a  dis- 
placement of  ±0.1  inch,  set  Voux  to  +10  V,  d  =  0.2  inch  and 
solve  Equation  (1)  for  R2. 

R2  =  37.6  HI 


Figure  1 1.  VOUT  (±5  V  Full  Scale)  vs.  Core  Displacement 
(±0.1  Inch) 

This  will  produce  a  response  shown  in  Figure  1 1 . 

In  Equation  (2)  set  Vos  =  5  V  and  solve  for  R3  and  R4.  Since  a 
positive  offset  is  desired,  let  R4  be  open  circuit.  Rearranging 
Equation  (2)  and  solving  for  R3 

1.2  x  R2 

Vos      -2*n  =  4-02  ka 
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Figure  12  shows  the  desired  response. 


V.UT  (VOLTS) 


2  +  10  k(l  I  — 
I*4 
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+  250  pA  + 


'  OUT 


4  x  R2 


Ohms 


Figure  12.  VOUT  (0  V-10  V  Full  Scale)  vs.  Displacement 
(±0.1  Inch) 

DESIGN  PROCEDURE 
SINGLE  SUPPLY  OPERATION 

Figure  13  shows  the  single  supply  connection  method. 
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Based  upon  the  constraints  of  R5  +  R6  (Step  11)  and  R5 
(Step  12),  select  an  interim  value  of  R6. 

12.  Load  current  through  RL  returns  to  the  junction  of  R5  and 
R6,  and  flows  back  to  VPS.  Under  maximum  load  condi- 
tions, make  sure  the  voltage  drop  across  R5  is  met  as 
defined  in  Step  11. 

As  a  final  check  on  the  power  supply  voltages,  verify  that 
the  peak  values  of  VA  and  VB  are  at  least  2.5  volts  less  than 
the  voltages  at  +VS  and  -Vs. 

13.  C5  is  a  bypass  capacitor  in  the  range  of  0.1  u.F  to  lu.F. 
Gain  Phase  Characteristics 

To  use  an  LVDT  in  a  closed  loop  mechanical  servo  application, 
it  is  necessary  to  know  the  dynamic  characteristics  of  the  trans- 
ducer and  interface  elements.  The  transducer  itself  is  very  quick 
to  respond  once  the  core  is  moved.  The  dynamics  arise  prima- 
rily from  the  interface  electronics.  Figures  14,  15  and  16  show 
the  frequency  response  of  the  AD698  LVDT  Signal  Condi- 
tioner. Note  that  Figures  15  and  16  are  basically  the  same;  the 
difference  is  frequency  range  covered.  Figure  15  shows  a  wider 
range  of  mechanical  input  frequencies  at  the  expense  of  accuracy. 


PHASE  LEAD  =  Arc  Tan  1/(Hz  RC) 
WHERE  R  =  Rs//  (Rs  *  RT) 


Figure  13.  Interconnection  Diagram  for  Single  Supply 
Operation 

For  single  supply  operation,  repeat  Steps  1  through  10  of  the 
design  procedure  for  dual  supply  operation.  R5,  R6  and  C5  are 
additional  component  values  to  be  determined.  Voux  is  mea- 
sured with  respect  to  SIGNAL  REFERENCE. 

10.  Compute  a  maximum  value  of  R5  and  R6  based  upon  the 
relationship 

R5  ±  R6  ^  VW100  nA 


FREQUENCY  -  Hz 


Figure  14.  Gain  and  Phase  Characteristics  vs.  Frequency 
(0  kHz-10  kHz) 
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Figure  15.  Gain  and  Phase  Characteristics  vs.  Frequency 
(0  kHz-50  kHz) 


100  1k 
FREQUENCY  -  Hz 

Figure  16.  Gain  and  Phase  Characteristics  vs.  Frequency 
(0  kHz-10  kHz) 


Figure  16  shows  a  more  limited  frequency  range  with  enhanced 
accuracy.  The  figures  are  transfer  functions  with  the  input  to  be 
considered  as  a  sinusoidally  varying  mechanical  position  and  the 
output  as  the  voltage  from  the  AD698;  the  units  of  the  transfer 
function  are  volts  per  inch.  The  value  of  C2,  C3,  and  C4,  from 
Figure  7,  are  all  equal  and  designated  as  a  parameter  in  the 
figures.  The  response  is  approximately  that  of  two  real  poles. 
However,  there  is  appreciable  excess  phase  at  higher  frequen- 
cies. An  additional  pole  of  filtering  can  be  introduced  with  a 
shunt  capacitor  across  R2,  Figure  7;  this  will  also  increase 
phase  lag. 

When  selecting  values  of  C2,  C3  and  C4  to  set  the  bandwidth  of 
the  system,  a  trade-off  is  involved.  There  is  ripple  on  the  "dc" 
position  output  voltage,  and  the  magnitude  is  determined  by  the 
filter  capacitors.  Generally,  smaller  capacitors  will  give  higher 
system  bandwidth  and  larger  ripple.  Figures  17  and  18  show  the 
magnitude  of  ripple  as  a  function  of  C2,  C3  and  C4,  again  all 
equal  in  value.  Note  also  a  shunt  capacitor  across  R2,  Figure  7 
is  shown  as  a  parameter.  The  value  of  R2  used  was  81  kfl  with 
a  Schaevitz  E100  LVDT. 
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Figure  17.  Output  Voltage  Ripple  vs.  Filter  Capacitance 
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Figure  18.  Output  Voltage  Ripple  vs.  Filter  Capacitance 
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Determining  LVDT  Sensitivity 

LVDT  sensitivity  can  be  determined  by  measuring  the  LVDT 
secondary  voltages  as  a  function  of  primary  drive  and  core  posi- 
tion, and  performing  a  simple  computation. 

Energize  the  LVDT  at  its  recommended  primary  drive  level, 
Vpri  (3  V  rms  for  the  E100).  Set  the  core  displacement  to  its 
mechanical  full-scale  position  and  measure  secondary  voltages 
VA  and  V„. 


Sensitivity 

From  Figure  19, 

Sensitivity  = 


x  d 


0.84 


3.5  V  x  100  mils 


VSEC  WHEN  VPR1  3V  rm. 


=  2.4  mV/V  mil 


-  1.71V  r 


-  0.99V  rms 
V. 


-100mil»     d  =  0 


Figure  79.  LVDT  Secondary  Voltage  vs.  Core  Displacement 

Thermal  Shutdown  and  Loading  Considerations. 

The  AD698  is  protected  by  a  thermal  overload  circuit.  If  the  die 
temperature  reaches  165°C  the  sine  wave  excitation  amplitude 
gradually  reduces,  thereby  lowering  the  internal  power  dissipa- 
tion and  temperature. 

Due  to  the  ratiometric  operation  of  the  decoder  circuit,  only 
small  errors  result  from  the  reduction  of  the  excitation  ampli- 
tude. Under  these  conditions  the  signal-processing  section  of  the 
AD698  continues  to  meet  its  output  specifications 

The  thermal  load  depends  upon  the  voltage  and  current  deliv- 
ered to  the  load  as  well  as  the  power  supply  potentials.  An 
LVDT  Primary  will  present  an  inductive  load  to  the  sine  wave 
excitation.  The  phase  angle  between  the  excitation  voltage  and 
current  must  also  be  considered,  further  complicating  thermal 
calculations. 

APPLICATIONS 

Most  of  the  applications  for  the  AD598  can  also  be  implemented 
with  the  AD698.  Please  refer  to  the  applications  written  for  the 
AD598  for  a  detailed  explanation. 

See  AD598  data  sheet  for: 

-  Proving  Ring- Weigh  Scale 

-  Synchronous  Operation  of  Multiple  LVDTs 

-  High  Resolution  Position-to-Frequency  Circuit 

-  Low  Cost  Setpoint  Controller 
Mechanical  Follower  Servo  Loop 


-  Differential  Gaging  and  Precision  Differential  Gaging 

■ 


AC  BRIDGE  SIGNAL  CONDITIONER 

Bridge  circuits  which  use  dc  excitation  are  often  plagued  by 
errors  caused  by  thermocouple  effects,  1/f  noise,  dc  drifts  in  the 
electronics,  and  line  noise  pickup.  One  way  to  get  around  these 
problems  is  to  excite  the  bridge  with  an  ac  waveform,  amplify 
the  bridge  output  with  an  ac  amplifier,  and  synchronously 
demodulate  the  resulting  signal.  The  ac  phase  and  amplitude 
information  from  the  bridge  is  recovered  as  a  dc  signal  at  the 
output  of  the  synchronous  demodulator.  The  low  frequency  sys- 
tem noise,  dc  drifts,  and  demodulator  noise  all  get  mixed  to  the 
carrier  frequency  and  can  be  removed  by  means  of  a  low  pass 
filter. 

The  AD698  with  the  addition  of  a  simple  ac  gain  stage  can  be 
used  to  implement  an  ac  bridge.  Figure  20  shows  the  connec- 
tions for  such  a  system.  The  AD698  oscillator  provide  ac  excita- 
tion for  the  bridge.  The  low  level  bridge  signal  is  amplified  by 
the  gain  stage  created  by  Al,  A2  to  provide  a  differential  input 
to  the  A  Channel  of  the  AD698.  The  signal  is  then  synchro- 
nously detected  by  A  Channel.  The  B  Channel  is  used  to  detect 
the  level  of  the  bridge  excitation.  The  ratio  of  A/B  is  then  calcu- 
lated and  converted  to  an  output  voltage  by  R2.  An  optional 
phase  lag/lead  network  can  be  added  in  front  of  the  A  compara- 
tor to  adjust  for  phase  delays  through  the  bridge  and  the 
amplifier,  or  if  the  phase  delay  is  small  it  can  be  ignored  or 
compensated  by  a  gain  adjustment. 

This  circuit  can  be  used  for  resistive  bridges  such  as  strain 
gages,  or  for  inductive  or  capacitive  bridges  that  are  commonly 
used  for  pressure  or  flow  sensors.  The  low  level  signal  outputs 
of  these  sensors  are  susceptible  to  noise  and  interference  and  are 
good  candidates  for  ac  signal  processing  techniques. 

Component  Selection 

Amplifiers  A 1 ,  A2  will  be  chosen  depending  on  the  type  of 
bridge  that  is  conditioned.  Capacitive  bridges  should  use  an 
amplifier  with  low  bias  current;  a  large  bleeder  resistor  will  be 
required  from  the  amplifier  inputs  to  ground  to  provide  a  path 
for  the  dc  bias  current.  Resistive  and  inductive  bridges  can  use  a 
more  general  purpose  amplifier.  The  dc  performance  of  Al,  A2 
are  not  as  important  as  their  ac  performance.  DC  errors  such  as 
voltage  offset  will  be  chopped  out  by  the  AD698  since  they  are 
not  synchronous  to  the  carrier  frequency. 

The  oscillator  amplitude  and  span  resistor  for  the  AD698  may 
be  chosen  by  first  computing  the  transfer  function  or  sensitivity 
of  the  bridge  and  the  ac  amplifier.  This  ratio  will  correspond  to 
the  A/B  term  in  the  AD698  transfer  function.  For  example,  sup- 
pose that  a  resistive  strain  gage  with  a  sensitivity,  S,  of  2  mV/V 
at  full  scale  is  used.  Select  an  arbitrary  target  value  for  A/B  that 
is  close  to  its  maximum  value  such  as  A/B  =  0.8.  Then  choose  a 
gain  for  the  ac  amplifier  so  that  the  strain  gage  transfer  function 
from  excitation  to  output  also  equals  0.8.  Thus  the  required 
amplifier  gain  will  be  [A/B]/  S;  or  0.8  /  0.002V/V  =  400.  Then 
select  values  for  Rs  and  Rc.  For  the  gain  stage: 


2  x  Rs 


Ro  +  1 


x  V„ 


for  VOUT/VIN  =  400  and  setting  Rg  =  100  f!  then: 


Rs  =  [400-1]  x  RJ2-  19.95  kCl 
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Choose  an  oscillator  amplitude  that  is  in  the  range  of  1  V  to 
3.5  V  rms.  For  an  input  excitation  level  of  3  V  rms  the  output 
signal  from  the  amplifier  gain  stage  will  be  3.5  V  rms  x  0.8  V 
or  2.4V  rms,  which  is  in  the  acceptable  range. 

Since  A/B  is  known,  the  value  of  R2,  the  output  FS  resistor 
may  be  chosen  by  the  formula: 

V0UT  =  A/B  x  500  |xA  x  R2 
For  a  10  V  output  at  FS,  with  an  A/B  of  0.8;  solve  for  R2. 
R2  =  10  V7[0.8  x  500  (iA]  =  25.0  fen 


This  will  result  in  a  Voux  of  10  V  for  a  full-scale  signal  from 
the  bridge.  The  other  components,  CI,  C2,  C3,  C4  may  be 
selected  by  following  the  guidelines  on  general  device  operation 
mentioned  earlier. 

If  a  gain  trim  is  required,  then  a  trim  resistor  can  be  used  to 
adjust  either  R2  or  RG.  Bridge  offsets  should  be  adjusted  by  a 
trim  network  on  the  OFFSET  1  and  OFFSET  2  pins  of  the 
AD698. 


PHASE  LEAD  =  Arc  Tan  1/(Hz  RC) 
WHERE  R  =  RS//(RS*R1) 

Figure  20.  AD698  Interconnection  Diagram  for  AC  Bridge  Applications 
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Selection  Tree   

Selection  Guides   

AD534  -  Internally  Trimmed  Precision  IC  Multiplier  

AD633  -  Low  Cost  Analog  Multiplier  

AD734  -  10  MHz,  4-Quadrant  Multiplier/Divider   

AD834  -  500  MHz  Four-Quadrant  Multiplier   

AD835  -  250  MHz,  Voltage  Output  4-Quadrant  Multiplier 
MLT04  -  Four-Channel,  Four-Quadrant  Analog  Multiplier 


MULTIPLIERS  AND  DIVIDERS  17-1 
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MULTIPLIERS/DIVIDERS 
SQUARE  ROOTERS 

Voltage  Output 


Current  Output 


AD534  (1  MHz,  Precision) 
AD633  (1  MHz,  Low  Cost) 
AD734  (10  MHz) 
AD835  (250  MHz) 
MLT04  (8  MHz,  Quad) 


AD834  (500  MHz) 


- 


Selection  Guides— Multipliers  and  Dividers 


Multipliers/Dividers 


BW 

Accuracy 

Supply 

Output  Voltage 

Package 
Options2 

Temp 

Model 

MHz  typ1 

%  FS  max 

Voltage 

Swing 

Ranges3 

Comments 

Page4 

AD834 

>500 

±2 

+4  V  to  +9  V 

N,  Q,R 

C,  I,  M/s 

Very  High  Speed,  4-Quadrant  Mult/Div 

17-14 

AD835 

150 

±4.5  V  to  ±5.5  V 

±2 

N,  Q,  R 

I,  M 

High  Speed  Voltage  Output,  4-Quadrant  Multiplier 

17-17 

AD539 

60 

±1.5-2.5 

±4.5  V  to  ±15  V 

D,  E,  N 

C,M/D 

High  Speed,  2-Channel,  2-Quadrant  Mult/Div 

SL  2-27 

AD734 

10 

±0.25-0.4 

±8  V  to  ±16.5  V 

±12  Vmin 

N,Q 

I,  MJ 

Very  High  Accuracy  Replacement  for  AD534 

17-11 

AD633 

1 

±2 

±8Vto  ±18  V 

±11  V  min 

N,  R 

C 

Low  Cost,  4-Quadramt  Multiplier 

17-9 

AD532 

1 

±1-2 

±10  Vto  ±22  V 

±10  V  min 

D,  E,  H 

C,  M/, 

Accurate  4-Quadrant  Mult/Div 

SL2-9 

AD632 

1 

±0.5-1 

±8  V  to  ±22  V 

±11  V  min 

D,  H 

I,M/S 

High  Accuracy  Replacement  for  AD532 

SL  2^13 

AD534 

1 

±0:25-1 

±8  V  to  ±22  V 

±11  Vmin 

D,  E,  H 

C,M/JS 

High  Accuracy,  4-Quadrant  Mult/Div 

17-5 

AD538 

0.4 

±0.5-1 

±4.5  Vto  ±18  V 

±11  V 

D 

I,  M/ 

Simultaneous  Mult/Div/Exponentiator 

SL  2-23 

MLT04 

8 

±1 

±4.75  to  ±5.25 

±3.0 

N,  R 

I 

Quad,  High  Speed  Multiplier  for  CRT  Correction 

17-23 

Modulator/Demodulator 


Model 

AD630  2 


Unity  Gain 
BW 
MHz1 


Gain 

±1,  ±2 


Slew  Rate 
V/(as 

45 


Output 
Voltage 
Swing 

±10  V  min 


Package 
Options2 

D,  E,N 


Temp 
Ranges3 

C,  I,  M/D 


Comments 

Balanced  Modulator/Demodulator  with  10  V  FS  Output 


Page4 

SL  2-35 


1 


'Unity  gain  small  signal  bandwidth. 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  C  arrier;  Q  —  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  —  SSOP — Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  ,  for  JAN,  D  for  SMD,  and  s  for  space  level. 

4SL  =  Special  Linear  Reference  Manual.  All  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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Precision  IC  Multiplier 


AD534 


FEATURES 

Pretrimmed  to  ±0.25%  max  4-Quadrant  Error  (AD534L) 
All  Inputs  (X,  Y  and  Z)  Differential,  High  Impedance  for 

[(X,  -X2  )(Y,  -Y2  )/10V]  +Z2  Transfer  Function 
Scale-Factor  Adjustable  to  Provide  up  to  X100  Gain 
Low  Noise  Design:  90/iV  rms,  10Hz-10kHz 
Low  Cost,  Monolithic  Construction 
Excellent  Long  Term  Stability 
APPLICATIONS 

High  Quality  Analog  Signal  Processing 
Differential  Ratio  and  Percentage  Computations 
Algebraic  and  Trigonometric  Function  Synthesis 
Wideband,  High-Crest  rms-to-dc  Conversion 
Accurate  Voltage  Controlled  Oscillators  and  Filters 
Available  in  Chip  Form 


FUNCTIONAL  BLOCK  DIAGRAM 


SF  O  


STABLE 
REFERENCE 
AND  BIAS 


-O  +VS 
-O  -VS 


TRANSLINEAR 
MULTIPLIER 
ELEMENT 


TRANSFER  FUNCTION 
V0-A["t1-Xi»y1-V*'  -Bl-zal] 


OUT 


Zi 

z2 


'          ^HfGH  GAIN 
OUTPUT 

3 

>- 

0.7S  ATTEN 

AMPLIFIER 

PRODUCT  DESCRIPTION 

The  AD534  is  a  monolithic  laser  trimmed  four-quadrant  multi- 
plier divider  having  accuracy  specifications  previously  found 
only  in  expensive  hybrid  or  modular  products.  A  maximum 
multiplication  error  of  ±0.25%  is  guaranteed  for  the  AD5  34L 
without  any  external  trimming.  Excellent  supply  rejection,  low 
temperature  coefficients  and  long  term  stability  of  the  on-chip 
thin  film  resistors  and  buried  zener  reference  preserve  accuracy 
even  under  adverse  conditions  of  use.  It  is  the  first  multiplier 
to  offer  fully  differential,  high  impedance  operation  on  all  in- 
puts, including  the  Z-input,  a  feature  which  greatly  increases 
its  flexibility  and  ease  of  use.  The  scale  factor  is  pretrimmed 
to  the  standard  value  of  10.00V;  by  means  of  an  external  resis- 
tor, this  can  be  reduced  to  values  as  low  as  3V. 

The  wide  spectrum  of  applications  and  the  availability  of  sev- 
eral grades  commend  this  multiplier  as  the  first  choice  for  all 
new  designs.  The  AD534J  (±1%  max  error),  AD534K  (±0.5% 
max)  and  AD5  34L  (±0.25%  max)  are  specified  for  operation 
over  the  0  to  +70°C  temperature  range.  The  AD534S  (±1%  max) 
and  AD5  34T  (±0.5%  max)  are  specified  over  the  extended 
temperature  range,  -55"C  to  +125°C.  All  grades  are  available 
in  hermetically  sealed  TO-100  metal  cans  and  TO-1 16  ceramic 
DIP  packages.  AD5  34J,  K,  S  and  T  chips  are  also  available. 


PROVIDES  GAIN  WITH  LOW  NOISE 

The  AD534  is  the  first  general  purpose  multiplier  capable  of 
providing  gains  up  to  XI 00,  frequently  eliminating  the  need 
for  separate  instrumentation  amplifiers  to  precondition  the 
inputs.  The  AD534  can  be  very  effectively  employed  as  a 
variable  gain  differential  input  amplifier  with  high  common 
mode  rejection.  The  gain  option  is  available  in  all  modes,  and 
will  be  found  to  simplify  the  implementation  of  many  function- 
fitting  algorithms  such  as  those  used  to  generate  sine  and  tan- 
gent. The  utility  of  this  feature  is  enhanced  by  the  inherent  low 
noise  of  the  AD534:  90/iV,  rms  (depending  on  the  gain),  a 
factor  of  10  lower  than  previous  monolithic  multipliers.  Drift 
and  feedthrough  are  also  substantially  reduced  over  earlier 
designs. 

UNPRECEDENTED  FLEXIBILITY 

The  precise  calibration  and  differential  Z-input  provide  a 
degree  of  flexibility  found  in  no  other  currently  available  mul- 
tiplier. Standard  MDSSR  functions  (multiplication,  division, 
squaring,  square-rooting)  are  easily  implemented  while  the 
restriction  to  particular  input/output  polarities  imposed  by 
earlier  designs  has  been  eliminated.  Signals  may  be  summed  in- 
to the  output,  with  or  without  gain  and  with  either  a  positive 
or  negative  sense.  Many  new  modes  based  on  implicit-function 
synthesis  have  been  made  possible,  usually  requiring  only  ex- 
ternal passive  components.  The  output  can  be  in  the  form  of  a 
current,  if  desired,  facilitating  such  operations  as  integration. 
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AD534— SPECIFICATIONS 

 1  


(TA  =  +25°C,  ±VS  =  15V,  R>2kft) 


Trai 


Transfer  Function 


AD534J 

(X,-X2)(Y|-Y;) 

10V  + 

Total  Error'  (  -  lOVsiX,  Ya  +  10V) 

TA  =  mintomax  2:1.5 
Total  Error  vs  Temperature  2:0.022 

^lO^Nor^f 
Temperature-Coefficient  of 

Seating  Voltage  ±0.02 

Supply  Rejection  (±  15V -IV)  -0.01 

Nonlinearity,  X  (X  =  20V  pk-pk,  Y  -  10V)  *  0.4 

Nonlinearity,Y(Y«20Vpk-pk,X-10V)  s:0.2 
FecdthroughJ,  X  (Y  Nulled, 

X  =  20V  pk-pk  50Hz)  -0.3 
Feedthrough',  Y  (X  Nulled, 

Y«  20V  pk-pk  50Hz) 
Output  Offset  Voltage 
Output  Offset  Voltage  Drift 


 1 


DYNAMICS 
Small  Signal  BW,  (VD1JT  -  0. 1  tins) 
1%  Amplitude  Error  (Cload  =  lOOOpF) 
Slew  Rate  (Vqut  20  pk-pk) 
Settling  Time  (to  1%,  AVqut  -  20V) 


NOISE 

Noise  Spectral-Density  SF  =  10V 
SF  -  3V* 
Wideband  Noise f=  10Hzto5MHz 
f-10Hztol0kHz 


OUTPUT 
Output  Voltage  Swing 
Output  Impedance(falkHz) 
Output  Short  Circuit  Current 
(RL  =^  0,  TA  =  min  to  max) 
Amplifier  Open  Loop  Gain  (f  -  50Hz) 




±11 

0.1 


INPUT  AMPLIFIERS  (X,  Y  and  Z)5 
Signal  Voltage  Range  (Diff .  or  CM 

Operating  Diff.) 
Offset  Voltage  X,Y 
Offset  Voltage  Drift  X,Y 
Offset  Voltage  Z 
Offset  Voltage  Drift  Z 
CMRR 
Bias  Current 
Offset  Current 
Differential  Resistance 


DIVIDER  PERFORMANCE 

Transfer  Function  (Xi  >X2) 

Total  Error1  (X  «  10V,  -  lOVsZs  +  10V) 
(X-1V,  -lVsZs  +  lV) 
(O.lVsXslOV,  -10VS 
 ZalOV)  


SQUARE  PERFORMANCE 
Transfer  Function 
Total Error(-  lOVsXslOV) 


SQUARE-ROOTER  PERFORMANCE 
Transfer  Function  (ZiSZ^ 
Total  Error' (lVaZslOV)  

POWER  SUPPLY  SPECIFICATIONS 


Supply  Voltage 
Rated  Performance 
Operating 


Quiescent 


-0.01 

-5  ±30 
 ™  


1 

90 


30 
70 


±10 
±12 

±5  ±20 
100 

±5  ±30 

200 

80 

0.8  2.0 

0.1 

10 


v<Il__?i>  + 

(X,-Xj) 
±0.75 


=12.0  . 
±2.5 



(X|-X;)' 

10V  +Z; 


V10V(Z2-Z,)  +  X; 

±1.0  

- 


±15 

±8  ±18 


AD534K 
Mm        Typ  Max 


(X|-X;)(Y,-Y;) 

I0V 


+  Z2 
±0.5 


±0.015 

±0.1 

±0.01 
±0.01 
±0.2 
±0.1 

±0.15 

±0.01 

±2 

100 


±0.3 
±0.1 


±0.1 
±15 


50 
20 
2 


0.8 
0.4 


±11 


30 
70 


-10 

-12 

±2 

50 

±2 

100 

90 

0.8 

0.1 

10 


(Z2-Z,) 

10V(xrxT)+Y' 

±0.35 
±1.0 


(X,-X2)' 


V10V(Z2-Z,)  +  X2 
-0.5 


±18 

6 


Min        Typ  Max 


(Xi-X2)(Y!-Y2) 


Z2 
±0.25 


±0.005 
=  0.01 
±0.10 
±0.005 

±0.05 

±0.003 

±2 

100 


±0.12 
±0.1 


1 

50 
20 
2 


0.8 
0.4 
1 

90 


30 
70 


±10 

±12 

±2 

50 

±2 

100 

90 

0.8 

0.05 

10 


2.0 
0.2 


<Z2-Z|) 

10V(xTxT)+Y' 

±0.2 
±0.8 

±0.« 


(X,-X2)' 
10V  A 


VlOV(Z2-Z,)  +  X2 
±0.25 


% 
% 

%rc 


%/°c 

% 


% 

mV 


nV/°C 



MHz 
kHz 

V/p.s 
lis 


u.v/VHi 

mV/rms 
u.V/rms 


mA 
dB 


V 
V 

mV 

u.wc 

mV 

iiV/X 

dB 

uA 

uA 

Mil 


NOTES 

'Figures  given  are  percent  of  full  scale,  +  10V  (i.e.,  0.01%  =  lmV). 
2May  be  reduced  down  to  3V  using  externa]  resistor  between  -  Vs  and  SF. 
'Irreducible  component  due  to  nonlinearity:  excludes  effect  of  o 
4Using  externa]  resistor  adjusied  to  give  SF  =  3V. 
■See  functional  block  diagram  for  definition  of  sections. 


Specifications  shown  in  boldface  are  lested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
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AD534 


 - — - 


MULTIPLIER  PERFORMANCE 


Total  Error1  ( -  lOVsX,  Ys  +  10V) 
Ta  =  rnin  to  max 
Total  Error  vs  Temperature 
Scale  Factor  Error 

(SF=10.000V  Nominal)2 
Temperature-Coefficient  of 

Scaling  Voltage 
Supply  Rejection  ( ±  15V  ±  IV) 
Nonlinearity,  X  (X  =  20V  pk-pk,  V  =  10V) 
Nonlinearity,  Y(Y  =  20V  pk-pk,  X  =  10V) 
FcedthroughJ,  X  (Y  Nulled, 

X  =  20V  pk-pk  50Hz) 
Feedthrough3,  Y  (X  Nulled, 

Y  =  20V  pk-pk  50Hz) 
Output  Offset  Voltage 
Output  Offset  Voltage  Drift 


DYNAMICS 
Small  Signal  BW,  (V0ut  =4.1  rms) 
1%  Amplitude  Error  (Cload  =  lOOOpF) 
Slew  Rate  (Vout  20  pk-pk) 
SetdingTime  (to  1%,  AVqut  =  20V) 


NOISE 

Noise  Spectral-Density  SF  =  1 0V 
SF  =  3V' 
Wideband  Noise  f  =  10Hzto5MHz 
f-  lOHztolOkHz 


OUTPUT 
Output  Voltage  Swing 
Output  Impedance  (f<  1kHz) 
Output  Short  Circuit  Current 
(Rl  =  0,  Ta  =  rain  to  max) 
Amplifier  Open  Loop  Gain  (f  =  50Hz) 


INPUT  AMPLIFIERS  (X,  Y  and  Z)' 
Signal  Voltage  Range  ( Diff.  or  CM 

Operating  Diff  .) 
Offset  Voltage  X,Y 
Offset  Voltage  Drift  X,Y 
Offset  Voltage  Z 
Offset  Voltage  Drift  Z 
CMRR 
Bias  Current 
Offset  Current 
Differential  Resistance 


DIVIDER  PERFORMANCE 

Transfer  Function  (Xt  >X2) 

Total  Error1  (X  -  10V,  -  10VsZ=  +  10V) 
(X  =  1V,  -IVsZs+lV) 
(O.lVsXslOV,  -10VS 
Z<10V) 


SQUARE  PERFORMANCE 
Transfer  Function 
Total Error(-  10VsX=10V) 


SQUARE-ROOTER  PERFORMANCE 
Transfer  Function  (Z ,  £  Z2) 
Total  Error' (lVsZslOV) 


POWER  SUPPLY  SPECIFICATIONS 
Supply  Voltage 

Rated  Performance 

Operating 
Supply  Current 

Quiescent 


AD534S 
Typ 


(X,-X2)(Y,-Y2) 


10V 


±1.0 
±2.0 
±0.02 


10.02 
±0.01 
±0.4 
±0.2 


±0.01 

r5  500° 


50 
20 
2 


0.8 
I  i 


±11 


30 
70 


±10 
±12 

±5  ±20 
100 

±5  ±30 
500 


0.8 


2.0 


(X,-X;)' 

±0.75 
±2.0 


±2.5 


(X.-X^ 


10V 
±0.6 


+  Z2 


Vl0V(Z;-Z,)  +  X2 

±1.0 


±22 
6 


AD534T 
TTP 


(X,-X2)(Y,-Y2) 


10V 


±0.01 
±0.2 


±0.5 
±1.0 
±0.01 


±0.3 


±0.1  ±0.1 
±0.15  ±0.3 


±0.01 
±2 


±0.1 
±15 


1 

50 
20 
2 


0.8 
0.4 
1.0 
90 


30 

70 


±10 
±12 
±2 
150 

±2 

90 
0.8 
0.1 
10 


(Z2-Z,) 

±0.35 
±1.0 

±1.0 


(x,-x2y 


iov  T'2 





V10V(Z2-Z,)  +  X2 
±0.5 





„  ^(m'i  bog  rvhoi  ru  swoib  wratrrsnvH 
— _  


% 
% 
% 


% 

mV 


MHz 
kHz 
V/ua 
lis 


uV/VHz 
mV/rms 


n 


■ 


v 
v 

mV 
uVfC 
mV 
u.V/°C 
dB 
nA 
uA 
Mil 





NOTES 

'Figures  given  are  percent  of  fullscale,  ±  10V(i.e. 
'May  be  reduced  down  to  3  V  using  external 


0.01%  -  lmV). 

-VsandSF. 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test.  Results  from  those  rests  are  used  to  calculate  outgoing  quality  levels.  All 
1  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
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THE  AD534  IS  AVAILABLE  IN 


Thermal  Characteristics. 

Thermal  Resistances^  =  25°C/W  for  H-10A 
8JA  =  150°C/W  for  H-10A 
6JC  =  25°C/W  for  D-14  or  E-20A 
6JA  =  95°C/W  for  D-14  or  E-20A 


Internal  Power  Dissipation 
Output  Short-Circuit  to  Ground 
Input  Voltages,  X,  X2  Y,  Y2  Zx  Z2 
Rated  Operating  Temperature 
Range 

Storage  Temperature  Range 
Lead  Temperature,  60s  Soldering 
ESD  Rating 


500mW 
Indefinte 

±VS 

Oto  +70°C 

-65°Cto  +  150°C 
+  300°C 
10O0V 


-55°Cto 
+ 125°C 


•Same  as  AD534J  specs. 


OPTIONAL  TRIMMING  CONFIGURATION 


50k| 


470k 

-vw- 


TO  APPROPRIATE 
'INPUT  TERMINAL 


PIN  CONFIGURATIONS 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD534JD 

0°Cto+70°C 

Side  Brazed  DIP 

D-14 

AD534KD 

0°Cto+70°C 

Side  Brazed  DIP 

D-14 

AD534LD 

0°Cto+70°C 

Side  Brazed  DIP 

D-14 

AD534JH 

0°Cto  +70°C 

Header 

H-10A 

AD534KH 

0°Cto+70°C 

Header 

H-10A 

AD534LH 

0°Cto  +  70°C 

Header 

H-10A 

AD534JChip 

0°Cto  +  70°C 

Chip 

AD534KChip 

0°Cto  +70°C 

Chip 

AD534SD 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

AD534SD/883B 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

AD534TD 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

AD534TD/883B 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

JM38510/13902BCA 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

JM38510/13901BCA 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-14 

AD534SE 

-55°Cto  +125°C 

LCC 

E-20A 

AD534SE/883B 

-55°Cto  +  125°C 

LCC 

E-20A 

AD534TE 

-55°Cto  +125°C 

LCC 

E-20A 

AD534TE/883B 

-55°Cto  +125°C 

LCC 

E-20A 

AD534SH 

-55°Cto  +  125°C 

Header 

H-10A 

AD534SH/883B 

-55°Cto  +  125°C 

Header 

H-10A 

AD534TH 

-55°Cto  +  125°C 

Header 

H-10A 

AD534TH/883B 

-55°Cto  +  125°C 

Header 

H-10A 

JM38510/13902BIA 

-55°Cto  +  125°C 

Header 

H-10A 

JM38510/13901BIA 

-55°Cto  +  125°C 

Header 

H-10A 

AD534SChip 

-55°Cto  +  125°C 

Chip 

AD534TChip 

-55°Cto  +  125°C 

Chip 

TO-100  (H-10A) 
Package 


TO-116  (D-14) 
Package 


AD534 
TOP  VIEW 
(Not  to  Scale) 


T7|  tV| 

jl]  NC 

"12]  OUT 

77]  Z1 

Tol  Z2 

T]  NC 

j2  -Vs 


NC  =  NO  CONNECT 


LCC  (E-20A) 
Package 


*For  outline  information  see  Package  Information  section. 


3  10  11  12  13 

NC  -  NO  CONNECT 
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ANALOG 
DEVICES 


Low  Cost 
Analog  Multiplier 




AD633 

■ 

FEATURES 

Four-Quadrant  Multiplication 
Low  Cost  8-Pin  Package 

Complete -No  External  Components  Required 
Laser-Trimmed  Accuracy  and  Stability 
Total  Error  Within  2%  of  FS 
Differential  High  Impedance  X  and  Y  Inputs 
High  Impedance  Unity-Gain  Summing  Input 
Laser-Trimmed  10  V  ! 


APPLICATIONS 

Multiplication,  Division,  Squaring 
Modulation/Demodulation,  Phase  Detection 
Voltage-Controlled  Amplifiers/Attenuators/Filters 


PRODUCT  DESCRIPTION 

The  AD633  is  a  functionally  complete,  four-quadrant,  analog 
multiplier.  It  includes  high  impedance,  differential  X  and  Y 
inputs  and  a  high  impedance  summing  input  (Z).  The  low 
impedance  output  voltage  is  a  nominal  10  V  full  scale  provided 
by  a  buried  Zener.  The  AD633  is  the  first  product  to  offer 
these  features  in  modestly  priced  8-pin  plastic  DIP  and  SOIC 


The  AD633  is  laser  calibrated  to  a  guaranteed  total  accuracy  of 
2%  of  full  scale.  Nonlinearity  for  the  Y-input  is  typically  less 
than  0.1%  and  noise  referred  to  the  output  is  typically  less  than 
100  aV  rms  in  a  10  Hz  to  10  kHz  bandwidth.  A  1  MHz  band- 
width, 20  V/|xs  slew  rate,  and  the  ability  to  drive  capacitive 
loads  make  the  AD633  useful  in  a  wide  variety  of  applications 
where  simplicity  and  cost  are  key  concerns. 

The  AD633's  versatility  is  not  compromised  by  its  simplicity. 
The  Z-input  provides  access  to  the  output  buffer  amplifier,  en- 
abling the  user  to  sum  the  outputs  of  two  or  more  multipliers, 
increase  the  multiplier  gain,  convert  the  output  voltage  to  a  cur- 
rent, and  configure  a  variety  of  applications. 

The  AD633  is  available  in  an  8-pin  plastic  mini-DIP  package 
(N)  and  8-pin  SOIC  (R)  and  is  specified  to  operate  over  the  0°C 
to  +70°C  commercial  temperature  range. 


CONNECTION  DIAGRAMS 
8-Pin  Plastic  DIP  (N)  Package 

"O" 


8-Pin  Plastic  SOIC  (R)  Package 


10V 

-vsE      d>-[*>^_  [Z]+Vs 

z  [7  — 


w_(Xi-X2)(Y1-Y2)|  = 


PRODUCT  HIGHLIGHTS 

1 .  The  AD633  is  a  complete  four-quadrant  multiplier  offered  in 
low  cost  8-pin  plastic  packages.  The  result  is  a  product  that 
is  cost  effective  and  easy  to  apply. 

2.  No  external  components  or  expensive  user  calibration  are 
required  to  apply  the  AD633. 

3.  Monolithic  construction  and  laser  calibration  make  the  device 
stable  and  reliable. 

4.  High  (10  Mfi)  input  resistances  make  signal  source  loading 
negligible. 

5.  Power  supply  voltages  can  range  from  ±8  V  to  ±18  V.  The 
internal  scaling  voltage  is  generated  by  a  stable  Zener  diode; 
multiplier  accuracy  is  essentially  supply  insensitive. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD633— SPECIFICATIONS 

^  


(T»  =  +25°C,  Vs  =  ±15  V,  RL  >  2  Ml) 


TRANSFER  FUNCTION 




AD633J 







(X,-x2)  (y,-y2) 

10  V 


— 


Parameter 


Conditions 


Min 


Typ 


Max 


MULTIPLIER  PERFORMANCE 
Total  Error 

Tmin  t0  Tmax 

Scale  Voltage  Error 
Supply  Rejection 
Nonlinearity,  X 
Nonlinearity,  Y 
X  Feedthrough 
Y  Feedthrough 
Output  Offset  Voltage 


-10V<X,Y<  +10  V 

SF  =  10.00  V  Nominal 
Vs  =  ±14Vto  ±16  V 
X  =  ±10  V,  Y  =  +10  V 

Y  =  ±10  V,  X  =  +10  V 

Y  Nulled,  X  =  ±  10  V 
X  Nulled,  Y  =  ±10  V 


MKMFl 

I 


1 
3 

±0.25% 

0.01 
±0.4 
±0.1 
0.3 


±2 


±1 

±0.4 

±1 

±0.4 

±50 


%  Full 
%  Full 
%  Full 
%  Full 
%  Full 
%  Full 
%  Full 
%  Full 
mV 


Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 


DYNAMICS 
Small  Signal  BW 
Slew  Rate 
Settling  Time  to  1 


V0  =  0.1  Vrms, 
V0  =  20  V  p-p 
A  V0  =  20  V 


1 

20 
2 


MHz 

V/u.S 
U.S 


OUTPUT  NOISE 


Spectral  Densii 
Wideband  Noise 


f  =  10  Hz  to  5  MHz 
f  =  10  Hz  to  10  kHz 


0.8 

1 

90 


u.V/VHz 
mV  rms 
(J.V  rms 


OUTPUT 

Output  Voltage  Swing 
Short  Circuit  Current 


±11 


o  n 


30 


40 


V 

mA 


INPUT  AMPLIFIERS 
Signal  Voltage  Range 

Offset  Voltage  X,  Y 
CMRR  X,  Y 
Bias  Current  X,  Y,  Z 
Differential  Resistance 


Differential 
Common  Mode 


VCM  =  ±10  V,  f  =  50  Hz 


±10 
±10 

60  80 

0.8 
10 


1  -if 
■ 


±30 

■ 

2.0 


V 
V 

mV 
dB 

u.A 

mo 


; 


POWER  SUPPLY 
Supply  Voltage 

i 

I 

Supply  Current 


■ 

Quiescent 


ij 

- 

±15 

t8  ±18 
4  6 


V 

mA 


notes  '  noi»*fil»  ■otu  svitotq  a  » miwwqmon  ItatmatM  S         ,n*maii>ir  mm  gtuqjoo  srti  taw  oj  -aw  Hk  v» 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±18V 

Internal  Power  Dissipation2    500  mW 

Input  Voltages3  ±18  V 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  -65°C  to  +150°C 

Operating  Temperature  Range  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

ESD  Rating   1000  V 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied. 

28-Pin  Plastic  Package:  fl,A  =  165°C/W;  8-Pin  Small  Outline  Package:  6,A  = 
155°C/-W. 

'For  supply  voltages  less  than  ±  18  V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


j  3d 


ORDERING  GUIDE 




Package 

Model 

Description 

Option* 

AD633JN 

8-Pin  Plastic  DIP 

N-8 

AD633JR 

8-Pin  Plastic  SOIC 

R-8 

AD633JR-REEL 

8-Pin  Plastic  SOIC 

R-8 

*For  outline  information  see  Package  Information  section. 


■ 
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10MHz,4-Quadrant 
Multiplier/Divider 


UlatO ' 


AD734 


t.c 


FEATURES 
High  Accuracy 

0.1%  Typical  Error 
High  Speed 
10  MHz  Full-Power  Bandwidth 
450  V/p.s  Slew  Rate 
200  ns  Settling  to  0.1%  at  Full  Power 
Low  Distortion 
-80  dBc  from  Any  Input 

Third-Order  IMD  Typically  -75  dBc  at  10  MHz 
Low  Noise 

94  dB  SNR,  10  Hz  to  20  kHz 

70  dB  SNR,  10  Hz  to  10  MHz 
Direct  Division  Mode 

2  MHz  BW  at  Gain  of  100 

APPLICATIONS 

High  Performance  Replacement  for  AD534 

Multiply,  Divide,  Square,  Square  Root 

Modulator,  Demodulator 

Wideband  Gain  Control,  RMS-DC  Conversion 

Voltage-Controlled  Amplifiers,  Oscillators,  and  Filters 

Demodulator  with  40  MHz  Input  Bandwidth 

PRODUCT  DESCRIPTION 

The  AD734  is  an  accurate  high  speed,  four-quadrant  analog 
multiplier  that  is  pin-compatible  with  the  industry-standard 
AD534  and  provides  the  transfer  function  W  =  XY/U.  The 
AD734  provides  a  low-impedance  voltage  output  with  a  full- 
power  (20  V  pk-pk)  bandwidth  of  10  MHz.  Total  static  error 
(scaling,  offsets,  and  nonlinearities  combined)  is  0.1%  of  Full 
Scale.  Distortion  is  typically  less  than  -80  dBc  and  guaranteed. 
The  low-capacitance  X,  Y  and  Z  inputs  are  fully  differential.  In 
most  applications,  no  external  components  are  required  to  define 
the  function. 

The  internal  scaling  (denominator)  voltage  U  is  10  V,  derived 
from  a  buried-Zener  voltage  reference.  A  new  feature  provides 
the  option  of  substituting  an  external  denominator  voltage, 
allowing  the  use  of  the  AD734  as  a  two-quadrant  divider  with  a 
1000:1  denominator  range  and  a  signal  bandwidth  that  remains 
10  MHz  to  a  gain  of  20  dB,  2  MHz  at  a  gain  of  40  dB  and 
200  kHz  at  a  gain  of  60  dB,  for  a  gain-bandwidth  product  of 
200  MHz. 

The  advanced  performance  of  the  AD734  is  achieved  by  a  com- 
bination of  new  circuit  techniques,  the  use  of  a  high  speed 
complementary  bipolar  process  and  a  novel  approach  to  laser- 
trimming  based  on  ac  signals  rather  than  the  customary  dc 
methods.  The  wide  bandwidth  (>40  MHz)  of  the  AD734's  in- 
put stages  and  the  200  MHz  gain-bandwidth  product  of  the 
multiplier  core  allow  the  AD734  to  be  used  as  a  low  distortion 
demodulator  with  input  frequencies  as  high  as  40  MHz  as  long 
as  the  desired  output  frequency  is  less  than  10  MHz. 

The  AD734AQ  and  AD734BQ  are  specified  for  the  industrial 
temperature  range  of  -40°C  to  +85°C  and  come  in  a  14-pin 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 

l  at  1-80W46-6212. 


CONNECTION  DIAGRAM 


14-Pin  DIP 
(Q  Package)  &  (N  Package) 


xi  fT 


DENOMINATOR 
INTERFACE 


X2  fT 
|-  UO  fT 
U1  fT 
U2  fT 
Y1  fT 


Y2  fT 


AD734 

TOP  VIEW 
(Not  to  Scale) 


14]  VP  POSITIVE  SUPPLY 
13]  DD  DENOMINATOR  DISABLE 
n\  W  -  OUTPUT 
u\  Z1 
10]  Z2 

7]  ER  REFERENCE  VOLTAGE 
TJ  VN  -  NEGATIVE  SUPPLY 


■ 

FUNCTIONAL  BLOCK  DIAGRAM 


ceramic  DIP.  The  AD734SQ/883B,  available  processed  to  MIL- 
STD-883B  for  the  military  range  of  -55°C  to  +  125°C,  is  avail- 
able in  a  14-pin  ceramic  DIP. 

PRODUCT  HIGHLIGHTS 

The  AD734  embodies  more  than  two  decades  of  experience  in 
the  design  and  manufacture  of  analog  multipliers,  to  provide: 

1 .  A  new  output  amplifier  design  with  more  than  twenty  times 
the  slew-rate  of  the  AD534  (450  V/u.s  versus  20  V/u.s)  for  a 
full  power  (20  V  pk-pk)  bandwidth  of  10  MHz. 

2.  Very  low  distortion,  even  at  full  power,  through  the  use  of 
circuit  and  trimming  techniques  that  virtually  eliminate  all  of 
the  spurious  nonlinearities  found  in  earlier  designs. 

3.  Direct  control  of  the  denominator,  resulting  in  higher  multi- 
plier accuracy  and  a  gain-bandwidth  product  at  small  denom- 
inator values  that  is  typically  200  times  greater  than  that  of 
the  AD534  in  divider  modes. 

4.  Very  clean  transient  response,  achieved  through  the  use  of  a 
novel  input  stage  design  and  wide-band  output  amplifier, 
which  also  ensure  that  distortion  remains  low  even  at  high 
frequencies. 

5.  Superior  noise  performance  by  careful  choice  of  device  geom- 
etries and  operating  conditions,  which  provide  a  guaranteed 
88  dB  of  dynamic  range  in  a  20  kHz  bandwidth. 
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AD734— SPECIFICATIONS  <T»  =  +2511,  +VS  =  VP  =  +15  V,  -Vs  =  VN  =  -15  V,RL>2  Ml) 

TRANSFER  FUNCTION 


*°(    (1/,-c/,!  -|Z'-Z'1) 


A 

B 

S 

Parameter 

Conditions 

Min  Typ 

Max 

Min  Typ  Max 

Min 

Typ 

Max 

Units 

— 

MULTIPLIER  PERFORMANCE 

Transfer  Function 

-10  V  s  X,Y  fi  10V 

W  =  XY/10 

W  =  XY/10 

f  =  XY/10 

Total  Static  Error1 

0.1 

n  a 
U.4 

0.1  0.25 

n  i 

n  a 

% 

Over  Tm,„  to  T„„ 

1 

0.6 

1.25 

% 

vs.  Temperature 

Tmin  to  T_ 

0.004 

0.003 

0.004 

%rc 

vs.  Either  Supply 

±VS  =  14  V  to  16  V 

0.01 

0.05 

0.01  0.05 

0.01 

0.05 

%/v 

Peak  Nonlinearity 

-10V  <  X  <  + 10  V,  Y  =  + 10  V 

0.05 

0.05 

0.05 

% 

-10VsY<  + 10  V,  X  =  + 10  V 

0.025 

0.025 

0.025 

% 

THD2 

X  =  7  V  rms,  Y  =  +  10  V,  f  :£  5  kHz 

-58 

-66 

-58 

dBc 

T     rn  T 

1  m.n  10  1  max 

-55 

-63 

-55 

dBc 

V  _  7  V  rm«  Y-+10V   f  «=  5  IrH* 

-60 

—80 

-60 

dBc 

T      to  T 

-57 

—74 

-57 

dBc 

_ 

r  ecu  tfirougti 

X  =  7  V  rms,  Y  =  nulled,  f  •£  5  kHz 

-85 

-60 

-85  -70 

-85 

-60 

dBc 

Y  =  7  V  rms,  X  =  nulled,  f<5  kHz 

-85 

-66 

-85  -76 

-85 

-66 

dBc 

INOISe  (,K  IwJ 

X  —  Y  =  0 

Spectral  Density 

100  Hz  to  1  MHz 

1.0 

1.0 

1.0 

hlWHz 

Total  Output  Noise 

10  Hz  to  20  kHz 

-94 

-88 

-94  -88 

-94 

-88 

dBc 

Tm,„  to  Tm„ 

-85 

-85 

-85 

dBc 

DIVIDER  PERFORMANCE  (Y  =  10  V) 

Transfer  Function 

W  =  XY/U 

W  —  XY/U 

V  =  XY/U 

Gain  Error 

Y  =  10  V,  U  -  100  mv  to  1U  V 

1 

1 

1 

% 

X  Input  Clipping  Level 

Y  -s  10  V 

1.25  x 

U 

1  25  x  U 

1.25  x  U 

V 

U  Input  Scaling  Error3 

0.3 

0.15 

0.3 

% 

T     to  T 

0.8 

0  65 

1 

% 

(Output  to  1%) 

IT           1  V  rn  1 0  V  C»n      V    IV 

u  -  l  v  to  lu  v  Mep  ,  A  —  1  v 

100 

100 

100 

ns 

INPUT  INTERFACES  (X,  Y,  &  Z) 

3  dB  Bandwidth 

40 

40 

40 

MHz 

Operating  Range 

Differential  or  Common  Mode 

±12.5 

±12.5 

±12.5 

V 

X  Input  Offset  Voltage 

15 

5 

15 

mV 

T„,,„  to  Tm„ 

25 

15 

25 

mv 

Y  Input  Offset  Voltage 

10 

5 

10 

mV 

Tm,„  to  T„„ 

12 

6 

12 

mV 

Z  Input  Offset  Voltage 

20 

1A 

20 

mV 

Tmi„  to  T_, 

50 

50 

90 

mV 

Z  Input  PSRR  (Either  Supply) 

f  s  1  kHz 

54  70 

66  70 

54 

70 

dB 

T„,„  to  Tm„ 

50 

56 

50 

dB 

CMRR 

f  =  5  kHz 

70  85 

70  85 

70 

85 

dB 

Input  Bias  Current  (X,  Y,  Z  Inputs) 

50 

300 

50  150 

50 

300 

nA 

400 

300 

500 

nA 

Input  Resistance 

T™  »  ^ 

50 

50 

50 

kfl 

Input  Capacitance 

2 

2 

2 

pF 

DENOMINATOR  INTERFACES  (U0,  Ul,  &  U2) 

Operating  Range 

VN  to  VP-3 

VN  to  VP-3 

VN  to  VP-3 

V 

Denominator  Range 

1000:1 

1000*  1 

1000:1 

Interface  Resistor 

Ul  to  U2 

28 

28 

28 

Ml 

OUTPUT  AMPLIFIER  (W) 

Output  Voltage  Swing 

T„,,„  to  Tm 

±12 

4, 12 

±12 

V 

Open-Loop  Voltage  Gain 

X  =  Y  =  0,  Input  to  Z 

72 

72 

72 

dB 

Dynamic  Response 

From  X  or  Y  Input,  CL  s  20  pF 

3  dB  Bandwidth 

W  s  7  V  rms 

8  10 

8  10 

8 

10 

MHz 

Slew  Rate 

450 

450 

450 

V/u-s 

Settling  Time 

+20  V  or -20  V  Output  Step 

To  1% 

125 

125 

125 

ns 

To  0.1% 

200 

200 

200 

ns 

Short-Circuit  Current 

T^toT^ 

20  50 

80 

20     50  80 

20 

50 

80 

mA 

POWER  SUPPLIES,  ±VS 

Operating  Supply  Range 

±8 

±16.5 

±8  ±16.5 

±8 

±16.5 

V 

Quiescent  Current 

T„,„  to  T„„ 

6  9 

12 

6      9  12 

6 

9 

12 

mA 

NOTES 

'Figures  given  are  percent  of  full  scale  (e.g.,  0.01%  =  1  mV). 

2dBc  refers  to  deciBels  relative  to  the  full  scale  input  (carrier)  level  of  7  V  rms. 

'See  Figure  10  for  test  circuit. 

All  min  and  max  specifications  are  guaranteed.  Specifications  in  Boldface  are  tested 
Specifications  subject  to  change  without  notice. 


on  all  production  units  at  final  electrical  test. 
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,8  V 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  

Internal  Power  Dissipation2 

for  Tj  max  =  175°C   500  mW 

X,  Y  and  Z  Input  Voltages  VN  to  VP 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range 

Q  -65°Cto  +150°C 

Operating  Temperature  Range 

AD734A,  B  (Industrial)   -40"C  to  +85°C 

AD734S  (Military)  -55°Cto  +125°C 

Lead  Temperature  Range  (soldering  60  sec)  +300°C 

Transistor  Count  81 

ESD  Rating   500  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied. 

!14-Pin  Ceramic  DIP:  9JA  =  110°C/W 


ORDERING  GUIDE 

MUIO*f 

Temperature 
Range 

Package 
Description 

Package 
Option* 

Model 

AD734AN 

-40°C  to  +85°C 

Plastic  DIP 

N-14 

AD734BN 

AD734AQ 

AD734BQ 

AD734SQ 

AD734SQ/883B 

AD734S  Chip 

-40°C  to  +85°C 
-40°C  to  +85°C 
-40°Cto  +85°C 
-55°Cto  +  125°C 
-55°Cto  +  125°C 
-55°Cto  +125°C 

Plastic  DIP 

Cerdip 

Cerdip 

Cerdip 

Cerdip 

Chip 

N-14 
Q-14 
Q-14 
Q-14 
Q-14 

*For  outline  information  see  Package  Information  section. 


CHIP  DIMENSIONS  &  BONDING  DIAGRAM 

Dimensions  shown  in  inches  and  (mm). 


(Contact  factory  for  latest  dimensions.) 

t 

  0.093  (2.3622) 


■ 

Z2 


X1 


|  J',-.'i."\i  III  OPfU 

O    IS".!  J  T' 


0.122 
(3.0988) 
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FUNCTIONAL  BLOCK  DIAGRAM 

X2  XI  +VS  W1 

m       m  m  m 


FEATURES 

DC  to  :  500MHz  Operation 
Differential  ±1V  Full  Scale  Inputs 
Differential  ±4mA  Full  Scale  Output  Current 
Low  Distortion  (sO.05%  for  OdBm  Input) 
Supply  Voltages  from  ±4V  to  ±9V 
Low  Power  (280m W  typical  at  VS=±5V) 

APPLICATIONS 

High  Speed  Real  Time  Computation 
Wideband  Modulation  and  Gain  Control 
Signal  Correlation  and  RF  Power  Measurement 
Voltage  Controlled  Filters  and  Oscillators 
Linear  Keyers  for  High  Resolution  Television 
Wideband  True  RMS 


V,!  AD834 


MULTIPLIER  COHE 


25 


"OX 


LTT 


8.5mA 

~ ©— 

CURRENT  s 
AMPLIFIER  (  , 

(W) 

V±  4mA 
J  FS 

8.5mA 

I 

LiJ 

W2 

PRODUCT  DESCRIPTION 

The  AD834  is  a  monolithic  laser-trimmed  four-quadrant  analog 
multiplier  intended  for  use  in  high  frequency  applications, 
having  a  transconductance  bandwidth  (RL=50fl)  in  excess  of 
500MHz  from  either  of  the  differential  voltage  inputs.  In  multi- 
plier modes,  the  typical  total  full  scale  error  is  0.5%,  dependent 
on  the  application  mode  and  the  external  circuitry.  Performance 
is  relatively  insensitive  to  temperature  and  supply  variations, 
due  to  the  use  of  stable  biasing  based  on  a  bandgap  reference 
generator  and  other  design  features. 

To  preserve  the  full  bandwidth  potential  of  the  high  speed 
bipolar  process  used  to  fabricate  the  AD834,  the  outputs  appear 
as  a  differential  pair  of  currents  at  open  collectors.  To  provide  a 
single  ended  ground  referenced  voltage  output,  some  form  of 
external  current  to  voltage  conversion  is  needed.  This  may  take 
the  form  of  a  wideband  transformer,  balun,  or  active  circuitry 
such  as  an  op  amp.  In  some  applications  (such  as  power  mea- 
surement) the  subsequent  signal  processing  may  not  need  to 
have  high  bandwidth. 

The  transfer  function  is  accurately  trimmed  such  that  when 
X=Y=±1V,  the  differential  output  is  ±4mA.  This  absolute 
calibration  allows  the  outputs  of  two  or  more  AD834s  to  be 
summed  with  precisely  equal  weighting,  independent  of  the 
accuracy  of  the  load  circuit. 

The  AD834J  is  specified  for  use  over  the  commercial  tempera- 
ture range  of  0  to  +  70°C  and  is  available  in  an  8-pin  plastic  DIP 
package  and  an  8-pin  plastic  SOIC  package.  AD834A  is  avail- 
able in  cerdip  for  operation  over  the  industrial  temperature 
range  of  -40°C  to  +85°C.  The  AD834S/883B  is  specified  for 
operation  over  the  military  temperature  range  of  —  55°C  to 
+  125°C  and  is  available  in  the  8-pin  cerdip  package.  S-Grade 
chips  are  also  available. 


Two  application  notes  featuring  the  AD834  (AN-212  and 
AN-216)  can  now  be  obtained  by  calling  1-800-ANALOG-D. 
For  additional  applications  circuits,  consult  the  AD811  data 
sheet. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD834  combines  high  static  accuracy  (low  input  and 
output  offsets  and  accurate  scale  factor)  with  very  high  band- 
width. As  a  four-quadrant  multiplier  or  squarer,  the  response 
extends  from  dc  to  an  upper  frequency  limited  mainly  by 
packaging  and  external  board  layout  considerations.  A  large 
signal  bandwidth  of  over  500MHz  is  attainable  under  opti- 
mum conditions. 

2.  The  AD834  can  be  used  in  many  high  speed  nonlinear  opera- 
tions, such  as  square  rooting,  analog  division,  vector  addition 
and  rms-to-dc  conversion.  In  these  modes,  the  bandwidth  is 
limited  by  the  external  active  components. 

3.  Special  design  techniques  result  in  low  distortion  levels  (bet- 
ter than  -60dB  on  either  input)  at  high  frequencies  and  low 
signal  feedthrough  (typically  -65dB  up  to  20MHz). 

4.  The  AD834  exhibits  low  differential  phase  error  over  the 
input  range— typically  0.08°  at  5MHz  and  0.8°  at  50MHz. 
The  large  signal  transient  response  is  free  from  overshoot, 
and  has  an  intrinsic  rise  time  of  500ps,  typically  settling  to 
within  1%  in  under  5ns. 

5.  The  nonloading,  high  impedance,  differential  inputs  simplify 
the  application  of  the  AD834. 


This  is  an  abrk 
complete  data  t 


1  data  sheet.  To  obtain  the  most  recent  version  or 
it,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


(TA=+25°C  and  ±VS=±5V,  unless  otherwise  noted;  dBm  assumes  5011  load.) 


AD834 


Model 


Conditions 


Mm 


AD834J 
Typ 


Max 


AD834A,  S 
Min  Typ 


Max 


Units 


MULTIPLIER  PERFORMANCE 
Transfer  Function 

Total  Error1  (Figure  6) 

vs.  Temperature 

vs.  Supplies2 
Linearity3 
Bandwidth4 
Feedthrough,  X 
Feedthrough,  Y 
AC  Feedthrough,  Xs 

AC  Feedthrough,  Y5 


-1V==X,Y<  +  1V 
T™,  to  Tm 
±4V  to  ±6V 

See  Figure  5 
X=±1V,  Y=NuUed 
X=Nulled,  Y=±1V 
X=0dBm,  Y=Nulled 
f=10MHz 
f=100MHz 
X=NuUed,  Y=0dBm 
f=10MHz 
f=100MHz 


500 


w  = 

±0.5 

(Tv7x4mA 

±2 

0.1 

±0.5 

0.3 
±1 

0.2 
0.1 

0.3 
0.2 

-65 
-50 

-70 
-50 

w 


500 


vv 

A  I 

= 

x  4mA 

±0.5 

±2 

%  FS 

±1.5 

±3 

%FS 

0.1 

0.3 

%  FS/V 

±0.5 

±1 

%  FS 

MHz 

0.2 

0.3 

%  FS 

0.1 

0.2 

%FS 

-65 

dB 

-50 

dB 

-70 

dB 

-50 

dB 

INPUTS  (XI,  X2,  Yl,  Y2) 
Full  Scale  Range 
Clipping  Level 
Input  Resistance 
Offset  Voltage 
vs.  Temperature 

vs.  Supplies2 
Bias  Current 

Common  Mode  Rejection 
Nonlinearity,  X 
Nonlinearity,  Y 
Distortion,  X 


Distortion,  Y 


Differential 
Differential 
Differential 

T™  to  Tm„ 

±4V  to  ±6V 

fslOOkHz;  lVp-p 
Y=1V;  X=±1V 
X=1V;  Y=±1V 
X=0dBm,  Y=1V 
f=10MHz 
f=100MHz 
X=1V,  Y=0dBM 
f  =  10MHz 
f=  100MHz 


±1.1 


±1 

±1.3 

25 

0.5 

10 

100 
45 

70 
0.2 
0.1 

-60 


-65 
-50 


±1.1 


4 

300 

0.5 
0.3 


±1 

±1.3 

25 

0.5 

10 

100 

45 

70 

0.2 

0.1 

-60 
-44 


4 

300 


0.5 
0.3 


V 

V 

kfl 

mV 

uV/°C 

mV 

u-V/V 

uA 

dB 

%FS 

%FS 

dB 


dB 
dB 


OUTPUTS  (Wl,  W2) 
Zero  Signal  Current 
Differential  Offset 
vs.  Temperature 

Scaling  Current 
Output  Compliance 
Noise  Spectral  Density 


Each  Output 
X=0,  Y=0 

Tnin  tO  Tmax 

Differential 

f=10Hzto  1MHz 
Outputs  into  50fl  Load 


3.96 
4.75 


8.5 

±20 

40 


16 


±60 


4.04 
9 


3.96 
4.75 


8.5 

mA 

±20 

±60 

uA 

40 

nA/°C 

±60 

M-A 

4 

4.04 

mA 

9 

V 

16 

nV/VSi 

POWER  SUPPLIES 
Operating  Range 
Quiescent  Current6 
+VS 


±4 


,toT„ 


11 

28 


±9 


14 

35 


±4 


11 

28 


±9 


14 

35 


mA 
mA 


TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +70°C) 
Military  (-55°C  to  +125°C) 
Industrial  (-40°C  to  +  85°C) 


AD834J,  JR-REEL 


AD834S 
AD834A 


PACKAGE  OPTIONS 
8-Pin  SOIC  (R) 
8-Pin  Cerdip  (Q) 
8-Pin  Plastic  DIP  (N) 


AD834JR 
AD834JN 


AD834AQ 
AD834SQ/883B 


NOTES 

'Error  is  defined  as  the  maximum  deviation  from  the  ideal  output,  and  expressed  as  a  percentage  of  the  full  scale  output. 
2Both  supplies  taken  simultaneously;  sinusoidal  input  at  fcs  10kHz. 

'Linearity  is  defined  as  residual  error  after  compensating  for  input  offset  voltage,  output  offset  current  and  scaling  currenl 
4Bandwidth  is  guaranteed  when  configured  in  squarer  mode.  See  Figure  5. 

5Sine  input;  relative  to  full  scale  output;  zero  input  port  nulled;  represents  feedthrough  of  the  fundamental. 

'Negative  supply  current  is  equal  to  the  sum  of  positive  supply  current,  the  signal  currents  into  each  output,  Wl  and  W2,  and  the  input  bias  currents. 
Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  notice. 
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AD834 

ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  (+VS  to  -Vs)  18V 

Internal  Power  Dissipation   500mW 

Input  Voltages  (XI,  X2,  Yl,  Y2)  +VS 

Operating  Temperature  Range 

AD834J  0  to  +70°C 

AD834A  -40°C  to  +85°C 

AD834S/883B  -55°C  to  +125°C 

Storage  Temperature  Range  (Q)  — 65°C  to  +150°C 

Storage  Temperature  Range  (R,  N)  -65°C  to  +  125°C 

Lead  Temperature,  Soldering  60sec  +300°C 

ESD  Rating   500  V 

NOTE 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


CONNECTION  DIAGRAM 

Small  Outline  (R)  Package 
Plastic  DIP  (N)  Package 
Cerdip  (Q)  Package 

2  Gj         AD834  Zl  X1 

T]  +■ 


W2 

I 


rr     top  view 

~vs  |_L       (Not  to  Scale) 


Tl  wi 
1 — 1 


METALIZATION  PHOTOGRAPH 

CHIP  DIMENSIONS  AND  BONDING  DIAGRAM 

Dimensions  shown  in  inches  and  (mm). 
Contact  factory  for  latest  dimensions. 


THERMAL  CHARACTERISTICS 


JA 


8-Pin  Cerdip  Package  (Q) 
8-Pin  Plastic  SOIC  (R) 
8-Pin  Plastic  Mini-DIP  (N) 


8jc 

30°C/W  110°C/W 

45°C/W  165°C/W 

50°C/W  99°C/W 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Option* 

AD834JN 

0  to  +70°C 

N-8 

AD834JR 

0  to  +70°C 

R-8 

AD834JR-REEL 

0  to  +70°C 

R-8 

AD834AQ 

-40°C  to  +85°C 

Q-8 

AD834SQ/883B 

-55°Cto  +125°C 

Q-8 

AD834S  Chips 

Chips 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC)  Package.  For 
outline  information  see  Package  Information  section. 


1 

■ 


■ 


77-76    MULTIPLIERS  AND  DIVIDERS 


REV.  B 


ANALOG 


250  MHz,  Voltage  Output 


DEVICES 

4-Quadrant  Multiplier 

 1 

AD835 

 1 

FEATURES 

Simple:  Basic  Function  is  W  =  XY  +  Z 

Complete:  Minimal  External  Components  Required 

Very  Fast:  Settles  to  0.1%  of  FS  in  20  ns 

DC-Coupled  Voltage  Output  Simplifies  Use 

High  Differential  Input  Impedance  X,  Y  and  Z  Inputs 

Low  Multiplier  Noise:  50  nV/ . Hz 

APPLICATIONS 

Very  Fast  Multiplication,  Division,  Squaring 

Wideband  Modulation  and  Demodulation 

Phase  Detection  and  Measurement 

Sinusoidal  Frequency  Doubling 

Video  Gain  Control  and  Keying 

Voltage  Controlled  Amplifiers  and  Filters 


FUNCTIONAL  BLOCK  DIAGRAM 


Y2<L_ 


W  OUTPUT 


PRODUCT  DESCRIPTION 

The  AD835  is  a  complete  four-quadrant  voltage  output  analog 
multiplier  fabricated  on  an  advanced  dielectrically  isolated 
complementary  bipolar  process.  It  generates  the  linear  product 
of  its  X  and  Y  voltage  inputs,  with  a  -3  dB  output  bandwidth  of 
250  MHz  (a  small  signal  rise  time  of  1  ns).  Full-scale  (-1  V  to 
+1  V)  rise/fall  times  are  2.5  ns  (with  the  standard  Rl  of  150  £1) 
and  the  settling  time  to  0.1%  under  the  same  conditions  is  typi- 
cally 20  ns. 

Its  differential  multiplication  inputs  (X,  Y)  and  its  summing  in- 
put (Z)  are  at  high  impedance.  The  low  impedance  output  volt- 
age (W)  can  provide  up  to  ±2.5  V  and  drive  loads  as  low  as 
25  £2.  Normal  operation  is  from  ±5  V  supplies. 

Though  providing  state-of-the-art  speed,  the  AD835  is  simple 
to  use  and  versatile.  For  example,  as  well  as  permitting  the  addi- 
tion of  a  signal  at  the  output,  the  Z  input  provides  the  means 
to  operate  the  AD835  with  voltage  gains  up  to  about  X10.  In 
this  capacity,  the  very  low  product  noise  of  this  multiplier 
(50  nWHz)  makes  it  much  more  useful  than  earlier  products. 

The  AD835  is  available  in  an  8-pin  plastic  mini-DIP  package 
(N)  and  an  8-pin  SOIC  (R)  and  is  specified  to  operate  over  the 
-40°C  to  +85°C  industrial  temperature  range. 


PRODUCT  HIGHLIGHTS 

1 .  The  AD835  is  the  first  monolithic  250  MHz  four  quadrant 
voltage  output  multiplier. 

2.  Minimal  external  components  are  required  to  apply  the 
AD835  to  a  variety  of  signal  processing  applications. 

3.  High  input  impedances  (100  k£2||2  pF)  make  signal  source 
loading  negligible. 

4.  High  output  current  capability  allows  low  impedance  loads 
tobednven. 

5.  State  of  the  art  noise  levels  achieved  through  careful  device 
optimization  and  the  use  of  a  special  low  noise  bandgap  volt- 
age reference. 

6.  Designed  to  be  easy  to  use  and  cost  effective  in  applications 
which  formerly  required  the  use  of  hybrid  or  board  level 
solutions. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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TRANSFFR  FUNCTION 

+Z 

U 

Parameter 

Conditions 

Min 

Typ 

Max 

Unit 

INrU  1  C-HAKAC  1  iiKla  1  lL,i>  (X,  I ) 

Differential  Voltage  Range 

Vcm  =  0 

±1 

V 

Differential  Clipping  Level 

±T.2 

±1.4 

Low  Frequency  Nonlinearity 

X  =  ±1V,Y  =  1  V 

\7  —  J.  1   \T    V  —   1  \T 

Y=±l  V,  A  -  1  V 

0.3 
0.1 

O.S 
0.3 

%FS 

To  rj> 

vs.  Temperature 

T,VUN  t°  TmAX 

V  1-1  \7  V—  IV 

A  -  I  J  V,  I  —  1  V 

0.7 

%  FS 

V  —  4-  1  V  V  —  1  V 
I  -11  V,  A  -  IV 

0.5 

%  PS 

/o  rj 

Common-Moae  Voltage  Kange 

-2.5 

+3 

Unset  Voltage 

±3 

±20 

mv 

vs.  Temperature 

T         tn  T  1 

lHWl°  1  MAX 

±25 

mv 

("•MOP 

i  i  iuu  Kriz,  x  i  v  p-p 

70 

dB 

Bias  Current 

10 

20 

ii  A 

flA 

vs.  1  emperature 

Tmin  10  "max 

27 

uA 

Unset  Hias  L-urrent 

2 

(iA 

Differential  Resistance 

100 

kn 

Single-Sided  Capacitance 

2 

pr 

Feedthrough,  X 

X  =  ±1V,Y  =  0V 

■ 

-46 

dB 

Feedthroughj  Y 

Y  =  ±1V,  X  =  0V 

-60 

dB 

TWXT  A  »  IIP  rn  ADA  rTTiDiCTtrc 

DYNAMIC  CHAKAL.  1  hKIS  1  Ida 

-3  dB  Small-Signal  Bandwidth 

150 

250 

MHz 

-0.1  dB  Gain  Flatness  Frequency 

15 

MHz 

Slew  Rate 

W  2.5  V  to  +2.5  V 

1000 

V/us 

Differential  Gam  Error,  X 

t  =  3.58  MHz 

0.3 

% 

Differential  Phase  Error,  X 

I  —  3.5o  MHZ 

0.2 

Degrees 

Differential  Gain  Error,  Y 

r  -  3.58  MHz 

0.1 

% 

Differential  Phase  Error,  Y 

f=  3.58  MHz 

0.1 

Degrees 

Harmonic  Distortion 

X  or  Y  -  10  dBm,  2nd  and  3rd  Harmomc 

r  una  —  1 U  ivlriZ 
Fund  =  50  MHz 

-70 
-40 

JD 
UD 

dB 

Settling  Time,  X  or  Y 

To  0.1%,  W  =  2  V  p-p 

20 

ns 

HUMMING  1NPU  i  {£) 

rrom  Z  to  w ,  t  <  10  MHz 

0.990 

Gain 

0.995 

—j  oi5  omaii-oignai  rjanawiatn 

250 

MHz 

Differential  Input  Resistance 

60 

Single  Sided  Capacitance 

50 

Maximum  Gain 

X,  Y  to  W,  Z  Shorted  to  W,  f  =  1  kHz 

dB 

Bias  Current 

50 

uA 

OTTXPT  TT  r'TJTAD  Ar'TPDTQTTr'C 
UUlrUl  drlAKAC  I  CKlo  1  ILjO 

Voltage  Swing 

±2.2 

±2.5 

V 

vs.  Temperature 

T        m  T  1 
1  MIN  10  1  MAX 

±2.0 

V 

Voltage  Noise  Spectral  Density 

A  —  I  —  U,  X  <  1U  IvlriZ 

50 

nV/VHz 

Unset  Voltage 

±25 

±10 

mV 

vs.  Temperature2 

mV 

Short  Circuit  Current 

75 

mA 

Scale  Factor  Error 

±5 

±8 

%  FS 

vs.  Temperature 
Linearity  (Relative  Error)3 

T      to  T  1 

M1N  MAX 

+  0.5 

±9 
±1.0 

%  FS 
%FS 

vs.  Temperature 

I'm  in  to  Tmax 

+  1.25 

%FS 

PO\Y7T71?  CTTPPT  TTJC 
1  UWJCK  oUi  1  LAtlo 

Supply  Voltage 

For  Specified  Performance 

±4.5 

±5 

±5.5 

V 

Quiescent  Supply  Current 

16 

25 

mA 

vs.  Temperature 

T      tnT  1 

1  MLN  tv-'  1  MAX 

26 

mA 

PSRR  at  Output  vs.  Vp 

+4.5  V  to  +5.5  V 

0.5 

%/V 

PSRR  at  Output  vs.  Vn 

-4.5  V  to  -5.5  V 

0.5 

%/v 

NOTES 

lT„!N  =  -40°C,  T^ax  =  +85°C. 
formalized  to  zero  at  +25°C. 

'Linearity  is  defined  as  residual  error  after  compensating  for  input  offset,  output  voltage  offset  and  scale  factor  errors. 

All  min  and  max  specifications  arc  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 

Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  ±6V 

Internal  Power  Dissipation2   300  mW 

Operating  Temperature  Range  -40°C  to  +85C 

Storage  Temperature  Range    -65°C  to  +150°C 

Lead  Temperature,  Soldering  60  sec   +300°C 

ESD  Rating   1500  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  may  affect  device  reliability. 

2Thermal  Characteristics: 

8-Pin  Plastic  DIP  (N):  8,c  =  35°C/W;  6„  =  90°C/W 
8-Pin  Plastic  SOIC  (R):  6,c  =  45°C/W;  8»  =  1 15°C/W. 


PIN  CONNECTIONS 
8-Pin  Plastic  DIP  (N) 
8-Pin  Plastic  SOIC  (R) 


Y1  [T 
Y2  [T 
VN  [T 

z[T 


AD835 

TOP  VIEW 
(Not  to  Scale) 


T]  X1 
T]  X2 

T]  vp 
7]  w 


ORDERING  GUIDE 

Model 

Temperature  Range 

Package  Options* 

AD835AN 

-40°C  to  +85°C 

N-8 

AD835AR 

-^0°C  to  +85°C 

R-8 

*N  =  Plastic  DIP;  R  =  Small  Outline  IC  Plastic  Package  (SOIC).  For  outline 
i  see  Package  information  section 


Typical  Performance  Characteristics 

DG  DP  (NTSC)      FIELD  =  1  LINE  =  16      Wlm-» FCC  COMPOSITE 
0  00          0.06  0.11  0.16  0.19  0.20 


a.  z  0.0 

s  -°-2 


1ST 
0.00 


«  I  0.2 

5  J,  °° 

Is"-1 

o.  -0.2 
-0.3 


"  MIN  -  0.00 
■  MAX  =  0.20 
-  p-p/MAX  —  0.20 


p-p/MA 


2ND 
0.02 


3RD 
0.02 


4TH 
0.03 


5TH 
0.03 


_  MIN  -  0.00 
MAX  •  0.06 
"  p-p  =  0.06 


Figure  1.  Typical  Composite  Output  Differential  Gain  & 
Phase,  NTSC  for  X  Channel;  f=  3.58  MHz,  RL  =  150  £2 
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-180 


1M  10M  100M  1G 

FREQUENCY  -  Hz 

Figure  3.  Gain  &  Phase  vs.  Frequency  of  X,  Y,  Z  Inputs 


DG  DP  (NTSC)      FIELD  =  1  LINE  =  18 
0.00         0.01  -0.00 


Htm  —  FCC  COMPOSITE 
0.00         -0.01  -0.20 


-0.1 
-0.2 
-0.3 

0.20 
0.10 

£w  0  00 

"  1 

c-0.10 
-0 


if 

LU  LU 

IS- 


M 

I 

N  =  -0.02   

\X  •  0.01 

M 

P- 

3/MAX  =  0. 

[13 

1ST 
0.00 

2ND 
0.03 

3RD 
0.04 

4TH 
0.07 

5TH 
0.10 

6TH 
0.16 

M 

N-0.00 

IX  •  0.16 
3  -  0.16 

Pi 

Figure  2.  Typical  Composite  Output  Differential  Gain  & 
Phase,  NTSC  for  Y  Channel;  f =  3.58  MHz,  RL  =  150  Q 
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Figure  4.  Gain  Flatness  to  0. 1  dB 


REV.  0 


MULTIPLIERS  AND  DIVIDERS  17-19 


-10 
-20 
-30 
^10 


g  -50 
-60 


-  X,  Y  CH  =  5dBm 
RL  m 1501! 

-  CL  <  5pF 


X  FEEDTHROUGH 


1  FEEDTHROUGH 


Y  FEEDTHROUGH 

V 


X  FEEDTHROUGH 


10M  100M  1G 

FREQUENCY  -  Hz 

Figure  5.  X  and  Y  Feedthrough  vs.  Frequency 


Figure  6.  Small  Signal  Pulse  Response  at  W  Output,  flt  = 
750  a,  CL<5  pF,  X  Channel  =  ±0.2  V,  Y  Channel  =  ±1.0V 


. — w 

0 

20  m 

40  i 


10M  100M 
FREQUENCY  -  Hz 


Figure  8.  CMRFt  vs.  Frequency  for  X  or  Y  Channel, 
RL  =  150  Cl,CL<5  pF 


in  i  i 
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300k         IM  10M  100M  1G 

FREQUENCY  -  Hz 

Figure  9.  PSRR  vs.  Frequency  for  V+  and  V-  Supply 

■ 

! 

i 


Figure  7.  Large  Signal  Pulse  Response  at  W  Output,  RL  =  Figure  10.  Harmonic  Distortion  at  10  MHz;  10  dBm  Input 
150  £i,  CL  <  5  pF,  X  Channel  =  ±1.0  V,  Y  Channel  =  ±1.0  V         to  X  or  Y  Channels,  RL  =  150  Q,CL  =  <5pF 
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Figure  1 1.  Harmonic  Distortion  at  50  MHz,  10  dBm  Input 
toXorY  Channel,  RL  =  150  £i,  CL  <  5  pF 


OUTPUT  Vqs  DRIFT,  NORMALIZED  TO  0  AT  25°C 
J  I  I  I  I  I  I  l_ 


-55      -35  -15 


5  25  45  65 
TEMPERATURE  -  *C 


85       105  125 

Figure  14.  Vos  Output  Drift  vs.  Temperature 
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Figure  12.  Harmonic  Distortion  at  100  MHz,  10  dBm  Input 
toXorY  Channel,  RL  =  750  Q,CL<5  pF 


Figure  13.  Maximum  Output  Voltage  Swing,  RL  =  50  Q,  Figure  16.  Fixed  IF  vs.  LO  Frequency  on  Y  Channel 

CL<5pF 
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plier  fabricated  on  an  advanced,  dielectrically  isolated,  comple- 
mentary bipolar  process.  In  its  basic  mode,  it  provides  the  linear 
product  of  its  X  and  Y  voltage  inputs.  In  this  mode,  the  -3  dB 
output  voltage  bandwidth  is  250  MHz  (a  small  signal  rise  time 
of  1  ns).  Full-scale  (-1  V  to  +1  V)  rise/fall  times  are  2.5  ns  (with 
the  standard  IV  of  150  £))  and  the  settling  time  to  0.1%  under 
the  same  conditions  is  typically  20  ns. 

As  in  earlier  multipliers  from  Analog  Devices,  a  unique  sum- 
ming feature  is  provided  at  the  Z-input.  As  well  as  providing  in- 
dependent ground  references  for  inputs  and  output,  and 
enhanced  versatility,  this  feature  allows  the  AD835  to  operate 
with  voltage  gain.  Its  X-,  Y-  and  Z-input  voltages  are  all  nomi- 
nally + 1  V  FS,  with  overrange  of  at  least  20%.  The  inputs  are 
fully  differential  and  at  high  impedance  (100  kfl||2  pF)  and  pro- 
vide a  70  dB  CMRR  (f  <  1  MHz). 

The  low  impedance  output  is  capable  of  driving  loads  as  small 
as  25  £).  The  peak  output  can  be  as  large  as  ±2.2  V  minimum 
for  RL  =  150  £i,  or  +2.0  V  minimum  into  RL  =  50  il.  The 
AD835  has  much  lower  noise  than  the  AD534  or  AD734,  mak- 
ing it  attractive  in  low  level  signal-processing  applications,  for 
example,  as  a  wideband  gain-control  element  or  modulator. 

Basic  Theory 

The  multiplier  is  based  on  a  classic  form,  having  a  translinear 
core,  supported  by  three  (X,  Y,  Z)  linearized  voltage-to-current 
converters,  and  the  load  driving  output  amplifier.  The  scaling 
voltage  (the  denominator  U,  in  the  equations  below)  is  provided 
by  a  bandgap  reference  of  novel  design,  optimized  for  ultralow 
noise.  Figure  17  shows  the  functional  block  diagram. 

In  general  terms,  the  AD835  provides  the  function 


w    {Xl~X2XY\-Y2)  f  z 


(1) 


where  the  variables  W,  U,  X,  Y  and  Z  are  all  voltages.  Con- 
nected as  a  simple  multiplier,  with  X  =  XI  -  X2,  Y  =  Yl  -  Y2 
and  Z  =  0,  and  with  a  scale  factor  adjustment  (see  below)  which 
sets  U  =  1  V,  the  output  can  be  expressed  as 


W  =  XY 


(2) 


SUmCU  LU  UC  CA^l»»tu  ill  fi/tu,  mi.  huwu  ......  — — ■  

sheet,  to  avoid  the  needless  use  of  less-intuitive  subscripted  vari- 
ables (such  as  VXI).  We  can  view  all  variables  as  being  normal- 
ized to  1  V.  For  example,  the  input  X  can  either  be  stated  as 
being  in  the  range  -1  V  to  +1  V,  or  simply -1  to  +1.  The  latter 
representation  will  be  found  to  facilitate  the  development  of  new 
functions  using  the  AD835.  The  explicit  inclusion  of  the  de- 
nominator, U,  is  also  less  helpful,  as  in  the  case  of  the  AD835,  if 
it  is  not  an  electrical  input  variable. 

Scaling  Adjustment 

The  basic  value  of  U  in  Equation  1  is  nominally  1 .05  V.  Figure 
18,  which  shows  the  basic  multiplier  connections,  also 
shows  how  the  effective  value  of  U  can  be  adjusted  to  have  any 
lower  voltage  (usually  1  V)  through  the  use  of  a  resistive-divider 
between  W  (Pin  5)  and  Z  (Pin  4).  Using  the  general  resistor  val- 
ues shown,  we  can  rewrite  Equation  1  as 


yy 

u 


k)Z' 


(3) 


(where  Z'  is  distinguished  from  the  signal  Z  at  Pin  4).  It  follows 
that 

In  this  way,  we  can  modify  the  effective  value  of  U  to 

U'=0.-kJJ  (5) 

without  altering  the  scaling  of  the  Z'  input.  (This  is  to  be  ex- 
pected, since  the  only  "ground  reference"  for  the  output  is 
through  the  Z'  input.) 

Thus,  to  set  U'  to  1  V,  remembering  that  the  basic  value  of  U  is 
1.05  V,  we  need  to  choose  Rl  to  have  a  nominal  value  of  20 
times  R2.  The  values  shown  here  allow  U  to  be  adjusted 
through  the  nominal  range  0.95  V  to  1.05  V,  that  is,  R2  pro- 
vides a  5%  gain  adjustment. 


Figure  17.  Functional  Block  Diagram 


Figure  18.  Multiplier  Connections 

Note  that  in  many  applications,  the  exact  gain  of  the  multiplier 
may  not  be  very  important;  in  which  case,  this  network  may  be 
omitted  entirely,  or  R2  fixed  at  100  Q. 
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ANALOG 
DEVICES 


Four-Channel,  Four-Quadrant 
Analog  Multiplier 


MLT04 





FEATURES 

Four  Independent  Channels 
Voltage  IN.  Voltage  OUT 
No  External  Parts  Required 
8  MHz  Bandwidth 
Four-Quadrant  Multiplication 
Voltage  Output;  W  =  (X  x  YI/2.5  V 

0.2%  Typical  Linearity  Error  on  X  or  Y  Inputs 
Excellent  Temperature  Stability:  0.005% 
±2.5  V  Analog  Input  Range 
Operates  from  ±5  V  Supplies 
Low  Power  Dissipation:  150  mW  typ 
Spice  Model  Available 

APPLICATIONS 

Geometry  Correction  in  High-Resolution  CRT  Displays 
Waveform  Modulation  &  Generation 
Voltage  Controlled  Amplifiers 
Automatic  Gain  Control 
Modulation  and  Demodulation 

GENERAL  DESCRIPTION 

The  MLT04  is  a  complete,  four-channel,  voltage  output  analog 
multiplier  packaged  in  an  18-pin  DIP  or  SOIC-18.  These  complete 
multipliers  are  ideal  for  general  purpose  applications  such  as  voltage 
controlled  amplifiers,  variable  active  filters,  "zipper"  noise  free 
audio  level  adjustment,  and  automatic  gain  control.  Other  applica- 
tions include  cost-effective  multiple-channel  power  calculations 
(I  x  V),  polynomial  correction  generation,  and  low  frequency 
modulation.  The  MLT04  multiplier  is  ideally  suited  for  generating 
complex,  high-order  waveforms  especially  suitable  for  geometry 
correction  in  high-resolution  CRT  display  systems. 


FUNCTIONAL  BLOCK  DIAGRAM 

18-Lead  Epoxy  DD?  (P  Suffix) 
18-Lead  Wide  Body  SOIC  (S  Suffix) 


V,^  =  *5V 

VEE=-5V  " 
T.  =  *25X 


X  4  Y MEASUREMENTS 
■  SUPERIMPOSED: 

X  =  100mV  RMS,  Y  =  2.5V  DC 
"  Y  =  100mV  RMS,  X  =  2.5V  DC 
I     I   I  II      I     I  I  II  I 


\ 


8.9MHz 
-3dB 


Pi 

0  (X  OR  Y)  K  \ 


\ 


10k 


Hz 


Figure  1.  Gain  &  Phase  vs.  Frequency  Response 


W  =  (X  •  YJ/2.5V 


Fabricated  in  a  complementary  bipolar  process,  the  MLT04 
includes  four  4-quadrant  multiplying  cells  which  have  been  laser- 
trimmed  for  accuracy.  A  precision  internal  bandgap  reference 
normalizes  signal  computation  to  a  0.4  scale  factor.  Drift  over 
temperature  is  under  0.005%/°C.  Spot  noise  voltage  of  0.3  uV/VHz 
results  in  a  THD  +  Noise  performance  of  0.02%  (LPF  =  22  kHz) 
for  the  lower  distortion  Y  channel.  The  four  8  MHz  channels 
consume  a  total  of  1 50  mW  of  quiescent  power. 

The  MLT04  is  available  in  18-pin  plastic  DIP,  and  SOIC-18 
surface  mount  packages.  All  parts  are  offered  in  the  extended 
industrial  temperature  range  (-A0°C  to  +85°C). 


10 

i 

| 

i  1 

♦ 

Q 

I 

0.1 


vcc  =  *sv 

.VEE  =  -5V  . 
T. =  »25*C 


LPF  •  500kHz 

I  I  II     I  I 
THDX:  X  =  2.5VP,  Y  =  *2.5V  DC 


THDY:  Y  =  2.5VP,  X  =  +2.5V  DC 


1k  10k 
FREQUENCY -Hz 


Figure  2.  THD  +  Noise  vs.  Frequency 
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MLT04— SPECIFICATIONS 


(Vcc  =  +5  V,  VEE  =  -5  V,  VIH  =  ±2.5  VP,  RL  =  2  kft,  T,  =  +25°C  unless  otherwise  noted.) 


Parameter 


Symbol 


Conditions 


Min     Typ  Max 


Unite  


MULTIPLIER  PERFORMANCE' 
Total  Error2  X 
Total  Error2  Y 
Linearity  Error2  X- 
Linearity  Error2  Y 
Total  Error  Drift 
Total  Error  Drift 
Scale  Factor3 
Output  Offset  Voltage 
Output  Offset  Drift 
Offset  Voltage,  X 
Offset  Voltage,  Y 


Ex 

Ey 

LEx 

LEY 

TCEx 

TCEY 

K 

Zos 

TCZos 

Xos 

Yns 


-2.5  V  <  X  <  +2.5  V,  Y  =  +2.5  V 
-2.5  V  <  Y  <  +2.5  V,  X  =  +2.5  V 
-2.5  V  <  X  <  +2.5  V,  Y  =  +2.5  V 
-2.5  V  <  Y  <  +2.5  V,  X  =  +2.5  V 
X  =  -2.5  V,  Y  =  2.5  V,  TA  =  -40°C  to  +85°C 

Y  =  -2.5  V,  X  =  2.5  V,  TA=  -40°C  to  +85°C 
X  =  ±2.5  V,  Y  =  ±2.5  V,  TA  =  -A0°C  to  +85°C 
X  =  0  V,  Y  =  0  V,  TA=  -40°C  to  +85°C 

X  =  0  V,  Y  =  0  V,  TA=  -40°C  to  +85°C 
X  =  0  V,  Y  =  ±2.5  V,  TA  =  — 40°C  to  +85°C 

Y  =  0  V,  X  =  ±2.5  V,  TA  =  -40°C  to  +85°C 


VOUT  =  0.1  Vrms 
VOUT  =  ±2.5V 

VOUT  =  A2.5  V  to  1%  Error  Band 

X  =  0  V,  Y  =  1  V  rms  @  f  =  100  kHz 

X  =  Y  =  IV  rms  Applied  to  Adjacent  Channel 


DYNAMIC  PERFORMANCE 
Small  Signal  Bandwidth 
Slew  Rate 
Settling  Time 
AC  Feedthrough 
Crosstalk  @  100  kHz 


BW 
SR 

ts 

FTAC 
CTAC 


30 

I  -j<< 


MHz 


OUTPUTS 

Audio  Band  Noise 
Wide  Band  Noise 
Spot  Noise  Voltage 
Total  Harmonic  Distortion 

Open  Loop  Output  Resistance 
Voltage  Swing 
Short  Circuit  Current 


En 
& 
eN 

THDX 

THDy 

Rout 

VPK 


f=  10  Hz  to  50  kHz 
Noise  BW=  1.9  MHz 
f=  1  kHz 

f  =  1  kHz,  LPF  =  22  kHz,  Y  =  2.5  V 
f  =  1  kHz,  LPF  =  22  kHz,  X  =  2.5  V 


VCC  =  +5V,VEB  =  -5V 


±3.0 





76 

380 

0.3 

0.1 

0.02 

40 

±3.3 

30 


uV  rms 

(iV  rms 

pV/Vrlz 

% 

% 

£J 

VP 

mA 


INPUTS 

Analog  Input  Range 
Bias  Current 


Capacitance 


IVR 

h 

RlN 

On 


GND  =  0  V 
X=Y=0V 


-2.5 


+2.5 
2.3  10 

udbns  tnwnri*t< 
3 


V 
uA 
MSI 
pF 


SQUARE  PERFORMANCE 
Total  Square  Error 


X  =  Y=  1 








±4.75 


%  FS 


POWER  SUPPLIES 
Positive  Current 
Negative  Current 
Power  Dissipation 
Supply  Sensitivity 
Supply  Voltage  Range 


Ice 

Pdiss 
PSSR 


Vcc  =  5.25  V,  VEE=  -5.25  V 
Vcc  =  5.25  V,VEE= -5.25  V 
Calculated  =  5  V  x  Icc  +  5  V  x  IEE 
X  =  Y  =  0  V,  Vcc  =  A5%  or  VEE  =  A5% 
ForVcc&VEE 


15 

20 

mA 

15 

20 

mA 

150 

200 

mW 

10 

mV/V 

±5.25 

V 

NOTES 

'Specifications  apply  to  all  four  multipliers. 

2Error  is  measured  as  a  percent  of  the  ±2.5  V  full  scale,  i.e.,  1%  FS  =  25  mV. 

3Scale  Factor  K  is  an  internally  set  constant  in  the  multiplier  transfer  equation  W  =  K  x  X  x  Y. 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltages  VCC,VEE  to  GND    ±7V 

Inputs  X„  Y,   . .  . .'   Vcc,  VEB 

Outputs  W,   Vcc,  VEE 

Operating  Temperature  Range    -40°C  to  +85°C 

Maximum  Junction  Temperature  (T,  max)   +150°C 

Storage  Temperature    ~65°C  to +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Package  Power  Dissipation   (T,  max-TA)/9,A 

Thermal  Resistance  8,A 

PDIP-18(N-18)   74°C/W 

SOIC-18(SOL-18)   89°C/W 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  perma- 
nent damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation  of 
the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational 
section  of  this  specification  are  not  implied. 


ORDERING  INFORMATION 1 


Model 

Temperature 
Range 

Package 
Description 

Package 
Option2 

MLT04GP 
MLT04GS 

-40°C  to  +85°C 
-40°C  to  +85°C 

18-Pin  P-DIP 
18-LeadSOIC 

N-18 
SOL- 18 

MLT04GBC 

+25°C 

Die 

NOTES 

]For  die  specifications  contact  your  local  Analog  sales  office.  The  MLT04 
contains  211  transistors. 

2For  outline  information  see  Package  Information  section. 
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FUNCTIONAL  DESCRIPTION 

The  MLT04  is  a  low  cost  quad,  4-quadrant  analog  multiplier  with 
single-ended  voltage  inputs  and  voltage  outputs.  The  functional 
block  diagram  for  each  of  the  multipliers  is  illustrated  in  Figure  3. 
Due  to  packaging  constraints,  access  to  internal  nodes  for  externally 
adjusting  scale  factor,  output  offset  voltage,  or  additional  summing 
signals  is  not  provided. 


G1.G2,  G3,  G4 


V1,Y2,Y3,Y4  V 


Figure  3.  Functional  Block  Diagram  of  Each  MLT04 
Multiplier 

Each  of  the  MLT04's  analog  multipliers  is  based  on  a  Gilbert  cell 
multiplier  configuration,  a  1.23  V  bandgap  reference,  and  a  unity- 
connected  output  amplifier.  Multiplier  scale  factor  is  determined 
through  a  differential  pair/trimmable  resistor  network  external  to 
the  core.  An  equivalent  circuit  for  each  of  the  multipliers  is  shown 
in  Figure  4. 


vEEo- 


Figure  4.  Equivalent  Circuit  fc 


theMLT04 


Details  of  each  multiplier's  output-stage  amplifier  are  shown  in 
Figure  5.  The  output  stages  idles  at  200  uA,  and  the  resistors  in 
series  with  the  emitters  of  the  output  stage  are  25  SI.  The  output 
stage  can  drive  load  capacitances  up  to  500  pF  without  oscillation. 
For  loads  greater  than  500  pF,  the  outputs  of  the  MLT04  should 
be  isolated  from  the  load  capacitance  with  a  1 00  SI  resistor. 


-ov0 


I  I  i 

-ovEE 


ANALOG  MULTIPLIER  ERROR  SOURCES 

Multiplier  errors  consist  primarily  of  input  and  output  offsets,  scale 
factor  errors,  and  nonlinearity  in  the  multiplying  core.  An  expres- 
sion for  the  output  of  a  real  analog  multiplier  is  given  by: 

where:    if  =    Multiplier  Scale  Factor 

AfC        =   Scale  Factor  Error 


X-Input  Signal 

*os  = 

X-Input  Offset  Voltage 

Y-Input  Signal 

ym  = 

Y-Input  Offset  Voltage 

Multiplier  Output  Offset  Voltage 

f(X,Y)  = 

Nonlinearity 

Executing  the  algebra  to  simplify  the  above  expression  yields 
expressions  for  all  the  errors  in  an  analog  multiplier: 


Term 

Description 

Dependence  on  Input 

KVXVY 

True  Product 

Goes  to  Zero  As  Either  or 
Both  Inputs  Go  to  Zero 

AKVyVy 

Scale-Factor  Error 

Goes  to  Zero  at  Vx>  VY  =  0 

V  Y 

Linear  "X"  Feedthrough 
Due  to  Y-Input  Offset 

Proportional  to  Vx 

VYXOS 

Linear  "Y"  Feedthrough 
Due  to  X-Input  Offset 

Proportional  to  VY 

XOSYOS 

Output  Offset  Due  to  X-, 
Y-Input  Offsets 

Independent  ofVx,  VY 

Zos 

Output  Offset 

Independent  of  Vx,  VY 

/(X,Y) 

Nonlinearity 

Depends  on  Both  Vx,  VY. 
Contains  Terms  Dependent 
on  Vx,  Vy,  Their  Powers 
and  Cross  Products 

As  shown  in  the  table,  the  primary  static  errors  in  an  analog 
multiplier  are  input  offset  voltages,  output  offset  voltage,  scale 
factor,  and  nonlinearity.  Of  the  four  sources  of  error,  only  two  are 
externally  trimmable  in  the  MLT04:  the  X-  and  Y-input  offset 
voltages.  Output  offset  voltage  in  the  MLT04  is  factory-trimmed  to 
+50  mV,  and  the  scale  factor  is  internally  adjusted  to  +2.5%  of  full 
scale.  Input  offset  voltage  errors  can  be  eliminated  by  using  the 
optional  trim  circuit  of  Figure  6.  This  scheme  then  reduces  the  net 
error  to  output  offset,  scale-factor  (gain)  error,  and  an  irreducible 
nonlinearity  component  in  the  multiplying  core. 


±100mV 


CONNECT  TO  SUM 
NODE  OF  AN  EXT  OP  AMP 


-V. 


Figure  6.  Optional  Offset  Voltage  Trim  Configuration 


Figure  5.  Equivalent  Circuit  for  MLT04  Output  Stages 
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- 

— — 

X-INPUT:±2.5V@10Hz 

Y-INPUT:  »2.5V 

YQS  NULLED 

T4  =  .25  C  _M  

141  TAJ 

will  "feedthrough"  the  multiplier  and  appear  at  trie  output.  1  nis  is 
caused  by  the  product  of  the  nonzero  input  and  the  offset  voltage  of 
the  "zero"  input.  Introducing  an  offset  equal  to  and  opposite  of  the 
"zero"  input  offset  voltage  will  null  the  linear  component  of  the 
feedthrough.  Residual  feedthrough  at  the  output  of  the  multiplier 
is  then  irreducible  core  nonlinearity. 

Typical  X-  and  Y-input  feedthrough  curves  for  the  MLT04  are 
shown  in  Figures  7  and  8,  respectively.  These  curves  illustrate 
MLT04  feedthrough  after  "zero"  input  offset  voltage  trim. 
Residual  X-input  feedthrough  measures  0.08%  of  full  scale, 
whereas  residual  Y-input  feedthrough  is  almost  immeasurable. 


X-INPUT:  ±2.5V  y>  10Hz 

Yos  NULLED 

T.  =  .25C  1  


HORIZONTAL  -  0.5V/DIV 

Figure  7.  X-lnput  Feedthrough  with  Yos  Nulled 


HORIZONTAL  -  0.5V/DIV 

Figure  9.  X-lnput  Nonlinearity  @  Y  =  +2.5  V 


11 

1 

1 

 " 



X-INPUT:  ±2.5V  @  10Hz 
Y-INPUT:  —2.5V 

0 

YQS  NULLED 

T   =  *25"C 

HORIZONTAL  -  0.5V/DIV 

Figure  10.  X-lnput  Nonlinearity  @Y  =  -2.5  V 


Y-INPUT:  12.5V  @  10Hz 
X„0  NULLED 


HORIZONTAL  -  0.5V/DIV 

Figure  8.  Y-lnput  Feedthrough  with  Xos  Nulled 


HORIZONTAL  -  0.5V/DIV 

Figure  1 1.  Y-lnput  Nonlinearity  @  X  =  +2.5  V 


Nonlinearity 

Multiplier  core  nonlinearity  is  the  irreducible  component  of  error. 
It  is  the  difference  between  actual  performance  and  "best-straight- 
line"  theoretical  output,  for  all  pairs  of  input  values.  It  is  expressed 
as  a  percentage  of  full  scale  with  all  other  dc  errors  nulled.  Typical 
X-  and  Y-input  nonlineariries  for  the  MLT04  are  shown  in  Figures 
9  through  12.  Worst-case  X-input  nonlinearity  measured  less  than 
0.2%,  and  Y-input  nonlinearity  measured  better  than  0.06%.  For 
modulator/demodulator  or  mixer  applications  it  is,  therefore, 
recommended  that  the  carrier  be  connected  to  the  X-input  while 
the  signal  is  applied  to  the  Y-input. 


Y-INPUT:  ±2.5V@  10Hz 
X-INPUT:  -2.5V 
XQS  NULLED  l__ 
T.  =  +25  C 


HORIZONTAL  -  0.5V/DIV 

Figure  12.  Y-lnput  Nonlinearity  @X  =  -2.5  V 
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Typical  Performance  Characteristics  -  MLT04 


NBW=  10Hz  -50kHz 

T,  =  +25=C  i 


TIME  =  10ms/DIV 

Figure  13.  Broadband  Noise 
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Figure  16.  X-lnput  Gain  and  Phase  vs.  Frequency 


TIME  =  10ms/DIV 


100k  1M 
FREQUENCY  -  Hz 


Figure  14.  Broadband  Noise 


Figure  17.  Y-lnput  Gain  and  Phase  vs.  Frequency 
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Figure  15.  Noise  Density  vs.  Frequency 
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Figure  18.  Amplitude  Response  vs.  Capacitive  Load 
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MLT04  -  Typical  Performance  Characteristics 


10k  100k  1M  3M 

FREQUENCY  -  Hz 

Figure  19.  Feedthrough  vs.  Frequency 


Figure  20.  Crosstalk  vs.  Frequency 
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Figure  21.  Gain  Flatness  vs.  Frequency 


TIME  -  100ns/DIV 


Figure  22.  Y-lnput  Small-Signal  Transient  Response, 
C,  =  30  pF 


TIME  -  100I1S/DIV 


Figure  23.  Y-lnput  Small-Signal  Transient  Response, 
CL  =  100  pF 


X-INPUT:  +2.5V 
RL=  10ku 
T.  =  +25°C 


TIME  e  100ns/DIV 


Figure  24.  Y-lnput  Large-Signal  Transient  Re- 
sponse, CL  =  30  pF 


X-INPUT:  +2.5V 
RL  =  10k!i 
T.  =  *25'C 


TIME  =  100ns/DIV 


Figure  25.  Y-lnput  Large-Signal  Transient  Response, 
CL  =  100  pF 
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Figure  27.  Linearity  Error  vs.  Temperature 


Figure  30.  Maximum  Output  Swing  vs.  Frequency 
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Figure  32. 


'  Voltage  Distribution 


Figure  35.  Scale  Factor  vs.  Temperature 
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Figure  33.  Offset  Voltage  vs.  Temperature 


Figure  36.  Output  Offset  Voltage  !Z0S)  Distribution 
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Figure  34.  Scale  Factor  Distribution 


Figure  37.  Output  Offset  Voltage  (Zos)  vs.  Temperature 
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Figure  4 1.  Output  Voltage  Offset  (Zos)  Distribution 
Accelerated  by  Burn-in 


S;  40 


i 

O  20 


0 
100 


I     I  I 

TA  =  .25-C 
VS  =  ±5V 

;r 

-p 

3R 

R 

10k 

FREQUENCY- Hz 


100k 


0.424 

0.420 

0.416 

g  0.412 
I 

oc  0.408 

O 

t- 

"  0.404 
Li. 

X  4-3(7 

.  X 

y  0.400 
< 

m  0.396 

0.392 

X-3o 

n  tOA 

200  400  600  800  1000 

HOURS  OF  OPERATION  AT  «125°C 


1.25 

1.0 

0.75 

0.50 

1 

§ 

0.25 

cc 

0 

g 

DC 

2 

-0.25 

3 

-0.50 

-0.75 

-1.0 

-1.25 

Xc3<J 

X 

X-3o 

200         400         600         800  1000 
HOURS  OF  OPERATION  AT  *125"C 


Figure  40.  Linearity  Error  <LE)  Distribution  Accelerated 
by  Burn-in 
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demodulation,  automatic  gain  control,  power  measurement,  analog 
computation,  voltage-controlled  amplifiers,  frequency  doublers, 
and  geometry  correction  in  CRT  displays. 

Multiplier  Connections 

Figure  43  Uustrates  the  basic  connections  for  multiplication.  Each 
of  the  four  independent  multipliers  has  single-ended  voltage  inputs 
(X,  Y)  and  a  low  impedance  voltage  output  (W).  Also,  each 
multiplier  has  its  own  dedicated  ground  connection  (GND)  which 
is  connected  to  the  circuit's  analog  common.  For  best  perfor- 
mance, circuit  layout  should  be  compact  with  short  component 
leads  and  well-bypassed  supply  voltage  feeds.  In  applications  where 
fewer  than  four  multipliers  are  used,  all  unused  analog  inputs  must 
be  returned  to  the  analog  common. 


♦5VO 


o  -sv 


W1Jt  =  0.4  (X,_,  •¥,_,) 

Figure  43.  Basic  Multiplier  Connections 


Squaring  and  Frequency  Doubling 

As  shown  in  Figure  44  ,  squaring  of  an  input  signal,  V^,  is  achieved 
by  connecting  the  X-and  Y-inputs  in  parallel  to  produce  an  output 
of  Vw2/2.5  V.  The  input  may  have  either  polarity,  but  the  output 
will  be  positive. 


Figure  44.  Connections  for  Squaring 

When  the  input  is  a  sine  wave  given  by  Vm  sin  cot,  the  squaring 
circuit  behaves  as  a  frequency  doubler  because  of  the  trigonometric 
identity: 


(V,N  sin  to;)2 
2.5  V 


2.5V 


(0- 


can  be  eliminated  oy  capaciuveiy  coupling  uic  m***.v*  » 
with  a  high-pass  filter.  For  optimal  spectral  performance,  the 
filter's  cutoff  frequency  should  be  chosen  to  eliminate  the  input 
fundamental  frequency. 

A  source  of  error  in  this  configuration  is  the  offset  voltages  of  the  X 
and  Y  inputs.  The  input  offset  voltages  produce  cross  products 
with  the  input  signal  to  distort  the  output  waveform.  To  circum- 
vent this  problem,  Figure  45  illustrates  the  use  of  inverting 
amplifiers  configured  with  an  OP285  to  provide  a  means  by  which 
the  X-  and  Y-input  offsets  can  be  trimmed. 


Figure  45.  Frequency  Doubler  with  Input  Offset  Voltage 
Trims 

Feedback  Divider  Connections 

The  most  commonly  used  analog  divider  circuit  is  the  "inverted 
multiplier"  configuration.  As  illustrated  in  Figure  46,  an  "inverted 
multiplier"  analog  divider  can  be  configured  with  a  multiplier 
operating  in  the  feedback  loop  of  an  operational  amplifier.  The 
general  form  of  the  transfer  function  for  this  circuit  configuration  is 
given  by: 


V„  =-2.5  Vx 


Here,  the  multiplier  operates  as  a  voltage-controlled  potentiometer 
that  adjusts  the  loop  gain  of  the  op  amp  relative  to  a  control  signal, 
Vx.  As  the  control  signal  to  the  multiplier  decreases,  the  output  of 
the  multiplier  decreases  as  well.  This  has  the  effect  of  reducing 
negative  feedback  which,  in  turn,  decreases  the  amplifier's  loop 
gain.  The  result  is  higher  closed-loop  gain  and  reduced  circuit 
bandwidth.  As  Vx  is  increased,  the  output  of  the  multiplier 
increases  which  generates  more  negative  feedback  —  closed-loop 
gain  drops  and  circuit  bandwidth  increases.  An  example  of  an 
"inverted  multiplier"  analog  divider  frequency  response  is  shown  in 
Figure  47. 


cos  2  cot) 
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MLT04 


V0=-2.5V- 


Figure  46.  "Inverted-Multiplier"  Configuration  for 
Analog  Division 
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Figure  47.  Signal-Dependent  Feedback  Makes  Vari- 
ables Out  of  Amplifier  Bandwidth  and  Stability 


Although  this  technique  works  well  with  almost  any  operational 
amplifier,  there  is  one  caveat:  for  best  circuit  stability,  the  unity- 
gain  crossover  frequency  of  the  operational  amplifier  should  be 
equal  to  or  less  than  the  MLT04's  8  MHz  bandwidth. 

Connection  for  Square  Rooting 

Another  application  of  the  "inverted  multiplier"  configuration  is  the 
square-root  function.  As  shown  in  Figure  48,  both  inputs  of  the 
MLT04  are  wired  together  and  are  used  as  the  output  of  the 
circuit.  Because  the  circuit  configuration  exhibits  the  following 
generalized  transfer  function: 


Vn  = 


the  input  signal  voltage  is  limited  to  the  range  -2.5  V  <  VIN  <  0. 
prevent  circuit  latchup  due  to  positive  feedback  or  input  signal 
polarity  reversal,  a  lN4148-type  junction  diode  is  used  in  series 
with  the  output  of  the  multiplier. 


To 


V0=^/-2.5V.V,N 
Figure  48.  Connections  for  Square  Rooting 

Voltage-Controlled  Low-Pass  Filter 

The  circuit  in  Figure  49  illustrates  how  to  construct  a  voltage- 
controlled  low-pass  filter  with  an  analog  multiplier.  The  advantage 
with  this  approach  over  conventional  active-filter  configurations  is 
that  the  overall  characteristic  cut-off  frequency,  (0o,  will  be  directly 
proportional  to  a  multiplying  input  voltage.  This  permits  the 
construction  of  filters  in  which  the  capacitors  are  adjustable 
(direcdy  or  inversely)  by  a  control  voltage.  Hence,  the  frequency 
scale  of  a  filter  can  be  manipulated  by  means  of  a  single  voltage 
without  affecting  any  other  parameters.  The  general  form  of  the 
circuit's  transfer  function  is  given  by: 


In  this  circuit,  the  ratio  of  R2  to  Rl  sets  the  passband  gain,  and  the 
break  frequency  of  the  filter,  to^,,  is  given  by: 


Rl 


— PM 

+  R2 ){2.5RC  ) 


*  ,♦.(«) 


10kRC 


;  fLP  =  MAX  @  Vx  =  2.5V 


Figure  49.  A  Voltage-Controlled  Low-Pass  Filter 
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RMS-TO-DC  CONVERTERS  18-1 


Selection  Tree  —  RMS-to-DC  Converters 


RMS 
CONVERTERS 


±15  V  Rails 


AD536A  (2.3  MHz,  BW  @  1  V) 
AD637    (8.0  MHz,  BW  @  1  V) 


Low  Power 
+5  V  Rails 


AD737  (0.16  mA) 
AD736  (0.2  mA) 
AD636  (1.0  mA) 


Selection  Guide— RMS-to-DC  Converters 


Conversion 

Accuracy 

Full-Scale 

dB  Output 

mV  ±%Read 

Range 

Error 

Package 
Options1 

Temp 

Model 

max 

VRMS 

dB  max 

Ranges2 

Comments 

Page 

AD737 

(0.2±0.3H0.4±0.5) 

0.2 

N,  Q,  R 

C,I 

Low  Cost,  Low  Power,  Power  Down 

18-17 

AD736 

(0.3+0.3H0.5±0.5) 

0.2 

N,  Q,  R 

C,I 

General  Purpose,  Low  Cost,  Low  Power 

18-14 

AD636 

(0.2±0.3H0.5±0.6) 

0.2 

0.2-0.5 

D,  H 

C 

Low  Power 

AD637 

(0.5±0.2H1±0.5) 

7 

0.3  (typ) 

D,  Q,  R 

C,  M/D 

High  Accuracy,  Wide  Bandwidth 

18-11 

AD536A 

(2±0.2H5±0.5) 

7 

0.3-0.6 

D,  E,  H,  Q 

C,  Ml 

General  Purpose 

18-5 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  - 40°C  to  +85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +  125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  s  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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ANALOG 
DEVICES 


True  RMS-to-DC  Converter 


- 


AD536A 


FEATURES 

True  RMS-to-DC  Conversion 
Laser-Trimmed  to  High  Accuracy 

0.2%  max  Error  (AD536AK) 

0.5%  max  Error  (AD536AJ) 
Wide  Response  Capability: 

Computes  RMS  of  AC  and  DC  Signals 

450kHz  Bandwidth:  Vrms  >  100mV 

2MHz  Bandwidth:  V™,  >  1V 

Signal  Crest  Factor  of  7  for  1%  Error 
dB  Output  with  60dB  Range 
Low  Power:  1.2mA  Quiescent  Current 
Single  or  Dual  Supply  Operation 
Monolithic  Integrated  Circuit 
-55°C  to  +125X  Operation  (AD536AS) 

PRODUCT  DESCRIPTION 

The  AD536A  is  a  complete  monolithic  integrated  circuit  which 
performs  true  rms-to-dc  conversion.  It  offers  performance  which 
is  comparable  or  superior  to  that  of  hybrid  or  modular  units 
costing  much  more.  The  AD536A  directly  computes  the  true 
rms  value  of  any  complex  input  waveform  containing  ac  and  dc 
components.  It  has  a  crest  factor  compensation  scheme  which 
allows  measurements  with  1%  error  at  crest  factors  up  to  7.  The 
wide  bandwidth  of  the  device  extends  the  measurement  capabil- 
ity to  300kHz  with  3dB  error  for  signal  levels  above  lOOmV. 

An  important  feature  of  the  AD536A  not  previously  available  in 
rms  converters  is  an  auxiliary  dB  output.  The  logarithm  of  the 
rms  output  signal  is  brought  out  to  a  separate  pin  to  allow  the 
dB  conversion,  with  a  useful  dynamic  range  of  60  dB.  Using  an 
externally  supplied  reference  current,  the  OdB  level  can  be  con- 
veniently set  by  the  user  to  correspond  to  any  input  level  from 
0. 1  to  2  volts  rms. 

The  AD536A  is  laser  trimmed  at  the  wafer  level  for  input  and 
output  offset,  positive  and  negative  waveform  symmetry  (dc  re- 
versal error),  and  full-scale  accuracy  at  7V  rms.  As  a  result,  no 
external  trims  are  required  to  achieve  the  rated  accuracy  of  the 
unit. 

There  is  full  protection  for  both  inputs  and  outputs.  The  input 
circuitry  can  take  overload  voltages  well  beyond  the  supply  lev- 
els. Loss  of  supply  voltage  with  inputs  connected  will  not  cause 
unit  failure.  The  output  is  short-circuit  protected. 

The  AD536A  is  available  in  two  accuracy  grades  (J,  K)  for  com- 
mercial temperature  range  (0  to  +70°C)  applications,  and  one 
grade  (S)  rated  for  the  -55°C  to  +125°C  extended  range.  The 
AD536AK  offers  a  maximum  total  error  of  ±2mV  ±0.2%  of 
reading,  and  the  AD536AJ  and  AD536AS  have  maximum  errors 
of  ±5mV  ±0.5%  of  reading.  All  three  versions  are  available  in 
either  a  hermetically  sealed  14-pin  DIP  or  10-pin  TO-100  metal 
can.  The  AD536AS  is  also  available  in  a  20-pin  hermetically 
sealed  ceramic  leadless  chip  carrier. 


This  is  an  abridged  data  sheet.  To  c 
complete  data  sheet,  call  our  fa*  retrieval  system  at  1-800-446-6212. 


PIN  CONFIGURATIONS  AND 
FUNCTIONAL  BLOCK  DIAGRAMS 


TO-116  (D-14)  and 
Q-14  Packages 


TO-100  (H-10A) 
Package 


v.(T 

rtc  [T 

c..rr. 


3... 

To]  COM 


LCC  (E-20A)  Package 


lAJ  L°J  biJ  lAJ  LLl 


PRODUCT  HIGHLIGHTS 

1.  The  AD536A  computes  the  true  root-mean-square  level  of  a 
complex  ac  (or  ac  plus  dc)  input  signal  and  gives  an  equiva- 
lent dc  output  level.  The  true  rms  value  of  a  waveform  is  a 
more  useful  quantity  than  the  average  rectified  value  since  it 
relates  directiy  to  the  power  of  the  signal.  The  rms  value  of  a 
statistical  signal  also  relates  to  its  standard  deviation. 

2.  The  crest  factor  of  a  waveform  is  the  ratio  of  the  peak  signal 
swing  to  the  rms  value.  The  crest  factor  compensation 
scheme  of  the  AD536A  allows  measurement  of  highly  com- 
plex signals  with  wide  dynamic  range. 

3.  The  only  external  component  required  to  perform  measure- 
ments to  the  fully  specified  accuracy  is  the  capacitor  which 
sets  the  averaging  period.  The  value  of  this  capacitor  deter- 
mines the  low  frequency  ac  accuracy,  ripple  level  and  settling 
time. 

4.  The  AD536A  will  operate  equally  well  from  split  supplies  or 
a  single  supply  with  total  supply  levels  from  5  to  36  volts. 
The  one  milliampere  quiescent  supply  current  makes  the  de- 
vice well-suited  for  a  wide  variety  of  remote  controllers  and 
battery  powered  instruments. 

5.  The  AD536A  directly  replaces  the  AD536  and  provides  im- 
proved bandwidth  and  temperature  drift  specifications. 
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TRANSFER  FUNCTION 


Vqbt-V"«-<Viw)' 


CONVERSION  ACCURACY 
Total  Error.InlenaiTrim1  (Figure  1) 
vs.  Temperature,  T„ja  to  +  70°C 

+  70*Cto  +  125-C 
vs.  Supply  Voltage 
dc  Reversal  Error 
Total  Error, EnemalTrim1  (Figure2) 


±5  ±0.5 
±0.1  ±0.01 


±2±0.2 

±0.05  ±0.005 


±5  ±0.5 
±0.1  ±0.005 
±0.3  ±0.005 


±0.1  ±0.01 
±0.2 
±3  ±0.3 


±0.1  ±0.01 
±0.1 
±2  ±0.1 


±0.1  ±0.01 
±0.2 
±3  ±0.3 


mV±%of  Reading 
mV  ±%ofReading/"C 
mV±%ofReadiog/-C 
mV±%ofReadingA' 
±%of  Reading 
fnV  ±%ofReading 


ERROR  VS.  CREST  FACTOR1 
Crest  Factor  1  to  2 
Crest  Factor  =  3 
Crest  Factor  -  7 


-0.1 
-1.0 





-0.1 
-1.0 


Specified  Accuracy 

-0.1 

 -10 


%  of  Reading 
%  of  Reading 


FREQUENCY  RESPONSE3 

Bandwidth  for  1%  additional  error  (0.09dB) 
Vm-lOmV 
Vm-100mV 
VtN-lV 


Vm-lOmV 
VrN-100mV 
Vw-lV 


5 

45 

120 

90 
450 

2.3 


s 

45 
120 

90 
450 

2.3 


.5.. 
45 
120 


450 

2.3 


kHz 
kHz 
kHz 

kHz 
kHz 
MHz 


AVERAGING  TIME  CONSTANT  (Figure  5) 


ms/u.FCAV 


INPUT  CHARACTERISTICS 
Signal  Range,  ±  15V  Supplies 
Continuous  nns  Level 


±5V  Supplies 
±5V  Supplies 
Maximum  Continuous  Nondestructive 

Input  Level  (All  Supply  Voltages) 
Input  Resistance 
Input  Offset  Voltage 


0to7 


16.67 
0.8 


±25 

20 

±2 


0to7 
0to2 


16.67 
0.5 


±20 

±7 

±25 

20 

±1 


0to7 
0to2 


16.67 
0.8 


±20 

±7 

±25 
20 

±2 


Vpeak 
Vena 
Vpeak 

Vpeak 

kfi 

mV 


OUTPUT  CHARACTERISTICS 
Offset  Voltage,  Vm  =  COM  (Figure  1 ) 

vs.  Temperature 

vs.  Supply  Voltage 
Voltage  Swing,  ±  15V  Supplies 
±5V  Supply 


Oto+11 

Oto  +2 


±0.1 
±0.1 
+  12.5 


±0.5 
±0.1 
±0.1 

0to+ll  +12.5 
Oto  +2 


±2 
±0.2 


±0.2 

On +11  +12.5 
Oto  +2 


mV 

mWC 

mV/V 

V 

V 


dBOUTPUT(Figurel3) 
Error,  ViN7mV  to  7Vrms,0dB=  lVrms 
Scale  Factor 

Scale  Factor  TC  (Uncompensated,  see  Fig- 
ure 1  for  Temperature  Compensation) 

WforOdB  =  IV  nns 
Irep  Range 
lour  TERMINAL 
Iout  Scale  Factor 
Ioifr  Scale  Factor  Tolerance 
Output  Resistance 
Voltage  Compliance 


±0.4  ±0.6 
-3 


-0 


+  0.33 
20 


-Vsto(+Vs 
-2.5V) 


±0.2 
-3 

-0.033 
+  0.33 
20 


80 

100 


40 

±10  1 
25  3 
-Vsto(+Vs 
-2.5) 


±0.5 

Jir%p'l  •, 

-0.033 
+  0.33 
20 


40 

±10  ±2( 
25  30 
-Vsto(  +  Vs 
-2.5V) 


dB 

mV/dB 
drVC 

%0fReading/°C 

"A 

uA 

uA/V  nns 
% 

Ml 


BUFFER  AMPLIFIER 
Input  and  Output  Voltage  Range 


Input  Offset  Voltage,  Rs  -  25k 


-Vsto(  +  Vs 
-2.5V) 


±0.5  ±4 
20  60 
10» 


-Vsto(  +  Vs 
-2.5V) 


±0.5  ±4 
»  60 


Short  Circuit  Current 
Output  Resistance 
Small  Signal  Bandwidth 
Slew  Rate" 


(  +  5mA, 
-130uA) 


(  +  5mA, 
-130uA) 


5 




0.5 


-Vsto<  +  Vs 

±0.5  ±4 

lo"  60 

(  +  5mA, 
-130,iA) 

20 

0.5 

1 
5 


V 

mV 

mA 

Q 

MHz 

V/ua 

POWER  SUPPLY 
Voltage  Rated  P 

Dual  Supply 

Single  Supply 
Quiescent  Current 

Total  VS,5V  to  36V,  T^ 


tlS 


±3.0 
+  5 


±18 
.+  36 


±18 
+  36 


±3.0 
+  5 


±18 
+  36 


V 
mA 


TEMPERATURE  RANGE 
Rated  Performance 


NUMBER  OF  TRANSISTORS 


NOTES 

'Accuracy  is  specified  for  0  to  7V  nns,  dc  or  1  kHz  sinews  ve  input  with  the  AD536A  connected  as  in  the  figure  referenced.  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 

'llnorvs.crestfactceuspecifiedaianadditio^  -  200ns.  cal  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 

'Input  voltages  are  expressed  in  volrsrms,  and  error  is  percent  of  leading,  nun  and  max  specifications  are  guaranteed,  although  only  those  shown  in 

iWiih2k«ternalpul]downresistof.  boldfaceare  tested  on  ail  production  units. 
Specifications  subject  to  change  without  notice. 


18-6   RMS-TO-DC  CONVERTERS 


REV.  A 


AD536A 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage 

Dual  Supply  ±18V 

Single  Supply  +36V 

Internal  Power  Dissipation2    500mW 

Maximum  Input  Voltage  ±25V  Peak 

Buffer  Maximum  Input  Voltage   ±VS 

Maximum  Input  Voltage  ±25V  Peak 

Storage  Temperature  Range   -55°C  to  +150°C 

Operating  Temperature  Range 

AD536AJ/K  0°C  to  +70°C 

AD536AS  -55°Cto  +125°C 

Lead  Temperature  Range 

(Soldering  60  sec)    300°C 

ESD  Rating   1000  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2 10-Pin  Header:  6,A  =  150X/W 


20-Pin  LCC: 


'JA 


=  95X/W 


14-Pin  Size  Brazed  Ceramic  DIP:  fl,A  =  95°C/W 

CHIP  DIMENSIONS  AND  PAD  LAYOUT 

s  shown  in  inches  and  (mm). 


PAD  NUMBERS  CORRESPOND  TO  PIN  NUMBERS  FOR  THE  TO  1 16  14-PIN  CERAMIC  DIP  PACKAGE 
 D  TO  -V, 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model' 

Range 

Description 

Option2 

AD536AJD 

OX  to  +70°C 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD536AKD 

OX  to  +70X 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD536AJH 

OX  to  +70X 

Header 

H-10A 

AD536AKH 

0°C  to  +  70X 

Header 

H-10A 

AD536AJQ 

OX  to  +70X 

Cerdip 

Q-14 

AD536AKQ 

OX  to  +70X 

Cerdip 

Q-14 

AD536ASD 

-55X  to  +125X 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD536ASD/883B 

-55X  to  +125X 

Side  Brazed 

DIP 

D-14 

AD536ASE 

-55Xto  +125X 

LCC 

E-20A 

AD536ASE/883B 

-55Xto  +125X 

LCC 

E-20A 

AD536ASH 

-55Xto  +125X 

Header 

H-10A 

AD536ASH/883B 

-55Xto  +125X 

Header 

H-10A 

NOTES 
'"S"  _ 
'For  outline 


STANDARD  CONNECTION 

The  AD536A  is  simple  to  connect  for  the  majority  of  high  accu- 
racy rms  measurements,  requiring  only  an  external  capacitor  to 
set  the  averaging  time  constant.  The  standard  connection  is 
shown  in  Figure  1 .  In  this  configuration,  the  AD536A  will  mea- 
sure the  rms  of  the  ac  and  dc  level  present  at  the  input,  but  will 
show  an  error  for  low  frequency  inputs  as  a  function  of  the  filter 
capacitor,  CAV,  as  shown  in  Figure  5.  Thus,  if  a  4u.F  capacitor 
is  used,  the  additional  average  error  at  10Hz  will  be  0.1%;  at 
3Hz  it  will  be  1%.  The  accuracy  at  higher  frequencies  will  be 
according  to  specification.  If  it  is  desired  to  reject  the  dc  input, 
a  capacitor  is  added  in  series  with  the  input,  as  shown  in  Figure 
3,  the  capacitor  must  be  nonpolar.  If  the  AD536A  is  driven  with 
power  supplies  with  a  considerable  amount  of  high  frequency 
ripple,  it  is  advisable  to  bypass  both  supplies  to  ground  with 
0.1  iaF  ceramic  discs  as  near  the  device  as  possible. 


- 


 X     


grade  chips  are  available  tested  at  -t-25-C  and  +  125TJ.  "J"  grade  chips  are  also  available. 


V 

Figure  1.  Standard  RMS  Connection 
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DEVICES 


Low  Level, 
True  RMS-to-DC  Converter 


AD636 


i  -H£ 


FEATURES 

True  rms-to-dc  Conversion 
200mV  Full  Scale 
Laser-Trimmed  to  High  Accuracy 

0.5%  max  Error  (AD636K) 

1.0%  max  Error  (AD636J) 
Wide  Response  Capability: 

Computes  rms  of  ac  and  dc  Signals 

1MHz  -3dB  Bandwidth:  Vrms>100mV 

Signal  Crest  Factor  of  6  for  0.5%  Error 
dB  Output  with  50dB  Range 
Low  Power:  800/jA  Quiescent  Current 
Single  or  Dual  Supply  Operation 
Monolithic  Integrated  Circuit 
Low  Cost 

Available  in  Chip  Form 
PRODUCT  DESCRIPTION 

The  AD636  is  a  low  power  monolithic  IC  which  performs  true 
rms-to-dc  conversion  on  low  level  signals.  It  offers  perform- 
ance which  is  comparable  or  superior  to  that  of  hybrid  and 
modular  converters  costing  much  more.  The  AD636  is  speci- 
fied for  a  signal  range  of  0  to  200  millivolts  rms.  Crest  factors 
up  to  6  can  be  accommodated  with  less  than  0.5%  additional 
error,  allowing  accurate  measurement  of  complex  input 
waveforms. 

The  low  power  supply  current  requirement  of  the  AD636, 
typically  800fiA,  allows  it  to  be  used  in  battery-powered 
portable  instruments.  A  wide  range  of  power  supplies  can  be 
used,  from  ±2.5V  to  ±16. 5V  or  a  single  +5V  to  +24V  supply. 
The  input  and  output  terminals  are  fully  protected;  the  in- 
put signal  can  exceed  the  power  supply  with  no  damage  to 
the  device  (allowing  the  presence  of  input  signals  in  the 
absence  of  supply  voltage)  and  the  output  buffer  amplifier 
is  short-circuit  protected. 

The  AD636  includes  an  auxiliary  dB  output.  This  signal  is 
derived  from  an  internal  circuit  point  which  represents  the 
logarithm  of  the  rms  output.  The  OdB  reference  level  is  set 
by  an  externally  supplied  current  and  can  be  selected  by  the 
user  to  correspond  to  any  input  level  from  OdBm  (774.6mV) 
to  -20dBm  (77.46mV).  Frequency  response  ranges  from 
1.2MHz  at  a  OdBm  level  to  over  10kHz  at  -50dBm. 

The  AD636  is  designed  for  ease  of  use.  The  device  is  factory- 
trimmed  at  the  wafer  level  for  input  and  output  offset,  posi- 
tive and  negative  waveform  symmetry  (dc  reversal  error),  and 
full  scale  accuracy  at  200mV  rms.  Thus  no  external  trims  are 
required  to  achieve  full  rated  accuracy. 

AD636  is  available  in  two  accuracy  grades;  the  AD636J 
total  error  of  ±0.5mV  ±0.06%  of  reading,  and  the  AD636K 

i  ■ 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


PIN  CONNECTIONS  & 
FUNCTIONAL  BLOCK  DIAGRAM 


"D"  Package 
(TO-116) 


"H"  Package 
(TO-100) 


is  accurate  within  ±0.2mV  to  ±0.03%  of  reading.  Both  versions 
are  specified  for  the  0  to  +70°C  temperature  range,  and  are 
offered  in  either  a  hermetically  sealed  14-pin  DIP  or  a  10-pin 
TO-100  metal  can.  Chips  are  also  available. 

PRODUCT  HIGHLIGHTS 

1.  The  AD636  computes  the  true  root-mean-square  of  a  com- 
plex ac  (or  ac  plus  dc)  input  signal  and  gives  an  equivalent 
dc  output  level.  The  true  rms  value  of  a  waveform  is  a 
more  useful  quantity  than  the  average  rectified  value  since 
it  is  a  measure  of  the  power  in  the  signal.  The  rms  value 

of  an  ac -coupled  signal  is  also  its  standard  deviation. 

2.  The  200  millivolt  full  scale  range  of  the  AD636  is  com- 
patible with  many  popular  display-oriented  analog-to-digital 
converters.  The  low  power  supply  current  requirement 
permits  use  in  battery-powered  hand-held  instruments. 

3 .  The  only  external  component  required  to  perform  mea- 
surements to  the  fully  specified  accuracy  is  the  averaging 
capacitor.  The  value  of  this  capacitor  can  be  selected  for 
the  desired  trade-off  of  low  frequency  accuracy,  ripple,  and 
settling  time. 

4.  The  on-chip  buffer  amplifier  can  be  used  to  buffer  either 
the  input  or  the  output.  Used  as  an  input  buffer,  it  pro- 
vides accurate  performance  from  standard  10MH  input 
attenuators.  As  an  output  buffer,  it  can  supply  up  to  5 
milliamps  of  output  current. 

5.  The  AD636  will  operate  over  a  wide  range  of  power  sup- 
ply voltages,  including  single  +5V  to  +24V  or  split  ±2.5V 
to  ±16. 5V  sources.  A  standard  9V  battery  will  provide 
several  hundred  hours  of  continuous  operation. 
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SPECIFICATIONS 


+25°C,  and  +VS  =  +3V,  -Vs  =  -5V  unless  otherwise  noted) 


— 


AD636J 
Typ  Max 


AD636K 
Typ 


TRANSFER  FUNCTION 


-  VW(Vm)2 








CONVERSION  ACCURACY 
Total  Error,  Internal  Trim 1 ' 2 
vs.  Temperature,  0  to  +  70°C 
vs.  Supply  Voltage 
dc  Reversal  Error  at  200mV 
Total  Error,  External  Trim1 


±0.5  ±1.0 

±0.1  ±0.01 


±0.2±0.5 
±0.1  ±0.005 


tO.l  ±0.01 
t0.2 

t0.3  ±0.3 


tO.l  ±0.01 
►0.1 

tO.l  ±0.2 


mV±%  of  Reading 

mV±%ofReading/°C 

mV  ±%ofReading/V 

%  of  Reading 

mV  ±%  of  Reading 

%  of  Reading 
%  of  Reading 


ERROR  VS.  CREST  FACTOR 
Crest  Factor  1  to  2 
Crest  Factor  =  3 
Crest  Factor  =  6 


Specified  Accuracy 

-0.2 
-0.5 


Specified  Accuracy 
-0.2 
-0.5 


AVERAGING  TIME  CONSTANT 


25 


INPUT  CHARACTERISTICS 
Signal  Range,  All  Supplies 

Continuous  rms  Level 
Peak  Transient  Inputs 

+  3V,  -5V  Supply 

±  2,5V  Supply 

±  5V  Supply 
Maximum  Continuous  Non- Destructive 

Input  Level  (All  Supply  Voltages) 
Input  Resistance 
Input  Offset  Voltage 


ms/uPCAV 


0  to  200 


5.33  6.67 


0  to  200 





_ 





±2.8 
±2.0 
±5.0 

±12 
* 

±0.5 


6.67 


mVrms, 

±2.8 

Vpk 

±2.0 

Vpk 

±5.0 

Vpk 

±12 

Vpk 

»  • 

kfl 

±0.2 

mV 

FREQUENCY  RESPONSE2' 4 
Bandwidth  for  1%  additional  error  (0.09dB) 
VIN=I0mV 


VIN  =  lOOmV 
VrN  =  200mV 
6  3dB  Bandwidth 
VrN=  lOmV 
V,N  =  lOOmV 
VIN  =  200mV 


14 
90 


100 
900 

1.5 


90 
130 

100 
900 




kHz 
kHz 
kHz 

kHz 
kHz 
MHz 


OUTPUT  CHARACTERISTICS2 
Offset  Voltage,  VIN  =  COM 

vs.  Temperature 

vs.  Supply 
Voltage  Swing 

+  3V,  -5V  Supply 

±5Vto±  16.5V  Supply 
Output  Impedance 


±0.5 


±10 

±0.1 

0.3 

0  to  +  1 .0 

0.3 

Oto  + 1.0 

8 

10 

±0.3 

-3.0 

+  0.33  ■ 

-0.033 

±10 
±0.1 


±0.2 


0.3 

0.3 


0  to  +  1 .0 
Oto  +  1.0 
10  12 


mV 

uV/°C 

mVIV 

V 
V 
kfl 


*}t>«L' 


dB  OUTPUT 

Error,  VIN  =  7mV  to  300mV  rms 
Scale  Factor 

Scale  Factor  Temperature  Coefficient 

IREFfor0dB  =  O.IVrms 
Iref  Range 


±0.5 


8 

50 


±0.1 
-3.0 
+  0.33 
-0.033 
4 


50 


dB 

mV/dB 

%ofReading/°C 

dB/°C 

u.A 

HA 


I0LTTERMINAL 

lour  Scale  Factor 

Iout  Scale  Factor  Tolerance 


-20  ' 


100 

-  20  ±10 ' 


h20 


Voltage  Compliance 


10  12 

-Vsto(  +  Vs 
-2V) 


100 

-20  ±10  +20 

8  10  12 

-Vsto(+Vs 
 -_2V)  


uA/Vr 

% 

kfl 


BUFFER  AMPLIFIER 

Input  and  Output  Voltage  Range 

Input  Offset  Voltage,  Rs  =  10k 
Input  Bias  Current 
Input  Resistance 
Output  Current 

Short  Circuit  Current 
Small  Signal  Bandwidth 
Slew  Rate5 


-Vsto(  +  Vs 

±0.8  ±2 
100  300 

»     B  K  li  ■»< 

(  +  5mA>;-'-.. 


130p.A) 


20 

1 

5 


-Vsto(  +  Vs 

±0.5  ±1 
100  300 
10* 

(  +  5mA, 
130uA) 

20 
1 

M  or  nwa  mmmn  mw 


v 

mV 
nA 

n 


mA 
MHz 

V/us 


POWER  SUPPLY 
Voltage,  Rated  Performance 

Dual  Supply 

Single  Supply 
Quiescent  Current6  


+  3,-5 

+  2,-2.5  ■  ±I«.5 
+  5  +24 
0.80  1.00 


+  3j-5 

+  2,  -  2.5-'       H'Oa*  ±16.5 

+  5  +24 

0.80  1.00 


V 
V 
V 

mA 
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TEMPERATURE  RANGE 
Rated  Performance 

0 

+  70 

0  • 

+  70 

■c 

Storage 

-55 

+  150 

55 

+  150 

°c 

TRANSISTOR  COUNT 

62 

62 

NOTES 

'Accuracy  specified  for  0  to  200mV  rms,  dc  or  1kHz  sinewave  input.  Accuracy  is  degraded 
2Measured  at  pin  8  of  DIP(I0ut)>  with  pin  9  tied  to  common. 

'Error  vs.  crest  factor  is  specified  as  additional  error  for  a  200mV  rms  rectangular  pulse  trai 

4Input  voltages  are  expressed  in  volts  rms. 

5With  lOkfi  pull  down  resistor  from  pin  6  (BUF  OUT)  to  -  Vs. 

6WithBUF  input  tied  to  Common. 

Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed.  Specifications  shown  in 
boldface  are  tested  on  all  production  units  at  final  electrical  test  are  used  to 
calculate  outgoing  quality  levels. 


at  higher  rms  signal  levels, 
n,  pulse  width  =  200m-s. 


■ 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage 

Dual  Supply  ±  16.5  V 

Single  Supply   +24  V 

Internal  Power  Dissipation2    500  mW 

Maximum  Input  Voltage  ±12V  Peak 

Storage  Temperature  Range   -55°C  to  +150°C 

Operating  Temperature  Range 

AD636J/K  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering  60  sec)   +  300°C 

ESD  Rating   1000  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  ofthe  device  at  these  or  anyother  conditions  above  those  indicated  in 
the  operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

210-Pin  Header:  9JA  =  150°C/W. 
14-Pin  Sidebrazed  Ceramic  DIP:  6JA  =  95°C/W. 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Package 
Description 

Package 
Option* 

AD636JD 

AD636KD 

AD636JH 

0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 

Side  Brazed  Ceramic  DIP 
Side  Brazed  Ceramic  DIP 
Header 

D-14 
D-14 
H-10A 

AD636KH 
AD636J  Chip 
AD636K  Chip 

0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 

Header 

Chip 

Chip 

H-10A 

*For  outline  information  see  Package  Information  section. 


METALIZATION  PHOTOGRAPH 

Dimensions  shown  in  inches  and  (mm). 


PAD  NUMBERS  CORRESPOND  TO  PIN 
FOR  THE  TO-116  14-PIN  CERAMIC  DIP  PACKAGE" 


NOTE 
•BOTH 


PADS  SHOWN  MUST  BE  CONNECTED  TO  VIN 
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High  Precision, 
Wideband  RMS-to-DC  Converter 


AD637 


FEATURES 
High  Accuracy 

0.02%  Max  Nonlinearity,  0  to  2V  RMS  Input 

0.10%  Additional  Error  to  Crest  Factor  of  3 
Wide  Bandwidth 

8MHz  at  IV  RMS  Input 

600kHz  at  100mV  RMS 
Computes: 

True  RMS 

Square 

Mean  Square 

Absolute  Value 
dB  Output  (SOdB  Range) 
Chip  Select-Power  Down  Feature  Allows: 

Analog  "3-State"  Operation 

Quiescent  Current  Reduction  from  2.2mA  to  350uA 
Side  Brazed  DIP,  Low-Cost  Cerdip  and  SOIC 

PRODUCT  DESCRIPTION 

The  AD637  is  a  complete  high  accuracy  monolithic  rms  to  dc 
converter  that  computes  the  true  rms  value  of  any  complex 
waveform.  It  offers  performance  that  is  unprecedented  in  inte- 
grated circuit  rms  to  dc  converters  and  comparable  to  discrete 
and  modular  techniques  in  accuracy,  bandwidth  and  dynamic 
range.  A  crest  factor  compensation  scheme  in  the  AD637  permits 
measurements  of  signals  with  crest  factors  of  up  to  10  with  less 
than  1%  additional  error.  The  circuit's  wide  bandwidth  permits 
the  measurement  of  signals  up  to  600kHz  with  inputs  of  200mV 
rms  and  up  to  8MHz  when  the  input  levels  are  above  IV  rms. 

As  with  previous  monolithic  rms  converters  from  Analog  Devices, 
the  AD637  has  an  auxiliary  dB  output  available  to  the  user.  The 
logarithm  of  the  rms  output  signal  is  brought  out  to  a  separate 
pin  allowing  direct  dB  measurement  with  a  useful  range  of 
60dB.  An  externally  programmed  reference  current  allows  the 
user  to  select  the  OdB  reference  voltage  to  correspond  to  any 
level  between  0.1V  and  2.0V  rms. 

A  chip  select  connection  on  the  AD637  permits  the  user  to 
decrease  the  supply  current  from  2.2mA  to  350uA  during  periods 
when  the  rms  function  is  not  in  use.  This  feature  facilitates  the 


addition  of  precision  rms  measurement  to  remote  or  hand-held 
applications  where  minimum  power  consumption  is  critical.  In 
addition  when  the  AD637  is  powered  down  the  output  goes  to  a 
high  impedance  state.  This  allows  several  AD637s  to  be  tied 
together  to  form  a  wide-band  true  rms  multiplexer. 

The  input  circuitry  of  the  AD637  is  protected  from  overload 
voltages  that  are  in  excess  of  the  supply  levels.  The  inputs  will 
not  be  damaged  by  input  signals  if  the  supply  voltages  are  lost. 

The  AD637  is  available  in  two  accuracy  grades  (J,  K)  for  com- 
mercial (0  to  +70°C)  temperature  range  applications;  two  accu- 
racy grades  (A,  B)  for  industrial  (-40°C  to  +85°C)  applications; 
and  one  (S)  rated  over  the  -55°C  to  +125°C  temperature  range. 
All  versions  are  available  in  hermetically-sealed,  14-pin  side- 
brazed  ceramic  DIPs  as  well  as  low-cost  cerdip  packages.  A 
16-pin  SOIC  package  is  also  available. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD637  computes  the  true  root-mean-square,  mean  square, 
or  absolute  value  of  any  complex  ac  (or  ac  plus  dc)  input 
waveform  and  gives  an  equivalent  dc  output  voltage.  The 
true  rms  value  of  a  waveform  is  more  useful  than  an  average 
rectified  signal  since  it  relates  directly  to  the  power  of  the 
signal.  The  rms  value  of  a  statistical  signal  is  also  related  to 
the  standard  deviation  of  the  signal. 

2.  The  AD637  is  laser  wafer  trimmed  to  achieve  rated  performance 
without  external  trimming.  The  only  external  component 
required  is  a  capacitor  which  sets  the  averaging  time  period. 
The  value  of  this  capacitor  also  determines  low  frequency 
accuracy,  ripple  level  and  settling  time. 

3.  The  chip  select  feature  of  the  AD637  permits  the  user  to 
power  down  the  device  down  during  periods  of  nonuse, 
thereby,  decreasing  battery  drain  in  remote  or  hand-held 
applications. 

4.  The  on-chip  buffer  amplifier  can  be  used  as  either  an  input 
buffer  or  in  an  active  filter  configuration.  The  filter  can  be 
used  to  reduce  the  amount  of  ac  ripple,  thereby,  in 
the  accuracy  of  the  measurement. 


SIMPLIFIED  SCHEMATIC 


BUFF  OUT 
BUFF  IN 


FILTER/ AMPLIFIER 


I      ONE  QUADRANT 
BUFFER  I     SQUARE  R/DIVIDER 

AMPLIFIER  | 

-  I 

1  

 1 


ABSOLUTE  VALUE  VOLTAGE  - 
CURRENT  CONVERTER 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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vs.  Supply,  +  Vrw  =  +  300m  V 
vs.  Supply.  -  Vm  -  -  MOmV 
dc  Revenal  Error  it  2V 
Notilinearity  2V  Full  Sole2 
Nonlincarity  7V  Full  Scale 
Total  Error,  External  Trim 


30 
100 


±3.0  ±0.6 

ISO 

300 

0.25 

0.04 

0.05 


30 
100 


±«.S±0.2 

±2.0  ±0.3 

ISO 

300 

0.1 

0.02 


±0.25  ±0.05 


30 
100 


±0.5  ±0.1 


±1  ±0.3 
±6  ±0.7 
ISO 
300 
0.25 
0.04 
0.05 


ERROR  VS.  CREST  FACTOR' 
Crest  Factor  1  to  2 
CrestFactor  =  3 
Crest  Factor  =  10 

AVERAGING  TIME  CONSTANT 


Specified  Accuracy 
±0.1 
±1.0 


Specified  Accuracy 

±0.1 
±1.0 


±0.1 
±1.0 

25   SMfl  Vi 


INPUT  CHARACTERISTICS 
Signal  Range,  ±  15V  Supply 

Continuous  rms  Level 

Peak  Transient  Input 
Signal  Range,  ±  5V  Supply 

Continuous  rms  Level 

Peak  Transient  Input 
Maximum  Continuous  Non-Destructive 

Input  Level  (All  Supply  Voltages) 


0,„7 


0to4 


0lo7 
0to4 


±15 

9.6 

±0.5 


±15 

±6 

±15 

9.6 

±0.2 


±15 

9.6 

±0.5 


FREQUENCY  RESPONSE4 


>r(0.09dB) 


ViN  =  20mV 
VrN-200mV 
V™  =  2V 
±3dB  Bandwidth 
VrN-20mV 
VrN  =  200mV 
Vm  =  2V 


66 
200 

150 

1 

8 


66 
200 


150 
1 


OUTPUT  CHARACTERISTICS 
Offset  Voltage 

vs.  Temperature 
Voltage  Swing,  ±  15V  Supply, 

2knLoad 
Voltage  Swing,  ±  3V  Supply, 

2kflLoad 
Output  Current 
Short  Circuit  Current 

Chip  Select  "High" 
"Low" 


±0.05 

Oto+12.0  +13.5 


±1 

±0.089 


±0.5 
±0.056 


Oto  +2 
6 


Oto+12.0  +13.5 
+  2.2 


Oto  +2 
6 


20 

0.5 


20 
0.5 
100 


±0.04 

Oto+12.0  +13.5 


Oto  +2 
6 




±0.3 
-3 
+  0.33 
-0.033 
20 


dB  OUTPUT 

Error,VIN7mVlo7Vrm5,0dB  -  IV  rms 


Scale  Factor  Temperature  Coefficient 


InrrpforOdB-  lVrms 
Iref  Range 


±0.5 
-3 

+  0.33 
-0.033 

5  20 

1 


+  0.33 
-0.033 


80 

100 


BUFFER  AMPLIFIER 
Input  and  Output  Voltage  Range 

Input  Offset  Voltage 
Input  Current 
Input  Resistance 
Output  Current 

Short  Circuit  Current 


-Vsto(  +  Vs 
-2.5V) 


-Vsto(  +  Vs 
-2.5V) 


-Vsto(  +  Vs 
-2.5V) 


(  +  5mA, 
-130uA) 


±0.8 

±2 

10' 


20 
1 
5 


±2 
±10 


±0.5 

±2 

10» 


±1 

±5 


(  +  5mA, 
-130uA) 


(  +  5mA, 
-130uA) 


20 

1 
5 


±0.8 

±2 

10" 


±2 
±10 


DENOMINATOR  INPUT 


Oto  + 10 
25 


Offset  Voltage 


Oto +  10 
25 

±0.2 


Oto +  10 
25 

±0.2 


30 

±0.5 


CHIP  SELECT  PROVISION  (CS) 
rmi"ON"Levd 
rms  "OFF"  Level 
lour  of  Chip  Select 
CS  "LOW" 
CS"HIGH" 
On  Time  Constant 
OffTime  Constant 


Open  or  +2.4V<VC<  +  VS 
Vc<  +0.2V 

10 

Zero 

10iu  +  ((25kli)xCAv) 
10us  +  ((25kn)xC»v) 


Open  or  +2.4V<VC<  +  VS 
VC<  +  0.2V 

10 

Zero 

10us  +  ((25kfl)xCAv) 
10us  +  ((25kn)xCAv) 


Open  or  +2.4V<VC<  +  VS 
VC<+0.2V 


Zero 

10us  +  ((25kn)xCAV) 
10LUi  +  «25kfi.)xCsv) 


POWER  SUPPLY 


±3.0 


±18 
450 


2.2 
350 


2.2 
350 


±18 
3 

450 


78-72    RMS-TO-DC  CONVERTERS 


REV.  B 


AD637 


AD637J/A 


AD637K/B 
Tjrp 


AD637S 





TRANSISTOR  COUNT 


NOTES 

'Accuracy  specified  0-7V  rms  dc  with  AD637  connected  as  shown  in  Figure  2. 

2Nonlineaxity  is  defined  as  the  maximum  deviation  from  the  straight  line  connecting  the  readings  at  lOmV  and  2  V. 
'Error  vs.  crest  factor  is  specified  as  additional  error  for  IV  rms. 
'Input  voltages  are  expressed  in  volts  rms.  %  are  in  %  of  reading. 
*With  external  2kft  puU  down  resistor  tied  to  -Vs. 
Specifications  subject  to  change  without  notice. 

on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to 
although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


ABSOLUTE  MAXIMUM  RATINGS 

ESD  Rating    500  V 

Supply  Voltage  ±  18  V  dc 

Internal  Quiescent  Power  Dissipation   108  mW 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  Range  (Soldering  10  sec)   +300°C 

Rated  Operating  Temperature  Range 

AD637J,  K   0°C  to  +70°C 

AD637A,  B   -40°C  to  +85°C 

AD637S,  5962-8963701CA  -55°C  to  +125°C 


DIMENSIONS  AND  BONDING  DIAGRAM 

Dimensions  shown  in  inches  and  (mm). 


ORDERING  GUIDE 


Model1-  2 

Temperature 
Range 

Package 
Description 

Package 
Option3 

AD637AR 

-40°C  to  +85°C 

SOIC 

R-16 

AD637BR 

-40°C  to  +85°C 

SOIC 

R-16 

AD637AQ 

-40°C  to  +  85°C 

Cerdip 

Q-14 

AD637BQ 

-40°C  to  +85°C 

Cerdip 

Q-14 

AD637JR-Reel 

0°C  to  +70°C 

SOIC 

R-16 

AD637JD 

0°C  to  +70°C 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD637KD 

0°C  to  +70°C 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD637JQ 

0°C  to  +70°C 

Cerdip 

Q-14 

AD637KQ 

0°C  to  +70°C 

Cerdip 

Q-14 

AD637JR 

0°C  to  +70°C 

SOIC 

R-16 

AD637SD 

-55°C  to  +125°C 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD637SD/883B 

-55°Cto  +  125°C 

Side  Brazed 

Ceramic 

DIP 

D-14 

AD637SQ/883B 

-55°C  to  +125°C 

Cerdip 

Q-14 

NOTES 

'"I"  and  "S"  grade  chips  arc  also  available. 

2A  Standard  Military  Drawing,  5962-89637,  is  also  available. 

'For  outline  information  see  Package  Information  section. 


1  14 
BUFF  BUFF 
IN  OUT 


PIN  CONFIGURATIONS 


Ceramic  DIP  (D)  and 
Cerdip  (Q)  Packages 


Ncfr 

COMMON  [7  - 
OUTPUT  OFFSET  fT  - 
CS  FT 
DEN  IN  [7 
dB  OUT  [7  — . 


SOUARER/DIVIDER 


]^  BUFF  OUT 
jz]  NC 

7J  RMSOUT 

f  3«* 


SOIC  (R)  Package 


BUFF  IN  |j_   

NC  [7 
COMMON [T 
OUTPUT  OFFSET  [7 
CS  [T 
DEN  IN  [V 
dB  OUT  [T  — . 

NC  [7 


-  ifj  BUFF  OUT 
—  «]  V|„ 


SQUARER/OIVIOEB 


t  tTJ  NC 

ll]  RMS  OUT 

I  —I 
J-  "J  CAV 


NC  =  NO  CONNECT 
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RMS-TO-DC  CONVERTERS  1&-13 


ANALOG 
DEVICES 


Low  Cost,  Low  Power, 
True  RMS-to-DC  Converter 


AD736 


FEATURES 
COMPUTES 

True  RMS  Value 

Average  Rectified  Value 

Absolute  Value 

PROVIDES 
200mV  Full-Scale  Input  Range 

(Larger  Inputs  with  Input  Attenuator) 
High  Input  Impedance  of  1012ft 
Low  Input  Bias  Current:  25pA  max 
High  Accuracy:  ±0.3mV  ±0.3%  of  Reading 
RMS  Conversion  with  Signal  Crest  Factors  Up  to  5 
Wide  Power  Supply  Range:  +2.8V,  -3.2V 

to  ±  16.5V 
Low  Power:  200uA  max  Supply  Current 
Buffered  Voltage  Output 

No  External  Trims  Needed  for  Specified  Accuracy 
AD737  -  An  Unbuffered  Voltage  Output  Version 
with  Chip  Power  Down  Is  Also  Available 


PRODUCT  DESCRIPTION 

The  AD736  is  a  low  power,  precision,  monolithic  true  rms-to-dc 
converter.  It  is  laser  trimmed  to  provide  a  maximum  error  of 
±0.3mV  ±0.3%  of  reading  with  sine-wave  inputs.  Furthermore, 
it  maintains  high  accuracy  while  measuring  a  wide  range  of 
input  waveforms,  including  variable  duty  cycle  pulses  and  triac 
(phase)  controlled  sine  waves.  The  low  cost  and  small  physical 
size  of  this  converter  make  it  suitable  for  upgrading  the  per- 
formance of  non-rms  "precision  rectifiers"  in  many  applications. 
Compared  to  these  circuits,  the  AD736  offers  higher  accuracy  at 
equal  or  lower  cost. 

The  AD736  can  compute  the  rms  value  of  both  ac  and  dc  input 
voltages.  It  can  also  be  operated  ac  coupled  by  adding  one  external 
capacitor.  In  this  mode,  the  AD736  can  resolve  input  signal 
levels  of  100u.V  rms  or  less,  despite  variations  in  temperature  or 
supply  voltage.  High  acccuracy  is  also  maintained  for  input 
waveforms  with  crest  factors  of  1  to  3.  In  addition,  crest  factors 
as  high  as  5  can  be  measured  (while  introducing  only  2.5% 
additional  error)  at  the  200mV  full-scale  input  level. 

The  AD736  has  its  own  output  buffer  amplifier,  thereby  providing 
a  great  deal  of  design  flexibility.  Requiring  only  200u.A  of  power 
supply  current,  the  AD736  is  optimized  for  use  in  portable 
multimeters  and  other  battery  powered  applications. 

The  AD736  allows  the  choice  of  two  signal  input  terminals:  a 
high  impedance  (1012fl)  FET  input  which  will  directly  interface 
with  high  Z  input  attenuators  and  a  low  impedance  (8kfl)  input 


FUNCTIONAL  BLOCK  DIAGRAM 

 ^/  


-vs  (T  — ! 


T\  OUTPUT 

.  .  .'jd2  iuqniO 





|  COM 


which  allows  the  measurement  of  300mV  input  levels,  while 
operating  from  the  minimum  power  supply  voltage  of  +2.8V, 
-  3.2V.  The  two  inputs  may  be  used  either  singly  or 
differentially. 

The  AD736  achieves  a  1%  of  reading  error  bandwidth  exceeding 
10kHz  for  input  amplitudes  from  20m V  rms  to  200mV  rms 
while  consuming  only  lmW. 

The  AD736  is  available  in  four  performance  grades.  The  AD736J 
and  AD736K  grades  are  rated  over  the  commercial  temperature 
range  of  0  to  +  70°C.  The  AD736A  and  AD736B  grades  are 
rated  over  the  industrial  temperature  range  of  —  40°C  to  +  85°C. 

The  AD736  is  available  in  three  low-cost  8-pin  packages:  plastic 
mini-DIP,  plastic  SO  and  hermetic  cerdip. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD736  is  capable  of  computing  the  average  rectified 
value,  absolute  value  or  true  rms  value  of  various  input 
signals. 

2.  Only  one  external  component,  an  averaging  capacitor,  is 
required  for  the  AD736  to  perform  true  rms  measurement. 

3.  The  low  power  consumption  of  lmW  makes  the  AD736 
suitable  for  many  battery  powered  applications. 

4.  A  high  input  impedance  of  1012fi  eliminates  the  need  for  an 
external  buffer  when  interfacing  with  input  attenuators. 

5.  A  low  impedance  input  is  available  for  those  applications 
requiring  up  to  300mV  rms  input  signal  operating  from  low 
power  supply  voltages. 


This  is  an  i 


,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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CDCPICIP  ATlflMC  (@  +25°c  ±5V  suPP|ies' ac  C0UP|ed  witn  lkHz 
OrLUIrlUHl  lUllO  otherwise  noted.) 


Model 


Conditions 


AD736J  A 
Typ 


Typ 


TRANSFER  FUNCTION 


V.HIT  VAvg.(V,N;) 


Vdut  Vav8.(V|N2) 


CONVERSION  ACCURACY 
Tolal  Error,  Internal  Trim' 
All  Grades 


A&B  Grades 
J&K  Grades 
vs.  Supply  Voltage 
(H  200mV  rms  Input 
("  20OmV  rms  Input 
dc  Reversal  Error,  dc  Coupled 
Nonlinearily;,  0-200mV 
Total  Error,  External  Trim 

— 


I  kHz  Sine  Wave 
ac  Coupled  Using  Q 
0-200mV  rms 
200mV-lVrms 

(ii  200mV  rms 
(ii  200mV  rms 

Vs    ±  5V  to  I  16.5V 
Vs    I  5V  to  ±  3V 
(.1  600m  Vdc 
(ii  1 00m  V  rms 
0-200mV  rms 


0.3/0.3  0.5/0.5 
1.2  ±2.0 


0.7/0.7 


0.007 

(0.06 
0.18 
1.3 

tO.25 
0.1/0.5 


+  0.1 
-0.3 
2.5 
+  0.35 


0.2/0.2 
1.2 


0.007 

+  0.06 
-0.18 
1.3 

+  0.25 
0.1/0.3 


0.3/0.3 
±2.0 


0.5/0.5 


+  0.1 
-0.3 
2.5 

+  0.35 


±mV/±%  of  Reading 
%  of  Reading 

±mV/±%ofReadini' 
1%  of  Readings : 

%/V 
%/V 

%  of  Reading 
%  of  Reading 
±mV/±%ofReadine 


ERROR  vs.  CREST  FACTOR' 
Crest  Factor  1  to  3 
Crest  Factor  =  5 


CAV,Cr  -  lOOuF 
Cav,Cf=  IOOuP 


0.7 
2.5 


0.7 
2.5 


%  Additional  Error 
%  Additional  Error 


INPUT  CHARACTERISTICS 
High  Impedance  Input  (Pin  2) 


Signal  Range 

Continuous  rms  Level 

Vs 

t  2.8V, 

3.2V 

Continuous  rms  Level 

Vs 

*  5V  to  5 

16.5V 

Peak  Transient  Input 

Vs 

t  2.8V, 

3.2  V 

Peak  Transient  Input 

Vs 

±5V 

Peak  Transient  Input 

Vs- 

*  16.5V 

Input  Resistance 

Input  Bias  Current 

±sv 

Low  Impedance  Input  (Pin  1 ) 

Signal  Range 

Continuous  rms  Level 

Vs  = 

+  2.8V, 

3.2V 

Continuous  rms  Level 

Vs- 

±5Vto  a 

16.5V 

Peak  Transient  Input 

Vs  = 

+  2.8V, 

-3.2V 

Peak  Transient  Input 

±5V 

Peak  Transient  Input 

m 

-16.5V 

Input  Resistance 

±0.9 
±4.0 


200 
1 


200 
1 


10" 
1 


±1.7 
±3.8 
±11 
6.4  8 


Maximum  Continuous  Non- 

Destraclive  Input 
Input  Offset  Voltage4 

J&K  Grades 

A&B  Grades 

vs.' 

vs.  Supply 
vs.  Supply 


All  Supply  Voltages 
ac  Coupled 


Vs=  ±5Vto±  16.5V 
Vs=  ±5Vto±3V 



50 
80 


25 


300 
1 


9.6 


±3 
±3 
30 
150 


±0.9 

±2.7 

±4.0 

10l! 
1 


±1.7 
±3.8 
±11 
8 


300 
1 


9.6 


mVrms 
Vrms 

V 
V 
V 

n 

pA 


mV  rms 

Vrms 

V 

V 

V 

kfl 








±12 

Vp-P 

±3 

mV 

±3 

mV 

8 

30 

|iV/"C 

50 

150 

U.V/V 

80 

M.V/V 




OUTPUT  CHARACTERISTICS 
Output  Offset  Voltage 

J&K  Grades 

A&B  Grades 
vs. Temperature 
vs.  Supply 

Output  Voltage  Swing 
2 kit  Load 
2kflLoad 
2kflLoad 
No  Load 

Output  Current 
Short-Circuit  Current 
Output  P 


Vs  = 

±5Vto  ± 

I6.5V 

Vs  = 

±5Vto  ± 

3V 

Vs  = 

+  2.8V,  - 

3.2V 

Vs  = 

±5V 

Vs  = 

±  16.5V 

Vs  = 

±  16.5V 

Oto  +  1.6 
Oto  +3.6 
Oto  +4 
Oto  +4 


±0.1 

±0.5 

±0.5 

1 

20 

50 

130 

50 

+  1.7 

+  3.8 

+  5 

+  12 

Oto  + 1.6 
0  to  +  3.6 
Oto  +4 
Oto  +4 


3 

0.2 


±0.1 

±0.3 

mV 

±0.3 

mV 

"II" 

20 

U.V/X 

50 

130 

U.V/V 

50 

U.V/V 

+  1.7 

V 

+  3.8 

V 

+  5 

V 

+  12 

V 

mA 

3' 

mA 

0.2 

n 

FREQUENCY  RESPONSE 
High  Impedance  Input  (Pin  2) 
For  1%  Additional  Error 
Vin  =  1  m  V  rms 
Vin  =  lOmV  rms 
Vm  =  lOOmVrms 
Vm  =  200mVrms 
±  3dB  Bandwidth 
Vin  =  lmV  rms 
Vnsi  -  lOmV  rms 
Vm  =  lOOmVrms 
Vm  =  200mVrms 


Sine- Wave  Input 


Sine- Wave  Input 


1 
6 
37 
33 

5 

55 

170 

190 


1 

\, 
33 

5 

55 

170 

190 


kHz 
kHz 
kHz 
kHz 

kHz 
kHz 
kHz 
kHz 
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Low  Impedance  Input  (Pin  1) 
For  1%  Additional  Error 
VrN  =  lmV  rms 
Vin  =  lOmVrms 
Vm  =  lOOmVrms 
VrN  =  200mVrms 
±  3dB  Bandwidth 
Vin  =  lmV  rms 
VIN  =  lOmVrms 
Vin  =  lOOmV  rms 
Vin  =  200mV  rms 

Sine- Wave  Input 
Sine-Wave  Input 

1 
6 
90 
90 

5 

55 

350 

460 

1 
6 

90 
90 

.        ,JS          -        v  I 
350 
460 

■ 

kHz 
kHz 
kHz 
kHz 

kHz 
kHz 
kHz 
kHz 

POWER  SUPPLY 
Operating  Voltage  Range 
Quiescent  Current 
200mVrms,NoLoad 

Zero  Signal 
Sine- Wave  Input 

+  2.8,-3.2    ±5  ±16.5 
160  200 
230  270 

+  2.8,-3.2    ±5  ±16.5 
160  200 
230  270 

Volts 

U.A 

*A 

TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +70°C) 
Industrial  ( -  40°C  to  +  85°C) 

AD736J 
AD736A 

AD736K 
AD736B 

NOTES 

'Accuracy  is  specified  with  the  AD736  connected  as  shown  in  Figure  16  with  capacitor  Co 
2Nonlinearity  is  defined  as  the  maximum  deviation  (in  percent  error)  from  a  straight  line  connecting 
the  readings  at  0  and  200mV  rms.  Output  offset  voltage  is  adjusted  to  zero. 

'Error  vs.  Crest  Factor  is  specified  as  additional  error  for  a  200mV  rms  signal.  C.F.  =  VPEAK/V  rms. 
4DC  offset  does  not  limit  ac  resolution. 

Specifications  are  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage    +  16.5V 

Internal  Power  Dissipation2    200m  W 

Input  Voltage  ±VS 

Output  Short-Circuit  Duration   Indefinite 

Differential  Input  Voltage    +  Vs  and  -  Vs 

Storage  Temperature  Range  (Q)   -  65°C  to  +  150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to+  125°C 

Operating  Temperature  Range 

AD736J/K   0  to  +  70°C 

AD736A/B    -  40°C  to  +  85°C 


Lead  Temperature  Range  (Soldering  60sec)  +  300°C 

ESD  Rating   500  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  per- 
manent damage  to  the  device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
28-Pin  Plastic  Package:  8JA  =  165"C/W 
8-Pin  Cerdip  Package:  0,A  =  110-C/W 

11  Outline  Package:  8,A  =  155°C/W 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD736JN 

0oCto  +70°C 

Plastic  Mini-DIP 

N-8 

AD736KN 

0°Cto  +70°C 

Plastic  Mini-DIP 

N-8 

AD736JR 

0°Cto+70°C 

Plastic  SOIC 

R-8 

AD736KR 

0°Cto  +70°C 

Plastic  SOIC 

R-8 

AD736AQ 

-40°Cto+85°C 

Cerdip 

Q-8 

AD736BQ 

-40°Cto+85°C 

Cerdip 

Q-8 

AD736JR-Reel 

0°Cto+70°C 

Plastic  SOIC 

R-8 

AD736KR-Reel 

0°Cto+70°C 

Plastic  SOIC 

R-8 

*For  outline  informal 

on  see  Package  Informatio 

n  section. 

PIN  CONFIGURATIONS 
8-Pin  Mini-DIP  (N-8),  8-Pin  SOIC  (R-8) 
8-Pin  Cerdip  (Q-8) 


-vs  [~r 


FULL 
WAVE 
RECTIFIER 
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FEATURES 
COMPUTES 

True  RMS  Value 

Average  Rectified  Value 

Absolute  Value 

PROVIDES 
200m V  Full-Scale  Input  Range 

(Larger  Inputs  with  Input  Attenuator) 
Direct  Interfacing  with  3  1/2  Digit 

CMOS  A/D  Converters 
Power  Down  Feature  Which  Reduces  Supply  Current 
High  Input  Impedance:  1012  ft 
Low  Input  Bias  Current:  25  pA  max 
High  Accuracy:  ±0.2  mV  ±0.3%  of  Reading 
RMS  Conversion  with  Signal  Crest  Factors  Up  to  5 
Wide  Power  Supply  Range:  +2.8  V,  -3.2  V 

to  ±16.5  V 
Low  Power:  160  \iA  max  Supply  Current 
No  External  Trims  Needed  for  Specified  Accuracy 
AD736  -  A  General  Purpose,  Buffered  Voltage 

Output  Version  Also  Available 

PRODUCT  DESCRIPTION 

The  AD737  is  a  low  power,  precision,  monolithic  true  rms-to-dc 
converter.  It  is  laser  trimmed  to  provide  a  maximum  error  of 
±0.2  mV  ±0.3%  of  reading  with  sine  wave  inputs.  Further- 
more, it  maintains  high  accuracy  while  measuring  a  wide  range 
of  input  waveforms,  including  variable  duty  cycle  pulses  and 
triac  (phase)  controlled  sine  waves.  The  low  cost  and  small 
physical  size  of  this  converter  make  it  suitable  for  upgrading  the 
performance  of  non-rms  "precision  rectifiers"  in  many  applica- 
tions. Compared  to  these  circuits,  the  AD737  offers  higher  accu- 
racy at  equal  or  lower  cost. 

The  AD737  can  compute  the  rms  value  of  both  ac  and  dc  input 
voltages.  It  can  also  be  operated  ac  coupled  by  adding  one  exter- 
nal capacitor.  In  this  mode,  the  AD737  can  resolve  input  signal 
levels  of  100  u,V  rms  or  less,  despite  variations  in  temperature 
or  supply  voltage.  High  accuracy  is  also  maintained  for  input 
waveforms  with  crest  factors  of  1  to  3.  In  addition,  crest  factors 
as  high  as  5  can  be  measured  (while  introducing  only  2.5%  addi- 
tional error)  at  the  200  mV  full-scale  input  level. 

The  AD737  has  no  output  buffer  amplifier,  thereby  significantly 
reducing  dc  offset  errors  occurring  at  the  output.  This  allows 
the  device  to  be  highly  compatible  with  high  input  impedance 
A/D  converters. 

Requiring  only  160  u.A  of  power  supply  current,  the  AD737  is 
optimized  for  use  in  portable  multimeters  and  other  battery 
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powered  applications.  This  converter  also  provides  a  "power 
down"  feature  which  reduces  the  power  supply  standby  current 
to  less  than  30  u.A. 

The  AD737  allows  the  choice  of  two  signal  input  terminals:  a 
high  impedance  (1012  fi)  FET  input  which  will  direcdy  interface 
with  high  Z  input  attenuators  and  a  low  impedance  (8  kft)  input 
which  allows  the  measurement  of  300  mV  input  levels  while 
operating  from  the  minimum  power  supply  voltage  of  +2.8  V, 
-3.2  V.  The  two  inputs  may  be  used  either  singly  or 
differentially. 

The  AD737  achieves  a  1%  of  reading  error  bandwidth  exceeding 
10  kHz  for  input  amplitudes  from  20  mV  rms  to  200  mV  rms 
while  consuming  only  0.72  mW. 

The  AD737  is  available  in  four  performance  grades.  The 
AD737J  and  AD737K  grades  are  rated  over  the  commercial 
temperature  range  of  0  to  +70°C.  The  AD737A  and  AD737B 
grades  are  rated  over  the  industrial  temperature  range  of  -40°C 
to  +85°C. 

The  AD737  is  available  in  three  low  cost,  8-pin  packages:  plastic 
mini-DIP,  plastic  SO  and  hermetic  cerdip. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD737  is  capable  of  computing  the  average  rectified 
value,  absolute  value  or  true  rms  value  of  various  input 


2.  Only  one  external  component,  an  averaging  capacitor,  is 
required  for  the  AD737  to  perform  true  rms  measurement. 

3.  The  low  power  consumption  of  0.72  mW  makes  the  AD737 
suitable  for  many  battery  powered  applications. 


This  is  an  abridged  data  sheet.  To  obtain  the  I 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD737 — SPECIFICATIONS 


(@  +2S°C,  ±5  V  supplies,  ac  coupled  with  1  kHz  sine  wave  input  applied  unless 
otherwise  noted.) 


Model 





Condition, 


AD737J/A 
Typ 


Max 


AD737K/B 
Typ 


Max 


Units 




TRANSFER  FUNCTION 


-  V^g.lWl 


CONVERSION  ACCURACY 

™GradesInter^w 

^A&BTrades 
J&K  Grades 
vs.  Supply  Voltage 
@  200  mV  rms  Input 
@  200  mV  nns  Input 
dc  Reveisal  Error,  dc  Coupled 
Nordinearity*,  0-200  mV 
Total  Error,  External  Trim 


ERROR  VS.  CREST  FACTOR* 
Crest  Factor  1  to  3 
Crest  Factor  =  5 


1  kHz  Sine  Wave 
AC  Coupled  Using  Cc 
0-200  mV  rms 
200  mV-1  V  rms 

<S-  200  mV  rms 
IS  200  mV  rms 

Vs  =  ±5  Vto  ±16.5  V 
Vs  =  ±5  V  to  ±3  V 
(a  600  mV  dc 
@  100  mV  rms 
0-200  mV  rms 


0.2/0.3  0.4/0.5 
±2.0 


0.5/0.7 


+0.1 
-0.3 
2.5 
+0.35 


0.007 

+0.06 
-0.18 
1.3 

+0.25 
0.1/0.2 


0.2/0.2 
-1.2 


0.007 

+0.06 
-0.18 
1.3 

+0.25 
0.1/0.2 


0.2/0.3 
±2.0 


0.3/0.5 


+0.1 

-0.3 

2.5 

+0.35 


imV/1%  of  Reading 
%  of  Reading 

±mV/±%  of  Reading 
±%  of  ReadingTC 

%/V 
%/V 

%  of  Reading 
%  of  Reading 
±mV/±%  of  Reading 


0.7 
2.5 


0.7 

2.5 


%  Additional  Error 
%  Additional  Error 


INPUT  CHARACTERISTICS 
High  Impedance  Input  (Pin  2) 
Signal  Range 
Continuous  rms  Level 
Continuous  rms  Level 
Peak  Transient  Input 
Peak  Transient  Input 
Peak  Transient  Input 
Input  Resistance 
Input  Bias  Current 
Low  impedance  Input  (Pin  1) 
Signal  Range 
Continuous  rms  Level 
Continuous  rms  Level 
Peak  Transient  Input 
Peak  Transient  Input 
Peak  Transient  Input 
Input  Resistance 

Maximum  Continuous  ■ 

Nondestructive  Input 
Input  Offset  Voltage* 

J&K  Grades 

A&B  Grades 

vs.  Temperature 

vs.  Supply 

vs.  Supply 


Vs  =  +2.8  V,  -3.2  V 
Vs«  ±5  Vto  ±16.5  V 
Vs=  +2.8  V,  -3.2  V 
VS  =  ±5V 
Vs  =  ±16.5  V 

Vs  =  ±5  V 


±0.9 
±4.0 


200 
1 


+2.8  V,  -3.2  V 
±5  Vto  ±16.5  V 
+2.8  V,  -3.2  V 
±5  V 
±16.5  V 


10" 
1 


±1.7 
±3.8 
±11 


±0.9 
±4.0 


200 
1 


w>1! 
1 


300 
1 


All  Supply  Voltages 
ac  Coupled 


Vs  =  ±5  Vto  ±16.5  V 
Vs  =  ±5  V  to  ±3  V 


OUTPUT  CHARACTERISTICS 
Output  Voltage  Swing 
No  Load 
No  Load 
No  Load 

Output  Resistance 





50 
80 


±3 
±3 
30 
150 


50 
80 


300 


±3 
±3 
30 
150 


mV  rms 
V  rms 

V 

v  ■ 
a 

pA 


mV  rms 

V  rms 

V 

V 

V 

kfl 

Vp-P 

mV 
mV 

uWC 
fi.V/V 
uWV 


Vs  =  +2.8  V,  -3.; 
Vs  ±  ±5  V 
Vs  =  ±16.5  V 

<S  dc 


0  to -1.6  -1.7 

0  to -3.3  -3.4 

0  to  -4  -5 

6.4  8 


0  to -1.6  -1.7 

0  to -3.3  -3.4 

0  to  -4  -5 

6.4  8 


FREQUENCY  RESPONSE 
High  Impedance  Input  (Pin  2) 

For  1%  Additional  Error 
VIN  =  1  mV  rms 
Vm  =  10  mV  rms 
Vm  =  100  mV  rms 
V,N  =  200  mV  rms 

±3  dB  Bandwidth 
\w  =  1  mV  rms 
VIN  =  10  mV  rms 
V,n  =  100  mV  rms 
V,N  =  200  mV  rms 


V 
V 
V 
kfl 


Sine  Wave  Input 


Sine  Wave  Input 


6 

37 
33 


5 
55 
170 
190 


1 
6 
37 
33 

5 

55 

170 

190 


kHz 
kHz 
kHz 
kHz 

kHz 
kHz 
kHz 
kHz 


FREQUENCY  RESPONSE 
Low  Impedance  Input  (Pin  1) 
For  1%  Additional  Error 
VIN  =  1  mV  rms 
V,n  =  10  mV  rms 
Vm  =  100  mV  rms 
V,N  =  200  mV  rms 
±3  dB  Bandwidth 
VrN  =  1  mV  rms 
Vm  =  10  mV  rms 
VIN  =  100  mV  rms 
VIN  =  200  mV  rms 


Sine  Wave  Input 
Sine  Wave  Input 


1 
6 
90 
90 

5 

55 

350 

460 


1 


•o.  .JD-n  .r.,  "(j    j  ;- 

90 
90 

5 

55 
350 


kHz 
kHz 
kHz 
kHz 

kHz 
kHz 
kHz 
kHz 
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AD737 


Model 

Conditions 

AD737J/A 
Min  Typ 

Max 

AD737K/B 
Min  Typ 

Max 

Units 

POWER  SUPPLY 

Operating  Voltage  Range 

+2.8,-3.2  3:5 

S16.5 

+2.8,-3.2  ±5 

±16.5 

V 

Quiescent  Current 

Zero  Signal 

120 

160 

120 

160 

uA 

V1N  -  200  mV  rms,  No  Load 

Sine  Wave  Input 

170 

210 

170 

210 

uA 

Power  Down  Mode  Current 

Pin  3  tied  to  +VS 

25 

40 

25 

40 

uA 

TEMPERATURE  RANGE 
Operating,  Rated  Performance 
Commercial  (0  to  +70°C) 
Industrial  (-40X  to  +85°C) 

AD737J 
AD737A 

AD737K 
AD737B 

NOTES 

'Accuracy  is  specified  with  the  AD737  connected  as  shown  in  Figure  16  with  capacitor  Cc. 

2Nonlinearity  is  defined  as  the  maximum  deviation  (in  percent  error)  from  a  straight  line  connecting  the  readings  at  0  and  200  mV  rms. 
'Error  vs.  Crest  Factor  is  specified  as  additional  error  for  a  200  mV  rms  signal.  C.F.  =  VPEAK/V  rms. 
'DC  offset  does  not  limit  ac  resolution. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±16. 5  V 

Internal  Power  Dissipation2   200  mW 

Input  Voltage   ±VS 

Output  Short-Circuii  Duration  Indefinite 

Differential  Input  Voltage  +VS  and  -Vs 

Storage  Temperature  Range  (Q)  -65°C  to  +150°C 

Storage  Temperature  Range  (N,  R)  -65°C  to  +  125°C 

Operating  Temperature  Range 

AD737J/K   0  to  +70°C 

AD737A/B  -40°C  to  +85°C 

Lead  Temperature  Range  (Soldering  60  sec)   +  300°C 

ESD  Rating    500  V 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 

;8-Pin  Plastic  Package:  6,A  =  165°C/W 
8-Pin  Ceramic  Package:  9,A  =  1 10°C/W 
8-Pin  SOIC:  8JA  =  155°C/W. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD737JN 

0°C  to  +70°C 

Plastic  Mini-DIP 

N-8 

AD737KN 

0°C  to  +70°C 

Plastic  Mini-DIP 

N-8 

AD737JR 

0°C  to  +70°C 

SOIC 

R-8 

AD737KR 

0°C  to  +70°C 

SOIC 

R-8 

AD737AQ 

-40°C  to  +85°C 

Cerdip 

Q-8 

AD737BQ 

-40°C  to  +85°C 

Cerdip 

Q-8 

AD737JR-Reel 

-40°C  to  +85°C 

SOIC 

R-8 

AD737KR-Reel 

-40°C  to  +85°C 

SOIC 

R-8 

•For  outline  information  see  Package  Information  section. 


PIN  CONFIGURATIONS 
8-Pin  Mini-DIP  (N-8),  8-Pin  SOIC  (R-8) 
8-Pin  Cerdip  (Q-8) 


Cc  pT 

power  r— 
Li 


vs[T 


INPUT 
AMPLIFIER 


FULL 
WAVE 
RECTIFIER 


BIAS 
SECTION 


RMS  CORE 


T"|  COM 

"Tj  OUTPUT 
±\  c«v 


REV.  B 


RMS-TO-DC  CONVERTERS  18-19 


■ 


  .VCJ. 


18-20    RMS-TO-DC  CONVERTERS 


Page 

Selection  Tree   .'.   19-2 

Selection  Guide   19-3 

AD590  -  Two-Terminal  IC  Temperature  Transducer   19-5 

AD592  -  Low  Cost,  Precision  IC  Temperature  Transducer    19-9 

AD594/AD595  -  Monolithic  Thermocouple  Amplifiers  with  Cold  Junction  Compensation    19-12 

AD596/AD597  -  Thermocouple  Conditioner  and  Set-Point  Controller    19-15 

AD693  -  Loop-Powered,  4-20  mA  Sensor  Transmitter   19-18 

AD694  -  4-20  mA  Transmitter   19-24 

AD22100  -  Voltage  Output  Temperature  Sensor  with  Signal  Conditioning    19-31 

ADXL05  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-37 

ADXL50  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-39 

ADXL181  -  Monolithic  Accelerometer  with  Signal  Conditioning   19-55 

TMP01  -  Low  Power,  Programmable  Temperature  Controller   19-57 

TMP03  -  Micropower  Temperature  Peripheral   19-72 


SENSORS  AND  SIGNAL  CONDITIONERS  19-1 


Ml 


Selection  Tree  —  Sensors  and  Signal  Conditioners 





ACCELERATION 


ADXL05    (±5  g) 

ADXL50    (±50  g) 

ADXL181  (-125  to  +250  g, 
-150  to  +880  g) 


SENSORS  &  SIGNAL 
CONDITIONERS 


TEMPERATURE 
TRANSDUCERS 


AD590  (1  nA/°C  (TO-52)) 

AD592  (1  uA/°C  (TO-92)) 

AD22100  (22.5mV/°C) 

TMP03  (Pulse  Width  Modulated  Output) 


Temperature 
Controller 


TMP01  (°F/°C) 

AD596  (J  Thermocouple) 

AD597  (K  Thermocouple) 


PROCESS 
CONTROL 


SIGNAL 
CONDITIONERS 


-  Temperature 


■  -  . 


AD594  (J  Thermocouples) 

AD595  (K  Thermocouples) 

1B60     (4  Channel  Thermocouple 
or  4  Channel  mV  or  1  RTD) 


4  LVDTs 


AD598  (4  Wire) 
AD698  (2  Wire) 


AD693  (4-20  mA  Sensor  Transmitter) 
AD694  (4-20  Transmitter) 


Selection  Guides— Sensors  and  Signal  Conditioners 


Temperature  Sensors 


loUT 

VoUT 

Cal  Error 

Nonlin 

Package 

Temp 

Model 

uA/K 

mV/K 

°C  max 

°C  max 

Options' 

Ranges2 

Page3 

Comments 

AC2626 

1 

0.5-5 

0.3-1.5  Steel  Sheath 

3/16"  Stainless 

C,M 

SL  10-5 

General  Purpose  Temperature  Probe  4"  and  6"  Length 
Wide  Temperature  Range,  Accurate 

AD590 

1 

0.5-5 

0.3-1.5 

F,H 

M+/DS 

19-5 

AD592 

1 

0.5-2.5 

0.15-0.35 

N 

1+ 

19-9 

Low  Cost,  Accurate 

TMPOl 

5 

1.5-3 

0.5-2.0 

H,  N,R 

I,  M  + 

19-57 

Complete  Programmable  Temperature  Controller 

TMP03 

1.2-2.4 

1.0 

H,  R,T 

M  + 

19-72 

3  Pins,  Direct  Serial  Digital  Output 

AD2210O 

22.5 

2.0 

1-2 

R,T 

M+ 

19-31 

3  Pins,  Output  Proportional  to  V+ 

Sensor  Interfaces 


1 

1 
P 


Package 

Temp 

Model 

Sensor  Type 

Output 

Accuracy 

Options1 

Ranges2 

Page3 

Comments 

AD594 

Thermocouple  Type  J 

10  mV/°C 

1-3°C 

D,Q 

C 

19-12 

Cold  Junction  Compensation,  Alternate  Thermocouple  Types 

AD595 

Thermocouple  Type  K 

10  mV/°C 

1-3°C 

D,Q 

C 

19-12 

Cold  Junction  Compensation,  Alternate  Thermocouple  Types 

AD596 

Thermocouple  Type  J 

10  mV/°C 

4°C 

H 

C 

19-15 

Lower  Cost,  Set  Point  Control 

AD597 

Thermocouple  Type  K 

10  mV/°C 

4°C 

H 

C 

19-15 

Lower  Cost,  Set  Point  Control 

AD693 

RTD  or  Low  Level  mV 

4-20  mA/0-20  mA 

2°C/0.5% 

D,  E,Q 

I 

19-18 

Loop  Powered  Sensor  Transmitter 

AD694 

High  Level  4-20  mA  Transmi 

Iter    4-20  mA/0-20  mA 

0.15-0.3% 

N,  Q,R 

C,I 

19-24 

5  V  Supply,  Wide  Compliance 

AD598 

LVDT  Position  Sensor 

Votrr  Prop,  to  Position 

0.05% 

D,R 

C,I 

16-63 

Complete  Interface  with  Oscillator/Driver 

AD698 

LVDT  Position  Sensor 

VOUT  Prop,  to  Position 

0.05% 

P,Q 

I,  M 

16-67 

Universal  LVDT  Interface 

Accelerometers 


Linearity 

Freq 

Power 

Package 

Temp 

Model 

Range 

Error 

Response 

Supply 

Options1 

Ranges2 

Page3 

ADXL05 

0.5% 

DC  to  4  kHz 

+5  V 

H 

M 

19-37 

AD  XL  50 

±50  g 

0.2% 

DC  to  10  kHz 

+5  V 

H 

M 

19-39 

ADXL181 

-125  to  +250  g 

0.2% 

DC  to  3  kHz 

+5V 

H 

M 

19-55 

-150  to  +880  g 

0.2% 

DC  to  3  kHz 

+12  V 

Complete  Acceleration  Sensor/Amplifier 
500  u.g  Sensitivity 
2000  g  Shock  Survivable 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  -  Ceramic  Flatpack;  G  ■  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP-Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +  85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3SL  =  Special  Linear  Reference  Manual.  AH  other  entries  refer  to  this  volume. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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AD590' 




FEATURES 

Linear  Current  Output:  1/uA/K 

Wide  Range:  -55°C  to  +150°C 

Probe  Compatible  Ceramic  Sensor  Package 

Two-Terminal  Device:  Voltage  In/Current  Out 

Laser  Trimmed  to  ±0.5°C  Calibration  Accuracy  (AD590M) 

Excellent  Linearity:  ±0.3°C  Over  Full  Range  (AD590M) 

Wide  Power  Supply  Range:  +4V  to  +30V 

Sensor  Isolation  from  Case 

Low  Cost 





PIN  DESIGNATIONS 


BOTTOM  VIEW 


PRODUCT  DESCRIPTION 

The  AD590  is  a  two-terminal  integrated  circuit  temperature 
transducer  which  produces  an  output  current  proportional  to 
absolute  temperature.  For  supply  voltages  between  +4V  and 
+30V  the  device  acts  as  a  high  impedance,  constant  current 
regulator  passing  1/iA/K.  Laser  trimming  of  the  chip's  thin  film 
resistors  is  used  to  calibrate  the  device  to  298.2/^A  output  at 
298.2K  (+25°C). 

The  ADS  90  should  be  used  in  any  temperature  sensing  applica- 
tion below  +150  C  in  which  conventional  electrical  tempera- 
ture sensors  are  currently  employed.  The  inherent  low  cost  of 
a  monolithic  integrated  circuit  combined  with  the  elimination 
of  support  circuitry  makes  the  AD  5  90  an  attractive  alternative 
for  many  temperature  measurement  situations.  Linearization 
circuitry,  precision  voltage  amplifiers,  resistance  measuring 
circuitry  and  cold  junction  compensation  are  not  needed  in 
applying  the  AD  5  90. 

In  addition  to  temperature  measurement,  applications  include 
temperature  compensation  or  correction  of  discrete  compo- 
nents, biasing  proportional  to  absolute  temperature,  flow  rate 
measurement,  level  detection  of  fluids  and  anemometry.  The 
AD590  is  available  in  chip  form  making  it  suitable  for  hybrid 
circuits  and  fast  temperature  measurements  in  protected  en- 
vironments. 

The  AD590  is  particularly  useful  in  remote  sensing  applica- 
tions. The  device  is  insensitive  to  voltage  drops  over  long  lines 
due  to  its  high  impedance  current  output.  Any  well-insulated 
twisted  pair  is  sufficient  for  operation  hundreds  of  feet  from 
the  receiving  circuitry.  The  output  characteristics  also  make 
the  AD 5  90  easy  to  multiplex:  the  current  can  be  switched  by 
a  CMOS  multiplexer  or  the  supply  voltage  can  be  switched  by 
a  logic  gate  output. 

•Covered  by  Patent  No.  4,123,698. 


PRODUCT  HIGHLIGHTS 

1.  The  AD590  is  a  calibrated  two  terminal  temperature  sensor 
requiring  only  a  dc  voltage  supply  (+4V  to  +30V).  Costly 
transmitters,  filters,  lead  wire  compensation  and  lineariza- 
tion circuits  are  all  unnecessary  in  applying  the  device. 

2.  State-of-the-art  laser  trimming  at  the  wafer  level  in  conjunc- 
tion with  extensive  final  testing  insures  that  AD590  units 
are  easily  interchangeable. 

3.  Superior  interference  rejection  results  from  the  output 
being  a  current  rather  than  a  voltage.  In  addition,  power 
requirements  are  low  (1.5mW's  ®  5V  @  +25°C).  These 
features  make  the  AD590  easy  to  apply  as  a  remote  sensor. 

4.  The  high  output  impedance  (>10Mf2)  provides  excellent 
rejection  of  supply  voltage  drift  and  ripple.  For  instance, 
changing  the  power  supply  from  5V  to  10V  results  in  only 


a  ljuA  maximum  current  change,  or  1°C  equivalent  error. 

5.  The  AD590  is  electrically  durable:  it  will  withstand  a 
forward  voltage  up  to  44V  and  a  reverse  voltage  of  20V. 
Hence,  supply  irregularities  or  pin  reversal  will  not  damage 
the  device. 


This  is  an  abridged  data  sheet.  To  obtain  the 
:  data  sheet,  call  our  fax  retrieval 


at  1-800-446-6212. 
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AD590— SPECIFICATIONS 


(@  +25°C  and  Vs  =  +5V  unless  otherwise  noted) 


Model 


AD590J 
Min  Typ 


Max 


Min 


AD590K 
Typ  Max 


Units 


ABSOLUTE  MAXIMUM  RATINGS 
Forward  Voltage  (E  +  to  E  - ) 
Reverse  Voltage  (E  +  to  E  - ) 
Breakdown  Voltage  (Case  to  E  +  or  E  - ) 
Rated  Performance  Temperature  Range 1 
Storage  Temperature  Range1 
Lead  Temperature  (Soldering,  1 0  sec) 


-55 
-65 


+  44 
-20 
±200 
+  150 
+  155 
+  300 


-55 
-65 


+  44 
-20 
±200 
+  150 
+  155 
+  300 


Volts 
Volts 
Volts 

°C 
°C 
°C 


POWER  SUPPLY 
Operating  Voltage  Range 


+  4 


+  30 


+  30 


Volts 


8.2K) 


OUTPUT 
Nominal  Current  Output®  +  25°C(298 
Nominal  Temperature  Coefficient 
Calibration  Error  @  +  25°C 
Absolute  Error  (over  rated  performance 
temperature  range) 
Without  External  Calibration  Adjustment 
With  +  25°C  Calibration  Error  Set  to  Zero 
Nonlinearity 
Repeatability2 
Long  Term  Drift3 
Current  Noise 
Power  Supply  Rejection 
+  4VsVs==  +  5V 
+  5VrsVss  +  15V 
+  15VsVss  +  30V 
Case  Isolation  to  Either  Lead 
Effective  Shunt  Capacitance 
Electrical  Turn-On  Time 
Reverse  Bias  Leakage  Current4 
(Reverse  Voltage  =  10V) 


298.2 
1 


298.2 
1 


±5.0 


±10 

±3.0 
±1.5 
±0.1 

±0.1 


±2.5 


u.A 


i  V 


40 

0.5 

0.2 

0.1 

1010 

100 

20 

10 


±5.5 

°c 

±2.0 

°c 

±0.8 

X. 

±0.1 

°c 

±0.1 

°c 

40 

pA/vTE 

0.5 

U.A/V 

0.2 

uA/V 

0.1 

uA/V 

1010 

n 

100 

pF 

20 

(IS 

10 

PA 

PACKAGE  OPTIONS5 
TO-52(H-03A) 
FlatPack(F-2A) 


AD590JH 
AD590JF 


NOTES 

'The  AD590  has  been  used  at  -  100°C  and  +200°C  for  short  periods  of  measurement  with  no  physical  damage  to  the  device.  However,  the  absolute  errors 
specified  apply  to  only  the  rated  performance  temperature  range. 

2Maximum  deviation  between  +  25°C  readings  after  temperature  cycling  between  -55°C  and  +  150°C;  guaranteed  not  tested. 

'Conditions:  constant  +  5V,  constant  +  125°C;  guaranteed,  not  tested. 

'Leakage  current  doubles  every  10°C. 

'For  outline  information  see  Package  Information  section. 

Specifications  subject  to  change  without  nonce. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


AW 


■ 


■ 
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AD590 


Model 

Min 

AD590L 
Typ 

Max 

Min 

AD590M 
Typ 

Max 

Units 

ABSOLUTE  MAXIMUM  RATINGS 

Forward  Voltage  (E  +  to  E  - ) 

+  44 

+  44 

Volts 

Reverse  Voltage  (E  +  toE  — ) 

-20 

-20 

Volts 

Breakdown  Voltage  (Case  to  E  +  or  E  — ) 

±200 

±200 

Volts 

Rated  Performance  Temperature  Range1 

-55 

+  150 

-55 

+  150 

°C 

Storage  Temperature  Range1 

-65 

+  155 

-65 

+  155 

°C 

Lead  Temperature  (Soldering,  10  sec) 

+  300 

+  300 

°C 

POWER  SUPPLY 

Operating  Voltage  Range 

+  4 

+  30 

+  4 

+  30 

Volts 

OUTPUT 

Nominal  Current  Output  @  +  25°C(298.2K) 

298.2 

298.2 

ii  A 

Nominal  Temperature  Coefficient 

1 

1 

H.A/K 

Calibration  Error  @  +  25°C 

±  1.0 

+  A  5 

op 

Absolute  Error  (over  rated  performance 

Ml 

■ 

temperature  range) 

Without  External  Calibration  Adjustment 

±3.0 

±1.7 

°C 

With  +  25°C  Calibration  Error  Set  to  Zero 

±1.6 

±1.0 

°C 

±0.4 

±0.3 

°r 

±0.1 

±0.1 

3 

T  nno  Term  Thrift' 

JLAJIlJg  1  CI  ill  LSI  U  L 

-*-0  1 

±0.1 

f iirrpnr  Noise 

Aft 

40 

pAVHz 

Power  Supply  Rejection 

+  4VsVss  +  5V 

A  C 

0.5 

0.5 

oA/V 

+  5VsVs==  +  15V 

0.2 

uA/V 

+  15VsVss  +  30V 

0.1 

0.1 

nA/V 

Case  Isolation  to  Either  Lead 

10'° 

1010 

O 

Effective  Shunt  Capacitance 

100 

100 

pF 

Electrical  Turn-On  Time 

20 

20 

M-S 

Reverse  Bias  Leakage  Current4 

(Reverse  Voltage  =  10V) 

10 

10 

PA 

PACKAGE  OPTION5 
TO-52(H-03A) 
Flat  Pack  (F-2A) 

AD590LH 
AD590LF 

AD590MH 
AD590MF 

♦273°    «298°  »323° 


•c 

-60° 

|'l  l'l  jjl  l'l  l'| 

0°       *2S°  *50° 

*100° 

+150° 

Ji|il[^Jili 

^  ■'[  ■!  ■  1 1  \ 

i'i  l'l))  hi  ' 

M9 

i  *F 

-IOC*  0" 

i       j -too- 

+2oo°; 

*300' 

TEMPERATURE  SCALE  CONVERSION  EQUATIONS 

°C  =  -^-(°F-32)  K  =  °C+273.15 

°F  =  -9r°C+32  °R  =  °F +459.7 
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AD590 

The  S90H  has  60/j  inches  of  gold  plating  on  its  Kovar  leads  and 
Kovar  header.  A  resistance  welder  is  used  to  seal  the  nickel  cap 
to  the  header.  The  AD  5  90  chip  is  eutectically  mounted  to  the 
header  and  ultrasonically  bonded  to  with  1  MIL  aluminum 
wire.  Kovar  composition:  53%  iron  nominal;  29%  ±1%  nickel; 
17%  ±1%  cobalt;  0.65%  manganese  max;  0.20%  silicon  max; 
0.10%  aluminum  max;  0.10%  magnesium  max;  0.10%  zirco- 
nium max;  0.10%  titanium  max;  0.06%  carbon  max. 

The  590F  is  a  ceramic  package  with  gold  plating  on  its  Kovar 
leads,  Kovar  lid,  and  chip  cavity.  Solder  of  80/20  Au/Sn  com- 
position is  used  for  the  1.5  mil  thick  solder  ring  under  the  lid. 
The  chip  cavity  has  a  nickel  underlay  between  the  metalization 
and  the  gold  plating.  The  AD590  chip  is  eutectically  mounted 
in  the  chip  cavity  at  410°C  and  ultrasonically  bonded  to  with 
1  mil  aluminum  wire.  Note  that  the  chip  is  in  direct  contact 
with  the  ceramic  base,  not  the  metal  lid.  When  using  the 
AD590  in  die  form,  the  chip  substrate  must  be  kept  elec- 
trically isolated,  (floating),  for  correct  circuit  operation. 


In  the  AD590,  this  PTAT  voltage  is  converted  to  a  PTAT  cur- 
rent by  low  temperature  coefficient  thin  film  resistors.  The 
total  current  of  the  device  is  then  forced  to  be  a  multiple  of 
this  PTAT  current.  Referring  to  Figure  1,  the  schematic  dia- 
gram of  the  AD590,  0.8  and  Q11  are  the  transistors  that  pro- 
duce the  PTAT  voltage.  R5  and  R6  convert  the  voltage  to 
current.  Q10,  whose  collector  current  tracks  the  collector 
currents  in  0.9  and  Ql  1,  supplies  all  the  bias  and  substrate 
leakage  current  for  the  rest  of  the  circuit,  forcing  the  total 
current  to  be  PTAT.  R5  and  R6  are  laser  trimmed  on  the 
wafer  to  calibrate  the  device  at  +25  C. 

Figure  2  shows  the  typical  V— I  characteristic  c 
at  +25°C  and  the  temperature  extremes. 


THE  AD590  IS  AVAILABLE  IN  LASER-TRIMMED  CHIP 
FORM;  CONSULT  THE  CHIP  CATALOG  FOR  DETAILS. 


CIRCUIT  DESCRIPTION1 

The  AD590  uses  a  fundamental  property  of  the  silicon  tran- 
sistors from  which  it  is  made  to  realize  its  temperature  propor- 
tional characteristic:  if  two  identical  transistors  are  operated 
at  a  constant  ratio  of  collector  current  densities,  r,  then  the 
difference  in  their  base-emitter  voltages  will  be  (kT/q)(In  r). 
Since  both  k,  Boltzman's  constant  and  q,  the  charge  of  an 
electron,  are  constant,  the  resulting  voltage  is  directly  porpor- 
tional  to  absolute  temperature  (PTAT). 


423 


Igure  1.  Schematic  Diagram 
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•out 
<mA) 


298 


•'/r>rr*ic3t)*jnM 

+150°C  H 

 >i — 


1  2 


30V 


SUPPLY  VOLTAGE 


Figure  2.  V-l  Plot 
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1  For  a  more  detailed  circuit  description  see  Mi>.  Timko,  "A  Two- 
Terminal  IC  Temperature  Transducer,"  IEEE  J.  Solid  State  Circuits, 
Vol.  SC-11,  p.  784-788,  Dec.  1976^ 
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ANALOG 
DEVICES 


Low  Cost  Precision  IC 
Temperature  Transducer 


AD592* 


FEATURES 

High  Precalibrated  Accuracy:  0.5°C  max  @  25°C 
Excellent  Linearity:  0.1 5°C  max  (0  to  +70X) 
Wide  Operating  Temperature  Range:  -25°C  to  +105X 
Single  Supply  Operation:  +4Vto  +  30V 
Excellent  Repeatability  and  Stability 
High  Level  Output:  luA/K 


CONNECTION  DIAGRAM 


Two  Terminal  Monolithic  IC: 
Current  Out 

Mlnlwtnl  Calf  II        « *  Cwnsv 

Minimal  oen-neaung  errors 


In/ 


PRODUCT  DESCRIPTION 

The  AD592  is  a  two  terminal  monolithic  integrated  circuit  tem- 
perature transducer  that  provides  an  output  current  proportional 
to  absolute  temperature.  For  a  wide  range  of  supply  voltages  the 
transducer  acts  as  a  high  impedance  temperature  dependent 
current  source  of  luA/K.  Improved  design  and  laser  wafer 
trimming  of  the  IC's  thin  film  resistors  allows  the  AD592  to 
achieve  absolute  accuracy  levels  and  nonlinearity  errors  previously 
unattainable  at  a  comparable  price. 

The  AD592  can  be  employed  in  applications  between  -  25°C 
and  +  105°C  where  conventional  temperature  sensors  (i.e.,  ther- 
mistor, RTD,  thermocouple,  diode)  are  currently  being  used 
The  inherent  low  cost  of  a  monolithic  integrated  circuit  in  a 
plastic  package,  combined  with  a  low  total  parts  count  in  any 
given  application,  make  the  AD592  the  most  cost  effective  tem- 
perature transducer  currently  available.  Expensive  linearization 
circuitry,  precision  voltage  references,  bridge  components,  resis- 
tance measuring  circuitry  and  cold  junction  compensation  are 
not  required  with  the  AD592. 

Typical  application  areas  include;  appliance  temperature  sensing, 
automotive  temperature  measurement  and  control,  HVAC  (heat- 
ing/ventilating/air conditioning)  system  monitoring,  industrial 
temperature  control,  thermocouple  cold  junction  compensation, 
board-level  electronics  temperature  diagnostics,  temperature 
readout  options  in  instrumentation,  and  temperature  correction 
circuitry  for  precision  electronics.  Particularity  useful  in  remote 
sensing  applications,  the  AD592  is  immune  to  voltage  drops  and 
voltage  noise  over  long  lines  due  to  its  high  impedance  current 
output.  AD592s  can  easily  be  multiplexed;  the  signal  current 
can  be  switched  by  a  CMOS  multiplexer  or  the  supply  voltage 
can  be  enabled  with  a  tri-state  logic  gate. 


•PIN  2  CAN  BE  EITHER  ATTACHED  OR  UNCONNECTED 
BOTTOM  VIEW 

The  AD592  is  available  in  three  performance  grades;  the 
AD592AN,  AD592BN  and  AD592CN.  All  devices  are  packaged 
in  a  plastic  TO-92  case  rated  from  -  45°C  to  +  125°C.  Performance 
is  specified  from  -25°C  to  +  105°C.  AD592  chips  are  also 
available,  contact  the  factory  for  details. 

PRODUCT  HIGHLIGHTS 


1.  With  a  single  supply  (4V  to  30V)  the  AD592  offers  0.5°C 
temperature  measurement  accuracy. 

2.  A  wide  operating  temperature  range  ( —  25°C  to  +  105°C)  and 
highly  linear  output  make  the  AD592  an  ideal  substitute  for 
older,  more  limited  sensor  technologies  (i.e.,  thermistors, 
RTDs,  diodes,  thermocouples). 

3.  The  AD592  is  electrically  rugged;  supply  irregularities  and 
variations  or  reverse  voltages  up  to  20V  will  not  damage  the 


device. 

Because  the  AD592  is  a  temperature  dependent  current  source, 
it  is  immune  to  voltage  noise  pickup  and  IR  drops  in  the 
signal  leads  when  used  remotely. 

The  high  output  impedance  of  the  AD592  provides  greater 
than  0.5°C/V  rejection  of  supply  voltage  drift  and  ripple. 
Laser  wafer  trimming  and  temperature  testing  insures  that 
ADS92  units  are  easily  interchangeable. 
Initial  system  accuracy  will  not  degrade  significantly  over 
time.  The  AD592  has  proven  long  term  performance  and 
repeatability  advantages  inherent  in  integrated  circuit  design 
and  construction. 


•Protected  by  Patent  No.  4,123,698. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


REV.  A 


SENSORS  AND  SIGNAL  CONDITIONERS  19-9 


AD592  SPECIFICATIONS  (typical  @  +2S°C,  Vs  =  +5V  unless  otherwise  noted) 


Model 

AD592AN 
Mia        Typ  Max 

AD592BN 
Mia        Typ  Max 

AD592CN 
Min        Typ  Max 

Unite 

ACCURACY 

Polihrorinn  Fmwlfi)?^or' 
UU1D11UUU  UllUf  \Wi.J  \s 

TA  =  0to+70"C 
Error  over  Temperature 

1.8  3.0 

0.7  1.0 

0.8  1.5 
0.1  0.25 

0.9  2.0 
0.2  0.4 

0.3  0.5 

0.4  0.8 
0.05  0.15 

0.5  1.0 
0.1  0.35 

°C 

°C 
°C 

•C 
X 

Nonlinearity2 
TA=  -25IO  +  105X 
Error  over  Temperature3 
Nonlinearity2 

0.15  0.35 

2.0  3.5 
0.25  0.5 

OUTPUT  CHARACTERISTICS 
Nominal  Current  Output 

@25°C(298.2K) 
Temperature  Coefficient 
Repeatability4 
Long  Term  Stability3 

298.2 

THI     t—  1 

0.1 
0.1 

298.2 
1 

0.1 
0.1 

298.2 
1 

0.1 
0.1 

uA 

uA/"C 

°C 

°C/month 

ABSOLUTE  MAXIMUM  RATINGS 
Operating  Temperature 
Package  Temperature6 
Forward  Voltage  ( +  to  - ) 
Reverse  Voltage  ( -  to  +  ) 
Lead  Temperature 
(Soldering  10  sec) 

-25  +105 
-45  +125 

300 

-  25                      + 105 
-45  +125 
44 
20 

300 

-25  +105 
-45  +125 
44 
20 

300 

°C 
"C 
V 
V 

°C 

POWER  SUPPLY 
Operating  Voltage  Range 
Power  Supply  Rejection 
+  4V<VS<  +  5V 
+  5V<VS<  +  15V 
+  15V<VS<  +  30V 

4  30 

0.5 
0.2 
0.1 

4  30 

0.5 
0.2 
0.1 

4  30 

0.5 
0.2 
0.1 

V 

°C/V 

w 
°c/v 

6Although  performance  is  not  specified  beyond  the  operating 
excursions  within  the  package  temperature  range  will  not  damage  the  device 
Specifications  subject  to  change  without  notice. 


NOTES 

'An  external  calibration  trim  can  be  used  to  zero  the  error  @25°C. 
'Defined  as  the  maximum  deviation  from  a  mathematically  best  fit  line. 
3Parameter  tested  on  all  production  units  at  +  105Xonly.  C  grade  at 
-25-Calao. 

4 Maximum  deviation  between  +  25°C  readings  after  a  temperature  cycle  Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
between  -45*Cand  +  125°C.  Erron  of  this  type  are  noncummulative.  caltest.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
'Operation  fa  1 25°C ,  error  over  time  n  norwummuUtive  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 

boldface  are  tested  on  all  production  units. 


METALIZATION  DIAGRAM 


■ 


+273°  +298°  +323° 
0°      +25°  +60° 


♦373° 
+100° 


♦423° 
+150° 


-frrr 


°F  -100° 

I 


I  I  |  f  I  (I  |  I 

0°  j 


32° 


,1,  ,1, 


'il'ii'ill1!!1!  i 1  j  i;  1 1 1  i -i  rip  in — 

+100°  +200°|  +300° 

70°  212° 

TEMPERATURE  SCALE  CONVERSION  EQUATIONS 
°C  =  — (°F-32)  K  =  °C +273.15 


9 

°F  =  -|-°C+32 


°R  =  °F  +459.7 


THE  AD592  IS  AVAILABLE  IN  LASER-TRIMMED  CHIP  FORM 


ORDERING  GUIDE 


MaxCal 

Max  Error 

Max  Nonlinearity 

Package 

Model 

Error  @25°C 

-25°Cto  +105°C 

-25°Cto  +105°C 

Option* 

AD592CN 

0.5°C 

1.0°C 

0.35°C 

TO-92 

AD592BN 

1.0°C 

2.0°C 

0.4°C 

TO-92 

AD592AN 

2.5°C 

3.5°C 

0.5°C 

TO-92 

*For  outline  information  see  Package  Information  section. 
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Typical  Performance  Curves 

Typical  @  Vs  =  +5V 


+2.0 
+  1.5 


AD592 


-25  0  +25 


+  70  +105 


TEMPERATURE  -  *C 

AD592CN  Accuracy  Over  Temperature 


+  2.0 
+  1.5 
+  1.0 


2  0 


0  +25  +70 

TEMPERATURE  -  "C 


+  105 

ADS92BN  Accuracy  Over  Temperature 

•  ■  - 


+  2.0 
+  1.5 


1 


TEMPERATURE  -  "C 

AD592AN  Accuracy  Over  Temperature 

■ 


-0.50 


Long-Term  Stability  @  85°C  and  85%  Relative  Humidity 


0  500 

Long-Term  Stability  @  125°C 
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ANALOG 
DEVICES 


Monolithic  Thermocouple  Amplifiers 
with  Cold  Junction  Compensation 


AD594*/AD595* 


FEATURES 

Pretrimmed  for  Type  J  (AD594)  or 
Type  K  (AD595)  Thermocouples 
Can  Be  Used  with  Type  T  Thermocouple  Inputs 
Low  Impedance  Voltage  Output:  10mV/°C 
Built-in  Ice  Point  Compensation 
Wide  Power  Supply  Range:  +5V  to  ±  15V 
Low  Power:    ImW  typical 
Thermocouple  Failure  Alarm 
Laser  Wafer  Trimmed  to  1°C  Calibration  Accuracy 
Set-Point  Mode  Operation 
Self-Contained  Celsius  Thermometer  Operation 
High  Impedance  Differential  Input 
Side-Brazed  DIP  or  Low  Cost  Cerdip 


FUNl 


CTION 


NAL  BLOCK  DIAGRAM 


-IN         -ALM       *ALM        V*        COMP         VP  FB 

"  pri  n?i  m  m  mm 


AD594/AD595 


RLOAD 
ITECT 


1       I     I  2  I     I  3  I     I  4  I 

♦  IN  +C  +T  COM 


m  i  s  i  1 7 1 


PRODUCT  DESCRIPTION 

The  AD594/AD595  is  a  complete  instrumentation  amplifier  and 
thermocouple  cold  junction  compensator  on  a  monolithic  chip. 
It  combines  an  ice  point  reference  with  a  precalibrated  amplifier 
to  produce  a  high  level  (10mV/°C)  output  directly  from  a  ther- 
mocouple signal.  Pin-strapping  options  allow  it  to  be  used  as  a 
linear  amplifier-compensator  or  as  a  switched  output  set-point 
controller  using  either  fixed  or  remote  set-point  control.  It  can 
be  used  to  amplify  its  compensation  voltage  directly,  thereby 
converting  it  to  a  stand-alone  Celsius  transducer  with  a  low-im- 
pedance voltage  output. 

The  AD594/AD595  includes  a  thermocouple  failure  alarm  that 
indicates  if  one  or  both  thermocouple  leads  become  open.  The 

capaIbiUtyPUt  ^  "  ^  ^  '"^  ^  ^ 

The  AD594/AD595  can  be  powered  from  a  single  ended  supply 
(including  +  5V)  and  by  including  a  negative  supply,  temperatures 
below  0°C  can  be  measured.  To  minimize  self-heating,  an  unloaded 
AD594/AD595  will  typically  operate  with  a  total  supply  current 
of  160u.A,  but  is  also  capable  of  delivering  in  excess  of  ±  5mA 
to  a  load. 

The  AD594  is  precalibrated  by  laser  wafer  trimming  to  match 
the  characteristic  of  type  J  (iron-constantan)  thermocouples  and 
the  AD595  is  laser  trimmed  for  type  K  (chromel-alumel)  inputs. 
The  temperature  transducer  voltages  and  gain  control  resistors 
are  available  at  the  package  pins  so  that  the  circuit  can  be  re- 
calibrated for  other  thermocouple  types  by  the  addition  of  two 
or  three  resistors.  These  terminals  also  allow  more  precise  cali- 
bration for  both  thermocouple  and  thermometer  applications. 

•Protected  by  U.S.  Patent  No.  4,029,974. 


The  AD594/AD595  is  available  in  two  performance  grades.  The 
C  and  the  A  versions  have  calibration  accuracies  of  ±  1°C  and 
±  3°C,  respectively.  Both  are  designed  to  be  used  from  0  to 
+  50°C,  and  are  available  in  14-pin,  hermetically  sealed,  side- 
brazed  ceramic  DIPs  as  well  as  low  cost  cerdip  packages. 

PRODUCT  HIGHLIGHTS 

1.  The  AD594/AD595  provides  cold  junction  compensation, 
amplification,  and  an  output  buffer  in  a  single  IC  package. 

2.  Compensation,  zero,  and  scale  factor  are  all  precalibrated  by 
laser  wafer  trimming  (LWT)  of  each  IC  chip. 

3.  Flexible  pin-out  provides  for  operation  as  a  set-point  controller 
or  a  stand-alone  temperature  transducer  calibrated  in  degrees 
Celsius. 

4.  Operation  at  remote  application  sites  is  facilitated  by  low 
quiescent  current  and  a  wide  supply  voltage  range  of  +  5V  to 
dual  supplies  spanning  30V. 

5.  Differential  input  rejects  common-mode  noise  voltage  on  the 
thermocouple  leads. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  oi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 


(@  +25°C  and  Vs  =  5  V,  Type  J  (AD594),  Type  K  (AD595) 
Thermocouple,  unless  otherwise  noted) 


AD594/AD595 


Model 

AD594A 
Min             Typ  Max 

AD594C 
Min  Typ 

f 

AD595A 

Min 

AD595C 
Min              Typ  Max 

Um„ 

ABSOLUTE  MAXIMUM  RATINGS 

36 

-Vs  -0.15  +VS 
-Vs  +VS 

-Vs                       -Vs  +36. 
-Vs  +VS 
--55 — _  +125  -  -i 

Volts 
Volts 
Volts 

Volts 
Volts 
X 

+VS  to  -Vs 

Common-Mode  Input  Voltage 
Differential  Input  Voltage 
Alarm  Voltages 

+ALM 

-ALM 

Operating  Temperature  Range 
Output  Short  Circuit  to  Common 

36 

-Vs  -0.15  +VS 
-Vs  +VS 

-Vs                        -Vs  +36 
-Vs  +VS 
-55  +125 
Indefinite 

-Vs  -0.15 
-Vs 

-Vs 

+ 
+ 

Vs 

Vs 

Vs  +36 

Vs 

125 

 Jf  

-Vs  -0.15  +VS 
-Vs  +VS 

-Vs                     -Vs  +3* 
-Vs  +VS 
-55  +125 
Indefinite 



Indefinite 

Indefinite 



TEMPERATURE  MEASUREMENT 
(Specified  Temperarure  Range 
0  to  +50*C) 
Calibration  Error  at  +25*C' 



±3 

± 

1 

±3 

±1 

«C 

Stability  vs.  Temperature2 
Gain  Error 

Nominal  Transfer  Function 

±0.05 
±1.5 
10 

±0.025 
±0.75 
10 

±0.05 
±1.5 
10 

±0.025 
±0.75 

10 

•ere 
% 

m\rc 

AMPLIFIER  CHARACTERISTICS 
Closed  Loop  Gain3 

193.4 

(Temperature  in  'O  x  5 1 .70  u.V/°C 
0.1 

-10  +50 
-Vs  -0.15               +VS  -4 
10 
10 

193.4 

(Temperature  in  *C)x51.70  (i.V/°C 
0.1 

-Vs  -0.15               +VS  -4 
10 
10 

247.3 

(Temperarure  in  -0x40.44  u.V/°C 
0.1 

-10  +50 
-Vs  -0.15               +VS  -4 
10 
10 

247.3 

(Temperature  in  "0x40.44  u.V/*C 
0.1 

-10  +50 
-Vs  -0.15               +VS  -4 
10 
10 

p.V 

uA 

mV 

Volts 

mV/V 

mV/V 

Input  Offset  Voltage 

Input  Bias  Current 

Differential  Input  Range 

Common-Mode  Range 

Common-Mode  Sensitivity  -  RTO 

Power  Supply  Sensitivity  -  RTO 

Output  Voltage  Range 

Dual  Supplies 

Single  Supply 

Usable  Output  Current* 

3  dB  Bandwidth 

-Vs  +2.5  +VS  -2 
0                            +VS  -2 

±5 

15 

-Vs  +2.5 

0  (JO? 

±5 
15 

+Vs-2 

+Vs-2 

-Vs  +2.5                +VS  -2 

0                           +VS  +2 
±5 
■5 

-Vs +2.5                +VS -2 

0                           +VS  -2 
±5 
15 

Volts 
Volts 
mA 
kHz 

ALARM  CHARACTERISTICS 

Vcksat,  at  2  mA 
Leakage  Current 
Operating  Voltage  at  -  ALM 
Short  Circuit  Current 

  U  " 

±1 

+Vs-4 

20 

0.3 
20 

±1 

+Vs-4 

—  03  

±1 

+Vs-4 

20 

0.3 

±1 

+Vs-4 

20 

Volts 
|iA  max 
Volts 
mA 

POWER  REQUIREMENTS 
Specified  Performance 

+  VS  =  5,  -Vs  -  0 

+VS  =  5,  -V, 

0 

+VS  =  5,  -Vs  =  0 

+  VS  •  5,  -Vs  =  0 

Volts 

Operating5 

Quiescent  Current  (No  Load) 

+VS 

+  VS  to  -Vs  ^30 

160  300 
100 

+  VS  to  -Vs 

160 
100 

=30 
300 

+  VS  to  -Vs  ^30 

160  300 
100 

+VS  to  -Vs  £30 

160  300 
100 

Volts 

uA 
uA 

PACKAGE  OPTION6 

TO-116  (D-14) 
Cerdip(Q-14) 

AD594AD 
AD594AQ 

AD594CD 
AD594CQ 

AD595AD 
AD595AQ 

AD595CD 
AD595CQ 

NOTES 

'Calibrated  for  minimum  error  ai  +25°C  using  a  thermocouple  sensitivity  of  51.7  (aWC.  Since  a  J  type  t! 
when  the  measuring  junction  is  at  0°C.  The  AD595  will  similarly  read  2.7  mV  at  0*C. 

2 Defined  as  the  slope  of  the  line  connecting  the  AD594/AD595  errors  measured  at  0°C  and  50°C  ambient  temperature, 
^in  8  shorted  to  Pin  9. 

^Current  Sink  Capability  in  single  supply  configuration  is  limited  to  current  drawn  to  ground  through  a  50  kfl  resistor  at  output  voltages  below  2.5  V. 
S-Vs  must  not  exceed  - 16.5  V. 

6For  outline  information  see  Package  Information  section. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


,  the  AD594  will 


normally  read  3. 1  mV 


: 

.  - 


- 
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Thermocouple  Type  J  AD594  TypeK  AD595 
Temperature  Voltage  Output  Voltage  Output 
"C  mV  mV  mV  mV 


Thermocouple  Type  J  AD594  TypeK  AD595 
Temperature  Voltage  Output  Voltage  Output 
°C  mV  mV  mV  mV 


-  200 

-  7.890 

-1523 

-  5.891 

-  1454 

-  180 

-  7.402 

-1428 

-  5.550 

-1370 

-  160 

-  6.821 

-  1316 

-  5.141 

-  1269 

-  140 

-  6.159 

-1188 

-  4.669 

-1152 

-  120 

-  5.426 

-  1046 

-  4.138 

-  1021 

-  100 

-  4.632 

-  893 

-  3.553 

-  876 

-  80 

-  3.785 

-  729 

-  2.920 

-  719 

-  60 

-  2.892 

-  556 

-  2.243 

-  552 

-  40 

-  1.960 

-  376 

-  1.527 

-  375 

-  20 

-  .995 

1X9 

-  .777 

-  189 

-  10 

-  .501 

-  94 

-  .392 

-  94 

0 

0 

3.1 

0 

2.7 

10 

.507 

101 

.397 

101 

20 

1.019 

200 

.798 

200 

25 

1.277 

250 

1.000 

250 

30 

1.536 

300 

1.203 

300 

40 

2.058 

401 

1.611 

401 

50 

2.585 

503 

2.022 

503 

60 

3.115 

606 

2.436 

605 

80 

4.186 

813 

3.266 

810 

100 

5.268 

1022 

4.095 

1015 

120 

6.359 

1233 

4.919 

1219 

140 

7.457 

1445 

5.733 

1420 

160 

8.560 

1659 

6.539 

1620 

180 

9.667 

1873 

7.338 

1817 

200 

10.777 

2087 

8.137 

2015 

220 

11.887 

2302 

8.938 

2213      ,  ; 

240 

12.998 

2517 

9.745 

2413 

260 

14.108 

2732 

10.560 

2614 

280 

15.217 

2946 

11.381 

2817 

300 

16.325 

3160 

12.207 

3022 

320 

17.432 

3374 

13.039 

3327 

340 

18.537 

3588 

13.874 

3434 

360 

19.640 

3801 

14.712 

3641 

380 

20.743 

4015 

15.552 

3849 

400 

21.846 

4228 

16.395 

4057 

420 

22.949 

4441 

17.241 

4266 

440 

24.054 

4655 

18.088 

4476 

460 

4869 

18.938 

4686 

480 

m 

5084 

19.788 

4896 

500 
520 
540 
560 
580 


600 
620 
640 
660 
680 


700 
720 
740 
750 
760 


820 
840 
860 


900 
920 
940 
960 


1000 
1020 
1040 
1060 


1080 
1100 
1120 
1140 
1160 


1180 
1200 
1220 
1240 
1250 


27.388 
28.511 
29.642 
30.782 
31.933 


5300 
5517 
5736 
5956 
6179 


33.096 
34.273 
35.464 
36.671 
37.893 


6404 
6632 
6862 
7095 
7332 


39.130 
40.382 
41.647 
42.283 


7571 
7813 
8058 
8181 


20.640 
21.493 
22.346 
23.198 
24.050 


24.902 
25.751 
26.599 
27.445 
28.288 


28.128 
29.965 
30.799 
31.214 
31.629 


32.455 
33.277 
34.095 
34.909 
35.718 


36.524 
37.325 
38.122 
38.915 
39.703 


40.488 
41.269 
42.045 
42.817 
43.585 


44.349 
45.108 
45.863 
46.612 
47.356 


48.095 
48.828 
49.555 
50.276 
50.633 


5107 
5318 
5529 
5740 
5950 


6161 
6371 
6581 
6790 
6998 


7206 
7413 
7619 
7722 
7825 


8029 
8232 
8434 
8636 
8836 


9035 
9233 
9430 
9626 
9821 


10015 
10209 
10400 
10591 
10781 


10970 
11158 
11345 
11530 
11714 


11897 
12078 
12258 
12436 
12524 


Table  I.  Output  Voltage  vs.  Thermocouple  Temperature  (Ambient  +25°C,  Vs  =  -51/,  +  15 V) 


INTERPRETING  AD594/AD595  OUTPUT  VOLTAGES 

To  achieve  a  temperature  proportional  output  of  lOmVTC  and 
accurately  compensate  for  the  reference  junction  over  the  rated 
operating  range  of  the  circuit,  the  AD594/AD595  is  gain  trimmed 
to  match  the  transfer  characteristic  of  J  and  K  type  thermocouples 
at  25°C.  For  a  type  J  output  in  this  temperature  range  the  TC  is 
51.70m.V/°C,  while  for  a  type  K  it  is  40.44|j.V/°C.  The  resulting 
gain  for  the  AD594  is  193.4  (10mV/°C  divided  by  51.7u.V/°C) 
and  for  the  AD595  is  247.3  (10mV/°C  divided  by.  40.44u.V/°C). 
In  addition,  an  absolute  accuracy  trim  induces  an  input  offset  to 
the  output  amplifier  characteristic  of  16uV  for  the  AD594  and 
1  luV  for  the  AD595.  This  offset  arises  because  the  AD594/AD595 
is  trimmed  for  a  250mV  output  while  applying  a  25°C  thermocouple 
input. 

Because  a  thermocouple  output  voltage  is  nonlinear  with  respect 
to  temperature,  and  the  AD594/AD595  linearly  amplifies  the 
compensated  signal,  the  following  transfer  functions  should  be 
used  to  determine  the  actual  output  voltages: 

AD594  output  =  (Type  J  Voltage  +  16p.V)  x  193.4 


AD595  output  =  (Type  K  Voltage  +  11|aV)  x  247.3 
or  conversely: 

Type  J  voltage  =  (AD594  output  /  193.4)  -  16ijlV 

Type  K  voltage  =  (AD595  output  /  247.3)  -  llu-V 

Table  I  above  lists  the  ideal  AD594/AD595  output  voltages  as  a 
function  of  Celsius  temperature  for  type  J  and  K  ANSI  standard 
thermocouples,  with  the  package  and  reference  junction  at  25°C 
As  is  normally  the  case,  these  outputs  are  subject  to  calibration, 
gain  and  temperature  sensitivity  errors.  Output  values  for  inter- 
mediate temperatures  can  be  interpolated,  or  calculated  using 
the  output  equations  and  ANSI  thermocouple  voltage  tables 
referred  to  zero  degrees  Celsius.  Due  to  a  slight  variation  in 
alloy  content  between  ANSI  type  J  and  DIN  Fe-CuNi  ther- 
mocouples Table  I  should  not  be  used  in  conjunction  with  Euro- 
pean standard  thermocouples.  Instead  the  transfer  function 
given  previously  and  a  DIN  thermocouple  table  should  be  used. 
ANSI  type  K  and  DIN  NiCr-Ni  thermocouples  are  composed 
of  identical  alloys  and  exhibit  similar  behavior.  The  upper  tem- 
perature limits  in  Table  I  are  those  recommended  for  type  J  and 
type  K  thermocouples  by  the  majority  of  vendors. 


79-74    SENSORS  AND  SIGNAL  CONDITIONERS 


REV.  A 


ANALOG 
DEVICES 


Thermocouple  Conditioner  and 
Set-Point  Controller 


AD596*/AD597' 


FEATURES 

Low  Cost 

Operates  with  Type  J  (AD596)  or  Type  K  (AD597) 

Thermocouples 
Built-in  Ice  Point  Compensation 
Temperature  Proportional  Operation  -  10mV/°C 
Temperature  Set-Point  Operation  -  ON/OFF 
Programmable  Switching  Hysteresis 
High  Impedance  Differential  Input 

PRODUCT  DESCRIPTION 

The  AD596/AD597  is  a  monolithic  temperature  set-point  con- 
troller which  has  been  optimized  for  use  at  elevated  temperatures 
such  as  those  found  in  oven  control  applications.  The  device 
cold  junction  compensates  and  amplifies  a  type  J  or  K  ther- 
mocouple input  to  derive  an  internal  signal  proportional  to 
temperature.  The  internal  signal  is  then  compared  with  an  ex- 
ternally applied  set-point  voltage  to  yield  a  low  impedance  switched 
output  voltage.  Dead-Band  or  switching  hysteresis  can  be  pro- 
grammed using  a  single  external  resistor.  Alternately,  the  ADS96/ 
AD597  can  be  configured  to  provide  a  voltage  output  (lOmWC) 
directly  from  a  type  J  or  K  thermocouple  signal.  It  can  also  be 
used  as  a  stand-alone  voltage  output  temperature  sensor. 

The  AD5967AD597  can  be  powered  with  a  single  supply  from 
+  5V  to  +  30V,  or  dual  supplies  up  to  a  total  span  of  36V. 
Typical  quiescent  supply  current  is  160p,A  which  minimizes 
self-heating  errors. 

The  AD596/AD597  H  package  option  includes  a  thermocouple 
failure  alarm  that  indicates  an  open  thermocouple  lead  when 
operated  in  the  temperature  proportional  measurement  mode. 
The  alarm  output  has  a  flexible  format  which  can  be  used  to 
drive  relays,  LEDs  or  TTL  logic. 

The  device  is  packaged  in  a  reliability  qualified,  cost  effective 
10-pin  metal  can,  8-pin  plastic  minidip  or  SOIC  and  is  trimmed 
to  operate  over  an  ambient  temperature  range  from  +  25°C  to 
+  100°C.  Operation  over  an  extended  ambient  temperature 
range  is  possible  with  slightly  reduced  accuracy.  The  AD596 
will  amplify  thermocouple  signals  covering  the  entire  -  200°C  to 
+  760°C  temperature  range  recommended  for  type  J  thermocouples 
while  the  AD597  can  accommodate  -200°C  to  +  1250°C  type  K 
inputs. 

The  AD596/AD597  has  a  calibration  accuracy  of  +  4°C  at  an 
ambient  temperature  of  60°C  and  an  ambient  temperature  stability 
specification  of  0.05°C/°C  from  +  25°C  to  +  100°C.  If  higher 
accuracy,  or  a  lower  ambient  operating  temperature  is  required, 
either  the  AD594  (J  thermocouple)  or  AD595  (K  thermocouple) 
should  be  considered. 


FUNCTIONAL  BLOCK  DIAGRAMS 

TO-100 
(H)  Package 


o.  4,029,974. 


8-Pin  Plastic  Mini-DIP  (N)  Package 
or  SOIC  (R)  Package 


.j7 

3E 


gnd|T 

v-rr 


AD597AN 


PRODUCT  HIGHLIGHTS 

1.  The  AD596/AD597  provides  cold  junction  ( 
and  a  high  gain  amplifier  which  can  be  used  as  a  set-point 
comparator. 

2.  The  input  stage  of  the  AD5967AD597  is  a  high  quality  in- 
strumentation amplifier  that  allows  the  thermocouple  to  float 
over  most  of  the  supply  voltage  range. 

3.  Linearization  not  required  for  thermocouple  temperatures 
close  to  175°C  (+  100°C  to  +  540°C  for  AD596). 

4.  Cold  junction  compensation  is  optimized  for  ambient  temper- 
atures ranging  from  +25°C  to  +  100°C. 

5.  In  the  stand-alone  mode,  the  AD596/AD597  produces  an 
output  voltage  that  indicates  its  own  temperature. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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Aircoc/jinun^ 

Common-Mode  Input  Voltage 
Differential  Input  Voltage 
Alarm  Voltages 

+  ALM 

-ALM 

Operating  Temperature  Range 
Output  Short  Circuit  to  Common 


cDrnnoATinuc  L@ +60CandV?  = 


=  10V,  Type  J  (AD596),  Type  K  (AD597) 


(~VS  -0.15) 
V, 


+VS 
+VS 


-Vs  (-Vs  +36) 

-vs  +VS 

-55  +125 
Indefinite 


(-Vs  -0.15) 

-Vs 

-v, 
-v, 

-55 

Indefinite 


+VS 
+VS 

(-Vs  +36) 
+VS 
+  125 


(-V,  -0.15) 
-V, 


-vs 


+  VS 

+vs 

c-ys 

+vs 


-36) 


Indefinite 


Volts 
Volts 

Volts 
Volts 

°C 


TEMPERATURE  MEASUREMENT 
(Specified  Temperature  Range 
+25°C  to  +100°C) 
Calibration  Error1 
Stability  vs.  Temperature2 
Gain  Error 

Nominal  Transfer  Function 


-1.5 


+4 

±0.02  ±0.05 
+1.5 

10 


-4 
-1.5 


+4 

±0.02  ±0.05 
+1.5 

10 


±0.02 

-1.5 

10 


+4 

±0.05 
+  1.5 


°C 

°C/°C 

% ' 

mV/°C 


AMPLIFIER  CHARACTERISTICS 
Closed  Loop  Gain3 
Input  Offset  Voltage 
Input  Bias  Current 
Differential  Input  Range 
Common  Mode  Range 
Common  Mode  Sensitivity-RTO 
Power  Supply  Sensitivity-RTO 
Output  Voltage  Range 

Dual  Supplies 

Single  Supply 
Usable  Output  Current4 
3dB  Bandwidth 


180.6 
°Cx53.21+235 
0.1 

-10 

(-Vs-0.15) 


245.5 
°Cx41.27-37 
0.1 


245.5 


+  50 

(+Vs-4) 
10 
10 


(-Vs+2.5) 
0 

±5 


(+Vs-2) 
(+Vs-2) 


-10 

(+VS-0.15) 


(-Vs+2.5) 
0 

±5 


+  50 

(+Vs-4) 

10 

10 

(+Vs-2) 
(+Vs-2) 


-10 

(-Vs-0.15) 


(-Vs+2.5) 
0 


15 


v/v 

37 

|xV 

HA 

+  50 

mV 

(+vs 

-4) 

Volts 

10 

mV/V 

10 

mV/V 

(+vs 

-2) 

Volts 

(+vs 

-2) 

Volts 

mA 

kHz 

ALARM  CHARACTERISTICS' 
vce(satj  at  2mA 
Leakage  Current 
Operating  Voltage  at  —  ALM 
Short  Circuit  Current 


Alarm  Function  Not  Pinned  Out 


0.3 


0.3 


±1 

(+VS 


±1 

(+Vs-4) 


Volts 
UiA 
Volts 
mA 


POWER  REQUIREMENTS 
Operating 
Quiescent  Current 
+  VS 

-Vs 


(+VS  to  -Vs)s30 


(+VS  to  -Vs)s30 


(+VS  to  -Vs)==30 


160 
100 


300 
200 


160 
100 


300 
200 


160 
100 


300 
200 


Volts 

uA 
uA 


measuring  thermocouple  junction  of  175°C  and  a  chip  temperature  of  60°C.  The  ideal  transfer  function  is 

■ 


NOTES 

'This  is  a  measure  of  the  deviation  from  ideal  with 
given  by: 

AD596:  VOUT  =  180.57 x(Vm-Va+  (ambient  in  °C)x53.21^V/°C  +235^V) 
AD597:  VOUT  -  245.46x(Vm-Va+  (ambient  in  °C)x41.27|j.V/0C  -37*j.V) 

where  Vm  and  Va  represent  the  measuring  and  ambient  temperatures  and  are  taken  from  the  appropriate  J  or  K  thermocouple  table.  The  ideal 
minimizes  the  error  over  the  ambient  temperature  range  of  25°C  to  100°C  with  a  thermocouple  temperature  of  approximately  175°C. 

2Defined  as  the  slope  of  the  line  connecting  the  AD596/AD597  CJC  errors  measured  at  25°C  and  I00°C  ambient  temperature. 

3Pin  6  shorted  to  pin  7. 

"Current  Sink  Capability  in  single  supply  configuration  is  limited  to  current  drawn  to  ground  through  a  50kfl  resistor  at  output  voltages  below  2.5V. 
5Alarm  function  available  on  H  package  option  only. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 


ORDERING  GUIDE 


Model 

Package  Description 

Package  Option1 

•  — am  

AD596AH 

TO- 100 

H-10A 

AD597AH 

TO- 100 

H-10A 

AD597AN2 

Plastic  DIP 

N-8 

AD597AR2 

SOIC 

R-8 

NOTES 

'For  outline  information  see  Package  Information  section. 
2Consult  factory  for  availability. 
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Type  J  AD596  Type  K  AD597 
Voltage  Output  Voltage  Output 
mV  mV  mV  mV 


Thermocouple  Type  J  AD596 
Temperature  Voltage  Output 
°C  mV  mV 


TypeK  AD597 
Voltage  Output 
mV  mV 


-  200 

-  180 

-  160 

-  140 

-  120 


7.890 
7.402 
6.821 
6.159 
5.426 


-1370 
-1282 
-1177 
-1058 
-  925 


5.891 
5.550 
5.141 
4.669 
4.138 


-  1446 
-1362 
-1262 
-1146 
-1016 


500 
520 
540 
560 
580 


27.388 
28.511 
29.642 
30.782 
31.933 


5000 
5203 
5407 
5613 
5821 


20.640 
21.493 
22.346 
23.198 
24.050 


5066 
5276 
5485 

IZ 


100 
80 
60 
40 
20 


4.632  -  782 

3.785  '  -  629 

2.892  -  468 

1.960  -  299 

.995  -  125 


-  3.553 

-  2.920 

-  2.243 

-  1.527 

-  .777 


-  872 

-  717 

-  551 

-  375 

-  191 


600 
620 
640 
660 
680 


33.096  6031 

34.273  6243 

35.464  6458 

36.671  6676 

37.893  6897 


24.902 
25.751 
26.599 
27.445 
28.288 


6112 
6321 
6529 
6737 
6944 


10 
0 
10 
20 
25 


.501 
0 

.507 
1.019 
1.277 


36 
54 
146 
238 
285 


.392 
0 

.397 
.798 
1.000 


96 
0 

97 
196 
245 


700 
720 
740 
750 
760 


39.130  7120 

40.382  7346 

41.647  7575 

42.283  7689 




29.128 
29.965 
30.799 
31.214 
31.629 


7150 
7355 
7560 
7662 
7764 


30 
40 
50 
60 


1.536 
2.058 
2.585 
3.115 
4.186 


332 
426 
521 
617 
810 


1.203 
1.611 
2.022 
2.436 
3.266 


295 
395 
496 
598 
802 


780 
800 
820 
840 


32.455 
33.277 
34.095 
34.909 
35.718 


7966 
8168 
8369 
8569 
8767 


100 
120 
140 
160 
180 


5.268 
6.359 
7.457 
8.560 
9.667 


1006 
1203 
1401 
1600 
1800 


4.095 
4.919 
5.733 
6.539 
7.338 


1005 
1207 
1407 
1605 
1801 


900 
920 
940 
960 


36.524 
37.325 
38.122 
38.915 
39.703 


8965 
9162 
9357 
9552 
9745 


200 
220 
240 
260 
280 


10.777 
11.887 
12.998 
14.108 
15.217 


2000 
2201 
2401 
2602 
2802 


8.137 
8.938 
9.745 
10.560 
11.381 


1997 
2194 
2392 
2592 
2794 


1000 
1020 
1040 
1060 


40.488 
41.269 
42.045 
42.817 
43.585 


9938 
10130 
10320 
10510 


300 
320 
340 
360 
380 


16.325 
17.432 
18.537 
19.640 
20.743 


3002 
3202 
3402 
3601 
3800 


12.207 
13.039 
13.874 
14.712 
15.552 


2996 
3201 
3406 
3611 
3817 


1100 
1120 
1140 
1160 


44.439 
45.108 
45.863 
46.612 
47.356 


10908 
11072 
11258 
11441 
11624 


400 
420 
440 
460 
480 


21.846 
22.949 
24.054 
25.161 
26.272 


3999 
4198 
4398 
4598 
4798 


16.395 
17.241 
18.088 
18.938 
19.788 


4024 
4232 
4440 
4649 
4857 


1180 
1200 
1220 
1240 
1250 





48.095  11805 

48.828  11985 

49.555  12164 

50.276  12341 

50.633  12428 


Table  I.  Output  Voltage  vs.  Thermocouple  Temperature  (Ambient  +  60°C,  Vs  =  -  5V,  +  15V) 


TEMPERATURE  PROPORTIONAL  OUTPUT  MODE 

The  AD596/AD597  can  be  used  to  generate  a  temperature  pro- 
portional output  of  10mV/°C  when  operated  with  J  and  K  type 
thermocouples  as  shown  in  Figure  \.  Thermocouples  produce 
low  level  output  voltages  which  are  a  function  of  both  the  tem- 
perature being  measured  and  the  reference  or  cold  junction 
temperature.  The  AD596/AD597  compensates  for  the  cold  junc- 
tion temperature  and  amplifies  the  thermocouple  signal  to  produce 
a  high  level  10m WC  voltage  output  which  is  a  function  only  of 
the  temperature  being  measured.  The  temperature  stability  of 
the  part  indicates  the  sensitivity  of  the  output  voltage  to  changes 
in  ambient  or  device  temperatures.  This  is  typically  0.02°C/°C 
over  the  +25°C  to  +  100°C  recommended  ambient  temperature 
range.  The  parts  will  operate  over  the  extended  ambient  tem- 
perature ranges  from  -  55°C  to  +  125°C,  but  thermocouple 
nonlinearity  at  the  reference  junction  will  degrade  the  temperature 
stability  over  this  extended  range.  Table  I  is  a  list  of  ideal  AD5967 
AD597  output  voltages  as  a  function  of  Celsius  temperature  for 
type  J  and  K  ANSI  standard  thermocouples  with  package  and 
reference  junction  at  60°C.  As  is  normally  the  case,  these  outputs 


•H  PACKAGE  PINOUT  SHOWN 

Figure  1.  Temperature  Proportional  Output  Connection 

are  subject  to  calibration  and  temperature  s 
These  tables  are  derived  using  the  ideal  1 

AD596  output  =  (Type  J  voltage  +301.5n.V)  X  180.57 
AD597  output  =  (Type  K  voltage)  x  245.46 
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ANALOG 
DEVICES 


Loop-Powered  4-20mA 
Sensor  Transmitter 


■ 


AD693 


FEATURES 

Instrumentation  Amplifier  Front  End 
Loop-Powered  Operation 
Precalibrated  30mV  or  60mV  Input  Spans 
Independently  Adjustable  Output  Span  and  Zero 
Precalibrated  Output  Spans:  4-20mA  Unipolar 
0-20mA  Unipolar 
12  ±  8mA  Bipolar 
Precalibrated  100O  RTD  Interface 
6.2V  Reference  with  Up  to  3.5mA  of  Current  Available 
Uncommitted  Auxiliary  Amp  for  Extra  Flexibility 
Optional  External  Pass  Transistor  to  Reduce 
Self-Heating  Errors 


FUNCTIONAL  BLOCK  DIAGRAM 

12mA     V,N  ZERO 

t<5>)  <yH^Kfo- 


-AUX  +AUX  75mV  100(1  150mV  COM 


PRODUCT  DESCRIPTION 

The  AD693  is  a  monolithic  signal  conditioning  circuit  which 
accepts  low-level  inputs  from  a  variety  of  transducers  to  control 
a  standard  4— 20mA,  two-wire  current  loop.  An  on-chip  voltage 
reference  and  auxiliary  amplifier  are  provided  for  transducer 
excitation;  up  to  3.5mA  of  excitation  current  is  available  when 
the  device  is  operated  in  the  loop-powered  mode.  Alternatively, 
the  device  may  be  locally  powered  for  three-wire  applications 
when  0-20mA  operation  is  desired. 

Precalibrated  30mV  and  60mV  input  spans  may  be  set  by  simple 
pin  strapping.  Other  spans  from  lmV  to  lOOmV  may  be  realized 
with  the  addition  of  external  resistors.  The  auxiliary  amplifier 
may  be  used  in  combination  with  on-chip  voltages  to  provide  six 
precalibrated  ranges  for  10011  RTDs.  Output  span  and  zero  are 
also  determined  by  pin  strapping  to  obtain  the  standard  ranges: 
4-20mA,  12  ±  8mA  and  0-20mA. 

Active  laser  trimming  of  the  AD693's  thin-film  resistors  result 
in  high  levels  of  accuracy  without  the  need  for  additional  adjust- 
ments and  calibration.  Total  unadjusted  error  is  tested  on  every 
device  to  be  less  than  0.5%  of  full  scale  at  +25"C,  and  less  than 
0.75%  over  the  industrial  temperature  range.  Residual  nonlinearity 
is  under  0.05%.  The  AD693  also  allows  for  the  use  of  an  external 
pass  transistor  to  further  reduce  errors  caused  by  self-heating. 

For  transmission  of  low-level  signals  from  RTDs,  bridges  and 
pressure  transducers,  the  AD693  offers  a  cost-effective  signal 
conditioning  solution.  It  is  recommended  as  a  replacement  for 
discrete  designs  in  a  variety  of  applications  in  process  control, 
factory  automation  and  system  monitoring. 

The  AD693  is  packaged  in  a  20-pin  ceramic  side-brazed  DIP, 
20-pin  Cerdip,  and  20-pin  LCCC  and  is  specified  over  the  -40°C 
to  +85°C  industrial  temperature  range. 


PRODUCT  HIGHLIGHTS 

1 .  The  AD693  is  a  complete  monolithic  low-level  voltage-to- 
current  loop  signal  conditioner. 

2.  Precalibrated  output  zero  and  span  options  include 
4-20mA,  0-20mA,  and  12  ±  8mA  in  two-  and  three-wire 
configurations. 

3.  Simple  resistor  programming  adds  a  continuum  of  ranges  to 
the  basic  30mV  and  60mV  input  spans. 

4.  The  common-mode  range  of  the  signal  amplifier  input  extends 
from  ground  to  near  the  device's  operating  voltage. 

5.  Provision  for  transducer  excitation  includes  a  6.2V  reference 
output  and  an  auxiliary  amplifier  which  may  be  configured 
for  voltage  or  current  output  and  signal  amplification. 

6.  The  circuit  configuration  permits  simple  linearization  of 
bridge,  RTD,  and  other  transducer  signals. 

7.  A  monitored  output  is  provided  to  drive  an  external  pass 
transistor.  This  feature  off-loads  power  dissipation  to  extend 
the  temperature  range  of  operation,  enhance  reliability,  and 
minimize  self-heating  errors. 

8.  Laser-wafer  trimming  results  in  low  unadjusted  errors  and 
affords  precalibrated  input  and  output  spans. 

9.  Zero  and  span  are  independently  adjustable  and  noninteractive 
to  accommodate  transducers  or  user  defined  ranges. 

10.  Six  precalibrated  temperature  ranges  are  available  with  a 
lOOfl  RTD  via  pin  strapping. 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


- 
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SPECIFICATIONS 


(@  +25°C  and  Vs  =  +24V.  Input  Span  =  30mV  or  60mV,  Output  Span  =  4-20mA, 
RL  =  250fl,  VCM  =  3.1V,  with  external  pass  transistor  unless  otherwise  noted) 


AD693 


lil  mitt  mt 

zviouei 

Conditions 

AD693AD/AQ/AE 
/vim        1  yp  iWax 

Units 

LOOP-POWERED  OPERATION 

TOTAL  UNADJUSTED  ERROR'  ■ 2 

1  min  to  1  max 

±0.25  ±0.5 
±0.4  ±0.75 

%  Full  Scale 
%  Full  Scale 

lOOn  RTD  CALIBRATION  ERROR3 

(See  Fig.  17) 

±0.5  ±2.0 

°C 

LOOP  POWERED  OPERATION2 
Zero  Current  Error4 

Zero  =  4mA 
Zero  =  12mA 
Zero  =  0mA5 

±25  ±80 
±40  ±120 
+  7         +35  +100 

u.A 
u-A 
uA 

vs.  Temp. 

Power  Supply  Rejection  (RTI) 

Zero  =  4mA 
12V  «VOPs36V6 
0V<VCMS6.2V 

±0.5  ±1.5 
±3.0  ±5.6 

uA/°C 
uV/V 

Common-Mode  Input  Range 
Common-Mode  Rejection  (RTI) 
Input  Bias  Current7 

Tnin  tO  T^,, 

Input  Offset  Current7 

Transconductance 
Nominal 

Unadjusted  Error 
vs.  Common-Mode 

L11U1   VS,    1  ClilJJ. 

Nonlinearity8 

(See  Fig.  3) 
0VSVcM^6.2V 

VSIG  =  0 

30mV  Input  Span 
60mV  Input  Span 

0VsVCMs6.2V 
30mV  Input  Span 
60mV  Input  Span 

30mV  Input  Span 
60mV  Input  Span 

0  +VOP-4V* 
±10  ±30 
+  5  +20 
+  7  +25 

±0.5  ±3.0 

0.5333 
0.2666 

±0.05  ±0.2 

±0.03  ±0.04 

±0.05  ±0.06 
■+-  m         -»-  <n 

±0.01  ±0.05 
±0.02  ±0.07 

V 

uV/V 

nA 

nA 

nA 

A/V 
AW 

% 

%/V 

%/V 

 ,„  fry*. 

ppm/  L, 

%  of Span 

%  of Span 

OPERATIONAL  VOLTAGE  RANGE 
Operational  Voltage,  V0p6 
Quiescent  Current 

Into  Pin  9 



+  12  +36 
+  500  +700 

V 
uA 

OUTPUT  CURRENT  LIMIT 

+  21       +25  +32 

mA 

CUMFUlNllIN  1  3  Ur  LKKUK 

i  

SIGNAL  AMPLIFIER9 
Input  Voltage  Offset 

vs.  Temp 
Power  Supply  Rejection 

12VsVOPs36V6 
0VsVcmS6.2V 



±40  ±200 

±1.0  ±2.5 
±3.0  ±5.6 

oV/°C 
uV/V 

V/I  CONVERTER9' 10 
Zero  Current  Error 
Power  Supply  Rejection 
Transconductance 

Nominal 

Unadjusted  Error 

Output  Span  =  4-20mA 
12VsV0p£36V6 

±30  ±80 
±1.0  ±3.0 

•  mt  1 

0.2666 

±0.05  ±0.2 
■- 

uA/V 

A/V 

% 

6.200V  REFERENCE  • 
Output  Voltage  Tolerance 

vs.  Temp. 
Line  Regulation 
Load  Regulation 11 
Output  Current13 

12VsVOPs36V6 
0mA£lREFs3mA 
Loop  Powered,  (Fig.  10) 
3-Wire  Mode,  (Fig.  15) 

—  J               It  LZ 

±20  ±50 
±200  ±300 
±0.3  ±0.75 
+  3.0  +3.5 

JlUlllWjnCJT  aomau[  xbM 
mv 

ppm/°C 
uV/V 
mV/mA 
mA 

+  5.0 

mA 
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AUXILIARY  AMPLIFIER 
Common-Mode  Range 

Tnntir  Offcpt  Volfntrp 

Input  Bias  Current 

0  +VOP-4V6 

V 

uV 

nA 

±50  ±200 
+  5  +20 

Input  Offset  Current 

+  0.5  ±3.0 

nA 
dB 
dB 

mA 

% 

Common-Mode  Rejection 

1UWCI  O  U  pL'l  V  Ixt.  Jt.\,  L1U11 

Output  Current  Range 
Output  Current  Error 

Pin  Ix  OUT 
PinVx  -Pinlx 

90 
105 

+  0.01  +5 
±0.005 

TEMPERATURE  RANGE 
Case  Operating14 
Storage 

Tmin  tO  Tjnax 

-40  +85 
-65  +150 

°C 
°C 

unadjusted 


NOTES 

'Total  error  can  be  significantly  reduced  (typically  less  than  0.1%)  by  trimming  the  zero  current.  The  ri 
error  sources  are  transconductance  and  nonlinearity. 

2The  AD693  is  tested  as  a  loop  powered  device  with  the  signal  amp,  V/I  converter,  voltage  reference,  and  application  voltages 
operating  together.  Specifications  are  valid  for  preset  spans  and  spans  between  30mV  and  60mV. 
3Error  from  ideal  output  assuming  a  perfect  100ft  RTD  at  0  and  +  100°C. 
4Refer  to  the  Error  Analysis  to  calculate  zero  current  error  for  input  spans  less  than  30mV. 

5By  forcing  the  differential  signal  amplifier  input  sufficiently  negative  the  7y.A  zero  current  can  always  be  achieved, 
^he  operational  voltage  (V0p)  is  the  voltage  directly  across  the  AD693  (Pin  10  to  6  in  two-wire  mode,  Pin  9  to  6  in 
local  power  mode).  For  example,  VOP  =  Vs  -  (IloopxRl)  m  two-wire  mode  (refer  to  Figure  10). 

7Bias  currents  are  not  symmetrical  with  input  signal  level  and  flow  out  of  the  input  pins.  The  input  bias  current  of  the 
inverting  input  increases  with  input  signal  voltage,  see  Figure  2. 

8Nonlinearity  is  defined  as  the  deviation  of  the  output  from  a  straight  line  connecting  the  endpoints  as  the  input  is  swept  over  a 
30mV  and  60mV  input  span. 

'Specifications  for  the  individual  functional  blocks  are  components  of  error  that  contribute  to,  and  that  are  included  in,  the  Loop 
Powered  Operation  specifications. 
""Includes  error  contributions  of  V/I  converter  and  Application  Voltages. 

"Changes  in  the  reference  output  voltage  due  to  load  will  affect  the  Zero  Current.  A  1%  change  in  the  voltage  reference  output  will 

result  in  an  error  of  1%  in  the  value  of  the  Zero  Current. 
12If  not  used  for  external  excitation,  the  reference  should  be  loaded  by  approximately  1mA  (6.2kft  to  common). 
13In  the  loop  powered  mode  up  to  5mA  can  be  drawn  from  the  reference,  however,  the  lower  limit  of  the  output  span  will  be 

increased  accordingly.  3.5mA  is  the  maximum  current  the  reference  can  source  while  still  maintaining  a  4mA  zero. 
14The  AD693  is  tested  with  a  pass  transistor  so  TA=TC. 
Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to 
calculate  outgoing  quality  levels.  All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are 
tested  on  all  production  units. 

ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  +  36V 

Reverse  Loop  Current   200mA 

Signal  Amp  Input  Range  -  0.3V  to  V0p 

Reference  Short  Circuit  to  Common   Indefinite 

Auxiliary  Amp  Input  Voltage  Range  -0.3VtoVOp 

Auxiliary  Amp  Current  Output   10mA 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature,  lOsec  Soldering   +300°C 

Max  Junction  Temperature  +  150°C 

ORDERING  GUIDE 


AD693  PIN  CONFIGURATION 
(AD,  AW,  AE  Packages) 


Package 

Package 

Model 

Description 

Option* 

AD693AD 

Ceramic  Side-Brazed  DIP 

D-20 

AD693AQ 

Cerdip 

Q-20 

AD693AE 

Leadless  Ceramic  Chip 

E-20A 

Carrier  (LCCC) 

AUXILIARY  AMP 


♦For  outline  information  see  Package  Information  section. 


Functional  Diagram 
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LOOP  5UPPPLY  VOLTAGE 

Figure  1.  Maximum  Load  Resistance  vs.  Power  Supply 
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INPUT  SIGNAL  VOLTAGE  -  mV 


Figure  2.  Differential  Input  Current  vs.  Input  Signal  Voltage 
Normalized  to  +IN 
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Figure  3.  Maximum  Common-Mode  Voltage  vs.  Supply 
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Figure  5.  Signal  Amplifier  PSRR  vs.  Frequency 
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Figure  6.  CMRR  (RTI)  vs.  Frequency 
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Figure  7.  Input  Current  Noise  vs.  Frequency 
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Figure  4.  Bandwidth  vs.  Series  Load  Resistance 
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Figure  8.  Input  Voltage  Noise  vs.  Frequency 
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FUNCTIONAL  DESCRIPTION 

The  operation  of  the  AD693  can  be  understood  by  dividing  the 
circuit  into  three  functional  parts  (see  Figure  9).  First,  an  in- 
strumentation amplifier  front-end  buffers  and  scales  the  low-level 
input  signal.  This  amplifier  drives  the  second  section,  a  V/I 
converter,  which  provides  the  4— to-20mA  loop  current.  The 
third  section,  a  voltage  reference  and  resistance  divider,  provides 
application  voltages  for  setting  the  various  "live  zero"  currents. 
In  addition  to  these  three  main  sections,  there  is  an  on-chip 
auxiliary  amplifier  which  can  be  used  for  transducer  excitation. 

VOLTAGE-TO-CURRENT  (V/I)  CONVERTER 
The  output  NPN  transistor  for  the  V/I  section  sinks  loop  current 
when  driven  on  by  a  high  gain  amplifier  at  its  base.  The  input 
for  this  amplifier  is  derived  from  the  difference  in  the  outputs 
of  the  matched  preamplifiers  having  gains,  G2.  This  difference 
is  caused  to  be  small  by  the  large  gain,  +  A,  and  the  negative 
feedback  through  the  NPN  transistor  and  the  loop  current 
sampling  resistor  between  Iim  and  Boost.  The  signal  across  this 
resistor  is  compared  to  the  input  of  the  left  preamp  and  servos 
the  loop  current  until  both  signals  are  equal.  Accurate  voltage-to- 
current  transformation  is  thereby  assured.  The  preamplifiers 
employ  a  special  design  which  allows  the  active  feedback  amplifier 
to  operate  from  the  most  positive  point  in  the  circuit,  IiN. 

The  V/I  stage  is  designed  to  have  a  nominal  transconductance  of 
0.2666  A/V.  Thus,  a  75mV  signal  applied  to  the  inputs  of  the 
V/I  (Pin  16,  noninverting;  Pin  12,  inverting)  results  in  a  full-scale 
output  current  of  20mA. 

The  current  limiter  operates  as  follows:  the  output  of  the  feedback 
preamp  is  an  accurate  indication  of  the  loop  current.  This  output 
is  compared  to  an  internal  setpoint  which  backs  off  the  drive  to 
the  NPN  transistor  when  the  loop  current  approaches  25mA.  As 
a  result,  the  loop  and  the  AD693  are  protected  from  the  conse- 
quences of  voltage  overdrive  at  the  V/I  input. 

VOLTAGE  REFERENCE  AND  DIVIDER 

A  stabilized  bandgap  voltage  reference  and  laser-trimmed  resistor 
divider  provide  for  both  transducer  excitation  as  well  as  pre- 
calibrated  offsets  for  the  V/I  converter.  When  not  used  for 
external  excitation,  the  reference  should  be  loaded  by  approxi- 
mately 1mA  (6.2kfl  to  common). 

The  4mA  and  12mA  taps  on  the  resistor  divider  correspond  to 
-  15mV  and  -45mV,  respectively,  and  result  in  a  live  zero  of 
4mA  or  I2mA  of  loop  current  when  connected  to  the  V/I  converter's 


inverting  input  (Pin  12).  Arranging  the  zero  offset  in  this  way 
makes  the  zero  signal  output  current  independent  of  input  span. 
When  the  input  to  the  signal  amp  is  zero,  the  noninverting 
input  of  the  V/I  is  at  6.2V. 

Since  the  standard  offsets  are  laser  trimmed  at  the  factory, 
adjustment  is  seldom  necessary  except  to  accommodate  the  zero 
offset  of  the  actual  source.  (See  "Adjusting  Zero".) 

SIGNAL  AMPLIFIER 

The  Signal  Amplifier  is  an  instrumentation  amplifier  used  to 
buffer  and  scale  the  input  to  match  the  desired  span.  Inputs 
applied  to  the  Signal  Amplifier  (at  Pins  17  and  18)  are  amplified 
and  referred  to  the  6.2V  reference  output  in  much  the  same  way 
as  the  level  translation  occurs  in  the  V/I  converter.  Signals  from 
the  two  preamplifiers  are  subtracted,  the  difference  is  amplified, 
and  the  result  is  fed  back  to  the  upper  preamp  to  minimize  the 
difference.  Since  the  two  preamps  are  identical,  this  minimum 
will  occur  when  the  voltage  at  the  upper  preamp  just  matches 
the  differential  input  applied  to  the  Signal  Amplifier  at  the  left. 

Since  the  signal  which  is  applied  to  the  V/I  is  attenuated  across 
the  two  800ft  resistors  before  driving  the  upper  preamp,  it  will 
necessarily  be  an  amplified  version  of  the  signal  applied  between 
Pins  17  and  18.  By  changing  this  attenuation,  you  can  control 
the  span  referred  to  the  Signal  Amplifier.  To  illustrate:  a  75mV 
signal  applied  to  the  V/I  results  in  a  20mA  loop  current.  Nominally, 
15mV  is  applied  to  offset  the  zero  to  4mA  leaving  a  60mV  range 
to  correspond  to  the  span.  And,  since  the  nominal  attenuation 
of  the  resistors  connected  to  Pins  16,  15  and  14  is  2.00,  a  30mV 
input  signal  will  be  doubled  to  result  in  20mA  of  loop  current. 
Shorting  Pins  15  and  16  results  in  unity  gain  and  permits  a 
60m V  input  span.  Other  choices  of  span  may  be  implemented 
with  user  supplied  resistors  to  modify  the  attenuation.  (See 
section  "Adjusting  Input  Span".) 

The  Signal  Amplifier  is  specially  designed  to  accommodate  a 
large  common-mode  range.  Common-mode  signals  anywhere  up 
to  and  beyond  the  6.2V  reference  are  easily  handled  as  long  as 
ViN  is  sufficiently  positive.  The  Signal  Amplifier  is  biased  with 
respect  to  ViN  and  requires  about  3.5  volts  of  headroom.  The 
extended  range  will  be  useful  when  measuring  sensors  driven, 
for  example,  by  the  auxiliary  amplifier  which  may  go  above  the 
6.2V  potential.  In  addition,  the  PNP  input  stage  will  continue 
to  operate  normally  with  common-mode  voltages  of  several 
hundred  mV,  negative,  with  respect  to  common.  This  feature 
accommodates  self-generating  sensors,  such  as  thermocouples, 


Figure  9.  Minimal  Connection  for  0-30mV  Unipolar  Input, 
4-20mA  Output 

i 
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which  may  produce  small  negative  normal-mode  signals  as  well 
as  common-mode  noise  on  "grounded"  signal  sources. 

AUXILIARY  AMPLIFIER 

The  Auxiliary  Amplifier  is  included  in  the  AD693  as  a  signal 
conditioning  aid.  It  can  be  used  as  an  op  amp  in  noninverting 
applications  and  has  special  provisions  to  provide  a  controlled 
current  output.  Designed  with  a  differential  input  stage  and  an 
unbiased  Class  A  output  stage,  the  amplifier  can  be  resistively 
loaded  to  common  with  the  self-contained  100ft  resistor  or  with 
a  user  supplied  resistor. 

As  a  functional  element,  the  Auxiliary  Amplifier  can  be  used  in 
dynamic  bridges  and  arrangements  such  as  the  RTD  signal 
conditioner  shown  in  Figure  17.  It  can  be  used  to  buffer,  amplify 
and  combine  other  signals  with  the  main  Signal  Amplifier.  The 
Auxiliary  Amplifier  can  also  provide  other  voltages  for  excitation 
if  the  6.2V  of  the  reference  is  unsuitable.  Configured  as  a  simple 
follower,  it  can  be  driven  from  a  user  supplied  voltage  divider 
or  the  precalibrated  outputs  of  the  AD693  divider  (Pins  3  and 
4)  to  provide  a  stiff  voltage  output  at  less  than  the  6.2  level,  or 
by  incorporating  a  voltage  divider  as  feedback  around  the  amplifier, 
one  can  gain-up  the  reference  to  levels  higher  than  6.2V.  If 
large  positive  outputs  are  desired,  Ix,  the  Auxiliary  Amplifier 
output  current  supply,  should  be  strapped  to  either  Vnj  or 


APPLICATION  EXAMPLES 


Boost.  Like  the  Signal  Amplifier,  the  Auxiliary  requires  about 
3.5V  of  headroom  with  respect  to  Vm  at  its  input  and  about  2V 
of  difference  between  Ix  and  the  voltage  to  which  Vx  is  required 
to  swing. 

The  output  stage  of  the  Auxiliary  Amplifier  is  actually  a  high 
gain  Darlington  transistor  where  Ix  is  the  collector  and  Vx  is 
the  emitter.  Thus,  the  Auxiliary  Amplifier  can  be  used  as  a  V/I 
converter  when  configured  as  a  follower  and  resistively  loaded. 
Ix  functions  as  a  high-impedance  current  source  whose  current 
is  equal  to  the  voltage  at  Vx  divided  by  the  load  resistance.  For 
example,  using  the  onboard  100ft  resistor  and  the  75mV  or 
150mV  application  voltages,  either  a  750uA  or  1.5mA  current 
source  can  be  set  up  for  transducer  excitation. 

The  Ix  terminal  has  voltage  compliance  within  2V  of  Vx.  If  the 
Auxiliary  Amplifier  is  not  to  be  used,  then  Pin  2,  the  noninverting 
input,  should  be  grounded. 

REVERSE  VOLTAGE  PROTECTION  FEATURE 

In  the  event  of  a  reverse  voltage  being  applied  to  the  AD693 
through  a  current-limited  loop  (limited  to  200mA),  an  internal 
shunt  diode  protects  the  device  from  damage.  This  protection 
mode  avoids  the  compliance  voltage  penalty  which  results  from 
a  series  diode  that  must  be  added  if  reversal  protection  is  required 
in  high-current  loops. 


■ 


Figure  10.  0  to  104°C  Direct  Three-Wire  100S1  RTD  Interface,  4-20  mA  Output 
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Figure  7 1.  Thermocouple  Inputs  with  Cold  Junction  Compensation. 
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FEATURES 

4-20  mA,  0-20  mA  Output  Ranges 
Precalibrated  Input  Ranges: 

0Vto2V,  OVto  10  V 
Precision  Voltage  Reference 

Programmable  to  2.000  V  or  10.000  V 
Single  or  Dual  Supply  Operation 
Wide  Power  Supply  Range:  +4.5  V  to  +36  V 
Wide  Output  Compliance 
Input  Buffer  Amplifier 
Open-Loop  Alarm 

Optional  External  Pass  Transistor  to  Reduce 

Self-Heating  Errors 
0.002%  typ  Nonlinearity 


PRODUCT  DESCRIPTION 

The  AD694  is  a  monolithic  current  transmitter  that  accepts  high 
level  signal  inputs  to  drive  a  standard  4-20  mA  current  loop  for 
the  control  of  valves,  actuators,  and  other  devices  commonly 
used  in  process  control.  The  input  signal  is  buffered  by  an  input 
amplifier  that  can  be  used  to  scale  the  input  signal  or  buffer  the 
output  from  a  current  mode  DAC.  Precalibrated  input  spans  of 
0  V  to  2  V  and  0  V  to  10  V  are  selected  by  simple  pin  strap- 
ping; other  spans  may  be  programmed  with  external  resistor. 

The  output  stage  compliance  extends  to  within  2  V  of  Vs  and  its 
special  design  allows  the  output  voltage  to  extend  below  com- 
mon in  dual  supply  operation.  An  alarm  warns  of  an  open  4  to 
20  mA  loop  or  noncompliance  of  the  output  stage. 

Active  laser  trimming  of  the  AD694's  thin  film  resistors  results 
in  high  levels  of  accuracy  without  the  need  for  additional  adjust- 
ments and  calibration.  An  external  pass  transistor  may  be  used 
with  the  AD694  to  off-load  power  dissipation,  extending  the 
temperature  range  of  operation. 

The  AD694  is  the  ideal  building  block  for  systems  requiring 
noise  immune  4—20  mA  signal  transmission  to  operate  valves, 
actuators,  and  other  control  devices,  as  well  as  for  the  transmis- 
sion of  process  parameters  such  as  pressure,  temperature,  or 
flow.  It  is  recommended  as  a  replacement  for  discrete  designs  in 
a  variety  of  applications  in  industrial  process  control,  factory 
automation,  and  system  monitoring. 

The  AD694  is  available  in  hermetically  sealed,  16-pin  cerdip  and 
plastic  SOIC,  specified  over  the  -40°C  to  +85°C  industrial  tem- 
perature range,  and  in  a  16-pin  plastic  DIP,  specified  over  the 
0  to  +70°C  temperature  range. 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  The  AD694  is  a  complete  voltage  in  to  4-20  mA  out  current 
transmitter. 

2.  Pin  programmable  input  ranges  are  pre-calibrated  at  0  V  to 
2  V  and  0  V  to  10  V. 

3.  The  input  amplifier  may  be  configured  to  buffer  and  scale 
the  input  voltage,  or  to  serve  as  an  output  amplifier  for  cur- 
rent output  DACs. 

4.  The  output  voltage  compliance  extends  to  within  2  V  of  the 
positive  supply  and  below  common.  When  operated  with  a 
5  V  supply,  the  output  voltage  compliance  extends  30  V  be- 
low common. 

5.  The  AD694  interfaces  directly  to  8-,  10-,  and  12-bit  single 
supply  CMOS  and  bipolar  DACs. 

6.  The  4  mA  zero  current  may  be  switched  on  and  off  with  a 
TTL  control  pin,  allowing  0-20  mA  operation. 

7.  An  open  collector  alarm  warns  of  loop  failure  due  to  open 
wires  or  noncompliance  of  the  output  stage. 

8.  A  monitored  output  is  provided  to  drive  an  external  pass 
transistor.  The  feature  off-loads  power  dissipation  to  extend 
the  temperature  range  of  operation  and  minimize  self-heating 
error. 


•Protected  by  U.S.  Patents:  30,586;  4,250,445;  4,857,862. 

This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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(@  +25°C,  RL  =  250  ft  and  Vs  =  +24  V,  unless  otherwise  noted) 


AD694 


Model 


AD694JN/AQ/AR 
Min  Typ  Max 


AD694BQ/BR 
Min  Typ  Max 


Units 


INPUT  CHARACTERISTICS 

Input  Voltage  Range 

Input  Bias  Current 

Either  Input,  T^  to  T,,^ 
Offset  Current,  T^  to  T„ 
Offset  Current  Drift 

Input  Impedance 


-0.2         VS-2.0V  Vs-2.5  V 


1.5 

±0.1 

±1.0 


5 

±1 

±5.0 


-0.2         VS-2.0V  VS-2.5V 

1.5  5 
±0.1  ±1 
±1.0  ±5.0 


nA 
nA 

pA/°C 
MO 


OUTPUT  CHARACTERISTICS 
Operating  Current  Range 
Specified  Performance 
Output  Voltage  Compliance 
Output  Impedance,  4-20  mA 
Current  Limit  @  2x  FS  Overdrive 
Slew  Rate 




23 
20 

VS-2V 


0 
4 

Vs-36  V 


50.0 


40.0 

24  44 

1.3 


0  23 

4  20 

Vs-36  V  Vs-2  V 
40.0  50.0 

24  44 
1  3 


mA 
mA 
V 

Mfi 
mA 
mA/jis 


SPAN  AND  ZERO  ACCURACY1 
4  mA  Offset  Error  @  0  V  Input2 
Error  from  4.000  mA,  4  mA  On 
Error  from  0.000  mA,  4  mA  Off 
Tmi„  to  Tmax 

vs.  Supply  (2  V  Span/10  V  Span) 
Trim  Range,  4  mA  Zero 
Span 

Nominal  Transfer  Function 

Input  FS  =  2  V 

Input  FS  =  10  V 
Transfer  Function  Error  from  Nom, 

Input  FS  =  2  V,  10  V 

Tnin  to  T™. 

vs.  Supply 

Nonlinearity3 
4  mA  On:  Max  Pin  9  Voltage 
4  mA  Off:  Min  Pin  9  Voltage 


±10 
+  10 
±10 


±20 
+20 
±40 


2.0 


0.3/0.05  0.8/0.4 
4.8 


8.0 
1.6 


±5 

+5 
±5 

0.3/0.05 


2.0 


±10 
+10 
±20 
0.8/0.4 

4.8 


8.0 
1.6 


u.A 

uA 

uA 

uA/V 

mA 


mA/V 
mA/V 


3.0 


±0.1 
±0.002 
±0.001 
±0.005 

2.5 


±0.3 
±0.005 
±0.005 
±0.015 

0.8 





3.0 


±0.05 
±0.001 
±0.001 
±0.001 

2.5 


±0.15 
±0.0025 
±0.005 
±0.005 

0.8 


%  of  Span 
%  of  Span/°C 
%  of  Span/V 
%  of  Span 
V 

V 




V 
V 

ppm/°C 
mV/mA 

%/V 

mA 
mA 


VOLTAGE  REFERENCE 

Output  Voltage:  10  V  Reference 
Output  Voltage:  2  V  Reference 

Tmi„  to  Tma/ 
vs.  Load,  VREF  =  2  V,  10  V 
vs.  Supply,  VREF  =  2  V,  10  V 
Output  Current 

Source 

Sink 

ALARM  CHARACTERISTICS 

vce(sat)  @  2.5  mA 

Leakage  Current 

Alarm  Pin  Current  (Pin  10) 


9.960 

10.000 

10.040 

1.992 

2.000 

2.008 

30 

50 

0.15 

0.50 

±0.001 

±0.005 

5 

9.980 
1.996 


0.2 


10.000 

2.000 

20 

0.15 

±0.001 


0.2 


10.020 

2.004 

30 

0.50 

±0.005 


0.35 
20 


±1 


0.35 
20 


±1 


V 

uA 

mA 


POWER  REQUIREMENTS 
Specified  Performance 
Operating  Range 

2  V  FS,  V^  =  2  V 

2  V,  10  V  FS,  VREF  =  2  V,  10  V 
Quiescent  Current,  4  mA  Off 


4.5 
12.5 


24 


1.5 


36 
36 
2.0 


4.5 
12.5 


24 


1.5 


36 
36 
2.0 


V 
V 

mA 


TEMPERATURE  RANGE 

Specified  Performance5  AD694AQ/BQ/AR/BR 
AD694JN 

Operating  AD694AQ/BQ/AR/BR 
AD694JN 


-40 
0 

-55 
-40 


+85 
+70 
+  125 
+85 


-40 
0 

-55 
-40 


+85 
+70 
+  125 
+85 


°C 

°c 

°C 

°c 
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BUFFER  AMPLIFIER6 

Input  Offset  Voltage 

Initial  Offset 

±150 

±500 

±50 

±500 

uV 

T^in  to 

±2 

±3 

±2 

±3 

u.V/°C 

vs.  Supply 

80 

90 

80 

90 

dB 

vs.  Common  Mode 

80 

90 

80 

90 

dB 

Trim  Range 

±2.5 

±4.0 

±2.5 

±4.0 

mV 

Frequency  Response 

Unity  Gain,  Small  Signal 

300 

300 

kHz 

Input  Voltage  Noise  (0.1  to  10  Hz) 

2 

2 

u.Vp-p 

Open-Loop  Gain 

VQ=  +10  V,  RLa  10  kn 

50 

50 

V/mV 

Output  Voltage  @  Pin  1,  FB1 

Minimum  Output  Voltage 

1.0 

10 

1.0 

10 

mV 

Maximum  Output  Voltage 

Vs-2.5  V 

VS-2V 

Vs-2.5  V 

VS-2V 

V 

NOTES 

'The  single  supply  op  amps  of  the  AD694,  lacking  pull  down  current,  may  not  reach  0.000  V  at  their  outputs.  For  this  reason,  span,  offset,  and  noniinearity  are 
specified  with  the  input  amplifiers  operating  in  their  linear  range.  The  input  voltage  used  for  the  tests  is  5  mV  to  2  V  and  5  raV  to  10  V  for  the  two  pre- 
calibrated  input  ranges.  Span  and  zero  accuracy  are  tested  with  the  buffer  amplifier  configured  as  a  follower. 

2Offset  at  4  mA  out  and  0  raA  out  are  extrapolated  to  0.000  V  input  from  measurements  made  at  5  mV  and  at  full  scale.  See  Note  1. 

3NonIinearity  is  specified  as  the  maximum  deviation  of  the  output,  as  a  %  of  span,  from  a  straight  line  drawn  through  the  endpoints  of  the  transfer  function. 
4Voltage  reference  drift  guaranteed  by  the  Box  Method.  The  voltage  reference  output  over  temperature  will  fall  inside  of  a  box  whose  length  is  determined  by 

the  temperature  range  and  whose  height  is  determined  by  the  maximum  temperature  coefficient  multiplied  by  the  temperature  span  in  degrees  C. 
'Devices  tested  at  these  temperatures  with  a  pass  transistor.  Allowable  temperature  range  of  operation  is  dependent  upon  internal  power  dissipation.  Absolute 

maximum  junction  and  case  temperature  should  not  be  exceeded.  See  section:  "Power  Dissipation  Considerations." 
6Buffer  amplifier  specs  for  reference.  Buffer  amplifier  offset  and  drift  already  included  in  Span  and  Zero  accuracy  specs  above. 
Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  +36  V 

Vs  to  IOUT   +36  V 

Input  Voltage,  (Either  Input  Pin  2  or  3)  ...  .  -0.3  V  to  +36  V 

Reference  Short  Circuit  to  Common   Indefinite 

Alarm  Voltage,  Pin  10   +36  V 

4  mA  Adj,  Pin  6  + 1  V 

4  mA  On/Off,  Pin  9   0  V  to  36  V 

Storage  Temperature  Range 

AD694Q  -65°C  to  +150°C 

AD694N,  R  -65°C  to  +125°C 

Lead  Temperature,  10  sec  Soldering   +  300°C 

Maximum  Junction  Temperature  +150°C 

Maximum  Case  Temperature 

Plastic  Package  (N,  R)   +  125°C 

Cerdip  Package  (Q)   +125°C 


Transistor  Count:  75  Active  Devices 

Substrate  Connection:  to  Com,  Pin  5 

Thermal  Characteristics: 

Plastic  (N)  Package:  6JC  =  50°C/Watt 

Oca  (Still  Air)  =  85°C/Watt 

Cerdip  (Q)  Package:  6JC  =  30°C/Watt 

6CA  (Still  Air)  =  70°C/Watt 

Plastic  (R)  Package:  6JC  =  27°C/Watt 

6CA  (Still  Air)  =  73-C/Watt 

ESD  Susceptibility 

All  pins  are  rated  for  a  minimum  of  4000  V  protection,  except 
for  Pins  2,  3  and  9  which  are  rated  to  survive  a  minimum  of 
1500  V.  ESD  testing  conforms  to  Human  Body  Model.  Always 
practice  ESD  prevention. 


No  pin,  other  than  I0ut  (H)  anc'  ±Sig  (2),  (3)  as  noted, 
permitted  to  become  more  positive  than  Vs  (13). 


may  be  permitted  to  become  more  negative  than  Com  (5).  No  pin  may  be 


PIN  CONFIGURATION  (N,  R,  Q  Package) 

16]  Vos  ADJUST 

iTJ  Vos  ADJUST 

AD694       HlBW  ADJUST 

TOP  VIEW      H]  Vs 
(Not  to  Scale)  ^B0QST 

U}  'out 
10]  ALARM 
JJ  4rnA  ON/OFF 


COM  [5, 
4mA  ADJUST  |T 
10V  (FORCE)  [7 
2V  (SENSE)  fT 


ORDERING  GUIDE 


Model 

Temperature 
Range 

Package 
Options* 

AD694JN 

0°C  to  +70°C 

N-16 

AD694AQ 

-40°C  to  +  85°C 

Q-16 

AD694AR 

-40°C  to  +85°C 

R-16 

AD694BQ 

-40°C  to  +85°C 

Q-16 

AD694BR 

-40°C  to  +85°C 

R-16 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For 
outline  information  see  Package  Information 
section. 
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Figure  1.  Functional  Block  Diagram 
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FUNCTIONAL  DESCRIPTION 

The  operation  of  the  AD694  can  best  be  understood  by  dividing 
the  circuit  into  three  functional  parts  (see  Figure  1).  First,  a 
single  supply  input  amplifier  buffers  the  high  level,  single-ended 
input  signal.  The  buffer  amplifier  drives  the  second  section,  a 
voltage  to  current  (V/I)  converter,  that  makes  a  0  to  16  mA  sig- 
nal dependent  current. 

The  third  section,  a  voltage  reference  and  offset  generator,  is 
responsible  for  providing  the  4  mA  offset  current  signal. 

BUFFER  AMPLIFIER 

The  buffer  amplifier  is  a  single  supply  amplifier  that  may  be 
used  as  a  unity  gain  buffer,  an  output  amplifier  for  a  current 
output  D/A  converter,  or  as  a  gain  block  to  amplify  low  level 
signals.  The  amplifier's  PNP  input  stage  has  a  common-mode 
range  that  extends  from  a  few  hundred  mV  below  ground  to 
within  2.5  V  of  Vs.  The  Class  A  output  of  the  amplifier  appears 
at  Pin  1  (FB).  The  output  range  extends  from  about  1  mV 
above  common  to  within  2.5  V  of  Vs  when  the  amplifier  is  op- 
erated as  a  follower.  The  amplifier  can  source  a  maximum  load 
of  5  kfl,  but  can  sink  only  as  much  as  its  internal  10  kfl  pull- 
down resistor  allows. 
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V/I  CONVERTER 

The  ground  referenced,  input  signal  from  the  buffer  amplifier  is 
converted  to  a  0  to  0.8  mA  current  by  A2  and  level  shifted  to 
the  positive  supply.  A  current  mirror  then  multiplies  this  signal 
by  a  factor  of  20  to  make  the  signal  current  of  0  to  16  mA.  This 
technique  allows  the  output  stage  to  drive  a  load  to  within  2  V 
of  the  positive  supply  (Vs).  Amplifier  A2  forces  the  voltage  at 
Pin  1  across  resistors  Rl  and  R2  by  driving  the  Darlington  tran- 
sistor, Q2.  The  high  gain  Darlington  transmits  the  resistor  cur- 
rent to  its  collector  and  to  R3  (900  ft).  A3  forces  the  level 
shifted  signal  across  the  45  fl  resistor  to  get  a  current  gain  of 
20.  The  transfer  function  of  the  V/I  stage  is  therefore: 

IOUT  =  (20  x  VlP,Nl))  I  (Rl  +  R2) 

resulting  in  a  0-16  mA  output  swing  for  a  0-10  V  input.  Tying 
Pin  4  (2  V  FS)  to  ground  shorts  out  R2  and  results  in  a  2  V 
full-scale  input  for  a  16  mA  output  span. 

The  output  stage  of  the  V/I  converter  is  of  a  unique  design  that 
allows  the  I0ut  Pm  to  drive  a  load  below  the  common  (sub- 
strate) potential  of  the  device.  The  output  transistor  can  always 
drive  a  load  to  a  point  36  V  below  the  positive  supply  (Vs).  An 
optional  NPN  pass  transistor  can  be  added  to  transfer  most  of 
the  power  dissipation  off-chip,  to  extend  the  temperature  range 
of  operation. 

The  output  stage  is  current-limited  at  approximately  38  mA  to 
protect  the  output  from  an  overdrive  at  its  inputs.  The  V/I  will 
allow  linear  operation  to  approximately  24  mA.  The  V/I  con- 
verter also  has  an  open  collector  alarm  (Pin  10)  which  warns  of 
open-circuit  condition  at  the  IOUT  pin  or  of  attempts  to  drive 
the  output  to  a  voltage  greater  than  Vs  -2  V. 

4  mA  OFFSET  GENERATOR 

This  circuit  converts  a  constant  voltage  from  the  voltage  refer- 
ence to  a  constant  current  of  approximately  200  (iA.  This  cur- 
rent is  summed  with  the  signal  current  at  Pin  14  (BW  Adjust), 
to  result  in  a  constant  4  mA  offset  current  at  I0ur-  The  4  mA 
Adj  (Pin  6)  allows  the  offset  current  to  be  adjusted  to  any  cur- 
rent in  the  range  of  2  mA  to  4.8  mA.  Pin  9  (4  mA  On/Off)  can 
shut  off  the  offset  current  completely  if  it  is  lifted  to  3.0  V  or 
more,  allowing  0  to  20  mA  operation  of  the  AD694.  In  normal 
4-20  mA  operation,  Pin  9  is  connected  to  ground. 


VOLTAGE  REFERENCE 

A  2  V  or  10  V  voltage  reference  is  available  for  user  applica- 
tions, selectable  by  pin-strapping.  The  10  V  option  is  available 
for  supply  voltages  greater  than  12.5  V,  the  2  V  output  is  avail- 
able over  the  whole  4.5  V  -  36  V  power  supply  range.  The  ref- 
erence can  source  up  to  5  mA  for  user  applications.  A  boost 
transistor  can  be  added  to  increase  the  current  drive  capability 
of  the  2  V  mode. 

APPLYING  THE  AD694 

The  AD694  can  easily  be  connected  for  either  dual  or  single 
supply  operation,  to  operate  from  supplies  as  low  as  4.5  V  and 
as  high  as  36  V.  The  following  sections  describe  the  different 
connection  configurations,  as  well  as  adjustment  methods. 
Table  I  shows  possible  connection  options. 

Table  I.  Precalibrated  Ranges  for  the  AD694 


Input 

Output 

Voltage 

Min 

Range 

Range 

Reference 

vs 

Pin  9 

Pin  4 

Pin  8 

0-2  V 

4-20  mA 

2  V 

4.5  V 

Pin  5 

Pin  5 

Pin  7 

0-10  V 

4-20  mA 

2  V 

12.5  V 

Pin  5 

Open 

Pin  7 

0-2.5  V 

0-20  mA 

2  V 

5.0  V 

■i  V 

Pin  5 

Pin  7 

0-12.5  V 

0-20  mA 

2  V 

15.0  V 

=^3  V 

Open 

Pin  7 

0-2  V 

4-20  mA 

10  V 

12.5  V 

Pin  5 

Pin  5 

Open 

0-10  V 

4-20  mA 

10  V 

12.5  V 

Pin  5 

Open 

Open 

0-2.5  V 

0-20  mA 

10  V 

12.5  V 

>3  V 

Pin  5 

Open 

0-12.5  V 

0-20  mA 

10  V 

15.0  V 

>3  V 

Open 

Open 

BASIC  CONNECTIONS:  12.5  V  SINGLE  SUPPLY 
OPERATION  WITH  10  V  FS 

Figure  2  shows  the  minimal  connections  required  for  basic  oper- 
ation with  a  +12.5  V  power  supply,  10  V  input  span,  4-20  mA 
output  span,  and  a  10  V  voltage  reference.  The  buffer  amplifier 
is  connected  as  a  voltage  follower  to  drive  the  V/I  converter  by 
connecting  FB  (Pin  1)  to  -Sig  (Pin  2).  4  mA  On/Off  (Pin  9)  is 
tied  to  ground  (Pin  5)  to  enable  the  4  mA  offset  current.  The 
AD694  can  drive  a  maximum  load  RL  =  [Vs  -  2  V]  /  20  mA, 
thus  the  maximum  load  with  a  12.5  V  supply  is  525  fl. 


Vs  =  ♦  1 2.5V  TO  +36V 


Figure  2.  Minimal  Connections  for  0-10  V  Single-Ended  Input,  4-20  mA  Output,  10  V  Reference  Output 
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SELECTING  A  2  V  FULL-SCALE  INPUT 

The  2  V  full-scale  option  is  selected  by  shorting  Pin  4  (2  V  FS) 
to  Pin  5  (Common).  The  connection  should  be  as  short  as  possi- 
ble; any  parasitic  resistance  will  affect  the  precalibrated  span 
accuracy. 

SELECTING  THE  2  V  VOLTAGE  REFERENCE 

The  voltage  reference  is  set  to  a  2  V  output  by  shorting  Pin  7 
to  Pin  8  (10  V  Force  to  2  V  Sense).  If  desired,  the  2  V  ref- 
erence can  be  set  up  for  remote  force  and  sense  connection. 
Keep  in  mind  that  the  2  V  Sense  line  carries  a  constant  current 
of  100  |xA  that  could  cause  an  offset  error  over  long  wire  runs. 
The  2  V  reference  option  can  be  used  with  all  supply  voltages 
greater  than  4.5  V. 

An  NPN  boost  transistor  can  be  added  in  the  2  V  mode  to  in- 
crease the  current  drive  capability  of  the  2  V  reference.  The 
10  V  force  pin  is  connected  to  the  base  of  the  NPN,  and  the 
NPN  emitter  is  connected  to  the  2  V  sense  pin.  The  minimum 
Vs  of  the  part  increases  by  approximately  0.7  V. 

4.5  V  SINGLE  SUPPLY  OPERATION 

For  operation  with  a  +4.5  V  power  supply,  the  input  span  and 
the  voltage  reference  output  must  be  reduced  to  give  the  ampli- 
fiers their  required  2.5  V  of  head  room  for  operation.  This  is 
done  by  adjusting  the  AD694  for  2  V  full-scale  input,  and  a 
voltage  reference  output  of  2  V  as  described  above. 

GENERAL  DESIGN  GUIDELINES 

A  0.1  |iF  decoupling  capacitor  is  recommended  in  all  applica- 
tions from  Vs  (Pin  13)  to  Com  (Pin  5).  Additional  components 
may  be  required  if  the  output  load  is  nonresistive,  see  section  on 
driving  nonresistive  loads.  The  buffer  amplifier  PNP  inputs 
should  not  be  brought  more  than  -0.3  V  of  common,  or  they 
will  begin  to  source  large  amounts  of  current.  Input  protection 
resistors  must  be  added  to  the  inputs  if  there  is  a  danger  of  this 
occurring.  The  output  of  the  buffer  amplifier,  Pin  1  (FB),  is  not 
short  circuit  protected.  Shorting  this  pin  to  ground  or  Vs  with  a 
signal  present  on  the  amplifier  may  damage  it.  Input  signals 
should  not  drive  Pin  1  (FB)  directly;  always  use  the  buffer  am- 
plifier to  buffer  input  signals. 

DRIVING  NONRESISTIVE  LOADS 

The  AD694  is  designed  to  be  stable  when  driving  resistive 
loads.  Adding  a  0.01  nF  capacitor  from  I0ut  (P'n  H)  10  Com 
(Pin  5),  as  shown  in  Figure  3,  insures  the  stability  of  the  AD694 
when  driving  inductive  or  poorly  defined  loads.  This  capacitor  is 
recommended  when  there  is  any  uncertainty  as  to  the  character- 
istics of  the  load. 


D1,  D2  =  1N4001 


LOOP  RETURN  TO 
COM  (PIN  5)  OR  V- 


Figure  3.  Capacitor  Utilized  When  Driving  Nonresistive 
Loads;  Protection  Diodes  Used  When  Driving  Inductive 
Loads 


Additional  protection  is  recommended  when  driving  inductive 
loads.  Figure  3  shows  two  protective  diodes,  Dl  and  D2,  added 
to  protect  against  voltage  spikes  that  may  extend  above  Vs  or 
below  common  that  could  damage  the  AD694.  These  diodes 
should  be  used  in  addition  to  the  0.01  u.F  capacitor.  When  the 
optional  NPN  transistor  is  used,  the  capacitor  and  diodes  should 
connect  to  the  NPN  emitter  instead  of  Pin  1 1 . 

0-20  mA  OPERATION 

A  0-20  mA  output  range  is  available  with  the  AD694  by  remov- 
ing the  4  mA  offset  current  with  the  4  mA  On/Off  pin.  In  nor- 
mal 4-20  mA  operation  4  mA  On/Off  (Pin  9)  is  tied  to  ground, 
enabling  the  4  mA  offset  current.  Tying  Pin  9  to  a  potential  of 
3  V  or  greater  turns  off  the  4  mA  offset  current;  connecting  Pin 
9  to  the  10  V  reference,  the  positive  supply,  or  a  TTL  control 
pin,  is  a  convenient  way  to  do  this.  In  0-20  mA  mode  the  input 
span  is  increased  by  20%,  thus  the  precalibrated  input  spans  of 
2  V  and  10  V  become  2.5  V  and  12.5  V.  Minimum  supply  volt- 
ages for  the  two  spans  increase  to  5  V  and  15  V. 

The  4  mA  On/Off  pin  may  also  be  used  as  a  "jiggle  pin"  to  un- 
stick valves  or  actuators,  or  as  a  way  to  shut  off  a  4-20  mA  loop 
entirely.  Note  that  the  pin  only  removes  the  4  mA  offset  and 
not  the  signal  current. 

DUAL  SUPPLY  OPERATION 

Figure  4  shows  the  AD694  operated  in  dual  supply  mode.  (Note 
that  the  pass  transistor  is  shown  for  illustration  and  is  not  re- 
quired for  dual  supply  operation.)  The  device  is  powered  com- 
pletely by  the  positive  supply  which  may  be  as  low  as  4.5  V. 
The  unique  design  of  the  output  stage  allows  the  I0ut  Pm  t0 
extend  below  common  to  a  negative  supply.  The  output  stage 
can  source  a  current  to  a  point  36  V  below  the  positive  supply. 
For  example,  when  operated  with  a  +12.5  V  supply,  the  AD694 
can  source  a  current  to  a  point  as  low  as  23.5  V  below  common. 
This  feature  can  simplify  the  interface  to  dual  supply  D/A  con- 
verters by  eliminating  grounding  and  level-shifting  problems 
while  increasing  the  load  that  the  transmitter  is  able  to  drive. 
Note  that  the  IOUT  pin  is  the  only  pin  that  should  be  allowed  to 
extend  lower  than  -0.3  V  of  common. 

OPERATION  WITH  A  PASS  TRANSISTOR 

The  AD694  can  operate  as  a  stand-alone  4-20  mA  converter 
with  no  additional  active  components.  However,  provisions  have 
been  made  to  connect  IOUT  to  the  base  of  an  external  NPN  pass 
transistor  as  shown  in  Figure  4.  This  permits  a  majority  of  the 
power  dissipation  to  be  moved  off-chip  to  enhance  performance 
and  extend  the  temperature  range  of  operation.  Note  that  the 
positive  output  voltage  compliance  is  reduced  by  approximately 
0.7  V,  the  VBE  of  the  pass  device.  A  50  fl  resistor  should  be 
added  in  series  with  the  pass  transistor  collector,  when  the 
AD694  is  operated  with  dual  supplies,  as  shown  in  Figure  4. 
This  will  not  reduce  the  voltage  compliance  of  the  output  stage. 

The  external  pass  transistor  selected  should  have  a  BVCEO 
greater  than  the  intended  supply  voltage  with  a  sufficient  power 
rating  for  continuous  operation  with  25  mA  current  at  the  sup- 
ply voltage.  Ft  should  be  in  the  10  MHz  to  100  MHz  range  and 
p  should  be  greater  than  10  at  a  20  mA  emitter  current.  Heat 
sinking  the  external  pass  transistor  is  suggested. 
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Figure  4.  Using  Optional  Pass  Transistor  to  Minimize  Self- 
Heating  Errors;  Dual  Supply  Operation  Shown 
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Figure  5.  Low  Cost  Sensor  Transmitter 
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FEATURES 

200°C  Temperature  Span 

Accuracy  Better  than  ±2%  of  Full  Scale 

Linearity  Better  than  ±1%  of  Full  Scale 

Temperature  Coefficient  of  22.5  mV/°C 

Output  Proportional  to  Temperature  x  V+ 

Single  Supply  Operation 

Reverse  Voltage  Protection 

Minimal  Self  Heating 

High  Level,  Low  Impedance  Output 

APPLICATIONS 
HVAC  Systems 

System  Temperature  Compensation 
Board  Level  Temperature  Sensing 
Electronic  Thermostats 

MARKETS 

Industrial  Process  Control 

Instrumentation 

Automotive 


SIMPLIFIED  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD22 1 00  is  a  monolithic  temperature  sensor  with  on-chip 
signal  conditioning.  It  can  be  operated  over  the  temperature 
range  -50°C  to  +  150°C,  making  it  ideal  for  use  in  numerous 
HVAC,  instrumentation  and  automotive  applications. 

The  signal  conditioning  eliminates  the  need  for  any  trimming, 
buffering  or  linearization  circuitry,  greatly  simplifying  the  system 
design  and  reducing  the  overall  system  cost. 

The  output  voltage  is  proportional  to  the  temperature  times  the 
supply  voltage  (ratiometric) .  The  output  swings  from  0.25  V  at 
-50°C  to  +4.75  V  at  +150°C  using  a  single  +5.0  V  supply. 

Due  to  its  ratiometric  nature,  the  AD22 1 00  offers  a  cost  effec- 
tive solution  when  interfacing  to  an  analog-to-digital  converter. 
This  is  accomplished  by  using  the  ADC's  +5  V  power  supply  as 
a  reference  to  both  the  ADC  and  the  AD22100  (See  Figure  1), 
eliminating  the  need  for  and  cost  of  a  precision  reference. 


-o- 


AD22100 


SIGNAL  OUTPUT 
DIRECT  TO  ADC 


1 


O  REFERENCE 


Q  INPUT 


-50'C  TO  *150»C 


0.1  [IF 


Figure  1.  Application  Circuit 


*Protected  by  U.S.  Patent  Nos.  5030849  and  5243319. 
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TEMPERATURE  COEFFICIENT 


ATlflMC 


(V+/5  V)  x  22.5 


TOTAL  ERROR 

•  at 

Initial  Error 

TA  =  +25°C 
Error  over  Temperature 

Ta  =  TMIN 

Ta  =Tmax 
Nonlinearity 

Ta  =  Tmin  to  Tmax 


±0.5  +2.0 


+  0.75  +2.0 
+  0.75  ±2.0 


0.5 


OUTPUT  CHARACTERISTICS 
Nominal  Output  Voltage 
V+  =  5.0V,  TA  =  0°C 
V+  =  5.0V,  TA  =  +100°C 
V+  =  5.0V,TA  =  ^K>°C 
V+  =  5.0V,TA  =  +85°C 
V+  =  5.0  V,  TA  =  -50°C 
V+  =  5.0V,  TA  =  +150°C 


1.375 
3.625 


±1.0  ±2.0 

±2.0  ±3.7 
±2.0  ±3.0 

0.5 


0.475 
3.288 


+  1.0  ±2.0 

±3.0  ±4.0 
±3.0  ±4.0 

1.0 


0.250 
4.750 


POWER  SUPPLY 
Operating  Voltage 
Quiescent  Current 


+4.0 


+5.0 
500 


+6.0 
650 


+4.0 


+5.0 
500 


+6.0 
650 


+4.0 


+5.0 
500 


+6.0 
650 


TEMPERATURE  RANGE 
Guaranteed  Temperature  Range 
Operating  Temperature  Range 


0 
-50 


+  100 
+  150 


-40 
-50 


+85 
+  150 


-50 
-50 


+  150 
+  150 


PACKAGE 


TO-92 
SOIC 


TO-92 
SOIC 


TO-92 
SOIC 


Specifications  subject  to  change  without  notice. 





CHIP  SPECIFICATIONS  <ta  =  +25°C  and  V+  =  +5.0  V  unless  otherwise  noted) 


Parameter 

Min 

Typ 

Max 

Units 

TRANSFER  FUNCTION 

V0ln.  =  (V+/5  V)  x  [1.375  +  22.5  mV/°C  x  TJ 

V 

TEMPERATURE  COEFFICIENT 

(V+/5V)  X22.5 

mV/°C 

OUTPUT  CHARACTERISTICS 
Error 

TA  =  +25°C 
Nominal  Output  Voltage 

TA  =  +25°C 

±0.5 
1.938 

±2.0 

°C 
V 

POWER  SUPPLY 
Operating  Voltage 
Quiescent  Current 

+4.0 

+5.0 
500 

+6.0 
650 

V 
MA 

TEMPERATURE  RANGE 

Guaranteed  Temperature  Range 
Operating  Temperature  Range 

-50 

25°C 

+  150 

"C 

°c 

NOTES 

'FS  (Full  Scale)  is  defined  as  that  of  the  operating  temperature  range,  -50°C  to  +150°C.  The  listed  max  specification  limit  applies  to  the  guaranteed  temperature 
range.  For  example,  the  AD22100K  has  a  nonlinearity  of  (0.1%)  x  (200°C)  =  1°C  over  the  guaranteed  temperature  range  of  0°C  to  +100"C. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage   +10V 

Reversed  Continuous  Supply  Voltage   -10V 

Operating  Temperature   -50°C  to  +150°C 

Storage  Temperature  -65°C  to  +160°C 

Output  Short  Circuit  to  V+  or  Ground   Indefinite 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only;  the  functional 
operation  of  the  device  attheseorany  other  conditions  above  those  indicated  in  the 
operation  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ORDERING  GUIDE 


Model/Grade 

Guaranteed 

Temperature 

Range 

Package 
Description1 

Package 
Option2 

AD22100  KT 

0°Cto  100°C 

TO-92 

TO-92 

AD22100KR 

0°Cto  100°C 

SOIC 

SO-8 

AD22100  AT 

-40°C  to  +85°C 

TO-92 

TO-92 

AD22100  AR 

-40°C  to  +85°C 

SOIC 

SO-8 

AD22100  ST 

-50°C  to  +150°C 

TO-92 

TO-92 

AD22100  SR 

-50°Cto+150°C 

SOIC 

SO-8 

AD22100KChips 

+25°C 

N/A 

N/A 

NOTES 

'Minimum  purchase  quantities  of  100  pieces  for  all  chip  orders. 
2For  outline  information  see  Package  Information  section. 


PIN  DESCRIPTION 

Mnemonic 

Function 

V+ 

V0 

GND 
NC 

Power  Supply  Input 
Device  Output 

Ground  Pin  must  be  connected  to  0  V. 
No  Connect 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD22 1 00  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 


ESD  SENSITIVE  DEVICE 


Typical  Performance  Curves 


(TO 

92) 

— T 

(SO 

h- 

X)  800 
FLOW  HATE  -  CFM 


400  800 
FLOW  RATE  -  CFM 


Figure  2.  Thermal  Response  vs.  Flow  Rate 


Figure  3.  Thermal  Resistance  vs.  Flow  Rate 
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THEORY  OF  OPERATION 

The  AD22100  is  a  ratiometric  temperature  sensor  IC  whose 
output  voltage  is  proportional  to  power  supply  voltage.  The 
heart  of  the  sensor  is  a  proprietary  temperature-dependent  resis- 
tor, similar  to  an  RTD,  which  is  built  into  the  IC.  Figure  4 
shows  a  simplified  block  diagram  of  the  AD22100. 


Figure  4.  Simplified  Block  Diagram 

The  temperature-dependent  resistor,  labeled  Rx,  exhibits  a 
change  in  resistance  that  is  nearly  linearly  proportional  to  tem- 
perature. This  resistor  is  excited  with  a  current  source  that  is 
proportional  to  power  supply  voltage.  The  resulting  voltage 
across  RT  is  therefore  both  supply  voltage  proportional  and  lin- 
early varying  with  temperature.  The  remainder  of  the  AD22100 
consists  of  an  op  amp  signal  conditioning  block  that  takes  the 
voltage  across  RT  and  applies  the  proper  gain  and  offset  to 
achieve  the  following  output  voltage  function: 

:  (K+/5  V)  x  [1.375  V+  (22.5  mVI°Q  x  7^] 


ABSOLUTE  ACCURACY  AND  NONLINEARITY 
SPECIFICATIONS 

Figure  5  graphically  depicts  the  guaranteed  limits  of  accuracy 
for  the  AD22 1 00  and  shows  the  performance  of  a  typical  part. 
As  the  output  is  very  linear,  the  major  sources  of  error  are  offset, 
i.e.,  error  at  room  temperature,  and  span  error,  i.e.,  deviation 
from  the  theoretical  22.5  mV/°C.  Demanding  applications  can 
achieve  improved  performance  by  calibrating  these  offset  and 
gain  errors  so  that  only  the  residual  nonlinearity  remains  as  a 
significant  source  of  error. 


50  100 
TEMPERATURE  -  °C 


OUTPUT  STAGE  CONSIDERATIONS 

As  previously  stated,  the  AD22100  is  a  voltage  output  device.  A 
basic  understanding  of  the  nature  of  its  output  stage  is  useful  for 
proper  application.  Note  that  at  the  nominal  supply  voltage  of 
5.0  V,  the  output  voltage  extends  from  0.25  V  at  -50°C  to 
+4.75  V  at  +  150°C.  Furthermore,  the  AD22100  output  pin  is 
capable  of  withstanding  an  indefinite  short  circuit  to  either 
ground  or  the  power  supply.  These  characteristics  are  provided 
by  the  output  stage  structure  shown  in  Figure  6. 


Figure  5.  Typical  AD22100  Performance 


Figure  6.  Output  Stage  Structure 

The  active  portion  of  the  output  stage  is  a  PNP  transistor  with 
its  emitter  connected  to  the  V+  supply  and  collector  connected 
to  the  output  node.  This  PNP  transistor  sources  the  required 
amount  of  output  current.  A  limited  pull-down  capability  is 
provided  by  a  fixed  current  sink  of  about  -80  uA.  (Here, 
"fixed"  means  the  current  sink  is  fairly  insensitive  to  either  sup- 
ply voltage  or  output  loading  conditions.  The  current  sink  ca- 
pability is  a  function  of  temperature,  increasing  its  pull-down 
capability  at  lower  temperatures.) 

Due  to  its  limited  current  sinking  ability,  the  AD22100  is  inca- 
pable of  driving  loads  to  the  V+  power  supply  and  is  instead  in- 
tended to  drive  grounded  loads.  A  typical  value  for  short  circuit 
current  limit  is  7  mA,  so  devices  can  reliably  source  1  mA  or 
2  mA.  However,  for  best  output  voltage  accuracy  and  minimal 
internal  self-heating,  output  current  should  be  kept  below  1  mA. 
Loads  connected  to  the  V+  power  supply  should  be  avoided  as 
the  current  sinking  capability  of  the  AD22100  is  fairly  limited. 
These  considerations  are  typically  not  a  problem  when  driving 
a  microcontroller  analog  to  digital  converter  input  pin  (see 
MICROPROCESSOR  A/D  INTERFACE  ISSUES). 

RATIOMETRICITY  CONSIDERATIONS 

The  AD22100  will  operate  with  slightly  better  accuracy  than 
that  listed  in  the  data  sheet  specifications  if  the  power  supply  is 
held  constant.  This  is  because  the  AD22100's  output  voltage 
varies  with  both  temperature  and  supply  voltage,  with  some 
errors.  The  ideal  transfer  function  describing  the  output 
voltage  is: 

(V+/5  V)  x  [1.375  V+  (22.5  mVI°C)  x  TA] 

The  ratiometricity  error  is  defined  as  the  percent  change  away 
from  the  ideal  transfer  function  as  the  power  supply  voltage 
changes  within  the  operating  range  of  +4  V  to  +6  V.  For  the 
AD22100  this  error  is  typically  less  than  1%.  A  movement  from 
the  ideal  transfer  function  by  1%  at  +25°C,  with  a  supply  volt- 
age varying  from  5.0  V  to  5.50  V,  results  in  a  1 .94  mV  change  in 
output  voltage  or  0.08°C  error.  This  error  term  is  greater  at 
higher  temperatures  because  the  output  (and  error  term)  is  di- 
rectly proportional  to  temperature.  At  150°C,  the  error  in  out- 
put voltage  is  4.75  mV  or  0.1 9°C. 
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For  example,  with  Vs  =  5.0  V,  and  TA  =  +25°C,  the  nominal 
output  of  the  AD22 100  will  be  1.9375  V.  At  Vs=  5.50  V,  the 
nominal  output  will  be  2.1313  V,  an  increase  of  193.75  mV. 
A  proportionality  error  of  1%  is  applied  to  the  193.75  mV, 
yielding  an  error  term  of  1.9375  mV.  This  error  term  translates 
to  a  variation  in  output  voltage  of  2.1293  V  to  2.3332  V.  A 
1.94  mV  error  at  the  output  is  equivalent  to  about  0.08°C  error 
in  accuracy. 

If  we  substitute  150°C  for  25°C  in  the  above  example,  then  the 
error  term  translates  to  a  variation  in  output  voltage  of  5.2203  V 
to  5.2298  V.  A  4.75  mV  error  at  the  output  is  equivalent  to 
about  0.1 9°C  error  in  accuracy. 

MOUNTING  CONSIDERATIONS 

If  the  AD22100  is  thermally  attached  and  properly  protected,  it 
can  be  used  in  any  measuring  situation  where  the  maximum 
range  of  temperatures  encountered  is  between  -50°C  and 
+  150°C.  Because  plastic  IC  packaging  technology  is  employed, 
excessive  mechanical  stress  must  be  avoided  when  fastening  the 
device  with  a  clamp  or  screw-on  heat  tab.  Thermally  conduc- 
tive epoxy  or  glue  is  recommended  for  typical  mounting  condi- 
tions. In  wet  or  corrosive  environments,  an  electrically  isolated 
metal  or  ceramic  well  should  be  used  to  shield  the  AD22100. 
Because  the  part  has  a  voltage  output  (as  opposed  to  current),  it 
offers  modest  immunity  to  leakage  errors,  such  as  those  caused 
by  condensation  at  low  temperatures. 

THERMAL  ENVIRONMENT  EFFECTS 

The  thermal  environment  in  which  the  AD22100  is  used  deter- 
mines two  performance  traits:  the  effect  of  self-heating  on  accu- 
racy and  the  response  time  of  the  sensor  to  rapid  changes  in 
temperature.  In  the  first  case,  a  rise  in  the  IC  junction  tempera- 
ture above  the  ambient  temperature  is  a  function  of  two  vari- 
ables; the  power  consumption  of  the  AD22100  and  the  thermal 
resistance  between  the  chip  and  the  ambient  environment  8ja- 
Self-heating  error  in  °C  can  be  derived  by  multiplying  the  power 
dissipation  by  9jA.  Because  errors  of  this  type  can  vary  widely 
for  surroundings  with  different  heat  sinking  capacities,  it  is  nec- 
essary to  specify  9jA  under  several  conditions.  Table  I  shows 
how  the  magnitude  of  self-heating  error  varies  relative  to  the  en- 
vironment. A  typical  part  will  dissipate  about  2.2  mW  at  room 
temperature  with  a  5  V  supply  and  negligible  output  loading.  In 
still  air,  without  a  "heat  sink,"  the  table  below  indicates  a  8jA  of 
190°C/W,  yielding  a  temperature  rise  of  0.4°C.  Thermal  rise 
will  be  considerably  less  in  either  moving  air  or  with  direct 
physical  connection  to  a  solid  (or  liquid)  body. 

Table  I.  Thermal  Resistance  (TO-92) 


Medium 

6JA  (°C/Watt) 

x (sec) * 

Aluminum  Block 

60 

2 

Moving  Air** 

Without  Heat  Sink 

75 

3.5 

Still  Air 

Without  Heat  Sink 

190 

15 

Response  of  the  AD22100  output  to  abrupt  changes  in  ambient 
temperature  can  be  modeled  by  a  single  time  constant  t  expo- 
nential function.  Figure  7  shows  typical  response  time  plots  for 
a  few  media  of  interest. 
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•The  time  constant  t  is  defined  as  the  time  to  reach  63.2%  of  the  final 
temperature  change. 
"1200  CFM. 


Figure  7.  Response  Time 

The  time  constant  t  is  dependent  on  9JA  and  the  thermal 
capacities  of  the  chip  and  the  package.  Table  I  lists  the  effec- 
tive t  (time  to  reach  63.2%  of  the  final  value)  for  a  few  different 
media.  Copper  printed  circuit  board  connections  were 
neglected  in  the  analysis;  however,  they  will  sink  or  conduct 
heat  directly  through  the  AD22100's  solder  plated  copper  leads. 
When  faster  response  is  required,  a  thermally  conductive  grease 
or  glue  between  the  AD22100  and  the  surface  temperature 
being  measured  should  be  used. 

MICROPROCESSOR  A/D  INTERFACE  ISSUES 

The  AD22100  is  especially  well  suited  to  providing  a  low  cost 
temperature  measurement  capability  for  microprocessor/ 
microcontroller  based  systems.  Many  inexpensive  8-bit  micro- 
processors now  offer  an  onboard  8-bit  ADC  capability  at  a  mod- 
est cost  premium.  Total  "cost  of  ownership"  then  becomes  a 
function  of  the  voltage  reference  and  analog  signal  conditioning 
necessary  to  mate  the  analog  sensor  with  the  microprocessor 
ADC.  The  AD22100  can  provide  an  ideal  low  cost  system  by 
eliminating  the  need  for  a  precision  voltage  reference  and  any 
additional  active  components.  The  ratiometric  nature  of  the 
AD22100  allows  the  microprocessor  to  use  the  same  power  sup- 
ply as  its  ADC  reference.  Variations  of  hundreds  of  millivolts  in 
the  supply  voltage  have  little  effect  as  both  the  AD22100  and 
the  ADC  use  the  supply  as  their  reference.  The  nominal 
AD22100  signal  range  of  0.25  V  to  4.75  V  (-50°C  to  +150°C) 
makes  good  use  of  the  input  range  of  a  0  V  to  5  V  ADC.  A 
single  resistor  and  capacitor  are  recommended  to  provide  im- 
munity to  the  high  speed  charge  dump  glitches  seen  at  many 
microprocessor  ADC  inputs  (see  Figure  1). 

An  8-bit  ADC  with  a  reference  of  5  V  will  have  a  least  signifi- 
cant bit  (LSB)  size  of  5  V/256  =  19.5  mV.  This  corresponds  to 
a  nominal  resolution  of  about  0.87°C. 
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operation  without  a  precision  voltage  reference,  it  can  still  be 
used  in  such  systems.  Overall  system  requirements  involving 
other  sensors  or  signal  inputs  may  dictate  the  need  for  a  fixed 
precision  ADC  reference.  The  AD22100  can  be  converted  to 
absolute  voltage  operation  by  using  a  precision  reference  as  the 
supply  voltage.  For  example,  a  5.00  V  reference  can  be  used  to 
power  the  AD22 100  directly.  Supply  current  will  typically  be 
500  uA  which  is  usually  within  the  output  capability  of  the  refer- 
ence. A  large  number  of  AD22100s  may  require  an  additional 
op  amp  buffer,  as  would  scaling  down  a  10.00  V  reference  that 
might  be  found  in  "instrumentation"  ADCs  typically  operating 
from  + 15  V  supplies. 


i 


■ 
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Monolithic  Accelerometer 
with  Signal  Conditioning 


ADXL05' 


FEATURES 

Complete  Acceleration  Measurement  System 

on  a  Single  Monolithic  IC 
Full-Scale  Measurement  Range:  ±5  g 
Self-Test  on  Digital  Command 
Single  Supply  Operation:  +5  V 
Sensitivity  Precalibrated  to  200  mV/g 
Internal  Buffer  Amplifier  for  User  Adjustable 

Span  and  Zero-g  Levels 
Frequency  Response:  DC  to  4  kHz 
Post  Filtering  with  External  Passive  Components 
High  Shock  Survival:  >1000  g  Unpowered 
Other  Accelerometer  Products,  Measuring 
Different  g  Levels,  Are  Available 

GENERAL  DESCRIPTION 

The  ADXL05  is  a  low  noise  member  of  the  ADXL50  family  of 
products.  It  is  a  complete  acceleration  measurement  system  on 
a  single  monolithic  IC.  Three  external  capacitors  and  a  +5  volt 
regulated  power  supply  are  all  that  is  required  to  measure  accel- 
erations up  to  +5  g.  Device  sensitivity  is  factory  trimmed  to  a 
scale  factor  of  200  mV/g  resulting  in  a  full-scale  output  swing  of 
±  1  volt  for  a  +  5  g  applied  acceleration.  Its  zero-g  output  level  is 
+  1.8  volts. 


A  TTL  compatible  self-test  function  can  electrostatically  de- 
flect the  sensor  beam  at  any  time  to  verify  device  functionality. 

For  convenience,  the  ADXL05  has  an  internal  buffer  amplifier 
with  a  full  0.25  V  to  4.75  V  output  range.  This  may  be  used  to 
set  the  zero-g  level  and  change  the  output  sensitivity  by  using 
external  resistors.  External  capacitors  may  be  added  to  the  resis- 
tor network  to  provide  1  or  2  poles  of  filtering.  No  external 
active  components  are  required  to  interface  directly  to  most 
analog-to-digital  converters  (ADCs)  or  microcontrollers. 

The  ADXL05  uses  a  capacitive  measurement  method.  The  ana- 
log output  voltage  is  directly  proportional  to  acceleration  and  is 
fully  scaled,  referenced  and  temperature  compensated,  resulting 
in  high  accuracy  and  linearity  over  a  wide  temperature  range. 
Internal  circuitry  implements  a  forced-balance  control  loop  that 
improves  accuracy  by  compensating  for  mechanical  sensor 
variations. 

The  ADXL05  is  powered  from  a  standard  +5  V  supply  and  is 
robust,  allowing  its  use  in  harsh  industrial  and  automotive  envi- 
ronments. It  will  survive  shocks  of  1000  g  unpowered.  The 
ADXL05  is  available  in  a  hermetic  10-pin  TO-100  metal  can. 

ry  for  grades  of  performance  and  temperature 


BUFFER 
AMP 


R2 


DEMODULATOR 
CAPACITOR 


NOTE: 

AXIS  OF  SENSITIVITY  IS 
IN  PLANE  OF  PIN  5  TO  TAB. 


'Patent  pending. 


This  is  a  preliminary  data  sheet.  To  o 

ta  sheet,  call  our  fax  retrieval  sysi 


lost  recent  version  c 
l  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ADXL05— SPECIFICATIONS  (T»  =  +25  C,  Vs  =  +5  V,  @  Acceleration  =  0  g,  unless  otherwise  noted) 


Parage, 

Conditions 

Min 

ADXL05 

Typ  Max 

Units 

SENSITIVITY 
@  VPR  Output 

@  +25°C 
Tmin-Tmax 

0.2 

V/g 

Sensitivity  Drift 

±1 

%  of  25°  Rdg. 

ZERO  g  BIAS  LEVEL  AT  VPR 

Initial 

TVifr 
Drift 

+25°C 
Imin-Imax 

1.45 

1.8  2.15 
±100 

V 

mV 

VOLTAGE  NOISE  DENSITY 

- 

500 
100 

Mg/VtTz 
(iV/VHz 

 1  

SENSOR  INPUT 

FS  Measurement  Range 

Nonlinearity 

Alignment  Error 

Transverse  Sensitivity 

Shock  Survival 

.  nuvtnq  in  urn  •:•)'•  v  . 

Unpowered 
Powered 

±5 
0.5 
+  1 

1000 
500 

g 

%ofFS 
Degree 

% 
g 
g 

BUFFER  AMPLIFIER 
Output  Voltage  Swing 

Input  Offset  Voltage 
Input  Bias  Current 
Open-Loop  Gain 
Unity  Gain  Bandwidth 
Capacitance  Load  Drive 
Power  Supply  Rejection 

@  Iout  =  +300  1*A  (Sinking) 
@  Iout  =  -300  uA  (Sourcing) 
Deviation  from  1.8  V  Nominal 

0.25 

S  ±10 

200 

r  r 

XcOJZOAarfT 
V 

mV 

nA 

V/mV 

kHz 

pF 

dB 

SELF-TEST  INPUT 
Output  Change  at  Vout 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Input  Resistance 

STP 
To  C 

n  from  Logic  "0"  to 

"1" 

:  rr  

+0.9              +1.0  +1.1 
2.0 

V 
V 
V 
ldl 

ommon,  Logic  "0",  VIN  =  0-Vs 

 fcg  

50 

FREQUENCY  RESPONSE 
Bandwidth  (-3  dB) 
Phase  Shift 

Sensor  Resonant  Frequency 

No  High  Z  Signal  Pins 
Ccomp  TBD 
At  -3  dB 

4 

-45 
13 

kHz 

Degree 

kHz 

+3.4  V  REFERENCE 
Output  Voltage  Initial 
Output  Temperature  Drift 
Power  Supply  Rejection 
Output  Current 

Iout  =  0  nA  to  500  |iA  (Sourcing) 
DC 

(Sourcing) 

3.350             3.400  3.450 
10  50 

40 
500 

V 

ppm/°C 

dB 

uA 

POWER  SUPPLY 
Specified  Performance 
Operating  Voltage  Range 
Quiescent  Supply  Current 

Outputs  Open,  No  Load 

+4.75  +5.25 
+4.75             +5.00  +6.0 
10 

V 
V 

mA 

TEMPERATURE  RANGE 
Specified  Performance 

-55 

+  125 

°C 

Both  specifications  and  temperature  range  are  subject  to  change  without  notice. 


t 

■ 

1 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Monolithic  Accelerometer 
With  Signal  Conditioning 


ADXL50' 


FEATURES 

Complete  Acceleration  Measurement  System 

on  a  Single  Monolithic  IC 
Full-Scale  Measurement  Range:  ±50  g 
Self-Test  on  Digital  Command 
+5  V  Single  Supply  Operation 
Sensitivity  Precalibrated  to  19  mV/g 
Internal  Buffer  Amplifier  for  User  Adjustable  Sensitivity 

and  Zero-g  Level 
Frequency  Response:  DC  to  10  kHz 
Post  Filtering  with  External  Passive  Components 
High  Shock  Survival:    2000  g  Unpowered 
Other  Versions  Available:  ADXL05  (±5  g) 

ADXL181  (+880  g,  -150  g) 


GENERAL  DESCRIPTION 

The  ADXL50  is  a  complete  acceleration  measurement  system  on 
a  single  monolithic  IC.  Three  external  capacitors  and  a  +5  volt 
power  supply  are  all  that  is  required  to  measure  accelerations  up 
to  ±50  g.  Device  sensitivity  is  factory  trimmed  to  19  mV/g, 
resulting  in  a  full-scale  output  swing  of  ±0.95  volts  for  a  ±50  g 
applied  acceleration.  Its  zero  g  output  level  is  +1.8  volts. 

A  TTL  compatible  self-test  function  can  electrostatically  deflect 
the  sensor  beam  at  any  time  to  verify  device  functionality. 

ADXL50  FUNCTIONAL  BLOCK  DIAGRAM 


For  convenience,  the  ADXL50  has  an  internal  buffer  amplifier 
with  a  full  0.25  V  to  4.75  V  output  range.  This  may  be  used  to 
set  the  zero-g  level  and  change  the  output  sensitivity  by  using 
external  resistors.  External  capacitors  may  be  added  to  the  resis- 
tor network  to  provide  1  or  2  poles  of  filtering.  No  external 
active  components  are  required  to  interface  directly  to  most 
analog- to-digital  converters  (ADCs)  or  microcontrollers. 

The  ADXL50  uses  a  capacitive  measurement  method.  The  ana- 
log output  voltage  is  directly  proportional  to  acceleration,  and  is 
fully  scaled,  referenced  and  temperature  compensated,  resulting 
in  high  accuracy  and  linearity  over  a  wide  temperature  range. 
Internal  circuitry  implements  a  forced-balance  control  loop  that 
improves  accuracy  by  compensating  for  any  mechanical  sensor 
variations. 

The  ADXL50  is  powered  from  a  standard  +  5  V  supply  and  is 
robust  for  use  in  harsh  industrial  and  automotive  environments 
and  will  survive  shocks  of  more  than  2000  g  unpowered. 
The  ADXL50  is  available  in  a  hermetic  10-pin  TO- 100  metal 
can,  specified  over  the  0°C  to  +70°C  commercial,  and  -40°C  to 
+85°C  industrial  temperature  ranges.  Contact  factory  for  avail- 
ability of  devices  specified  for  operation  over  the  -40°C  to 
+  105°C  automotive  and  -55°C  to  +125°C  military  temperature 
availability  of  883B  devices. 


OSCILLATOR 
DECOUPLING 
CAPACITOR 

HI  O- 


ADXL50 


^7  a 


SELF  TEST 
(ST) 


'Patents  pending. 


REFERENCE 





OSCILLATOR 


DEMODULATOR 


COM! 


PREAMP 


+3.4V 


o 


"erf  Tci" 


BUFFER 
AMP 


■®- 


DEMODULATOR 
CAPACITOR 


OH 


R3 
-VW 
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I'ltU 

i¥iui         lyp  Max 

SENSITIVITY1 

+  25°C 

Temperature  Drifr 

16.1 

19.0 

+n  7V1 n 

21.9 

16.7 

19.0 

±0./5/1.0/l.J 

21.3 

±l./j/2.0/2.5 

mV/g 

%  of  RDG 

ZERO  g  BIAS  LEVEL3 

+25°C 

Temperature  Dnlt2 

1.55/1.60 

1.80 
±15/35 

2.05/2.00 

1.60 

1.80 

±10/20/50 

2.00 

±35/50/80 

V 

mV 

VOLTAGE  NOISE  DENSITY4 

125 
6.6 

225 

125 

6.6 

225 

M-V/vIg 
mg/\/Hz 

SENSOR  INPUT 
Measurement  Range5 
Nonlinearity6 
Alignment  Error 
Transverse  Sensitivity8 

-50 

0.2 

4 

+  50 

-50 

0.2 

±1 
±2 

+50 

g 

%  of  FS 
Degrees 

% 

NOTES 

!As  measured  at  the  preamplifier  output,  VPB  with  15  g  p-p  Ca  100  Hz  applied. 

2 Specification  refers  to  the  maximum  change  in  parameter  from  its  initial  value  at  +25°C  to  its  worst  case  value  at  TMIN  or  TMAX. 
'As  measured  at  VPR. 

4BW  =  10  Hz  to  1  kHz.  A  capacitor,  C2,  greater  than  or  equal  to  0.022  u.F,  must  be  connected  from  the  oscillator  decoupling  capacitor  pin  to  ground. 
5The  axis  of  sensitivity  of  the  device  is  a  straight  line  drawn  through  the  package  along  its  most  sensitive  axis.  For  the  10-pin  header  (TO-100)  package,  this  line 
passes  through  Pin  5  and  the  tab.  See  device  connection  and  orientation  figures. 
6Best  Fit  Straight  Line.  Full  scale  =  50  g. 


w  5. 

7Alignment  error  is  specified  as  the  angle  between  the  true  and  indicated  axis  of  sensitivity.  The  ADXL50  output  will  be  the  true  acceleration  times  the  cosine 
of  the  alignment  error  angle. 

"Transverse  sensitivity  is  measured  with  an  applied  acceleration  which  is  90°  (.i.e. ,  transverse)  from  the  indicated  axis  of  sensitivity.  Transverse  sensitivity  error  is  speci- 
fied as  the  percent  of  transverse  acceleration  which  appears  at  the  VPR  output.  This  is  the  algebraic  sum  of  the  alignment  and  the  inherent  sensor  sensitivity  errors. 
Specifications  subject  to  change  without  notice. 
*Contact  factory  for  availabilirv. 

CI  rPTDlP Al  nUADAPTCDICTIPC  (T*  =  T«"N  to  ^  vs  =  +5  v  ±  5%,  @  Acceleration  =  0  g,  and  CI  =  C2  =  0.022  nF 
ELECTRICAL  CHARACTERISTICS  unless  otherwise  noted) 


Parameter 


ADXL50J/A/K/B/T 
Typ 


PREAMPLIFIER  OUTPUT 
Power  Supply  Rejection 
Voltage  Swing 
Current  Output 

Capacitive  Load  Drive  Capability 


+25°C 

Source  or  Sink 


30 

0.25 

30 


40 


80 
100 


V.-H.4 


dB 

V 

|xA 

pF 


SELF  TEST  INPUT 
Output  Change  at  VPR' 


Logic  "1"  Voltage 
Logic  "0"  Voltage 
Input  Impedance 


ST  Pin  from  Logic  "0"  to  "1" 
To  Common 


-0.90 
2.0 


-1.00 
50 


-1.10 
0.8 


V 
V 
V 
Ml 


FREQUENCY  RESPONSE 
3  dB  Equation 
Bandwidth10 

Sensor  Resonant  Frequency 


Cl>=0.015  uF 
f3dB  =  (28.60/C1  in  uF)±40% 
CI  =  0.022  uF  (See  Figure  22) 
CI  =  0.007  uF 


800 


1300 

10 

24 


2250 


Hz 
Hz 
kHz 
kHz 


+  3.4  VOLT  REFERENCE 
Output  Voltage  Initial 
Output  Temperature  Drift" 
Power  Supply  Rejection 
Output  Current 


+  25°C 
DC 

(Sourcing) 


3.350 


40 
500 


3.400 

±10 

60 


3.450 


V 

mV 
dB 

u.A 


BUFFER  AMPLIFIER 
Input  Offset  Voltage12 
Input  Bias  Current 
Open  Loop  Gain 
Unity  Gain  Bandwidth 
Output  Voltage  Swing 
Capacitive  Load  Drive  Capability 
Power  Supply  Rejection 


Deviation  from  Nominal  1.800  V 
DC 

IOUT  =  ±100  uA 
DC 


0.25 
1000 
40 


±10 
5 

80 
200 


60 


t25 


20 


Vs-0.25 


mV 

nA 

dB 

kHz 

V 

pF 

dB 


POWER  SUPPLY 
Specified  Performance 
Operating  Voltage  Range 
Quiescent  Supply  Current 


+4.75 
+4.75 


+  5.00 
10 


+  5.25 

+6.0 

13 


V 
V 

mA 
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Parameter 

Conditions 

Mm 

ADXL50J/A/K/B/T 
Tvp 

Max 

Units 

TEMPERATURE  RANGE 

Specified  Performance  J,  K 

0 

+70 

°C 

Specified  Performance  A,  B 

-40 

+  85 

°C 

Specified  Performance  T* 

-55 

+  125 

°c 

Automotive  Grade* 

-40 

+  105 

°c 

NOTES 

9Applying  logic  "high"  to  the  self-test  input  has  an  effect  on  the  acceleration  sensing  element  equivalent  to  applying  an  acceleration  of  minus  52.6  g  to  the  ADXL50. 
10This  is  the  deviation  from  the  ideal  3  dB  bandwidth  using  an  exact  CI  value. 

11  Specification  refers  to  the  maximum  change  in  parameter  from  its  initial  value  at  +25°C  to  its  worst  case  value  at  TMIN  or  TMAX. 

12Input  offset  voltage  is  defined  as  an  output  voltage  (referred  to  input  at  buffer  -V,N  terminal)  when  the  buffer  amplifier  is  connected  as  a  follower.  The 

voltage  at  this  pin  has  a  temperature  drift  proportional  to  that  of  the  +3.4  V  reference. 
•Contact  factory  for  availability. 
Specifications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed.  Typical  specifications  are  not  tested  or  guaranteed. 


ABSOLUTE  MAXIMUM  RATINGS** 

Acceleration  (Any  Axis,  Unpowered  for  0.5  ms)    2000  g 

Acceleration  (Any  Axis,  Powered  for  0.5  ms)   500  g 


Package  Characteristics 


Output  Short  Circuit  Duration 


Package 

8jc 

Device  Weight 

10-Pin  TO-100 

130oC/W 

30°C/W 



5  Grams 

(VPR,  Vc 


i  Terminals  to  Common)   Indefinite 


ORDERING  GUIDE 


Operating  Temperature   —  55°C  to  +125°C 

Storage  Temperature    — 65°C  to  +150°C 

"Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only;  the  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


Typ 

Max 

Temperature 

0  g  Bias 

0  g  Bias 

Package 

Model 

Range 

Drift 

Drift 

Option1 

ADXL50JH 

0°C  to  +70°C 

+  15  mV 

H-10A 

ADXL50KH2 

0°C  to  +70°C 

±10  mV 

±35  mV 

H-10A 

ADXL50AH 

-40°C  to  +85°C 

±35  mV 

H-10A 

ADXL50BH2 

-40°C  to  +85°C 

±20  mV 

±50  mV 

H-10A 

ADXL50TH2 

-55°C  to  +125°C 

±50  mV 

±80  mV 

H-10A 

NOTES 

JFor  outline  information  see  Package  Information  section. 
^Contact  factory  for  availability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  ADXL50  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
recommended  to  avoid  performance  degradation  or  loss  of  functionality.  


WARNING! 


ADXL50  PIN  DESCRIPTION 




The  power  supply  input  pin. 

Connection  for  an  external  bypass  capacitor  (nominally 
0.022  p.F)  used  to  prevent  oscillator  switching  noise 
from  interfering  with  other  ADXL50  circuitry.  Please 
see  the  section  on  component  selection. 
Connections  for  the  demodulator  capacitor,  nominally 
0.022  u.F.  See  the  section  on  component  selection  for 
application  information. 

The  power  supply  common  (or  "ground")  connection. 
Output  of  the  internal  3.4  V  voltage  reference. 
The  digital  self-test  input.  It  is  both  CMOS  and  TTL 
compatible. 

The  ADXL50  preamplifier  output  providing  an  output 
voltage  of  19  mV  per  g  of  acceleration. 
Output  of  the  uncommitted  buffer  amplifier. 
The  inverting  input  of  the  uncommitted  buffer 
amplifier. 


ADXL50  10-HEADER  (TO-100) 
CONNECTION  DIAGRAM 


C1  NOTES: 


VlN- 


AXIS  OF  SENSITIVITY  IS  ALONG 
A  LINE  BETWEEN  PIN  5  AND 
THE  TAB. 

THE  CASE  OF  THE  METAL  CAN 
PACKAGE  IS  CONNECTED  TO 
PIN  5  (COMMON). 

ARROW  INDICATES  DIRECTION 
OF  POSITIVE  ACCELERATION 
ALONG  AXIS  OF  SENSITIVITY. 
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Figure  1.  Output  Polarity  at  VPR 


TRANSVERSE  Z  AXIS 


SENSITIVE  (X)  AXIS 


Figure  2a.  Sensitive  X  and  Transverse  Z  Axis 


TOP  VIEW 


TRANSVERSE  Y  AXIS 


TAB      SENSITIVE  (X)  AXIS 


Polarity  of  the  Acceleration  Output 

The  polarity  of  the  ADXL50  output  is  shown  in  the  Figure  1. 
When  oriented  to  the  earth's  gravity  (and  held  in  place),  the 
ADXL50  will  experience  an  acceleration  of  + 1  g.  This  corre- 
sponds to  a  change  of  approximately  +19  mV  at  the  VPR  output 
pin.  Note  that  the  polarity  will  be  reversed  to  a  negative  going 
signal  at  the  buffer  amplifier  output  Voux,  due  to  its  inverting 
configuration. 

Mounting  Considerations 

There  are  three  main  causes  of  measurement  error  when  using 
accelerometers.  The  first  two  are  alignment  and  transverse  sensi- 
tivity errors.  The  third  source  of  error  is  due  to  resonances  or 
vibrations  of  the  sensor  in  its  mounting  fixture. 

Errors  Due  to  Misalignment 

The  ADXL50  is  a  sensor  designed  to  measure  accelerations  that 
result  from  an  applied  force.  Because  these  forces  act  on  the 
sensor  in  a  vector  manner,  the  alignment  of  the  sensor  to  the 
force  to  be  measured  may  be  critical. 

The  ADXL50  responds  to  the  component  of  acceleration  on  its 
sensitive  X  axis.  Figures  2a  and  2b  show  the  relationship 
between  the  sensitive  "X"  axis  and  the  transverse  "Z"  and  "Y" 
axes  as  they  relate  to  the  TO- 100  package. 

Figure  2c  describes  a  three  dimensional  acceleration  vector 
(AXYZ)  which  might  act  on  the  sensor,  where  Ax  is  the  compo- 
nent of  interest.  To  determine  Ax,  first,  the  component  of 
acceleration  in  the  XY  plane  (AXY)  is  found  using  the  cosine  law: 

Axy     =  AXyz  \cosdxv)  then 
Ax     =  Axy  (cosQx) 
Therefore:  Typical  VPR  -  19  mVlg  {Axyz)  («w8Xy)  cosBx- 

Note  that  an  ideal  sensor  will  react  to  forces  along  or  at  angles 
to  its  sensitive  axis  but  will  reject  signals  from  its  various  trans- 
verse axes,  i.e.,  those  exactly  90°  from  the  sensitive  "X"  axis. 
But  even  an  ideal  sensor  will  produce  output  signals  if  the  trans- 
verse signals  are  not  exactly  90°  to  the  sensitive  axis.  An  acceler- 
ation that  is  acting  on  the  sensor  from  a  direction  different  from 
iitive  axis  will  show  up  at  the  ADXL50  output  at  a 


Figure  2b.  Sensitive  X  and  Transverse  Y  Axis 


-ZAxis 


reduced  amplitude. 

Table  I.  Ideal  Output  Signals  for  Off  Axis  Applied 
Accelerations  Disregarding  Device  Alignment  and 
Transverse  Sensitivity  Errors 


X  Axis 


Figure  2c.  A  Vector  Analysis  of  an  Acceleration  Acting 
Upon  the  ADXL50  in  Three  Dimensions 


%  of  Signal  Appearing 

Output  in  g's  for  a  50  g 

ex 

at  Output 

Applied  Acceleration 

0 

100% 

50  (On  Axis) 

1° 

99.98% 

49.99 

2° 

99.94% 

49.97 

3° 

99.86% 

49.93 

5° 

99.62% 

49.81 

10° 

98.48% 

49.24 

30° 

86.60% 

43.30 

45° 

70.71% 
50.00% 

35.36 

60° 

25.00 

80° 

17.36% 

8.68 

85° 

8.72% 

4.36 

87° 

5.25% 

2.63 

88° 

3.49% 

1.75 

89° 

1.7% 

0.85 

90° 

0% 

0.00  (Transverse  Axis) 
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Table  I  shows  the  percentage  signals  resulting  from  various  9X 
angles.  Note  that  small  errors  in  alignment  have  a  negligible 
effect  on  the  output  signal.  A  1°  error  will  only  cause  a  0.02% 
error  in  the  signal.  Note,  however,  that  a  signal  coming  1°  off  of 
the  transverse  axis  (i.e.,  89°  off  the  sensitive  axis)  will  still  con- 
tribute 1.7%  of  its  signal  to  the  output.  Thus  large  transverse 
signals  could  cause  output  signals  as  large  as  the  signals  of 
interest. 

Table  I  may  also  be  used  to  approximate  the  effect  of  the 
ADXL50's  internal  errors  due  to  misalignment  of  the  die  to  the 
package.  For  example:  a  1  degree  sensor  alignment  error  will 
allow  1.7%  of  a  transverse  signal  to  appear  at  the  output.  In  a 
nonideal  sensor,  transverse  sensitivity  may  also  occur  due  to 
inherent  sensor  properties.  That  is,  if  the  sensor  physically 
moves  due  to  a  force  applied  exactly  90°  to  its  sensitive  axis, 
then  this  might  be  detected  as  an  output  signal,  whereas  an  ideal 
sensor  would  reject  such  signals.  In  every  day  use,  alignment 
errors  may  cause  a  small  output  peak  with  accelerations  applied 
close  to  the  sensitive  axis  but  the  largest  errors  are  normally  due 
to  large  accelerations  applied  close  to  the  transverse  axis. 

Errors  Due  to  Mounting  Fixture  Resonances 

A  common  source  of  error  in  acceleration  sensing  is  resonance  of 
the  mounting  fixture.  For  example,  the  circuit  board  that  the 
ADXL50  mounts  to  may  have  resonant  frequencies  in  the  same 
range  as  the  signals  of  interest.  This  could  cause  the  signals 
measured  to  be  larger  than  they  really  are.  A  common  solution 
to  this  problem  is  to  dampen  these  resonances  by  mounting  the 
ADXL50  near  a  mounting  post  or  by  adding  extra  screws  to 
hold  the  board  more  securely  in  place. 

When  testing  the  accelerometer  in  your  end  application,  it  is 
recommended  that  you  test  the  application  at  a  variety  of  fre- 
quencies in  order  to  ensure  that  no  major  resonance  problems 
exist. 

GLOSSARY  OF  TERMS 

Acceleration:  Change  in  velocity  per  unit  time. 

Acceleration  Vector:  Vector  describing  the  net  acceleration  act- 
ing upon  the  ADXL50  (AXYZ). 

g:  A  unit  of  acceleration  equal  to  the  average  force  of  gravity 
occurring  at  the  earth's  surface.  A  g  is  approximately  equal  to 
32.17  feet/s2,  or  9.807  meters/s2. 

Nonlinearity:  The  maximum  deviation  of  the  ADXL50  output 
voltage  from  a  best  fit  straight  line  fitted  to  a  plot  of  acceleration 
vs.  output  voltage,  calculated  as  a  %  of  the  full-scale  output 
voltage  (@  50  g). 

:  vibration  of  the 


Resonant  Frequency:  The  natur: 
ADXL50  sensor's  central  plate  (or  "beam").  At  its  resonant  fre- 
quency of  24  kHz,  the  ADXL50's  moving  center  plate  has  a 
peak  in  its  frequency  response  with  a  Q  of  3  or  4. 


Sensitivity:  The  output  voltage  change  per  g  unit  of  acceleration 
applied,  specified  at  the  VPR  pin  in  mV/g. 

Sensitive  Axis  (X)  The  most  sensitive  axis  of  the  accelerometer 
sensor.  Defined  by  a  line  drawn  between  the  package  tab  and 
Pin  5  in  the  plane  of  the  pin  circle.  See  Figures  2a  and  2b. 

Sensor  Alignment  Error:  Misalignment  between  the  ADXL50's 
on-chip  sensor  and  the  package  axis,  defined  by  Pin  5  and  the 
package  tab. 

Total  Alignment  Error:  Net  misalignment  of  the  ADXL50's 
on-chip  sensor  and  the  measurement  axis  of  the  application. 
This  error  includes  errors  due  to  sensor  die  alignment  to  the 
package,  and  any  misalignment  due  to  installation  of  the  sensor 
package  in  a  circuit  board  or  module. 

Transverse  Acceleration:  Any  acceleration  applied  90°  to  the 
axis  of  sensitivity. 

Transverse  Sensitivity  Error:  The  percent  of  a  transverse  accel- 
eration that  appears  at  the  VPR  output.  For  example,  if  the 
transverse  sensitivity  is  1%,  then  a  +10  g  transverse  acceleration 
will  cause  a  0.1  g  signal  to  appear  at  VPR  (1%  of  10  g).  Trans- 
verse sensitivity  can  result  from  a  sensitivity  of  the  sensor  to 
transverse  forces  or  from  misalignment  of  the  internal  sensor  to 
its  package. 

Transverse  Y  Axis:  The  axis  perpendicular  (90°)  to  the  package 
axis  of  sensitivity  in  the  plane  of  the  package  pin  circle.  See  Fig- 
ure 2. 

Transverse  Z  Axis:  The  axis  perpendicular  (90°)  to  both  the 
package  axis  of  sensitivity  and  the  plane  of  the  package  pin  cir- 
cle. See  Figure  2. 


Figure  3.  500  g  Shock  Overload  Recovery.  Top  Trace: 
ADXL50  Output.  Bottom  Trace:  Reference  Accelerometer 
Output 
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Figure  4.  Normalized  Sensitivity  vs.  Frequency 
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Figure  8.  Buffer  Amplifier  Output  Impedance  vs.  Frequency 
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Figure  6.  -3  dB  Bandwidth  vs.  Temperature  at  VPR 


Figure  9.  Buffer  Amplifier  Closed-Loop  Gain  vs.  Frequency 


19-44    SENSORS  AND  SIGNAL  CONDITIONERS 


REV.  A 


ADXL50 


«  -0.25 


TA  =.  +2S° 
C1  =  C2  = 

C 

0.022(.F 

4.8  4.9 


5.0  5.1 
SUPPLY  VOLTAGE  -  V 


5.2  5.3 


Figure  10.  Change  in  Sensitivity  vs.  Supply  Voltage 
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Figure  13.  Percent  Change  In  Sensitivity  at  VPR  vs. 
Temperature 
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Figure  14.  +3.4  V  REF  PSRR  vs.  Frequency 
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Figure  15.  VREF  Output  and  Change  in  Self-Test  Output 
Swing  vs.  Temperature 
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THEORY  OF  OPERATION 

The  ADXL50  is  a  complete  acceleration  measurement  system  on 
a  single  monolithic  IC.  It  contains  a  polysilicon  surface-micro 
machined  sensor  and  signal  conditioning  circuitry.  The 
ADXL50  is  capable  of  measuring  both  positive  and  negative 
acceleration  to  a  maximum  level  of  ±50  g. 

Figure  16  is  a  simplified  view  of  the  ADXLSO's  acceleration 
sensor  at  rest.  The  actual  structure  of  the  sensor  consists  of  42 
unit  cells  and  a  common  beam.  The  differential  capacitor  sensor 
consists  of  independent  fixed  plates  and  a  movable  "floating" 
central  plate  which  deflects  in  response  to  changes  in  relative 
motion.  The  two  capacitors  are  series  connected,  forming  a 
capacitive  divider  with  a  common  movable  central  plate.  A  force 
balance  technique  counters  any  impeding  deflection  due  to 
acceleration  and  servos  the  sensor  back  to  its  0  g  position. 

TOP  VIEW 
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Figure  16.  A  Simplified  Diagram  of  the  ADXL50 
Sensor  at  Rest 

Figure  17  shows  the  sensor  responding  to  an  applied  accelera- 
tion. When  this  occurs,  the  common  central  plate  or  "beam" 
moves  closer  to  one  of  the  fixed  plates  while  moving  further 
from  the  other.  The  sensor's  fixed  capacitor  plates  are  driven 
deferentially  by  a  1  MHz  square  wave:  the  two  square  wave 
amplitudes  are  equal  but  are  180°  out  of  phase  from  one 
another.  When  at  rest,  the  values  of  the  two  capacitors  are  the 
same  and  therefore,  the  voltage  output  at  their  electrical  center 
(i.e.,  at  the  center  plate)  is  zero. 

When  the  sensor  begins  to  move,  a  mismatch  in  the  value  of 
their  capacitance  is  created  producing  an  output  signal  at  the 
central  plate.  The  output  amplitude  will  increase  with  the 
amount  of  acceleration  experienced  by  the  sensor.  Information 
concerning  the  direction  of  beam  motion  is  contained  in  the 
phase  of  the  signal  with  synchronous  demodulation  being  used 
to  extract  this  information.  Note  that  the  sensor  needs  to  be 
positioned  so  that  the  measured  acceleration  is  along  its  sensitive 
axis. 

Figure  18  shows  a  block  diagram  of  the  ADXL50.  The  voltage 
output  from  the  central  plate  of  the  sensor  is  buffered  and  then 
applied  to  a  synchronous  demodulator.  The  demodulator  is  also 
supplied  with  a  (nominal)  1  MHz  clock  signal  from  the  same 
oscillator  which  drives  the  fixed  plates  of  the  sensor.  The 


demodulator  will  rectify  any  voltage  which  is  in  sync  with  its 
clock  signal.  If  the  applied  voltage  is  in  sync  and  in  phase  with 
the  clock,  a  positive  output  will  result.  If  the  applied  voltage  is 
in  sync  but  180°  out  of  phase  with  the  clock,  then  the  demodu- 
lator's output  will  be  negative.  All  other  signals  will  be  rejected. 
An  external  capacitor,  CI,  sets  the  bandwidth  of  the  demodulator. 

The  output  of  the  synchronous  demodulator  drives  the  preamp 
—an  instrumentation  amplifier  buffer  which  is  referenced  to 
+  1.8  volts.  The  output  of  the  preamp  is  fed  back  to  the  sensor 
through  a  3  Mil  isolation  resistor.  The  correction  voltage 
required  to  hold  the  sensor's  center  plate  in  the  0  g  position  is  a 
direct  measure  of  the  applied  acceleration  and  appears  at  the 
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Figure  17.  The  ADXL50  Sensor  Momentarily  Responding 
to  an  Externally  Applied  Acceleration 

When  the  ADXL50  is  subjected  to  an  acceleration,  its  capacitive 
sensor  begins  to  move  creating  a  momentary  output  signal.  This 
is  signal  conditioned  and  amplified  by  the  demodulator  and 
preamp  circuits.  The  dc  voltage  appearing  at  the  preamp  output 
is  then  fed  back  to  the  sensor  and  electrostatically  forces  the 
center  plate  back  to  its  original  center  position. 

At  0  g  the  ADXL50  is  calibrated  to  provide  +1.8  volts  at  the 
VPR  pin.  With  an  applied  acceleration,  the  VPR  voltage  changes 
to  the  voltage  required  to  hold  the  sensor  stationary  for  the 
duration  of  the  acceleration  and  provides  an  output  which  varies 
directly  with  applied  acceleration. 

The  loop  bandwidth  corresponds  to  the  time  required  to  apply 
feedback  to  the  sensor  and  is  set  by  external  capacitor  CI.  The 
loop  response  is  fast  enough  to  follow  changes  in  g  level  up  to 
and  exceeding  1  kHz.  The  ADXL50's  ability  to  maintain  a  flat 
response  over  this  bandwidth  keeps  the  sensor  virtually  motion- 
less. This  essentially  eliminates  any  nonlinearity  or  aging  effects 
due  to  the  sensor  beam's  mechanical  spring  constant,  as  com- 
pared to  an  open-loop  sensor. 

An  uncommitted  buffer  amplifier  provides  the  capability  to 
adjust  the  scale  factor  and  0  g  offset  level  over  a  wide  range.  An 
internal  reference  supplies  the  necessary  regulated  voltages  for 
powering  the  chip  and  +  3.4  volts  for  external  use. 
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F/gure  18.  ADXL50  Functional  Block  Diagram 


The  sensor's  tight  mechanical  spacing  allows  it  to  be  electrostati- 
cally deflected  to  full  scale  while  operating  on  a  5  volt  supply.  A 
self-test  is  initiated  by  applying  a  TTL  "high"  level  voltage 
O+2.0  V)  to  the  ADXL50's  self-test  pin  which  causes  the  chip 
to  apply  a  deflection  voltage  to  the  beam  which  moves  it  an 
amount  equal  to  —  50  g  (the  negative  full-scale  output  of  the 
device).  Note  that  the  ±  10%  tolerance  of  the  self- test  circuit  is 
not  proportional  to  the  sensitivity  error,  see  Self-Test  section. 

The  output  of  the  ADXLSO's  preamplifier  is  1.8  V  at  0  g  accel- 
eration with  an  output  range  of  ±0.95  V  for  a  ±50  g  input,  i.e., 
19  mV/g.  An  uncommitted  buffer  amplifier  has  been  included 
on-chip  to  enhance  the  user's  ability  to  offset  the  0  g  signal  level 
and  to  amplify  and  filter  the  signal.  Access  is  provided  to  both 





the  inverting  input  and  the  output  of  this  amplifier  via  pins 
Voux  and  VIN_,  while  the  noninverting  input  is  connected 
internally  to  a  +1.8  V  reference.  The  +1.8  V  is  derived  from  a 
resistor  divider  connected  to  the  3.4  V  reference. 

BASIC  CONNECTIONS  FOR  THE  ADXL50 

Figure  19  shows  the  basic  connections  needed  for  the  ADXL50 
to  measure  accelerations  in  the  ±  50  g  range  with  an  output  scale 
factor  40  mV/g  corresponding  to  a  2.5  V  0  g  level,  a  ±2.0  V 
full-scale  swing  around  0  g  and  a  3  dB  bandwidth  of  approxi- 
mately 1  kHz. 

In  general,  the  designer  will  need  to  take  into  account  the  initial 
zero  g  bias  when  designing  circuits.  For  the  ADXL50J  this  off- 
set is  1.8  V  ±  250  mV.  When  microprocessors  and  software 
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calibration  are  used  and  there  is  a  desire  to  eliminate  trim  poten- 
tiometers, the  design  should  leave  room  at  either  supply  rail  to 
account  for  signal  swing  and  or  variations  in  initial  zero  g  bias. 

For  example,  in  the  circuit  in  Figure  19,  the  initial  zero  g  bias 
of  ±250  mV  will  be  reflected  to  the  output  by  the  gain  of  the 
R3/R1  network,  resulting  in  an  output  offset  of  ±526  mV  worst 
case.  The  offset,  combined  with  a  full-scale  signal  of  50  g, 
(+2.0  V)  will  cause  the  output  buffer  amplifier  to  saturate  at  the 
supply  rail. 

The  full  ±2.25  V  output  swing  of  the  buffer  amplifier  can  be 
utilized  if  the  user  is  able  to  trim  the  zero-g  bias  to  exactly 
2.5  V.  In  applications  where  the  full-scale  range  will  be  ±25  g 
or  less,  a  bias  trim  such  as  that  shown  in  Figure  20  will  almost 
always  be  required. 

VARYING  THE  OUTPUT  SENSITIVITY  AND  0  g  LEVEL 
USING  THE  INTERNAL  BUFFER  AMPLIFIER 

The  uncommitted  buffer  amplifier  may  be  used  to  change  the 
output  sensitivity  to  provide  useful  full-scale  ranges  of  ±50  g 
and  below.  Table  II  provides  recommended  resistor  values  for 
several  standard  ranges  down  to  ±  10  g.  As  the  full-scale  range  is 
decreased,  buffer  amplifier  gain  is  increased,  and  the  noise  con- 
tribution as  a  percentage  of  full  scale  will  also  increase.  For  all 
ranges,  the  signal-to-noise  ratio  can  be  improved  by  reducing  the 
circuit  bandwidth,  either  by  increasing  the  demodulator  capaci- 
tor, CI,  or  by  adding  a  post  filter  using  the  buffer  amplifier. 

Table  II.  Recommended  Resistor  Values  for  Setting  the 


Circuit  of  Figure  20  to  Several  Common  Full-Scale  Ranges 

FS  (g) 

Buffer 
Gain 

SF  in 
mV/g 

Rl 

R3 

R2 

±50.0 
±40.0 

±30.8 
±26.7 
±20.0 

2.11 
2.63 
3.42. 
3.95 
5.26 

40 
50 
65 
75 
100 

49.9  k 
39.2  k 
40.2  k 
28.7  k 
26.1  k 

105  k 
103  k 
137  k 
113  k 
137  k 

100  k 
100  k 
100  k 
100  k 
100  k 

±10.0 

10.53 

200 

23.7  k 

249  k 

100  k 

ranges  listed  by  keeping  Rl  >  49.9  kfl,  with  the  subsequent 
tradeoff  that  the  required  values  for  R3  will  become  very  large. 
The  user  always  has  the  option  of  adding  external  gain  and  fil- 
tering stages  after  the  ADXL50  to  make  lower  full-scale  ranges. 

Measuring  Full-Scale  Accelerations  Less  than  ±5  g 

Applications,  such  as  motion  detection,  and  tilt  sensing,  have 
signal  amplitudes  in  the  1  g  to  2  g  range.  Although  designed  for 
higher  full-scale  ranges,  the  ADXL50  may  be  adapted  for  use  in 


Note  that  the  value  of  resistor  Rl  should  be  selected  to  limit  the 
output  current  flowing  into  VPR  to  less  than  25  uA  (to  provide  a 
safety  margin).  For  a  "J"  grade  device,  this  current  is  equal  to: 

(2.05  V- The  peak  full-scale  output  voltage  at  VPR)  -  1.8  V 
hR  Rl  in  ohms   

For  a  ±50  g  full-scale  range,  Rl  needs  to  be  49.9  kfl  or  larger 
in  value;  but  at  the  lower  full-scale  g  ranges,  if  the  VPR  swing  is 
much  less,  then  it  is  possible  to  use  much  lower  resistance  val- 
ues. For  this  table,  the  circuit  of  Figure  20  is  used,  as  a  0  g  off- 
set trim  will  be  required  for  most  applications.  In  all  cases,  it  is 
assumed  that  the  zero-g  bias  level  is  2.5  V  with  an  output  span 


of  ±2  V. 

Note  that  for  full  scales  below  ±  20  g  the  self-test  is  unlikely  to 
operate  correctly  because  the  VPR  pull-down  current  is  not  guar 
anteed  to  be  large  enough  to  drive  Rl  to  the  required  - 1.0  V 
swing.  In  these  cases,  the  self-test  command  will  cause  VOUT  to 
saturate  at  the  rail,  and  it  will  be  necessary  to  monitor  the  self- 
test  at  VPR.  Self-test  can  remain  operational  at  VPR  for  all  g 


Figure  20.  ADXL50  Circuit  Using  the  Buffer  Amplifier  to 
Set  the  Output  Scaling  and  0  g  Offset  Level 

low  g  applications;  the  two  main  design  considerations  are  noise 
and  0  g  offset  drift  (BH,  KH  grades  recommended). 

At  its  full  1  kHz  bandwidth,  the  ADXL50  will  typically  exhibit 
1  g  p-p  of  noise.  With  ±50  g  accelerations  this  is  generally  not  a 
problem,  but  at  a  ±2  g  full-scale  level  the  signal-to-noise  ratio 
will  be  very  poor.  However,  reducing  the  bandwidth  to  100  Hz 
or  less  considerably  improves  the  S/N  ratio.  Figure  25  shows  the 
relationship  between  ADXL50  bandwidth  and  noise. 

The  ADXL50  exhibits  offset  drifts  that  are  typically  0.02  g  per 
°C  but  which  may  be  as  large  as  0.1  g  per  °C.  With  the  buffer 
amplifier  configured  for  a  2  g  full  scale,  the  ADXL50  will 
typically  drift  1/2  of  its  full-scale  range  with  a  50°C  increase  in 
temperature. 

There  are  several  cures  for  offset  drift.  If  a  dc  response  is  not 
required,  for  example  in  motion  sensing  or  vibration  measure- 
ment applications,  consider  ac  coupling  the  acceleration  signal  to 
remove  the  effects  of  offset  drift.  See  the  section  on  ac  coupling. 

Periodically  recalibrating  the  accelerometer's  0  g  level  is  another 
option.  Autozero  or  long  term  averaging  can  be  used  to  remove 
long  term  drift  using  a  microprocessor  or  the  autozero  circuit  of 
Figure  29.  Be  sure  to  keep  the  buffer  amplifier's  full-scale  out- 
put range  much  larger  than  the  measurement  range  to  allow  for 
the  0  g  level  drift. 


CALCULATING  COMPONENT  VALUES  FOR  SCALE 
FACTOR  AND  0  g  SIGNAL  LEVEL 
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As  an  example,  if  the  desired  span  is  ±2.0  V  for  a  ±50  g  input, 
then  R3/R1  should  be  chosen  such  that 

R3/RI  =  Vout  Span/VpR  Span  =  2.00/0.95  =  2.105  (1) 

where  VPR  span  is  the  output  from  the  preamplifier  and  Voux 
span  is  the  buffer  amplifier's  output,  giving 

R3  =  2.105  x  Rl  (X) 

In  noncritical  applications,  a  resistor,  R2,  may  simply  be  con- 
nected between  VIN_  and  common  to  provide  an  approximate 
0  g  offset  level  (see  Figure  19).  In  this  simplified  configuration 
R2  is  found  using: 

R2  =  (1.8  V  x  R3)/(V0UT  @  0  g  -  1.8  V) 

When  used  with  a  trim  potentiometer,  as  in  Figure  20,  resistor 
R2  sets  the  0  g  offset  range  and  also  sets  the  resolution  of  the 
offset  trim.  A  value  of  100  kfl  is  typical.  Increasing  R2  above 
this  value  makes  trimming  the  offset  easier,  but  may  not  provide 
enough  trim  range  to  set  VOUT  equal  to  +2.5  V  for  all  devices. 

To  provide  an  output  span  of  ±2.00  V,  with  a  0  g  output  of 
+2.5  V,  Rl  could  be  set  to  the  standard  value  of  49.9  kfl  and 
from  Equation  2,  R3  =  105  kfl. 

For  Figure  20,  the  circuit  transfer  function  is: 


■a.sv-vPK) 


H 


Rl 
Rl 


(1.8  V-  Vx)\  +  1.8  V 


The  summing  amplifier  configuration  allows  noninteractive  trim- 
ming of  offset  and  span.  Since  VPR  is  not  always  exactly  1.8  V 
at  0  g,  it  will  contribute  to  output  offset.  Therefore,  span  must 
be  trimmed  first,  followed  by  0  g  offset  adjustment. 

LOAD  DRIVE  CAPABILITIES  OF  THE  VPR  AND 
BUFFER  OUTPUTS 

The  VPR  and  the  buffer  amplifier  outputs  are  both  capable  of 
driving  a  load  to  voltage  levels  approaching  that  of  the  supply 
rail.  However,  both  outputs  are  limited  in  how  much  current 


VPR  Output 

The  VPR  pin  has  the  ability  to  source  current  up  to  500  |xA  but 
only  has  a  sinking  capability  of  30  uA  which  limits  its  ability  to 
drive  loads.  It  is  recommended  that  the  buffer  amplifier  be  used 
in  most  applications,  to  avoid  loading  down  VPR.  In  standard 
±50  g  applications,  the  resistor  Rl  from  VPR  to  VIN_  is  recom- 
mended to  have  a  value  greater  than  50  kfl  to  reduce  loading 


Capacitive  loading  of  the  VPR  pin  should  be  minimized.  A  load 
capacitance  between  the  VPK  pin  and  common  will  introduce  an 
offset  of  approximately  1  mV  for  every  10  pF  of  load.  The  VPR 
pin  may  be  used  to  directly  drive  an  A/D  input  or  other  source 
as  long  as  these  sensitivities  are  taken  into  account.  It  is  always 
preferable  to  drive  A/D  converters  or  other  sources  using  the 
buffer  amplifier  (or  an  external  op  amp)  instead  of  the  VPR  pin. 

Buffer  Amplifier  Output 

The  buffer  output  can  drive  a  load  to  within  0.25  V  of  either 
power  supply  rail  and  is  capable  of  driving  1000  pF  capacitive 


loads.  Note  that  a  capacitance  connected  across  the  buffer  feed- 
back resistor  for  low-pass  filtering  does  not  appear  as  a  capaci- 
tive load  to  the  buffer.  The  buffer  amplifier  is  limited  to 
sourcing  or  sinking  a  maximum  of  100  u.A.  Component  values 
for  the  resistor  network  should  be  selected  to  ensure  that  the 
buffer  amplifier  can  drive  the  filter  under  worst  case  transient 
conditions.  •  ,  i-\dtto>  Oil*  .1A  adl  to  sacoq™  i 


SELF-TEST  FUNCTION 

The  digital  self-test  input  is  compatible  with  both  CMOS  and 
TTL  signals.  A  Logic  "1"  applied  to  the  self-test  (ST)  input  will 
cause  an  electrostatic  force  to  be  applied  to  the  sensor  which  will 
cause  it  to  deflect  to  the  approximate  negative  full-scale  output 
of  the  device.  Accordingly,  a  correctly  functioning  accelerometer 
will  respond  by  initiating  an  approximate  —  1  volt  output  change 
at  VPR.  If  the  ADXL50  is  experiencing  an  acceleration  when  the 
self-test  is  initiated,  the  VPR  output  will  equal  the  algebraic  sum 
of  the  two  inputs.  The  output  will  stay  at  the  self- test  level  as 
long  as  the  ST  input  remains  high  and  will  return  to  the  0  g 
level  when  the  ST  voltage  is  removed. 

A  self-test  output  that  varies  more  than  ±10%  from  the  nominal 
- 1.0  V  change  indicates  a  defective  beam  or  a  circuit  problem 
such  as  an  open  or  shorted  pin  or  component. 

Operating  the  ADXL50's  buffer  amplifier  at  Gains  >  2,  to  pro- 
vide full-scale  outputs  of  less  than  ±50  g,  may  cause  the  self-test 
output  to  overdrive  the  buffer  into  saturation.  The  self-test  may 
still  be  used  in  the  case,  but  the  change  in  the  output  must  then 
be  monitored  at  the  VPR  pin  instead  of  the  buffer  output. 

Note  that  the  value  of  the  self-test  delta  is  not  an  exact  indica- 
tion of  the  sensitivity  (mV/g)  of  the  ADXL50  and,  therefore, 
may  not  be  used  to  calibrate  the  device  for  sensitivity  error. 

In  critical  applications,  it  may  be  desirable  to  monitor  shifts  in 
the  zero-g  bias  voltage  from  its  initial  value.  A  shift  in  the  0  g 
bias  level  may  indicate  that  the  0  g  level  has  shifted  which  may 
warrant  an  alarm. 

POWER  SUPPLY  DECOUPLING 

The  ADXL50  power  supply  should  be  decoupled  with  a  0.1  u.F 
ceramic  capacitor  from  +5  V  pin  of  the  ADXL50  to  common 
using  very  short  component  leads.  For  other  decoupling  consid- 
erations, see  EMI/RFI  section. 

OSCILLATOR  DECOUPLING  CAPACITOR,  C2 

An  oscillator  decoupling  capacitor,  C2,  is  used  to  remove 
1  MHz  switching  transients  in  the  sensor  excitation  signal,  and 
is  required  for  proper  operation  of  the  ADXL50.  A  ceramic 
capacitor  with  a  minimum  value  of  0.022  u.F  is  recommended 
from  the  oscillator  decoupling  capacitor  pin  to  common.  Small 
amounts  of  capacitor  leakage  due  to  a  dc  resistance  greater  than 
1  Mfl  will  not  affect  operation  (i.e.,  a  high  quality  capacitor  is 
not  needed  here).  As  with  the  power  supply  bypass  capacitor, 
very  short  component  leads  are  recommended.  Although 
0.022  u.F  is  a  good  typical  value,  it  may  be  increased  for  reasons 
of  convenience,  but  doing  this  will  not  improve  the  noise  perfor- 
mance of  the  ADXL50. 
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DEMODULATOR  CAPACITOR,  CI 

The  demodulator  capacitor  is  connected  across  Pins  2  and  3  to 
filter  the  demodulated  signal  from  the  sensor  beam  and  to  set 
the  bandwidth  of  the  force  balance  control  loop.  This  capacitor 
may  be  used  to  approximately  set  the  bandwidth  of  the  acceler- 
ometer.  A  capacitor  is  always  required  for  proper  operation. 

The  frequency  response  of  the  ADXL50  exhibits  a  single  pole 
roll-off  response  whose  nominal  3  dB  frequency  is  set  by  the 
following  equation: 

hiB=  (28.60/C1  in  u.F)  ±40% 

A  nominal  value  of  0.022  u.F  is  recommended  for  CI.  In  gen- 
eral, the  design  bandwidth  should  be  set  40%  higher  than  the 
minimum  desired  system  bandwidth  due  to  the  ±40%  tolerance. 

A  minimum  value  of  0.015  jjlF  is  required,  (over  temperature 
and  system  life),  to  prevent  device  instability  or  oscillation.  The 
demodulation  capacitor  should  be  a  low  leakage,  low  drift 
ceramic  type  with  an  NPO  (best)  or  X7R  (good)  dielectric. 

In  general,  it's  best  to  use  the  recommended  0.022  ^.F  capacitor 
across  the  demodulator  pins  and  perform  any  additional  low- 
pass  filtering  using  the  buffer  amplifier.  Using  a  large  denomi- 
nator capacitor  for  low-pass  filtering  has  the  disadvantage  that 
the  capacitive  sensor  will  be  slow  to  respond  to  rapid  changes  in 
acceleration  and,  therefore,  the  full  shock  survivability  of  the 
device  could  be  compromised.  The  use  of  the  buffer  for  low- 
pass  filtering  generally  results  in  smaller  capacitance  values  and 
better  overall  performance.  It  is  also  a  convenient  and  more  pre- 
cise way  to  set  the  system  bandwidth.  Post  filtering  allows  band- 
width to  be  controlled  accurately  by  component  selection  and 
avoids  the  ±40%  demodulation  tolerance.  Note  that  signal  noise 
is  proportional  to  the  square  root  of  the  bandwidth  of  the 
ADXL50  and  may  be  a  consideration  in  component  selection— 
see  section  on  noise. 

Care  should  be  taken  to  reduce  or  eliminate  any  leakage  paths 
from  the  demodulator  capacitor  pins  to  common  or  to  the  +5  V 
pin.  Even  a  small  imbalance  in  the  leakage  paths  from  these 
pins  will  result  in  offset  shifts  in  the  zero-g  bias  level.  As  an 
example,  an  unbalanced  parasitic  resistance  of  30  MA  from 
either  demodulator  pin  to  ground  will  result  in  an  offset  shift  at 
VPR  of  approximately  50  mV.  Conformal  coating  of  PC  boards 
with  a  high  impedance  material  is  recommended  to  avoid  leak- 
age problems  due  to  aging  or  moisture. 

REDUCING  THE  AVERAGE  POWER  CONSUMPTION 
OF  THE  ADXL50 

The  ADXL50  is  a  versatile  accelerometer  that  can  be  used  in  a 
wide  variety  of  applications.  In  Some  battery  powered  applica- 
tions, such  as  shipping  recorders,  power  consumption  is  a  criti- 
cal parameter.  The  ADXL50  typically  draws  10.  mA  current 
from  a  5  V  power  supply  which  may  exceed  the  power  budgeted 
for  the  accelerometer. 

For  such  applications,  the  ADXL50  can  be  successfully  power 
cycled,  where  the  power  is  turned  on  only  during  the  period 
when  data  is  sampled.  Figure  21  illustrates  the  power-on  setding 
of  the  ADXL50  during  cycling  where  the  output  amplifier  has  a 
gain  of  one  with  no  filtering.  The  setding  time-constant  is 
approximately  0.12  ms,  waiting  1  ms  before  sampling  ensures 
maximally  accurate  readings. 


For  example,  to  reduce  the  average  power  to  5  mW  from  its 
typical  50  mW,  the  power  should  be  on  10%  of  the  time.  With 
the  power  on  for  1  ms  and  off  for  9  ms,  a  maximum  sample  rate 
of  100  Hz  is  achievable.  Further  reduction  in  average  power  can 
be  realized  with  lower  sample  rates. 
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Figure  21.  Power-On  Settling  Time  when  Power  Cycling 

SYSTEM  BANDWIDTH  CONTROL  AND  POST 
FILTERING 

Unlike  piezoresistive  sensors,  the  resonant  frequency  of  the 
ADXL50's  capacitive  sensor  element  is  typically  greater  than 
20  kHz  and  does  not  limit  the  useful  bandwidth  of  the  device. 
Usually,  the  resonant  frequency  of  the  beam  appears  as  a  peak 
in  the  bandwidth  response  at  approximately  24  kHz  with  a  Q  of 
3  to  4,  as  shown  in  Figure  22. 

When  using  the  recommended  0.022  p.F  demodulator  capacitor, 
be  advised  that  the  nominal  1300  Hz  pole  it  establishes  within 
the  device  can  vary  ±40%.  Therefore,  if  additional  low-pass 
filtering  is  used— at  frequencies  much  above  600  Hz— the  two 
poles  may  interact  and  result  in  a  net  circuit  bandwidth  that  is 
lower  than  expected. 
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Figure  22.  Frequency  Response  of  the  ADXL50  for  Various 
Demodulator  Capacitors 
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FULL  SCALE  RANGES  AND  A  300Hz  BANDWIDTH 
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*TO  OMIT  THE  OPTIONAL  SCALE  FACTOR  TRIM, 
REPLACE  R1a  AND  R1  b  WITH  A  FIXED  VALUE  1% 
METAL  FILM  RESISTOR.  SEE  VALUES  SPECIFIED 


IN  TABLE  II. 

Figure  23.  Using  the  Buffer  Amplifier  to  Provide  One  Pole  Post  Filtering  Plus  Scale  Factor  and  0  g  Level  Trimming 


ONE  POLE  POST  FILTERING 

Figure  23  shows  the  ADXL50  buffer  amplifier  connected  to 
provide  one  pole  post  filtering,  0  g  offset  trimming,  and  output 
scaling.  The  table  included  with  the  figure  lists  practical  compo- 
nent values  for  various  full-scale  g  levels  and  approximate  circuit 
bandwidths.  For  bandwidths  other  than  those  listed,  use  the 
formula: 

Capacitor  C4  in  Farads  =  1/(2  n  x  R3  in  Ohms 
x  3  dB  BW  in  Hertz) 

or  simply  scale  the  value  of  capacitor  C4  accordingly;  i.e.,  for  a 
±20  g 


need  to  be  twice  as  large  as  its  100  Hz  value  or  0.012  u.F  x  2  = 
0.024  M.F.  The  closest  standard  value  of  0.022  u.F  should  then 
be  used. 

TWO  POLE  POST  FILTERING 

Figure  24  shows  a  circuit  which  uses  the  ADXL50's  buffer 
amplifier  to  provide  two  pole  post  filtering.  An  AD820  external 
op  amp  allows  noninteractive  adjustment  of  0  g  offset  and  scale 
factor.  Component  values  for  the  two  pole  filter  were  selected  to 
operate  the  buffer  at  unity  gain  with  a  Q  of  one. 
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Figure  24.  Circuit  Providing  Two  Pole  Post  Filtering  and  0  g  Offset  and  Scale  Factor  Trimming 


REV.  A 


SENSORS  AND  SIGNAL  CONDITIONERS 


19-51 


ADXL50 


Capacitors  C3  and  C4  are  chosen  to  provide  the  desired  3  dB 
bandwidth.  Component  values  are  specified  for  bandwidths  of 
10  Hz,  30  Hz,  100  Hz,  and  300  Hz.  For  other  3  dB  bandwidths 
simply  scale  the  capacitor  values;  i.e.,  for  a  3  dB  bandwidth  of 
20  Hz,  divide  the  10  Hz  bandwidth  numbers  by  2.0.  The  nomi- 
nal buffer  amplifier  output  will  be  +1.8  V  ±  19  mV/g.  Note 
that  the  ADXL50's  self-test  will  be  fully  functional  since  the 
buffer  amplifier  is  operated  at  unity  gain  and  resistor  Rl  is 
large.  The  external  op  amp  offsets  and  scales  the  output  to  pro- 
vide a  +2.5  V  ±  2  V  output  over  a  wide  range  of  full-scale  g 
levels.  The  external  op  amp  may  be  omitted  in  high  g,  1 
applications. 


NOISE  CONSIDERATIONS 

The  output  noise  of  the  ADXL50  scales  with  the  square  root  of 
its  bandwidth.  The  noise  floor  may  be  reduced  by  lowering  the 
bandwidth  of  the  ADXL50  either  by  increasing  the  value  of  the 
demodulator  capacitor  or  by  adding  an  external  filter. 

The  typical  rms  noise  of  the  ADXL50]  with  a  bandwidth  of 
100  Hz  and  a  noise  density  of  125  p.V/VHz  is  estimated  as 
follows: 

Noise  (rms)  =  (125  nV/Vft]  V"iob  =  1.25  mV  rms 

Peak-to-peak  noise  may  be  estimated  with  the  following 
equation: 


Table  III. 


Noise  p-p  =  (6.6)  Noise  rms 

Peak-to-peak  noise  is  thus  estimated  at  8.25  mV  or  approxi- 
mately 0.4  g  p-p.  The  ADXL50  noise  is  characteristic  of  white 
noise.  Typical  rms  and  p-p  noise  for  various  3  dB  bandwidths  is 
estimated  in  Figure  25. 
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Figure  25.  ADXL50  Noise  Level  < 
Bandwidth 


f  Resolution  vs.  -3  dB 


Because  the  ADXL50's  noise  is  for  all  practical  purposes  Gaus- 
sian in  amplitude  distribution,  the  highest  noise  amplitudes  have 
the  smallest  (yet  nonzero)  probability.  Peak-to-peak  noise  is, 
therefore,  difficult  to  measure  and  can  only  be  estimated  due  to 
its  statistical  nature.  Table  III  is  useful  for  estimating  the  proba- 
bilities of  exceeding  various  peak  values,  given  the  rms  value. 


Nnminfll  Ppuk-tn- 

%  of  Time  that  Noise  will  Exceed 

Peak  Value 

Nominal  Peak-to-Peak  Value 

2.0  x  rms 

32% 

3.0  x  rms 

13% 

4.0  x  rms 

4.6% 

5.0  x  rms 
6.0  x  rms 
6.6  X  rms 

1.2% 
0.27% 

0.1% 

7.0  x  rms 
8.0  x  rms 

0.046% 
0.006% 

AC  COUPLING  VPR  TO  BUFFER  INPUT 

If  a  dc  response  is  not  required,  as  in  applications  such  as 
motion  detection  or  vibration  measurement,  then  ac  coupling 
should  be  considered.  In  low  g  applications,  the  output  voltage 
change  due  to  acceleration  is  small  compared  to  the  0  g  offset 
voltage  drift.  Because  ac  coupling  removes  the  dc  component  of 
the  output,  the  preamp  output  signal  may  be  amplified  consider- 
ably without  increasing  the  0  g  level  drift.  The  most  effective 
way  to  ac  couple  the  ADXL50  is  between  the  preamp  output  at 
VPR  and  the  buffer  input,  VIN„,  as  shown  in  Figure  26. 


SXOfi 


Figure  26.  AC  Coupling  the  VPR  Output  to  the  Buffer  Input 

Using  this  configuration,  the  system's  ac  response  is  now  rolled 
off— at  the  low  frequency  end  at  FL,  and  at  the  high  frequency 
end  at  FH.  The  normalized  frequency  response  of  the  system 
can  be  seen  in  Figure  27. 

The  low  frequency  roll-off,  FL,  due  to  the  ac  coupling  network 
FL  =  1/(2  it  Rl  C4) 

The  high  frequency  roll-off  FH  is  determined  by  the  dominant 
pole  of  the  system  which  is  controlled  by  either  the  demodulator 
capacitor  and  its  associated  time-constant  or  by  a  dominant  post 
filter. 

As  a  consequence  of  ac  coupling,  any  constant  acceleration  com- 
ponent will  not  be  detected  (because  this  too  is  a  dc  voltage 
present  at  the  VPR  output).  The  self-test  feature,  if  used,  must 
be  monitored  at  VPR,  rather  than  at  the  buffer  output. 
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Figure  27.  Normalized  Output  Level  vs.  Frequency  for  a 
Typical  Application  Using  AC  Coupling  Between  VPR  and 
Buffer  Amplifier 

MINIMIZING  EMI/RFI 

The  architecture  of  the  ADXL50  and  its  use  of  synchronous 
demodulation  make  the  device  immune  to  most  electro-magnetic 
(EMI)  and  radio  frequency  (RFI)  interference.  The  use  of  syn- 
chronous demodulation  allows  the  circuit  to  reject  all  signals 
except  those  at  the  frequency  of  the  oscillator  driving  the  sensor 
element.  However,  the  ADXL50  does  have  a  sensitivity  to  RFI 
that  is  within  ±  5  kHz  of  the  internal  oscillator's  nominal  fre- 
quency of  1  MHz.  The  internal  oscillator  frequency  will  exhibit 
part  to  part  variation  in  the  range  of  0.6  MHz  to  1.4  MHz. 

In  general  the  effect  is  difficult  to  notice  as  the  interference 
must  match  the  internal  oscillator  within  ±5  kHz  and  must  be 
large  in  amplitude.  For  example:  a  1  MHz  interference  signal  of 
20  mV  p-p  applied  to  the  +5  V  power  supply  pin  will  produce  a 
200  mV  p-p  signal  at  the  VPR  pin  if  the  internal  oscillator  and 
interference  signals  are  matched  exactly.  If  the  same  20  mV 
interference  is  applied  but  5  kHz  above  or  below  the  internal 
oscillator's  frequency,  the  signal  level  at  VPR  will  only  be  20  mV 
p-p  in  amplitude. 

Power  supply  decoupling,  short  component  leads  (especially  for 
capacitors  CI  and  C2),  physically  small  (surface  mount,  etc.) 
components  and  attention  to  good  grounding  practices  all  help 
to  prevent  RFI  and  EMI  problems.  Please  consult  the  factory 
for  applications  assistance  in  instances  where  this  may  be  of 
concern.  '  ' 

SELF-CALIBRATING  THE  ADXL50 

If  a  calibrated  shaker  is  not  available,  both  the  0  g  level  and 
scale  factor  of  the  ADXL50  may  be  easily  set  to  fair  accuracy  by 
using  a  self-calibration  technique  based  on  the  1  g  (average) 
acceleration  of  the  earth's  gravity.  Figure  28  shows  how  gravity 
and  package  orientation  affect  the  ADXL50's  output  (TO-100 


package  shown).  Note  that  the  output  polarity  is  that  which 
appears  at  VPR;  the  output  at  Voux  will  have  the  opposite  sign. 
With  its  axis  of  sensitivity  in  the  vertical  plane,  the  ADXL50 
should  register  a  1  g  acceleration,  either  positive  or  negative, 
depending  on  orientation.  With  the  axis  of  sensitivity  in  the 
horizontal  plane,  no  acceleration  (0  g)  should  be  indicated. 


0g  0g  -1g  +1g 

(a)  (b)  (c)  (d) 


Figure  28.  Using  the  Earth's  Gravity  to  Self-Calibrate  the 
ADXL50 


To  self-calibrate  the  ADXL50,  place  the  accelerometer  on  its 
side  with  its  axis  of  sensitivity  oriented  as  shown  in  "a."  The  0  g 
offset  potentiometer,  Rt,  is  then  roughly  adjusted  for  midscale: 
+2.5  V  at  the  buffer  output.  If  the  optional  scale  factor  trim- 
ming is  to  be  used,  it  should  be  adjusted  next. 

Next,  the  package  axis  should  be  oriented  as  in  "c"  (pointing, 
down)  and  the  output  reading  noted.  The  package  axis  should 
then  be  rotated  180°  to  position  "d"  and  the  scale  factor  potenti- 
ometer, Rla,  adjusted  so  that  the  output  voltage  indicates  a 
change  of  2  g's  in  acceleration.  For  example,  if  the  circuit  scale 
factor  at  the  buffer  output  is  100  mV  per  g,  then  the  scale  factor 
trim  should  be  adjusted  so  that  an  output  change  of  200  mV  is 
indicated. 

Adjusting  the  circuit's  scale  factor  will  have  some  effect  on  its 
0  g  level  so  this  should  be  readjusted,  as  before,  but  this  time 
checked  in  both  positions  "a"  and  "b."  If  there  is  a  difference  in 
the  0  g  reading,  a  compromise  setting  should  be  selected  so  that 
the  reading  in  each  direction  is  equidistant  from  +2.5  V.  Scale 
factor  and  0  g  offset  adjustments  should  be  repeated  until  both 
are  correct.  Temporarily  placing  a  capacitor  across  the  buffer 
amplifier's  feedback  resistor  will  reduce  output  noise  and  so  aid 
in  trimming  the  device.  Note  that,  for  high  full-scale  g  ranges, 
±2  g  may  be  a  very  small  fraction  of  the  full-scale  range  and 
device  nonlinearity  will,  therefore,  affect  the  circuit's  high  g 
level  accuracy. 
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Compensating  for  the  0  g  Drift  of  the  ADXLSO  Accelerometer 

The  circuit  of  Figure  29  provides  a  linear  temperature  compen- 
sation for  the  ADXL50.  Figure  30  shows  the  0  g  drift  over  tem- 
perature for  a  typical  ADXL50  with  and  without  this  circuit. 
As  shown  by  Figure  30,  the  linear  portion  of  the  drift  curve  has 
been  subtracted  out.  In  effect,  the  curve  has  been  rotated 
counterclockwise  until  it  is  horizontal,  leaving  just  the  bow  of 
the  curve:  that  portion  which  is  not  linear.  As  shown  by  Figure 
30,  over  a  +25°C  to  +70°C  range,  a  10  x  reduction  in  drift  is 
achieved. 

The  circuit  of  Figure  29  is  essentially  a  temperature  sensor  cou- 
pled to  a  Whetstone  bridge.  The  AD590  provides  a  1  u.A/°K 
current  output  whose  voltage  scale  factor  is  set  by  resistor  RA. 
The  bridge  circuit  subtracts  out  the  nominal  298  mV  output  of 
the  AD590  at  +25°C  and  leaves  only  the  change  in  temperature, 
which  is  what  is  needed.  Without  the  bridge,  the  298  mV  room 
temperature  "offset"  would  "swamp"  the  much  smaller  change 
in  output  with  temperature. 

Resistors  R5  and  R6  form  a  resistor  divider  (one  half  of  the 
bridge)  which  divides  down  the  +3.4  V  reference  output  of  the 
ADXL50  to  0.3  V  which  appears  at  the  noninverting  input  of 
the  AD820  op  amp.  Resistors  R7  and  R8  form  the  other  half  of 
the  bridge,  and  because  they  have  the  same  ratio  as  R5  and  R6, 
the  op  amp  will  have  a  +3.4  V  output  at  room  temperature. 


R3  TEMPERATURE 
COMPENSATED 
ACCELERATION 
OUTPUT 


TEST 
POINT 


Og  OUTPUT 
LEVEL 


4  TEMPCO 
AMPLIFIER 


■VA— Wv— VA  1 

20kS!     RC      25kQ  r*7 
20kQ  V 


CALIBRATION  PROCEEDURE: 

AT  TM1N  OR  LOWER  TEMP  CAL  POINT... 

1 .  SET  RB  ALL  THE  WAY  TO  ONE  SIDE. 

2.  ADJUST  RA  FOR  +3.4V  AT  TEST  POINT  "A." 

3.  SET  RC  FOR  +2.5V  V0UT  (AT  PIN  9  OF  ADXL50). 

4.  TEMPORARILY  CONNECT  A  1.5kQ  RESISTOR  BETWEEN 
THE  CENTER  OF  RB  AND  GROUND. 

5.  ADJUST  RB  FOR  +2.5V  AT  V0UT. 

6.  REMOVE  THE  1.5kQ  RESISTOR.  V0UT  SHOULD  NOT  CHANGE. 

7.  GO  TO  TMAX  OR  HIGH  TEMP  CAL  POINT. 
S.  READJUST  RB  FOR  +2.5V. 

9.  CALIBRATION  COMPLETE. 
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Figure  30.  ADXL50  0  g  Drift  With  and  Without  the  Com- 
pensation Circuit  of  Figure  29 

ADXLSO  Applications  Literature  Available 

Contact  the  Analog  Devices  Literature  Center. 

1 .  Using  the  ADXLSO  Accelerometer  in  Low  g  Applications  (AN-374) 
Application  note  covering  resolution  issues,  bandwidth  limit- 
ing, ac  coupling  issues,  oversampling  and  other  noise  reduc- 
tion techniques,  gain  selection  issues,  offset  drift 
considerations,  plus  low  g  circuits  and  tables. 

2.  Using  the  ADXLS0EM  Accelerometer  Evaluation  Module 
(AN-376) 

Application  note  covering  mounting  and  resonance  issues, 
effects  of  potting  the  module  cavity,  typical  frequency 
response  curves. 

3.  Reducing  the  Average  Power  Consumption  of  the  ADXLSO 
(AN-378) 

How  to  power  cycle  the  ADXL50  to  dramatically  reduce  the 
standby  current  of  the  device  for  longer  battery  life. 

4.  Mounting  Considerations  for  the  ADXL50  (AN-379) 

An  overview  of  accelerometer  mounting  and  resonance  issues. 

5.  Increasing  the  Frequency  Response  of  the  ADXLSO  (AN-377) 
How  to  extend  the  high  frequency  response  of  the  ADXLSO 
by  decreasing  the  value  of  compensation  capacitor. 

6.  Compensating  for  the  ADXLSO  0  g  Drift  (AN-380) 

Practical  hardware  and  software  corrections  to  compensate  for 
the  0  g  bias  level  drift  over  temperature. 


■ 


Figure  29.  ADXL50  0  g  Drift  Compensation  Circuit 
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with  Signal 


ADXL181 


FEATURES 

Complete  Acceleration  Measurement  System 

on  a  Single  Monolithic  IC 
Full-Scale  Measurement  Range: 

+5  V  Supply:  -125  g,  +250  g 

+12  V  Supply:  -150  g,  +880  g 
Self-Test  on  Digital  Command 
Single  Supply  Operation 
Sensitivity  Precalibrated  to  8  mV/g 
Internal  Buffer  Amplifier  for  User  Adjustable 

Sensitivity  and  Zero-g  Level 
Frequency  Response:  DC  to  3  kHz 
Post  Filtering  with  External  Passive  Components 
High  Shock  Survival:  >2000  g  Unpowered 
Other  Products  Available  Providing  Different 

Sensitivities  and  Full-Scale  Ranges 


GENERAL  DESCRIPTION 

The  ADXL1 8 1  is  a  complete  acceleration  measurement  systern 
on  a  single  monolithic  IC,  using  a  surface  micromachinei%a-%"^ 


directly  proportional  to  acceleration  and  is  fully  scaled,  refer- 
enced, and  temperature  compensated,  resulting  in  high  accuracy 
and  linearity  over  a  wide  temperature  range.  Internal  circuitry 
implements  a  force-balance  control  loop  that  compensates  for 
any  mechanical  sensor  variations. 

A  TTL  compatible  self-test  feature  can  electrostatically  deflect 
the  sensor  beam  at  any  time  to  verify  device  functionality. 

An  internal  buffer  amplifier  has  a  0.25  V  to  Vs-  0.25  V  output 
range.  This  may  be  used  to  gain  and  offset  adjust  the  output 
signal  so  that  it  has  a  symmetrical  output  range.  The  amplifier 
can  also  be  used  to  gain  adjust  and  filter  the  sensor  output. 
No  external  active  components  are  necessary  to  connect  the 
output  signal  directly  to  an  analog-to-digital  convener  or 

TTAT^^kaged  in  a  hermetic  10-pin  TO-100  meta, 
can.  Contact  factory  for  availability  of  devices  with  specific  tem- 
perature ranges  and  performance. 


i 


n 


pacitive  measurement  method.  The  analog  output  voltage  is 
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10-PIN  TO-1 00 
HEADER  PACKAGE 
NOTE: 

AXIS  OF  SENSITIVITY  IS  IN 
PLANE  OF  PIN  5  TO  TAB. 


•Patent  pending 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  Information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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SENSITIVITY 
+25°C 

Temperature  Drift 

8 

±0.75 

mV/g 

%  of  Reading 

ZERO  g  BIAS  LEVEL 
+25°C 

i  S  i  I  M —  1  HIV 

1  M1N    1  MAX 

Temperature  Drift 

8 

±75 

mV 

VOLTAGE  NOISE  DENSITY 

65 

nV/VHi 

SENSOR  INPUT 
FS  Measurement  Range' 
Nonlinearity 
Alignment  Error 
Transverse  Sensitivity 

-125  +250 
0.2 
±1 

±2 

g 

%ofFS 
Degrees 

% 

— 


NOTES 

'Accelerations  up  to  -150  g,  +880  g  using  a  +12  V  Supply. 
Specifications  subject  to  change  without  notice. 

ELECTRICAL  CHARACTERISTICS  ?niess«eVnoU5V^% 


1  Acceleration  =  0  g,  and  C1  =  C2  =  0.022  uF 


Parameter 

Conditions 

».      *•  - 

Units 

PREAMPLIFIER  OUTPUT 
Power  Supply  Rejection 
Voltage  Swing 
Current  Output 
Capacitive  Load  Drive 

Source  or  Sink  _,  ^^>^.^^^^^i> 

30  40 

0.25  Vs-0.25 
30  80 

dB 
V 
uA 
pF 

SELF-TEST  INPUT 
Output  Change  at  VPR 
ST  Pin  from  Logic  "0"  to  "1" 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Input  Impedance 

 yv^^ftv 

*  \) 

To  Common 

-0.80          -0.90  -1.00 
2.0 

0.8 

50 

V 
V 
V 
k£l 

FREQUENCY  RESPONSE 
3  dB  Equation  Cl>  =  0.015  uF 
Bandwidth 

Sensor  Resonant  Frequency 

f  =  3  dB  =  (66/Cl  in  oF)  ±  40% 
CI  =  0.022  uF 
CI  =  TBD 

■ 

3000 

10,000 

24 

Hz 
Hz 
kHz 

+3.4  VOLT  REFERENCE 
Output  Voltage  Initial 
Output  Temperature  Drift 
Power  Supply  Rejection 
Output  Current 

+25°C 
DC 

(Sourcing) 

3.350          3.400  3.450 

+  10 
40  60 
500 

V 

mV 
dB 
uA 

BUFFER  AMPLIFIER 
Input  Offset  Voltage 
Input  Bias  Current 
Open  Loop  Gain 
Unity  Gain  Bandwidth 
Output  Voltage  Swing 
Capacitive  Load  Drive 

Deviation  from  Nominal  1 .800  V 

iv.  il 

DC 

Iour=  100  uA 

±10  ±25 
5  20 
80 
200 

0.25  Vs-0.25 
1000 

mV 

nA 

dB 

kHz 

V 

PF 

POWER  SUPPLY 
Specified  Performance 

Quiescent  Supply  Current 

5  V  Supply 
12  V  Supply 
5  V  Supply 

+4.75  +5.25 
+  11.6  +12.6 
11  14 

V 

mA 

TEMPERATURE  RANGE 

-55  +125 

o 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Low  Power,  Programmable 
Temperature  Controller 


TMP01 


FEATURES 

-55X  to  +125X  (-67°F  to  +257°F)  Operation 
±0.5°C  Accuracy  Over  Temperature  (typ) 
Temperature-Proportional  Voltage  Output 
User  Programmable  Temperature  Trip  Points 
User  Programmable  Hysteresis 
20  mA  Open  Collector  Trip  Point  Outputs 
TTL/CMOS  Compatible 
Single-Supply  Operation  (4.5  V  to  13.2  V) 
Low  Cost  8-Pin  DIP  and  SO  Packages 

APPLICATIONS 

Over/Under  Temperature  Sensor  and  Alarm 
Board  Level  Temperature  Sensing 
Temperature  Controllers 
Electronic  Thermostats 
Thermal  Protection 
HVAC  Systems 
Industrial  Process  ( 
Remote  Sensors 

GENERAL  DESCRIPTION 

The  TMP01  is  a  temperature  sensor  which  generates  a  voltage 
output  proportional  to  absolute  temperature  and  a  control  signal 
from  one  of  two  outputs  when  the  device  is  either  above  or 
below  a  specific  temperature  range.  Both  the  high/low  tempera- 
ture trip  points  and  hysteresis  (overshoot)  band  are  determined 
by  user-selected  external  resistors.  For  high  volume  production, 
these  resistors  are  available  on-board. 

The  TMP01  consists  of  a  bandgap  voltage  reference  combined 
with  a  pair  of  matched  comparators.  The  reference  provides 
both  a  constant  2.5  V  output  and  a  voltage  proportional  to  abso- 
lute temperature  (VPTAT)  which  has  a  precise  temperature 
coefficient  of  5  mV/K  and  is  1.49  V  (nominal)  at  +25°C.  The 
comparators  compare  VPTAT  with  the  externally  set  tempera- 
ture trip  points  and  generate  an  open-collector  output  signal 
when  one  of  their  respective  thresholds  has  been  exceeded. 


•Protected  by  U.S.  Patent  No.  5,195,827. 
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Hysteresis  is  also  programmed  by  the  external  resistor  chain  and 
is  determined  by  the  total  current  drawn  out  of  the  2.5  V  refer- 
ence. This  current  is  mirrored  and  used  to  generate  a  hysteresis 
offset  voltage  of  the  appropriate  polarity  after  a  comparator  has 
been  tripped.  The  comparators  are  connected  in  parallel,  which 
guarantees  that  there  is  no  hysteresis  overlap  and  eliminates 
erratic  transitions  between  adjacent  trip  zones. 

The  TMP01  utilizes  proprietary  thin  film  resistors  in  conjunc- 
tion with  production  laser  trimming  to  maintain  a  temperature 
accuracy  of  ±2°C  (typ)  over  the  rated  temperature  range,  with 
excellent  linearity.  The  open-collector  outputs  are  capable  of 
sinking  20  mA,  enabling  the  TMP01  to  drive  control  relays 
directly.  Operating  from  a  +5  V  supply,  quiescent  current  is 
only  500  u.A  (max). 

The  TMP01  is  available  in  the  low  cost  8-pin  epoxy  mini-DIP 
and  SO  (small  outline)  packages,  and  in  die  form. 
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TMDfll  D /C  CDCPICIP  ATlflMC  Plastic  DIP  and  Sur1ace  Mount  Packages  (V+  =  +5  V,  GND  =  0  V,  -40°C 
I  lYIrU  I  r/O  OrtblllUAl  lUNO  <  TA  <  +85°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 


Min  Typ 


Max 


INPUTS  SET  HIGH,  SET  LOW 
Offset  Voltage 
Offset  Voltage  Drift 
Input  Bias  Current,  "E" 
Input  Bias  Current,  "F" 


VOS 
TCVos 

h 


0.25 
3 
25 
25 


50 
100 


OUTPUT  VPTAT1 
Output  Voltage 
Scale  Factor 

Temperature  Accuracy,  "E" 
Temperature  Accuracy,  "F' 
Temperature  Accuracy,  "E" 
Temperature  Accuracy,  "F' 
Temperature  Accuracy,  "E" 
Temperature  Accuracy,  "F" 
Temperature  Accuracy,  "E" 
Temperature  Accuracy,  "F" 
Repeatability  Error 
Long  Term  Drift  Error 
Power  Supply  Rejection  Ratio 


VPTAT 

TCvptat 


AVPTAT 


PSRR 


TA  =  +25°C,  No  Load 

TA  =  +25°C,  No  Load 
TA  =  +25°C,  No  Load 
10°C  <  TA  <  40°C,  No  Load 
10°C  <  TA  <  40°C,  No  Load 
-40°C  <  TA  <  85°C,  No  Load 
-40°C  <  TA  <  85°C,  No  Load 
-55<C  <  TA  <  125°C,  No  Load 
-55°C  <  TA  <  125°C,  No  Load 
Note  4 

Notes  2  and  6 

TA  =  +25°C,  4.5  V  s  V+  s  13.2  V 


-1.5 
-3 


-3.6 
-5.0 


1.49 

"5'  ,'  '' 
±0.5 
±1.0 
±0.75 
±1.5 
±1 
±2 
±1.5 
±2.5 
0.25 
0.25 
±0.02 


1.5 
3 


3.0 
5.0 


0.5 
±0.1 


OUTPUT  VREF 
Output  Voltage,  "E" 
Output  Voltage,  "F" 
Output  Voltage,  "E" 
Output  Voltage,  "F" 
Output  Voltage,  "E" 
Output  Voltage,  "F" 
Drift 

Line  Regulation 
Load  Regulation 
Output  Current,  Zero  Hysteresis 
Hysteresis  Current  Scale  Factor 
Turn-On  Settling  Time 


VREF 
VREF 
VREF 
VREF 
VREF 
VREF 

TCvREF 


'VREF 

SFHVs 


TA  =  +25°C,  No  Load 
TA  =  +25°C,  No  Load 
-40°C  <  TA  <  85°C,  No  Load 
-40°C  <  TA  <  85°C,  No  Load 
-55°C  <  TA  <  125°C,  No  Load 
-55°C  <  TA  <  125°C,  No  Load 

4.5  V<V+<  13.2  V 
10  u.A  «  Iv 

(Note  1) 

To  Rated  Accuracy 


2.495 
2.490 
2.490 
2.485 


2.500 

2.500 

2.500 

2.500 

2.5  ±  0.01 

2.5  ±  0.015 

-10 

±0.01 

±0.1 

7 

5.0 
25 


2.505 
2.510 
2.510 
2.515 


±0.05 
±0.25 


OPEN-COLLECTOR  OUTPUTS  OVER,  UNDER 


Output  Low  Voltage 
Output  Low  Voltage 
Output  Leakage  Current 
Fall  Time 


"oh 
tHi 


"sink  -  1-6  mA 
"sink  =  20  mA 
V+  =  12  V 
See  Test  Load 


■ 


0.25 

0.6 

1 

40 


0.4 
100 


POWER  SUPPLY 
Supply  Range 
Supply  Current 
Supply  Current 
Power  Dissipation 


V+ 

IsY 
IsY 

Pdis 


Unloaded,  +V  =  5  V 
Unloaded,  +V  =  13.2  V 
+V  =  5  V 


4.5 

13.2 

V 

400 

500 

uA 

450 

800 

uA 

2.0 

2.5 

mW 

NOTES 

'K  =  °C  +  273.15. 
guaranteed  but  not  tested. 

3Does  not  consider  errors  caused  by  heating  due  to  dissipation  of  output  load  currents. 

'Maximum  deviation  between  +25°C  readings  after  temperature  cycling  between  -55°C  and  +125°C. 

5Typical  values  indicate  performance  measured  at  TA  =  +25°C. 

'Observed  in  a  group  sample  over  an  accelerated  life  test  of  500  hours  at  150"C. 

Specifications  subject  to  change  without  notice. 

Test  Load 


v* 

>  1kQ 
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unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Min  Tvd 

Max 

i  

Unite 

INPUTS  SET  HIGH,  SET  LOW 
Offset  Voltage 

Vos 

0.25 

mV 

Offset  Voltage  Drift 
Input  Bias  Current,  "F" 

TCVos 
Ib 

25 

100 

uV/°C 
nA 

OUTPUT  VPTAT1 
Output  Voltage 
Scale  Factor 

Temperature  Accuracy,  "F" 

VPTAT 

TCypTAT 

I 

TA  =  +25°C,  No  Load 
TA  =  +25°C,  No  Load 

1.49 
5 

-3  ±1.0 

3 

V 

mV/K 
°C 

Temperature  Accuracy,  "F' 
Temperature  Accuracy,  "F" 
Temperature  Accuracy,  "F* 
Repeatability  Error 
Long  Term  Drift  Error 

AVPTAT 

10°C  <  TA  <  40°C,  No  Load 
-40°C  <  TA  <  85°C,  No  Load 
-55°C  <  TA  <  125°C,  No  Load 
Note  4 

Notes  2  and  6 

±1.5 
-5.0  ±2 
±2.5 
0.25 
0.25 

5.0 
0.5 

°C 
°C 
°C 

Degree 
Degree 

Power  Supply  Rejection  Ratio 

PSRR 

TA  =  +25°C,  4.5  V  <  V+  s  13.2  V 

±0.02  ±0.1 

%/V 

OUTPUT  VREF 
Output  Voltage,  "F" 

VREF 

TA  =  +25°C,  No  Load 

2.490  2.500 

2.510 

V 

Output  Voltage,  "F" 
Output  Voltage,  "F" 
Drift 

Line  Regulation 

Load  Regulation 

Output  Current,  Zero  Hysteresis 

Hysteresis  Current  Scale  Factor 

Turn-On  Settling  Time 

VREF 
VREF 
TCvrep 

T 

'VREF 
SFhys 

-40°C  <  TA  <  85°C,  No  Load 
-55°C  <  TA  <  125°C,  No  Load 

4.5  V  s  V+  <  13.2  V 

1U  yLt\  ^=  IvREF       JW  \Ju£\ 

(Note  1) 

To  Rated  Accuracy 

2.480    2.500  2.520 
2.5  ±  0.015 
— 10 

±0.01  ±0.05 
±0.1  ±0.25 
7 

5.0 
25 

V 
V 

ppm/°C 

%/v 

yo/ mA 

uA 

M-A/°C 

(IS 

OPEN-COLLECTOR  OUTPUTS  OVI 
Output  Low  Voltage 
Output  Low  Voltage 
Output  Leakage  Current 
Fall  Time 

iR,  UNDER 

Vn, 

vOL 

IoH 

Ictmxt  =1.6  mA 

SINK.  *w 

!sink  =  20  mA 

V+  =  12  V 

See  Test  Load,  Note  2 

0.25 
0.6 
1  , 
40 

0.4 
100 

V 
V 
uA 
ns 

POWER  SUPPLY 

Supply  Range 

Supply  Current 

Supply  Current 

Power  Dissipation 


v+ 

ISY 
IsY 

Pdiss 

Unloaded,  +V  =  5  V 
Unloaded,  +V  =  13.2  V 

+V  =  5  V 

4.5 

400 
450 

2.0 

13.2 
500 
800 
2.5 

V 
uA 
u.A 
mW 

NOTES 

1K  =  °C  +  273.15. 
Guaranteed  but  not  tested. 

3Does  not  consider  errors  caused  by  heating  due  to  dissipation  of  output  load  currents. 

^Maximum  deviation  between  +25°C  readings  after  temperature  cycling  between  -5S°C  and  +125°C. 

5Typical  values  indicate  performance  measured  at  TA  =  +25°C. 

6Observed  in  a  group  sample  over  an  accelerated  life  test  of  500  hours  at  150"C. 

»,.:->»  .       . , 

Specificauons  subject  to  change  without  notice. 
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Parameter 

Symbol 

Conditions 

mm           ±  yp  ma* 

INPUTS  SET  HIGH,  SET  LOW 
Input  Bias  Current 

In 

100 

nA 

OUTPUT  VPTAT 
Temperature  Accuracy 

TA  =  +25°C,  No  Load 

1.5 

°C 

OUTPUT  VREF 
Nominal  Value 
Line  Regulation 
Load  Regulation 

VREF 

TA  =  +25°C,  No  Load 
4.5  V<  V+  <  13.2  V 
10  jjlA  ==  IvrEF  s  500  m-A 

2.490  2.510 
±0.05 
+0.25 

V 

%/V 
%/mA 



OPFN-COT  T  FCTOR  OUTPUTS  OVF1 

Output  Low  Voltage 

Output  Low  Voltage 

Output  Leakage  Current 

J  UNDFR 
Vpi- 

vOL 

IoH 

Isink  =  1.6  mA 
W  =  20  mA 

0.4 
1.0 
100 

mV 

V 

uA 

POWER  SUPPLY 

Supply  Range 
Supply  Current 

V+ 

IsY 

Unloaded 

4.5  13.2 
600 

V 
p.A 

NOTES 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guar- 
anteed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


DICE  CHARACTERISTICS 

Die  Size  0.078  x  0.071  inch,  5,538  sq.  mils 
(1.98  x  1.80  mm,  3.57  sq.  mm) 
Transistor  Count:  105 


1.  VREF 

2.  SETHIGH 

3.  SETLOW 

4.  GND  (TWO  PLACES) 
(CONNECTED  TO  SUBSTRATE) 

5.  VPTAT 

6.  UNDER 

7.  OVER 

8.  V+ 


For  additional  DICE  ordering  information,  refer  to  databook. 
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ABSOLUTE  MAXIMUM  RATINGS 

Maximum  Supply  Voltage  —0.3  V  to  +15  V 

Maximum  Input  Voltage 

(SETHIGH,  SETLOW)  -0.3  V  to  [(V+)  +0.3  V] 

Maximum  Output  Current  (VREF,  VPTAT)   2  mA 

Maximum  Output  Current  (Open  Collector  Outputs)  .  .  50  mA 
Maximum  Output  Voltage  (Open  Collector  Outputs)  ....  15  V 

Operating  Temperature  Range  -55°C  to  +150°C 

Dice  Junction  Temperature   +  150°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 


Package  Type 

Oja 

9jc 

Units 

8-Pin  Plastic  DIP  (P) 

103'' 

43 

°C/W 

8-Lead  SOIC  (S) 

1582 

43 

°c/w 

8-Lead  TO-99  Can  (J) 

1501 

18 

— 

NOTES 

'eJA  is  specified  for  device  in  socket  (worst  case  conditions). 
26JA  is  specified  for  device  mounted  on  PCB. 

■ 

CAUTION 

1.  Stresses  above  those  listed  under  "Absolute  Maximum  Rat- 
ings" may  cause  permanent  damage  to  the  device.  This  is  a 
stress  rating  only  and  functional  operation  at  or  above  this 
specification  is  not  implied.  Exposure  to  the  above  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability. 

2.  Digital  inputs  and  outputs  are  protected,  however,  perma- 
nent damage  may  occur  on  unprotected  units  from  high  en- 
ergy electrostatic  fields.  Keep  units  in  conductive  foam  or 
packaging  at  all  times  until  ready  to  use.  Use  proper  anti- 
static handling  procedures. 

3.  Remove  power  before  inserting  or  removing  units  from  their 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model/Grade 

Range1 

Description 

Option2 

TMP01EP 

XIND 

Plastic  DIP 

N-8 

TMP01FP 

XIND 

Plastic  DIP 

N-8 

TMP01ES 

XIND 

SOIC 

SO-8 

TMP01FS 

XIND 

SOIC 

SO-8 

TMP01FJ3 

XIND 

TO-99  Can 

H-08A 

TMP01GBC 

25°C 

Die 

NOTES 

'XIND  =  -40°C  to  +85°C. 

zFor  outline  information  see  Package  Information  section. 
'Consult  factory  for  availability  of  MIL/883  version  in  TO-99  can. 


GENERAL  DESCRIPTION 

The  TMP01  is  a  very  linear  voltage-output  temperature  sensor, 
with  a  window  comparator  that  can  be  programmed  by  the  user 
to  activate  one  of  two  open-collector  outputs  when  a  predeter- 
mined temperature  setpoint  voltage  has  been  exceeded.  A  low 
drift  voltage  reference  is  available  for  setpoint  programming. 

The  temperature  sensor  is  basically  a  very  accurately  temperature- 
compensated,  bandgap-type  voltage  reference  with  a  buffered 
output  voltage  proportional  to  absolute  temperature  (VPTAT), 
accurately  trimmed  to  a  scale  factor  of  5  mV/K.  See  the  applica- 
tions information  following. 

The  low  drift  2.5  V  reference  output  VREF  is  easily  divided 
externally  with  fixed  resistors  or  potentiometers  to  accurately 
establish  the  programmed  heat/cool  setpoints,  independent  of 
temperature.  Alternatively,  the  setpoint  voltages  can  be  supplied 
by  other  ground-referenced  voltage  sources  such  as  user- 
programmed  DACs  or  controllers.  The  high  and  low  setpoint 
voltages  are  compared  to  the  temperature  sensor  voltage,  thus 
creating  a  two-temperature  thermostat  function.  In  addition,  the 
total  output  current  of  the  reference  (IVref)  determines  the 
magnitude  of  the  temperature  hysteresis  band.  The  open- 
collector  outputs  of  the  comparators  can  be  used  to  control  a 
wide  variety  of  devices. 


HYSTERESIS 
CURRENT 


|_  SET(2>4 
HIGH  Vi/T 


"I  CURRENT  I 


5)  VPTAT 


Figure  1.  Detailed  Block  Diagram 
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Temperature  Hysteresis 

The  temperature  hysteresis  is  the  number  of  degrees  beyond  the 
original  setpoint  temperature  that  must  be  sensed  by  the  TMP01 
before  the  setpoint  comparator  will  be  reset  and  the  output  dis- 
abled. Figure  2  shows  the  hysteresis  profile.  The  hysteresis  is 
programmed  by  the  user  by  setting  a  specific  load  on  the  refer- 
ence voltage  output  VREF.  This  output  current  IVref  is  also 
called  the  hysteresis  current,  which  is  mirrored  internally  and 
fed  to  a  buffer  with  an  analog  switch. 


OUTPUT 
VOLTAGE 
OVER,  UNDER 


LO 


HYSTERESIS 
LOW 


HYSTERESIS  HIGH  = 
HYSTERESIS  LOW 


TT  temperature  ~T 

setlow  Ta 

Figure  2.  TMP01  Hysteresis  Profile 


After  a  temperature  setpoint  has  been  exceeded  and  a  compara- 
tor tripped,  the  buffer  output  is  enabled.  The  output  is  a  cur- 
rent of  the  appropriate  polarity  which  generates  a  hysteresis 
offset  voltage  across  an  internal  1000  fi  resistor  at  the  compara- 
tor input.  The  comparator  output  remains  "on"  until  the  voltage 
at  the  comparator  input,  now  equal  to  the  temperature  sensor 
voltage  VPTAT  summed  with  the  hysteresis  offset,  has  returned 
to  the  programmed  setpoint  voltage.  The  comparator  then 
returns  LOW,  deactivating  the  open-collector  output  and  dis- 
abling the  hysteresis  current  buffer  output.  The  scale  factor  for 
the  programmed  hysteresis  current  is: 

'  Ihys  =  Ivref  =  5  \>AI°C  +  7(M 

Thus  since  VREF  =  2.5  V,  with  a  reference  load  resistance  of 
357  kCl  or  greater  (output  current  7  uA  or  less),  the  tempera- 
ture setpoint  hysteresis  will  be  zero  degrees.  See  the  temperature 
programming  discussion  below.  Larger  values  of  load  resistance 
will  only  decrease  the  output  current  below  7  uA  and  will  have 
no  effect  on  the  operation  of  the  device.  The  amount  of  hystere- 
sis is  determined  by  selecting  a  value  of  load  resistance  for 
VREF,  as  shown  below. 

Programming  the  TMP01 

In  the  basic  fixed-setpoint  application  utilizing  a  simple  resistor 
ladder  voltage  divider,  the  desired  temperature  setpoints  are 
programmed  in  the  following  sequence: 

1.  Select  the  desired  hysteresis  temperature. 

2.  Calculate  the  hysteresis  current  Ivref- 

3  Select  the  desired  setpoint  temperatures. 

4.  Calculate  the  individual  resistor  divider  ladder  values  needed 
to  develop  the  desired  comparator  setpoint  voltages  at 
SETHIGH  and  SETLOW. 

The  hysteresis  current  is  readily  calculated,  as  shown  above.  For 
example,  for  2  degrees  of  hysteresis,  IVREf  =  l7  M-A.  Next,  the 
setpoint  voltages  VSEThigh  and  VSETLOW  are  determined  using 
the  VPTAT  scale  factor  of  5  mV/K  =  5  mV/(°C  +  273.15), 


which  is  1.49  V  for  +25°C.  We  then  calculate  the  divider  resis- 
tors, based  on  those  setpoints.  The  equations  used  to  calculate 
the  resistors  are: 

Vsetmgh  =  {Tsethigh  +  273.15)(5  mVfC) 
Vsetlow  =  {Tsetlow  +  273.15)(5  mV7°C) 
Rl  (*ft)  =  {VVREf  -  VsethighVIvref  = 
12.5  V 

~  VsethighVIvref 

-■   '  -1  -   ......    •  i.j  (    T     :  ..  II  S3(l 

R2  (kSl)  =  (Vsethigh  -  VsetlowVIvref 
R3        =  VsetlowIIvref 


CVHEF  -  VSETHIGH  V'vREF  =  R1 


(VsE-m.GH-VsETLOwl/W'Rz 

VSETU)W 
VSETLOW  /'VREF  =  R3 

GND 


7}  VPTAT 


Figure  3.  TMP01  Setpoint  Programming 

The  total  Rl  +  R2  +  R3  is  equal  to  the  load  resistance  needed 
to  draw  the  desired  hysteresis  current  from  the  reference,  or 

'vREF' 

The  formulas  shown  above  are  also  helpful  in  understanding  the 
calculation  of  temperature  setpoint  voltages  in  circuits  other 
than  the  standard  two-temperature  thermostat.  If  a  setpoint 
function  is  not  needed,  the  appropriate  comparator  should  be 
disabled.  SETHIGH  can  be  disabled  by  tying  it  to  V+,  SET- 
LOW  by  tying  it  to  GND.  Either  output  can  be  left  unconnected. 
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Understanding  Error  Sources 

The  accuracy  of  the  VPTAT  sensor  output  is  well  characterized 
and  specified,  however  preserving  this  accuracy  in  a  heating  or 
cooling  control  system  requires  some  attention  to  minimizing  the 
various  potential  error  sources.  The  internal  sources  of  setpoint 
programming  error  include  the  initial  tolerances  and  tempera- 
ture drifts  of  the  reference  voltage  VREF,  the  setpoint  compara- 
tor input  offset  voltage  and  bias  current,  and  the  hysteresis 
current  scale  factor.  When  evaluating  setpoint  programming 
errors,  remember  that  any  VREF  error  contribution  at  the  com- 
parator inputs  is  reduced  by  the  resistor  divider  ratios.  The 
comparator  input  bias  current  (inputs  SETHIGH,  SETLOW) 
drops  to  less  than  1  nA  (typ)  when  the  comparator  is  tripped. 
This  can  account  for  some  setpoint  voltage  error,  equal  to  the 
change  in  bias  current  times  the  effective  setpoint  divider  ladder 
resistance  to  ground. 

The  thermal  mass  of  the  TMP01  package  and  the  degree  of 
thermal  coupling  to  the  surrounding  circuitry  are  the  largest  fac- 
tors in  determining  the  rate  of  thermal  settling,  which  ultimately 
determines  the  rate  at  which  the  desired  temperature  measure- 
ment accuracy  may  be  reached.  Thus,  one  must  allow  sufficient 
time  for  the  device  to  reach  the  final  temperature.  The  typical 
thermal  time  constant  for  the  plastic  package  is  approximately 
140  seconds  in  still  air!  Therefore,  to  reach  the  final  temperature 
accuracy  within  1%,  for  a  temperature  change  of  60  degrees,  a 
settling  time  of  5  time  constants,  or  12  minutes,  is  necessary. 

The  setpoint  comparator  input  offset  voltage  and  zero  hysteresis 
current  affect  setpoint  error.  While  the  7  u.A  zero  hysteresis  cur- 
rent allows  the  user  to  program  the  TMP01  with  moderate  resis- 
tor divider  values,  it  does  vary  somewhat  from  device  to  device, 
causing  slight  variations  in  the  actual  hysteresis  obtained  in 


practice.  Comparator  input  offset  directly  impacts  the  pro- 
grammed setpoint  voltage  and  thus  the  resulting  hysteresis 
band,  and  must  be  included  in  error  calculations. 

External  error  sources  to  consider  are  the  accuracy  of  the  exter- 
nal programming  resistors,  grounding  error  voltages,  comparator 
input  noise,  comparator  input  bias  current,  and  the  overall 
problem  of  thermal  gradients.  The  accuracy  of  the  external  pro- 
gramming resistors  directly  impacts  the  resulting  setpoint  accu- 
racy. Thus  in  fixed-temperature  applications  the  user  should 
select  resistor  tolerances  appropriate  to  the  desired  programming 
accuracy.  Resistor  temperature  drift  must  be  taken  into  account 
also.  This  effect  can  be  minimized  by  selecting  good  quality 
components,  and  by  keeping  all  components  in  close  thermal 
proximity.  Applications  requiring  high  measurement  accuracy 
require  great  attention  to  detail  regarding  thermal  gradients. 
Careful  circuit  board  layout,  component  placement,  and  protec- 
tion from  stray  air  currents  are  necessary  to  minimize  common 
thermal  error  sources. 

Also,  the  user  should  take  care  to  keep  the  bottom  of  the  set- 
point  programming  divider  ladder  as  close  to  GND  (Pin  4)  as 
possible  to  minimize  errors  due  to  IR  voltage  drops  and  cou- 
pling of  external  noise  sources.  In  any  case,  a  0.1  u-F  capacitor 
for  power  supply  bypassing  is  always  recommended  at  the  chip. 

Safety  Considerations  In  Heating  And  Cooling  System  Design 

Designers  should  anticipate  potential  system  fault  conditions 
which  may  result  in  significant  safety  hazards  which  are  outside 
the  control  of  and  cannot  be  corrected  by  the  TMP01 -based  cir- 
cuit. Governmental  and  industrial  regulations  regarding  safety 
requirements  and  standards  for  such  designs  should  be  observed 
where  applicable. 
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Figure  5.  Supply  Current  vs.  Supply  Voltage 
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Figure  7.  VPTAT  Accuracy  vs.  Temperature 

2.508 


Figure  8.  VREF  Accuracy  vs.  Temperature 
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Figure  10.  VREF  Long  Term  Drift  Accelerated  by  Burn-In 
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Figure  1 1.  VREF  Power  Supply  Rejection  vs.  Frequency 
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Figure  9.  Open-Collector  Output  (OVER,  UNDER)  Satura- 
tion Voltage  vs.  Output  Current 


Figure  12.  Set  High,  Set  Low  Input  Offset  Voltage  vs. 
Temperature 
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OFFSET  -  mV 

Figure  13.  Comparator  Input  Offset  Distribution 


REFERENCE  CURRENT  -  uA 

Figure  14.  Zero  Hysteresis  Current  Distribution 

APPLICATIONS  INFORMATION 
Self-Heating  Effects 

In  some  applications  the  user  should  consider  the  effects  of  self- 
heating  due  to  the  power  dissipated  by  the  open-collector  out- 
puts, which  are  capable  of  sinking  20  mA  continuously.  Under 
full  load,  the  TMP01  open-collector  output  device  is  dissipating 

Pd/ss  =  0.6  V  x  .020A  =  12  mW 

which  in  a  surface-mount  SO  package  accounts  for  a  tempera- 
ture increase  due  to  self-heating  of 

A?"  =  Pdiss  x  hA  =  012  W  x  1S8°C/W  =  1.9°C. 
This  will  of  course  directly  affect  the  accuracy  of  the  TMP01 
and  will  for  example  cause  the  device  to  switch  the  heating  out- 
put "OFF"  2  degrees  early.  Alternatively,  bonding  the  same 
package  to  a  moderate  heatsink  limits  the  self-heating  effect  to 
approximately 

AT  =  PDISS  x  eJC  =  .012  W  x  43°C/W  =  O.STC 

which  is  a  much  more  tolerable  error  in  most  systems.  The 
VREF  and  VPTAT  outputs  are  also  capable  of  delivering  suffi- 
cient current  to  contribute  heating  effects  and  should  not  be 
ignored. 


Buffering  the  Voltage  Reference 

As  mentioned  above,  the  reference  output  VREF  is  used  to  gen- 
erate the  temperature  setpoint  programming  voltages  for  the 
TMP01  and  also  is  used  to  determine  the  hysteresis  temperature 
band  by  the  reference  load  current  Ivref-  The  on-board  output 
buffer  amplifier  is  typically  capable  of  500  u.A  output  drive  into 
as  much  as  50  pF  load  (max).  Exceeding  this  load  will  affect  the 
accuracy  of  the  reference  voltage,  could  cause  thermal  sensing 
errors  due  to  dissipation,  and  may  induce  osculations.  Selection 
of  a  low  drift  buffer  functioning  as  a  voltage  follower  with  high 
input  impedance  will  ensure  optimal  reference  accuracy,  and 
will  not  affect  the  programmed  hysteresis  current.  Amplifiers 
which  offer  the  low  drift,  low  power  consumption,  and  low  cost 
appropriate  to  this  application  include  the  OP295,  and  members 
of  the  OP90,  OP97,  OP177  families,  and  others  as  shown  in  the 
following  applications  circuits. 

With  excellent  drift  and  noise  characteristics,  VREF  offers  a 
good  voltage  reference  for  data  acquisition  and  transducer  exci- 
tation applications  as  well.  Output  drift  is  typically  better  than 
-10  ppm/°C,  with  315  nVA/Hz  (typ)  noise  spectral  density  at 
1  kHz. 

Preserving  Accuracy  Over  Wide  Temperature  Range 
Operation 

The  TMP01  is  unique  in  offering  both  a  wide-range  temperature 
sensor  and  the  associated  detection  circuitry  needed  to  imple- 
ment a  complete  thermostatic  control  function  in  one  monolithic 
device.  While  the  voltage  reference,  setpoint  comparators,  and 
output  buffer  amplifiers  have  been  carefully  compensated  to 
maintain  accuracy  over  the  specified  temperature  range,  the  user 
has  an  additional  task  in  maintaining  the  accuracy  over  wide 
operating  temperature  ranges  in  his  application.  Since  the 
TMP01  is  both  sensor  and  control  circuit,  in  many  applications 
it  is  possible  that  the  external  components  used  to  program  and 
interface  the  device  may  be  subjected  to  the  same  temperature 
extremes.  Thus  it  may  be  necessary  to  locate  components  in 
close  thermal  proximity  to  miriimize  large  temperature  differen- 
tials, and  to  account  for  thermal  drift  errors  where  appropriate, 
such  as  resistor  matching  tempcos,  amplifier  error  drift,  and 
the  like.  Circuit  design  with  the  TMP01  requires  a  sightly  dif- 
ferent perspective  regarding  the  thermal  behavior  of  electronic 
components. 

Thermal  Response  Time 

The  time  required  for  a  temperature  sensor  to  settle  to  a  speci- 
fied accuracy  is  a  function  of  the  thermal  mass  of,  and  the 
thermal  conductivity  between  the  sensor  and  the  object  being 
sensed.  Thermal  mass  is  often  considered  equivalent  to  capaci- 
tance. Thermal  conductivity  is  commonly  specified  using  the 
symbol  Q,  and  can  be  thought  of  as  thermal  resistance.  It  is 
commonly  specified  in  units  of  degrees  per  watt  of  power  trans- 
ferred across  the  thermal  joint.  Thus,  the  time  required  for  the 
TMP01  to  settle  to  the  desired  accuracy  is  dependent  on  the 
package  selected,  the  thermal  contact  established  in  that  particu- 
lar application,  and  the  equivalent  power  of  the  heat  source.  In 
most  applications,  the  settling  time  is  probably  best  determined 
empirically. 
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Switching  Loads  With  The  Open-Collector  Outputs 

In  many  temperature  sensing  and  control  applications  some  type 
of  switching  is  required.  Whether  it  be  to  turn  on  a  heater  when 
the  temperature  goes  below  a  minimum  value  or  to  turn  off  a 
motor  that  is  overheating,  the  open-collector  outputs  Over  and 
Under  can  be  used.  For  the  majority  of  applications,  the 
switches  used  need  to  handle  large  currents  on  the  order  of 
1  Amp  and  above.  Because  the  TMP01  is  accurately  measuring 
temperature,  the  open-collector  outputs  should  handle  less  than 
20  mA  of  current  to  niinimize  self-heating.  Clearly,  the  Over- 
temp  and  Undertemp  outputs  should  not  drive  the  equipment 
directly.  Instead,  an  external  switching  device  is  required  to 
handle  the  large  currents.  Some  examples  of  these  are  relays, 
power  MOSFETs,  thyristors,  IGBTs,  and  Darlingtons. 

Figure  15  shows  a  variety  of  circuits  where  the  TMP01  controls 
a  switch.  The  main  consideration  in  these  circuits,  such  as  the 
relay  in  Figure  15a,  is  the  current  required  to  activate  the 
switch. 
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Figure  15a,  Reed  Relay  Drive 

It  is  important  to  check  the  particular  relay  you  choose  to 
ensure  that  the  current  needed  to  activate  the  coil  does  not 
exceed  the  TMPOl's  recommended  output  current  of  20  mA. 
This  is  easily  determined  by  dividing  the  relay  coil  voltage  by 
the  specified  coil  resistance.  Keep  in  mind  that  the  inductance 
of  the  relay  will  create  large  voltage  spikes  that  can  damage  the 
TMP01  output  unless  protected  by  a  commutation  diode  across 
the  coil,  as  shown.  The  relay  shown  has  a  contact  rating  of 
10  watts  maximum.  If  a  relay  capable  of  handling  more  power  is 
desired,  the  larger  contacts  will  probably  require  a  commensu- 
rately  larger  coil,  with  lower  coil  resistance  and  thus  higher  trig- 
ger current.  As  the  contact  power  handling  capability  increases, 
so  does  the  current  needed  for  the  coil.  In  some  cases  an  exter- 
nal driving  transistor  should  be  used  to  remove  the  current  load 
on  the  TMP01  as  explained  in  the  next  section. 

Power  FETs  are  popular  for  handling  a  variety  of  high  current 
DC  loads.  Figure  15b  shows  the  TMP01  driving  a  p-channel 
MOSFET  transistor  for  a  simple  heater  circuit.  When  the  out- 
put transistor  turns  on,  the  gate  of  the  MOSFET  is  pulled  down 
to  approximately  0.6  V,  turning  it  on.  For  most  MOSFETs  a 
gate-to-source  voltage  or  Vgs  on  the  order  of  -2  V  to  -5  V  is 
sufficient  to  turn  the  device  on.  Figure  15c  shows  a  similar  cir- 
cuit for  turning  on  an  n-channel  MOSFET,  except  that  now  the 
gate  to  source  voltage  is  positive.  Because  of  this  reason  an 
external  transistor  must  be  used  as  an  inverter  so  that  the  MOS- 
FET will  turn  on  when  the  "Under  Temp"  output  pulls  down. 
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Figure  15c.  Driving  a  N-Channel  MOSFET 

Isolated  Gate  Bipolar  Transistors  (IGBT)  combine  many  of  the 
benefits  of  power  MOSFETs  with  bipolar  transistors,  and  are 
used  for  a  variety  of  high  power  applications.  Because  IGBTs 
have  a  gate  similar  to  MOSFETs,  turning  on  and  off  the  devices 
is  relatively  simple  as  shown  in  Figure  15d.  The  turn  on  voltage 
for  the  IGBT  shown  (IRGBC40S)  is  between  3.0  and  5.5  volts. 
This  part  has  a  continuous  collector  current  rating  of  50  A  and  a 
maximum  collector  to  emitter  voltage  of  600  V,  enabling  it  to 
work  in  very  demanding  applications. 
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Figure  15d.  Driving  an  IGBT 
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The  last  class  of  high  power  devices  discussed  here  are  Thyris- 
tors,  which  includes  SCRs  and  Triacs.  Triacs  are  a  useful  alter- 
native to  relays  for  switching  ac  line  voltages.  The  2N6073A 
shown  in  Figure  15e  is  rated  to  handle  4A  (rms).  The  opto- 
isolated  MOC3021  Triac  shown  features  excellent  electrical  isola- 
tion from  the  noisy  ac  line  and  complete  control  over  the  high 
power  Triac  with  only  a  few  additional  components. 
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Figure  15e.  Controlling  the  2N6073A  Triac 
High  Current  Switching 

As  mentioned  above,  internal  dissipation  due  to  large  lo 
the  TMP01  outputs  will  cause  some  temperature  < 
self-heating.  External  transistors  remove  the  load  1 
TMP01,  so  that  virtually  no  power  is  dissipated  in  the  intei 
transistors  and  no  self-heating  occurs.  Figure  16  shows  a  few 
examples  using  external  transistors.  The  simplest  case,  using  a 
:  transistor  on  the  output  to  invert  the  output  signal  is 
_i  in  Figure  16a.  When  the  open-collector  of  the  TMP01 
turns  "ON"  and  pulls  the  output  down,  the  external  transistor 
Ql's  base  will  be  pulled  low,  turning  off  the  transistor.  Another 


4.7kQ         I  'C 


transistor  can  be  added  to  reinvert  the  signal  as  shown  in  Figure 
16b.  Now,  when  the  output  of  the  TMP01  is  pulled  down,  the 
first  transistor,  Ql,  turns  off  and  its  collector  goes  high,  which 
turns  Q2  on,  pulling  its  collector  low.  Thus,  the  output  taken 
from  the  collector  of  Q2  is  identical  to  the  output  of  the 
TMP01.  By  picking  a  transistor  that  can  accommodate  large 
amounts  of  current,  many  high  power  devices  can  be  switched. 


•jre  16b.  Second  Transistor  Maintains  Polarity  of 
71  Output 

An  example  of  a  higher  power  transistor  is  a  standard  Darling- 
ton configuration  as  shown  in  Figure  16c.  The  part  chosen, 
TIP-110,  can  handle  2A  continuous  which  is  more  than  enough 
to  control  many  high  power  relays.  In  fact  the  Darlington  itself 

can  be  used  as  the  switch,  similar  to  MOSFETs  and  IGBTs. 

■ 

■ 


Figure  16a.  An  External  Resistor  Minimizes  Self-Heating 
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Figure  16c.  Darlington  Transistor  Can  Handle  Large  Currents 


Buffering  the  Temperature  Output  Pin 

The  VPTAT  sensor  output  is  a  low  impedance  dc  output  volt- 
age with  a  5  mV/K  temperature  coefficient,  and  is  useful  in  a 
number  of  measurement  and  control  applications.  In  many 
applications,  this  voltage  needs  to  be  transmitted  to  a  central 
location  for  processing.  The  buffered  VPTAT  voltage  output  is 
capable  of  500  u.A  drive  into  50  pF  (max).  As  mentioned  in  the 
discussion  above  regarding  buffering  circuits  for  the  VREF  out- 
put, it  is  useful  to  consider  external  amplifiers  for  interfacing 
VPTAT  to  external  circuitry  to  ensure  accuracy,  and  to  mini- 
mize loading  which  could  create  dissipation-induced  temperature 
sensing  errors.  An  excellent  general-purpose  buffer  circuit  using 
the  OP  177  is  shown  in  Figure  17  which  is  capable  of  driving 
over  10  mA,  and  will  remain  stable  under  capacitive  loads  of  up 
to  0.1  (jlF.  Other  interfacing  ideas  are  shown  below. 

Differential  Transmitter 

In  noisy  industrial  environments,  it  is  difficult  to  send  an  accu- 
rate analog  signal  over  a  significant  distance.  However,  by  send- 
ing the  signal  differentially  on  a  wire  pair,  these  errors  can  be 
significantly  reduced.  Since  the  noise  will  be  picked  up  equally 
on  both  wires,  a  receiver  with  high  common-mode  input  rejec- 
tion can  be  used  to  cancel  out  the  noise  very  effectively  at  the 


Figure  17.  Buffer  VPTAT  to  Handle  Difficult  Loads 

receiving  end.  Figure  18  shows  two  amplifiers  being  used  to 
send  the  signal  differentially,  and  an  excellent  differential 
receiver,  the  AMP03,  which  features  a  common  mode  rejection 
ratio  of  95  dB  at  dc  and  very  low  input  and  drift  errors. 
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Figure  18.  Send  the  Signal  Differentially  for  Noise  Immunity 
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4  mA-20  mA  Current  Loop 

Another,  very  common  method  of  transmitting  a  signal  over 
long  distances  is  to  use  a  4  mA-20  mA  Loop,  as  shown  in  Fig- 
ure 19.  An  advantage  of  using  a  4  mA-20  mA  loop  is  that  the 
accuracy  of  a  current  loop  is  not  compromised  by  voltage  drops 
across  the  line.  One  requirement  of  4  mA-20  mA  circuits  is  that 
the  remote  end  must  receive  all  of  its  power  from  the  loop, 
meaning  that  the  circuit  must  consume  less  than  4  mA.  Operat- 
ing from  +5  V,  the  quiescent  current  of  the  TMP01  is  500  uA 
max,  and  the  OP90's  is  20  uA  max,  totaling  less  than  4  mA. 
Although  not  shown,  the  open  collector  outputs  and  tempera- 
ture setting  pins  can  be  connected  to  do  any  local  control  of 
switching. 

The  current  is  proportional  to  the  voltage  on  the  VPTAT  out- 
put, and  is  calibrated  to  4  mA  at  a  temperature  of  -40°C,  to 
20  mA  for  +85°C.  The  main  equation  governing  the  operation 
of  this  circuit  gives  the  current  as  a  function  of  VPTAT: 

1  /  VPTAT  x  R5      VREF  X  R}  I  R5\\ 

/o-  =  ^( — r2  RrTRr(l  +  R-2)) 

The  resulting  temperature  coefficient  of  the  output  current  is 
128  uA/°C. 


O  +5V  TO  +2SV 


Temperature-to-Frequency  Converter 

Another  common  method  of  transmitting  analog  information  is 
to  convert  a  voltage  to  the  frequency  domain.  This  is  easily  done 
with  any  of  the  low  cost  monolithic  Voltage-to-Frequency  Con- 
verters (VFCs)  available,  which  feature  a  robust,  open-collector 
digital  output.  A  digital  signal  is  very  immune  to  noise  and  volt- 
age drops  because  the  only  important  information  is  the  fre- 
quency. As  long  as  the  conversions  between  temperature  and 
frequency  are  done  accurately,  the  temperature  data  can  be  suc- 
cessfully transmitted. 

A  simple  circuit  to  do  this  combines  the  TMP01  with  an  AD654 
VFC,  as  shown  in  Figure  20.  The  AD654  outputs  a  square  wave 
that  is  proportional  to  the  dc  input  voltage  according  to  the  fol- 
lowing equation: 


Figure  19.  4-20  mA  Current  Loop 


To  determine  the  resistor  values  in  this  circuit,  first  note  that 
VREF  remains  constant  over  temperature.  Thus  the  ratio  of  R5 
over  R2  must  give  a  variation  of  I0ur  fr°m  4  mA  to  20  mA  as 
VPTAT  varies  from  1.165  V  at  -40°C  to  1.79  V  at  +85°C.  The 
absolute  value  of  the  resistors  is  not  important,  only  the  ratio. 
For  convenience,  100  kfi  is  chosen  for  R5.  Once  R2  is  calcu- 
lated, the  value  of  R3  and  Rl  is  determined  by  substituting 
4  mA  for  IOUT  and  1.165  V  for  VPTAT  and  solving.  The  final 
values  are  shown  in  the  circuit.  The  OP90  is  chosen  for  this  cir- 
cuit because  of  its  ability  to  operate  on  a  single  supply  and  its 
high  accuracy.  For  initial  accuracy,  a  10  kfl  trim  potentiometer 
can  be  included  in  series  with  R3,  and  the  value  of  R3  lowered 
to  95  kO.  The  potentiometer  should  be  adjusted  to  produce  an 
output  current  of  12.3  mA  at  25°C. 


uu'      10  (R,  +  R2)  CT 

By  simply  connecting  the  VPTAT  output  to  the  input  of  the 
AD654,  the  5  mV/°C  temperature  coefficient  gives  a  sensitivity 
of  25  Hz/°C,  centered  around  7.5  kHz  at  25°C.  The  trimming 
resistor  R2  is  needed  to  calibrate  the  absolute  accuracy  of  the 
AD654.  For  more  information  on  that  part,  please  consult  the 
AD654  data  sheet.  Finally,  the  AD650  can  be  used  to  accurately 
convert  the  frequency  back  to  a  dc  voltage  on  the  receiving  end. 


Figure  20.  Temperature-to-Frequency  Converter 


Isolation  Amplifier 

In  many  industrial  applications  the  sensor  is  located  in  an  envi- 
ronment that  needs  to  be  electrically  isolated  from  the  central 
processing  area.  Figure  2 1  shows  a  simple  circuit  that  uses  an 
8-pin  optoisolator  (IL300XC)  that  can  operate  across  a  5,000  V 
barrier.  IC1  (an  OP290  single-supply  amplifier)  is  used  to  drive 
the  LED  connected  between  Pins  1  to  2.  The  feedback  actually 

■ 


REV.  B 


SENSORS  AND  SIGNAL  CONDITIONERS  19-69 


TMP01 


OP290 


TEMPERATURE 
SENSOR  & 
VOLTAGE 
REFERENCE 


WINDOW 
„ COMPARATOR 


TMP01 


i 

comes  from  the  photodiode  connected  from  Pins  3  to  4.  The 
OP290  drives  the  LED  such  that  there  is  enough  current  gener- 
ated in  the  photodiode  to  exactly  equal  the  current  derived  from 
the  VPTAT  voltage  across  the  470  kfl  resistor.  On  the  receiving 
end,  an  OP90  converts  the  current  from  the  second  photodiode 
to  a  voltage  through  its  feedback  resistor  R2.  Note  that  the 
other  amplifier  in  the  dual  OP290  is  used  to  buffer  the  2.5  V 
reference  voltage  of  the  TMP01  for  an  accurate,  low  drift  LED 
bias  level  without  affecting  the  programmed  hysteresis  current. 
A  REF43  (a  precision  2.5  V  reference)  provides  an  accurate  bias 
level  at  the  receiving  end. 

To  understand  this  circuit,  it  helps  to  examine  the  overall  equa- 
tion for  the  output  voltage.  First,  the  current  (II)  in  the  photo- 
diode is  set  by: 


.  1.16VT01.7V 
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Figure  21.  Isolation  Amplifier 


Out-of-Range  Warning 

By  connecting  the  two  open  collector  outputs  of  the  TMP01 
together  into  a  "wired-OR"  configuration,  a  temperature  "out- 
of-range"  warning  signal  is  generated.  This  can  be  useful  in  sen- 
sitive equipment  calibrated  to  work  over  a  limited  temperature 
range.  Rl,  R2,  and  R3  in  Figure  22  are  chosen  to  give  a  tem- 
perature range  of  10°C  around  room  temperature  (25°C).  Thus, 
if  the  temperature  in  the  equipment  falls  below  +15°C  c"  - 


above  +35°C,  the  Undertemp  Output  or  Overtemp  Output 


/i  = 


2.5  V  -  VPTAT 
470  Ml 


Note  that  the  IL300XC  has  a  gain  of  0.73  (typical)  with  a  min 
and  max  of  0.693  and  0.769  respectively.  Since  this  is  less  than 
1.0,  R2  must  be  larger  than  Rl  to  achieve  overall  unity  gain.  To 
show  this  the  full  equation  is: 


VOUT  =  2.5  V  -  I2R2  =  2.5  V  -  0.7  l- 


2  5  u  -  VPTAT  \ 

644  k£l  =  VPTAT 


470  *f! 


} 


A  trim  is  included  for  R2  to  correct  for  the  initial  gain  accuracy 
of  the  IL300XC.  To  perform  this  trim,  simply  adjust  for  an  out- 
put voltage  equal  to  VPTAT  at  any  particular  temperature.  For 
example,  at  room  temperature,  VPTAT  =  1.49  V,  so  adjust  R2 
until  VOUT  =  1.49  V  as  well.  Both  the  REF43  and  the  OP90 
operate  from  a  single  supply,  and  contribute  no  significant  error 
due  to  drift. 

In  order  to  avoid  the  accuracy  trim,  and  to  reduce  board  space, 
complete  isolation  amplifiers  are  available,  such  as  the  high  ac- 
curacy AD202. 


Figure  22.  Out-of-Range  Warning 

respectively  will  go  low  and  turn  the  LED  on.  The  LED  may 
be  replaced  with  a  simple  pull-up  resistor  to  give  a  logic  output 
for  controlling  the  instrument,  or  any  of  the  switching  devices 
discussed  above  can  be  used. 
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A  useful  circuit  is  shown  in  Figure  23  that  translates  the 
VPTAT  output  voltage,  which  is  calibrated  in  Kelvins,  into  an 
output  that  can  be  read  directly  in  degrees  Celsius  on  a  voltme- 
ter display.  To  accomplish  this,  an  external  amplifier  is  config- 
ured as  a  differential  amplifier.  The  resistors  are  scaled  so  the 
VREF  voltage  will  exactly  cancel  the  VPTAT  voltage  at  0.0°C. 

10pF 


I  105kQ    4.22kO  I 

r»-VW — -VA— 4-i 


i  0.0-C) 


Figure  23.  Translating  5  mV/K  to  10  mV/°C 


However,  the  gain  from  VPTAT  to  the  output  is  two,  so  that 
5  mV/K  becomes  10  mV/°C.  Thus,  for  a  temperature  of  +80°C, 
the  output  voltage  is  800  mV.  Circuit  errors  will  be  due  prima- 
rily to  the  inaccuracies  of  the  resistor  values.  Using  1%  resistors 
the  observed  error  was  less  than  10  mV,  or  1°C.  The  10  pF 
feedback  capacitor  helps  to  ensure  against  oscillations.  For  bet- 
ter accuracy,  a  adjustment  potentiometer  can  be  added  in  series 
with  either  100  k(l  resistor. 

Translating  VPTAT  to  the  Fahrenheit  Scale 

A  very  similar  circuit  to  the  one  shown  in  Figure  23  can  be  used 
to  translate  VPTAT  into  an  output  that  can  be  read  directly  in 
degrees  Fahrenheit,  with  a  scaling  of  10  mV/°F.  Only  unity  gain 
or  less  is  available  from  the  first  stage  differentiating  circuit,  so 
the  second  amplifier  provides  a  gain  of  two  to  complete  the  con- 
version to  the  Fahrenheit  scale.  Using  the  circuit  in  Figure  24,  a 
temperature  of  0.0°F  gives  an  output  of  0.00  V.  At  room  tem- 
perature (70°F)  the  output  voltage  is  700  mV.  A  -40°C  to 
+  85°C  operating  range  translates  into  -40°F  to  +185°F.  The 
>  are  essentially  the  same  as  for  the  circuit  in  Figure  23. 


- 


VOUT=0.0V@T  =  0.0"F 
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Figure  24.  Translating  5  mV/K  to  WmVrF 
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ANALOG 


Micropower  Temperature  Peripheral 


TMP03/TMP03L' 





i 


FEATURES 

Modulated  Serial  Digital  Output 

Proportional  to  Temperature 
±1.2°C  Accuracy  Over  Temperature  (typ) 
Specified  -40  C  to  +100  C,  Operation  to  150  C 
Power  Consumption  3.5  mW  at  5  V 
No  External  Components 
Flexible  Open  Collector  Output  (TMP03) 
CMOS/TTL  Compatible  Output  on  TMP03L 
Low  Voltage  Operation  (4.5  V  to  7  V) 
Low  Cost  3-Pin  Packages 

APPLICATIONS 
Isolated  Sensors 
Environmental  Control  Systems 
Thermal  Protection 
Industrial  Process  Control 
Power  System  Monitors 


GENERAL  DESCRIPTION 

The  TMP03/TMP03L  is  a  monolithic  temperature  detector 
that  generates  a  modulated  serial  digital  output  which  varies  in 
direct  proportion  to  the  temperature  of  the  device.  An  onboard 
sensor  generates  a  voltage  precisely  proportional  to  absolute 
temperature  which  is  input  to  a  precision  digital  modulator.  The 
ratiometric  encoding  format  of  the  serial  digital  output  is  inde- 
pendent of  the  clock  drift  errors  common  to  most  serial  modula- 
tion techniques  such  as  voltage-to-frequency  converters.  Overall 
accuracy  is  ±  1 .2  degrees  (typical)  over  the  rated  operating  tem- 
perature range,  with  excellent  transducer  linearity.  The  digital 
output  of  the  TMP03L  is  CMOS/TTL  compatible  and  is  easily 
interfaced  to  the  serial  inputs  of  most  popular  microprocessors. 
The  open  collector  output  of  the  TMP03  is  capable  of  sinking 
20  mA  and  is  suitable  for  industrial  systems  including  isolated 
circuits  utilizing  opto-couplers  or  isolation  transformers. 

The  TMP03  and  the  TMP03L  are  specified  for  operation  at 
supply  voltages  from  4.5  V  to  7  V.  Operating  from  +5  V,  supply 
current  (unloaded)  is  less  than  700  uA  (max). 


FUNCTIONAL  BLOCK  DIAGRAM 


1  I  VPTAT 


DIGITAL 
MODULATOR 


VREF 


lD      □  LJ 

DOUT   i        V*  GND 


3L  is  rated  for  operation  over  the  -40°C  to 
;e  in  the  low  cost  TO-92,  and  SO-8 
it  packages.  Operation  extends  to 
accuracy. 

TYPES  AVAILABLE 
TO-92  SO-8  TSSOP-8 


•Patent 


This  Is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TMP03E/TMP03F— SPECIFICATIONS 


TMP03/TMP03L 


(V+  =  +5  V,  -40°C  <  TA  <  +100°C  unless  otherwise  noted) 


Parameter 


Symbol 


Conditions 


Min 


Typ 


Max 


Units 


ACCURACY 

Scale  Factor  Deviation  "E" 
Scale  Factor  Deviation  "F" 
Scale  Factor  Deviation  "E" 
Scale  Factor  Deviation  "F" 
Nominal  Duty  Cycle 
Power  Supply  Rejection  Ratio 


PSRR 


0°C  <  TA  <  40°C 
0°C  <TA<40°C 
Over  Rated  Temperature1 
Over  Rated  Temperature' 
TA  =  0°C 

Over  Rated  Supply 


0.6 
0.8 
1.2 
1.8 
42.2 

0.05 




1.2 
2.4 
2.2 
2.8 


°C 
°C 
°C 
°C 
% 

%/V 


OUTPUTS 
Output  Low  Voltage 
Output  Low  Voltage 
Digital  Output  Capacit; 
Fall  Time 

Device  Turn-On  Time 


ham  -  1.6  mA 
Ismk  =  1 5  mA 
(Note  3) 
See  Test  Load 


15 

■ 

20 


0.2 
1 


250 


V 

V 

PF 

ns 

ms 


POWER  SUPPLY 
Supply  Range 
Supply  Current 


V+ 

tSY 


Unloaded 


a  "'ft 
— 1  


4.5 


7 

700 


V 
UA 


NOTES 

'Maximum  deviation  from  output  duty  cycle  transfer  function  over  specified  temperature 
2Does  not  consider  errors  caused  by  heating  due  to  dissipation  of  output  load  currents. 
'Guaranteed  but  not  tested. 
Specifications  subject  to  change  without  notice. 


d  currents.  .  a.  m- 


ature  range. 

TMP03LE/TMP03LF— SPECIFICATIONS 


(V+  =  +5V, 


°C  <  T»  <  +1 00  C  unless  otherwise  noted) 


Parameter 

Symbol 

Conditions 

Min             Typ  Max 



Units 

ACCURACY 
Scale  Factor  Deviation  "E" 
Scale  Factor  Deviation  "F" 
Scale  Factor  Deviation  "E" 
Scale  Factor  Deviation  "F" 
Nominal  Duty  Cycle 
Power  Supply  Rejection  Ratio 

PSRR 

0°C  <  TA  <  40°C 

0°C  <  TA  <  40°C 

Over  Rated  Temperature1 

Over  Rated  Temperature1 

TA  =  0°C 

Over  Rated  Supply 

o.6  •  '    i.2  ; 

0.8  2.4 
1.2  2.2 
1.8  2.8 
42.2 
0.05 



°C 

°c 

°C 

°c 
% 

%/V 

OUTPUTS 
Output  High  Voltage 
Output  Low  Voltage 
Digital  Output  Capacitance 
Fall  Time 
Rise  Time 

Device  Turn-On  Time 

Voh 

VOL 

CoUT 

tHL 

tm  a 

IOH  =  800  uA 
I0L  =  800  uA 
(Note  3) 
See  Test  Load 
See  Test  Load 

13 

V+  -0.4 

400 

15 

250 
250 

*p  ,vi)ivupy»  uM>--r:- -Ms-urn  .owj-o 

V  __ 

mV 
pF 

ns 
ms 

POWER  SUPPLY 
Supply  Range 
Supply  Current 

V+ 

IsY 

Unloaded 



4.5  7 

700 

V  '.' 
MA 

NOTES 

'Maximum  deviation  from  output  duty  cycle  transfer  function  over  specified  temperature  range. 
2Does  not  consider  errors  caused  by  heating  due  to  dissipation  of  output  load  currents. 
'Guaranteed  but  not  tested. 

■ 

Specifications  subject  to  change  without  notice. 
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measurement  system  with  digital  output,  on  a  single  cnip.  i  ne 
onboard  temperature  sensor  follows  in  the  footsteps  of  the 
TMP01  low  power,  programmable  temperature  controller,  of- 
fering excellent  accuracy  and  linearity  over  the  entire  rated  tem- 
perature range  without  correction  or  calibration  by  the  user. 

The  sensor  output  is  digitized  by  an  advanced  first  order  sigma- 
delta  modulator,  also  known  as  the  "charge  balance"  type 
analog-to-digital  converter.  See  Figure  1 .  This  type  of  converter 
utilizes  time  domain  oversampling  and  a  high  accuracy  com- 
parator to  deliver  12  bits  of  effective  accuracy  in  an  extremely 
compact  circuit 


l  mi'Vjus  ciock  is  irrelevant,  anu  uie  ciiccls  01  ciucis.  vanauous 
at  the  counter  are  effectively  cancelled  upon  decoding. 

The  output  of  the  TMP03/TMP03L  is  a  square  wave  with  a 
nominal  frequency  of  45  Hz.  The  output  format  is  readily  de- 
coded by  the  user  as  follows: 


-I 


INTEGRATOR 


COMPARATOR 


±  DIGITAL 
-°  OUT 


Figure  2.  TMP03/TMP03L  Output  Format 

Temperature  (°C)  =  260  -  ^45^nj 
810xrf 


Temperature  (°F)  =  500  - 


T2 


where  the  time  period  Tl  (low  period)  and  T2  (high  period)  are 


Figure  1.  First-Order  Sigma-Delta  Modulator 

Basically,  the  sigma-delta  modulator  consists  of  an  input 
sample-and-hold,  a  summing  amplifier,  an  integrator,  a  com- 
parator, and  a  1-bit  DAC.  Similar  to  the  voltage-to-frequency 
converter,  this  architecture  creates  in  effect  a  negative  feedbac 
loop  whose  intent  is  to  minimize  the  integrator  output 
ing  the  duty  cycle  of  the  comparator  output  in  respon 
voltage  changes.  The  comparator  samples  the  output  of  the  i 
grator  at  a  much  higher  rate  than  the  input  sampling  frequenc 
called  oversampling.  This  spreads  the  quantization  noise  over  a  * 
much  wider  band  than  that  of  the  input  signal,  improving  over- 
all noise  performance  and  increasing  accuracy. 

The  modulated  output  of  the  comparator  is  encoded  using  a 
patented  technique  which  results  in  a  serial  digital  signal  with  a 
ratiometric  duty  cycle  format  which  is  easily  decoded  by  any 
microprocessor  into  either  degrees  Centigrade  or  degrees  Fahr- 
enheit values,  and  readily  transmitted  or  modulated  over  a 
single  wire.  Most  importantly,  this  encoding  method  neatly 
avoids  major  error  sources  common  to  other  modulation  tech- 
niques, as  it  is  clock  independent. 

Output  Encoding 

Accurate  sampling  of  an  analog  signal  requires  precise  spacing 
of  the  sampling  interval  in  order  to  maintain  an  accurate  repre- 
sentation of  the  signal  in  the  time  domain.  This  dictates  a  mas- 
ter clock  between  the  digitizer  and  the  signal  processor.  In  the 
case  of  compact,  cost-effective  data  acquisition  systems,  the 
addition  of  a  buffered  high  speed  clock  line  can  represent  a  sig- 
nificant burden  on  the  overall  system  design.  Alternatively,  the 
addition  of  an  onboard  clock  circuit  with  the  appropriate  accu- 
racy and  drift  performance  to  an  integrated  circuit  can  add  sig- 
nificant cost.  The  modulation  and  encoding  techniques  utilized 
in  the  TMP03/TMP03L  avoid  this  problem  and  allow  the  over- 
all circuit  to  fit  into  a  compact,  three-pin  package.  To  achieve 
this,  a  simple,  compact  onboard  clock  and  an  oversampling  digi- 
tizer which  is  insensitive  to  sampling  rate  variations  are  used. 


counter  values  easily  i 
the  above  calcu 
ods  are 

in; 


r  a  microprocessor  input  port,  and 
ormed  in  software.  Since  both  peri- 
tively,  using  the  same  clock,  perform- 
the  above  formulas  results  in  a 
pendent  of  the  exact  frequencies  of, 
ginating  clock  of  the  TMP03  or  the 


;  of  approximately  1  MHz  (or  higher) 
aent  resolution  to  maintain  the  specified  mea- 
}  of  the  TMP03/TMP03L.  While  a  system 
:  clock  will  require  counter  registers  of  at  least 
iter  clocks  will  require  commensurately  larger  registers 
to  avoid  overflow  truncation  errors.  See  the  Applications  section 
below  which  discusses  a  variety  of  hardware  interfacing  and  soft- 
ware ideas. 

Self-Heating  Effects 

Observing  the  thermal  conductivity  of  the  various  TMP03/ 
TMP03L  packages,  in  some  applications  the  user  should  con- 
sider the  effects  of  self-heating  due  to  the  power  dissipated  by 
the  digital  output,  which  is  capable  of  sinking  800  uA  continu- 
ous. Under  full  load,  the  output  may  dissipate 

pdiss  =  (0- 6  VX°- 8mA)  =  0A8mW 

which  in  a  free-standing  surface-mount  TSSOP  package 
accounts  for  a  temperature  increase  due  to  self-heating  of 


*T  =  Pdiss  x*ja  ■■ 


0. 48  m  W  x  XXX  °CIW  =  YY°C. 


This  will,  of  course,  directly  affect  the  accuracy  of  the  TMP03/ 
TMP03L  relative  to  the  true  ambient  temperature.  Alterna- 
tively, when  the  same  package  has  been  bonded  to  measure  a 
large  plate  or  other  thermal  mass  (effectively  a  large  heatsink), 
the  self-heating  error  might  be  limited  to  approximately 

&T  =  PDISS  X  QJC  =  0.48  mW  x  10°C/W  =  0.0048°C 

which  is  a  negligible  error. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Selection  Tree  —  Signal  Compression  Components 


RF/VIDEO 
LOG  AMPS 


SIGNAL  COMPRESSION 
COMPONENTS 


AD640  (120  MHz,  50  dB) 
AD606  (50  MHz,  80  dB) 


5 


RF/VIDEO 
VIDEO  VOLTAGE  CONTROLLED 
AMPLIFIERS 


AD600  (35  MHz,  0  to  +40  dB) 
AD602  (35  MHz,  -10  to  +30  dB) 
AD603  (115  MHz,  -10  to  +30  dB) 


Selection  Guide— Signal  Compression  Components 


Input 

Log 

Conformity 

BW 

Package 

Temp 

Model 

Range 

RTI 

kHz 

Options1 

Ranges2 

Comments 

Page 

AD640 

0.75  mV-200  mV 

±0.6  dB 

120  MHz 

D,  E,  N,  P 

C,  I,  M/DS 

120  MHz,  45  dB,  DC  Demodulating  Logarithmic  Amplifier 

20-^0 

AD600 

±2  V 

±0.5  dB 

30  MHz 

N,  R 

C,  I,  Ml 

Dual  0  dB  to  +40  dB  Variable  Gain  Amplifier 

20-5 

AD602 

±2  V 

±0.5  dB 

30  MHz 

N,  R 

C,  I,  MJ 

Dual  -10  dB  to  +30  dB  Variable  Gain  Amplifier 

20-5 

AD603 

±2  V 

±0.4  dB 

100  MHz 

N,  R 

I,  M 

Single  Channel  Variable  Gain  Amplifier 

20-17 

AD606 

-80  to  +10  dBm  (50  ft) 

±1  dB 

50  MHz 

N,  R 

C 

50  MHz,  80  dB  Demodulating  Logarithmic  Amplifier  with  Limiter  Outpu 

t  20-29 

'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

2Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +  85°C  (Some  older  products  -25°C  to  +85°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  s  for  JAN,  D  for  SMD,  and  s  for  space  level. 

Boldface  Type:  Data  sheet  information  in  this  volume. 
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FEATURES 

Two  Channels  with  Independent  Gain  Control 

"Linear  in  dB"  Gain  Response 
Two  Gain  Ranges: 

AD600:  0  dB  to  +40  dB 

AD602:  -10  dB  to  +30  dB 
Accurate  Absolute  Gain:  ±0.3  dB 
Low  Input  Noise:  1.4  nV/VHz 
Low  Distortion:  -60  dBc  THD  at  ±1  V  Output 
High  Bandwidth:  DC  to  35  MHz  (-3  dB) 
Stable  Group  Delay:  ±2  ns 
Low  Power:  125  mW  (max)  per  Amplifier 
Signal  Gating  Function  for  Each  Amplifier 
Drives  High  Speed  A/D  Converters 
MIL-STD-883  Compliant  and  DESC  Versions  Available 

APPLICATIONS 

Ultrasound  and  Sonar  Time-Gain  Control 
High  Performance  Audio  and  RF  AGC  Systems 
Signal  Measurement 

PRODUCT  DESCRIPTION 

The  AD600  and  AD602  dual  channel,  low  noise  variable  gain 
amplifiers  are  optimized  for  use  in  ultrasound  imaging  systems, 
but  are  applicable  to  any  application  requiring  very  precise  gain, 
low  noise  and  distortion,  and  wide  bandwidth.  Each  indepen- 
dent channel  provides  a  gain  of  0  to  +40  dB  in  the  AD600  and 
- 10  dB  to  +30  dB  in  the  AD602.  The  lower  gain  of  the  AD602 
results  in  an  improved  signal-to-noise  ratio  at  the  output.  How- 
ever, both  products  have  the  same  1 .4  nV/\/Hz  input  noise 
spectral  density.  The  decibel  gain  is  directly  proportional  to 
the  control  voltage,  is  accurately  calibrated,  and  is  supply-  and 
temperature-stable. 

To  achieve  the  difficult  performance  objectives,  a  proprietary 
circuit  form— the  X-AMP™  —has  been  developed.  Each  channel 
of  the  X-AMP  comprises  a  variable  attenuator  of  0  dB  to 
-42.14  dB  followed  by  a  high  speed  fixed  gain  amplifier.  In  this 
way,  the  amplifier  never  has  to  cope  with  large  inputs,  and  can 
benefit  from  the  use  of  negative  feedback  to  precisely  define  the 
gain  and  dynamics.  The  attenuator  is  realized  as  a  seven-stage 
R-2R  ladder  network  having  an  input  resistance  of  100  ft,  laser- 
trimmed  to  ±2%.  The  attenuation  between  tap  points  is  6.02  dB; 
the  gain-control  circuit  provides  continuous  interpolation  be- 
tween these  taps.  The  resulting  control  function  is  linear  in  dB. 


X-AMP  is  a  trademark  of  Analog  Devices,  Inc. 
•Patented. 


FUNCTIONAL  BLOCK  DIAGRAM 
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The  gain-control  interfaces  are  fully  differential,  providing  an 
input  resistance  of  —15  Mft  and  a  scale  factor  of  32  dB/V  (that 
is,  31.25  mV/dB)  defined  by  an  internal  voltage  reference.  The 
response  time  of  this  interface  is  less  than  1  |xs.  Each  channel 
also  has  an  independent  gating  facility  that  optionally  blocks 
signal  transmission  and  sets  the  dc  output  level  to  within  a  few 
millivolts  of  the  output  ground.  The  gating  control  input  is 
TTL  and  CMOS  compatible. 

The  maximum  gain  of  the  AD600  is  41.07  dB,  and  that  of  the 
AD602  is  31.07  dB;  the  -3  dB  bandwidth  of  both  models  is 
nominally  35  MHz,  essentially  independent  of  the  gain.  The 
signal-to-noise  ratio  (SNR)  for  a  1  V  rms  output  and  a  1  MHz 
noise  bandwidth  is  typically  76  dB  for  the  AD600  and  86  dB  for 
the  AD602.  The  amplitude  response  is  flat  within  ±0.5  dB  from 
100  kHz  to  10  MHz;  over  this  frequency  range  the  group  delay 
varies  by  less  than  ±2  ns  at  all  gain  settings. 

Each  amplifier  channel  can  drive  100  ft  load  impedances  with 
low  distortion.  For  example,  the  peak  specified  output  is 
±2.5  V  minimum  into  a  500  ft  load,  or  ±1  V  into  a  100  ft  load. 
For  a  200  ft  load  in  shunt  with  5  pF,  the  total  harmonic  distor- 
tion for  a  ±  1  V  sinusoidal  output  at  10  MHz  is  typically 
-60  dBc. 

The  AD600J  and  AD602J  are  specified  for  operation  from  0°C 
to  +70°C,  and  are  available  in  both  16-pin  plastic  DIP  (N)  and 
16-pin  SOIC  (R).  The  AD600A  and  AD602A  are  specified  for 
operation  from  -40°C  to  +85°C  and  are  available  in  both  16-pin 
Cerdip  (Q)  and  16-pin  SOIC  (R). 

The  AD600S  and  AD602S  are  specified  for  operation  from 
-55°C  to  +125°C  and  are  available  in  a  16-pin  Cerdip  (Q)  pack- 
age and  are  MIL-STD-883  compliant.  The  AD600S  and 
AD602S  are  also  available  under  DESC  SMD  5962-94572. 
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AD600/AD602— SPECIFICATIONS  f5  TS"^^T- 

noted.  Specifications  for  AD600  and  AD602  are  identical  unless  otherwise  noted.) 


,  Vs  =  ±5  V,  -625  mV  < 
5  pF,  unless  otherwise 


Parameter 


AD600J/AD602J 
Min      Typ  Max 


AD600A/AD602A 
Min      Typ  Max 


INPUT  CHARACTERISTICS 
Input  Resistance 
Input  Capacitance 
Input  Noise  Spectral  Density1 
Noise  Figure 

Common-Mode  Rejection  Ratio 


Pins  2  to  3;  Pins  6  to  7 


Rs  =  50  ft,  Maximum  Gain 
Rs  =  200  ft,  Maximum  Gain 
f  =- 100  kHz 


95 


1.4 
5.3 

2 

30 


100 

2 

1.4 

5.3 

2 

30 


105 


OUTPUT  CHARAi 
-3  dB  Bandwidth 
Slew  Rate 
Peak  Output2 
Output  Impedance 
Output  Short-Circuit  Current 
Group  Delay  Change  vs.  Gain 
Group  Delay  Change  vs.  Frequency 
Total  Ha 


vout  =  100  mV  rms 

RL  a  500  ft 
f<  10  MHz 

f  =  3  MHz;  Full  Gain  Range 

VG  =  0  V;  f  =  1  MHz  to  10  MHz 

RL  =  200  ft,  Voux  =  ±1  V  peak,  Rpd  =  1  kft 


35 
275 

±2.5  ±3 
2  . 
50 
±2 
±2 
-50 


t2.5 


35 

MHz 

275     M  )oa 

V/us 

±3 

V 

ft 

50 

mA 

ns 

±2 

ns 

-60 

dBc 

ACCURACY 
AD600 
Gain  Error 


Maximum  Output  Offset  Voltage3 
Output  Offset  Variation 
AD602 
Gain  Error 


Maximum  Output  Offset  Voltage3 
Output  Offset  Variation 


0  dB  to  3  dB  Gain 

3  dB  to  37  dB  Gain 

37  dB  to  40  dB  Gain 

VG  =  -625  mV  to  +625  mV 

VG  =  -625  mV  to  +625  mV 

-lOdBto  -7dBGain 

-7  dB  to  27  dB  Gain 

27  dB  to  30  dB  Gain 

VG  =  -625  mV  to  +625  mV 

VG  a  -625  mV  to  +625  mV 


-0.5 
-1 


0 

-0.5 
-1 


+0.5  +1 

±0.2  +0.5 

-0.5  0 

10  50 

10  50 

0.5  +1 

±0.2  +0.5 

-0.5  0 

5  30 

5  30 


-0.5 
-0.1 
-1.5 


-0.5 
-1.0 
-1.5 


+0.5  +0.5 

±0.2  +1.0 

-0.5  +0.5 

10  65 

10  65 


0.5 

±0.2 

-0.5 

10 

10 


+  1.5 
+  1.0 
+0.5 
45 
45 


GAIN  CONTROL  INTERFACE 
Gain  Scaling  Factor 
Common-Mode  Range 
Input  Bias  Current 
Input  Offset  Current 
Differential  Input  Resistance 
Response  Rate 


3  dB  to  37  dB  (AD600);  -7  dB  to  27  dB  (AD602) 


Pins  1  to  16;  Pins  8  to  9 
Full  40  dB  Gain  Change 

ON  to  OFF,  OFF  to  ON 
Pins  4  to  3;  Pins  5  to  6 


31.7 

-0.75 


32 

0.35 

10 

15 








32.3 

2.5 

1 

50 



0.8 


30.5      32  33.5 

-0.75  2.5 

0.35  1 

10  50 
15 




0.8 


SIGNAL  GATING  INTERFACE 
Logic  Input  "LO"  (Output  ON) 
Logic  Input  "HI"  (Output  OFF) 
Response  Time 
Input  Resistance 
Output  Gated  OFF 
Output  Offset  Voltage 
Output  Noise  Spectral  Density 
Signal  Feedthrough  @  1  MHz 
AD600 
AD602 


il,  H  ' 
2.4 


0.3 
30 


2.4 


±10 
65 

-80 
-70 


±100 


0.3 
30 

±10  ±400 

65 

-80 

-70 


POWER  SUPPLY 
Specified  Operating  Range 

Quiescent  Current  


±4.75 


11 


±5.25 
12.5 


±4.75 


11 


±5.25 
14 


i  gain  and  input  is  short-circuited.  This  figure  includes  the  effects  of  both 


NOTES 

'Typical  open  or  short-circuited  input;  noise  is  lower  when  system  is  set  to  nu 
voltage  and  current  noise  sources. 
2Using  resistive  loads  of  500  fl  or  greater,  or  with  the  addition  of  a  1  kft  pull-down  resistor  when  driving  lower  loads. 

The  dc  gain  of  the  main  amplifier  in  the  AD600  is  XI 13;  thus  an  input  offset  of  only  100  u.V  becomes  an  11.3  mV  output  offset.  In  the  AD602,  the  amplifier's 
gain  is  X35.7;  thus,  an  input  offset  of  100  jW  becomes  a  3.57  mV  output  offset. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units, 
bject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS1 

Supply  Voltage  ±VS  +7.5V 

Input  Voltages 

Pins  1,  8,  9,  16  ±VS 

Pins  2,  3,  6,  7  ±2  V  Continuous 

 ±VS  for  10  ms 

Pins  4,  5  ±VS 

Internal  Power  Dissipation2    600  mW 

Operating  Temperature  Range  Q)   0°C  to  +70°C 

Operating  Temperature  Range  (A)  -40°C  to  +85°C 

Operating  Temperature  Range  (S)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  + 150°C 

Lead  Temperature,  Soldering  60  sec   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  lo  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  al  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  c 
reliability. 

!Thermal  Characteristics:  16-Pin  Plastic  Package;  9JA  =  85°C/Watt 
16-Pin  SOIC  Package;  8JA  =  100°C/Watt 
16-Pin  Cerdip  Package;  6JA  =  120°C/Watt 

CAUTION   i  


ORDERING  GUIDE 




I  

Temperature 

Package 

Model 

Gain  Range 

Range 

Option1 

AD600AQ 

0  dB  to  +40  dB 

-40°C  to  +  85°C 

Q-16 

AD600AR 

0  dB  to  +40  dB 

-40°C  to  +85°C 

R-16 

AD602AQ 

-10  dB  to  +30  dB 

-40°C  to  +85°C 

Q-16 

AD602AR 

-lOdB  to  +30  dB 

-40°C  to  +85°C 

R-16 

AD600JN 

0  dB  to  +40  dB 

0°C  to  +70°C 

N-16 

AD600JR 

0  dB  to  +40  dB 

0°C  to  +70X 

R-16 

AD602JN 

-10  dB  to  +30  dB 

0°C  to  +70°C 

N-16 

AD602JR 

-lOdB  to  +30  dB 

0°C  to  +70°C 

R-16 

AD600SQ/883B2 

0  dB  to  +40  dB 

-55X  to  +  150°C 

Q-16 
Q-16 

-lOdBto  +30  dB 
I  

-55°Cto+150°C 

NOTES 

!N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC).  For  outline  infor- 
mation see  Package  Information  section. 

2Refer  to  AD6O0/AD602  Military  data  sheet.  Also  available  as  5962-9457201MPA. 
'Refer  to  AD600/AD602  Military  data  sheet.  Also  available  as  5962-9457202MPA. 


ESD  (electrostatic  discharge)  sensitive  device.  Permanent  damage  may  occur  on  unconnected 
devices  subject  to  high  energy  electrostatic  fields.  Unused  devices  must  be  stored  in  conductive 
foam  or  shunts.  The  protective  foam  should  be  discharged  to  the  destinatio 
are  removed. 


WARNING! 


ESD  SENSITIVE  DEVICE 


PIN  DESCRIPTIONS 


Pin       Function  Description 


Pin  1  C1LO 

Pin  2  A1HI 

Pin  3  A1LO 

Pin  4  GAT1 

Pin  5  GAT2 

Pin  6  A2LO 

Pin  7  A2HI 

Pin  8  C2LO 

Pin  9  C2HI 

Pin  10  A2CM 

Pin  11  A20P 
Pin  12  VNEG 
Pin  13  VPOS 
Pin  14  AlOP 
Pin  15  A1CM 

Pin  16  C1HI 


CHI  Gain-Control  Input  "LO"  (Positive 

Voltage  Reduces  CHI  Gain). 

CHI  Signal  Input  "HI"  (Positive  Voltage 

Increases  CHI  Output). 

CHI  Signal  Input  "LO"  (Usually  Taken  to 

CHI  Input  Ground). 

CHI  Gating  Input  (A  Logic  "HI"  Shuts  Off 
CHI  Signal  Path). 

CH2  Gating  Input  (A  Logic  "HI"  Shuts  Off 
CH2  Signal  Path). 

CH2  Signal  Input  "LO"  (Usually  Taken  to 
CH2  Input  Ground). 
CH2  Signal  Input  "HI"  (Positive  Voltage 
Increases  CH2  Output). 
CH2  Gain-Control  Input  "LO"  (Positive 
Voltage  Reduces  CH2  Gain). 
CH2  Gain-Control  Input  "HI"  (Positive 
Voltage  Increases  CH2  Gain). 
CH2  Common  (Usually  Taken  to  CH2 
Output  Ground). 
CH2  Output. 

Negative  Supply  for  Both  Amplifiers. 
Positive  Supply  for  Both  Amplifiers. 
CHI  Output. 

CHI  Common  (Usually  Taken  to  CHI 
Output  Ground). 

CHI  Gain-Control  Input  "HI"  (Positive 
Voltage  Increases  CHI  Gain). 


CONNECTION  DIAGRAM 

16-Pin  Plastic  DIP  (N)  Package 
16-Pin  Plastic  SOIC  (R)  Package 
16-Pin  Cerdip  (Q)  Package 
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independent  control  interfaces,  each  having  a  scaling  factor  of 
32  dB  per  volt.  The  gain  of  each  amplifier  in  the  AD600  is  laser 
trimmed  to  41.07  dB  (XI 13),  thus  providing  a  control  range  of 
-1.07  dB  to  41.07  dB  (0  dB  to  40  dB  with  overlap),  while  the 
AD602  amplifiers  have  a  gain  of  31.07  dB  (X35.8)  and  provide 
an  overall  gain  of  -11.07  dB  to  31.07  dB  (-10  dB  to  30  dB 
with  overlap). 

The  advantage  of  this  topology  is  that  the  amplifier  can  use  neg- 
ative feedback  to  increase  the  accuracy  of  its  gain;  also,  since  the 
amplifier  never  has  to  handle  large  signals  at  its  input,  the  dis- 
tortion can  be  very  low.  A  further  feature  of  this  approach  is 
that  the  small-signal  gain  and  phase  response,  and  thus  the  pulse 
response,  are  essentially  independent  of  gain. 

The  following  discussion  describes  the  AD600.  Figure  1  is  a 
simplified  schematic  of  one  channel.  The  input  attenuator  is  a 
seven-section  R-2R  ladder  network,  using  untrimmed  resistors 
of  nominally  R  =  62.5  fi,  which  results  in  a  characteristic  resis- 
tance of  125  fl  ±20%.  A  shunt  resistor  is  included  at  the  input 
and  laser  trimmed  to  establish  a  more  exact  input  resistance  of 
100  fl  ±2%,  which  ensures  accurate  operation  (gain  and  HP 
corner  frequency)  when  used  in  conjunction  with  external  resis- 
acitc 


C1HI 
CILO 


GAIN  CONTROL 
INTERFACE 


PRECISION  PASSIVE 
INPUT  ATTENUATOR 


-30.1DB  -SS.IZdB  -«2.14dB 


1  ?h>;i  ' 

-  2f>  LADDER  NETWORK 


=s= — 

GATING 
|  INTERFACE  | 

Sir 


FIXED  GAIN 


Figure  1.  Simplified  Block  Diagram  of  Single  Channel 
of  the  AD600  and  AD602 

The  nominal  maximum  signal  at  input  A 1  HI  is  1  V  rms 
(±1.4  V  peak)  when  using  the  recommended  ±5  V  supplies, 
although  operation  to  ±2  V  peak  is  permissible  with  some 
increase  in  HF  distortion  and  feedthrough.  Each  attenuator  is 
provided  with  a  separate  signal  "LO"  connection,  for  use  in 
rejecting  common-mode,  the  voltage  between  input  and  output 
grounds.  Circuitry  is  included  to  provide  rejection  of  up  to 
±  100  mV. 

The  signal  applied  at  the  input  of  the  ladder  network  is  attenu- 
ated by  6.02  dB  by  each  section;  thus,  the  attenuation  to  each  of 
the  taps  is  progressively  0, 6.02,  12.04,  18.06,  24.08,  30.1,  36.12 
and  42.14  dB.  A  unique  circuit  technique  is  employed  to  inter- 
polate between  these  tap  points,  indicated  by  the  "slider"  in 
Figure  1,  providing  continuous  attenuation  from  0  dB  to  42. 14  dB. 


determined,  and  a  linear  decibel  relationship  is  automatically 
guaranteed  between  the  gain  and  the  control  parameter  which 
determines  the  position  of  the  slider.  In  practice,  the  gain  devi- 
ates from  the  ideal  law,  by  about  ±0.2  dB  peak  (see,  for  exam- 
ple, Figure  6). 

Note  that  the  signal  inputs  are  not  fully  differential:  A1LO  and 
A1CM  (for  CHI)  and  A2LO  and  A2CM  (for  CH2)  provide  sepa- 
rate access  to  the  input  and  output  grounds.  This  recognizes  the 
practical  fact  that  even  when  using  a  ground  plane,  small  differ- 
ences will  arise  in  the  voltages  at  these  nodes.  It  is  important 
that  A1LO  and  A2LO  be  connected  directly  to  the  input 
ground(s);  significant  impedance  in  these  connections  will 
reduce  the  gain  accuracy.  A1CM  and  A2CM  should  be  con- 
nected to  the  load  ground(s). 

Noise  Performance 

An  important  reason  for  using  this  approach  is  the  superior 
noise  performance  that  can  be  achieved.  The  nominal  resistance 
seen  at  the  inner  tap  points  of  the  attenuator  is  41.7  fi  (one 
third  of  125  fl),  which  exhibits  a  Johnson  noise  spectral  density 
(NSD)  of  0.84  nV/VHz  (that  is,  V4kTR)  at  27°C,  which  is  a 
large  fraction  of  the  total  input  noise.  The  first  stage  of  the 
amplifier  contributes  a  further  1.12  nV7\/Hz,  for  a  total  input 
noise  of  1.4  nV/\/Hz. 

The  noise  at  the  0  dB  tap  depends  on  whether  the  input  is 
short-circuited  or  open-circuited:  when  shorted,  the  minimum 
NSD  of  1.12  nV/VHz  is  achieved;  when  open,  the  resistance  of 
100  fl  at  the  first  tap  generates  1.29  nV/VHz,  so  the  noise  in- 
creases to  a  total  of  1.71  nV/\/Hz.  (This  last  calculation  would 
be  important  if  the  AD600  were  preceded,  for  example,  by  a 
900  ft  resistor  to  allow  operation  from  inputs  up  to  ±10  V  rms. 
However,  in  most  cases  the  low  impedance  of  the  source  will 
limit  the  maximum  noise  resistance.) 

It  will  be  apparent  from  the  foregoing  that  it  is  essential  to  use  a 
low  resistance  in  the  design  of  the  ladder  network  to  achieve  low 
noise.  In  some  applications  this  may  be  inconvenient,  requiring 
the  use  of  an  external  buffer  or  preamplifier.  However,  very  few 
amplifiers  combine  the  needed  low  noise  with  low  distortion  at 
maximum  input  levels,  and  the  power  consumption  needed  to 
achieve  this  performance  is  fundamentally  required  to  be  quite 
high  (due  to  the  need  to  maintain  very  low  resistance  values 
while  also  coping  with  large  inputs).  On  the  other  hand,  there  is 
little  value  in  providing  a  buffer  with  high  input  impedance, 
since  the  usual  reason  for  this— the  minimization  of  loading  of  a 
high  resistance  source— is  not  compatible  with  low  noise. 

Apart  from  the  small  variations  just  discussed,  the  signal-to- 
noise  (S/N)  ratio  at  the  output  is  essentially  independent  of  the 
attenuator  setting,  since  the  maximum  undistorted  output  is  1  V 
rms  and  the  NSD_at  the  output  ofjhe  AD600  is  fixed  at  113 
times  1.4  nVVHz,  or  158  nV/VHz.  Thus,  in  a  1  MHz  band- 
width, the  output  S/N  ratio  would  be  76  dB.  The  input  NSD  of 
the  AD600  and  AD602  are  the  same,  but  because  of  the  10  dB 
lower  gain  in  the  AD602's  fixed  amplifier,  its  output  S/N  ratio 
is  10  dB  better,  or  86  dB  in  a  1  MHz  bandwidth. 
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The  Gain-Control  Interface 

The  attenuation  is  controlled  through  a  differential,  high  imped- 
ance (15  Mfl)  input,  with  a  scaling  factor  which  is  laser 
trimmed  to  32  dB  per  volt,  that  is,  31.25  mV/dB.  Each  of  the 
two  amplifiers  has  its  own  control  interface.  An  internal  band- 
gap  reference  ensures  stability  of  the  scaling  with  respect  to 
supply  arid  temperature  variations,  and  is  the  only  circuitry 
common  to  both  channels. 

When  the  differential  input  voltage  VG  =  0  V,  the  attenuator 
"slider"  is  centered,  providing  an  attenuation  of  21.07  dB,  thus 
resulting  in  an  overall  gain  of  20  dB(=  -21.07  dB  +  41.07  dB). 
When  the  control  input  is  -625  mV,  the  gain  is  lowered  by 
20  dB  (=  0.625  x  32),  to  0  dB;  when  set  to  +625  mV,  the  gain 
is  increased  by  20  dB,  to  40  dB.  When  this  interface  is  over- 
driven in  either  direction,  the  gain  approaches  either  -1.07  dB 
(=  -42.14  dB  +  41.07  dB)  or  41.07  dB  (  =  0  +  41.07  dB), 
respectively. 

The  gain  of  the  AD600  can  thus  be  calculated  using  the  follow- 
ing simple  expression: 

Gain  (dB)  =  32  Va  +  20  (1) 

where  VG  is  in  volts.  For  the  AD602,  the  expression  is: 

Gain  (dB)  =  32  Va  +  10  (2) 

Operation  is  specified  for  VG  in  the  range  from  -625  mV  dc  to 
+625  mV  dc.  The  high  impedance  gain-control  input  ensures 
minimal  loading  when  driving  many  amplifiers  in  multiple- 
channel  applications.  The  differential  input  configuration  pro- 
vides flexibility  in  choosing  the  appropriate  signal  levels  and 
polarities  for  various  control  schemes. 

For  example,  the  gain-control  input  can  be  fed  differentially  to 
the  inputs,  or  single-ended  by  simply  grounding  the  unused 
input.  In  another  example,  if  the  gain  is  to  be  controlled  by  a 
DAC  providing  a  positive  only  ground  referenced  output,  the 
"Gain  Control  LO"  pin  (either  C1LO  or  C2LO)  should  be 
biased  to  a  fixed  offset  of  +625  mV,  to  set  the  gain  to  0  dB 
when  "Gain  Control  HI"  (C1HI  or  C2HI)  is  at  zero,  and  to 
40  dB  when  at  +1.25  V. 

It  is  a  simple  matter  to  include  a  voltage  divider  to  achieve  other 
scaling  factors.  When  using  an  8-bit  DAC  having  a  FS  output 
of  +2.55  V  (10  mV/bit)  a  divider  ratio  of  1.6  (generating 
6.25  mV/bit)  would  result  in  a  gain  setting  resolution  of  0.2  dB/ 
bit.  Later,  we  will  discuss  how  the  two  sections  of  an  AD600  or 
AD602  may  be  cascaded,  when  various  options  exist  for  gain 
control. 

Signal-Gating  Inputs 

Each  amplifier  section  of  the  AD600  and  AD602  is  equipped 
with  a  signal  gating  function,  controlled  by  a  TTL  or  CMOS 
logic  input  (GAT1  or  GAT2).  The  ground  references  for  these 
inputs  are  the  signal  input  grounds  A1LO  and  A2LO,  respec- 
tively. Operation  of  the  channel  is  unaffected  when  this  input  is 
LO  or  left  open-circuited.  Signal  transmission  is  blocked  when 
this  input  is  HI.  The  dc  output  level  of  the  channel  is  set  to 
within  a  few  millivolts  of  the  output  ground  (A1CM  or  A2CM), 
and  simultaneously  the  noise  level  drops  significantly.  The 
reduction  in  noise  and  spurious  signal  feedthrough  is  useful  in 
ultrasound  beam-forming  applications,  where  many  amplifier 
outputs  are  summed. 


Common-Mode  Rejection 

A  special  circuit  technique  is  used  to  provide  rejection  of  volt- 
ages appearing  between  input  grounds  (A1LO  and  A2LO)  and 
output  grounds  (A1CM  and  A2CM).  This  is  necessary  because 
of  the  "op  amp"  form  of  the  amplifier,  as  shown  in  Figure  1. 
The  feedback  voltage  is  developed  across  the  resistor  RF1 
(which,  to  achieve  low  noise,  has  a  value  of  only  20  fi).  The 
voltage  developed  across  this  resistor  is  referenced  to  the  input 
common,  so  the  output  voltage  is  also  referred  to  that  node. 

To  provide  rejection  of  this  common  voltage,  an  auxiliary  ampli- 
fier (not  shown)  is  included,  which  senses  the  voltage  difference 
between  input  and  output  commons  and  cancels  this  error  com- 
ponent. Thus,  for  zero  differential  signal  input  between  A1HI 
and  A1LO,  the  output  AlOP  simply  follows  the  voltage  at 
A1CM.  Note  that  the  range  of  voltage  differences  which  can 
exist  between  A1LO  and  A1CM  (or  A2LO  and  A2CM)  is  lim- 
ited to  about  ±  100  mV.  Figure  50  (one  of  the  typical  perfor- 
mance curves  at  the  end  of  this  data  sheet)  shows  typical 
common-mode  rejection  ratio  versus  frequency. 

ACHIEVING  80  dB  GAIN  RANGE 

The  two  amplifier  sections  of  the  X-AMP  can  be  connected  in 
series  to  achieve  higher  gain.  In  this  mode,  the  output  of  Al 
(AlOP  and  A1CM)  drives  the  input  of  A2  via  a  high-pass  net- 
work (usually  just  a  capacitor)  that  rejects  the  dc  offset.  The 
nominal  gain  range  is  now  -2  dB  to  +82  dB  for  the  AD600  or 
-22  dB  to  +62  dB  for  the  AD602. 

There  are  several  options  in  connecting  the  gain-control  inputs. 
The  choice  depends  on  the  desired  signal-to-noise  ratio  (SNR) 
and  gain  error  (output  ripple).  The  following  examples  feature 
the  AD600;  the  arguments  generally  apply  to  the  AD602,  with 
appropriate  changes  to  the  gain  values. 

Sequential  Mode  (Maximum  S/N  Ratio) 

In  the  sequential  mode  of  operation,  the  SNR  is  maintained  at 
its  highest  level  for  as  much  of  the  gain  control  range  possible, 
as  shown  in  Figure  2.  Note  here  that  the  gain  range  is  0  dB  to 
80  dB.  Figure  3  shows  the  general  connections  to  accomplish 
this.  Both  gain-control  inputs,  C1HI  and  C2HI,  are  driven  in 
parallel  by  a  positive  only,  ground  referenced  source  with  a 
range  of  0  V  to  +2.5  V. 
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Figure  2.  S/N  Ratio  vs.  Control  Voltage  Sequential 
Control    (1  MHz  Bandwidth) 
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Figure  3.  AD600  Gain  Control  Input  Calculations  for  Sequential  Control  Operation 
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The  gains  are  offset  (Figure  4)  such  that  A2's  gain  is  increased 
only  after  Al's  gain  has  reached  its  maximum  value.  Note  that 
for  a  differential  input  of  -700  mV  or  less,  the  gain  of  a  single 
amplifier  (Al  or  A2)  will  be  at  its  minimum  value  of  -1.07  dB; 
for  a  differential  input  of  +700  mV  or  more,  the  gain  will  be  at 
its  maximum  value  of  41.07  dB.  Control  inputs  beyond  these 
limits  will  not  affect  the  gain  and  can  be  tolerated  without  dam- 
age or  foldover  in  the  response.  See  the  Specifications  Section  of 
this  data  sheet  for  more  details  on  the  allowable  voltage  range. 
The  gain  is  now 

Gain  (dB)  =  32  Vc 

where  Vc  is  the  applied  control  voltage 


(3) 


•GAIN  OFFSET  OF  1.07dB,  OR  33.44mV 


Figure  4.  Explanation  of  Offset  Calibration  for  Sequential 
Control 


When  Vc  is  set  to  zero,  VG1  =  -0.592  V  and  the  gain  of  Al  is 
+ 1.07  dB  (recall  that  the  gain  of  each  amplifier  section  is  0  dB 
for  VG  =  -625  mV);  meanwhile,  VG2  =  -1.908  V  so  the  gain 
of  A2  is  —1.07  dB.  The  overall  gain  is  thus  0  dB  (see  Figure 
3a).  When  Vc  =  +1.25  V,  VG1  =  1.25  V  -  0.592  V  = 
+0.658  V,  which  sets  the  gain  of  Al  to  40.56  dB,  while 
VG2  =   1.25  V  -  1.908  V  =  -0.658  V,  which  sets  A2's  gain  at 
—0.56  dB.  The  overall  gain  is  now  40  dB  (see  Figure  3b).  When 
Vc  =  +2.5  V,  the  gain  of  Al  is  41.07  dB  and  that  of  A2  is 
38.93  dB,  resulting  in  an  overall  gain  of  80  dB  (see  Figure  3c). 
This  mode  of  operation  is  further  clarified  by  Figure  5,  which  is 
a  plot  of  the  separate  gains  of  Al  and  A2  and  the  overall  gain 
versus  the  control  voltage.  Figure  6  is  a  plot  of  the  gain  error  of 
the  cascaded  amplifiers  versus  the  control  voltage. 

Parallel  Mode  (Simplest  Gain-Control  Interface) 

In  this  mode,  the  gain-control  voltage  is  applied  to  both  inputs 
in  parallel  —  C1HI  and  C2HI  are  connected  to  the  control  volt- 
age, and  C1LO  and  C2LO  are  optionally  connected  to  an  offset 
voltage  of  +0.625  V.  The  gain  scaling  is  then  doubled  to  64  dB/ 
V,  requiring  only  1.25  V  for  an  80  dB  change  of  gain.  The 
amplitude  of  the  gain  ripple  in  this  case  is  also  doubled,  as 
shown  in  Figure  7,  and  the  instantaneous  signal-to-noise  ratio 
at  the  output  of  A2  decreases  linearly  as  the  gain  is  increased 
(Figure  8). 

Low  Ripple  Mode  (Minimum  Gain  Error) 

As  can  be  seen  in  Figures  6  and  7,  the  output  ripple  is  periodic. 
By  offsetting  the  gains  of  Al  and  A2  by  half  the  period  of  the 
ripple,  or  3  dB,  the  residual  gain  errors  of  the  two  amplifiers 
can  be  made  to  cancel.  Figure  9  shows  the  much  lower  gain  rip- 
ple when  configured  in  this  manner.  Figure  10  plots  the  S/N 
ratio  as  a  function  of  gain;  it  is  very  similar  to  that  in  the  "Par- 
allel Mode." 
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Figure  5.  Plot  of  Separax 
Control 


rail  Gains  in  Sequential  Figure  8.  SNR  for  Cascaded  Stages -Parallel  Control 
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Figure  6.  Gain  Error  for  Cascaded  Stages- Sequential 
Control 
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Figure  7.  Gain  Error  for  Cascaded  Stages -Parallel 
Control  ' 


Figure  10.  ISNR  vs.  Control  Voltage -Low  Ripple  Mode 
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APPLICATIONS 

The  full  potential  of  any  high  performance  amplifier  can  only  be 
realized  by  careful  attention  to  details  in  its  applications.  The 
following  pages  describe  fully  tested  circuits  in  which  many  such 
details  have  already  been  considered.  However,  as  is  always  true 
of  high  accuracy,  high  speed  analog  circuits,  the  schematic  is 
only  part  of  the  story;  this  is  no  less  true  for  the  AD600  and 
AD602.  Appropriate  choices  in  the  overall  board  layout  and 
the  type  and  placement  of  power  supply  decoupling  components 
are  very  important.  As  explained  previously,  the  input  grounds 
A1LO  and  A2LO  must  use  the  shortest  possible  connections. 

The  following  circuits  show  examples  of  time-gain  control  for 
ultrasound  and  for  sonar,  methods  for  increasing  the  output 
drive,  and  AGC  amplifiers  for  audio  and  RF/IF  signal  process- 
ing using  both  peak  and  rms  detectors.  These  circuits  also  illus- 
trate methods  of  cascading  X-AMPs  for  either  maintaining  the 
optimal  S/N  ratio  or  maximizing  the  accuracy  of  the  gain-control 
voltage  for  use  in  signal  measurement.  These  AGC  circuits  may 
be  modified  for  use  as  voltage-controlled  amplifiers  for  use  in 
sonar  and  ultrasound  applications  by  removing  the  detector  and 
substituting  a  DAC  or  other  voltage  source  for  supplying  the 
control  voltage. 

Time-Gain  Control  (TGC)  and  Time-Variable  Gain  (TVG) 
Ultrasound  and  sonar  systems  share  a  similar  requirement:  both 
need  to  provide  an  exponential  increase  in  gain  in  response  to  a 
linear  control  voltage,  that  is,  a  gain  control  that  is  "linear  in 
dB."  Figure  1 1  shows  the  AD600/AD602  configured  for  a  con- 
trol voltage  ramp  starting  at  -625  mV  and  ending  at  +625  mV 
for  a  gain-control  range  of  40  dB.  For  simplicity,  only  the  Al 
connections  are  shown.  The  polarity  of  the  gain-control  voltage 
may  be  reversed  and  the  control  voltage  inputs  CI  HI  and  C1LO 
reversed  to  achieve  the  same  effect.  The  gain-control  voltage  can 
be  supplied  by  a  voltage-output  DAC  such  as  the  AD7242, 
which  contains  two  complete  DACs,  operates  from  ±  5  V  sup- 
plies, has  an  internal  reference  of  3  V,  and  provides  ±  3  V  of 
output  swing.  As  such  it  is  well-suited  for  use  with  the  AD600V 
AD602,  needing  only  a  few  resistors  to  scale  the  output  voltage 
of  the  DACs  to  the  levels  needed  by  the  AD600/AD602. 


CONTROL  VOLTAGE 

V, 


Increasing  Output  Drive 

The  AD600/AD602's  output  stage  has  limited  capability  for 
negative-load  driving  capability.  For  driving  loads  less  than 
500  fl,  the  load  drive  may  be  increased  by  about  5  mA  by  con- 
necting a  1  kfl  pull-down  resistor  from  the  output  to  the  nega- 
tive supply  (Figure  12). 

Driving  Capacitive  Loads 

For  driving  capacitive  loads  of  greater  than  5  pF,  insert  a  10  fi 
resistor  between  the  output  and  the  load.  This  lowers  the  possi- 
bility of  oscillation. 


GAIN-CONTROL 
VOLTAGE 

-5V 

ADDED 
PULL-DOWN 
RESISTOR 


Figure  7  1.  The  Simplest  Application  of  the  X-AMP  is  as  a 
TGC  or  TVG  Amplifier  in  Ultrasound  or  Sonar.  Only  the 
A 1  Connections  Are  Shown  for  Simplicity. 


Figure  12.  Adding  a  1  kO  Pull-Down  Resistor  Increases 
the  X-AMP's  Output  Drive  by  About  5  mA.  Only  the  Al 
Connections  Are  Shown  for  Simplicity. 

Realizing  Other  Gain  Ranges 

Larger  gain  ranges  can  be  accommodated  by  cascading  amplifi- 
ers. Combinations  built  by  cascading  two  amplifiers  include 
-20  dB  to  +60  dB  (using  one  AD602),  - 10  dB  to  +70  dB  (1/2 
of  an  AD602  followed  by  1/2  of  an  AD600),  and  0  dB  to  80  dB 
(one  AD600).  In  multiple-channel  applications,  extra  protection 
against  oscillations  can  be  provided  by  using  amplifier  sections 
from  different  packages. 

An  Ultralow  Noise  VCA 

The  two  channels  of  the  AD600  or  AD602  may  be  operated  in 
parallel  to  achieve  a  3  dB  improvement  in  noise  level,  providing 
1  nV/VHz  without  any  loss  of  gain  accuracy  or  bandwidth. 

In  the  simplest  case,  as  shown  in  Figure  13,  the  signal  inputs 
A1HI  and  A2HI  are  tied  directly  together,  the  outputs  AlOP 
and  A20P  are  summed  via  Rl  and  R2  (100  fl  each),  and  the 
control  inputs  C1HI/C2HI  and  C1LO/C2LO  operate  in  parallel. 
Using  these  connections,  both  the  input  and  output  resistances 
are  50  fl.  Thus,  when  driven  from  a  50  fl  source  and  termi- 
nated in  a  50  fl  load,  the  gain  is  reduced  by  12  dB,  so  the  gain 
range  becomes  -12  dB  to  +28  dB  for  the  AD600  and  -22  dB 
to  + 18  dB  for  the  AD602.  The  peak  input  capability  remains 
unaffected  (1  V  rms  at  the  IC  pins,  or  2  V  rms  from  an 
unloaded  50  ft  source).  The  loading  on  each  output,  with  a 
50  fl  load,  is  effectively  200  fl,  because  the  load  current  is 
shared  between  the  two  channels,  so  the  overall  amplifier  still 
meets  its  specified  maximum  output  and  distortion  levels  for  a 
200  fl  load.  This  amplifier  can  deliver  a  maximum  sine  wave 
power  of  + 10  dBm  to  the  load. 
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Figure  13.  An  Ultralow  Noise  VCA  Using  the  AD600 
orAD602 

A  Low  Noise,  6  dB  Preamplifier 

In  some  ultrasound  applications,  the  user  may  wish  to  use  a 
high  input  impedance  preamplifier  to  avoid  the  signal  attenua- 
tion that  would  result  from  loading  the  transducer  by  the  100  O 
input  resistance  of  the  X-AMP.  High  gain  cannot  be  tolerated, 
because  the  peak  transducer  signal  is  typically  ±0.5  V,  while  the 
peak  input  capability  of  the  AD600  or  AD602  is  only  slightly 
more  than  ±  1  V.  A  gain  of  two  is  a  suitable  choice.  It  can  be 
shown  that  if  the  preamplifier's  overall  referred-to-input  (RTI) 
noise  is  to  be  the  same  as  that  due  to  the  X-AMP  alone  (1.4  nV/ 
VHz),  then  the  input  noise  of  a  X2  preamplifier  must  be  v 
4)  times  as  large,  that  is,  1.2  nV/\/Hz. 
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Figure  14.  A  Low  Noise  Preamplifier  for  the  AD600 
and  AD602 


An  inexpensive  circuit,  using  complementary  transistor  types 
chosen  for  their  low  rbb.,  is  shown  in  Figure  14.  The  gain  is 
determined  by  the  ratio  of  the  net  collector  load  resistance  to  the 
net  emitter  resistance,  that  is,  it  is  an  open-loop  amplifier.  The 
gain  will  be  X2  (6  dB)  only  into  a  100  ft  load,  assumed  to  be 
provided  by  the  input  resistance  of  the  X-AMP;  R2  and  R7  are 
in  shunt  with  this  load,  and  their  value  is  important  in  defining 
the  gain.  For  small-signal  inputs,  both  transistors  contribute  an 
equal  transconductance,  which  is  rendered  less  sensitive  to  sig- 
nal level  by  the  emitter  resistors  R4  and  R5,  which  also  play  a 
dominant  role  in  setting  the  gain. 

This  is  a  Class  AB  amplifier.  As  VIN  increases  in  a  positive 
direction,  Ql  conducts  more  heavily  and  its  re  becomes  lower 
while  that  of  Q2  increases.  Conversely,  more  negative  values  of 
VIN  result  in  the  rc  of  Q2  decreasing,  while  that  of  Ql  increases. 
The  design  is  chosen  such  that  the  net  emitter  resistance  is 
essentially  independent  of  the  instantaneous  value  of  VIN,  result- 
ing in  moderately  low  distortion.  Low  values  of  resistance  and 
moderately  high  bias  currents  are  important  in  achieving  the  low 
noise,  wide  bandwidth,  and  low  distortion  of  this  preamplifier. 
Heavy  decoupling  prevents  noise  on  the  power  supply  lines  from 
being  conveyed  to  the  input  of  the  X-AMP. 
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Table  I.  Measured  Preamplifier  Performance 
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VIN  =  500  mV  p-p 
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(Preamp  plus  X-AMP) 
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A  Low  Noise  AGC  Amplifier  with  80  dB  Gain  Range 

Figure  15  provides  an  example  of  the  ease  with  which  the 
AD600  can  be  connected  as  an  AGC  amplifier.  Al  and  A2  are 
cascaded,  with  6  dB  of  attenuation  introduced  by  the  100  ft 
resistor  Rl,  while  a  time  constant  of  5  ns  is  formed  by  CI  and 
the  50  ft  of  net  resistance  at  the  input  of  A2.  This  has  the  dual 
effect  of  (a)  lowering  the  overall  gain  range  from  {0  dB  to 
80  dB}  to  {6  dB  to  74  dB}  and  (b)  introducing  a  single-pole  low- 
pass  filter  with  a  -3  dB  frequency  of  about  32  MHz.  This 
ensures  stability  at  the  maximum  gain  for  a  slight  reduction  in 
the  overall  bandwidth.  The  capacitor  C4  blocks  the  small  dc 
offset  voltage  at  the  output  of  Al  (which  might  otherwise  satu- 
rate A2  at  its  maximum  gain)  and  introduces  a  high  pass  corner 
at  about  8  kHz,  useful  in  eliminating  low  frequency  noise  and 
spurious  signals  which  may  be  present  at  the  input. 
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Figure  15.  This  Accurate  HF  AGC  Amplifier  Uses  Just  Three  Active  Components. 


A  simple  half- wave  detector  is  used,  based  on  Ql  and  R2.  The 
average  current  into  capacitor  C2  is  just  the  difference  between 
the  current  provided  by  the  AD590  (300  uA  at  300  K,  27°C) 
and  the  collector  current  of  Ql.  In  turn,  the  control  voltage  VG 
is  the  time  integral  of  this  error  current.  When  VG  (and  thus  the 
gain)  is  stable,  the  rectified  current  in  Ql  must,  on  average, 
exactly  balance  the  current  in  the  AD590.  If  the  output  of  A2  is 
too  small  to  do  this,  VG  will  ramp  up,  causing  the  gain  to 
increase,  until  Ql  conducts  sufficiently.  The  operation  of  this 
control  system  will  now  be  described  in  detail. 

First,  consider  the  particular  case  where  R2  is  zero  and  the  out- 
put voltage  VOUT  is  a  square  wave  at,  say,  100  kHz,  that  is, 
well  above  the  corner  frequency  of  the  control  loop.  During  the 
time  VOUT  is  negative,  Ql  conducts;  when  VOUT  is  positive,  it 
is  cut  off.  Since  the  average  collector  current  is  forced  to  be 
300  (jlA,  and  the  square  wave  has  a  50%  duty-cycle,  the  current 
when  conducting  must  be  600  (j.A.  With  R2  omitted,  the  peak 
value  of  VOUT  would  be  just  the  VBE  of  Ql  at  600  u.A  (typically 
about  700  mV)  or  2  VBE  peak-to-peak.  This  voltage,  hence  the 
amplitude  at  which  the  output  stabilizes,  has  a  strong  negative 
temperature  coefficient  (TC),  typically  -1.7  mV/°C.  While  this 
may  not  be  troublesome  in  some  applications,  the  correct  value 
of  R2  will  render  the  output  stable  with  temperature. 

To  understand  this,  first  note  that  the  current  in  the  AD590  is 
closely  proportional  to  absolute  temperature  (PTAT).  (In  fact, 
this  IC  is  intended  for  use  as  a  thermometer.)  For  the  moment, 
continue  to  assume  that  the  signal  is  a  square  wave.  When  Ql  is 
conducting,  Voux  is  the  now  the  sum  of  VBE  and  a  voltage 
which  is  PTAT  and  which  can  be  chosen  to  have  an  equal  but 
opposite  TC  to  that  of  the  base-to-emitter  voltage.  This  is  actu- 
ally nothing  more  than  the  "bandgap  voltage  reference"  princi- 
ple in  thinly  veiled  disguise!  When  we  choose  R2  such  that  the 
sum  of  the  voltage  across  it  and  the  VBE  of  Ql  is  close  to  the 
bandgap  voltage  of  about  1.2  V,  VOUT  will  be  stable  over  a  wide 
range  of  temperatures,  provided,  of  course,  that  Ql  and  the 
AD590  share  the  same  thermal  environment. 


Since  the  average  emitter  current  is  600  u.A  during  each  half- 
cycle  of  the  square  wave,  a  resistor  of  833  fl  would  add  a  PTAT 
voltage  of  500  mV  at  300  K,  increasing  by  1.66  mV/°C.  In  prac- 
tice, the  optimum  value  of  R2  will  depend  on  the  transistor 
used,  and,  to  a  lesser  extent,  on  the  waveform  for  which  the 
temperature  stability  is  to  be  optimized;  for  the  devices  shown 
and  sine  wave  signals,  the  recommended  value  is  806  Q.  This 
resistor  also  serves  to  lower  the  peak  current  in  Ql  and  the 
200  Hz  LP  filter  it  forms  with  C2  helps  to  minimize  distortion 
due  to  ripple  in  VG.  Note  that  the  output  amplitude  under  sine 
wave  conditions  will  be  higher  than  for  a  square  wave,  since  the 
average  value  of  the  current  for  an  ideal  rectifier  would  be  0.637 
times  as  large,  causing  the  output  amplitude  to  be  1.88 
(=1.2/0.637)  V,  or  1.33  V  rms.  In  practice,  the  somewhat  non- 
ideal  rectifier  results  in  the  sine  wave  output  being  regulated  to 
about  1.275  V  rms. 

An  offset  of  +  375  mV  is  applied  to  the  inverting  gain-control 
inputs  C1LO  and  C2LO.  Thus  the  nominal  -625  mV  to 
+625  mV  range  for  VG  is  translated  upwards  (at  VG')  to 
-0.25  V  for  minimum  gain  to  +1  V  for  maximum  gain.  This 
prevents  Ql  from  going  into  heavy  saturation  at  low  gains  and 
leaves  sufficient  "headroom"  of  4  V  for  the  AD590  to  operate 
correctly  at  high  gains  when  using  a  +5  V  supply. 

In  fact, 

gain  of  this  AGC  system  actually  i 
Thus,  an  input  of  2  V  rms  would  be  required  to  produce  a.l  V 
rms  output  at  the  minimum  gain,  which  exceeds  the  1  V  rms 
maximum  input  specification  of  the  AD600.  The  available  gain 
range  is  therefore  0  dB  to  74  dB  (or,  XI  to  X5000).  Since  the 
gain  scaling  is  15.625  mV/dB  (because  of  the  cascaded  stages) 
the  minimum  value  of  VG'  is  actually  increased  by  6  x 


t,  the  6  dB  interstage  attenuator  means  that  the  overall 
if  this  AGC  system  actually  runs  from  -6  dB  to  +74  dB. 


156  mV,  so  the  risk  of  satura- 


15.625  mV,  or  about  94  mV,  to 
tion  in  Ql  is  reduced. 

The  emitter  circuit  of  Ql  is  somewhat  inductive  (due  its  finite  f, 
and  base  resistance).  Consequently,  the  effective  value  of  R2 
increases  with  frequency.  This  would  result  in  an  increase  in  the 
stabilized  output  amplitude  at  high  frequencies,  but  for  the 
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addition  of  C3,  determined  experimentally  to  be  15  pF  for  the 
2N3904  for  maximum  response  flatness.  Alternatively,  a  faster 
transistor  can  be  used  here  to  reduce  HF  peaking.  Figure  16 
shows  the  ac  response  at  the  stabilized  output  level  of  about 
1.3  V  rms.  Figure  17  demonstrates  the  output  stabilization  for 
sine  wave  inputs  of  1  mV  to  1  V  rms  at  frequencies  of  100  kHz, 
1  MHz  and  10  MHz. 
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Figure  16.  AC  Response  at  the  Stabilized  Output  Level 
of  1.3  V  RMS 
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Figure  17.  Output  Stabilization  vs.  RMS  Input  for 
Sine  Wave  Inputs  at  100  kHz,  1  MHz,  and  10  MHz 

While  the  "bandgap"  principle  used  here  sets  the  output  ampli- 
tude to  1.2  V  (for  the  square  wave  case),  the  stabilization  point 
can  be  set  to  any  higher  amplitude,  up  to  the  maximum  output 
of  ±  (Vs  -  2)  V  which  the  AD600  can  support.  It  is  only  nec- 
essary to  split  R2  into  two  components  of  appropriate  ratio 
whose  parallel  sum  remains  close  to  the  zero-TC  value  of  806  ft. 
This  is  illustrated  in  Figure  18,  which  shows  how  the  output 
can  be  raised,  without  altering  the  temperature  stability. 
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Figure  18.  Gain  Error  vs.  Gain 
Control  Voltage 


Figure  19.  AD600  Frequency  and 
Phase  Response  vs.  Gain 


Figure  20.  AD602  Frequency  and 
Phase  Response  vs.  Gain 
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Figure  21.  AD600  and  AD602  Figure  22.  Third  Order  Intermodula- 

Typical  Group  Delay  vs.  Vc  tion  Distortion,  VOUT  =  2  1/  p-p, 

RL  =  500  Si 
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Figure  23.  Typical  Output  Voltage 
vs.  Load  Resistance  (Negative  Out- 
put Swing  Limits  First) 
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Figure  24.  Input  Impedance  vs. 
uency 
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Figure  27.  CMRR  vs.  Frequency 


Figure  25.  Output  Offset  vs.  Gain 
Control  Voltage  (Control  Channel 
Feedthrough) 
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jure  28.  PSRR  vs.  Frequency 


Figure  26.  Gain  Control  Channel 
Response  Time.  Top:  Output  Volt- 
age, 2  V  max;  Bottom:  Gain  Control 
Voltage  Vc  =  ±625  mV 
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Figure  29.  Crosstalk  Between  A 1 
and  A2  vs.  Frequency 
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Variable-Gain  Amplifier 


FEATURES 

"Linear  in  dB"  Gain  Control 

Pin  Programmable  Gain  Ranges 
-11  dB  to  +31  dB  with  90  MHz  Bandwidth 
+9  dB  to  +51  dB  with  9  MHz  Bandwidth 

Any  Intermediate  Range,  e.g.,  -1  dB  to  +41  dB  with 
45  MHz  Bandwidth 

Bandwidth  Independent  of  Variable  Gain 

1.3  nV/Vfiz  Input  Noise  Spectral  Density 

±0.5  dB  Typical  Gain  Accuracy 

MIL-STD-883  Compliant  and  DESC  Versions  Available 

APPUCATIONS 
RF/IF  AGC  Amplifier 
Video  Gain  Control 
A/D  Range  Extension 
Signal  Measurement 

PRODUCT  DESCRIPTION 

The  AD603  is  a  low  noise,  voltage-controlled  amplifier  for  use 
in  RF  and  IF  AGC  systems.  It  provides  accurate,  pin  selectable 
gains  of  -11  dB  to  +31  dB  with  a  bandwidth  of  90  MHz  or  +9 
dB  to  +51  dB  with  a  bandwidth  of  9  MHz.  Any  intermediate 
gain  range  may  be  arranged  using  one  external  resistor.  The 
input  referred  noise  spectral  density  is  only  1.3  nV/VHz  and 
power  consumption  is  125  mW  at  the  recommended  ±5  V 
supplies. 

The  decibel  gain  is  "linear  in  dB,"  accurately  calibrated,  and 
stable  over  temperature  and  supply.  The  gain  is  controlled  at  a 

•Patented. 

X-AMP  is  a  trademark  of  Analog  Devices,  Inc. 


high  impedance  (50  Mfi),  low  bias  (200  nA)  differential  input; 
the  scaling  is  25  mV/dB,  requiring  a  gain-control  voltage  of  only 
1  V  to  span  the  central  40  dB  of  the  gain  range.  An  over-  and 
under-range  of  1  dB  is  provided  whatever  the  selected  range. 
The  gain-control  response  time  is  less  than  1  u.s  for  a  40  dB 
change. 

The  differential  gain-control  interface  allows  the  use  of  either 
differential  or  single-ended  positive  or  negative  control  voltages. 
Several  of  these  amplifiers  may  be  cascaded  and  their  gain- 
control  gains  offset  to  optimize  the  system  S/N  ratio. 

The  AD603  can  drive  a  load  impedance  as  low  as  100  fi  with 
low  distortion.  For  a  500  fi  load  in  shunt  with  5  pF,  the  total 
harmonic  distortion  for  a  5  1  V  sinusoidal  output  at  10  MHz  is 
typically  -60  dBc.  The  peak  specified  output  is  ±2.5  V  mini- 
mum into  a  500  fi  load,  or  ±1  V  into  a  100  fi  load. 

The  AD603  uses  a  proprietary  circuit  topology— the  X-AMP™. 
The  X-AMP  comprises  a  variable  attenuator  of  0  dBto  -42.14dB 
followed  by  a  fixed-gain  amplifier.  Because  of  the  attenuator, 
the  amplifier  never  has  to  cope  with  large  inputs  and  can  use 
negative  feedback  to  define  its  (fixed)  gain  and  dynamic  perfor- 
mance. The  attenuator  has  an  input  resistance  of  100  fi,  laser 
trimmed  to  ±3%,  and  comprises  a  seven-stage  R-2R  ladder 
network,  resulting  in  an  attenuation  between  tap  points  of 
6.021  dB.  A  proprietary  interpolation  technique  provides  a  con- 
tinuous gain-control  function  which  is  linear  in  dB. 

The  AD603A  is  specified  for  operation  from  — 40°C  to  +85°C 
and  is  available  in  both  8-pin  SOIC  (R)  and  8-pin  ceramic  DIP 
(Q).  The  AD603S  is  specified  for  operation  from  -55°C  to 
+  125°C  and  is  available  in  an  8-pin  ceramic  DIP  (Q).  The 
AD603  is  also  available  under  DESC  SMD  5962-94572. 
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anr»no  rnrninni 

Input  Resistance 
Input  Capacitance 
Input  Noise  Spectral  Density1 
Peak  Input  Voltage 


(At  T.  =  +25°C.  V,  =  ±5 

Pins  3  to  4 


Input  Short  Circuited 


V.  -500  mV<V,<  +500  mV.  -10  dB 
97  100  103 

2 

1.3 

±1.4  ±2 


to 


OUTPUT  CHARACTERISTICS 
-3  dB  Bandwidth 
Slew  Rate 
Peak  Output2 
Output  Impedance 
Output  Short-Circuit  Current 
Group  Delay  Change  vs.  Gain 
Group  Delay  Change  vs.  Frequency 
Differential  Gain 
Differential  Phase 
Total  Harmonic  Distortion 


VOUT  =  100  mV  rms 
RL  ==  500  a 
RL  ^  500  a 
f  <  10  MHz 


±2.5 


f  =  3  MHz;  Full  Gain  Range 
VG  =  0  V;  f  =  1  to  10  MHz 

f  =  10  MHz,  VOUT  =  1  V  rms 


90 

275 

±3.0 

2 

50 

±2 

±2 

0.2 

0.2 

-60 


ACCURACY 
Gain  Accuracy 

Thin  to  Twax 
Output  Offset  Voltage3 

Tmin  10  TMAx 
Output  Offset  Variation  vs.  VG 
Twin  to  Tuay 


-500  mV  s  VG  s  +500  mV 
VG  =  0V 

-500  mV  f=  VG  '  +500  mV 


±0.5 


±1 

±1.5 

20 

30 

20 

30 


GAIN  CONTROL  INTERFACE 
Gain  Scaling  Factor 

Twin  to  Twax 
Common-Mode  Range 
Input  Bias  Current 
Input  Offset  Current 
Differential  Input  Resistance 
Response  Rate 


39.4 

38 

-1.2 


Pins  1  to  2 

Full  40  dB  Gain  Change 


40 


200 
10 
50 
40 


40.6 
42 

+2.0 


POWER  SUPPLY 

Specified  Operating  Range 
Quiescent  Current 
1"min  to  TMAX 


±4.75 


12.5 





±5.25 

17 

20 


NOTES 

'Typical  open  or  short-circuited  input;  noise  is  lower  when  system  is  set  to  maximum  gain  and  input  is  short-circuited.  This  figure  includes  the  effects  of  both 
voltage  and  current  noise  sources. 

2Using  resistive  loads  of  500  O  or  greater,  or  with  the  addition  of  a  1  kH  pull-down  resistor  when  driving  lower  loads. 

*The  dc  gain  of  the  main  amplifier  in  the  AD603  is  x35.7;  thus,  an  input  offset  of  100  m-V  becomes  a  3. 57  mV  output  offset. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice . 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection.  Although 
the  AD603  features  proprietary  ESD  protection  circuitry,  permanent  damage  may  occur  on 
devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD  precautions  are 
I  to  avoid  performance  degradation  or  loss  of  functionality. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  ±VS  ±7.5  V 

Input  Voltage  VINP  (Pin  3)   ±2  V  Continuous 

  ±VS  for  10  ms 

GNEG,  GPOS  (Pins  1,  2)  ±VS 

Internal  Power  Dissipation1    400  mW 

Operating  Temperature  Range 

AD603A   -40°C  to  +85°C 

AD603S  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature,  Soldering  60  sec   +  300°C 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  rating  conditions  for 
extended  periods  may  affect  device  reliability. 

'Thermal  Characteristics: 

8-Pin  SOIC  Package:  8JA  =  155°C/Watt,  6,c  =  33°C/Watt 
8-Pin  Ceramic  Package:  6,A  =  140°C/Watt,  6,c  -  15°C/Watt. 

PIN  DESCRIPTION 


Pin 

Mnemonic 

Description 

Pin  1 

,  

GPOS 

Gain-Control  Input  "HI" 

(Positive  Voltage  Increases  Gain) 

Pin  2 

GNEG 

Gain-Control  Input  "LO" 

(Negative  Voltage  Increases  Gain) 

Pin  3 

VINP 

Amplifier  Input 

Pin  4 

COMM 

Amplifier  Ground 

Pin  5 

FDBK 

Connection  to  Feedback  Network 

Pin  6 

VNEG 

Negative  Supply  Input 

Pin  7 

VOUT 

Amplifier  Output 

Pin  8 

VPOS 

Positive  Supply  Input 

CONNECTION  DIAGRAM 
8-Pin  Plastic  SOIC  (R)  Package 
8-Pin  Ceramic  DIP  (Q)  Package 

epos  [T  •  TJ  vpos 

GNEG  Qf     AD603     T\  V0UT 

VINP  IT     TOP  VIEW     7]  vheg 
1 —  (Not  to  Scale)  — 1 
COMM  [T  T\  FDBK 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Part  Number 

Range 

Description 

Option1 

AD603AR 

-40°C  to  +85°C 

8-Pin  SOIC 

R-8 

AD603AQ 

-40°C  to  +85°C 

8-Pin  Ceramic  DIP 

Q-8 

AD603SQ/883B2 

-55°Cto  +125°C 

8-Pin  Ceramic  DIP 

Q-8 

NOTES 

'R  =  SOIC;  Q  =  Cerdip.  For  outline  information  see  Package  Information 
section. 

2Refer  to  AD603  Military  data  sheet.  Also  available  as  5962-9457203MPA. 
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THEORY  OF  OPERATION 

The  AD603  comprises  a  fixed-gain  amplifier,  preceded  by  a 
broadband  passive  attenuator  of  0  to  42.14  dB,  having  a  gain- 
control  scaling  factor  of  40  dB  per  volt.  The  fixed  gain  is  laser- 
trimmed  in  two  ranges,  to  either  31.07  dB  (X35.8)  or  50  dB 
(x  358),  or  may  be  set  to  any  range  in  between  using  one  exter- 
nal resistor  between  Pins  5  and  7.  Somewhat  higher  gain  can  be 
obtained  by  connecting  the  resistor  from  Pin  5  to  common,  but 
the  increase  in  output  offset  voltage  limits  the  maximum  gain  to 
about  60  dB.  For  any  given  range,  the  bandwidth  is  indepen- 
dent of  the  voltage-controlled  gain.  This  system  provides  an 
under-  an  over-range  of  1 .07  dB  in  all  cases;  for  example,  the 
overall  gain  is  -11.07  dB  to  31.07  dB  in  the  maximum- 
bandwidth  mode  (Pin  5  and  Pin  7  strapped). 

This  X-AMP  structure  has  many  advantages  over  former  meth- 
ods of  gain-control  based  on  nonlinear  elements.  Most  impor- 
tantly, the  fixed-gain  amplifier  can  use  negative  feedback  to 
increase  its  accuracy.  Since  large  inputs  are  first  attenuated,  the 
amplifier  input  is  always  small.  For  example,  to  deliver  a+lV 
output  in  the  - 1  dB/+41  dB  mode  (that  is,  using  a  fixed  ampli- 
fier gain  of  41.07  dB)  its  input  is  only  8.84  mV;  thus  the  distor- 
tion can  be  very  low.  Equally  important,  the  small-signal  gain 
and  phase  response,  and  thus  the  pulse  response,  are  essentially 
independent  of  gain. 

Figure  1  is  a  simplified  schematic.  The  input  attenuator  is  a 
seven-section  R-2R  ladder  network,  using  untrimmed  resistors 
of  nominally  R=  62.5  fl,  which  results  in  a  characteristic  resis- 
tance of  125  (I  ±  20%.  A  shunt  resistor  is  included  at  the  input 
and  laser  trimmed  to  establish  a  more  exact  input  resistance  of 
100  fl  ±  3%,  which  ensures  accurate  operation  (gain  and  HP 
corner  frequency)  when  used  in  conjunction  with  external  resis- 
tors or  capacitors. 

The  nominal  maximum  signal  at  input  VINP  is  1  V  rms 
(±1.4  V  peak)  when  using  the  recommended  ±5  V  supplies, 
although  operation  to  ±2  V  peak  is  permissible  with  some 
increase  in  HF  distortion  and  feedthrough.  Pin  4  (SIGNAL 
COMMON)  must  be  connected  directly  to  the  input  ground;  signifi- 
cant impedance  in  this  connection  wUl  reduce  the  gain  accuracy. 

The  signal  applied  at  the  input  of  the  ladder  network  is  attenu- 
ated by  6.02  dB  by  each  section;  thus,  the  attenuation  to  each  of 
the  taps  is  progressively  0  dB,  6.02  dB,  12.04  dB,  18.06  dB, 
24.08  dB,  30.1  dB,  36.12  dB  and  42.14  dB.  A  unique  circuit 
technique  is  employed  to  interpolate  between  these  tap-points, 
indicated  by  the  "slider"  in  Figure  1,  thus  providing  continuous 
attenuation  from  0  dB  to  42.14  dB.  It  will  help,  in  understand- 
ing the  AD603,  to  think  in  terms  of  a  mechanical  means  for 
moving  this  slider  from  left  to  right;  in  fact,  its  "position"  is 
controlled  by  the  voltage  between  Pins  1  and  2.  The  details  of 
the  gain-control  interface  are  discussed  later. 

The  gain  is  at  all  times  very  exactly  determined,  and  a  linear-in- 
dB  relationship  is  automatically  guaranteed  by  the  exponential 
nature  of  the  attenuation  in  the  ladder  network  (the  X-AMP 
principle).  In  practice,  the  gain  deviates  slightly  from  the  ideal 
law,  by  about  ±0.2  dB  peak  (see,  for  example,  Figure  16). 

; 
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Figure  1.  Simplified  Block  Diagram  of  the  AD603 
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Noise  Performance 

An  important  advantage  of  the  X-AMP  is  its  superior  noise  per- 
formance. The  nominal  resistance  seen  at  inner  tap  points  is  . 
41.7  fl  (one  third  of  125  fl),  which  exhibits  a  Johnson  noise- 
spectral  density  (NSD)  of  0.83  nV/\/Hz  (that  is,  V4kTR)  at 
27°C,  which  is  a  large  fraction  of  the  total  input  noise.  The  first 
stage  of  the  amplifier  contributes  a  further  1  nV/VHz,  for  a 
total  input  noise  of  1.3  nV/VHz.  It  will  be  apparent  that  it  is 
essential  to  use  a  low  resistance  in  the  ladder  network  to  achieve 
the  very  low  specified  noise  level.  The  signal's  source  impedance 
forms  a  voltage  divider  with  the  AD603's  100  fl  input  resis- 
tance. In  some  applications,  the  resulting  attenuation  may  be 
unacceptable,  requiring  the  use  of  an  external  buffer  or  pream- 
plifier to  match  a  high  impedance  source  to  the  low  impedance 
AD603. 

The  noise  at  maximum  gain  (that  is,  at.the  0  dB  tap)  depends 
on  whether  the  input  is  short-circuited  or  open-circuited:  when 
shorted,  the  minimum  NSD  of  slightly  over  1  nV/VHz  is 
achieved;  when  open,  the  resistance  of  100  fl  looking  into  the 
first  tap  generates  1.29  nVA/Hz,  so  the  noise  increases  to  a  total 
of  1.63  nV/VHz.  (This  last  calculation  would  be  important  if 
the  AD603  were  preceded  by,  for  example,  a  900  fl  resistor  to 
allow  operation  from  inputs  up  to  10  V  rms.)  As  the  selected  tap 
moves  away  from  the  input,  the  dependence  of  the  noise  on 
source  impedance  quickly  diminishes. 

Apart  from  the  small  variations  just  discussed,  the  signal-to- 
noise  (S/N)  ratio  at  the  output  is  essentially  independent  of  the 
attenuator  setting.  For  example,  on  the  -11  dB/+31  dB  range 
the  fixed  gain  of  X35.8  raises  the  output  NSD  to  46.5  nV/VHz- 
Thus,  for  the  maximum  undistorted  output  of  1  V  rms  and  a 
1  MHz  bandwidth,  the  output  S/N  ratio  would  be  86.6  dB,  that 
is,  20  log  (1  V/46.5  u.V). 

The  Gain-Control  Interface 

The  attenuation  is  controlled  through  a  differential,  high- 
impedance  (50  Mfl)  input,  with  a  scaling  factor  which  is  laser- 
trimmed  to  40  dB  per  volt,  that  is,  25  mV/dB.  An  internal 
bandgap  reference  ensures  stability  of  the  scaling  with  respect  to 
supply  and  temperature  variations. 

When  the  differential  input  voltage  VG  =  0  V,  the  attenuator 
"slider"  is  centered,  providing  an  attenuation  of  21.07  dB.  For 
the  maximum  bandwidth  range,  this  results  in  an  overall  gain  of 
10  dB  (=  -21.07  dB  +  31.07  dB).  When  the  control  input  is 
-500  mV,  the  gain  is  lowered  by  20  dB  (=  0.500  V  x  40  dB/V), 


to  -10  dB;  when  set  to  +500  mV,  the  gain  is  increased  by 
20  dB,  to  30  dB.  When  this  interface  is  overdriven  in  either 
direction,  the  gain  approaches  either  -11.07  dB(=  -42.14dB  + 
31.07  dB)  or  31.07  dB  (=  0  +  31.07  dB),  respectively.  The  only 
constraint  on  the  gain-control  voltage  is  that  it  be  kept  within 
the  common-mode  range  (~1.2Vto  +2.0V  assuming  +5  V 
supplies)  of  the  gain  control  interface. 

The  basic  gain  of  the  AD603  can  thus  be  calculated  using  the 
following  simple  expression: 

Gain  (dB)  =  40  VG  +  10  Eq.  (1) 

where  VG  is  in  volts.  When  Pins  5  and  7  are  strapped  (see  next 
section)  the  gain  becomes 

Gain  (dB)  =  40  Va  +  20  for  0  to  +40  dB 

and 

Gain  (dB)  =  40  VG  +  30  for  +  10  to  +50  dB     Eq.  (2) 

The  high  impedance  gain-control  input  ensures  minimal  loading 
when  driving  many  amplifiers  in  multiple  channel  or  cascaded 
applications.  The  differential  capability  provides  flexibility  in 
choosing  the  appropriate  signal  levels  and  polarities  for  various 
control  schemes. 

For  example,  if  the  gain  is  to  be  controlled  by  a  DAC  providing 
a  positive  only  ground-referenced  output,  the  "Gain  Control 
LO"  (GNEG)  pin  should  be  biased  to  a  fixed  offset  of  +500  mV, 
to  set  the  gain  to  - 10  dB  when  "Gain  Control  HI"  (GPOS)  is  at 
zero,  and  to  30  dB  when  at  + 1.00  V. 

It  is  a  simple  matter  to  include  a  voltage  divider  to  achieve  other 
scaling  factors.  When  using  an  8-bit  DAC  having  a  FS  output  of 
+2.55  V  (10  mV/bit),  a  divider  ratio  of  2  (generating  5  mV/bit) 
would  result  in  a  gain-setting  resolution  of  0.2  dB/bit.  The  use 
of  such  offsets  is  valuable  when  two  AD603s  are  cascaded,  when 
various  options  exist  for  optimizing  the  S/N  profile,  as  will  be 
shown  later. 

Programming  the  Fixed-Gain  Amplifier  Using  Pin  Strapping 

Access  to  the  feedback  network  is  provided  at  Pin  5  (FDBK). 
The  user  may  program  the  gain  of  the  AD603's  output  amplifier 
using  this  pin,  as  shown  in  Figure  2.  There  are  three  modes:  in 
the  default  mode,  FDBK  is  unconnected,  providing  the  range 
+9  dB/+51  dB;  when  Voux  and  FDBK  are  shorted,  the  gain  is 
lowered  to  —11  dB/+31  dB;  when  an  external  resistor  is  placed 
between  VOUT  and  FDBK  any  intermediate  gain  can  be 
achieved,  for  example,  -1  dB/+41  dB.  Figure  3  shows  the 
nominal  maximum  gain  versus  external  resistor  for  this  mode. 
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The  gain  of  this  amplifier  in  the  first  two  modes  is  set  by  the 
ratio  of  on-chip  laser-trimmed  resistors.  While  the  ratio  of  these 
resistors  is  very  accurate,  the  absolute  value  of  these  resistors 
can  vary  by  as  much  as  ±20%.  Thus,  when  an  external  resistor 
is  connected  in  parallel  with  the  nominal  6.44  kfi  ±  20%  inter- 
nal resistor,  the  overall  gain  accuracy  is  somewhat  poorer.  The 
worst-case  error  occurs  at  about  2  kfl  (see  Figure  4). 
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Figure  3.  Gain  vs.  REXT,  Showing  Worst-Case  Limits 
Assuming  Internal  Resistors  Have  a  Maximum  Tolerance 
of  20% 

Optionally,  when  a  resistor  is  placed  from  FDBK  to  COMM, 
higher  gains  can  be  achieved.  This  fourth  mode  is  of  limited 
value  because  of  the  low  bandwidth  and  the  elevated  output  off- 
sets; it  is  thus  not  included  in  Figure  2. 


Figure  4.  Worst-Case  Gain  Error,  Assuming  Internal  Resis- 
tors Have  a  Maximum  Tolerance  of  -20%  (Top  Curve)  or 
+20%  (Bottom  Curve) 

While  the  gain-bandwidth  product  of  the  fixed-gain  amplifier  is 
about  4  GHz,  the  actual  bandwidth  is  not  exactly  related  to  the 
maximum  gain.  This  is  because  there  is  a  slight  enhancing  of 
the  ac  response  magnitude  on  the  maximum  bandwidth  range, 
due  to  higher  order  poles  in  the  open-loop  gain  function;  this 
mild  peaking  is  not  present  on  the  higher  gain  ranges.  Figure  2 
shows  how  optional  capacitors  may  be  added  to  extend  the  fre- 
quency response  in  high  gain  modes. 

CASCADING  TWO  AD603s 

Two  or  more  AD603s  can  be  connected  in  series  to  achieve 
higher  gain.  Invariably,  ac  coupling  must  be  used  to  prevent  the 
dc  offset  voltage  at  the  output  of  each  amplifier  from  overload- 
ing the  following  amplifier  at  maximum  gain.  The  required  high 
pass  coupling  network  will  usually  be  just  a  capacitor,  chosen  to 
set  the  desired  corner  frequency  in  conjunction  with  the  well- 
defined  100  A  input  resistance  of  the  following  amplifier. 

For  two  AD603s,  the  total  gain-control  range  becomes  84  dB 
(two  times  42.14  dB);  the  overall  -3  dB  bandwidth  of  cascaded 
stages  will  be  somewhat  reduced.  Depending  on  the  pin- 
strapping,  the  gain  and  bandwidth  for  two  cascaded  amplifiers 
can  range  from  -22  dB  to  +62  dB  (with  a  bandwidth  of  about 
70  MHz)  to  +22  dB  to  + 102  dB  (with  a  bandwidth  of  about 
6  MHz). 

There  are  several  ways  of  connecting  the  gain-control  inputs  in 
cascaded  operation.  The  choice  depends  on  whether  it  is  impor- 
tant to  achieve  the  highest  possible  Instantaneous  Signal-to- 
Noise  Ratio  (ISNR),  or,  alternatively,  to  minimize  the  ripple  in 
the  gain  error.  The  following  examples  feature  the  AD603  pro- 
grammed for  maximum  bandwidth;  the  explanations  apply  to 
other  gain/bandwidth  combinations  with  appropriate  changes  to 
the  arrangements  for  setting  the  maximum  gain. 
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In  the  sequential  mode  of  operation,  the  ISNR  is  maintained  at 
its  highest  level  for  as  much  of  the  gain  control  range  possible. 
Figure  5,  shows  the  SNR  over  a  gain  range  of  -22  dB  to  +62  dB, 
assuming  an  output  of  1  V  rms  and  a  1  MHz  bandwidth;  Figure 
6  shows  the  general  connections  to  accomplish  this.  Here,  both 
the  positive  gain-control  inputs  (GPOS)  are  driven  in  parallel  by 
a  positive-only,  ground-referenced  source  with  a  range  of  0  V  to 
+2  V,  while  the  negative  gain-control  inputs  (GNEG)  are  biased 
by  stable  voltages  to  provide  the  needed  gain-offsets.  These  volt- 
ages may  be  provided  by  resistive  dividers  operating  from  a 
common  voltage  reference. 


Figure  5.  SNR  vs.  Control  Voltage  — Sequential  Control 
(1  MHz)  Bandwidth) 


only  after  Al's  gain  has  reached  its  maximum  value.  Note  that 
for  a  differential  input  of  -600  mV  or  less,  the  gain  of  a  single 
amplifier  (Al  or  A2)  will  be  at  its  minimum  value  of  - 1 1.07  dB; 
for  a  differential  input  of  +600  mV  or  more,  the  gain  will  be  at 
its  maximum  value  of  31.07  dB.  Control  inputs  beyond  these 
limits  will  not  affect  the  gain  and  can  be  tolerated  without  dam- 
age or  foldover  in  the  response.  This  is  an  important  aspect  of 
the  AD603's  gain-control  response.  (See  the  Specifications  sec- 
tion of  this  data  sheet  for  more  details  on  the  allowable  voltage 
range).  The  gain  is  now 

Gam  \dB\  =  40VC  +  G0  Eq.  (3) 

where  VG  is  the  applied  control  voltage  and  GG  is  determined 
by  the  gain  range  chosen.  In  the  explanatory  notes  that  follow, 
we  assume  the  maximum-bandwidth  connections  are  used,  for 
which  GQ  is  -20  dB. 
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Figure  6.  AD603  Gain  Control  Input  Calculations  for  Sequential  Control  Operation 
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With  reference  to  Figure  6,  note  that  VG1  refers  to  the  differen- 
tial gain-control  input  to  Al  and  VG2  refers  to  the  differential 
gain-control  input  to  A2.  When  VG  is  zero,  VG1  =  -473  mV 
and  thus  the  gain  of  Al  is  -8.93  dB  (recall  that  the  gain  of  each 
individual  amplifier  in  the  maximum-bandwidth  mode  is  - 10  dB 
for  VG  =  -500  mV  and  10  dB  for  VG  =  0  V);  meanwhile,  VG2 
=  -1.908  V  so  the  gain  of  A2  is  "pinned"  at  -11.07  dB.  The 
overall  gain  is  thus  -20  dB.  This  situation  is  shown  in  Figure  6a. 

When  VG  =  +1.00  V,  VG1  =  1.00  V  -  0.473  V  =  +0.526  V, 
which  sets  the  gain  of  Al  to  at  nearly  its  maximum  value  of 
31.07  dB,  while  VG2  =  1.00  V  -  1.526  V  =  -0.526  V,  which 
sets  A2's  gain  at  nearly  its  minimum  value  -11.07  dB.  Close 
analysis  shows  that  the  degree  to  which  neither  AD603  is  com- 
pletely pushed  to  its  maximum  or  minimum  gain  exactly  cancels 
in  the  overall  gain,  which  is  now  +20  dB.  This  is  depicted  in 
Figure  6b. 

When  VG  =  +2.0  V,  the  gain  of  Al  is  pinned  at  31.07  dB  and 
that  of  A2  is  near  its  maximum  value  of  28.93  dB,  resulting  in 
an  overall  gain  of  60  dB  (see  Figure  6c).  This  mode  of  operation 
is  further  clarified  by  Figure  8,  which  is  a  plot  of  the  separate 
gains  of  Al  and  A2  and  the  overall  gain  versus  the  control  volt- 
age. Figure  9  is  a  plot  of  the  gain  error  of  the  cascaded  amplifi- 
ers versus  the  control  voltage.  Figure  10  is  a  plot  of  the  gain 
error  of  the  cascaded  stages  versus  the  control  voltages. 
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Figure  8.  Plot  of  Separate  and  Overall  Gains  in  Sequential 
Control 
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Figure  10.  Gain  Error  for  Cascaded  Stages - 
Control 


Sequential 


Parallel  Mode  (Simplest  Gain-Control  Interface) 

In  this  mode,  the  gain-control  of  voltage  is  applied  to  both 
inputs  in  parallel— the  GPOS  pins  of  both  Al  and  A2  are  con- 
nected to  the  control  voltage  and  the  GNEW  inputs  are 
grounded.  The  gain  scaling  is  then  doubled  to  80dB/V,  requir- 
ing only  a  1.00  V  change  for  an  80  dB  change  of  gain: 

Gain  (dB)  =  80  VG  +  G0  Eq.  (4) 

where,  as  before  GQ  depends  on  the  range  selected;  for  example, 
in  the  maximum-bandwidth  mode,  GD  is  +20  dB.  Alternatively, 
the  GNEG  pins  may  be  connected  to  an  offset  voltage  of 
+0.500  V,  in  which  case,  GQ  is  -20  dB. 

The  amplitude  of  the  gain  ripple  in  this  case  is  also  doubled,  as 
shown  in  Figure  11,  while  the  instantaneous  signal-to-noise  ratio 
at  the  output  of  A2  now  decreases  linearly  as  the  gain  increased 
(Figure  12). 
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Figure  11.  Gain  Error  for  Cascaded  Stages— Parallel 
Control 

Low  Gain  Ripple  Mode  (Minimum  Gain  Error) 

As  can  be  seen  from  Figures  9  and  10,  the  error  in  the  gain  is 
periodic,  that  is,  it  shows  a  small  ripple.  (Note  that  there  is  also 
a  variation  in  the  output  offset  voltage,  which  is  due  to  the  gain 
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Figure  12.  ISNR  for  Cascaded  Stages- Parallel  Control 

interpolation,  but  this  is  not  exact  in  amplitude.)  By  offsetting 
the  gains  of  Al  and  A2  by  half  the  period  of  the  ripple,  that  is, 
by  3  dB,  the  residual  gain  errors  of  the  two  amplifiers  can  be 
made  to  cancel.  Figure  13  shows  that  much  lower  gain  ripple 
when  configured  in  this  manner.  Figure  14  plots  the  ISNR  as  a 
function  of  gain;  it  is  very  similar  to  that  in  the  "Parallel  Mode." 
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Figure  13.  Gain  Error  for  Cascaded  Stages -Low  Ripple 
Mode 
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Figure  14.  ISNR  vs.  Control  Voltage -Low  Ripple  Mode 
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THEORY  OF  THE  AD603 
A  Low  Noise  AGC  Amplifier 

Figure  15  shows  the  ease  with  which  the  AD603  can  be  con- 
nected as  an  AGC  amplifier.  The  circuit  illustrates  many  of  the 
points  previously  discussed:  It  uses  few  parts,  has  linear-in-dB 
gain,  operates  from  a  single  supply,  uses  two  cascaded  amplifiers 
in  sequential  gain  mode  for  maximum  S/N  ratio,  and  an  external 
resistor  programs  each  amplifier's  gain.  It  also  uses  a  simple 
temperature-compensated  detector. 

The  circuit  operates  from  a  single  10  V  supply.  Resistors  Rl, 
R2  and  R3,  R4  bias  the  common  pins  of  Al  and  A2  at  5  V. 
This  pin  is  a  low  impedance  point  and  must  have  a  low  imped- 
ance path  to  ground,  here  provided  by  the  100  u.F  tantalum 
capacitors  and  the  0.1  u.F  ceramic  capacitors. 

The  cascaded  amplifiers  operate  in  sequential  gain.  Here,  the 
offset  voltage  between  the  pins  2  (GNEG)  of  Al  and  A2  is  1.05  V 
(42.14  dB  x  25  mV/dB),  provided  by  a  voltage  divider  consist- 
ing of  resistors  R5,  R6,  and  R7.  Using  standard  values,  the  off- 
set is  not  exact  but  it  is  not  critical  for  this  application. 

The  gain  of  both  Al  and  A2  is  programmed  by  resistors  R13 
and  R14,  respectively,  to  be  about  42  dB;  thus  the  maximum 
gain  of  the  circuit  is  twice  that,  or  84  dB.  The  gain-control 
range  can  be  shifted  up  by  as  much  as  20  dB  by  appropriate 
choices  of  R13  and  R14. 

The  circuit  operates  as  follows.  Al  and  A2  are  cascaded.  Capaci- 
tor CI  and  the  100  fl  of  resistance  at  the  input  of  Al  form  a 
time-constant  of  10  |xs.  C2  blocks  the  small  dc  offset  voltage  at 
the  output  of  Al  (which  might  otherwise  saturate  A2  at  its  max- 
imum gain)  and  introduces  a  high-pass  corner  at  about  16  kHz, 
eliminating  low  frequency  noise. 

A  half- wave  detector  is  used,  based  on  Ql  and  R8.  The  current 
into  capacitor  CAV  is  just  the  difference  between  the  collector 
current  of  Q2  (biased  to  be  300  (jlA  at  300  K,  27°C)  and  the  col- 
lector current  of  Ql,  which  increases  with  the  amplitude  of  the 
output  signal.  The  automatic  gain  control  voltage,  VAGC,  is  the 
time-integral  of  this  error  current.  In  order  for  VAGC  (and  thus 
the  gain)  to  remain  insensitive  to  short-term  amplitude  fluctua- 
tions in  the  output  signal,  the  rectified  current  in  Ql  must,  on 
average,  exactly  balance  the  current  in  Q2.  If  the  output  of  A2 
is  too  small  to  do  this,  VAGC  will  increase,  causing  the  gain  to 
increase,  until  Ql  conducts  sufficiently. 

Consider  the  case  where  R8  is  zero  and  the  output  voltage  VOUT 
is  a  square  wave  at,  say,  455  kHz,  that  is,  well  above  the  corner 
frequency  of  the  control  loop. 

During  the  time  Voux  is  negative  with  respect  to  the  base  volt- 
age of  Ql,  Ql  conducts;  when  VOUT  is  positive,  it  is  cut  off. 
Since  the  average  collector  current  of  Ql  is  forced  to  be  300  u.A, 
and  the  square  wave  has  a  duty-cycle  of  1:1,  Ql's  collector  cur- 
rent when  conducting  must  be  600  uA.  With  R8  omitted,  the 
peak  amplitude  of  VOUT  is  forced  to  be  just  the  VBE  of  Ql  at 
600  yA,  typically  about  700  mV,  or  2  VBE  peak-to-peak.  This 
voltage,  hence  the  amplitude  at  which  the  output  stabilizes,  has 
a  strong  negative  temperature  coefficient  (TC),  typically  —1.7 
mV/°C.  Although  this  may  not  be  troublesome  in  some  applica- 
tions, the  correct  value  of  R8  will  render  the  output  stable  with 
temperature. 

To  understand  this,  first  note  that  the  current  in  Q2  is  made  to 
be  proportional  to  absolute  temperature  (PTAT).  For  the 
moment,  continue  to  assume  that  the  signal  is  a  square  wave. 
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When  Ql  is  conducting,  VOUT  is  now  the  sum  of  VBE  and  a 
voltage  which  is  PTAT  and  which  can  be  chosen  to  have  an 
equal  but  opposite  TC  to  that  of  the  VBE.  This  is  actually  noth- 
ing more  than  an  application  of  the  "bandgap  voltage  reference" 
principle.  When  R8  is  chosen  such  that  the  sum  of  the  voltage 
across  it  and  the  VBE  of  Ql  is  close  to  the  bandgap  voltage  of 
about  1.2  V,  VOUT  will  be  stable  over  a  wide  range  of  tempera- 
tures, provided,  of  course,  that  Ql  and  Q2  share  the  same  ther- 
mal environment. 

Since  the  average  emitter  current  is  600  p.A  during  each  half- 
cycle  of  the  square  wave  a  resistor  of  833  ft  would  add  a  PTAT 
tage  of  500  mV  at  300  K,  increasing  by  1.66  mV/°C.  In  prac- 


:  optimum  value  will  depend  on  the  type  of  transistor  CAUTION 


be  1.88  (=1.2/0.637)  V,  or  1.33  V  rms.  In  practice,  the  some- 
what nonideal  rectifier  results  in  the  sine  wave  output  being  reg- 
ulated to  about  1.4  V  rms,  or  3.6  V  p-p. 

The  bandwidth  of  the  circuit  exceeds  40  MHz.  At  10.7  MHz, 
the  AGC  threshold  is  100  m-V  (-67  dBm)  and  its  maximum  gain 
is  83  dB  (20  log  1.4V/100  u.V).  The  circuit  holds  its  output  at 
1.4  V  rms  for  inputs  as  low  as  -67  dBm  to  + 15  dBm  (82  dB), 
where  the  input  signal  exceeds  the  AD603's  maximum  input 
rating.  For  a  -30  dBm  input  at  10.7  MHz,  the  second  har- 
monic is  34  dB  down  from  the  fundamental  and  the  third  har- 
monic is  35  dB  down. 

■ 


,  and,  to  a  lesser  extent,  on  the  waveform  for  which  the 
erature  stability  is  to  be  optimized;  for  the  inexpensive 
2N3904/2N306  pair  and  sine  wave  signals,  the  recommended 
value  is  806  ft. 

This  resistor  also  serves  to  lower  the  peak  current  in  Ql  when 
more  typical  signals  (usually,  sinusoidal)  are  involved,  and  the 
1.8  kHz  LP  filter  it  forms  with  CAV  helps  to  minimize  distor- 
tion due  to  ripple  in  VAGC.  Note  that  the  output  amplitude 
under  sinewave  conditions  will  be  higher  than  for  a  square 
wave,  since  the  average  value  of  the  current  for  an  ideal  rectifier 
would  be  0.637  times  as  large,  causing  the  output  amplitude  to 


Careful  component  selection,  circuit  layout,  power-supply 
decoupling,  and  shielding  are  needed  to  minimize  the  AD603's 
susceptibility  to  interference  from  radio  and  TV  stations,  etc.  In 
bench  evaluation,  we  recommend  placing  all  of  the  components 
in  a  shielded  box  and  using  feedthrough  decoupling  networks 
for  the  supply  voltage.  Circuit  layout  and  construction  are  also 
critical,  since  stray  capacitances  and  lead  inductances  can  form 
resonant  circuits  and  are  a  potential  source  of  circuit  peaking, 
oscillation,  or  both. 
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Figure  15.  A  Low  Noise  AGC 
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Figure  16.  Gain  Error  vs.  Gain  Con- 
trol Voltage  at  455  kHz,  10.7  MHz, 
45  MHz,  70  MHz 


Figure  17.  Frequency  and  Phase 
Response  vs.  Gain  (Gain  =  -10  dB, 
PIN  =  -30  dBm,  Pin  5  Connected  to 
Pin  7) 
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Figure  19.  Frequency  and  Phase 
Response  vs.  Gain  (Gain  =  +30  dB, 
PIN  =  -30  dBm,  Pin  5  Connected  to 
Pin  7) 
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Figure  18.  Frequency  and  Phase 
Response  vs.  Gain  (Gain  =  +10  dB, 
P,N  =  -30  dBm,  Pin  5  Connected  to 
Pin  7) 
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Figure  20.  Group  Delay  vs.  Gain 
Control  Voltage 
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Figure  21.  Third  Order  Intermodulation  Distortion  Test 


Figure  22.  Third  Order  Intermodula- 
tion Distortion  at  455  kHz  (10x 
Probe  Used  to  HP3585A  Spectrum 
Analyzer,  Gain  =  0  dB,  PIN  =  0  dBm, 
Pin  5  Connected  to  Pin  7) 
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Figure  23.  Third  Order  Intermodula- 
tion  Distortion  at  10.7 MHz  (lOx 
Probe  Used  to  HP3585A  Spectrum 
Analyzer,  Gain  =  0  dB,  P,N  =  0  dBm, 
Pin  5  Connected  to  Pin  7) 
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Figure  24.  Typical  Output  Voltage 
Swing  vs.  Load  Resistance  (Nega- 


Figure  25.  Input  Impedance  vs. 
Frequency  (Gain  =  -10  dB) 


five  Output  Swing  Limits  First) 
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Figure  26.  Input  Impedance  vs.  Fre- 
quency (Gain  =  +10  dB) 
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Figure  27.  Input  Impedance  vs. 
Frequency  (Gain  =  +30  dB) 


Figure  28.  Gain-Control  Channel 
Response  Time 
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Figure  29.  Input  Stage  Overload 
Recovery  Time,  Pin  5  Connected  to 
Pin  7  (Input  Is  500  ns  Period,  50% 
Duty-Cycle  Square  Wave,  Output  Is 
Captured  Using  Tektronix  1 1402 
Digitizing  Oscilloscope) 
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Figure  30.  Output  Stage  Overload 
Recovery  Time,  Pin  5  Connected  to 
Pin  7  (Input  is  500  ns  Period,  50% 
Duty-Cycle  Square  Wave,  Output  Is 
Captured  Using  Tektronix  1 1402 
Digitizing  Oscilloscope) 
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Figure  31.  Transient  Response, 
G  =  0  dB,  Pin  5  Connected  to  Pin  7 
(Input  is  500  ns  Period,  50%  Duty- 
Cycle  Square  Wave,  Output  Is  Cap- 
tured Using  Tektronix  1 1402 
Digitizing  Oscilloscope) 
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Figure  32.  Transient  Response, 
G  =  +20  dB,  Pin  5  Connected  to  Pin 
7  (Input  is  500  ns  Period,  50%  Duty- 
Cycle  Square  Ware,  Output  Is  Cap- 
tured Using  Tektronix  11402 
Digitizing  Oscilloscope) 
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Figure  33.  PSRR  vs.  Frequency 
(Worst-Case  is  Negative  Supply 
PSRR,  Shown  Here) 
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50  MHz,  80  dB  Demodulating 
Logarithmic  Amplifier  with  Limiter  Output 


AD606 


FEATURES 

Logarithmic  Amplifier  Performance 

-75  dBm  to  +5  dBm  Dynamic  Range 

==1.5nV/Vfiz  Input  Noise 

Usable  to    50  MHz 

37.5  mV/dB  Voltage  Output 

On-Chip  Low-Pass  Output  Filter 
Limiter  Performance 

±1  dB  Output  Flatness  over  80  dB  Range 

±3°  Phase  Stability  at  10.7  MHz  over  80  dB  Range 

Adjustable  Output  Amplitude 
Low  Power 

+5  V  Single  Supply  Operation 

65  mW  Typical  Power  Consumption 

CMOS  Compatible  Power-Down  to  325  |xW  typ 
5  (is  Enable/Disable  Time 

APPLICATIONS 

Ultrasound  and  Sonar  Processing 
Phase-Stable  Limiting  Amplifier  to  100  MHz 
Received  Signal  Strength  Indicator  (RSSI) 
Wide  Range  Signal  and  Power  Measurement 

PRODUCT  DESCRIPTION 

The  AD606  is  a  complete,  monolithic  logarithmic  amplifier 
using  a  9-stage  "successive-detection"  technique.  It  provides 
both  logarithmic  and  limited  outputs.  The  logarithmic  output  is 
from  a  three-pole  post-demodulation  low-pass  filter  and  provides 


a  loadable  output  voltage  of  +0.1  V  dc  to  +4  V  dc.  The  loga- 
rithmic scaling  is  such  that  the  output  is  +0.5  V  for  a  sinusoidal 
input  of  -75  dBm  and  +3.5  V  at  an  input  of  +5  dBm;  over 
this  range  the  logarithmic  linearity  is  typically  within  ±0.4  dB. 
All  scaling  parameters  are  proportional  to  the  supply  voltage. 

The  AD606  can  operate  above  and  below  these  limits,  with 
reduced  linearity,  to  provide  as  much  as  90  dB  of  conversion 
range.  A  second  low-pass  filter  automatically  nulls  the  input 
offset  of  the  first  stage  down  to  the  submicrovolt  level.  Adding 
external  capacitors  to  both  filters  allows  operation  at  input  fre- 
quencies as  low  as  a  few  hertz. 

The  AD606's  limiter  output  provides  a  hard-limited  signal  out- 
put as  a  differential  current  of  ±1.2  mA  from  open-collector 
outputs.  In  a  typical  application,  both  of  these  outputs  are 
loaded  by  200  CI  resistors  to  provide  a  voltage  gain  of  more  than 
90  dB  from  the  input.  Transition  times  are  1.5  ns,  and  the 
phase  is  stable  to  within  ±3°  at  10.7  MHz  for  signals 
-75  dBm  to  +5  dBm. 

The  logarithmic  amplifier  operates  from  a  single  +  5  V  supply 
and  typically  consumes  65  mW.  It  is  enabled  by  a  CMOS  logic- 
level  voltage  input,  with  a  response  time  of  <5  u.s.  When  dis- 
abled, the  standby  power  is  reduced  to  <1  mW  within  5  u.s. 

The  AD606J  is  specified  for  the  commercial  temperature  range 
of  0°C  to  +70°C  and  is  available  in  16-pin  plastic  DIPs  or 
SOICs.  Consult  the  factory  for  other  packages  and  temperature 
ranges. 


FUNCTIONAL  BLOCK  DIAGRAM 
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AD606  SPECIFICATIONS  (T,  =  +25-C  and  supply  =  +5  V  unless  otherwise  noted;  dBm  assumes  50  ft) 


Model 
Parameter 


Conditions 


Min    ^      «„  I  U.„ 


SIGNAL  INPUT 
Log  Amp  fMAX 
Limiter  f«Ax 
Dynamic  Range 
Input  Resistance 
Input  Capacitance 


AC  Coupled;  Sinusoidal  Input 
AC  Coupled;  Sinusoidal  Input 


50 

100 

80 


Differential  Input 
Differential  Input 





500  2,500 

J  


MHz 

MHz 

dB 

fl 

PF 


SIGNAL  OUTPUT 
Limiter  Flatness 


Output  Current 

Phase  Variation  with  Input  Level 


-75  dBm  to  +5  dBm  Input  Signal  at  10.7  MHz 

With  Pin  9  to  VpoS  via  a  200  fl  Resistor 

and  Pin  8  to  VpoS  via  a  200  fl  Resistor 

At  Pins  8  or  9,  Proportional  to  Vpos,  LADJ  Grounded 

LADJ  Open  Circuited 

-75  dBm  to  +5  dBm  Input  Signal  at  10.7  MHz 


-1.5  +1.5 

1.2 
0.48 




dB 

mA 
mA 


LOG  (RSSI )  OUTPUT 
Nominal  Slope 

Slope  Accuracy 
Intercept 

Logarithmic  Conformance 
Nominal  Output 


Accuracy  over  Temperature 
Video  Response  Time 


At  10.7  MHz;  (0.0075  x  VPOS)/dB 
At  45  MHz 

Untrimmed  at  10.7  MHz 

Sinusoidal  Input;  Independent  of  VPOS 

-75  dBm  to  +5  dBm  Input  Signal  at  10.7  MHz 

Input  Level  =  -75  dBm 

Input  Level  =  -35  dBm 

Input  Level  =  +5  dBm 

After  Calibration  at  -35  dBm  at  10.7  MHz 

Tmin  to  TMAX 

From  Onset  of  Input  Signal  Until  Output  Reaches 
95%  of  Final  Value 


-15 
-1.5 


37.5 

mV/dB 

35 

mV/dB 

±5 

+  15 

% 

-88.33 

dBm 

0.4 

+  1.5 

dB 

0.5 

V 

V 

3.5 

V 

3  a  . 

dB 

b<i6  tanpiS  9;>  af 

400 

ns 

POWER-DOWN  INTERFACE 
Power-Up  Response  Time 


Input  Bias  Current 


Time  Delay  Following  HI  Transition  Until 

Device  Meets  Full  Specifications 

AC  Coupled  with  100  pF  Coupling  Capacitors 

Logical  HI  Input  (See  Figure  12) 

Logical  LO  Input 


3.5 

i 


u.s 


1 

nA 

4 

uA 

5.5 

V 

13 

mA 

13 

20 

mA 

65 

200 

u.A 

POWER  SUPPLY 
Operating  Range 
Powered-Up  Current 

Powered-Down  Current 


4.5 


Zero  Signal  Input 
Tmin  t0  ^max 
Tmin  t0  Tmax 


Specifications  shown  in  boldface  are  tested  on  aU  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels. 
All  min  and  max  specifications  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  VPOS  +9V 

Internal  Power  Dissipation1   600  mW 

Operating  Temperature  Range  0°C  to  +70°C 

Storage  Temperature  Range  -65°C  to +150°C 

Lead  Temperature,  Soldering  60  sec  +  300°C 

NOTES 

♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  rating  conditions  for 
extended  periods  may  affect  device  reliability. 
'Thermal  Characteristics: 

16-Pin  Plastic  DIP  Package:  6JA  =  85°C/W 
16-Pin  SOIC  Package:  9JA  =  100°C/W 


ORDERING  GUIDE 


PIN  FUNCTIONS 


Pin  Mnemonic  Function 


Model 

Temperature 
Range 

Package* 

AD606JN 
AD606JR 

0°C  to  +70°C 
0°C  to  +70°C 

16-Pin  Plastic  DIP  (N-16) 

16-Pin  Narrow-Body  SOIC  (R-16A) 

*For  outline  information  see  Package  Information  section. 


CONNECTION  DIAGRAM 
Plastic  DIP  (N) 
and 

Small  Outline  (R) 
Packages 


INLO  [T 
COMM  [T 
ISUM  [T 
ILOG  [T 
BFIN  [T 
VLOG  [T 
OPCM  [T 


AD606 

TOP  VIEW 
(Not  to  Scale) 


l7]  INHI 

15~|  COMM 

7T|  PRUP 

13~|  VPOS 

lF|  FIL1 

TT|  FIL2 

To]  LADJ 

Tl  LMHI 
 ' 


1  INLO 

2  COMM 

3  ISUM 

4  ILOG 

5  BFIN 

6  VLOG 

7  OPCM 


8  LMLO 


9  LMHI 

■ 

10  LADJ 

■ 


11  FIL1 

12  FIL2 

13  VPOS 

14  PRUP 

15  COMM 

16  INHI 


DIFFERENTIAL  RF  INPUT 

-75  dBm  to  +5  dBm,  Inverting,  AC  Coupled. 

POWER  SUPPLY  COMMON 

Connect  to  Ground. 

LOG  DETECTOR  SUMMING  NODE 

LOG  CURRENT  OUTPUT 

Normally  No  Connection;  2  (xA/dB  Output 

Current. 

BUFFER  INPUT 

Optionally  Used  to  Realize  Low  Frequency 
Post-Demodulation  Filters. 
BUFFERED  LOG  OUTPUT 
37.5  mV/dB  (100  mV  to  4.5  V). 
OUTPUT  COMMON 
Connect  to  Ground. 

DIFFERENTIAL  LIMITER  OUTPUT 
1.2  mA  Full-Scale  Output  Current.  Open 
Collector  Output  Must  Be  "Pulled"  Up 
to  VPOS  with  R  s  40Q  n. 
DIFFERENTIAL  LIMITER  OUTPUT 
1.2  mA  Full-Scale  Output  Current.  Open 
Collector  Output  Must  Be  "Pulled"  Up  to 
VPOS  with  R  •  400  fl. 
LIMITER  LEVEL  ADJUSTMENT 
Optionally  Used  to  Adjust  Limiter  Output 
Current. 

OFFSET  LOOP  LOW-PASS  FILTER 
Normally  No  Connection;  a  Capacitor  Between 
FIL1  and  FIL2  May  Be  Added  to  Lower  the 
Filter  Cutoff  Frequency. 
OFFSET  LOOP  LOW-PASS  FILTER 
Normally  No  Connection;  See  Above. 
POSITIVE  SUPPLY 
Connect  to  +5  V  at  13  mA. 
POWER  UP 

CMOS  (5  V)  Logical  High  =  Device  On 
(~  65  mW). 

CMOS  (0  V)  Logical  Low  =  Device  Off 
(~  325  m-W). 

POWER  SUPPLY  COMMON 

Connect  to  Ground. 

DIFFERENTIAL  RF  INPUT 

-75  dBm  to  +5  dBm,  Noninverting,  AC  Coupled. 
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nately,  this  is  not  precise  for  several  reasons. 

1 .  Log  amps  respond  not  to  power  but  to  voltage.  In  this 
respect,  it  would  be  less  ambiguous  to  use  "dBV"  (decibels 
referred  to  1  V)  as  the  input  metric.  Also,  power  is  depen- 
dent on  the  rms  (root-mean-square)  value  of  the  signal,  while 
log  amps  are  not  inherently  rms  responding. 

2.  The  response  of  a  demodulating  log  amp  depends  on  the 
waveform.  Convention  assumes  that  the  input  is  sinusoidal. 
However,  the  AD606  is  capable  of  accurately  handling  any 
input  waveform,  including  ac  voltages,  pulses  and  square 
waves,  Gaussian  noise,  and  so  on.  See  the  AD640  data  sheet, 
which  covers  the  effect  of  waveform  on  logarithmic  intercept, 
for  more  information. 

3.  The  impedance  in  which  the  specified  power  is  measured  is 
not  always  stated.  In  the  log  amp  context  it  is  invariably 
assumed  to  be  50  ft.  Thus,  0  dBm  means  "1  mW  rms  in 

50  ft,"  and  corresponds  to  an  rms  voltage  of  VO  mW  x  50  ft), 
or  224  mV. 

Popular  convention  requires  the  use  of  dBm  to  simplify  the 
comparison  of  log  amp  specifications.  Unless  otherwise  stated, 
sinusoidal  inputs  expressed  as  dBm  in  50  ft  are  used  to  specify 
the  performance  of  the  AD606  throughout  this  data  sheet.  We 
will  also  show  the  corresponding  rms  voltages  where  it  helps  to 
clarify  the  specification.  Noise  levels  will  likewise  be  given  in 
dBm;  the  response  to  Gaussian  noise  is  0.5  dB  higher  than  for  a 
sinusoidal  input  of  the  same  rms  value. 

Note  that  dynamic  range,  being  a  simple  ratio,  is  always  speci- 
fied simply  as  "dB",  and  the  slope  of  the  logarithmic  transfer 
function  is  correctly  specified  as  "mV/dB,"  NOT  as  "mV/dBm." 

LOGARITHMIC  SLOPE  AND  INTERCEPT 

A  generalized  logarithmic  amplifier  having  an  input  voltage  V,N 
and  output  voltage  VLOG  must  satisfy  a  transfer  function  of  the 
form 

Vlog  =  VYlogw(V,NIVx\ 

where,  in  the  case  of  the  AD606,  the  voltage       is  the  differ- 
ence between  the  voltages  on  pins  INHI  and  INLO,  and  the 
voltage  VLOG  is  that  measured  at  the  output  pin  VLOG.  VY  and 
Vx  are  fixed  voltages  that  determine  the  slope  and  intercept  of 
the  logarithmic  amplifier,  respectively.  These  parameters  are 
inherent  in  the  design  of  a  particular  logarithmic  amplifier, 
although  may  be  adjustable,  as  in  the  AD606.  When  VIN  =  Vx, 
the  logarithmic  argument  is  one,  hence  the  logarithm  is  zero. 
Vx  is,  therefore,  called  the  logarithmic  intercept  voltage  because 
the  output  voltage  VLOG  crosses  zero  for  this  input.  The  slope 
voltage  VY  is  can  also  be  interpreted  as  the  "volts  per  decade" 
when  using  base- 10  logarithms  as  shown  here. 

Note  carefully  that  VLOG  and  VLOG  in  the  above  paragraph 
(and  elsewhere  in  this  data  sheet)  are  different.  The  first  is  a 
voltage;  the  second  is  a  pin  designation. 

This  equation  suggests  that  the  input  VIN  is  a  dc  quantity,  and, 
if  Vx  is  positive,  that  VIN  must  likewise  be  positive,  since  the 
logarithm  of  a  negative  number  has  no  simple  meaning.  In  fact, 
in  the  AD606,  the  response  is  independent  of  the  sign  of  VIN 
because  of  the  particular  way  in  which  the  circuit  is  built.  This 
is  pan  of  the  demodulating  nature  of  the  amplifier,  which 


The  single  supply  nature  of  the  AD606  results  in  common-mode 
level  of  the  inputs  INHI  and  INLO  being  at  about  +2.5  V 
(using  the  recommended  +5  V  supply).  In  normal  ac  operation, 
this  bias  level  is  developed  internally  and  the  input  signal  is  cou- 
pled in  through  dc-blocking  capacitors.  Any  residual  dc  offset 
voltage  in  the  first  stage  limits  the  logarithmic  accuracy  for  small 
inputs.  In  ac  operation,  this  offset  is  automatically  and  continu- 
ously nulled  via  a  feedback  path  from  the  last  stage,  provided 
that  the  pins  INHI  and  INLO  are  not  shorted  together,  as  would 
be  the  case  if  transformer  coupling  were  used  for  the  signal. 

While  any  logarithmic  amplifier  must  eventually  conform  to  the 
basic  equation  shown  above,  which,  with  appropriate  elabora- 
tion, can  also  fully  account  for  the  effect  of  the  signal  waveform 
on  the  effective  intercept,1  it  is  more  convenient  in  RF  applica- 
tions to  use  a  simpler  expression.  This  simplification  results 
from  first,  assuming  that  the  input  is  always  sinusoidal,  and  sec- 
ond, using  a  decibel  representation  for  the  input  level.  The  stan- 
dard representation  of  RF  levels  is  (incorrectly,  in  a  log  amp 
context)  in  terms  of  power,  specifically,  decibels  above  1  milli- 
watt (dBm)  with  a  presumed  impedance  level  of  50  ft.  That 
being  the  case,  we  can  rewrite  the  transfer  function  as 

VL0G=Vy  [PIN-PX) 

where  it  must  be  understood  that  PIN  means  the  sinusoidal 
input  power  level  in  a  50  ft  system,  expressed  in  dBm,  and  Px 
is  the  intercept,  also  expressed  in  dBm.  In  this  case,  ?m  and  Px 
are  simple,  dimensionless  numbers.  (Px  is  sometimes  called  the 
"logarithmic  offset,"  for  reasons  which  are  obvious  from  the 
above  equation.)  VY  is  still  defined  as  the  logarithmic  slope, 
usually  specified  as  so  many  millivolts  per  decibel,  or  mV/dB. 

In  the  case  of  the  AD606,  the  slope  voltage,  VY,  is  nominally 
750  mV  when  operating  at  VPOS  =  5  V.  This  can  also  be 
expressed  as  37.5  mV/dB  or  750  mV/decade;  thus,  the  80  dB 
range  equates  to  3  V.  Figure  1  shows  the  transfer  function  of 
the  AD606.  The  slope  is  closely  proportional  to  VPOS,  and  can 
more  generally  be  stated  as  YY  =  0.15  x  VpoS.  Thus,  in  those 
applications  where  the  scaling  must  be  independent  of  supply 
voltage,  this  must  be  stabilized  to  the  required  accuracy.  In 
applications  where  the  output  is  applied  to  an  A/D  converter, 
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Figure  7.  Nominal  Transfer  Function 


'See,  for  example,  the  AD640  data  sheet,  which  is  published  in  Section  3  of 
the  Special  Linear  Reference  Manual  or  Section  9.3  of  the  1992  Amplifier 
Applications  Guide. 


20-32   SIGNAL  COMPRESSION  COMPONENTS 


REV.O 


Vpos,  if  possible.  The  slope  is  essentially  independent  of 
temperature. 

The  intercept  Px  is  essentially  independent  of  either  the  supply 
voltage  or  temperature.  However,  the  AD606  is  not  factory- 
calibrated,  and  both  the  slope  and  intercept  may  need  to  be 
externally  adjusted.  Following  calibration,  the  conformance  to 
an  ideal  logarithmic  law  will  be  found  to  be  very  close,  particu- 
larly at  moderate  frequencies  (see  Figure  14),  and  still  accept- 
able at  the  upper  end  of  the  frequency  range  (Figure  15). 

CIRCUIT  DESCRIPTION 

Figure  2  is  a  block  diagram  of  the  AD606,  which  is  a  complete 
logarithmic  amplifier  system  in  monolithic  form.  It  uses  a  total 
of  nine  limiting  amplifiers  in  a  "successive  detection"  scheme  to 
closely  approximate  a  logarithmic  response  over  a  total  dynamic 
range  of  90  dB  (Figure  2).  The  signal  input  is  differential,  at 
nodes  INHI  and  INLO,  and  will  usually  be  sinusoidal  and  ac 
coupled.  The  source  may  be  either  differential  or  single-sided; 
the  input  impedance  is  about  2.S  kfl  in  parallel  with  2  pF. 
Seven  of  the  amplifier/detector  stages  handle  inputs  from  -80 
dBm  (32  (iV  rms)  up  to  about  -14  dBm  (45  mV  rms).  The 
noise  floor  is  about  -83  dBm  (18  uV  rms).  Another  two  stages 
receive  the  input  attenuated  by  22.3  dB,  and  respond  to  inputs 
up  to  + 10  dBm  (707  mV  rms).  The  gain  of  each  of  these  stages 
is  11.15  dB  and  is  accurately  stabilized  over  temperature  by  a 
precise  biasing  system. 


The  detectors  provide  full-wave  rectification  of  the  alternating 
signal  present  at  each  limiter  output.  Their  outputs  are  in  the 
form  of  currents,  proportional  to  the  supply  voltage.  Each  cell 
incorporates  a  low-pass  filter  pole,  as  the  first  step  in  recovering 
the  average  value  of  the  demodulated  signal,  which  contains 
appreciable  energy  at  even  harmonics  of  the  input  frequency.  A 
further  real  pole  can  be  introduced  by  adding  a  capacitor 
between  the  summing  node  ISUM  and  VPOS.  The  summed 
detector  output  currents  are  applied  to  a  6:1  reduction  current 
mirror.  Its  output  at  ILOG  is  scaled  2  jiA/dB,  and  is  converted 
to  voltage  by  an  internal  load  resistor  of  9.375  kfl  between 
ILOG  and  OPCM  (output  common,  which  is  usually  grounded). 


decade). 

In  applications  where  VLOG  is  taken  to  an  A/D  converter  which 
allows  the  use  of  an  external  reference,  this  reference  input 
should  also  be  connected  to  the  same  +5  V  supply.  The  power- 
supply  voltage  may  be  in  the  range  +4.5  V  to  +5.5  V,  provid- 
ing a  range  of  slopes  from  nominally  33.75  mV/dB  (675  mV/ 
decade)  to  41 .25  mV/dB  (825  mV/decade). 

A  buffer  amplifier,  having  a  gain  of  two,  provides  a  final  output 
scaling  at  VLOG  of  37.5  mV/dB  (750  mV/decade).  This  low- 
impedance  output  can  run  from  close  to  ground  to  over  +4  V 
(using  the  recommended  +5  V  supply)  and  is  tolerant  of  resis- 
tive and  capacitive  loads.  Further  filtering  is  provided  by  a  con- 
jugate pole  pair,  formed  by  internal  capacitors  which  are  an 
integral  part  of  the  output  buffer.  The  corner  frequency  of  the 
overall  filter  is  2  MHz,  and  the  10%-90%  rise  time  is  150  ns. 
Later,  we  will  show  how  the  slope  and  intercept  can  be  altered 
using  simple  external  adjustments.  The  direct  buffer  input 
BFIN  is  used  in  these  cases. 

The  last  limiter  output  is  available  as  complementary  currents 
from  open  collectors  at  pins  LMHI  and  LMLO.  These  currents 
are  each  1.2  mA  typical  with  LADJ  grounded  and  may  be  con- 
verted to  voltages  using  external  load  resistors  connected  to 
VPOS;  typically,  a  200  ft  resistor  is  used  on  just  one  output. 
The  voltage  gain  is  then  over  90  dB,  resulting  in  a  hard-limited 
output  for  all  input  levels  down  to  the  noise  floor.  The  phasing 
is  such  that  the  voltage  at  LMHI  goes  high  when  the  input 
(INHI  to  INLO)  is  positive.  The  overall  delay  time  from  the 
signal  inputs  to  the  hmiter  outputs  is  8  ns.  Of  particular  impor- 
tance is  the  phase  stability  of  these  outputs  versus  input  level. 
At  50  MHz,  the  phase  typically  remains  within  ±4°  from 
-70  dBm  to  +5  dBm.  The  rise  time  of  this  output  (essentially  a 
square  wave)  is  about  1.2  ns,  resulting  in  clean  operation  to 
more  than  70  MHz. 

Offset-Control  Loop 

The  offset-control  loop  nulls  the  input  offset  voltage,  and  sets 
up  the  bias  voltages  at  the  input  pins  INHI  and  INLO.  A  full 
understanding  of  this  offset-control  loop  is  useful,  particularly 
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Figure  2.  AD606  Simplified  Block  Diagram 
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when  using  larger  input  coupling  capacitors  and  an  external  fil- 
ter capacitor  to  lower  the  minimum  acceptable  operating  fre- 
quency. The  loop's  primary  purpose  is  to  extend  the  lower  end 
of  the  dynamic  range  in  the  case  where  the  offset  voltage  of  the 
first  stage  should  be  high  enough  to  cause  later  stages  to  prema- 
turely enter  limiting,  because  of  the  high  dc  gain  (about  8000) 
of  the  main  amplifier  system.  For  example,  an  offset  voltage  of 
only  20  u.V  would  become  160  mV  at  the  output  of  the  last 
stage  in  the  main  amplifier  (before  the  final  limiter  section), 
driving  the  last  stage  well  into  limiting.  In  the  absence  of  noise, 
this  limiting  would  simply  result  in  the  logarithmic  output  ceas- 
ing to  become  any  lower  below  a  certain  signal  level  at  the 
input.  The  offset  would  also  degrade  the  logarithmic  conform- 
ance in  this  region.  In  practice,  the  finite  noise  of  the  first  stage 
also  plays  a  role  in  this  regard,  even  if  the  dc  offset  were  zero. 

Figure  3  shows  a  representation  of  this  loop,  reduced  to  essen- 
tials. The  figure  closely  corresponds  to  the  internal  circuitry, 
and  correctly  shows  the  input  resistance.  Thus,  the  forward  gain 
of  the  main  amplifier  section  is  7  x  11.15  dB,  but  the  loop  gain 
is  lowered  because  of  the  attenuation  in  the  network  formed  by 


Figure  3.  Offset  Control  Loop 


RBI  and  RB2  and  the  input  resistance  RA.  The  connection 
polarity  is  such  as  to  result  in  negative  feedback,  which  reduces 
the  input  offset  voltage  by  the  dc  loop  gain,  here  about  50  dB, 
that  is,  by  a  factor  of  about  316.  We  use  a  differential  represen- 
tation, because  later  we  will  examine  the  consequences  to  the 
power-up  response  time  in  the  event  that  the  ac  coupling  capaci- 
tors Cc,  and  CC2  do  not  exactly  match.  Note  that  these  capaci- 
tors, as  well  as  forming  a  high-pass  filter  to  the  signal  in  the 
forward  path,  also  introduce  a  pole  in  the  feedback  path. 

Internal  resistors  RF1  and  RF2  in  conjunction  with  grounded 
capacitors  CF1  and  CF2  form  a  low-pass  filter  at  15  kHz.  This 
frequency  can  optionally  be  lowered  by  the  addition  of  an  exter- 
nal capacitor  Cz,  and  in  some  cases  a  series  resistor  Rz.  This,  in 
conjunction  with  the  low-pass  section  formed  at  the  input  cou- 
pling, results  in  a  two-pole  high-pass  response,  falling  of  at 
40  dB/decade  below  the  corner  frequency.  The  damping  factor 
of  this  filter  depends  on  the  ratio  Cz/Cc  (when  CZ>>CF)  and 
also  on  the  value  of  Rz. 

The  inclusion  of  this  control  loop  has  no  effect  on  the  high  frequency 
response  of  the  AD606.  Nor  does  it  have  any  effect  on  the  low  fre- 
quency response  when  the  input  amplitude  is  substantially  above  the 
input  offset  voltage. 

The  loop's  effect  is  felt  only  at  the  lower  end  of  the  dynamic 
range,  that  is,  from  about  -80  dBm  to  -70  dBm,  and  when  the 
signal  frequency  is  near  the  lower  edge  of  the  passband.  Thus, 


the  small  signal  results  which  are  obtained  using  the  suggested 
model  are  not  indicative  of  the  ac  response  at  moderate  to  high 
signal  levels.  Figure  4  shows  the  response  of  this  model  for  the 
default  case  (using  Cc  =  100  pF  and  Cz  =  0)  and  with  Cz  = 
150  pF.  In  general,  a  maximally  flat  ac  response  occurs  when  Cz 
is  roughly  twice  Cc  (making  due  allowance  for  the  internal 
30  pF  capacitors).  Thus,  for  audio  applications,  one  can  use 
Cc  =  2.7  u.F  and  Cz  =  4.7  u,F  to  achieve  a  high-pass  corner 


(-3  dB)  at  25  Hz. 


INPUT  FREQUENCY  - 


Figure  4.  Frequency  Response  of  Offset  Control  Loop  for 
Cz  =  0pF  and  Cz  =  150  pF  (Cc  =  100  pF) 

However,  the  maximally  flat  ac  response  is  not  optimal  in  two 
special  cases.  First,  where  the  RF  input  level  is  rapidly  pulsed, 
the  fast  edges  will  cause  the  loop  filter  to  ring.  Second,  ringing 
can  also  occur  when  using  the  power-up  feature,  and  the  ac  cou- 
pling capacitors  do  not  exactly  match  in  value.  We  will  examine 
the  latter  case  in  a  moment.  Ringing  in  a  linear  amplifier  is 
annoying,  but  in  a  log  amp,  with  its  much  enhanced  sensitivity 
to  near  zero  signals,  it  can  be  very  disruptive. 

To  optimize  the  low  level  accuracy,  that  is,  achieve  a  highly- 
damped  pulse  response  in  this  filter,  it  is  recommended  to 
include  a  resistor  Rz  in  series  with  an  increased  value  of  Cz. 
Some  experimentation  may  be  necessary,  but  for  operation  in 
the  range  3  MHz  to  70  MHz,  values  of  Cc  =  100  pF,  Cz  = 
1  nF  and  Rz  =  2  kfi  are  near  optimal.  For  operation  down  to 
100  kHz  use  Cc  a  10  nF,  Cz  =  0.1  u.F  and  Rz  =  13  kft.  Fig- 
ure 5  shows  typical  connections  for  the  AD606  with  these  filter 
components  added. 


Figure  5.  Use  of  Cz  and  Rz  for  Offset  Control 
Loop  Compensation 

For  operation  above  10  MHz,  it  is  not  necessary  to  add  the 
external  capacitors  CF1,  CF2,  and  Cz,  although  an  improve- 
ment in  low  frequency  noise  can  be  achieved  by  so  doing  (see 
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APPLICATIONS).  Note  that  the  offset  control  loop  does  not 
materially  affect  the  low-frequency  cutoff  at  high  input  levels, 
when  the  offset  voltage  is  swamped  by  the  signal. 

Power-Up  Interface 

The  AD606  features  a  power-saving  mode,  controlled  by  the 
logic  level  at  Pin  14  (PRUP).  When  powered  down,  the  quies- 
cent current  is  typically  65  uA,  or  about  325  (iW.  A  CMOS  log- 
ical HIGH  applied  to  PRUP  activates  both  internal  references, 
and  the  system  becomes  fully  functional  within  about  3.5  u,s. 
When  this  input  is  a  CMOS  logical  LOW,  the  system  shuts 
down  to  the  quiescent  level  within  about  5  ^s. 

The  power-up  time  is  somewhat  dependent  on  the  signal  level 
and  can  be  degraded  by  mismatch  of  the  input  coupling  capaci- 
tors. The  explanation  is  as  follows.  When  the  AD606  makes  the 
transition  from  powered-down  to  fully  active,  the  dc  bias  voltage 
at  the  input  nodes  INHI  and  INLO  (about  +2.5  V)  inevitably 
changes  slightly,  as  base  current  in  the  input  transistors  flows  in 
the  bias  resistors.  In  fact,  first-order  correction  for  this  is 
included  in  the  specially  designed  offset  buffer  amplifier,  but 
even  a  few  millivolts  of  change  at  these  inputs  represents  a  sig- 
nificant equivalent  "dBm"  level. 

Now,  if  the  coupling  capacitors  do  not  match  exactly,  some  frac- 
tional part  of  this  residual  voltage  step  becomes  coupled  into  the 
amplifier.  For  example,  if  there  is  a  10  %  capacitor  mismatch, 
and  INHI  and  INLO  jump  20  mV  at  power-up,  there  is  a  2  mV 
pulse  input  to  the  system,  which  may  cause  the  offset  control 
loop  to  ring.  Note  that  2  mV  is  roughly  40  times  greater  than 
the  amplitude  of  a  sinusoidal  input  at  -75  dBm.  As  long  as  the 
ringing  persists,  the  AD606  will  be  "blind"  to  the  actual  input, 
and  VLOG  will  show  major  disturbances. 

The  solution  to  this  problem  is  first,  to  ensure  that  the  loop  fil- 
ter does  not  ring,  and  second,  to  use  well-matched  capacitors  at 
the  signal  input.  Use  the  component  values  suggested  above  to 
minimize  ringing. 


APPLICATIONS 

Note  that  the  AD606  has  more  than  70  MHz  of  input  band- 
width and  90  dB  of  gain!  Careful  shielding  is  needed  to  realize 
its  full  dynamic  range,  since  nearly  all  application  sites  will  be 
pervaded  by  many  kinds  of  interference,  radio  and  TV  stations, 
etc.,  all  of  which  the  AD606  faithfully  hears.  In  bench  evalua- 
tion, we  recommend  placing  all  of  the  components  in  a  shielded 
box  and  using  feedthrough  decoupling  networks  for  the  supply 
voltage.  In  many  applications,  the  AD606's  low  power  drain 
allows  the  use  of  a  6  V  battery  inside  the  box. 

Basic  RSSI  Application 

Figure  6  shows  the  basic  RSSI  (Receiver  Signal  Strength  Indica- 
tor) application  circuit,  including  the  calibration  adjustments, 
either  or  both  of  which  may  be  omitted  in  noncritical  applica- 
tions. This  circuit  may  be  used  "as  is"  in  such  measurement 
applications  as  the  log/IF  strip  in  a  spectrum  or  network  ana- 
lyzer or,  with  the  addition  of  an  FM  or  QPSK  demodulator  fed 
by  the  limiter  outputs,  as  an  IF  strip  in  such  communications 
applications  as  a  GSM  digital  mobile  radio  or  FM  receiver. 

The  slope  adjustment  works  in  this  way:  the  buffer  amplifier 
(which  forms  part  of  a  Sallen-Key  two-pole  filter,  see  Figure  2) 
has  a  dc  gain  of  plus  two,  and  the  resistance  from  BFIN  (buffer 
in)  to  OPCM  (output  common)  is  nominally  9.375  kfi.  This 
resistance  is  driven  from  the  logarithmic  detector  sections  with  a 
current  scaled  2  n-A/dB,  generating  18.75  mV/dB  at  BFIN, 
hence  37.5  mV/dB  at  VLOG.  Now,  a  resistor  (R4  in  Figure  6) 
connected  directly  between  BFIN  and  VLOG  would  form  a  con- 
trolled positive-feedback  network  with  the  internal  9.375  kO 
resistor  which  would  raise  the  gain,  and  thus  increase  the  slope 
voltage,  while  the  same  external  resistor  connected  between 
BFIN  and  ground  would  form  a  shunt  across  the  internal  resis- 
tor and  reduce  the  slope  voltage.  By  connecting  R4  to  a  potenti- 
ometer R2  across  the  output,  the  slope  may  be  adjusted  either 
way;  the  value  for  R4  shown  in  Figure  6  provides  approximately 
±  10%  range,  with  essentially  no  effect  on  the  slope  at  the 
midposition. 

The  intercept  may  be  adjusted  by  adding  a  small  current  into 
BFIN  via  Rl  and  R3.  The  AD606  is  designed  to  have  the  nomi- 

-'  intercept  value  of -88  dBm  when  Rl  is  centered  using  this 
network,  which  provides  a  range  of  ±5  dB. 


■ 


Figure  6.  Basic  Application  Circuit  Showing  Optional  Slope  and  Intercept  Adjustments 
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minimize  power  drain.  Calibration  can  be  achieved  in  several 
ways:  The  simplest  is  to  apply  an  RF  input  at  the  desired  oper- 
ating frequency  which  is  amplitude  modulated  at  a  relatively  low 
frequency  (say  1  kHz  to  10  kHz)  to  a  known  modulation  index. 
Thus,  one  might  choose  a  ratio  of  2  between  the  maximum  and 
minimum  levels  of  the  RF  amplitude,  corresponding  to  a  6  dB 
(strictly,  6.02  dB)  change  in  input  level.  The  average  RF  level 
should  be  set  to  about  -35  dBm  (the  midpoint  of  the  AD606's 
range).  R2  is  then  adjusted  so  that  the  6  dB  input  change  results 
in  the  desired  output  voltage  change,  for  example,  226  mV  at 
37.5  mV/dB. 

A  better  choice  would  be  a  4: 1  ratio  (12.04  dB),  to  spread  the 
residual  error  out  over  a  larger  segment  of  the  whole  transfer 
function.  If  a  pulsed  RF  generator  is  available,  the  decibel  incre- 
ment might  be  enlarged  to  20  dB  or  more.  Using  just  a  fixed- 
level  RF  generator,  the  procedure  is  more  time  consuming,  but 
is  carried  out  in  just  the  same  way:  manually  change  the  level  by 
a  known  number  of  decibels  and  adjust  R2  until  VLOG  varies  by 
the  corresponding  voltage. 

Having  adjusted  the  slope,  the  intercept  may  now  be  simply 
adjusted  using  a  known  input  level.  A  value  of -35  dBm  (397.6 
mV  rms,  or  400  mV  to  within  0.05  dB)  is  recommended,  and  if 
the  standard  scaling  is  used  (Px  =  -  88.33  dBm,  VY  =  37.5 
mV/dB),  then  VLOG  should  be  set  to  +2  V  at  this  input  level. 

A  Low  Cost  Audio  Through  RF  Power  Meter 

Figure  7  shows  a  simple  power  meter  that  uses  the  AD606  and 
an  ICL7136  3-1/2  digit  DMM  IC  driving  an  LCD  readout.  The 
circuit  operates  from  a  single  +5  V  supply  and  provides  direct 
readout  in  dBm,  with  a  resolution  of  0.1  dBm. 


measure  signals  trom  below  -80  dBm  to  over  +10  dBm.  An 
optional  50  fl  termination  is  included  in  the  figure;  this  could 
form  the  lower  arm  of  an  external  attenuator  to  accommodate 
larger  signal  levels.  By  the  simple  expedient  of  using  a  13  dB 
attenuator,  the  LCD  reading  now  becomes  dBV  (decibels  above 
1  V  rms).  This  requires  a  series  resistor  of  174  fl,  presenting  an 
input  resistance  of  224  fl.  Alternatively,  the  input  resistance  can 
be  raised  to  600  O  using  464  fl  and  133  fl.  It  is  important  to 
note  that  the  AD606  inputs  must  be  ac  coupled.  To  extend  the 
low  frequency  range,  use  larger  coupling  capacitors  and  an 
external  loop  filter,  as  outlined  earlier. 

The  nominal  0.5  V  to  3.5  V  output  of  the  AD606  (for  a  -75  dBm 
to  +5  dBm  input)  must  be  scaled  and  level  shifted  to  fit  within 
the  +1  V  to  +4.5  V  common-mode  range  of  the  ICL7136  for 
the  +5  V  supply  used.  This  is  achieved  by  the  passive  resistor 
network  of  Rl,  R2,  and  R3  in  conjunction  with  the  bias  net- 
works of  R4  through  R7,  which  provide  the  ICL7136  with  its 
reference  voltage,  and  R9  through  Rll,  which  set  the  intercept. 
The  ICL7136  measures  the  differential  voltage  between  IN  HI 
and  IN  LO,  which  ranges  from  —75  mV  to  +5  mV  for  a 
-75  dBm  to  +5  dBm  input. 

To  calibrate  the  power  meter,  first  adjust  R6  for  100  mV 
between  REF  HI  and  REF  LO.  This  sets  the  initial  slope.  Then 
adjust  R10  to  set  IN  LO  80  mV  higher  than  IN  HI.  This  sets 
the  initial  intercept.  The  slope  and  intercept  may  now  be 
adjusted  using  a  calibrated  signal  generator  as  outlined  in  the 
previous  section. 

To  extend  the  low  frequency  limit  of  the  system  to  audio  fre- 
quencies, simply  change  CI,  C2,  and  C3  to  4.7  |xF. 

The  limiter  output  of  the  AD606  may  be  used  to  drive  the  high- 
impedance  input  of  a  frequency  counter. 
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Figure  8.  Circuit  for  Low  Frequency  Measurements 


Low  Frequency  Applications 

With  reasonably  sized  input  coupling  capacitors  and  an  optional 
input  low-pass  filter,  the  AD606  can  operate  to  frequencies  as  low 
as  200  Hz  with  good  log  conformance.  Figure  8  shows  the  sche- 
matic, with  the  low-pass  filter  included  in  the  dashed  box.  This 
circuit  should  be  built  inside  a  die  cast  box  and  the  signal 
brought  in  through  a  coaxial  connector.  The  circuit  must  also 
have  a  low-pass  filter  to  reject  the  attenuated  RF  signals  that 
would  otherwise  be  rectified  along  with  the  desired  signal  and 
be  added  to  the  log  output.  The  shielded  and  filtered  circuit  has 
a  90  dB  dynamic  range,  as  shown  in  Figure  9. 

In  this  circuit,  R4  and  RS  form  a  20  dB  attenuator  that  extends 
the  input  range  to  10  V  rms.  R3  isolates  loads  from  VLOG. 
Capacitors  CI  and  C2  (4.7  u.F  each),  Rl,  R2,  and  the  AD606's 
input  resistance  of  2.5  kft  form  a  100  Hz  high-pass  filter  that  is 
before  the  AD606;  the  corner  frequency  of  this  filter  must  be 
well  below  the  lowest  frequency  of  interest.  In  addition,  the 
offset-correction  loop  introduces  another  pole  at  low  signal  levels 
that  is  transformed  into  another  high-pass  filter  because  it  is  in  a 
feedback  path.  This  indicates  that  there  has  to  be  a  gradual 
transition  from  a  40  dB  roll  off  at  low  signal  levels  to  a  20  dB 
roll  off  at  high  signal  levels,  at  which  point  the  feedback  low 
pass  filter  is  effectively  disabled  since  the  incoming  signal 
swamps  the  feedback  signal. 


■ 


This  low-pass  filter  introduces  some  attenuation  due  to  Rl  and 
R2  in  conjunction  with  the  2.5  kft  input  resistance  of  the 
AD606.  To  minimize  this  effect,  the  value  of  Rl  and  R2  should 
be  kept  as  small  as  possible-100  ft  is  a  good  value  since  it  bal- 
ances the  need  to  reduce  the  attenuation  as  mentioned  above 
with  the  requirement  for  Rl  and  R2  to  be  much  larger  then  the 
impedance  of  CI  and  C2  at  the  low-pass  corner  frequency,  in 
our  case  about  1  MHz. 
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Figure  9.  Performance  of  Low  Frequency  Circuit  at  100  Hz 
and  1  kHz  to  10  MHz  (Note  Attenuation) 
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Figure  10.  Normalized  Limiter 
Amplitude  Response  vs.  Input  Level 
at  10.7  MHz,  45  MHz  and  70  MHz 
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Figure  1 1.  Normalized  Limiter 
Phase  Response  vs.  Input  Level  at 
W.7MHz,  45  MHz,  and  70  MHz 
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Figure  12.  Supply  Current  vs.  PRUP 
Voltage  at  +25°C 
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Figure  13.  VLOG  Plotted  vs.  Input 
Level  at  10.7  MHz  as  a  Function  of 
Power  Supply  Voltage 


Figure  14.  Logarithmic  Conform- 
ance as  a  Function  of  Input  Level  at 
10.7  MHz  at  -25°C,  +25°C,  e 
+  70°C 
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figure  76.  Limiter  Response  at 
Onset  of  10.7  MHz  Modulated  Pulse 
at  -75  dBm  Using  200  pF  Input 
Coupling  Capacitors. 


Figure  17.  VLOG  Response  to  a 
10.7MHz  CW Signal  Modulated  by 
a  25  /is  Wide  Pulse  with  a  25  kHz 
Repetition  Rate  Using  200  pF  Input 
Coupling  Capacitors.  The  Input  Sig- 
nal Goes  from  +5  dBm  to  -75  dBm 
in  20  dB  Steps. 


Figure  18.  Limiter  Response  at 
Onset  of  70  MHz  Modulated  Pulse 
at  -55  dBm  Using  200  pF  Input 
Coupling  Capacitors. 
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Figure  19.  VLOG  Output  for  a  Pulsed 
10.7  MHz  Input;  Top  Trace: 
-35dBm  to  +5dBm;  Middle  Trace: 
-  15  dBm  to  -55  dBm;  Bottom 
Trace:  -35  dBm  to  -75  dBm 
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Figure  20.  Example  of  Test  Signal 
Used  for  Figure  19 


Figure  21.  VLoa  Output  for 
10.7  MHz  CW  Input  with  PRUP  Tog- 
gled ON  and  OFF;  Top  Trace: 
+5  dBm  Input;  Middle  Trace:  -35 
dBm  Input;  Bottom  Trace:  -75 
dBm;  PRUP  Input  from  HP8112A:  0 
to  4  V,  10  ms  Pulse  Width  with 
10  kHz  Repetition  Rate 
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DC  Coupled  Demodulating 
120MHz  Logarithmic  Amplifier 


FEATURES 

Complete.  Fully  Calibrated  Monolithic  System 
Five  Stages,  Each  Having  10dB  Gain,  350MHz  BW 
Direct  Coupled  Fully  Differential  Signal  Path 
Logarithmic  Slope,  Intercept  and  AC  Response  are 

Stable  Over  Full  Military  Temperature  Range 
Dual  Polarity  Current  Outputs  Scaled  1mA/Decade 
Voltage  Slope  Options  (1V/Decade,  lOOmV/dB,  etc.) 
Low  Power  Operation  (Typically  220mW  at  ±SV) 
Low  Cost  Plastic  Packages  Also  Available 

APPLICATIONS 

Radar,  Sonar,  Ultrasonic  and  Audio  Systems 
Precision  Instrumentation  from  DC  to  120MHz 
Power  Measurement  with  Absolute  Calibration 
Wide  Range  High  Accuracy  Signal  Compression 
Alternative  to  Discrete  and  Hybrid  IF  Strips 
Replaces  Several  Discrete  Log  Amp  ICs 

PRODUCT  DESCRIPTION 

The  AD640  is  a  complete  monolithic  logarithmic  amplifier.  A 
single  AD640  provides  up  to  50dB  of  dynamic  range  for  fre- 
quencies from  dc  to  120MHz.  Two  AD640s  in  cascade  can  pro- 
vide up  to  95dB  of  dynamic  range  at  reduced  bandwidth.  The 
AD640  uses  a  successive  detection  scheme  to  provide  an  output 
current  proportional  to  the  logarithm  of  the  input  voltage.  It  is 
laser  calibrated  to  close  tolerances  and  maintains  high  accuracy 
over  the  full  military  temperature  range  using  supply  voltages 
from  ±4.5V  to  ±7.5V. 

The  AD640  comprises  five  cascaded  dc  coupled  amphfier/limiter 
stages,  each  having  a  small  signal  voltage  gain  of  lOdB  and  a 
-3dB  bandwidth  of  350MHz.  Each  stage  has  an  associated  full- 
wave  detector,  whose  output  current  depends  on  the  absolute 
value  of  its  input  voltage.  The  five  outputs  are  summed  to  pro- 
vide the  video  output  (when  low  pass  filtered)  scaled  at  1mA  per 
decade  (50u,A  per  dB).  On  chip  resistors  can  be  used  to  convert 
this  output  current  to  a  voltage  with  several  convenient  slope 
options.  A  balanced  signal  output  at  +50dB  (referred  to  input) 
is  provided  to  operate  AD640s  in  cascade. 

The  logarithmic  response  is  absolutely  calibrated  to  within 
±ldB  for  dc  or  square  wave  inputs  from  ±0.75mV  to  ±200mV, 
with  an  intercept  (logarithmic  offset)  at  lmV  dc.  An  integral 


X10  attenuator  provides  an  alternative  input  range  of  ±7.5mV 
to  ±2V  dc.  Scaling  is  also  guaranteed  for  sinusoidal  inputs. 

The  AD640B  is  specified  for  the  industrial  temperature  range  of 
-40°C  to  +85°C  and  the  AD640T,  available  processed  to  MIL- 
STD-883B,  for  the  mUitary  range  of  -55°C  to  +125°C.  Both  are 
available  in  20-pin  side  brazed  ceramic  DIPs  or  leadless  chip 
carriers  (LCC).  The  AD640]  is  specified  for  the  commercial 
temperature  range  of  0  to  +70°C,  and  is  available  in  both  20-pin 
plastic  DIP  (N)  and  PLCC  (P)  packages. 

This  device  is  now  available  to  Standard  Military  Drawing 
(DESC)  number  5962-9095501MRA  and  5962-9095501M2A. 
PRODUCT  HIGHLIGHTS 

1.  Absolute  calibration  of  a  wideband  logarithmic  amplifier  is 
unique.  The  AD640  is  a  high  accuracy  measurement  device, 
not  simply  a  logarithmic  building  block. 

2.  Advanced  design  results  in  unprecedented  stability  over  the 
full  military  temperature  range. 

3.  The  fully  differential  signal  path  greatly  reduces  the  risk  of 
instability  due  to  inadequate  power  supply  decoupling  and 
shared  ground  connections,  a  serious  problem  with  com- 
monly used  unbalanced  designs. 

4.  Differential  interfaces  also  ensure  that  the  appropriate  ground 
connection  can  be  chosen  for  each  signal  port.  They  further 
increase  versatility  and  simplify  applications.  The  signal 
input  impedance  is  ~500kfi  in  shunt  with  ~2pF. 

5.  The  dc  coupled  signal  path  eliminates  the  need  for  numerous 
interstage  coupling  capacitors  and  simplifies  logarithmic  con- 
version of  subsonic  signals. 

6.  The  low  input  offset  voltage  of  50u.V  (200u.V  max)  ensures 
good  accuracy  for  low  level  dc  inputs. 

7.  Thermal  recovery  "tails,"  which  can  obscure  the  response 
when  a  small  signal  immediately  follows  a  high  level  input, 
have  been  minimized  by  special  attention  to  design  details. 

8.  The  noise  spectral  density  of  2nV/VHz  results  in  a  noise 
floor  of  ~23(j.V  rms  (  -80dBm)  at  a  bandwidth  of  100MHz. 
The  dynamic  range  using  cascaded  AD640s  can  be  extended 
to  95dB  by  the  inclusion  of  a  simple  filter  between  the  two 


devices. 

FUNCTIONAL  BLOCK  DIAGRAM 

lk      RGO  ik     

RG1  [iTJ-WyV— [ieJ-^Mf— [is]  RG2   q°tL!*]       Epcoi  [Z]  [h]+Vs 


FULL-WAVE1  [ 
DETECTOR  |  I 

H 

n 


I 


full-wave! 
detector 


LIMIIbh 

E 


full-wave!  I 

DETECTOR  |  | 

I  I 


10db> 


full-wave!  T 

DETECTOR  |  | 

I  \A 

TT 

M. 


A 


full-wave! 
detector  | 


v — r 


Od!}> 


LIMITERj  [^AMPLIFIER/LIMIT 


-0' 


GAIN  BIAS  REGULATOR  |  [T\- 


3£1 


SLOPE  BIAS  REGULATOR 


01 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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SPECIFICATIONS 

DC  SPECIFICATIONS  (Vs  =  +5V,  TA  =  +25°C,  unless  otherwise  noted) 


AD640 


Model 

Transfer  Function1 
Parameter 


AD640J  AD640B  AD640T 

IOUT=Iy  LOG  |VIN/VX|  for  VIN=±0.75mV  to  ±200mV  dc 
Typ       Max         Min       Typ       Max         Min       Typ  Max 


SIGNAL  INPUTS  (Pins  1,  20) 
Input  Resistance 
Input  Offset  Voltage 

vs.  Temperature 

Over  Temperature 

vs.  Supply 
Input  Bias  Current 
Input  Bias  Offset 
Common  Mode  Range 


Differential 
Differential 


Tml„  to  T„ 


500 

50 

0.8 

2 
7 
1 


500 


25 

+0.3 


500 

50 

0.8 

2 
7 
1 


-2 


25 

+0.3 


-2 


500 

kH 

50 

200 

u-V 

0.8 

300 

u.WC 
u-V 

2 

U.V/V 

7 

25 

u-A 

1 

+0.3 

M-A 

V 



INPUT  ATTENUATOR 
(Pins  2,  3,  4,  5  &  19) 
Attenuation2 
Input  Resistance 


Pin  5  to  Pin  19 
Pins  5  to  3/4 


20 
300 


20 
300 


20 
300 


SIGNAL  OUTPUT  (Pins  10,  ] 
Small  Signal  Gain4 
Peak  Differential  Output5 
Output  Resistance 
Quiescent  Output  Voltage 


Either  Pin  to  COM 
Either  Pin  to  COM 


50 

±180 

75 

-90 


50 


bin 


-90 


50 

±180 

75 

-90 


LOGARITHMIC  OUTPUT6  (Pin  14) 
Voltage  Compliance  Range 
t,Iv 

/  vs.  Temperature 

Accuracy  vs.  Supply 
Intercept  Voltage7,  Vx 
vs.  Temperature 
Over  Temperature 
vs.  Supply 
Logarithmic  Offset 
(Alt.  Definition  of  Vx) 
vs.  Temperature 
Over  Temperature 
vs.  Supply 
Intercept  Voltage  Using  Attenuator 
Zero  Signal  Output  Current3 

ITC  Disabled 
Maximum  Output  Current 


-0.3 
0.95 


T«i»  to  T„ 
±VS=4.5V  to  7.5V 


T™„  to  Tm 
±VS=4.5V  to  7.5V 


Tmin  to  T_ 
±VS=4.5V  to  7.5V 


Pin  8  to  COM 


-61.5 


1.00 
0.002 

0.08 
1.00 
0.5 


-60.0 
0.004 

0.017 

10.0 

-0.2 

-0.27 

2.3 


+VS-1 
1.05 


1.0 
1.15 


-58.7 


-0.3 
0.98 


+VS-1 
u  1.02 
0.002 


1.00 


-60.5 


0.08 
1.00 
0.5 


-60.0 
0.004 

0.017 

10.0 

-0.2 

-0.27 

2.3 


0.4 
1.05 


-59.5 


-0.3 
0.98 

0.98 

0.95 

0.90 

-60.5 
-60.9 
9.0 


1.00 
0.002 

0.08 
1.00 
0.5 


-60.0 
0.004 

0.017 

10.0 

-0.2 

-0.27 

2.3 


+VS-1 
1.02 

1.02 

0.4 

1.05 

I.  10 

-59.5 
-59.1 

II.  0 


APPLICATIONS  RESISTORS 
(Pins  15,  16,  17) 


1.000 


0.995      1.000  1.005 


0.995      1.000  1.005 


DC  LINEARITY 
V.N=±lmVto  ±100mV 





0.35  1.2 


0.35  0.6 


0.35  0.6 


TOTAL  ABSOLUTE  DC 
ACCURACY 

VIN=±lmVto  ±  100m Vs 
Over  Temperature 
Over  Supply  Range 
VIN=±0.75mVto  ±200mV 
Using  Attenuator 
Vm=±10mVto  ±1V 
Over  Temperature 
Vm=±7.5mVto2V 


Tmi„  to  T„„ 
±VS=4.5V  to  7.5V 


T„i„  to  Tm 


0.55 

2 

3 

2 

1.0 

3 

0.4 

2.5 

0.6 

3 

1.2 

3.5 

0.55 

0.9 

1.7 

1.0 

1.0 

2.0 

0.4 

1.5 

0.6 

2.0 

1.2 

2.5 

0.55 


1.0 


0.9 
1.8 
1.0 

2.0 


0.4  1.5 
0.6  2.0 
1.2  2.5 


POWER  REQUIREMENTS 
Voltage  Supply  Range 
Quiescent  Current9 

+VS  (Pin  12) 

-Vs  (Pin  7) 


±4.5 


t7.5 


±4.5 


±4.5 


T,™  to  Tm 
Tm,„  to  Tm 


9 
35 


15 
60 


9 

35 


15 
60 


9 
35 


±7.5 


15 
60 
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Model 
Parameter 

Conditions 

AD640J 
Min      Typ  Max 

AUo4UrJ 
Min      Typ  Max 

Min      Typ  Max 

Units 



SIGNAL  INPUT  (Pins  1,  20) 

Input  Capacitance 
Noise  Spectral  Density 
Tangential  Sensitivity 

Either  Pin  to  COM 
1kHz  to  10MHz 
BW=100MHz 

2 
2 

-72 

2 
2 

-72 

2 
2 

-72 

pF 

nV/VHz 
dBm 

3dB  BANDWIDTH 
Each  Stage 
All  Five  Stages 



Pins  1  &  20  to  10  &  11 

350 
145 

350 
145 

350 
145 

MHz 
MHz 

LOGARITHMIC  OUTPUTS6 
Slope  Current,  Iv 

f<=lMHz 
f=30MHz 
f=60MHz 
f=90MHz 
f=  120MHz 

0.%  1.0  1.04 
0.88  0.94  1.00 
0.82      0.90  0.98 

0.88 

0.85 

0.98  1.0  1.02 
0.91  0.94  0.97 
0.86      0.90  0.94 

0.88 

n  us 

0.98       1.0  1.02 
0.91       0.94  0.97 
0.86      0.90  0.94 

0.88 

0.85 

mA 
mA 
mA 
mA 
mA 

dBm 
dBm 
dBm 
dBm 

Intercept,  Dual  AD640s10' 11 
f<-lMHz 
f=30MHz 
f=60MHz 
f=90MHz 

-90.6     -88.6  -86.6 
-87.6 
-86.3 
-83.9 

89.6    -88.6  -87.6 
-87.6 
-86.3 
-83.9 

-89.6     -88.6  -87.6 
-87.6 
-86.3 
-83.9 

f=  120MHz 

-80.3 

-80.3 

-80.3 

dBm 

AC  LINEARITY 

-40dBm  to  -2dBm12 
-35dBmto  -lOdBm12 
-75dBm  to  0dBm'° 
-70dBmto  -lOdBm10 
-75dBmto  +15dBm13 

f=lMHz 
f=  1MHz 
f=  1MHz 
f=lMHz 
f=10kHz 



0.5  2.0 
0.25  1.0 
0.75  3.0 
0.5  2.0 
0.5  3.0 

0.5  1.0 
0.25  0.5 
0.75  1.5 
0.5  1.0 
.0.5  1.5 

0.5  1.0 
0.25  0.5 
0.75  1.5 
0.5  1.0 
0.5  1.5 

dB 
dB 
dB 
dB 
dB 

PACKAGE  OPTION14 
20-Pin  Ceramic  DIP  Package  CD) 
20-Pin  Leadless  Ceramic  Chip  Carrier  (E) 
20-Pin  Plastic  DIP  Package  (N) 
20-Pin  Plastic  Leadless  Chip  Carrier  (P) 

1 

AD640JN 
AD640JP 

AD640BD 
AD640BE 

AD640BP 

AD640TD 
AD640TE 

NUMBER  OF  TRANSISTORS 

 !  

,55 

155 

155 

NOTES 

'Logarithms  to  base  10  are  used  throughout.  The  response  is  independent  of  the  sign  of  VIN. 
2Attenuation  ratio  trimmed  to  calibrate  intercept  to  lOmV  when  in  use.  It  has  a  temperature  coefficient  of  +0.3%/°C. 
3The  zero-signal  current  is  a  function  of  temperature  unless  internal  temperature  compensation  (ITC)  pin  is  grounded. 
4Overall  gain  is  trimmed  using  a  ±200u.V  square  wave  at  2kHz,  corrected  for  the  onset  of  compression. 
5The  fully  limited  signal  output  will  appear  to  be  a  square  wave;  its  amplitude  is  proportional  to  absolute  temperature. 
Currents  defined  as  flowing  into  Pin  14.  See  FUNDAMENTALS  OF  LOGARITHMIC  CONVERSION  for  full  explanation  of 
scaling  concepts.  Slope  is  measured  by  linear  regression  over  central  region  of  transfer  function. 
7The  logarithmic  intercept  in  dBV  (decibels  relative  to  IV)  is  defined  as  20  LOG10  (VX/1V). 

"Operating  in  circuit  of  Figure  24  using  ±0.1%  accurate  values  for  RLA  and  RLB.  Includes  slope  and  nonlinearity  errors.  Input  offset  errors  also  included  for 
VJN  >3mV  dc,  and  over  the  full  input  range  in  ac  applications. 
'Essentially  independent  of  supply  voltages. 

10Using  the  circuit  of  Figure  27,  using  cascaded  AD640s  and  offset  hulling.  Input  is  sinusoidal,  OdBm  in  50fi=223mV  rms. 

"For  a  sinusoidal  signal  (see  EFFECT  OF  WAVEFORM  ON  INTERCEPT).  Pin  8  on  second  AD640  must  be  grounded  to  ensure  temperature  stability 

of  intercept  for  dual  AD640  system. 
12Using  the  circuit  of  Figure  24,  using  single  AD640  and  offset  nulling.  Input  is  sinusoidal,  OdBm  in  50fl=223mV  rms. 
13Using  the  circuit  of  Figure  32,  using  cascaded  AD640s  and  attenuator.  Square  wave  input. 
14For  outline  information  see  Package  Information  section. 

All  min  and  max  specifications  are  guaranteed,  but  only  those  in  boldface  are  100%  tested  on  all  production  units.  Results  from  those  tests  are  used 
to  calculate  outgoing  quality  levels. 
Specifications  subject  to  change  without  notice. 

THERMAL  CHARACTERISTICS 


eJC  cc/w) 

eJA  (°c/W) 

20-Pin  Ceramic  DIP  Package  (D-20) 

25 

85 

20-Pin  Leadless  Ceramic  Chip  Carrier  (E-20A) 

25 

85 

20-Pin  Plastic  DIP  Package  (N-20) 

24 

61 

20-Pin  Plastic  Leadless  Chip  Carrier  (P-20A) 

28 

75 

■H 
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Typical  Performance 


AD640 


ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltages   ±7.5V 

Input  Voltage  (Pin  1  or  Pin  20  to  COM)  ....  -3V  to  +300mV 

Attenuator  Input  Voltage  (Pin  5  to  Pin  3/4)  ±4V 

Storage  Temperature  Range  D,  E  -65°C  to  +  150°C 

Storage  Temperature  Range  N,  P  -65°C  to  +125°C 

Ambient  Temperature  Range,  Rated  Performance 

Industrial,  AD640B  -40°C  to  +85°C 

Military,  AD640T   -55°C  to  +  125°C 

Commercial,  AD640J   0  to  +70°C 

Lead  Temperature  Range  (Soldering  60sec)  +300°C 


♦Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only;  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  section  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  adversely  affect 
device  reliability. 

CONNECTION  DIAGRAMS 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD64DTN 

o°r  tn  +7n°c 

N-20 

AD640JP 

0°C  to  +70°C 

Plastic  Leaded  Chip 

P-20A 

Carrier 

AD640BD 

-40°C  to  +85°C 

Side  Brazed  Ceramic  DIP 

D-20 

AD640BE 

-40°C  to  +  85°C 

Ceramic  Leadless  Chip 

E-20A 

Carrier 

AD640BP 

-40°C  to  +85°C 

Plastic  Leaded  Chip 

P-20A 

AD640TD/883B 

-55°Cto  +125°C 

Side  Brazed  Ceramic  DIP 

D-20 

5962-9095501MRA 

AD640TE/883B 

-55°Cto  +125°C 

Ceramic  Leadless  Chip 

E-20A 

5962-9095501M2A 

Carrier 

AD640TCH1P 

-55°C  to  +  125'>C 

Chip 

*For  outline  informa 

tion  see  Package  Inf 

jrmation  section. 

20-Pin  Ceramic  DIP  (D)  Package  20-Pin  PLCC  (P)  Package  20-Pin  LCC  (E)  Package 

20-Pin  Plastic  DIP  (N)  Package  §s?;g  i     ,  s 


Figure  1.  AC  Response  at  30MHz,  60MHz,  90MHz  and  Figure  2.  Logarithmic  Response  and  Linearity  at  60MHz, 

120MHz,  vs.  dBm  Input  (Sinusoidal  Input)  TA  for  TA  =  -55°C,  +25°C,  +  125°C 


Figure  3.  Slope  Current,  lY  vs. 
Temperature 
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Figure  4.  Intercept  Voltage,  Vx,  vs. 
Temperature 


SIGNAL  COMPRESSION  COMPONENTS  20-43 


I 

* 


- 


■ 


20-44    SIGNAL  COMPRESSION  COMPONENTS 


Special  Function  Components 

Contents 


Selection  Tree^   21-2 

Selection  Guide   21-3 

AD607  -  Low  Power  Mixer/AGC/RSSI  3  V  Receiver  IF  Subsystem    21-5 

AD608  -  Low  Power  Mixer/Limiter/RSSI  3  V  Receiver  IF  Subsystem   21-9 

AD630  -  Balanced  Modulator/Demodulator   21-13 

AD720/AD721  -  RGB  to  NTSC/PAL  Encoders   21-16 

AD831  -  Low  Distortion  Mixer   21-23 

AD7008  -  CMOS  DDS  Modulator  -0   »  A S.      f  •  \   21-35 

AD9500  -  Digitally  Programmable  Delay  Generator   21-45 

AD9501  -  Digitally  Programmable  Delay  Generator   21-49 

AD9901  -  Ultrahigh  Speed  Phase/Frequency  Discriminator    21-53 

AD9955  -  85  MHz  Direct  Digital  Synthesizer   21-56 


SPECIAL  FUNCTION  COMPONENTS  21-1 


Selection  Tree  —  Special  Function  Components 


BALANCED 
MODULATORS 


AD630  (2  MHz) 


MIXERS 


AD831  (500  MHz) 
SSM2160 


SPECIAL  FUNCTION 
COMPONENTS 


RGB  TO 
NTSC/PAL 


AD720 

AD721  (w/ triple  Op  Amp) 


RECEIVER  IF 
SUBSYSTEMS 


AD607  (Mixer,  AGC,  RSSI) 
AD608  (Mixer,  Limiter,  RSSI) 


DIRECT  DIGITAL 
SYNTHESIS 


AD7008  (IF  Modulator  35  MHz, 
On-Board  10-Bit  D/A) 
AD9955  (85  MHz,  12-Bit) 
AD9901  (70  MHz,  "No  Dead  Zom 

Phase  Frequency  Discrirr 


ATE 


Delay  Generators 


AD9500  (ECL,  2.5  ns  to  10  us) 
AD9501  (TTL,  2.5  ns  to  10  us) 


Selection  Guides— Special  Function  Components 


Frequency  Synthesis 


Bus  Interface 

Package 

Temp 

Model 

Bits 

Options' 

Ranges2 

Page3 

AD7008 

8/16,  uP 

S 

C4 

21-35 

AD9901 

E,  P,Q 

C,  Ml 

21-53 

AD9955 

32,  uP 

S 

C 

21-56 

AD9955/PCB 

Board 

C 

D 

Comments 

DDS  IF  Modulator  with  32-Bit  Phase  Accumulator  and  10-Bit  DAC,  20  MHz  Output 
Capability,  Single  5  V  Supply,  Low  Power 

Ultrahigh  Speed  Digital  Phase/Frequency  Discriminator,  No  "Dead  Zone," 
Linear  Transfer  Function  up  to  200  MHz,  for  PLLs 
85  MHz  Direct  Digital  Synthesizer;  32-Bit  Phase  Accumulator 
12-Bit  Sine  Output 

Evaluation  Board  which  contains  AD9955  and  AD9713B  or  AD9721  DAC 


RF/IF  Products 

Max 
Gain 

Frequency 

Package 

Temp 

Model  Function 

dB 

Range 

Options1 

Ranges2 

Page3  Comments 

AD607          IF  Subsystem  Mixer/AGC/RSSI 

109 

25-450  MHz 

RS 

I 

21-5            Monoceiver ™  —Complete  Receiver  on  a  Chip 

AD608          IF  Subsystem  Mixer/RSSI 

no 

5-450  MHz 

R 

I 

21-9           +3  V  Supply,  90  dB  RSSI  Range 

AD831          Low  Distortion  Mixer 

0 

5-500  MHz 

P 

I 

21-23           ±5  V  Supply,  24  dBm  3rd-Order  Intercept 

Special  Function  Components 

Package  Temp 

Model  Function 

Performance 

Options'     Ranges2     Page3  Comments 

AD630      Balanced  Modulator/Demodulator 
AD720      RGB  to  NTSC/PAL  Converter 

AD9500     ECL  Digitally  Programmable  Delay  Generator 
AD9501     TTL/CMOS  Digitally  Programmable 
Delay  Generator 


2  MHz  Bandwidth,  Signal  Recovery  to  -100  dB  D,  E,  N  C,  I,  M  21-13 

Complete  Function  with  Internal  Delay  Line  P  C  21-16 

10  ps  Resolution,  2.5  ns  to  10  (is  Full  Scale  E,  P,  Q  I,  M  21-45 

10  ps  Resolution,  2.5  ns  to  10  (is  Full  Scale  N,  P,  Q  C,  M  21-49 


Precision  Gain  ±1  or  ±2 
RGB,  Clock  In,  Luminance, 
Chrominance,  Composite  Out 
Pulse  Deskewing,  Phase  Control 
+5  V  Supply,  50  MHz  Pulse  Rate 


'Package  Options:  D  =  Hermetic  DIP,  Ceramic  or  Metal;  E  =  Ceramic  Leadless  Chip  Carrier;  F  =  Ceramic  Flatpack;  G  =  Ceramic  Pin  Grid  Array;  H  =  Hermetic  Metal  Can;  J  =  J-Leaded  Ceramic  Package; 
M  =  Hermetic  Metal  Can  DIP;  N  =  Plastic  or  Epoxy  Sealed  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  =  Small  Outline  "SOIC"  Package;  RS  =  SSOP- Shrink  Small  Outline  Package;  S  =  Plastic 
Quad  Flatpack;  ST  =  Thin  Quad  Flatpack;  T  =  TO-92;  U  =  TSOP-Thin  Small  Outline  Package;  W  =  Nonhermetic  Ceramic/Glass  DIP;  Y  =  Single-In-Line  "SIP"  Package;  Z  =  Ceramic  Leaded  Chip  Carrier. 

'Temperature  Ranges:  C  =  Commercial,  0°C  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  -25°C  to  +8S°C);  M  =  Military,  -55°C  to  +125°C.  If  a  device  has  military  grade  offerings,  the  M 
temperature  designator  will  be  followed  by:  /  to  indicate  883B,  j  for  JAN,  D  for  SMD,  and  s  for  space  level. 

3D  =  Data  Sheet.  All  other  entries  refer  to  this  volume. 

'Operates  to  +25°C. 

Monoceiver  is  a  trademark  of  Analog  Devices,  Inc. 
Boldface  Type:  Data  sheet  information  in  this  volume. 
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ANALOG 
DEVICES 


Low  Power  Mixer/AGC/RSSI 
3  V  Receiver  IF  Subsystem 


AD607 


FEATURES 

Complete  Receiver  on  a  Chip:  Monoceiver™ 
Interfaces  to  AD7015  GSM  Baseband  Converter 
Mixer 

-15  dBm  1  dB  Compression  Point 

>450  MHz  Input  Bandwidth 

-16  dBm  LO  Input 
Linear  IF  Amplifier 

100  dB  of  Linear-in-dB  Gain  Control 

Internal  AGC  with  RSSI  Output  or  External  MGC 

Any  IF  Below  25  MHz 
Quadrature  Demodulator 

On-Board  Phase-Locked  Quadrature  Oscillator 

90  ±  1.5°  Phase  Quadrature  at  10.7  MHz 

Can  Also  Demodulate  AM.  FM,  CW,  SSB 
Low  Power 

25  mW  at  3  V 

CMOS-Compatible  Power-Down  to  300  iiW 

APPLICATIONS 
GSM,  CDMA,  PHP,  TDMA  Receivers 
Infrared  Data  Receivers 
Battery-Powered  Communications  Receivers 

The  AD607  is  a  3  V  low  power  receiver  RF/IF  subsysti 
operation  at  IF  or  RF  input  frequencies  as  high  as  450 
IFs  to  25  MHz.  It  consists  of  a  mixer,  IF  amplifiers,  an  I/Q  de- 
modulator, a  phase-locked  quadrature  oscillator,  AGC  detector, 
and  a  biasing  system  with  external  power-down.  In  a  typical 
DMR  application,  the  AD607  accepts  a  240  MHz  IF  input  and 
downconverts  it  to  a  10.7  MHz  IF  where  it  is  filtered,  amplified 
with  internal  AGC  (or  external  MGC),  and  demodulated  into  I 
and  Q  baseband  outputs. 

The  AD607's  low  noise,  high  intercept  mixer  is  a  doubly  bal- 
anced "Gilbert-Cell"  type  and  operates  linearly  for  RF  inputs 
spanning  -95  dBm  to  -15  dBm.  It  has  a  nominal  -5  dBm  third- 
order  intercept.  The  mixer  section  of  the  AD607  also  includes  a 
local  oscillator  (LO)  preamplifier,  which  lowers  the  required  LO 
drive  to  -16  dBm  (50  mV  sine  wave  amplitude). 

Fully  differential  access  to  the  RF  input  increases  the  versatility 
of  this  front  end  for  such  applications  as  interfacing  to  differen- 
tial output  SAW  filters.  The  mixer's  single-sided  IF  current  out- 
put can  directly  drive  a  bandpass  filter  with  an  impedance  of 
200  ii  or  greater.  An  optional  second  IF  filter  can  be  included 
to  limit  wideband  noise  and  provide  additional  selectivity.  The 
output  for  the  second  IF  filter  can  optionally  be  used  to  drive  an 
A/D  converter  or  the  AD607's  PLL,  as  will  be  described  below. 


FUNCTIONAL  BLOCK  DIAGRAM 


The  gain  control  input  (Pin  1 2)  can  serve  as  either  an  MGC  in- 
put or  an  RSSI  (AGC  voltage)  output.  In  MGC  operation,  the 
AD607  accepts  a  DSP-based  MGC  input  of  0  V  to  2  V  at  pin 
12.  This  voltage  can  be  generated  by  a  DAC  in  the  compatible 
»:,  AD70xx  family  of  baseband  converters.  In  AGC  operation,  an 
on-board  detector  and  an  external  averaging  capacitor  con- 
nected to  Pin  12  form  an  AGC  loop  that  holds  the  I  and  Q  out- 
put levels  at  about  ±300  mV.  The  voltage  across  this  capacitor 
then  provides  an  RSSI  output. 

An  I/Q  demodulator  provides  in-phase  and  quadrature 
baseband  outputs  to  interface  with  such  baseband  converters  as 
the  Analog  Devices'  AD7002,  AD7005,  AD7013,  or  AD7015. 
A  unique  quadrature  VCO  that  is  phase-locked  to  a  low  level  or 
CMOS-compatible  input  at  the  intermediate  frequency  drives 
the  I  and  Q  demodulator. 

The  I/Q  demodulator  can  also  demodulate  AM  or  FM  when  its 
oscillator  is  phase  locked  to  the  received  signal;  in  this  mode, 
the  In-Phase  and  Quadrature  demodulators  become  detectors 
for  AM  and  FM,  respectively.  The  oscillator  can  also  be  phase- 
locked  to  an  external  oscillator  and  the  demodulator  will  act  as  a 
product  detector  for  CW  or  SSB  reception. 

The  AD607  uses  supply  voltages  from  2.7  V  to  6  V  over  the 
temperature  range  of-25°C  to  +85°C.  Operation  is  enabled  by 
a  CMOS  logical  level;  response  time  is  typically  <3  us.  When 
disabled  the  standby  power  is  reduced  to  300  uW.  The  AD607 
comes  in  a  20-pin  Small-Shrink  Outline  (SSOP)  surface-mount 
package. 


Monoceiver  is  a  trademark  of  Analog  Devices,  Inc. 

This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DYNAMIC  PERFORMANCE 

MIXER 

RF  and  LO  Frequency  Range 
Conversion  Gain  Range 
Voltage  Noise  Spectral  Density 
Current  Noise  Spectral  Density 
Nominal  RF  Input  Range 
Input  Third-Order  Intercept 
Input  1  dB  Compression  Point 
RF  Input  Resistance 
RF  Input  Capacitance 
Maximum  IF  Output  Voltage 
IF  Output  Bandwidth 
Mixer  LO  Drive  Level 

0  <  VG  <  2  V,  ZL  =165  Q,  fre  =  240  MHz 
RF  Input  AC  Short  Circuited,  LO  to  VP 
RF  Input  AC  Short  Circuited,  LO  to  VP 

0<VG<2V,  f<  1  MHz 
0<VG<2  V,  f<  450  MHz 
ZIF=  165  n 
-3dB,  ZIF=  165  Q 

450 

1.5  to  26.5 

2 

TBD 

-95  to -15 
- 

2.7  to  5.5 
2.4  to  2.75 

lottcioOj'-.i'ia  Sti-ni-tesmJ  to 

100 
-16 

MHz 
dB 

nVVHz 
pA/VHz 

dBm 
dBm 

m 

PF 
Vp-p 
MHz 
dBm 

IF  AMPLIFIERS 
IF  Filter  Impedance 
Bandwidth 
Gain  Range 

(For  Example,  Murata  SFE10.7) 
-3  dB 

0  <  VG  <  2  V 

200  330 

7.5  to  82.5 

a 

MHz 
dB 

GAIN  CONTROL 
Overall  Gain  Range 

Gain  Scaling 
Gain  Error 

Bias  Current  at  GAIN  (Pin  12) 
Bias  Current  at  GREF  (Pin  7) 
Resistance  at  GAIN,  GREF 

Mixer  +  IF  Section,  0  <  VG  <  2  V,  GREF 
Connected  to  1.5  V  W(j%^ 
GREF  Connected  to  1.5  V            jV*  , 
GREF  Connected  to  General  Reference 
Voltage  VR-  a 
0  <  VG  <  2  V,  GREF  Connected  to  1 .5  V 

75/VR 

'  <0.25 
>1 

dB 

dB/V 

dB/V 
dB 
uA 
OA 

Mn 

I  AND  Q  DEMODULATORS 
Input  Resistance 
Input  Bias  Current 
Demodulation  Gain 
Maximum  Output  Voltage 
Demodulation  Nonlinearity 
Output  Bandwidth 

From  DMIP  to  VMID 

Sine  Wave  Input,  Baseband  Output 

RL  >  10k£2 

Full  Output  Voltage 

Sine  Wave  Input,  Baseband  Output 

>50 
1 

18 

2.5           -  '  j  j 
31 

Mi 
uA 
dB 
Vp-p 

% 

MHz 

CARRIER-RECOVERY  PLL 
Frequency  Range 
Required  Input  Drive  Level 
Quadrature  Error 
Acquisition  Time  to  ±3° 

Sine  Wave  Input  at  Pin  1 
IF  =  10.7  MHz 
IF  =  10.7  MHz 

0.4  to  25 
200 

<10 

MHz 
mV  p-p 
Degree 
us 

POWER-DOWN  INTERFACE 
Logical  Threshold 
Input  Current  for  Logical  High 
Turn-On  Response  Time 
Turn-Off  Response  Time 
Standby  Current 

To  200  uA  Supply  Current 

1.5 
75 
500 
1 

100 

Vdc 

MA 

ns 

us 

uA 

POWER  SUPPLY 
Supply  Range 
Supply  Current 

Mid-Gain,  IF  =  10.7  MHz 

2.7   1  '  "  3         •■  6 

i  8  1  stl 

V 

mA 

OPERATING  TEMPERATURE 
Tmin  to  Tmax 

-25  +85 

°c 

Specifications  subject  to  change  without  notice. 
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AD607 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  VPOS   +6  V 

Internal  Power  Dissipation2   600  mW 

Operating  Temperature  Range  -25°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature,  Soldering  (60  sec)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  rating  conditions  for  extended  periods 
may  affect  device  reliability. 

!Thermal  Characteristics:  20-pin  SSOP  package;  eJA  •  TBD. 


PIN  DESCRIPTION 


Pin 

Mnemonic 

Reads 



Function 

1 

FDIN 

Frequency  Demodulator  Input 

PLL  input  for  I/Q  demodulator  quadrature  oscillator. 
Supply  common  for  RF  front  end  and  main  bias. 

2 

COM1 

Common  #1 

3 

PRUP 

Power-Up 

3  V/5  V  CMOS-compatible  power-up  control. 

4 

LOIP 

Local  Oscillator  Input 

LO  external  input. 

5 

RFLO 

RF  "Low"  Input 

Usually  connected  to  ac  ground. 

6 

RFH1 

RF  "High"  Input 

Accepts  RF  input  of  -95  dBm  to  -15  dBm. 

High  impedance  input,  typically  1.5  V,  sets  gain  scaling. 

7 

GREF 

Gain  Reference— * 

8 

MXOP 

Mixer  Output  ^ 

Low  impedance,  single-sided  voltage  output,  +5  dBm  max. 

9 

VMID 

Mid-Supply  Bias  Voltage  Output 
IF  "High"  Input 

Output-of  the  mid-supply  bias  generator  (VPOS/2). 

10 

IFHI 

input,  +5  dBm  (+56  mV)  max. 

11 
12 

IFLO 
GAIN 

IF  "Low"  Voltage 
Gain  Control  Input 

Reference  node  for  IF  input;  auto-offset  null. 
High  impedance  input,  0  V-2  V,  max  gain  at  V  =  0. 

13 

COM2 

Common  #2 

Supply  common  for  IF  stages  and  demodulator. 

14 

IFOP 

IF  Output 

Low  impedance,  single-sided  voltage  output,  +5  dBm  max. 

15 

DMIP 

Demodulator  Input 

Signal  input  to  I  and  Q  demodulators. 

16 

VPS  2 

VPOS  Supply  #2 

Supply  to  high  level  IF,  PLL,  and  demodulators. 

17 

QOUT 

Quadrature  Output 

Low  impedance  Q  baseband  output,  ±1.23  V  full  scale. 

18 

IOUT 

In-Phase  Output 

Low  impedance  I  baseband  output,  ±  1.23  V  full  scale. 

19 

FLTR 

PLL  Loop  Filter 

Series  RC  PLL  Loop  filter  connected  to  ground. 

20 

VPS1 

VPOS  Supply  #1 

Supply  to  mixer,  low  level  IF,  PLL,  and  gain  control. 

PIN  CONNECTION 
20-Lead  SSOP 


FDIN 

i  b 

VPS1 

COM1 

LI 

a 

FLTR 

PRUP 

Li 

IOUT 

LOIP 
RFLO 
RFHI 

LT 

IT  AD 

p=  TOP 
l_L  (Not  to 

S 

607  Ml 
VIEW 

Scale)  2*J 

QOUT 
VPS2 
DMIP 

GREF 

LT 

Tl 

IFOP 

MXOP 

LT 

1 

COM2 

VMID 

LT 

]]] 

GAIN 

IFH, 

LT 

Tl 

IFLO 

CAUTION 


ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD607  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


SPECIAL  FUNCTION  COMPONENTS  21-7 


AD607 


IFLO 


5w 


5— m — i> 


AD607 


COM2     VPS2  VMID 

Figure  1.  AD607  Functional  Block  Diagram 


+3V 

o 


DEMODULATION 
CARRIER  INPUT 


j— (T  COM1        FLTR  -VA  


(LOGICAL  HIGH)  1 

LO  INPUT  O- 

I 


VPS1  iOrli   PLL  LOOP  FILTER- 
'  1KL2  "OPF 


•VALUES  SHOWN  ARE  FOR  MURATA  SFE1I 
FOR  OPERATION  AT  A  10.7  MHz  IF 


Figure  2.  AD607  Connections  to  AD7015  Baseband  Converter.  The  AUX  DAC  Output  from  the  AD7015  Controls  the  Gain 


in  the  AD607 


DEMODULATED  AM 
DEMODULATED  FM 


•VALUES  SHOWN  ARE  FOR  A  Z=330!!  10.7  BPF 
FOR  OPERATION  AT  A  10.7  MHz  IF 


Figure  3.  AD607  Connections  for  AM  or  FM  Demodulation.  The  PLL  Recovers  the  Received  Carrier  via  the  Connection 
(Darker  Line)  Between  Pins  1  and  15.  The  AD607's  Internal  AGC  Circuit  Controls  the  Gain  and  Provides  an  RSSI  Output  at 
Pin  12 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


21-8   SPECIAL  FUNCTION  COMPONENTS 


REV.  0 


ANALOG 
DEVICES 


Low  Power  Mixer/Li  m  ite  r/RSS  I 
3  V  Receiver  IF  Subsystem 


FEATURES 
Mixer 

-15  dBm,  1  dB  Compression  Point 
-5  dBm  IP3 

26  dB  Conversion  Gain 
>450  MHz  Input  Bandwidth 
Logarithmic/Limiting  Amplifier 
90  dB  RSSI  Range 

±3°  Phase  Stability  over  80  dB  Range 
Low  Power 
21  mW  at  3  V  Power  Consumption 
CMOS-Compatible  Power-Down  to  200  n  W  typ 
150  ns  Enable/Disable  Time 

APPLICATIONS 
Low  Power  PHP,  GSM,  TDMA,  FM,  or  PM  Receivers 
Battery-Powered  Instrumentation 


GENERAL  DESCRIPTION 

The  AD608  provides  both  a  low  power,  low  distortion,  low 
noise  mixer  and  a  complete,  monolithic  logarithmic/limiting 
amplifier  using  a  "successive-detection"  technique.  It  provides 
both  a  high  speed  RSSI  (Received  Signal  Strength  Indicator) 
output  with  90  dB  dynamic  range  and  a  hard-limited  output. 
The  RSSI  output  is  from  a  two-pole  post  demodulation  low- 
pass  filter  and  provides  a  loadable  output  voltage  of  +0.2  V  to 
+2  V.  The  AD608  operates  from  a  single  2.7  V  to  6  V  supply  at 
a  typical  power  level  of  2 1  mW  at  3  V. 

FUNCTIONAL 




The  RF  and  LO  bandwidths  both  exceed  450  MHz.  In  a  typical 
IF  application,  the  AD608  will  accept  the  output  of  a  240  MHz 
SAW  filter  and  downconvert  it  to  a  nominal  10.7  MHz  IF 
with  a  conversion  gain  of  26  dB  (ZIF  =  165  £1).  The  AD608's 
logarithmic/limiting  amplifier  section  handles  any  IF  from  LF  to 
as  high  as  50  MHz. 

The  mixer  is  a  doubly  balanced  "Gilbert-Cell"  type  and  oper- 
ates linearly  for  RF  inputs  spanning  -95  dBm  to  -15  dBm.  It 
has  a  nominal  -5  dBm  third-order  intercept.  An  on-board  LO 
preamplifier  requires  only  -6  dBm  of  LO  drive.  The  mixer's 
current  output  drives  a  reverse-terminated,  industry-standard 
10.7  MHz,  330  £2  filter  and  can  drive  reverse-terminated  filter 
impedances  as  low  as  220  £2. 

The  nominal  logarithmic  scaling  is  such  that  the  output  is 
+0.2  V  for  a  sinusoidal  input  of  -75  dBm  and  +2.0  V  at  an  in- 
put of  + 1 5  dBm;  over  this  range  the  logarithmic  conformance  is 
!  ±  1  dB.  The  logarithmic  slope  is  proportional  to  the 
c  loop  automatically  nulls  the  input 
i  to  the  submicrovolt  level. 

r  output  provides  a  hard-limited  signal  out- 
mV  p-p.  The  voltage  gain  of  the  limiting  amplifier  to 
ore  than  100  dB.  Transition  times  are  7  ns,  and 
e  to  within  +3°  at  10.7  MHz  for  signals  from 
dBm. 

It  is  enabled  by  a  CMOS  logic-level  voltage  input,  with  a 
response  time  of  150  ns.  When  disabled,  the  standby  power  is 
reduced  to  200  )jW  within  400  ns. 

The  AD608  is  specified  for  the  industrial  temperature  range  of 
-25°C  to  +85°C  and  is  available  in  16-pin  plastic  SOICs. 


BLOCK  DIAGRAM 


-©-©-(J)-©-® 

VPS1  COM1  LC4P  COM2  PRUP 


This  is  a  preliminary  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Conversion  Gain 
Input  Referred  Noise 
Equivalent  Noise  Resistance 
Third-Order  Intercept 
Input  Resistance 
Input  Capacitance 

Doubly  Terminated  330  Q  IF  Filter 

26 

dB 

nV/VHz 
Q 

dBm 

kC2 

pF 

AC  Short-Circuited  Input 

2.5 
375 

-5 

3 

LIMITER  PERFORMANCE 
Gain 

Input  Referred  Noise 
Input  Resistance 
Input  Capacitance 
Phase  Variation 
DC  Level 
Output  Level 
Rise  and  Fall  Times 

Full  Temperature  and  Supply  Range 
AC  Short-Circuited  Input 

-75  dBm  to  +15  dBm  Input  Signal  at  10.7  MHz 
Center  of  Output  Swing  (VPOS-1) 

Driving  a  5  pF  Load 

100  110 
1.75 
10 

2 

2 

400 
7 

kQ 
pF 

Degree 
V 

mV  p-p 

ns 

RSSI  PERFORMANCE 
Nominal  Slope 
Nominal  Intercept 
Minimum  RSSI  Voltage 
Maximum  RSSI  Voltage 
Logarithmic  Linearity  Error 
RSSI  Response  Time 
Output  Impedance 

At  10.7  MHz 

Proportional  to  VPOS  ISkWflt 

-75  dBm  Input  Signal  JkV^^1^^ 

+ 1 5  dBm  Input  Signal 

-75  dBm  to +15  dBm  Input  Signal 

'  10%  to  90%      <^V^    % •^1^' 
At  MidscaW'OL \JL\^ 

X10'  20 
-85 

\t>  2.0 
+ 1 
200 
250 

mV/dB 

dBm 

V 

V 

dB 

ns 

n 



POWER-DOWN  INTERFACE 
Logical  Threshold 
Input  Current 
Power-Up  Response  Time 
Power-Down  Response  Time 
Power-Down  Current 

System  Active  on  Logical  High         %  * 
For  Logical  High               \)  » 
Active  Limiter  Output 
To  200  uA  Supply  Current 

1.5 

75 

150 

400 

100 

V 

UA 

ns 

ns 

|oA 



POWER  SUPPLY 
Operating  Range 
Powered  Up  Current 

• 

VPOS  =  3V 

2.7  6 
7.3 

V 

mA 

OPERATING  TEMPERATURE 
Tmin  to  TMAX 

-25  +85 

°C 

Specifications  subject  to  change  without  notice. 
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Internal  Power  Dissipation2   600  mW 

Operating  Temperature  Range  -25°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature,  Soldering  (60  sec)  +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  rating  conditions  for  extended  periods 
may  affect  device  reliability. 

!Thermal  Characteristics:  1 6-pin  SOIC  package;  9JA  5  TBD. 


vpsi  (T 

1?]  PRUP 

com  [T 

TJ]  LMOP 

LOHI  B" 

U]  VPS2 

COM2  [T 

AD608 

13]  FDBK 

RFHI  [V 

TOP  VIEW 

(hint  In  Qr-slal 

TF]  COM3 

RFLO  \T 

TT]  RSSI 

MXOP  [TJ 

To]  IFLO 

IFBS  |T 

T]  IFHI 

ORDERING  GUIDE 


Model 


AD608AR 


Temperature 


~25°C  to  +85°C 


Package  Option* 


1 6-Pin  Narrow-Body 
SOIC  (R-I6A) 


*For  outline  information  see  Package  Information  section. 


Pin 


11 

12 
13 

14 
15 
16 


PIN  DESCRIPTION 


Mnemonic 


VPSI 
COM1 
LOHI 
COA 


RFLO 

MXOP 

IFBS 


RSSI 

OM3 
FDBK 
VPS2 
LMOP 
PRUP 


Positive  Supply  Input 
Common 

Local  Oscillator  Input  Connection 
Common 

RF  Input,  Noninverting 
RF  Input,  Inverting 
Mixer  Output 

Midpoint  Supply  Bias  Output 
IF  Input,  Noninverting 
IF  Input,  Inverting 

Received  Signal  Strength  Indicator  Output 

Output  Common 

Feedback  Loop  Output 

Limiter  Positive  Supply  Input 

Limiter  Output 

Power-Up 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD608  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD608 


dB  MIXER  GAIN 


-®-0Hy-©-4 


r50L!A 


AD608 


RSSI  OUTPUT 
20mV/dB 
0.2V  TO  2.0V 


LIMITER 
i  OUTPUT 
40OmV___ 


VPS1  COM1  LOIP  COM2  PRUP 


Figure  1.  AD608  Functional  Block  Diagram 


RF  INPUT  RFHI 
-97dBmTO  O— 


BPF  REVERSE 
EP.MIN 

■ 

Figure  2.  AD608  Application  Circuit 


IF  BIAS  POINT 
DECOUPLING 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing  ■ 
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Balanced  Modulator/Demodulator 




AD630 

FEATURES 

FUNCTIONAL  BLOCK  DIAGRAM 

Recovers  Signal  from  +  lOOdB  Noise 
2MHz  Channel  Bandwidth 
45V/fts  Slew  Rate 
-120dB  Crosstalk  @  1kHz 

Pin  Programmable  Closed  Loop  Gains  of  ±1  and  ±2 
0.05%  Closed  Loop  Gain  Accuracy  and  Match 
IOOuV  Channel  Offset  Voltage  (AD630BD) 
350kHz  Full  Power  Bandwidth 
Chips  Available 


PRODUCT  DESCRIPTION 

The  AD630  is  a  high  precision  balanced  modulator  which  combines 
a  flexible  commutating  architecture  with  the  accuracy  and  tem- 
perature stability  afforded  by  laser  wafer  trimmed  thin  film 
resistors.  Its  signal  processing  applications  include  balanced 
modulation  and  demodulation,  synchronous  detection,  phase 
detection,  quadrature  detection,  phase  sensitive  detection,  lock-in 
amplification  and  square  wave  multiplication.  A  network  of  on- 
board applications  resistors  provides  precision  closed  loop  gains 
of  ±  1  and  ±2  with  0.05%  accuracy  (AD630B).  These  resistors 
may  also  be  used  to  accurately  configure  multiplexer  gains  of 
+  1,  +2,  +3  or  +4.  Alternatively,  external  feedback  may  be 
employed  allowing  the  designer  to  implement  his  own  high  gain 
or  complex  switched  feedback  topologies. 

The  AD630  may  be  thought  of  as  a  precision  op  amp  with  two 
independent  differential  input  stages  and  a  precision  comparator 
which  is  used  to  select  the  active  front  end.  The  rapid  response 
time  of  this  comparator  coupled  with  the  high  slew  rate  and  fast 
settling  of  the  linear  amplifiers  minimize  switching  distortion. 
In  addition,  the  AD630  has  extremely  low  crosstalk  between 
channels  of  -  lOOdB  @  10kHz. 

The  AD630  is  intended  for  use  in  precision  signal  processing 
and  instrumentation  applications  requiring  wide  dynamic  range. 
When  used  as  a  synchronous  demodulator  in  a  lock-in  amplifier 
configuration,  it  can  recover  a  small  signal  from  lOOdB  of  inter- 
fering noise  (see  lock-in  amplifier  application).  Although  optimized 
for  operation  up  to  1kHz,  the  circuit  is  useful  at  frequencies  up 
to  several  hundred  kilohertz. 

Other  features  of  the  AD630  include  pin  programmable  frequency 
compensation,  optional  input  bias  current  compensation  resistors, 
common  mode  and  differential  offset  voltage  adjustment,  and  a 
channel  status  output  which  indicates  which  of  the  two  differ- 
ential inputs  is  active.  This  device  is  now  available  to  Standard 
Military  Drawing  (DESC)  numbers  5962-898070 IRA  and 
5962-89807012A. 


PRODUCT  HIGHLIGHTS 

1 .  The  configuration  of  the  AD630  makes  it  ideal  for  signal 
processing  applications  such  as:  balanced  modulation  and 
demodulation,  lock-in  amplification,  phase  detection,  and 
square  wave  multiplication. 

2.  The  application  flexibility  of  the  AD630  makes  it  the  best 
choice  for  many  applications  requiring  precisely  fixed  gain, 
switched  gain,  multiplexing,  integrating-switching  functions, 
and  high-speed  precision  amplification. 

3.  The  lOOdB  dynamic  range  of  the  AD630  exceeds  that  of  any 
hybrid  or  IC  balanced  modulator/demodulator  and  is  com- 
parable to  that  of  costly  signal  processing  instruments. 

4.  The  op-amp  format  of  the  AD630  ensures  easy  implementation 
of  high  gain  or  complex  switched  feedback  functions.  The 
application  resistors  facilitate  the  implementation  of  most 
common  applications  with  no  additional  parts. 

5.  The  AD630  can  be  used  as  a  two  channel  multiplexer  with 
gains  of  +1,  +2,  +3  or  +4.  The  channel  separation  of 
lOOdB  @  10kHz  approaches  the  limit  which  is  achievable 
with  an  empty  IC  package. 

6.  The  AD630  has  pin-strappable  frequency  compensation  (no 
external  capacitor  required)  for  stable  operation  at  unity  gain 
without  sacrificing  dynamic  performance  at  higher  gains. 

7.  Laser  trimming  of  comparator  and  amplifying  channel  offsets 
eliminates  the  need  for  external  nulling  in  most 


This  is  an  abridged  data  sheet.  To  obtain  the  most  recent  version  or 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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+25°C  and  ±VS  =  ±15V  unless  otherwise  noted) 


Model 


— — ■  

GAIN 
Open  Loop  Gain 
±  1 ,  ±  2  Closed  Loop  Gain  ErTor 
Closed  Loop  Gain  Match 
Closed  Loop  Gain  Drift 


AD630J/A 
Min        Typ  Mm 


Min 


AD630K  B 
Typ  Mai 


AD630S 
Min  Typ 







dB 

% 
% 

ppm°C 


Unite 


90 


110 
0.1 
0.1 
2 


0.05 
0.05 


110 
0.1 
0.1 
2 




(-Vs+4V)to(  +  Vs-lV) 
500 


CHANNEL  INPUTS 
Vin  Operational  Limit1 
Input  Offset  Voltage 
Input  Offset  Voltage 

TntatoT™,2 
Input  Bias  Current 
Input  Offset  Current 
Channel  Separation  (((  10kHz 


800 

100  300 
10  50 

100 


(-Vs+4V)to(  +  Vs-lV) 
100 

160 

100  300 
10  50 

100 


(-Vs  +4V)to(  +  Vs  -IV) 
500 

1000 

100  300 

10  50 

100  


Volts 
uV 

uV 
nA 
nA 
dB 


COMPARATOR 

Vim  Operational  Limit 1 
Switching  Window 
Switching  Window 

ToiotoT™,2 
Input  Bias  Current 

Response  Time  ( -  5mV  to  +  5mV  step) 
Channel  Status 

Isink®Vol=  -VS  +  0.4VS 

Pull-Up  Voltage 


(-Vs+3V)to(+Vs-1.5V) 
±1.5 

±2.0 
100  300 


(-VS  +  33V) 


(-Vs  +3V)to(  +  Vs  -1.5V) 
±1.5 


(-Vs+3V)to(  +  Vs-1.3V) 
±1.5 


100 
200 


±2.0 
300 


(-Vs  +33V) 


100 
200 


±2.5 
300 


(-VS+33V) 


Volts 
mV 

mV 
nA 


mA 
Volts 


DYNAMIC  PERFORMANCE 
Unity  Gain  Bandwidth 
Slew  Rate" 

Setding  Time  to  0.1%  (20V  step) 


2 
45 

3 


2 
45 
3 


2 
45 

3 


V/U.S 
M-s 


OPERATING  CHARACTERISTICS 
Common-Mode  Rejection 
Power  Supply  Rejection 
Supply  Voltage  Range 
Supply  Current 


85  105 
90  110 

±5  ±16.5 
4  5 


90  110 
90  110 

±5 


4  5 


90 
90 

±5 


110 
110 


—  

OUTPUTVOLTAGE.ji  RL  =  2kfl 

TmintoT™,2 

Output  Short  Circuit  Current 





dB 
dB 

Volts 
mA 


±10 


25 


25 


■  ■  . 


Volts 
mA 


TEMPERATURE  RANGES 

Rated  Performance-N  Package 
 D  Package 


-25 


h70 
h85 


-25 


1-70 
H85 


55 


NOTES 

1  If  one  terminal  of  each  differential  channel  or  comparator  input  is  kept  within  these  limits  the  other  terminal  may  be  taken  to  the  positive  supply. 

;These  parameters  are  guaranteed  but  not  tested  for  J  and  K  grades.  For  A,  B  and  S  grades  they  are  tested. 

'IsinkS"  Vot.  =  (-Vs  +  1)  volt  is  typically  4mA. 

*Pin  120pen.  Slew  rate  with  Pins  12&  13  shorted  is  typically  35  V/us. 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri- 
cal test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 


■ 


■ 


- 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  ±  18V 

Internal  Power  Dissipation   600mW 

Output  Short  Circuit  to  Ground   Indefinite 

Storage  Temperature,  Ceramic  Package  .  .  .  -65°Cto  +150°C 
Storage  Temperature,  Plastic  Package  .  .  .  .  —  55°C  to  +  125°C 

Lead  Temperature,  10  sec.  Soldering   +  300°C 

Max  Junction  Temperature  +  150°C 


THERMAL  CHARACTERISTICS 


8jc 

8ja 

20-Pin  Plastic  DIP  (N) 

24°C/W 

61°C/W 

20-Pin  Ceramic  DIP  (D) 

35°C/W 

i20°c/w 

20-Pin  Leadless  Chip 

Carrier  (E) 

35°C/W 

120°C/W 

AD630 

PIN  CONFIGURATIONS 


20-Pin  Plastic  DIP  (N-20) 
20-Pin  Side  Brazed  DIP  (D-20) 


R1NA  [T 
CHA*  |T 
DIFF  OFF  ADJ  [T 
DIFF  OFF  ADJ  [T 
CM  OFF  ADJ  [T 
CM  OFF  ADJ  [T 
CHANNEL  STATUS  [y 


B/A 

-vs  [T 

SELB  IT 

TP 
10 


AD630 

TOP  VIEW 
(Not  to  Scale) 


13  CHA" 
19]  CH  B- 
18]  CH  B  + 

Hi  R,nb 

l3  RA 

l3  RF 

13  RB 

13  VOUT 

l|]  COMP 

ID  *vs 


CHIP  METALIZATION  AND  PINOUT 

Dimensions  shown  in  inches  and  (mm). 
Contact  factory  for  latest  dimensions 


CHIP  AVAILABILITY 

The  AD630  is  available  in  laser  trimmed,  passivated  chip  form. 
The  figure  shows  the  AD630  metalization  pattern,  bonding  pads 
and  dimensions.  AD630  chips  are  available;  consult  factory  for 
details. 


20-Contact  LCC  (E-20A) 

S 


DIFF  OFF  ADJ  4 
CM  OFF  ADJ  5 
CM  OFF  ADJ  6 
CHANNEL  STATUS  B/A  7 

-v.  a 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD630JN 

0°Cto+70°C 

Plastic  DIP 

N-20 

AD630KN 

0°Cto+70°C 

Plastic  DIP 

N-20 

AD630AD 

-25°Cto+850C 

Side  Brazed  DIP 

D-20 

AD630BD 

-25°Cto+85°C 

Side  Brazed  DIP 

D-20 

AD630SD 

-55°Cto  +125°C 

Side  Brazed  DIP 

D-20 

AD630SD/883B 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-20 

5962-8980701RA 

-55°Cto  +  125°C 

Side  Brazed  DIP 

D-20 

AD630SE/883B 

-55°Cto  +  125°C 

LCC 

E-20A 

5962-89807012A 

-55°Cto  +  125°C 

LCC 

E-20A 

AD630]Chip 

0°Cto+70°C 

Chip 

AD630SChip 

-55°Cto+125°C 

Chip 

•For  outline  informal 

ion  see  Package  Inf  ormatio 

n  section. 
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AD720/AD721 


FEATURES 

Composite  Video  Output 
Chrominance  and  Luminance  (S-Video)  Outputs 
No  External  Filters  or  Delay  Lines  Required 
Drives  75  Q  Reverse-Terminated  Loads 
Compact  28-Pin  PLCC 

Logic  Selectable  NTSC  or  PAL  Encoding  Modes 
Automatically  Selects  Proper  Chrominance  Filter 

Cutoff  Frequency  for  Encoding  Standard 
Logic  Selectable  Encode  or  Power-Down  Mode  (AD720 

Only) 

Logic  Selectable  Encode  or  Bypass  Mode  (AD721  Only) 
Low  Power:  200  mW  typical 

APPLICATIONS 

RGB  to  NTSC  or  PAL  Encoding 
Drive  RGB  Signals  into  75  £1  Load  (AD721  Only) 


PRODUCT  DESCRIPTION 

The  AD720  and  AD721  RGB  to  NTSC/PAL  Encoders  convert 
red,  green  and  blue  color  component  signals  into  their  corre- 
sponding luminance  (baseband  amplitude)  and  chrominance 
(subcarrier  amplitude  and  phase)  signals  in  accordance  with 
either  NTSC  or  PAL  standards.  These  two  outputs  are  also 
combined  to  provide  a  composite  video  output.  All  three  out- 
puts are  available  separately  at  voltages  of  twice  the  standard 
signal  levels  as  required  for  driving  75  Q  reverse  terminated 
cables.  The  AD721  also  features  a  bypass  mode,  in  which  the 
RGB  inputs  may  bypass  the  encoder  section  of  the  IC  via  three 
gain-of-two  amplifiers  suitable  for  driving  75  £2  reverse  termi- 
nated cables. 

FUNCTIONAL  BLOCK  DIAGRAM 


The  AD720  and  AD721  provide  a  complete,  fully  calibrated 
function,  requiring  only  termination  resistors,  bypass  capacitors, 
a  clock  input  at  four  times  the  subcarrier  frequency,  and  a  com- 
posite sync  pulse.  There  are  two  control  inputs:  one  input 
selects  the  TV  standard  (NTSC/PAL)  and  the  other  (ENCD) 
powers  down  most  sections  of  the  chip  when  the  encoding  func- 
tion is  not  in  use  (AD720)  or  activates  the  triple  bypass  buffer  to 
drive  the  RGB  signals  when  RGB  encoding  is  not  required 
(AD721).  All  logical  inputs  are  CMOS  compatible.  The  chip 
operates  from  ±5  V  supplies. 

All  required  low-pass  filters  are  on  chip.  After  the  input  signals 
pass  through  a  precision  RGB  to  YUV  encoding  matrix,  two  on- 
chip  low-pass  filters  limit  the  bandwidth  of  the  U  and  V  color 
difference  signals  to  1.2  MHz  prior  to  quadrature  modulation  of 
the  color  subcarrier;  a  third  low-pass  filter  at  3.6  MHz  (NTSC) 
or  4.4  MHz  (PAL)  follows  the  modulators  to  limit  the  harmonic 
content  of  the  output. 

Delays  in  the  U  and  V  chroma  filters  are  matched  by  an  on-chip 
sampled  data  delay  line  in  the  Y  signal  path;  to  prevent  aliasing, 
prefilter  at  5  MHz  is  included  ahead  of  the  delay  line  and  a  post 
filter  at  5  MHz  is  added  after  the  delay  line  to  suppress  harmon- 
ics in  the  output.  These  low-pass  filters  are  optimized  for  mini- 
mum pulse  overshoot.  The  overall  delay  is  about  1 70  ns,  which 
precompensates  for  delays  in  the  filters  used  to  decode  the 
NTSC  or  PAL  signal  in  a  television  receiver.  (This  precompen- 
sation  delay  is  already  present  in  TV  broadcasts.) 


The  AD720  and  AD721  are  available  in  a  28-pin  plastic  leaded 
chip  carrier  for  the  0°C  to  +70°C  commercial  temperature  range. 


NTSC/PAL 
ASNC 
C-SYNC 


SYNC 
DECODER 


C-SYNC 
DELAY 


DELAYED  C-SYNC 


QUADRATURE 


±180° 
(PAL  ONLY) 


SC  90°/270° 

NTSC/PAL 


SCO" 


4-P0LE  LP 
PRE-FILTER 


1.2MHz 
4-POLE 
LPF 


1.2MHz 
4-POLE 
LPF 


CLOCK 
AT  8FSC 


SAMPLED- 

DATA 
DELAY  LINE 


POWER  AND  GROUNDS 

+5V   +■  LOGIC 

*5V   ANALOG 

-6V   *■     ANALOG  ONLY 

AGNO   ►  ANALOG 

DGND   LOGIC 


DC 
RESTORE 
AND  C-SYNC 
INSERTION 


 .      BALANCED     (Vi  fc 

1  MODULATORS  Vf^T"^ 


3.6MHz  (NTSC) 
4.4MHz  (PAL) 
3-POLE  LPF 


LUMINANCE  OUTPUT* 

-0.572V  TO  1.43V  NTSC 
-0.6V  TO  1.4V  PAL 

COMPOSITE  OUTPUT* 

-0.572V  TO  2V  NTSC 
-0.6V  TO  2V  PAL 

CHROMINANCE  OUTPUT* 

572mVp-p  NTSC 
600mVp-p  PAL 


X2^>  «► 

X2^>  +■ 


ROUT 
1.5Vp-p 


GOUT 


BOUT 

1.5VPH 


AD721 

(ONLY) 


•NOTE: 

THE  LUMINANCE.  COMPOSITE,  AND  CHROMINANCE 
OUTPUTS  ARE  AT  TWICE  NORMAL  LEVELS  FOR 
DRIVING  75!!  REVERSE-TERMINATED  LINES. 
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SPECIFICATIONS  . 


=  +25°C  and  supplies  =  ±5  V 


AD720/AD721 


— r 


Conditions 


Min    Typ    Max  Unit 


SIGNAL  INPUTS  (RDIN,  GRIN,  BLIN) 
Input  Amplitude 

Input  Resistances1 
RDIN  with  Respect  to  AGND 
GRIN  with  Respect  to  AGND 
BLIN  with  Respect  to  AGND 

Input  Capacitance 


NTSC 
PAL 


714 
700 

2.3 
4.2 
4.2 
5 


LOGIC  INPUTS  (C-SYNC,  4FSC,  ENCD,  NTSC) 
Logic  LO  Input  Voltage 
Logic  HI  Input  Voltage 
Logic  LO  Input  Current  (DC) 
Logic  HI  Input  Current  (DC) 


<1 
<1 


BYPASS  AMPLIFIERS  (AD721  Only) 
Gain  Error 

Small  Signal  -3  dB  Bandwidth 
Output  Offset  Voltage  (Active  State) 
Output  Voltage  (Inactive  State) 


Nominal  Gain  of  x22 


-5 
100 
-50 
-50 


+50 
+50 


VIDEO  OUTPUTS3  (LUMA,  CRMA,  CMPS) 
Luminance  (LUMA)  Output 
Bandwidth 
Gain  Error 
Linearity 
Sync  Level 

Chrominance  (CRMA)  Output 
Bandwidth 

Color  Burst  Amplitude 

Absolute  Gain  Error 
Absolute  Phase  Error 
Chroma/Luma  Time  Alignment4 
Composite  Output 
Absolute  Gain  Error 
Differential  Gain 
Differential  Phase 
Output  Offset  Voltage 
Chroma  Feedthrough 


NTSC 
PAL 

NTSC 
PAL 
NTSC 
PAL 


NTSC 


With  Respect  to  Chroma  Channel 
With  Respect  to  Chroma  Channel 
Chroma,  Luma,  or  Composite  Outputs 
Monochrome  Input 


5 

MHz 

-5 

±1 

+5 

% 

+0.1 

% 

252 

286 

320 

mV 

300 

mV 

3.6 

MHz 

4.4 

MHz 

257 

286 

315 

mV  p-p 

300 

mV  p-p 

-15 

±5 

+15 

% 

±3 

Degrees 

-170 

ns 

-5 

±1 

+5 

% 

0.1 

% 

0.1 

Degrees 

50 

100 

mV 

20 

55 

mV  p-p 

+4.75 

±5.25 

V 

35 

mA 

67 

mA 

10 

20 

35 

mA 

10 

20 

35 

mA 

14 

20 

mA 

14 

20 

mA 

POWER  SUPPLIES  (APOS,  DPOS,  VNEG) 
Recommended  Supply  Range 
Full  Output  Current5 


Zero  Signal  Quiescent  Current 

Bypass  Mode  Quiescent  Current 
(AD721  Only) 


Dual  Supply 
-5  V  Supply 
+5  V  Supply 
-5  V  Supply 
+5  V  Supply 
-5  V  Supply 
+5  V  Supply 


NOTES 

'Input  scaling  resistors  provide  best  scaling  accuracy  when  source  resistance  is  37.5  CI  (75  A  reverse-terminated  input). 
2Required  for  driving  a  75  Q  double  reverse  terminated  load. 

3A11  outputs  are  measured  at  a  reverse-terminated  load;  voltages  at  IC  pins  are  twice  those  specified  here. 

4This  is  a  predistortion  (per  FCC  specifications)  that  compensates  for  the  chroma/luma  delay  in  the  low-pass  filter  that  separates  the  luminance  and  chrominance 
signals  in  a  television  receiver. 

5CRMA,  LUMA,  and  CMPS  outputs  are  all  connected  to  75  fl  reverse-terminated  loads;  full-white  signal  for  entire  field. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
s  are  guaranteed,  although  only  those  shown  in  boldface  are  tested  on  all  production  units, 
ications  subject  to  chanee  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Supply  Voltage  ±  Vs   ±  6  V 

Internal  Power  Dissipation  600  mW 

Operating  Temperature  Range   0°C  to  +70°C 

Storage  Temperature  Range    -65°C  to  +  150°C 

Lead  Temperature,  Soldering  60  sec   +300°C 

NOTE 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
operationofthedeviceattheseor  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  rating  conditions  for  extended  periods 
may  affect  device  reliability. 

Thermal  characteristics:  28-pin  plastic  package:  6JA  =  100°C. 

ORDERING  GUIDE 




PIN  DESCRIPTIONS 


Pin  Mnemonic*  Description: 


Model 


AD720JP 
AD721JP 


Temperature 
Range 


0°C  to  +70°C 
0°C  to  +70°C 


Package 


28-Pin  PLCC 
28-Pin  PLCC 


Package 


P-28A 
P-28A 


*For  outline  information  see  Package  Information  section. 

: 

PIN  CONNECTIONS 
28-Lead  Plastic  Leaded  Chip  Carrier  (PLCC)  Package 
P-28A 


o 
z 

1  5 


ENCD  f_T 
RDIN  [IT 

AGND  [T 
GRIN  [T 

AGND  [T 
BLIN  [to" 

STND 


AD720/AD721 
RGB  TO  NTSC/PAL 
ENCODER 


25]  DGNO 

m|  sync 

23]  DPOS 
22~l  ASNC 
2l1  DPOS 
2o]  4FSC 
1»1  DGND 


10 


16 
17 


18 
19 
20 


biJliaJluJlisJlieJluJlieJ 

1  1  i  iTi  i  I 

s  g  a  s  a  3  i 

NOTE: 

CONNECTIONS  IN  ( )  PERTAIN  ONLY  TO  AD720 


21 
22 


23 
24 


25 
26 
27 
28 


(NC)  GOUT 
(NC)  APOS 
(NC)  ROUT 
AGND 
ENCD 


RDIN 


AGND 
GRIN 


AGND 
BLIN 


STND 


AGND 
CRMA 


APOS 
CMPS 


APOS 
DUMA 


VNEG 
DGND 
4FSC 


DPOS 
ASNC 


DPOS 
SYNC 


DGND 
VNEG 
(NC)  BOUT 
APOS 


(No  Connection)  Green  Bypass  Buffer 
(No  Connection)  Analog  Positive  Supply;  +5  V  ±  5% 
(No  Connection)  Red  Bypass  Buffer 
Analog  Ground  Connection 
A  Logical  High  Enables  the  NTSC/PAL  Encode 
Mode  (A  Logical  Low  Powers  Down  the  Chip) 
A  Logical  Low  Enables  the  RGB  Bypass  Mode 
Red  Component  Video  Input 
0  mV  to  714  mV  for  NTSC 
0  mV  to  700  mV  for  PAL 
Analog  Ground  Connection 
Green  Component  Video  Input 
0  mV  to  714  mV  for  NTSC 
0  mV  to  700  mV  for  PAL 
Analog  Ground  Connection 
Blue  Component  Video  Input 
0mVto7I4mVforNTSC 
0  mV  to  700  mV  for  PAL 
A  Logical  High  Input  Selects  NTSC  Encoding 
A  Logical  Low  Input  Selects  PAL  Encoding 
CMOS  Logic  Levels 
Analog  Ground  Connection 
Chrominance  Output;  Subcarrier  Only** 
572  mV  Peak-to-Peak  for  NTSC 
600  mV  Peak-to-Peak  for  PAL 
Analog  Positive  Supply;  +5  V  ±  5% 
Composite  Video  Output** 


■572  mV  to  2  V  for  NTSC 
-600  mV  to  2  V  for  PAL 
Analog  Positive  Supply;  +5  V  +  5% 
Luminance  Plus  SYNC  Output** 
-572  mV  to  1 .43  V  for  NTSC 
-600mVto  1.4  V  for  PAL 

'■:-•.■■  -i  < 

System  Negative  Supply;  -5  V  ±  5% 
Digital  Ground  Connection 

Clock  Input  at  Four  Times  the  Subcarrier  Frequency 

14.318  180  MHz  for  NTSC 

17.734  480  MHz  for  PAL 

CMOS  Logic  Levels 

Digital  Positive  Supply;  +5  V  +  5% 

A  Logical  High  Input  Resets  the  Subcarrier  Phase 

Every  Frame 

A  Logical  Low  Input  Resets  the  Subcarrier  Phase 

Every  Fourth  Frame 

CMOS  Logic  Levels 

Digital  Positive  Supply;  +5  V  ±  5% 

Input  for  Composite  Television 

Synchronization  Pulses 

Negative  Sync  Pulses 

CMOS  Logic  Levels 

Digital  Ground  Connections  (One  of  Two) 
System  Negative  Supply;  -5  V  ±  5% 
(No  Connection)  Blue  Bypass  Buffer 
Analog  Positive  Supply;  +5  V  +  5% 


*( )  pertain  only  to  AD720. 
**The  luminance,  chrominance,  and  composite  outputs  are  at  twice  normal 
levels  for  driving  75  £2  reverse-terminated  lines. 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  400p  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD720/AD721  features  proprietary  ESD  protection  circuitry,  permanent  damage 
may  occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING!  J-fl 


ESD  SENSITIVE  DEVICE 
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Typical  Characteristics-AD720/AD721 


COMPOSITE  VIDEO 


TEKTRONIX  TSG  300 
COMPONENT  VIDEO 
WAVEFORM  GENERATOR 


COMPOSITE 
SYNC 


AD720/AD721 
RGB  TO  NTSC/PAL 
ENCODER 


TEKTRONIX  1910 
COMPOSITE  VIDEO 
WAVEFORM  GENERATOR 


4FSC 

FSC 

PIXEL-CLOCK 

GENERATOR 

SONY 
MONITOR 
MODEL  1342 


75f!  -*V  /\- 


TEKTRONIX  VM700A 
WAVEFORM  MONITOR 


Figure  1.  AD720/AD721  Evaluation  Setup 

■ 

DG  DP(NTSC)  (SYNC  =  EXT) 
FIELD  =  1  LINE  -  21 

DIFFERENTIAL  GAIN  (%)   MIN  =-0.10;  MAX  =  0.00;  p-p/MAX  =  0.10 
0.00          -0.04  0.00         -0.01  -0.04  -0.10 


0.10  -T 


-0.05 
-0.10 


0.10 
0.05 
0.00 
-0.05 


0.05  - 

0.00  1  


1  1  1  I  1  1  

DIFFERENTIAL  PHASE  C)  MIN  =  0.00;  MAX  =  0.07;  p-p  =  0.07 
0.00  0.05  0.05  0.04  0.07  0.01 


5TH  6TH 


Figure  2.  Composite  Output  Differential  Phase  and  Gain, 
NTSC  (Nulled  to  Chroma  Output) 


FRAMES  SELECTED:  1  2;  APL  *  45.8% 
525  LINE  NTSC;  NO  FILTERING 
SLOW  CLAMP  TO  0.00V  AT  6.63m* 


Figure  3.  Modulated  Pulse  and  Bar,  NTSC 
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Figure  4.  100%  Color  Bars,  NTSC 
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FRAMES  SELECTED:  1  2;  APL  -  11.3% 
525  LINE  NTSC;  NO  FILTERING 
SLOW  CLAMP  TO  0.00V  AT  6.63^8 
PRECISION  MODE  OFF 
SYNC  =  SOURCE 
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Figure  5.  Multipulse,  NTSC 
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Figure  6.  Horizontal  Timing,  NTSC 
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Figure  7.  Horizontal  Timing,  PAL 
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rvjc  inputs  (.eacn  u  mv  to  /H  mV  in  JN 1  i>l_i  or  0  mV  to 
700  mV  in  PAL)  are  first  encoded  into  luminance  and  color 
difference  signals.  The  luminance  signal  is  called  the  "Y" 
signal  and  the  color-difference  signals  are  called  U  and  V.  The 
RGB  inputs  are  encoded  into  the  YUV  format  using  the 
transformation 

Y  =  0.299R  +  0.587G  +  0. 1 14B 
U  =  0.493  (B-Y) 

V  =  0.877  (R-Y) 

For  NTSC  operation,  the  chroma  amplitude  is  increased  by  the 
factor  1.06  prior  to  summation  with  the  luminance  output.  The 
burst  signal  is  inserted  into  the  Y  channel  in  the  encoding  matrix. 

The  three  outputs  of  the  encoding  matrix,  now  transformed  into  Y, 
U,  and  V  components,  take  two  paths.  The  Y  (luminance)  signal  is 
passed  through  a  delay  line  consisting  of  a  prefilter,  a  sampled-data 
delay  line,  and  a  post  filter.  The  pre-  and  post-filters  prevent 
aliasing  of  harmonics  back  into  the  baseband  video.  The  overall  de- 
lay is  a  nominal  -1 70  ns  relative  to  the  chrominance  signal,  in 
keeping  with  broadcast  requirements  to  compensate  for  delays  in- 
troduced by  the  filters  in  the  decoding  process. 

The  U  and  V  components  pass  through  4-pole  modified  Bessel 
low-pass  filters  with  a  1.2  MHz  -3  dB  frequency  to  prevent 
aliasing  in  the  balanced  modulators,  where  they  modulate  a 
3.579  545  000  MHz  (NTSC)  or  4.433  618  750  MHz  (PAL) 
signal  via  a  pair  of  balanced  modulators  driven  in  quadrature  by 
the  color  subcarrier. 


ence  phase  0°  is  used  for  the  U  signal.  In  the  NTSC  mode,  the 
V  signal  is  modulated  at  90°,  but  in  the  PAL  mode,  the  V 
modulation  input  alternates  between  90°  and  270°  at  half  the 
line  rate  as  required  by  the  PAL  standard.  The  outputs  of  the 
balanced  modulators  are  summed  and  low-pass  filtered  to  re- 
move harmonics. 

The  filtered  output  is  summed  with  the  luminance  signal  to  cre- 
ate a  composite  video  signal.  The  separate  luminance,  chromi- 
nance, and  composite  video  signals  are  amplified  by  gain-of-two 
amplifiers  for  driving  75  £2  reverse-terminated  lines.  The  sepa- 
rate luminance  and  chrominance  outputs  together  are  known  as 
"S-Video." 

The  digital  section  of  the  AD720/AD721  is  clocked  by  the 
4FSC  input.  It  measures  the  width  of  pulses  in  the  composite 
sync  input  to  separate  vertical,  horizontal,  and  serration  pulses 
and  to  insert  the  subcarrier  burst  only  after  a  valid  horizontal 
sync  pulse. 

Asserting  the  ENCD  pin  to  a  logical  low  routes  the  AD721's 
RGB  inputs  through  three  gain-of-two  bypass  buffers  for  driving 
75  Q  reverse-terminated  lines,  bypassing  the  encoder  section  of 
the  AD72 1 .  The  triple  bypass  amplifier  is  utilized  to  overcome 
the  loading  effects  of  a  "TV-out"  connection  on  the  RGB  moni- 
tor output.  When  a  video  encoder  is  connected  to  outputs  of  a 
current-out  video  RAMDAC  or  VGA  controller,  the  R,  G,  and 
B  signals  to  the  monitor  are  loaded-down.  This  requires  the  use 
of  a  gain  block  to  properly  drive  the  monitor. 
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Figure  8.  AD720/AD721  Functional  Block  Diagram 
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APPLYING  THE  AD720/AD721 

Figure  9  shows  the  application  of  the  AD720  and  Figure  10 
shows  the  application  of  the  AD721.  Note  that  the  AD720  and 
AD721  differ  from  other  analog  encoders  because  they  are  dc 
coupled.  This  means  that,  for  example,  the  expected  RGB 
inputs  are  0  mV  to  714  mV  in  NTSC  and  0  mV  to  700  mV  in 
PAL.  The  luminance,  chrominance,  and  composite  outputs 
are  also  dc  coupled.  These  outputs  can  drive  a  75  Q  reverse- 
terminated  load.  Unused  outputs  should  be  terminated  with 
150  £2  resistors. 


The  RGB  data  must  be  supplied  to  the  AD720/AD721  at 
NTSC  or  PAL  rates,  interlaced  format.  Various  VGA  chip  set 
vendors  support  this  mode  of  operation.  Most  computers  supply 
RGB  outputs  in  noninterlaced  format  at  higher  data  rates  than 
NTSC  and  PAL,  which  means  that  "outboard"  encoders  must 
supply  some  form  of  timing  conversion  before  the  RGB  data 
reaches  the  AD720/AD721. 
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Figure  9.  AD720  Application 
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Figure  10.  AD721  Application 


■O  CHROMINANCE  OUTPUT 


REV.  0 


SPECIAL  FUNCTION  COMPONENTS    2  7-2  7 


AD720/AD721 


Note  also  that  the  AD720/AD721  does  not  have  internal  dc  res- 
toration and  does  not  accept  sync  on  green.  The  composite  sync 
input  is  a  separate,  CMOS  logical-level  input  and  must  be  syn- 
chronized with  the  4FSC  input,  which  serves  as  the  master  clock 
for  the  AD720/AD721. 

The  AD720/AD72 1  does  not  implement  two  elements  of  the 
PAL  and  NTSC  standards.  In  NTSC  operation,  it  does  not 
support  the  7.5  IRE  unit  setup  (1  IRE  unit  =  7.14  mV) — this 
must  be  added  via  software  using  the  RGB  inputs.  Many  RAM- 
DACs,  such  as  the  Analog  Devices  ADV471  and  ADV478,  offer 
a  logic-selectable  setup  mode.  In  PAL  operation,  the  AD720/ 
AD721  does  not  implement  a  25  Hz  subcarrier  offset. 

Decoupling  and  Grounding 

Referring  to  the  pin  descriptions,  the  AD720/AD721  uses  mul- 
tiple analog  grounds,  digital  grounds,  digital  positive  supply  in- 
puts, analog  positive  supply  inputs,  and  analog  negative  supply 
inputs  in  order  to  maximize  isolation  between  analog  and  digital 
signal  paths. 

The  most  sensitive  input  of  the  AD720/AD721  is  the  4FSC  pin: 
any  noise  on  this  pin  directly  affects  the  subcarrier  and  causes 
degradation  of  the  picture.  Digital  and  analog  grounds  should 
be  kept  separate  and  brought  together  at  a  single  point. 

All  power  supply  pins  should  be  decoupled  using  0. 1  )jF  ceramic 
capacitors  located  as  close  to  the  AD720/AD721  as  possible.  In 
addition,  ferrite  beads  may  be  slipped  over  the  power  supply 
leads  to  reduce  high  frequency  noise. 

If  a  high  speed  RAM-DAC  is  used  (e.g.,  capable  of  80  MHz  op- 
eration with  subnanosecond  rise  times),  care  must  be  taken  to 
properly  terminate  the  input  printed-circuit-board  traces  to  the 
AD720/AD721.  Otherwise,  ringing  on  these  traces  may  occur 
and  cause  degradation  of  the  picture. 

APPLICATIONS  HINTS 

In  applying  the  AD720/AD72 1 ,  problems  may  arise  due  to  in- 
correct input  signals.  A  few  common  situations  follow. 

Fade  to  Black  or  White — Invalid  Horizontal  Sync  Pulses 

Some  systems  produce  sync  pulses  that  are  longer  or  shorter 
than  the  NTSC  and  PAL  standards  specify.  The  digital  sync 
separator  in  the  AD720/AD721  ignores  horizontal  sync  pulses 
that  are  too  long  or  too  short.  Figure  1 1  shows  the  timing  win- 
dows for  valid  NTSC  and  PAL  horizontal  sync  pulses. 


When  the  horizontal  sync  pulses  are  too  long  or  too  short,  a  dc 
offset  voltage  (due  to  charge  storage)  increases  on  the  output  of 
the  sampled  data  delay  line's  auto-zero  amplifier.  Normally,  this 
offset  voltage  is  removed  at  the  beginning  of  every  line,  as  signi- 
fied by  the  horizontal  sync  pulse.  Without  the  horizontal  sync 
pulse,  the  dc  offset  on  the  auto-zero  amplifier  increases  over 
time  (usually  about  three  to  five  minutes)  until  it  overrides  the 
luminance  information.  The  end  result  is  a  slow  fade  to  black  or 
white. 

Color  Flickering — Asynchronous  Operation 

The  AD720/AD721  requires  that  its  4FSC  and  composite  sync 
signals  be  synchronized.  In  most  systems,  when  the  two  signals 
are  synchronized,  the  composite  sync  signal  is  generated  using  a 
4FSC  signal  as  the  reference.  After  every  four  frames,  the 
AD720/AD721  resets  the  phase  quadrature  generator.  When  the 
CSYNC  and  4FSC  are  synchronized,  this  reset  is  transparent  to 
the  system  because  the  reference  phase  does  not  change.  When 
the  CSYNC  and  4FSC  are  not  synchronized,  the  difference 
between  the  reference  phase  and  its  new  value  upon  reset  causes 
an  instantaneous  color  shift,  which  appears  as  a  flickering  in  the 
color. 

Adding  NTSC  Setup 

The  easiest  way  to  add  the  7.5  IRE  unit1  setup  is  to  use  a 
ADV471/478  or  ADV477/475  or  ADV473  type  RAM-DAC, 
which  have  a  logic-selectable  setup  (called  "pedestal"  on  some 
data  sheets  and  "setup"  on  others). 

i>oior  fiaeuty 

A  source  impedance  other  than  37.5  £2  (75  £2||75  £i — a 
reverse-terminated  75  £2  input)  can  cause  errors  in  the  YUV 

matrix,  which  is  basically  resistive  and  depends  on  the 
iurce  impedance  for  accuracy.  Figures  9  and  10  show 
the  correct  interface  between  a  RAM-DAC  and  the  AD720  and 
AD721  respectively,  using  75  £5  reverse-terminated  connections. 

NOTE 

'IRE  unit  =  7.14  mV. 


NTSC:  5.30ps_ 
PAL:  5.46(is 


-COMPOSITE  SYNC  PULSE  


NTSC:  2.79|is 
~~  PAL:  3.21ns  " 


_NTSC:  2.51(iS 
PAL:  2.25(is  ~ 


3S* 


NTSC:  2.51ms 
_  PAL:  2.25ns  T 


IF  THE  TRAILING  EDGE  OF  A  COMPOSITE  SYNC  PULSE  IS  WITHIN 
THIS  WINDOW,  THE  PULSE  IS  TREATED  AS  A  HORIZONTAL  SYNC  PULSE. 
IF  THE  TRAILING  EDGE  IS  OUTSIDE  THIS  WINDOW,  THE  PULSE  IS  TREATED 
AS  AN  EQUALIZING  OR  BLANKING  PULSE. 

Figure  1 1.  NTSC  and  PAL  Timing  for  Valid  Horizontal 
Sync  Pulses 
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FEATURES 

Doubly-Balanced  Mixer 

Low  Distortion 
+24  dBm  Third  Order  Intercept  (IP3) 
+10  dBm  1  dB  Compression  Point 

Low  LO  Drive  Required:  -10  dBm 

Bandwidth 
500  MHz  RF  and  LO  Input  Bandwidths 
250  MHz  Differential  Current  IF  Output 
DC  to  >200  MHz  Single-Ended  Voltage  IF 

Single  or  Dual  Supply  Operation 

DC  Coupled  Using  Dual  Supplies 
All  Ports  May  Be  DC  Coupled 
No  Lower  Frequency  Limit — Operation  to  DC 

User-Programmable  Power  Consumption 

APPLICATIONS 

High  Performance  RF/IF  Mixer 

Direct  to  Baseband  Conversion 

Image-Reject  Mixers 

I/O  Modulators  and  Demodulators 


PRODUCT  DESCRIPTION 

The  AD83 1  is  a  low  distortion,  wide  dynamic  range,  monolithic 
mixer  for  use  in  such  applications  as  RF  to  IF  down  conversion 
in  HF  and  VHF  receivers,  the  second  mixer  in  DMR  base 
stations,  direct-to-baseband  conversion,  quadrature  modula- 
tion and  demodulation,  and  doppler-shift  detection  in  ultra- 
sound imaging  applications.  The  mixer  includes  an  LO  driver 
and  a  low-noise  output  amplifier  and  provides  both  user- 
programmable  power  consumption  and  3rd-order  intercept 
point. 

The  AD831  provides  a  +24  dBm  third-order  intercept  point  for 
-10  dBm  LO  power,  thus  improving  system  performance  and 
reducing  system  cost  compared  to  passive  mixers,  by  eliminating 
the  need  for  a  high  power  LO  driver  and  its  attendant  shielding 
and  isolation  problems. 

'.  ■ 
The  RF,  IF,  and  LO  ports  may  be  dc  or  ac  coupled  when  the 

mixer  is  operating  from  ±5  V  supplies  or  ac  coupled  when 
operating  from  a  single  supply  of  9  V  minimum.  The  mixer 
operates  with  RF  and  LO  inputs  as  high  as  500  MHz. 

The  mixer's  IF  output  is  available  as  either  a  differential  current 
output  or  a  single-ended  voltage  output.  The  differential  output 
is  from  a  pair  of  open  collectors  and  may  be  ac  coupled  via  a 
transformer  or  capacitor  to  provide  a  250  MHz  output  band- 
width. In  down-conversion  applications,  a  single  capacitor 
connected  across  these  outputs  implements  a  low-pass  filter  to 
reduce  harmonics  directly  at  the  mixer  core,  simplifying  output 


GND 
VN 


FUNCTIONAL  BLOCK  DIAGRAM 

i  i  *  .i  s 


RFP 
RFN 
VN 


filtering.  When  building  a  quadrature-amplitude  modulator  or 
image  reject  mixer,  the  differential  current  outputs  of  two 
AD831s  may  be  summed  by  connecting  them  together. 

An  integral  low  noise  amplifier  provides  a  single-ended  voltage 
output  and  can  drive  such  low  impedance  loads  as  filters,  50  £i 
amplifier  inputs,  and  A/D  converters.  Its  small  signal  bandwidth 
exceeds  200  MHz.  A  single  resistor  connected  between  pins 
OUT  and  FB  sets  its  gain.  The  amplifier's  low  dc  offset  allows 
its  use  in  such  direct-coupled  applications  as  direct-to-baseband 
conversion  and  quadrature-amplitude  demodulation. 

The  mixer's  SSB  noise  figure  is  1 2  dB  using  its  output  amplifier 
and  optimum  source  impedance.  Unlike  passive  mixers,  the 
AD831  has  no  insertion  loss  and  does  not  require  an  external 
diplexer  or  passive  termination. 

A  programmable-bias  feature  allows  the  user  to  reduce  power 
consumption,  with  a  reduction  in  the  1  dB  compression  point 
and  third-order  intercept.  This  permits  a  tradeoff  between 
dynamic  range  and  power  consumption.  For  example,  the 
AD831  may  be  used  as  a  second  mixer  in  cellular  and  two-way 
radio  base  stations  at  reduced  power  while  still  providing  a 
substantial  performance  improvement  over  passive  solutions. 

PRODUCT  HIGHLIGHTS 

1 .  -10  dBm  LO  Drive  for  a  +24  dBm  Output  Referred  Third 
Order  Intercept  Point 

2.  Single-Ended  Voltage  Output 

3.  High  Port-to-Port  Isolation 

4.  No  Insertion  Loss 

5.  Single  or  Dual  Supply  Operation 
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odnuwiuui 

-10  dBm  Signal  Level,  IP3  >  +20  dBm 
10.7  MHz  IF  and  High  Side  Injection 
See  Figure  1 

DC  Coupled 

Differential  or  Common  Mode 



Ann 

MHZ 

Maximum  Input  Level 
Common-Mode  Range 
Bias  Current 
Resistance 
Capacitance 

10 

±1 

160  500 

1.3 

2 

dBm 

V 

MA 

m 

pF 

IF  OUTPUT 
Bandwidth 

Conversion  Gain 
Output  Offset  Voltage 
Slew  Rate 

Output  Voltage  Swing 
Short  Circuit  Current 

Single-Ended  Voltage  Output,  -3  dB 
Level  =  0  dBm,  RL  =  100  £J 
Terminals  OUT  and  VFB  Connected 
DC  Measurement;  LO  Input  Switched  ±  1 

RL=  100  fi,  Unity  Gain 

200 
0 

-40       15  +40 
300 

75  4 

MHz 
dB 

V/us 
v 

mA 

LO  INPUT 
Bandwidth 

Maximum  Input  Level 
Common  Mode  Range 
Minimum  Switching  Level 
Bias  Current 
Resistance 
Capacitance 

-10  dBm  Input  Signal  Level 

10.7  MHz  IF  and  High  Side  Injection 

Differential  Input  Signal 
DC  Coupled 

Differential  or  Common  Mode 

400 

-1  +1 
-1  +1 
200 

17  50 

500 

2 

MHz 

v'  .-. 

V 

mV  p-p 
uA 
£} 
pF 

ISOLATION  BETWEEN  PORTS 
LOtoRF 
LO  to  IF 
RF  to  IF 

LO  =  100  MHz,  Rs  =  50  £},  10.7  MHz  IF 
LO  =  100  MHz,  Rs  =  50  Q,  10.7  MHz  IF 
RF  =  100  MHz,  Rs  =  50  £2,  10.7  MHz  IF 

70 
30 
45 

dB 
dB 
dB 

DISTORTION  AND  NOISE 
3rd  Order  Intercept 
2rd  Order  Intercept 
1  dB  Compression  Point 
Noise  Figure,  SSB 

LO  =  -10  dBm,  f  =  100  MHz 
Output  Referred,  + 100  mV  LO  Input 
Output  Referred,  + 100  mV  LO  Input 
RL=  100  £2,  RBIAS  =  °° 
For  Optimum  Source  Impedance 

24 
62 
10 
12 

dBm 
dBm 
dBm 
dB 

POWER  SUPPLIES 

Recommended  Supply  Range 

Quiescent  Current' 


Dual  Supply 
Single  Supply 

For  Best  3rd  Order  Intercept  Point  Performance 
BIAS  Pin  Open  Circuited 

±4.5  ±5.5 
9  11 
100  125 

V 
V 

mA 

NOTES 

'Quiescent  current  is  programmable. 
Specifications  subjecc  to  change  without  notice. 


REV.  A 


AD831 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  +VS  ±5.5  V 

Input  Voltages 

RFHI,  RFLO  ±3V 

LOHI,  LOLO   ±1  V 

Internal  Power  Dissipation"  1200  mW 

Operating  Temperature  Range 
AD831A  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering  60  sec)   +300°C 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the 
operational  section  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Thermal  Characteristics: 

20-Pin  PLCC  Package:  6IA  =  110°C/Watt;  8„  «  20°C/Watt. 
Note  that  the  9,A  =  1 10°C/W  value  is  for  the  package  measured  while  suspended 
in  still  air;  mounted  on  a  PC  board,  the  typical  value  is  6JA  =  90°C/W  due  to  the 
conduction  provided  by  the  AD831's  package  being  in  contact  with  the  board, 
which  serves  as  a  heat  sink. 

ORDERING  GUIDE 


Model 

Temperature 

Package 

Package 

Range 

Description 

Option* 

AD831AP 

-40°C  to  +85°C 

20-Lead  PLCC 

P-20A 

'For  outline  information  see  Package  Information  section. 


■  - 


PIN  CONFIGURATION 
20-Lead  PLCC 


gnd  nr 

VN  [7 
RFP  [7 
RFN  [7 

VN  [7 


AD831 

TOP  VIEW 
(Not  to  Scale) 


li]  COM 
V?]  VFB 
li]  OUT 
li]  VN 
TJ]  BIAS 


L»j[l0|[ll||l2|lis| 
-1-1  o 


PIN  DESCRIPTION 

 ,  


Description 


Positive  Supply  Input 
Mixer  Current  Output 
Amplifier  Negative  Input 
Ground 

Negative  Supply  Input 
RF  Input 
RF  Input 

Negative  Supply  Input 
Positive  Supply  Input 
Local  Oscillator  Input 
Local  Oscillator  Input 
Positive  Supply  Input 
Ground 
Bias  Input 

Negative  Supply  Input 
Amplifier  Output 
Amplifier  Feedback  Input 
Amplifier  Output  Common 
Amplifier  Positive  Input 
Mixer  Current  Output 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD831  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 
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AD831  -Typical  Characteristics 
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Figure  7.  Third-Order  Intercept  vs.  Frequency 
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Figure  2.  IF-to-RF  Isolation  vs.  Frequency 
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Figure  4.  Second-Order  Intercept  vs.  Frequency 
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Figure  5.  LO-to-RF  Isolation  vs.  Frequency 
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Figure  3.  LO-to-IF  Isolation  vs.  Frequency 
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Figure  6.  RF-to-IF  Isolation  vs.  Frequency 
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Figure  7.  1  dB  Compression  Point  vs.  Frequency,  Gain  =  1        Figure  9.  Gain  Error  vs.  Frequency  for  Figure  7,  Gain  =  1 
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The  AD831  consists  of  a  mixer  core,  a  limiting  amplifier,  a  low 
noise  output  amplifier,  and  a  bias  circuit  (Figure  12). 

The  mixer's  RF  input  is  converted  into  differential  currents  by  a 
highly  linear,  Class  A  voltage-to-current  converter,  formed  by 
transistors  Ql,  Q2  and  resistors  Rl,  R2.  The  resulting  currents 
drive  the  differential  pairs  Q3,  Q4  and  Q5,  Q6.  The  LO  input  is 
through  a  high  gain,  low  noise  limiting  amplifier  that  converts 
the  -10  dBm  LO  input  into  a  square  wave.  This  square  wave 
drives  the  differential  pairs  Q3,  Q4  and  Q5,  Q6  and  produces  a 
high  level  output  at  IFP  and  IFN — consisting  of  the  sum  and 
difference  frequencies  of  the  RF  and  LO  inputs — and  a  series  of 
lower  level  outputs  caused  by  odd  harmonics  of  the  LO  fre- 
quency mixing  with  the  RF  input. 

An  on-chip  network  supplies  the  bias  current  to  the  RF  and  LO 
inputs  when  these  are  ac  coupled;  this  network  is  disabled  when 
the  AD831  is  decoupled. 


are  connected  direcdy  to  pins  AFN  and  AFP;  the  on-chip  load 
resistors  convert  the  output  current  into  a  voltage  that  drives  the 
output  amplifier.  The  ratio  of  these  load  resistors  to  resistors 
Rl,  R2  provides  nominal  unity  gain  (0  dB)  from  RF  to  IF.  The 
expression  for  the  gain,  in  decibels,  is 

G«»=  201°8io(^)(|)(f)  Equation  1 

where 
4 

—  is  the  amplitude  of  the  fundamental  component  of  a  square  wave 
it  ' 

—  is  the  conversion  loss 

2 
7t 

—  is  the  small  signal  dc  gain  of  the  AD83 1  when  the  LO  input 
is  driven  fully  positive  or  negative. 
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Figure  12.  AD831  Simplified  Schematic  Diag, 
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Figure  13.  Connections  for  Transformer  Coupling  to  the  IF 
Output 

The  mixer  has  two  open-collector  outputs  (differential  cur- 
rents) at  pins  IFN  and  IFP.  These  currents  may  be  used  to 
provide  nominal  unity  RF-to-IF  gain  by  connecting  a  center- 
tapped  transformer  (1:1  turns  ratio)  to  pins  IFN  and  IFP  as 
shown  in  Figure  13. 

Programming  the  Bias  Current 

Because  the  AD831's  RF  port  is  a  Class-A  circuit,  the  maxi- 
mum RF  input  is  proportional  to  the  bias  current.  This  bias 
current  may  be  reduced  by  connecting  a  resistor  from  the  BIAS 
pin  to  the  positive  supply  (Figure  14).  For  normal  operation, 
the  BIAS  pin  is  left  unconnected.  For  lowest  power  consump- 
tion, the  BIAS  pin  is  connected  directly  to  the  positive  supply 
The  range  of  adjustment  is  100  mA  for  normal  operation  to 
45  mA  total  current  at  minimum  power  consumption. 


Figure  14.  Programming  the  Quiescent  Current 
Low-Pass  Filtering 

A  simple  low-pass  filter  may  be  added  between  the  mixer  and 
the  output  amplifier  by  shunting  the  internal  resistive  loads  (an 
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with  external  capacitors;  these  attenuate  the  sum  component  in 
a  down-conversion  application  (Figure  15).  The  corner  fre- 
quency of  this  one-pole  low-pass  filter  (f  =  (2  it  RCFr')  should 
be  placed  about  an  octave  above  the  difference  frequency  IF. 


Figure  15.  Low-Pass  Filtering  Using  External  Capacitors 
Using  the  Output  Amplifier 

The  AD83 1  's  output  amplifier  converts  the  mixer  core's  dif- 
ferential current  output  into  a  single-ended  voltage  and  provides 
an  output  as  high  as  ±1  V  peak  into  a  50  £2  load  (+10  dBm). 
For  unity  gain  operation  (Figure  16),  the  inputs  AN  and  AP 
connect  to  the  open-collector  outputs  of  the  mixer's  core  and 
OUT  connects  to  VFB. 

For  gains  other  than  unity,  the  amplifier's  output  at  OUT  is 
connected  via  an  attenuator  network  to  VFB;  this  determines 
the  overall  gain.  Using  resistors  Rl  and  R2  (Figure  17),  the  gain 
setting  expression  is 


ion  2 


Figure  16.  Output  Amplifier  Connected  for  Unity  Gain 
Operation 
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output  amp, 
-nin  to  cr- 


Figure  17.  Output  Amplifier  Feedback  Connections  for 
Increasing  Gain 

Driving  Filters 

The  output  amplifier  can  be  used  for  driving  reverse-terminated 
loads.  When  driving  an  IF  bandpass  filter  (BPF),  for  example, 
proper  attention  must  be  paid  to  providing  the  optimal  source 
and  load  terminations  so  as  to  achieve  the  specified  filter 

dy  lit 
F-to-Il 

sate  for  a  filter's  insertion  and  termination  losses. 

Figure  1 8  indicates  how  the  output  amplifier's  low  impedance 
(voltage  source)  output  can  drive  a  doubly-terminated  bandpass 
filter.  The  typical  10  dB  of  loss  (4  dB  of  insertion  loss  and  6  dB 
due  to  the  reverse-termination)  be  made  up  by  the  inclusion  of  a 
feedback  network  that  increases  the  gain  of  the  amplifier  by 
10  dB  (X3.162).  When  constructing  a  feedback  circuit,  the 
signal  path  between  OUT  and  VFB  should  be  as  short  as 
possible. 

Higher  gains  can  be  achieved,  using  different  resistor  ratios,  but 
with  concomitant  reduction  in  the  bandwidth  of  this  amplifier 
(Figure  19).  Note  also  that  the  Johnson  noise  of  these  gain- 
setting  resistors,  as  well  as  that  of  the  BPF  terminating  resistors, 
is  ultimately  reflected  back  to  the  mixer's  input;  thus  they 
should  be  as  small  as  possible,  consistent  with  the  permissible 
loading  on  the  amplifier's  output. 


Figure  18.  Connections  for  Driving  a  Doubly-Terminated 
Bandpass  Filter 
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Figure  19.  Output  Amplifier  1  dB  Compression  Point  for 
Gains  of  1,  2,  and  4  (Gains  of  0  dB,  6  dB,  and  12  dB, 
respectively) 
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APPLICATIONS 

Careful  component  selection,  circuit  layout,  power  supply 
decoupling,  and  shielding  are  needed  to  minimize  the  AD83 1  's 
susceptibility  to  interference  from  radio  and  TV  stations,  etc.  In 
bench  evaluation,  we  recommend  placing  all  of  the  components 
in  a  shielded  box  and  using  feedthrough  decoupling  networks 
for  the  supply  voltage. 

Circuit  layout  and  construction  are  also  critical,  since  stray 
capacitances  and  lead  inductances  can  form  resonant  circuits 
and  are  a  potential  source  of  circuit  peaking,  oscillation,  or  both. 

Dual-Supply  Operation 

Figure  20  shows  the  connections  for  dual  supply  operation. 
Supplies  may  be  as  low  as  ±4.5  V  but  should  be  no  higher  than 
±5.5  V  due  to  power  dissipation. 


The  RF  input  to  the  AD831  is  shown  connected  single-ended  to 
pin  RFP  with  51.1  Q  input  termination  resistor  with  an  assumed 
source  impedance  of  50  £}.  The  82  pF  capacitors  (CF)  con- 
nected from  IFN  and  IFP  to  VP  provide  a  low-pass  filter  with  a 
cutoff  frequency  of  approximately  140  MHz  in  down-conversion 
applications  (see  the  Theory  of  Operation  section  of  this  data 
sheet  for  more  details) .  The  LO  input  is  connected  single-ended 
because  the  limiting  amplifier  provides  a  symmetric  drive  to  the 
mixer.  To  minimize  intermodulation  distortion,  connect  pins 
OUT  and  VFB  by  the  shortest  possible  path.  The  connections 
shown  are  for  unity-gain  operation. 

At  LO  frequencies  less  than  100  MHz,  the  AD831's  LO  power 
may  be  as  low  as  -20  dBm  for  satisfactory  operation.  Above 
100  MHz,  the  specified  LO  power  of -10  dBm  must  be  used. 


0.1 


Figure  20.  Connections  for ±5  V  Dual-Supply  Operation 


21 


REV.  A 


SPECIAL  FUNCTION  COMPONENTS  21-31 


Single  Supply  Operation 

Figure  21  is  similar  to  the  dual  supply  circuit  in  Figure  19. 
Supplies  may  be  as  low  as  9  V  but  should  not  be  higher  than 
1 1  V  due  to  power  dissipation.  As  in  Figure  19,  both  the  RF 
and  LO  ports  are  driven  single-ended  and  terminated. 


In  single  supply  operation,  the  COM  terminal  is  the  "ground" 
reference  for  the  output  amplifier  and  must  be  biased  to  1/2  the 
supply  voltage,  which  is  done  by  resistors  Rl  and  R2.  The  OUT 


pin  must  be  ac-coupled  to  the  load. 


Figure  21.  Connections  for +9  V  Single-Supply  Operation 
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Connections  Quadrature  Demodulation  ture  (Q)  outputs.  The  mixers'  inputs  may  be  connected  in 

Two  AD83 1  mixers  may  have  their  RF  inputs  connected  in  parallel  and  a  single  termination  resistor  used  if  the  mixers  are 

parallel  and  have  their  LO  inputs  driven  in  phase  quadrature  located  in  close  proximity  on  the  PC  board. 
(Figure  22)  to  provide  demodulated  in-phase  (I)  and  quadra- 
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Figure  22.  Connections  for  Quadrature  Demodulation 
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Figure  23.  Third-Order  Intercept  Characterization  Setup 
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Figure  24.  IF  to  RF  Isolation  Characterization  Setup 
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FEATURES 

Single  +5  V  Supply 

32-Bit  Phase  Accumulator 

On-Chip  COSINE  and  SINE  Look-Up  Tables 

On-Chip  10-Bit  DAC 

Frequency,  Phase  and  Amplitude  Modulation 

Parallel  and  Serial  Loading 

Software  and  Hardware  Power  Down  Options 

20  MHz  and  50  MHz  Speed  Grades 

44-Pin  PLCC 

APPLICATIONS 

Frequency  Synthesizers 

Frequency,  Phase  or  Amplitude  Modulators 

DDS  Tuning 

Digital  Demodulation 

GENERAL  DESCRIPTION 

The  AD7008  direct  digital  synthesis  chip  is  a  numerically  con- 
trolled oscillator  employing  a  32-bit  phase  accumulator,  sine  and 
cosine  look-up  tables  and  a  10-bit  D/A  converter  integrated  on  a 





AD7008 


single  CMOS  chip.  Modulation  capabilities  are  provided  for 
phase  modulation,  frequency  modulation,  and  both  in-phase  and 
quadrature  amplitude  modulation  suitable  for  SSB  generation. 

Clock  rates  up  to  20  MHz  and  50  MHz  are  supported.  Fre- 
quency accuracy  can  be  controlled  to  one  part  in  4  billion.  Mod- 
ulation may  be  effected  by  loading  registers  either  through  the 
parallel  microprocessor  interface  or  the  serial  interface.  A 
frequency-select  pin  permits  selection  between  two  frequencies 
on  a  per  cycle  basis. 

The  serial  and  parallel  interfaces  may  be  operated  independently 
and  asynchronously  from  the  DDS  clock;  the  transfer  control 
signals  are  internally  synchronized  to  prevent  metastability  prob- 
lems. The  synchronizer  can  be  bypassed  to  reduce  the  transfer 
latency  in  the  event  that  the  microprocessor  clock  is  synchro- 
nous with  the  DDS  clock. 

A  power-down  pin  allows  external  control  of  a  power-down 
mode  (also  accessible  through  the  microprocessor  interface).  The 
AD7008  is  available  in  44-pin  PLCC. 


FUNCTIONAL  BLOCK  DIAGRAM 
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[-SPECIFICATIONS' 


««  =  V0D  =_+_5  V  ±  5%;  T(  =  TH1II  to  TMW , 
for  IOUT  and  I0UT,  unless  otherwise  noted) 


RSET  =  390  ft,  RL0A„  =  51  ft 


Parameter 


AD7008AP20  AD7008JP50 


Units 


SIGNAL  DAC  SPECIFICATIONS 

Resolution 

No.  of  Channels 

Update  Rate 

IOUT  Full  Scale 

Output  Compliance 

DC  Accuracy 
Integral  Nonlinearity 
Differential  Nonlinearity 


10 
1 

20 
20 
1 

±1 
±1 





10 
1 

50 
20 
1 

±1 


Msps  max 
mA  max 
Volts  max 

LSB  typ 
LSBtyp 




DDS  SPECIFICATIONS2 
Dynamic  Specifications 
Signal-to-Noise  Ratio  50 
Total  Harmonic  Distortion  -55 
Spurious  Free  Dynamic  Range  (SFDR)3 
Narrow  Band  (±50  kHz)  -70 
Wide  Band  (±2  MHz)  -55 
Power-Down  Option  Yes 


. 

50 

-53 

-70 
-55 
Yes 


dB  min 
dB  min 


^CLK  —  ^MAX  s  foUT  -  2  MHz 


2  MHz 


dB  min  fCLK  =  6.25  MHz,  foux  =  2.11  MHz 

dB  min 











VOLTAGE  REFERENCE 
Internal  Reference  @  +25°C 

Tmin  to  Tmax 
Reference  TC 


1.27 

1.2/1.35 

300 


1.27 

1.2/1.35 

300 


Volts  typ 
Volts  min/max 
ppm/°C  typ 


LOGIC  INPUTS 
VINH,  Input  High  Voltage 
VINL,  Input  Low  Voltage 
Iinhi  Input  Current 
CIN,  Input  Capacitance 


VDD-0.9 
0  9 
10 
10 


VDD-0.9 

io9 

10 


V  min 
Vmax 
M-A  max 
pF  max 


r 


POWER  SUPPLIES 

LaA 


Iaa  +  IE 


_ 


4.75/5.25 
26 

22  +  1.5/MHz 

80 

110 

10 




4.75/5.25 
26 

22  +  1.5/MHz 

125 

160 

20 


V  min/V 
mA  typ 
mA  typ 
mA  typ 
mA  max 
mA  max 


max 


RSET  =  390  n 

SLEEP  =  0  V;  CR2  =  0  (AM  Disabled) 

fc.LK  =  'MAX 
SLEEP  =  Vnn 


 1  

NOTES 

'Operating  temperature  ranges  as  follows:  A  Version:  -40*C  to  +85°C;  J  Version:  0"C  to  +70°C. 

2A11  dynamic  specifications  are  measured  using  IOUT.  100%  Production  tested. 

3fCLK  =  6.25  MHz,  Frequency  Word  =  5671C71C  HEX,  iom  =  2.11  MHz. 

4With  AM  enabled  (CR2  =  1),  T^  should  be  limited  as  follows:  AD7008AP20,  TMAX  =  +70°C; 

Specifications  subject  to  change  without  notice. 

I 


=  +55'C. 
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TIMING  CHARACTERISTICS  (V„  =  VgD  +5  V  ±  5%;  T,  =  THIN  to  TMSX,  unless  otherwise 

AD7008JP50 


AD7008AP20 


Units 


Test  Conditions/Comments 


ti 
k 
h 
U 
't5 

h 

t8 

t> 

tio 

tu 

*12 

tl4 

t^TVOO  -OO-' 
tl6 

tl8 
tl9 
l20 


50 
20 


20 

5 
3 

2t, 
5 

5   

10 
10 

20  a 
10 
3 
3 

20 
8 
8 
10 
10 


.1 


20 
8 

* 
5 
3 

4t, 
2t. 

5 

10 
10 
20 
10 

3 

rrva  /g  I 
20 


10 
10 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


CLOCK  Period 

CLOCK  High  Duration 

CLOCK  Low  Duration 

CLOCK  to  Control  Setup  Time 

CLOCK  to  Control  Hold  Time 

LOAD  Period 

LOAD  High  Duration 

LOAD  High  to  TC0-TC3  Setup  Time 

LOAD  High  to_TC0-TC3  Hold  Time 

WR  Rising  to  CS  Low  Setup  Time 

WR  Rising  to  CS  Low  Hold  Time 

Minimum  WR  Low  Duration 

Minimum  WR  High  Duration 

WR  to  D0-D15  Setup  Time 

WR  to  D0-D15  Hold  Time 

SCLK  Period 

SCLK  High  Duration 

SCLK  Low  Duration 

SCLK  Rising  to  SDATA  Setup  Time 

SCLK  Rising  to  SDATA  Hold  Time 
 :  


CLOCK 


IEL, 
TC3-TC0 


FSEL,  LOAD,  77 

0  '/. 


WR  | 


 '  


Figure  1.  Clock  Synchronization  Timing 
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Figure  3.  Parallel  Port  Tinning 
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Figure  2.  Register  Transfer  Timing 
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Figure  4.  Serial  Port  Timing 
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AWfto'DGND   -0.3  V  to  +0.3  V 

Digital  I/O  Voltage  to  DGND  -0.3  V  to  VDD  +  0.3  V 

Analog  I/O  Voltage  to  AGND   -0.3  V  to  VDD  +  0.3  V 

Operating  Temperature  Range 

Industrial  (A  Version)  -40°C  to  +  85°C 

Commercial  (J  Version)  0°C  to  +70°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Junction  Temperature  +115°C 

PLCC  9JA  Thermal  Impedance  +55°C/W 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ORDERING  GUIDE 


Temperature 

Package 

Package 

Model 

Range 

Description 

Option* 

AD7008AP20 

-40°C  to  +85°C 

44-Pin  PLCC 

P-44A 

AD7008JP50 

0°C  to  +70°C 

44-Pin  PLCC 

P-44A 

•For  outline  information  see  Package  Information  section. 


A  WORD  |  B  WORD  |  D15-D0  -  B  WORD 

Figure  5.  16-Bit  Parallel  Port  Loading  Sequence 


-«   32-BIT  PARALLEL  ASSEMBLY  REGISTRY   

MSB  LSB 


A  BYTE       |      B  BYTE       |     D7-D0  -  B  BYTE 


A  BYTE  B  BYTE  C  BYTE  D7-D0  —  C  BYTE 


A  BYTE       |      B  BYTE       |      C  BYTE       |      D  BYTE       |      D7-DO  -  D  BYTE 

Figure  6.  8-Bit  Parallel  Port  Loading  Sequence 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  Electrostatic  charges  as  high  as  4000  V  readily 
accumulate  on  the  human  body  and  test  equipment  and  can  discharge  without  detection. 
Although  the  AD7008  features  proprietary  ESD  protection  circuitry,  permanent  damage  may 
occur  on  devices  subjected  to  high  energy  electrostatic  discharges.  Therefore,  proper  ESD 
precautions  are  recommended  to  avoid  performance  degradation  or  loss  of  functionality. 


WARNING! 
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PIN  DESCRIPTION 





Mnemonic 


Function 





POWER  SUPPLY 


.  A  0.1  (xF  decoupling  capacitor  should  be 


and 


Positive  power  supply  for  the  analog  * 
AGND.  This  is  +5  V  ±  5  %. 
AGND  Analog  Ground. 

VDD  Positive  power  supply  for  the  digital  section.  A  0.1  u.F  decoupling  capacitor  should  be  connected  between  VDD  and 

DGND.  This  is  +5  V  ±  5%.  Both        and  VDD  should  be  externally  tied  to; 
Digital  Ground;  both  grounds  should  be  externally  tied  together. 


DGND 

ANALOG  SIGNAL  AND  REFERENCE 

Current  Output.  This  is  a  high  impedance  current  source.  A  load  resistor  should  be  connected  between  IOUT  and 


IOUT,  IOUT 
FS  ADJUST 


VREF 


COMP 


AGND.  IOUT  should  be  either  tied  directly  to  AGND  or  through  an  external  load  resistor  to  AGND. 
Full-Scale  Adjust  Control.  A  resistor  (RSet)  's  connected  between  this  pin  and  AGND.  This  determines  the 
magnitude  of  the  full-scale  DAC  current.  The  relationship  between  RSet  and  ^  full-scale  current  is  as  follows: 

IOUT  full-scale  (mA)  =  6233  x  VmF  (V)IRSET  (0) 
Voltage  Reference  Input.  A  0.1  u,F  decoupling  ceramic  capacitor  should  be  connected  VREF  and  V^.  There  is  an 
internal  1.27  voltage  reference  which  can  over  driven  by  an  external  reference  if  required. 
Compensation  pin.  This  is  a  compensation  pin  for  the  internal  reference  amplifier.  A  0.1  u.F  decoupling  ceramic 
capacitor  should  be  connected  between  COMP  and  VAA. 


DIGITAL  INTERFACE  AND  CONTROL 


CLOCK 

FSELECT 

LOAD 


TC3-TC0 


WR 


Digital  Clock  Input.  DDS  output  frequencies  are  expressed  as  a  binary  fraction  of  the  frequency  of  this  clock. 
Hence,  the  output  frequency  accuracy  and  phase  noise  is  determined  by  this  clock. 

Frequency  Select  Input.  FSELECT  controls  which  frequency  register,  FREQO  or  FREQ1,  is  used  in  the  phase 
accumulator.  Frequency  selection  can  be  done  on  a  cycle-per-cycle  basis. 

Register  load,  active  high  digital  Input.  This  pin,  in  conjunction  with  TC3-TC0,  control  loading  of  internal  registers 
from  either  the  parallel  or  serial  assembly  registers. 

Transfer  Control  address  bus,  digital  inputs.  This  address  determines  the  source  and  destination  registers  that  are 
used  during  a  transfer.  The  source  register  can  either  be  the  parallel  assembly  register  or  the  serial  assembly  register. 
The  destination  register  can  be  any  of  the  following:  COMMAND  REG,  FREQO  REG,  FREQ1  REG,  PHASE  REG 
or  IQMOD  REG.  TC3-TC0  should  be  valid  prior  to  LOAD  rising  and  should  not  change  until  LOAD  falls. 

writing  to  the  parallel 


Chip  Select,  active  low  digital  input.  This  input  in  conj- 
assembly  register. 

■ — t  in  conjunction  with  CS  is  used  when  writing  to  the  parallel  assembly 


D7-D0 


D15-D8 


SCLK 

SDATA 
SLEEP 


RESET 
TEST 


Write,  active  low  < 
register. 

Data  bus,  digital  inputs.  This  represent  the  low  byte  of  the  16-bit  data  input  port  used  to  write  to  the  32-bit  parallel 
assembly  register.  The  databus  can  configured  for  either  a  8-bit  or  16-bit  MPU/DSP  ports. 
Data  Bus,  Digital  Inputs.  This  represent  the  high  byte  of  the  16-bit  data  input  port  used  to  write  to  the  32-bit 
parallel  assembly  register.  The  databus  can  configured  for  either  a  8-bit  or  16-bit  MPU/DSP  pons.  When  the 
databus  is  configured  for  8-bit  operation,  D8-D15  should  be  tied  to  DGND. 

Serial  Clock,  digital  input.  SCLK  is  used,  in  conjunction  with  SDATA,  to  clock  data  into  the  32-bit  serial  assembly 
register. 

Serial  Data,  digital  input.  Serial  data  is  clocked  on  the  rising  edge  of  SCLK,  Most  Significant  Bit  (MSB)  first. 
Low  power  sleep  control,  active  high  digital  input.  SLEEP  puts  the  AD7008  into  a  low  power  sleep  mode.  Internal 
clocks  are  disable  while  also  turning  off  the  DAC  current  sources.  A  SLEEP  bit  is  also  provided  in  the  COMMAND 
REG  to  put  the  AD7008  into  a  low  power  sleep  mode. 

Register  Reset,  active  high  digital  input.  RESET  clears  the  COMMAND  REG  and  all  the  modulation  registers  to 
zero. 

Test  Mode.  This  used  for  factory  test  only  and  should  be  left  as  a  No  Connect. 
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CIRCUIT  DESCRIPTION  the  NCO  contains  a  32-bit  phase  accumulator,  the  output  of  the 

In  contrast  to  previous  direct  digital  synthesizer  devices,  the  NCO  is  truncated  to  12-bits.  Using  the  full  resolution  of  the 

AD7008  provides  an  exciting  new  level  of  integration  for  the  phase  accumulator  is  both  impractical  and  unnecessary  as  this 


RF/Communications  system  designer.  The  AD7008  combines 


up  tables,  frequency,  phase  and  IQ  modulators,  and 
to-analog  converter  on  a  single  integrated  circuit. 

The  internal  circuitry  of  the  AD7008  consists  of  four  main  sec- 
tions. These  are 

Numerical  Controlled  Oscillator  (NCO)  +  Phase  Modulator 

SIN  and  COSINE  look  up  tables 

In  Phase  and  Quadrature  Modulators 

Digital-to-Analog  Converter 

Numerical  Controlled  Oscillator  +  Phase  Modulator 

This  consists  of  two  frequency  select  registers,  a  phase  accumu- 
lator and  a  phase  offset  register.  The  main  component  of  the 
NCO  is  a  32-bit  phase  accumulator  which  accumulates  a  phase 
step  on  every  clock  cycle.  The  value  of  the  phase  step  deter- 
mines how  many  clocks  cycles  are  required  for  the  phase  accu- 
mulator to  count  2w  radians  (i.e.,  one  cycle  of  the  output 
frequency).  The  output  frequency,  foux,  is  given  by: 


four 


Phase  Step 
2« 


A  Phase 

f CLOCK  =   J"  f CLOCK 

■ 


0  —  A  Phase  £  232  -1 

■ 

The  input  to  the  phase  accumulator  (i.e.,  the  phase  step)  can  be 
selected  either  from  the  FREQO  Register  or  FREQ1  Register 
and  this  is  controlled  by  the  FSELECT  pin.  This  allows  binary 
frequency  shift  keying  to  be  easily  implemented.  The  two  FSK 
frequencies  can  be  loaded  into  FREQO  and  FREQ1  and  selected 
using  the  FSELECT  pin.  NCOs  inherently  generate  continuous 
phase  signals,  thus  avoiding  any  output  discontinuity  when 
switching  between  frequencies.  More  complex  frequency  modu- 
lation  schemes,  such  as  OMSK,  can  be  implemented  by  updat- 
ing  the  contents  of  these  registers. 

Following  the  NCO,  a  phase  offset  can  be  added  to  perform 
phase  modulation  using  the  12-bit  PHASE  Register.  The  con- 
tents of  this  register  are  added  to  the  most  significant  bits  of  the 
NCO. 

Sin  and  Cosine  Look-Up  Tables  (LUT) 
The  output  of  the  phase  accumulator  is  converted  to  an  ampli- 
tude signal  by  means  of  an  Sine/Cosine  ROM  LUT.  Although 

Table  I.  Source  and  Destination  Registers 


would  require  a  look-up  table  of  2  entries. 

It  is  necessary  only  to  have  sufficient  phase  resolution  in  the 
LUTs  such  that  the  dc  error  of  the  output  waveform  is  domi- 
nated by  the  quantization  error  in  the  DAC.  This  requires  the 
look-up  tables  to  have  two  more  bits  of  phase  resolution  than 
the  10-bit  DAC. 

In  Phase  and  Quadrature  Modulators 

Two  10-bit  amplitude  multipliers  are  provided  allowing  the  easy 
implementation  of  either  Quadrature  Amplitude  Modulation 
(QAM)  or  Amplitude  Modulation  (AM).  The  20-bit  IQMOD 
Register  is  used  to  control  the  amplitude  of  the  I  (cosine)  and  Q 
(sine)  signals.  IQMOD[9-0]  controls  the  I  amplitude  and 
IQMOD[19-10]  controls  the  Q  amplitude. 

The  user  should  ensure  that  when  summing  the  I  and  Q  signals 
the  result  should  not  exceed  1 0  bi ts ^  s.s  there  is  no  internal  clirj 
ping  logic  to  prevent  overflow. 

When  amplitude  modulation  is  not  required,  the  IQ  multipliers 
can  be  bypassed  (CR2  =  0).  The  sine  output  is  directly  sent  to 
the  10-bit  DAC. 

Digital-to-Analog  Converter 

The  AD7008  include  a  high  impedance  current  source  10-bit 
DAC,  capable  of  driving  wide  range  of  loads  at  different  speeds. 
Full-scale  output  current  can  be  adjusted,  for  optimum  power 
and  external  load  requirements,  through  the  use  of  a  single 
external  resistor  (RSet)- 

The  DAC  can  be  configured  for  single  or  differential  ended 


operation.  I OUT  can  be  either  tied  directly  to  AGND  for 
ended  operation  or  through  external  load  resistor. 

MPU  Interface 

The  chip  contains  two  32-bit  assembly  registers,  one  for  parallel 
bus  data,  and  one  for  serial  input  data.  Each  of  the  modulation 
registers  can  be  loaded  from  either  assembly  register  under  con- 
trol of  the  LOAD  pin  and  the  Transfer-Control  (TC)  pins  (See 
Table  I).  The  Command  register  can  only  be  loaded  from  the 
parallel  assembly  register. 

■ 


to 
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Source  Register 
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0 
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0 

1 

Parallel 

FREQO 

1 

0 

0 

1 

i 

Parallel 

FREQ1 

1 

0 

L    .  lo 
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i 
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PHASE 

1 

0 

1 

1 

£ 
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1 

1 

0 
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i 

Serial 

FREQO 

1 

1 

0 

1 
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1 

1 

1 

0 
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1 

i 
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Table  H.  AD7008  Control  Registers 


Size 


Reset  State 


Description 








COMMAND  REG 
FREQO  REG 

FREQ1  REG 

PHASE  REG 

IQMOD  REG 


4  Bits  CR3-CR0 
32  Bits  DB31-DB0 

32  Bits  DB31-DB0 

12  Bits  DB11-DB0 

20  Bits  DB19-DB0 


All  Zeros 
All  Zeros 

All  Zeros 

All  Zeros 

All  Zeros 


Command  Register.  This  is  written  to  using  the  parallel  assembly  register. 

Frequency  Select  Register  0.  This  defines  the  output  frequency,  when 
FSELECT  =  0,  as  a  fraction  of  the  CLOCK  frequency. 

Frequency  Select  Register  1.  This  defines  the  output  frequency,  when 
FSELECT  =  1,  as  a  fraction  of  the  CLOCK  frequency. 

Phase  Offset  Register.  The  contents  of  this  register  is  added  to  the 
output  of  the  phase  accumulator. 

I  and  Q  Amplitude  Modulation  Register.  This  defines  the  amplitude  of 
the  I  and  Q  signals  as  10-bit  two  complement  binary  fractions.  DB[19:10] 
is  multiplied  by  the  Quadrature  (sine  component  and  DB[9:0]  is  multiplied 
by  the  In-Phase  (cosine)  component. 


Table  III. 


CRO 

CR1 
CR2 
CR3 


Eight-Bit  Databus.  Pins  D15-D8  are  ignored  and  the  parallel  assembly  register  shifts  eight  places  left  on  each  write. 
Hence  four  successive  writes  are  required  to  load  the  32-bit  parallel  assembly  register,  Figure  6. 
Sixteen-Bit  Databus.  The  parallel  assembly  register  shifts  16  places  left  on  each  write.  Hence  two  successive  writes 
are  required  to  load  the  32-bit  parallel  assembly  register,  Figure  S. 

Normal  Operation. 

Low  Power  Sleep  Mode.  Internal  Clocks  and  the  DAC  current  sources  are  turn  off. 


Amplitude  Modulation  Bypass.  The  output  of  the  sine  LUT  is 
Amplitude  Modulation  Enable.  IQ  modulation  is  enabled  alio 


j  sent  to  the  DAC. 

j  or  QAM  to  be  performed. 


Synchronizer  Logic  Enabled.  The  FSELECT,  LOAD  and  TC3-TC0  signals  are  passed  through  a  4-stage  pipeline 
to  synchronize  them  with  the  CLOCK  frequency,  avoiding  metastability  problems. 

Synchronizer  Logic  Disabled.  The  FSELECT,  LOAD  and  TC3-TC0  signals  bypass  the  synchronization  logic.  This 
allows  for  faster  response  to  the  control  signals. 


TC3-TC0  should  be  set  up  and  stable  before  LOAD  rises,  and 
should  not  change  until  after  LOAD  falls. 

The  microprocessor  asserts  both  WR  and  CS  to  load  the  parallel 
assembly  register.  At  the  end  of  each  write,  the  parallel  assem- 
bly register  is  shifted  left  by  8  or  16  bits  (depending  on  CRO), 
and  the  new  data  is  loaded  into  the  low  bits.  Hence,  two  16-bit 
writes  or  four  8-bit  writes  are  used  to  load  the  parallel  assembly 
register.  When  loading  parallel  data  destined  for  the  phase  or  IQ 
registers,  it  is  only  necessary  to  write  as  much  data  as  will  be 
used  by  that  register.  For  instance,  the  Command  Register 
requires  only  one  write  to  the  parallel  assembly  register. 

Serial  data  is  input  to  the  chip  on  the  rising  edge  of  SCLK, 
most  significant  bit  first.  The  data  in  the  assembly  registers  can 
be  transferred  to  the  modulation  registers  by  means  of  the  trans- 
fer control  pins. 


APPLICATIONS 

The  AD7008  can  be  used  in  a  wide  range  of  communication 
applications  ranging  from  digital  mobile  radio,  to  frequency 
agile  Wireless  Local  Area  Networks  (WANs),  to  SSB  telephony. 

For  digital  mobile  radio  applications  the  chip  provides  direct 
synthesis  and  phase  modulation  capabilities  to  20  MHz  in  a  sin- 
gle low  power,  low  cost  part. 

For  WANs  a  wide  range  of  modulation  capabilities  allow  a  sys- 
tem developer  to  optimize  modulation  bandwidth  and  noise 
immunity. 

In  the  area  of  SSB  telephony  (military,  commercial  and  ama- 
teur), the  chip  provides  the  first  single  chip  implementation  of  a 
phasing  type  SSB  generator.  Combined  with  a  single  chip  DSP 
(ADSP-2101)  implementing  the  speech  input  and  Hilbert  trans- 
form, the  AD7008  forms  a  two-chip  direct  SSB  j 

bility  to  over  20  MHz. 
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Figure  7.  fCLK  =  20  MHz,  fOUT  =  1.1  MHz  Figure  10.  fCLK  =  20  MHz,  fOUT  =  2.7  MHz 
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Figure  11.  fCLK  =  20  MHz,  fOUT  =  4.1  MHz 
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Figure  12.  fCLK  =  20  MHz,  fOUT  =  6. 1  MHz 
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REF  4.3  dBm  OFFSET  500  000.0  Hi 
1 0  dB  DIV  RANGE  5.0  dBm  -51.7  dB 


CENTER  6  500  000.0  Hz  SPAN  10  000  000.0  Hz 

RBW  3  kHz  VBWIOkHz  ST  2.4  SEC 


Figure  13.  fCLK  =  20  MHz,  fOUT  =  6.5  MHz 
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Figure  16.  fCLK  =  20  MHz,  fOUT  =  7. 1  MHz 
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Figure  14.  fCLK  =  50  MHz,  fOUT  =  2.1  MHz 
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Figure  17.  fCLK  =  50  MHz,  fOUT  =  5.1  MHz 
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Figure  15.  fCLK  =  50  MHz,  fOUT  =  7.1  MHz 


Figure  18.  fCLK  =  50  MHz,  fOUT  =  9.1  MHz 
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Figure  19.  fCLK  =  50  MHz,  fOUT  =11.1  MHz 


Figure  22.  Typical  Current  Consumption  vs.  Frequency 
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Figure  20.  fCLK  =  50  MHz,  fOUT  =  13. 1  MHz 
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Figure  21.  fCLK  =  50  MHz,  fOUT  =  76.5  MHz 
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Figure  23.  Typical  Plot  ofSFDR  vs.  Master  Clock  Frequency 
When  fOUT  =  1/3fCLK,  Frequency  Word  =  5671C71C  HEX 
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FEATURES 

lOps  Delay  Resolution 
2.5ns  to  10|is  Full-Scale 
Fully  Differential  Inputs 
Separate  Trigger  and  Reset  Inputs 
Low  Power  Dissipation  -  310mW 
MIL-STD-883  Compliant  Versions 

APPLICATIONS 
ATE 

Pulse  Deskewing 
Arbitrary  Waveform  Generators 
High-Stability  Timing  Source 
Multiple  Phase  Clock  Generators 


GENERAL  DESCRIPTION 

The  AD9500  is  a  digitally  programmable  delay  generator,  which 
provides  programmed  delays,  selected  through  an  8-bit  digital 
code,  in  resolutions  as  small  as  lOps.  The  AD950O  is  constructed 
in  a  high-performance  bipolar  process,  designed  to  provide 
high-speed  operation  for  both  digital  and  analog  circuits. 

The  AD9500  employs  differential  TRIGGER  and  RESET  inputs 
which  are  designed  primarily  for  ECL  signal  levels  but  function 
with  analog  and  TTL  input  levels.  An  on-board  ECL  reference 
midpoint  allows  both  of  the  inputs  to  be  driven  by  either  single 
ended  or  differential  ECL  circuits.  The  AD9500  output  is  a 
complementary  ECL  stage,  which  also  provides  a  parallel  QR 
output  circuit  to  facilitate  reset  timing  implementations. 

The  digital  control  data  is  passed  to  the  AD9500  through  a 
transparent  latch  controlled  by  the  LATCH  ENABLE  signal.  In 
the  transparent  mode,  the  internal  DAC  of  the  AD9500  will 
attempt  to  follow  changes  at  the  inputs.  The  LATCH  ENABLE 
is  otherwise  used  to  strobe  the  digital  data  into  the  AD9500 
latches. 

The  AD9500  is  available  as  an  industrial  temperature  range 

-25°C  to  +85°C,  and  as  an  extended  temperature  range 
-  55°C  to  +  125°C.  Both  grades  are  packaged  in  a  24-pin 
ceramic  "Skinny"  DIP  (0.3"  package  width),  as  well  as  28-pin 
surface  mount  packages.  The  AD9500  is  available  in  versions 
compliant  with  MIL-STD-883.  Refer  to  the  Analog  Devices 
Military  Products  Databook  or  current  AD9500/883B  data  sheet 
for  detailed  specifications. 

u  n  S.O 


PIN  CONFIGURATIONS 


D4  Q 

o,  a 

D7(MSB)  [7 

ECLREF  fj 

OFFSET  ADJUST  [1 

cs  II 

♦v,  LI 

TRIGGER  [~9 

TRIGGER  [l£ 

RESET  QT 


AD9500 


TOP  VIEW 
(Not  to  Sola) 


E  D3 

23]  d2 

I]  D, 

111  D„(LSB> 

»]  LATCH  ENABLE 

iT) 

53  -vs 

1?]  ECL  COMMON 
«]  Or 
m]  Q 

53  q 


12    13    14    15    16    "  1» 

IE  E  2  010  ,<? 


This  is  an  abridged  data  sheet.  To  obtain  the  mi 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9500- SPECIFICATIONS 



ABSOLUTE  MAXIMUM  RATINGS' 

Positive  Supply  Voltage  (  + Vs)  +7V 

Negative  Supply  Voltage  ( -  Vs)  -  7V 

ECL  COMMON  to  Ground  Differential   ..    -  2.0V  to  +  5.0V 

Digital  Input  Voltage  Range    -3.5Vto+5.0V 

Trigger/Reset  Input  Voltage  Range  ±5.0V 

Trigger/Reset  Differential  Voltage   5.0V 

Minimum  Rset   22011 

Digital  Output  Current  (Q  and  Q)   30mA 

Digital  Output  Current  (QR)   2mA 


Offset  Adjust  Current  (Sinking)  4mA 

Operating  Temperature  Range 

AD9500BP/BQ   -  25°C  to  +  85°C 

AD9500TE/TQ  -55°Cto  +125°C 

Storage  Temperature  Range  -65°Cto  +  150°C 

Junction  Temperature  +175°C 

Lead  Soldering  Temperature  (lOsec)   +  300°C 


ELECTRICAL  CHARACTERISTICS  2?""*"  +'' =  *"*    =  ** °™ "  m " ~a 




-25°C  to  +85°C 

-55°Cto  +125°C 

1  

Test 

AD9500BP/BQ 

AD9500TE/TQ 

Parameter 

Level 

Temp 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

8 

8 

—   

Bits 

ACCURACY3 

Differential  Linearity 

I 

+25°C 

0.5 

0.5 

LSB 

Integral  Linearity 

I 

+25°C 

1.0 

1.0 

LSB 

Monotonicity 

1 

+25°C 

Guaranteed 

Guaranteed 

DIGITAL  INPUT 

Logic  "1"  Voltage 

VI 

Full 

2.0 

2.0 

V 

Logic  "0"  Voltage 

VI 

Full 

0.8 

0.8 

V 

Logic  "1"  Current 

VI 

Full 

5>  •• 

5 

uA 

Logic  "0"  Current 

VI 

Full 

5 

5 

uA 

Digital  Input  Capacitance 
Data  Setup  Time" 

VI 

+25°C 

5.5 

5.5 

pF 

V 

+25°C 

0.4 

0.75 

0.4 

0.75 

ns 

Data  Hold  Time5 

V 

+25°C 

0.4 

0.75 

0.4 

0.75 

ns 

Latch  Pulse  Width  (tLPW) 

V 

+25°C 

3.0 

3-Q 

ns 

RESET/TRIGGER  INPUTS6 

TRIGGER  Input  Voltage  Range 

IV 

Full 

-2.5;  4 

.5 

-2.5;  4.5 

V 

RESET  Input  Voltage  Range 

IV 

Full 

-2.5;  2.0 

-2.5;  2.0 

V 

Differential  Switching  Voltage 

IV 

Full 

40 

300 

40 

300 

mV 

Input  Bias  Current 

I 

+25°C 

40 

50 

40 

50 

uA 

VI 

Full 

75 

75 

u.A 

Input  Resistance 

IV 

+25°C 

4 

4 

kfl 

Input  Capacitance 

IV 

+25°C 

6.5 

7.25 

6.5 

7.25 

pF 

Minimum  Input  Pulse  Width 

V 

+25°C 

2.0 

2.0 

ns 

DYNAMIC  PERFORMANCE7 

Maximum  Trigger  Rate 

IV 

+25°C 

60 

60 

MHz 

Minimum  Propagation  Delay  (tPD)8 

I 

+25°C 

5.4 

6.4 

7.4 

5.4 

6.4 

7.4 

ns 

Minimum  Propagation  Delay  TC 

V 

Full 

7.5 

7.5 

psTC 

Full-Scale  Range  TC9 

V 

Full 

0.5 

0.5 

PS/°C 

Delay  Uncertainty  (Jitter) 

V 

+25°C 

10 

7.4  [ 

10 

ps 

Reset  Propagation  Delay  (tRD)10 

I 

+25°C 

5.4 

6.4 

5.4 

6.4 

7.4 

ns 

Reset-to-Trigger  Holdoff  (t-rHo)11 

IV 

+25°C 

0.2 

0 

0.2 

0 

ns 

Trigger-to-Reset  Holdoff  (tRH0)12 

IV 

+25°C 

2.0 

1.5 

2.0 

1.5 

ns 

Minimum  Output  Pulse  Width 

V 

+25°C 

3.3 

3.3 

ns 

Output  Rise  Time7 

I 

+25°C 

2.0 

2.0 

ns 

Output  Fall  Time7 

I 

+25°C 

2.0 

2.0 

ns 

Delay  Coefficient  Settling  Time  (tDAC)13 

V 

+25°C 

29 

29 

ns 

Linear  Ramp  Settling  Time  (tLRS) 

V 

+25°C 

22 

22 

ns 
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AD9500 


Parameter 


Test 
Level 


Temp 


-25°C  to  +85°C 
AD9500BP/BQ 
Min       Typ  Max 


-55°Cto  +125°C 
AD9500TE/TQ 
Min       Typ  Max 


Units 


SUPPORT  FUNCTIONS 
ECLREF 

ECLref  Voltage  Drift14 
Offset  Adjust  Range 


IV 

V 

V 


+  25°C 

Full 

Full 


-1.4  -1.3 
1.1 

 ~2 


-1.2 





-1.4  +1.3 
1.1 

-2 


-1.2 


V 

mV/°C 
mA 


DIGITAL  OUTPUTS7 
Logic  "1"  Voltage 
Logic  "0"  Voltage 


VI 
VI 


Full 
Full 


-1.1 


T.l 


-1.5 


-1.5 


POWER  SUPPLY15 
Positive  Supply  Current  (+5.0V) 

Negative  Supply  Current  (-5.2V) 

Nominal  Power  Dissipation 
Power  Supply  Rejection  Ratio16 
Full-Scale  Range  Sensitivity 
Minimum  Propagation  Delay 
Sensitivity 


I 

VI 
I 

VI 
V 


I 


+25°C 
Full 
+  25°C 
Full 

+25°C 

+25^ 
+  25"C 


24 
37 
312 


28 
30 
42 


70  300 
150  500 


24 

37 

312 

70 

150 


28 
30 
42 


300 
500 


mA 
mA 
mA 
mA 
mW 

ps/V 

ps/V 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually, 
and  beyond  which  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  under  any  of  these  conditions  is  not  necessarily  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods 
may  affect  device  reliability. 
2Typical  thermal  impedance 


24-PinCeramic  6JA  =  56°C/W;  6,c  =  16°C/W 

28-Pin  PLCC  (Plastic)      8JA  =  60°C/W;  9JC  =  22°C/W 
28-Pin  Ceramic  LCC       6JA  =  69°C/W;  B,c  =  25°C/W 
jRSEt=  lOkfl  (Full-scale  delay  =  100ns). 

■"The  digital  data  inputs  must  remain  stable  for  the  specified  time  prior  to 


e  after  the 


the  LATCH  ENABLE  signal. 

5The  digital  data  inputs  must  remain  stable  for  the  speci 
LATCH  ENABLE  signal. 

'The  TRIGGER  and  RESET  inputs  are  differential  and  must  be  driven 
relative  to  one  another.  Both  of  these  inputs  are  ECL  compatible,  but 
can  also  be  used  with  TTL  logic  families  in  a  limited  fashion. 

'Outputs  terminated  through  50fi  resistors  to  -  2.0V. 


8Program  Delay  -  O.Ops  (Digital  Data  p=  00H).  In  Operation,  any 
programmed  delays  are  in  addition  to  the  Minimum  Propagation  Delay. 

'Change  in  total  delay  through  AD9500,  exclusive  of  changes  in  minimum- 
propagation  delay  tPD- 

1  "Measured  from  the  50%  transition  point  of  the  reset  signal  input,  to  the 
50%  transition  point  of  the  resetting  output. 

1  'Minimum  time  from  falling  edge  of  RESET  to  triggering  input,  to  insure  a 
valid  output  event. 

l2Minimum  time  from  triggering  event  to  rising  edge  of  RESET,  to  insure  a 

valid  outputevent. 
1  'Measured  from  the  LATCH  ENABLE  input  to  the  point  when  the 

AD9500  becomes  8-bit  accurate  again,  after  a  full-scale  change  in 

the  programmed  delay. 
^Standard  lOKand  10KH  ECL  families  operate  with  a  1 .  lmV/°C 

drift  by  design. 

15Supply  voltages  should  remain  stable  within  ±  5%  for  normal  operation. 
"Measured  at  ±  5%  of  -  Vs  and  +  Vs  ■ 
Specifications  subject  to  change  without  notice. 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I  -  100%  production  tested. 
II  -  100%  production  tested  at +25°C,  and  sample  tested  at 
specified  temperatures . 

III  -  Periodically  sample  tested. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  -  Parameter  is  a  typical  value  only. 
VI  -  All  devices  are  100%  production  tested  at  +  25°C.  100% 
production  tested  at  temperature  extremes  for  extended 
temperature  devices;  sample  tested  at  temperature 
extremes  for  commercial/industrial  devices. 
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Model 

1  emperature  Range 

Description 

Options* 

AD9500BP 
AD9500BQ 

ATVQSftOTF 

t\U7J\AJ  1  H 

AD9500TQ 

-25°Cto  +  85°C 

^s-cto+ssoc 

-55°Cto  +  125°C 

28-Pin  PLCC  (Plastic),  Industrial  Temperature 
24-Pin  "Skinny"  DIP,  Industrial  Temperature 

78-Pin  T  Cf*  PvTr^nHpsH  TVmrw^ranirp 

24-Pin  "Skinny"  DIP,  Extended  Temperature 

P-28A 
Q-24 
E-28A 
Q-24 

*E  =  Leadless  Ceramic  Chip  Carrier;  P  =  Plastic  L 

eaded  Chip  Carrier;  Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 

FUNCTIONAL  DESCRIPTION 

PIN  NAME 

D4-D6 
D7(MSB) 

ECLref 


OFFSET  ADJUST 


TRIGGER 


Q 
Q 
07 

ECL  COMMON 

-vs 

Rs 

GROUND 
LATCH  ENABLE 


D7  (MSB)  is  the  most  significant  bit  of 


Do(LSB) 
Db-D, 


DESCRIPTION 

One  of  eight  digital  inputs  used  to  set  the  pn 
One  of  eight  digital  inputs  used  to  set  the  ] 
the  digital  input  word. 

ECL  midpoint  reference,  nominally  -  1.3V.  Use  of  the  ECLref,  allows  either  of  the  TRIGGER  or 
the  RESET  inputs  to  be  configured  for  single-ended  ECL  inputs. 

The  OFFSET  ADJUST  is  used  to  adjust  the  minimum  propagation  delay  (tPD),  by  pulling  or 
pushing  a  small  current  out  of  or  into  the  pin. 

Cs  allows  the  full-scale  range  to  be  extended  by  using  an  external  timing  capacitor.  The  value  of 
Cext>  connected  between  Cs  and  +VS,  may  range  from  no  external  capacitance  to  0.1u.F  +  . 

c__  T>    fr>    _  1A_.17\ 

bee  Ks  (v* internal  =  lUpr). 

Positive  supply  terminal,  nominally  +5.0V. 

Noninverted  input  of  the  edge-sensitive  differential  trigger  input  stage.  The  output  at  Q  will  be 
delayed  by  the  programmed  delay,  after  the  triggering  event.  The  programmed  delay  is  set  by  the 
digital  input  word.  The  TRIGGER  input  must  be  driven  in  conjunction  with  the  TRIGGER  input. 
Inverted  input  of  the  edge-sensitive  differential  trigger  input  stage.  The  output  at  Q  will  be  delayed 
by  the  programmed  delay,  after  the  triggering  event.  The  programmed  delay  is  set  by  the  digital 
input  word.  The  TRIGGER  input  must  be  driven  in  conjunction  with  the  TRIGGER  input. 
Inverted  input  of  the  level-sensitive  differential  reset  input  stage.  The  output  at  Q  will  be  reset 
after  a  signal  is  received  at  the  reset  inputs.  In  the  "minimum  configuration,"  the  minimum  output 
pulse  width  will  be  equal  to  the  "reset  propagation  delay,"  tRD.  The  RESET  input  must  be  driven  in 
conjunction  with  the  RESET  input. 

Noninverted  input  of  the  level-sensitive  differential  reset  input  stage.  The  output  at  Q  will  be  reset 
after  a  signal  is  received  at  the  reset  inputs.  In  the  "minimum  configuration,"  the  minimum  output 
pulse  width  will  be  equal  to  the  "reset  propagation  delay,"  tRD.  The  RESET  input  must  be 
driven  in  conjunction  with  the  RESET  input. 

One  of  two  complementary  ECL  outputs.  A  "triggering"  event  at  the  inputs  will  produce  a  logic 
HIGH  on  the  Q  output.  A  "resetting"  event  at  the  inputs  will  produce  a  logic  LOW  on  the 
Q  output  e~ii  V3J ' 

One  of  two  complementary  ECL  outputs.  A  "triggering"  event  at  the  inputs  will  produce  a  logic 
LOW  on  the  Q  output.  A  "resetting"  event  at  the  inputs  will  produce  a  logic  HIGH  on  the 
Q  output. 

QR  output  is  parallel  to  the  Q  output.  The  QR  output  is  typically  used  to  drive  delaying  circuits 
for  extending  output  pulse  widths.  A  "triggering"  event  at  the  inputs  will  produce  a  logic 
LOW  on  the  QR  output.  A  "resetting"  event  at  the  inputs  will  produce  a  logic  HIGH  on  the 
QR  output. 

The  collector  common  for  the  ECL  output  stage.  The  collector  common  may  be  tied  to  +  5.0V, 
but  normally  it  is  tied  to  the  circuit  ground  for  standard  ECL  outputs. 
Negative  supply  terminal,  nominally  —5.2V. 

Rs  is  the  reference  current  setting  terminal.  An  external  setting  resistor,  Rset,  connected  between 
Rs  and  -Vs  determines  the  internal  reference  current.  See  Cs  (250flsRSETs50kft). 
The  ground  return  for  the  TTL  and  analog  inputs. 

Transparent  TTL  latch  control  line.  A  logic  HIGH  on  the  LATCH  ENABLE  freezes  the  digital 
code  at  the  logic  inputs.  A  logic  LOW  on  the  LATCH  ENABLE  allows  the  internal  current  levels  to 
be  continuously  updated  through  the  logic  inputs  D0  thru  D7. 

One  of  eight  digital  inputs  used  to  set  the  programmed  delay.  D0  (LSB)  is  the  least  significant  bit  of 
the  digital  input  word. 

One  of  eight  digital  inputs  used  to  set  the  programmed  delay. 
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Digitally  Programmable 
Delay  Generator 


FEATURES 

Single  +5  V  Supply 

TTL  and  CMOS  Compatible 

10  ps  Delay  Resolution 

2.5  ns  to  10  (as  Full-Scale  Range 

Maximum  Trigger  Rate  50  MHz 

MIL-STD-883-Compliant  Versions  Available 

APPLICATIONS 
Disk  Drive  Deskewing 
Data  Communications 
Test  Equipment 
Radar  I  &  Q  Matching 


FUNCTIONAL  BLOCK  DIAGRAM 


-m 


O: A  CONVERTER 
I      I      I      I      I      I      I  I 
TTL  LATCHES 


GENERAL  DESCRIPTION 

The  AD9501  is  a  digitally  programmable  delay  generator  which 
provides  programmed  time  delays  of  an  input  pulse.  Operating 
from  a  single  +5  V  supply,  the  AD9501  is  TTL-  or  CMOS- 
compatible,  and  is  capable  of  providing  accurate  timing  adjust- 
ments with  resolutions  as  low  as  10  ps.  Its  accuracy  and 
programmability  make  it  ideal  for  use  in  data  deskewing  and 
pulse  delay  applications,  as  well  as  clock  timing  adjustments. 

Full-scale  delay  range  is  set  by  the  combination  of  an  external 
resistor  and  capacitor,  and  can  range  from  2.5  ns  to  10  (is  for  a 
single  AD9501.  An  eight-bit  digital  word  selects  a  time  delay 


within  the  full-scale  range.  When  triggered  by  the  rising  edge  of 
an  input  pulse,  the  output  of  the  AD9501  will  be  delayed  by  an 
amount  equal  to  the  selected  time  delay  (tD)  plus  an  inherent 
propagation  delay  (tPD). 

The  AD9501  is  available  for  a  commercial  temperature  range  of 
0°C  to  +70°C  in  a  20-pin  plastic  DIP,  20-pin  ceramic  DIP,  and 
a  20-lead  plastic  leaded  chip  carrier  (PLCC).  Devices  fully  com- 
pliant to  MIL-STD-883  are  available  in  ceramic  DIPs.  Refer 
to  the  Analog  Devices  Military  Products  Databook  or  current 
AD9501/883B  data  sheet  for  detailed  specifications. 


This  is  an  abridged  data  sheet.  To  obtain  the  m< 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9501  —SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS1 

Positive  Supply  Voltage  +7  V 

Digital  Input  Voltage  Range  -0.5  V  to  +VS 

Trigger/Reset  Input  Volt.  Range  -0.5  V  to  +VS 

Minimum  RSET    30  n 

Digital  Output  Current  (Sourcing)   10  mA 

Digital  Output  Current  (Sinking)  50  mA 


Operating  Temperature  Range 

AD9501JN/JP/JQ   0°C  to  +70°C 

AD9501SQ  -55°Cto  +  125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature2   +  175°C 

Lead  Soldering  Temperature  (10  sec)  +300°C 


CI  CPTDIPAI  PUADAPTCDICTIPC  [+vs=+5  V'  CExr  =  0pen;  RSET  =  3090  ft  (Full-scale  range=100  ns);  Pin  8  grounded; 
tLLU  I KIUAL  UnAKAU  I  tnlo I  lUo  and  device  output  connected  to  Pin  4  RESET  input  unless  otherwise  noted] 


0°C  to  +70°C 

55°Cto  +125°C 

Test 

AD9501JN/JP/JQ 

AD9501SQ 

Parameter 

Temp 

Level 

Min  Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 

g 

8 

Bits 



Differential  Nonlineaxity 

T 

i 

0.5 

:   •  0.5  • 

LS8 

Integral  Nonlinearity 

T 
1 

1 

1 

T 

Monotonicity 

T 
1 

Guaranteed 

Guaranteed 

DIGITAL  INPUTS 

Latch  Input  "1"  Voltage 

Full 

VI 

2.0 

2.3 

V 

Latch  Input  "0"  Voltage 

Full 

VI 

0.8 

0.8 

V 

Logic  "1"  Voltage 

Full 

VI 

2.0 

2.0 

V 

Full 

VI 

0.8 

Logic  "0"  Voltage 

Di 

u.x 

V 

Logic  "I"  Current 

Full 

VI 

60 

60 

"A 

Logic  "0"  Current 

FuU 

VI 

3 

3 

u.A 

Digital  Input  Capacitance 

+25°C 

IV 

5.5 

5.5 

pF 

Data  Setup  Time  (ts)3 

+25°C 

V 

2.5  ■ 

2.5 

ns 

Data  rioiu  1  ime  (t^ 

+2.5  L, 

V 

2.5 

2.5 

ns 

JLatcn  .ruise  wiatn  (tLj 

+25°C 

V 

3  C 

3*J 

3.5 

ns 

ixcsciy  ingger  .ruise  wiatn  i-tv 

V 

L 

i  •/•:?, 

ns 

Maxunum  Trigger  Rate5 

+25  C 

IV 

18  22 

18 

22 

MHz 

Minimum  Propagation  Delay  (tpj))^ 

TiJ 

T 
1 

25 

30 

25 

30 

ns 

Propagation  Delay  Tempco7 

T-7iiIl 

V 

25 

25 

ps/°C 

Full- Scale  Range  Tempco 

Pull 

run 

V 

36 

36 

ps/°C 

T"}f"lav  T  Tnr'frt'ninlT/ 
jL/triav   lj  ni_ci  uuiiij 

+25°C 

y 

53 

53 

ps 

Reset  Propagation  Delay  (tRD)8 

+25°C 

I 

14.5 

17.5 

14.5 

17.5 

ns 

Reset-to-Trigger  Holdoff  (trHo)9 

+25°C 

V 

4.5 

4.5 

ns 

Trigger-to-Reset  Holdoff  (Irho)10 

+25°C  . 

V 

19 

19 

ns 

Minimum  Output  Pulse  Width11 

+25°C 

V 

7.5 

7.5 

ns 

Output  Rise  Time12 

+25°C 

I 

2.3 

3.5 

2.3 

3.5 

ns 

Output  Fall  Time12 

+25°C 

I 

1.0 

2.0 

1.0 

2.0 

ns 

DAC  Settling  Time  (tLD)13 

+25°C 

V 

30 

30 

ns 

Linear  Ramp  Settling  Time  (tLRS)14 

+2S°C 

V 

20 

20 

ns 

DIGITAL  OUTPUT 

Logic  "1"  Voltage  (Source  1  mA) 

Full 

VI 

2.4 

2.4 

V 

Logic  "0"  Voltage  (Sink  4  mA) 

Full 

VI 

0.24 

0.4 

0.24 

0.5 

V 

POWER  SUPPLY15 

Positive  Supply  Current  (+5.0  V) 

Full 

VI 

69.5 

83 

69.5 

83 

mA 

Power  Dissipation 

Full 

VI 

415 

415 

mW 

Power  Supply  Rejection  Ratio16 

Full-Scale  Range  Sensitivity 

+25°C 

I 

0.7 

2.0 

0.7 

2.0 

ns/V 

Minimum  Prop  Delay  Sensitivity 

+25°C 

I 

0.45 

1.7 

0.45 

1.7 

ns/V 
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AD9501 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional  oper- 
ability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Typical  thermal  impedances:     20-lead  plastic  leaded  chip  carrier  8JA=73°C/W;  6,C=29°C/W.    20-pin  ceramic  DIP  e,A=65''C/W;  8,C=20°C/W. 
20-pin  plastic  DIP  eJA=65°C/W;  6,C=26°C/W. 

3Digital  data  inputs  must  remain  stable  for  the  specified  time  prior  to  the  positive  transition  of  the  LATCH  signal. 
"Digital  data  inputs  must  remain  stable  for  the  specified  time  after  the  positive  transition  of  the  LATCH  signal. 

Programmed  delay  (tD)=0  ns.  Maximum  self-resetting  trigger  rate  is  limited  to  6.9  MHz  with  100  ns  programmed  delay.  If  tD=0  ns  and  external  RESET  sig- 
nal is  used,  maximum  trigger  rate  is  23  MHz.  i 
Programmed  delay  (tD)=0  ns.  In  operation,  any  programmed  delays  are  in  addition  to  the  minimum  propagation  delay  (tPD). 
'Programmed  delay  (tD)=0  ns.  [Minimum  propagation  delay  (tPD)] 

"Measured  from  50%  transition  point  of  the  RESET  signal  input  to  the  50%  transition  point  of  the  falling  edge  of  the  output. 
'Minimum  time  from  the  falling  edge  of  RESET  to  the  triggering  input  to  insure  valid  output  pulse,  using  external  RESET  pulse. 

'"Minimum  time  from  triggering  event  to  rising  edge  of  RESET  to  insure  valid  output  event,  using  external  RESET  pulse.  Extends  to  125  ns  when  programmed 

delay  is  100  ns. 
"When  self-resetting  with  a  full-scale  programmed  delay. 
''Measured  from  +0.4  V  to  +2.4  V;  source  =  1  mA;  sink  =  4  mA. 

"Measured  from  the  data  input  to  the  time  when  the  AD9501  becomes  8-bit  accurate,  after  a  full-scale  change  in  the  program  delay  data  word. 
'"Measured  from  the  RESET  input  to  the  time  when  the  AD9501  becomes  8-bit  accurate,  after  a  full-scale  programmed  delay. 
"Supply  voltage  should  remain  stable  within  ±5%  for  normal  operation. 
'"Measured  at  +VS  =  +5.0  V  ±5%;  specification  shown  is  for  worst  case. 
Specifications  subject  to  change  without  notice. 


II 


III  - 
IV 

V  — 

VI  - 


EXPLANATION  OF  TEST  LEVELS 

Test  Level 

I      -    100%  production:  tested. 

100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 

Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 

Parameter  is  a  typical  value  only. 

All  devices  are  100%  production  tested  at  +25°C. 
100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at  temp- 
erature extremes  for  commercial/industrial  devices. 


- 


ORDERING  GUIDE 


Device 

Temperature 

Description 

Package 
Option* 

AD9501JN 

0°C  to  +70°C 

20-Pin  Plastic  DIP 

N-20 

AD9501JP 

0°C  to  +70°C 

20-Lead  PLCC 

P-20A 

AD9501JQ 

0°C  to  +70°C 

20-Pin  Ceramic  DIP 

Q-20 

AD9501SQ 

-55°C  to  +125°C 

20-Pin  Ceramic  DIP 

Q-20 

*N  ±  Plastic  DIP;  P 
line  information  see  Package 


Chip  Carrier;  Q  =  Cerdip.  For  out- 


mx  a 
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MECHANICAL  INFORMATION 

 D.ILSBI 

 +Vs  Die  Dimensions  89  x  153  x  15  (±2)  mils 

Pad  Dimensions  4x4  mils 

 output        Metalization  Aluminum 

Backing  None 

gnd  Substrate  Potential   .Ground 

Passivation  Oxymtnde 

Die  Attach  Gold  Eutectic 

Bond  Wire  1.25  mil,  Aluminum;  Ultrasonic  Bonding 

or  1  mil,  Gold;  Gold  Ball  Bonding 

AD9501  PIN  DESCRIPTIONS 


Pin  No. 

Name 

Function 

1 

+VS 

Positive  voltage  supply;  nominally  +5  V. 

2 

LATCH 

TTL/CMOS  register  control  line.  Logic  HIGH  latches  input  data  D0-D7.  Register  is  transparent 
for  logic  LOW. 

3 

TRIGGER 

TTL/CMOS-compatible  input.  Rising  edge  triggers  the  internal  ramp  generator,  and  begins  the 
delay  cycle. 

4 

RESET 

TTL/CMOS-compatible  input.  Logic  HIGH  resets  the  ramp  voltage  and  OUTPUT. 

5 

DAC  OUTPUT 

Output  voltage  of  the  internal  digital-to-analog  convener. 

6 

Cext 

Optional  external  capacitor  connected  to  +VS;  used  with  RSet  2nd  8.5  pF  internal  capacitor  to 
determine  full-scale  delay  range  (tDFS). 

7 

RSET 

External  resistor  to  ground,  used  to  determine  full-scale  delay  range  (tDFS). 

8 

OFFSET  ADJUST 

Normally  connected  to  GROUND.  Can  be  used  to  adjust  minimum  propagation  delay  (tPD);  see 
Theory  of  Operation  text. 

9 

GROUND 

Circuit  ground  return. 

10 

OUTPUT 

TTL-compatible  delayed  output  pulse. 

11 

+vs 

Positive  voltage  supply;  nominally  +5  V. 

12-19 

D0-D7 

TTL/CMOS-compatible  inputs,  used  to  set  the  programmed  delay  of  the  AD9501  delayed  output. 
D0  is  LSB  and  D7  is  MSB. 

20 

GROUND 

Circuit  ground  return. 

LATCH  K  T  

TRIGGER    °        K.  jA, 
RESET  |  | 


OUTPUT  °          f           >>  '    DAC  | 
—  1 


C„T 


AD9501  Equivalent  Circuits 
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ANALOG 
DEVICES 


Ultrahigh  Speed 
Phase/Frequency  Discriminator 


AD9901 


FEATURES 

Phase  and  Frequency  Detection 
ECL/TTL/CMOS  Compatible 
Linear  Transfer  Function 
No  "Dead  Zone" 

MIL-STD-883  Compliant  Versions  Available 
APPLICATIONS 

Low  Phase  Noise  Reference  Loops 
Fast-Tuning  "Agile"  IF  Loops 
Secure  "Hopping"  Communications 
Coherent  Radar  Transmitter/Receiver  Chains 


REFERENCE 
INPUT 


PHASE-LOCKED  LOOP 


AD9901 


OPTIONAL  1/N  PRESCALER 
TYPICAL  OF  DIGITAL  PUs 


GENERAL  DESCRIPTION 

The  AD9901  is  a  digital  phase/frequency  discriminator  capable 
of  directly  comparing  phase/frequency  inputs  up  to  200MHz. 
Processing  in  a  high  speed  trench-oxide  isolated  process,  com- 
bined with  an  innovative  design,  gives  the  AD9901  a  linear  de- 
tection range,  free  of  ^determinate  phase  detection  zones 
common  to  other  digital  designs. 

With  a  single  +5V  supply,  the  AD9901  can  be  configured  to 
operate  with  TTL  or  CMOS  logic  levels;  it  can  also  operate  with 
ECL  inputs  when  operated  with  a  —5.2V  supply.  The  open- 
collector  outputs  allow  the  output  swing  to  be  matched  to  post- 
filtering  input  requirements.  A  simple  current  setting  resistor 
controls  the  output  stage  current  range,  permitting  a  reduction 
in  power  when  operated  at  lower  frequencies. 


FUNCTIONAL  BLOCK  DIAGRAM 


A  major  feature  of  the  AD9901  is  its  ability  to  compare  phase- 
/frequency  inputs  at  standard  IF  frequencies  without  prescalers. 
Excessive  phase  uncertainty  which  is  common  with  standard 
PLL  configurations  is  also  eliminated.  The  AD9901  provides 
the  locking  speed  of  traditional  phase/frequency  discriminators, 
with  the  phase  stability  of  analog  mixers. 

The  AD9901  is  available  as  a  commercial  temperature  range  de- 
vice, 0°C  to  +70°C,  and  as  a  military  temperature  device,  -55°C 
to  +125°C.  The  commercial  versions  are  packaged  in  a  14-pin 
ceramic  DIP  and  a  20-pin  PLCC. 

The  AD9901  Phase/Frequency  Discriminator  is  available  in  ver- 
sions compliant  with  MIL-STD-883.  Refer  to  the  Analog  De- 
vices Military  Products  Databook  or  current  AD9901/883B  data 
sheet  for  specifications. 


■ 

■ 


Lj 


REFERENCE 

INPUT 
FLIP-FLOP 


OSCILLATOR 
INPUT 


OSCILLATOR 
INPUT 
FLIP-FLOP 


If  alPE> 


■ 


This  is  an  abridged  data  sheet.  To  obtain  the  most  reel 
complete  data  sheet,  call  our  fax  retrieval  system  at  1-800-446-6212. 
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AD9901  —SPECIFICATIONS 

ABSOLUTE  MAXIMUM  RATINGS' 

Positive  Supply  Voltage  (+VS  for  TTL  Operation)  ....  +7V 
Negative  Supply  Voltage  (-Vs  for  ECL  Operation)  .....  -7V 

Input  Voltage  Range  (TTL  Operation)  OV  to  +5.5V 

Differential  Input  Voltage  (ECL  Operation)  4.0V 

ISet  Current  12mA 

Output  Current  30mA 


Operating  Temperature  Range 
AD990 1 KQ/KP  0°C  to  +  70°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Junction  Temperature2 

Plastic   +150°C 

Ceramic  ,  +  175°C 

Lead  Soldering  Temperature  (lOsec)   +300°C 







ELECTRICAL  CHARACTERISTICS 


(±VS  =  +5.0V  [for  TTL]  or  -5.2V  [for  ECL],  unless  otherwise  noted) 

 ,  !  


Temp 


Test 
Level 


Temperature 
0°C  to  +70°C 
AD9901KQ/KP 


Min 


Max 


U  1«A 
Units 


INPUT  CHARACTERISTICS 
TTL  Input  Logic  "1"  Voltage 
TTL  Input  Logic  "0"  Voltage 
TTL  Input  Logic  "1"  Current3 
TTL  Input  Logic  "0"  Current3 
ECL  Differential  Switching  Volt. 
ECL  Input  Current 


Full 
Full 
Full 
FuU 
Full 
Full 


VI 
VI 
VI 
VI 
VI 
VI 


2.0 


:•*/  '  'tvi   .»HW;»-.t.i>»7*;?  ■ 

0.8 
0.6 
1.6 


300 


20 


V 
V 

mA 
mA 
mV 
pA 


OUTPUT  CHARACTERISTICS 
Peak-to-Peak  Output  Voltage  Swing4 
TTL  Output  Compliance  Range 
ECL  Output  Compliance  Range 


In 


Range 


Internal  Reference  Voltage 


— 


Full 
Full 
Full 
Full 
Full 





VI 
V 
V 
V 
VI 


1.6  1.8 

3-7 

■  ■■...  .  .  .  >•.•  -•:- 

0.9-11 

 ™  


2.0 


0.52 



V 
V 
V 

mA 

V 






AC  CHARACTERISTICS 

Linear  Phase  Detection  Range" 

40kHz 

30MHz 

70MHz 
Functionality  @  70MHz 


+25°C 
+25°C 
+25°C 
+25°C 


V 
V 
V 
I 


360 
320 
270 

Pass/Fail 


Degrees 
Degrees 
Degrees 


POWER  SUPPLY  CHARACTERISTICS 
TTL  Supply  Current  (+5.0V)5,  6 

ECL  Supply  Current  (-5.2V)5'  6 

Nominal  Power  Dissipation 


+25°C 
Full 
+25°C 
Full 

+25°C 


I 
I 
I 
I 

V 


311  1 


43.5 
43.5 
42.5 
42.5 
218 


54.0 
54.0 
52.5 
52.5 


mA 
mA 
mA 
mA 
mW 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating  conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Maximum  junction  temperature  should  not  exceed  +  175°C  for  ceramic  packages,  +  150°C  for  plastic  packages.  Junction  temperature  can  be  calculated  by: 


■■  pd  (e,A)  +tA  =  pd  (eJC)  +tc 

where: 
PD  =  power  dissipation 

6M  =  thermal  impedance  from  junction  to  air  (°C/W) 


6JC  =  thermal  impedance  from  junction  to  case  (°C/W) 
tA  -  ambient  temperature  (°C) 
tc  =  case  temperature  (°C) 
typical  thermal  impedances: 


GUIDE 


AD9901  Ceramic  DIP  =  9,A  =  74°C/W;  6,c  =  21°C/W 
AD9901  LCC  =  6JA  =  80°C/W;  8JC  =  19°C/W 
AD9901  PLCC  =  B,A  =  88.2°C/W;  6JC  =  45.2°OW 
»VL  =  +0.4V;  VH  =  +2.4V. 
"RSBT  =  47.5fl;  RL  =  182fl. 

'Includes  load  current  of  10mA  (load  resistors  =  1820). 

i  stable  within  ±5%  for  normal  c 


1  operation. 


■ 

Package 

Model 

Temperature 

Description 

Option1 

AD9901KQ 

0°C  to  +70°C 

14-Pin  Ceramic  DIP 

Q-14 

AD9901KP 

0°C  to  +70°C 

20-Pin  PLCC 

P-20A 

AD9901TQ/8832 

-55°Cto  +  125°C 

14-Pin  Ceramic  DIP 

Q-14 

AD9901TE/8832 



-55°Cto  +125-C 

20-Contact  Ceramic  LCC 

E-20A 

NOTES 

!E  =  Leadless  Ceramic  Chip  Carrier;  P  =  Plastic  Leaded  Chip  Carrier;  Q 
For  outline  information  see  Package  Information  section. 
2For  specifications,  refer  to  Analog  Devices  Military  Products  Databook. 

■  - 
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WW 


AD9901 


Test  Level 
I 

II 


EXPLANATION  OF  TEST  LEVELS 


III 
IV 


100%  production  tested. 

100%  production  tested  at  +25°C,  and  sample  tested  at 
specified  temperatures. 
Sample  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization 
testing. 


V 
VI 


Parameter  is  a  typical  value  only. 

All  devices  are  100%  production  tested  at  +25°C. 

100%  production  tested  at  temperature  extremes  for 

extended  temperature  devices;  sample  tested  at 

temperature  extremes  for  commercial/industrial 

devices. 


PIN  CONFIGURATIONS 


TTL  DIP  Pinouts 


GROUND \T  » 

GROUND  [T 

GROUND  |T 

VCO  INPUT  |T 

OUTPUT  IT 
1  

*v»f7 


AD9901 
TOP  VIEW 
(Not  to  Scale) 


GROUND 
GROUND 
REFERENCE  INPUT 


■ 

+v. 

 '   '  ■ 

OUTPUT 
JJR„, 

GROUND 


-v.E 

8IAS[T 
VCO  INPUT  [T 
VCO  INPUT  [V 

-».rr 

OUTPUT  [T 
GROUND  [T 


ECL  DIP  Pinouts 


]7]  REFERENCE  INPUT 
"t7|  REFERENCE  INPUT 


Tl  \  -Vs 
jT]  GROUND 
"iol  OUTPUT 

T)r„, 
T]-v. 


TTL  LCC  Pinouts 


MAJIOAIQ 


m    O     Z  O 


18  REFERENCE  INPUT 


(I  ;I>1  K  . 


NC  =  NO  CONN] 


TTL  PLCC  Pinouts 

§       |  | 
1  I  2  §  § 


GROUND  (T 
GROUND [7 

vco  input  rr 

OUTPUT  (T 
NC[T 


NC  =  NO  CONNECT 


ji]  REFERENCE  INPUT 
17]  NC 

i3  *V, 

15]  NC 

jl]  OUTPUT 


NC  =  NO  CONNECT 


ECL  PLCC  Pinouts 


if 


NC  «  NO  CONNECT 


REV.  A 


SPECIAL  FUNCTION  COMPONENTS  21-55 


FEATURES 

85  MHz  Minimum  Clock  Rate 
32-Bit  Phase  Accumulator 
12-Bit  Sine  Output 

>90  dB  Spurious  Free  Dynamic  Range 
Continuous  Frequency  Update 
On-Board  Data  Ready  Signal 

APPLICATIONS 
Frequency  Synthesizers 
DDS  Tuning 
Digital  Demodulation 
FM  Modulators 


GENERAL  DESCRIPTION 

The  AD9955  is  a  85  MHz  direct  digital  synthesizer  for  fre- 
quency synthesis  applications.  It  comprises  a  32-bit  phase  accu 
mulator  and  a  15-bit  phase-to-12-bit  sine  amplitude  converter. 

I  logic  is  CMOS  compatible,  and  the  clock  input  is 
i  outputs  are  latched  on  board,  and  a  data  ready 
signal  is  provided. 

Designed  for  applications  in  communications,  instrumentation, 
and  military  systems,  the  AD9955  can  be  combined  with  a  clock 
reference  and  a  DAC  such  as  the  AD9713B  or  AD9721  to  form 
a  digitally-controlled  analog  frequency  reference. 

The  AD9955  is  available  in  an  80-lead  plastic  quad  flatpack 
(PQFP)  for  commercial  (0°C  to  +  70°C)  temperature  range  appli- 
cations. Contact  the  factory  for  information  concerning  the  avail- 
ability of  a  military  temperature  range  device. 


FUNCTIONAL  BLOCK  DIAGRAM 


F  10:31]  Q 
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SPECIFICATIONS 

ELECTRICAL  CHARACTERISTICS     .  +. *  t, 


=  40  MHz;  CL  =  20  pF,  unless  otherwise  noted) 


Parameter  (Conditions) 


Temperature 


Test 
Level 


Min 


AD9955 
Typ 


Max 


CMOS  INPUTS1 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 


Full 
Full 
Full 
Full 

+  25°C 


II 
II 
II 
II 

V 


3.5 


1.5 
1.0 
-1.0 


10 


CMOS  OUTPUTS 

Logic  "1"  Voltage  (VIH) 
Logic  "0"  Voltage  (Vu ) 
Logic  "1"  Current 
Logic  "0"  Current 
Output  Capacitance 


Full 
Full 
Full 
Full 

+  25°C 


II 
II 
II 
II 

V 


4.5 


0.4 


12 
12 


TTL  INPUTS2 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 


Full 
Full 
Full 
Full 

+  25°C 


IV 
II 
II 
II 

V 


2.0 

0.8 
1.0 
-1.0 

4 


POWER  SUPPLIES 

+VS  Current3 
CLK  =  50  MHz 
CLK  =  100  MHz 

Nominal  Power  Dissipation 
CLK  =  50  MHz 
CLK  =  100  MHz 
Relative  to  Frequency 


Full 

+25°C 

+25<C 
+25°C 
+  25°C 


IV 
V 

V 
V 
V 


120  160 
240 

600 

I.  2 

II.  5 


AC  SPECIFICATIONS4 
Clock  Update  Rate  (CLK)5 
Frequency  Update  Rate  (BRCLK)6 
Clock  Pulse  Width 

CLK  Digital  "1" 

CLK  Digital  "0" 
Frequency  Update  Pulse  Width 

BRCLK  Digital  "1" 

BRCLK  Digital  "0" 
Input  Rise/Fall  Times 

CLK  Rise  Time 

CLK  Fall  Time 

BRCLK  Rise  Time 

BRCLK  Fall  Time 
BRCLK  Input  Timing 

Setup  Time  (tcs,  tES)7 

Hold  Time  (tc„,  tE„)7 
CLK  Input  Timing 

Setup  Time  (tLS)8 

Hold  Time  (tLH)8 
RESET  0  Timing 

Setup  Time  (tRS)9 

Hold  Time  (tRH)9 
Output  Timing  Characteristics 

Data  Output  Delay  (too)10 

DRDY  Output  Delay  (tDR)10 

Output  Data  Setup  Time  (tos)" 
Carry  Output  Delay12 
Spurious-Free  Dynamic  Range  (SFDR) 

Worst  Case  Spur13 
Latency  of  Initial  Data14   


Full 
Full 

Full 
Full 


Full 
Full 

Full 
Full 
Full 
Full 

Full 
Full 

Full 
Full 

Full 
Full 

Full 
Full 
Full 

+25°C 

+25°C 
+25°C 


IV 
II 

IV 
IV 

II 

JJ 

IV 
IV 
IV 
IV 

II 

IV 

IV 
IV 

IV 
IV 

IV 
IV 

IV 

V 

V 
V 


85 
40 

7.9 
3.8 

10 
10 


100 

5.7 
2.2 


5 
5 

2.0 
2.0 

6 
6 

3.4 
4.7 
0.8 


2 

1.8 

0.7 
0.7 


6.1 
7.5 
1.9 
7.7 

>90 
14 


8.7 
10 
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AD9955 


L,  TCMS,  and  RSTO. 


NOTES 

'Includes  F[0:31],  PSEL,  BREN,  FCLD,  CIN, '. 
2Only  the  clock  (CLK)  is  TTL  compatible. 
3*out  =      fCLK.  See  performance  curves. 
"Nominal  conditions  (Vm  =  3.4  V;  V„_  =  0.4  V). 

'Based  on  minimum  clock  pulse  width  duty  cycle  (68%  HIGH  @  85  MHz). 
This  specification  defines  the  maximum  rate  at  which  the  output  frequency  tuning  word  (F[0:31])  can  be  updated. 
'Referenced  to  2.5  V  point  of  rising  edge  of  BRCLK,  specified  for  F[0:31],  BREN. 

8Referred  to  rising  edge  of  CLK,  specified  for  FCLD.  CIN  setup  time  is  typically  1.2  ns,  specified  for  FCLD,  CIN. 
'Referred  to  1.6  V  point  of  the  rising  edge  of  CLK.  See  Timing  Diagram. 

i0Referenced  to  1.6  V  point  of  the  rising  edge  of  CLK  for  1.6  V  point  of  the  rising/falling  edge  of  SIN  [0:11];  or  the  falling  edge  of  DRDY.  Load  is  shown 
below. 

"Referenced  from  1.6  V  point  of  the  rising/falling  edge  of  SIN[0:11]  to  1.6  V  point  of  the  falling  edge  of  DATA  READY.  Specified  driving  AD9713B;  no  addi- 
tional capacitive  load. 

,2Referenced  from  1.6  V  point  of  rising  edge  of  CLK  to  1.6  V  point  of  the  rising/falling  edge  of  COUT. 


''Based  on  proprietary  phase-to-sine  algorithm,  TGLE  HIGH. 
'"Referred  to  CLK  for  FCLD  high.  See  Timing  Diagram. 

EXPLANATION  OF  TEST  LEVELS 
Test  Level 

I  -    100%  production  tested. 

II  -    100%  production  tested  at  +25°C;  parameter  is 

guaranteed  by  design  and  characterization  at  temp- 
erature extremes. 

III  -   Sample  tested  only. 

IV  -    Parameter  is  guaranteed  by  design  and  characterization 

testing. 

V  —    Parameter  is  a  typical  value  only. 

Parameters  based  on  characterization  testing  have  limits  based  on  6  sigma  of 
a  normal  distribution;  typical  values  are  the  mean  of  the  distribution. 


ABSOLUTE  MAXIMUM  RATINGS' 

Supply  Voltage  (+VS)  -0.5  V  to  +7  V 

Input  Voltage  -0.5  V  to  +VS  +0.5  V 

Output  Voltage  Swing   -0.5  V  to  +VS  +0.5  V 

Operating  Temperature  Range  (Ambient)   0°C  to  +70°C 

Maximum  Junction  Temperature2  +  150°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (soldering,  10  seconds)  +250°C 

NOTES 

'Absolute  maximum  ratings  are  limiting  values  to  be  applied  individually,  and 
beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximum  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
2Typical  thermal  impedance;  part  soldered  in  place: 
6,A  =  62°C/W 
eJC  =  7°C/W. 


ORDERING  GUIDE 


Model 


AD9955KS-662 


AD9955KS-63 


AD9955/PCB 


Temperature 
Range 


0°C  to  +70°C 


0°C  to  +70°C 


N/A 


Package  Description 


80-Terminal  Plastic 
Quad  Flatpack 
80-Terminal  Plastic 
Quad  Flatpack 
DDS  Evaluation  Board 


Option1 


S-80 


S-8 


NOTES 

'For  outline  information  see  Package  Information  section. 
2Model  AD9955KS-66  units  are  shipped  in  a  standard  JEDEC  tray;  mini- 
mum order  quantity  is  66  units  (1  full  tray). 

3AD9955KS-6  units  are  shipped  in  a  nonstandard  tray;  minimum  order 
quantity  is  6  units  (1  full  tray).  Three  nonstandard  trays  will  fit  in  a  stan- 
dard JEDEC  tray  outline,  allowing  use  with  standard  assembly  equipment. 
Contact  factory  for  details. 

NOTE:  All  units  are  dry  packed  to  inhibit  moisture  absorption.  Units  which 
are  exposed  to  air  for  more  than  48  hours  should  be  baked  for  24  hours  at 
+  125°C  prior  to  assembly. 


20pF 


AD9713B 


AD9955  Load  Circuit 


- 
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AD9955  PIN  DESCRIPTIONS 








Name 


Description 


GND        Ground  Reference  Voltage  Connection. 

+VS  Positive  voltage  power  connection,  nominally  +5  V. 

BRCLK     Buffer  Register  Clock.  Data  inputs  are  loaded  into 

the  Frequency  Control  Word  Buffer  Register  on  the 

rising  edge  of  BRCLK  when  register  is  enabled 

(BREN  input  at  Logic  "1"). 
CLK         System  Clock.  Continuous  TTL  signal  for 

synchronizing  all  internal  operations,  except  loading 

of  Frequency  Control  Word  Buffer  Register;  rising 

edge  initiates  synchronization. 
F[0:31]       32  parallel  data  inputs  for  loading  frequency  tuning 

word 

BREN       Buffer  Load  Enable  Signal.  Enables  loading  of  data 
into  the  Frequency  Control  Word  Buffer  Register. 
If  BREN  is  logic  "0,"  register  retains  its  contents.  If 
BREN  is  Logic  "1,"  theFrequency  Control  Word 
Buffer  Register  either  (1)  parallel  loads  the  data 
present  at  F[0:31]  inputs  (PSEL  =  HIGH)  or  (2) 
serially  shifts  data  present  at  F[31]  input  (PSEL  = 
LOW). 

FCLD       Frequency  Control  Load  Enable  Signal.  FCLD  = 
HIGH  enables  loading  of  data  from  Frequency 
Control  Word  Buffer  Register  into  Frequency 
Control  Register.  Loading  takes  place  on  next  rising 
edge  of  CLK  signal.  FCLD  =  LOW  disables 
loading  of  data. 

DRDY      Data  Ready  Signal.  Output  data  (SIN  [0:11])  is 
valid  on  the  rising  edge  of  DRDY,  which  tracks 
propagation  delay  variations  of  the  output  data  vs. 
temperature.  The  duty  cycle  of  DRDY  is  dependent 
on  the  duty  cycle  of  the  CLK  input.  The  DRDY 
signal  should  be  used  only  for  applications  which 
have  a  very  high  clock  rate  (85  Msps)  and  require 
operation  over  a  wide  temperature  range.  Normally 
allowed  to  float. 

CIN  Carry-In  signal  is  provided  as  the  carry  input  to  the 

least  significant  bit  (LSB)  of  the  32-bit  adder  in  the 
phase  accumulator.  This  signal  is  used  as  the  carry 
input  only  if  the  TGLE  signal  is  a  logic  zero;  carry 
has  1  LSB  weight,  and  is  used  for  stacking  units  for 
64-bit  DDS.  Normally  tied  to  ground. 

TGLE       Carry  Toggle  Enable.  When  HIGH,  the  CIN  signal 
is  disabled,  and  the  Carry-In  toggles  internally 
between  HIGH  and  LOW  on  each  clock  (CLK) 
cycle  to  reduce  the  worst  case  spurious  response  of 
the  digital  output  signal  by  3.92  dB.  Normally  tied 
to  ground. 

TCMS       Twos  Complement/Magnitude  Mode  Select.  Selects 
binary  output  format  of  data  on  SIN[0:11]  outputs. 
If  TCMS  is  a  Logic  "1,"  format  of  output  data  at 
SIN[0: 1 1]  is  in  twos  complement  format.  If  TCMS 
is  a  Logic  "0,"  data  is  binary  unsigned  magnitude 
format.  Normally  tied  to  ground. 

SIN[0: 11]   12  parallel  data  bits  comprising  the  sine  data  output. 

Frequency  of  the  sine  data  outputs  is  defined  by  the 


Name  Description 





 0  F  ,  „ 

/  A  phase\ 

J  OUT  -  JCLK  I  —  ) 


Frequency  Control  Register  (A  phase)  as 

Binary  data  format  of  12-bit  samples  is  either  twos 
complement  or  unsigned  magnitude,  determined  by 
TCMS  s 

RSTO 


Reset  Phase  to  Zero  Signal.  Activates  synchronous 
reset  of  the  Phase  Accumulation  Register  to  a 
binary  value  of  "0,"  or  zero  radians.  Reset  is 
enabled  when  RSTO  is  a  Logic  "1"  and  takes  place 
on  rising  edge  of  system  clock  (CLK).  Normally 
low. 


COUT 


Carry-Out  signal  output  of  the  32-bit  adder  in  the 
phase  accumulator;  used  for  stacking  two  AD9955 
units  for  64-bit  DDS.  Normally  allowed  to  float. 
PSEL        Parallel/Serial  Frequency  Control  Word  Buffer 

Input  Selector.  Selects  mode  for  loading  the  Buffer 
Register.  If  a  load  is  enabled  (BREN  =  "1"),  and 
PSEL  is  a  Logic  "1,"  data  is  parallel  loaded  into  the 
Frequency  Control  Word  Buffer  Register  from  the 
F0:31]  inputs  on  the  next  rising  edge  of  BRCLK.  If 
a  load  is  enabled  and  PSEL  is  a  Logic  "0,"  data  is 
serially  shifted  into  the  Frequency  Control  Word 
Buffer  Register  from  the  F(31]  input  on  rising  edge  of 
BRCLK. 
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APDBMensions  4x4  mils 

Metalization   Aluminum 

Backing   None 

Substrate  Potential  Ground 

Passivation  Oxynitride 

Die  Attach  Epoxy 

Bond  Wire  Gold 
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DDS 

Direct  digital  synthesis  (DDS)  is  a  method  of  deriving  a  wide- 
band, digitally  controlled  frequency  (sine  wave)  synthesizer  from 
a  single  reference  frequency  (system  clock). 

The  circuit  has  three  major  components: 

1.  Phase  accumulator 

2.  Phase-to-amplitude  converter 

3.  Digital-to-analog  converter 

These  major  stages  and  their  relationships  to  one  another  are 
illustrated  in  the  block  diagram  shown  above. 

The  phase  accumulator  is  a  digital  device  which  generates  the 
phase  increment  of  the  output  waveform.  Its  input  is  a  digital 
word  which  (with  the  reference  oscillator)  determines  the  fre- 
quency of  the  output  waveform.  The  output  of  the  phase  accu- 
mulator stage  represents  the  current  phase  of  the  generated 
waveform.  In  effect,  the  accumulator  serves  as  a  variable- 
frequency  oscillator  generating  a  digital  ramp.  The  frequency  of 


Figure  7.  Block  Diagram  of  DDS  Generator 

the  signal  is  defined  by  Aphase  as 
Aphase 


four  - 


f CLOCK  ■ 


Aphase 


fcLOCK 


AphaseMAXJ^*  2" 

Translating  phase  information  from  the  phase  accumulator  into 
amplitude  data  takes  place  in  the  phase-to-amplitude  converter. 
This  is  most  commonly  accomplished  by  means  of  a  look-up 
table  (LUT)  stored  in  memory,  but  may  be  calculated  instead 
using  a  digital  algorithm  to  minimize  circuit  complexity  and/or 
increase  the  update  rate. 

In  the  final  step  of  frequency  synthesis,  amplitude  data  is  con- 
verted into  an  analog  signal.  This  is  done  by  a  digital-to-analog 
(D/A)  converter  which  must  have  good  linearity;  low  glitch 
impulse;  and  fast,  symmetrical  rise  and  fall  times.  When  it  does, 
the  frequency  synthesizer  is  able  to  produce  a  spectrally  pure 
waveform. 
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tRS  RESET  SETUP  TIME 
tRH  RESET  HOLD  TIME 


Figure  2.  Reset  Timing 


AD9955  DIRECT  DIGITAL  SYNTHESIZER 

The  AD9955  is  a  digital  device  which  integrates  a  32-bit  phase 
accumulator  and  15-bit  phase  to  12-bit  sine  amplitude  converter 
(see  block  diagram).  The  circuit  is  fabricated  in  a  CMOS  pro- 
cess technology,  and  designed  to  minimize  the  number  of  exter- 
nal devices  necessary  to  implement  a  high  speed  DDS  system. 

Phase  Accumulator  Architecture 

The  phase  accumulator  is  comprised  of  8  pipelined,  4-bit  adder 
cells  to  achieve  the  typical  100  MHz  operation.  The  pipelined 
accumulator  requires  the  use  of  input  data  alignment  registers 
between  the  frequency  control  register  and  the  accumulator  to 
maintain  the  phase-coherent  switching  characteristics  of  the 
DDS.  The  alignment  registers  on  the  16  least  significant  bits  of 
the  accumulator  were  eliminated  to  save  power  and  reduce  the 
number  of  pipeline  delays;  this  results  in  a  maximum  phase  dis- 
continuity of  0.005°. 
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Figure  3.  Power  Supply  Current  vs.  Output  Frequency 


The  accumulator  incorporates  carry  input  and  output  pins  (CIN 
and  COUT)  to  enable  stacking  of  devices  to  achieve  greater  than 
32-bit  resolution.  In  normal  operation,  CIN  will  be  connected  to 
ground,  and  COUT  allowed  to  float. 

An  additional  feature  of  the  AD9955  accumulator  is  controlled 
by  the  TGLE  pin.  With  this  pin  tied  HIGH,  the  CIN  pin  is 
disabled  and  the  carry  input  is  internally  toggled  on  successive 
clock  cycles.  The  toggling  of  the  carry  input  has  two  major  ben- 
efits. The  theoretical  worst  case  spur  is  reduced  by  3.92  dB, 
making  the  worst  case  spurious  free  dynamic  range  of  the 
SIN[0:11]  outputs  90.3  dBc.  In  addition,  the  DDS  spur 
performance  is  made  more  consistent  versus  frequency  due  to 
the  randomizing  of  the  errors  introduced  by  possible  DAC 
nonlinearities. 

Resetting  the  AD9955 

The  synchronous  reset  function  (RSTO)  resets  the  output  of  the 
phase  accumulator  to  zero  radians,  allowing  the  user  to  initialize 
the  AD9955  from  a  known  state.  A  reminder:  the  RSTO  signal 
does  not  affect  the  contents  of  the  alignment  registers  on  either 
side  of  the  adders.  To  properly  reset  the  AD9955  to  zero  radians 
(SIN[0:11]  =  1000  0000  0000),  perform  the  following  steps  in 
the  order  listed: 

1.  Frequency  input  should  be  preloaded  to  zero  (F[0:31]  =  0; 
see  loading  the  AD9955). 

2.  Four  clock  cycles  must  pass  to  clear  the  prealignment 
registers. 

3.  The  RSTO  signal  should  go  HIGH  for  at  least  12  ns,  and 
meet  required  setup  (tRS)  and  hold  (tRH)  times. 

4.  Nine  additional  clock  cycles  must  pass  to  clear  the  post- 
alignment  registers  and  allow  the  new  tuning  word  (0  radi- 
ans) to  propagate  through  the  phase  to  sine  amplitude 
conversion  circuitry. 

Critical  timing  and  pipeline  delays  required  for  resetting  the 
AD9955  are  illustrated  in  the  reset  timing  diagram.  After  the 
RSTO  signal  is  returned  to  LOW,  a  new  frequency  can  be 
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tcs  FREQUENCY  CONTROL  WORD  SETUP  TIME 
t<;H  FREQUENCY  CONTROL  WORD  HOLD  TIME 


tEH  BUFFER  REGISTER  ENABLE  HOLD  TIME 

lLS  FREQUENCY  CONTROL  WORD  LOAD  SETUP  TIME 

tLH  FREQUENCY  CONTROL  WORD  LOAD  HOLD  TIME 

Figure  4.  Parallel  Mode  Timing 
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loaded  into  the  frequency  control  register;  the  SIN[0:11]  outputs 
will  remain  at  the  midscale  value  for  14  clock  cycles  while  the 
new  tuning  word  propagates  through  the  AD9955. 

Loading  the  Frequency  Control  Word 

For  convenience,  the  frequency  control  register  is  double  buff- 
ered at  the  inputs  to  allow  asynchronous  loading  of  a  new  fre- 
quency control  word.  The  frequency  control  word  buffer 
register  can  be  loaded  in  either  parallel  (PSEL  =  HIGH)  or 
serial  (PSEL  =  LOW)  mode.  The  data  is  clocked  on  the  rising 
edge  of  the  BRCLK  signal  when  the  BREN  pin  is  held  HIGH. 
In  serial  mode,  the  data  is  fed  through  the  LSB  (F[31])  and 
requires  multiple  clock  edges  to  shift  in  data. 

Once  new  frequency  data  is  loaded  into  the  frequency  control 
word  buffer,  it  is  passed  into  the  frequency  control  register  on 
the  next  rising  edge  of  the  CLK  signal  following  a  HIGH  signal 
on  the  FCLD  pin.  The  new  frequency  control  word  is  then  used 
as  the  input  to  the  phase  accumulator  and  it  begins  to  accumu- 
late at  the  new  rate.  The  Parallel  Mode  Timing  diagram  illus- 
trates the  critical  timing  relationships  for  loading  new  frequency 
data  into  the  AD9955  from  the  reset  condition;  these  relation- 
ships remain  the  same  for  any  arbitrary  condition. 

Phase  to  Sine  Architecture 

The  phase  to  sine  amplitude  converter  calculates  the  sine  ampli- 
tude using  a  proprietary  algorithm  for  the  first  90°  of  the  sine 
cycle,  and  takes  advantage  of  the  symmetry  of  the  waveform  to 
calculate  the  remaining  quadrants.  Only  the  IS  most  significant 
bits  of  the  phase  accumulator  output  are  needed  to  achieve  the 
12-bit  accuracy  of  the  SIN[0:11]  outputs. 

In  normal  operation  (TGLE  =  LOW),  the  frequency  tuning 
word  may  take  on  both  odd  and  even  values.  Odd  frequency 
input  words  will  result  in  a  spurious  free  dynamic  range  (SFDR) 
of  90.3  dBc,  while  even  frequency  words  may  have  spurious  fre- 
quency content  as  high  as  86.4  dBc.  The  carry  toggle  feature 
discussed  above  guarantees  a  worst  case  SFDR  of  the  frequency 
tuning  words  of  90.3  dBc. 


The  architecture  and  implementation  of  the  phase  to  sine  algo- 
rithm uses  several  compression  techniques  to  reduce  the  amount 
of  internal  memory  required,  and  to  guarantee  a  minimum 
throughput  rate  of  85  MHz,  a  new  benchmark  for  CMOS  DDS 
circuits.  Accordingly,  the  CLK  input  is  TTL  logic  compatible, 
and  buffered  internally  to  minimize  input  capacitance.  Although 
most  devices  will  operate  with  a  50%  duty  cycle  on  CLK  input, 
guaranteed  operation  at  85  MHz  will  require  adjustment  of 
clock  duty  cycle  (see  specification  table).  All  other  inputs  and 
outputs  are  CMOS  logic  compatible. 

SIN  Outputs 

The  SIN[0:11]  outputs  of  the  phase  to  sine  conversion  circuitry 
are  latched  at  the  output  to  minimize  data  skew.  The  TCMS 
control  signal  specifies  the  format  of  the  output  data  as  either 
binary  unsigned  magnitude  or  two's  complement  format.  The 
output  data  is  valid  on  the  rising  edge  of  the  data  ready  signal 
(DRDY),  and  is  designed  to  track  the  temperature  variation  of 
the  output  data.  The  DRDY  signal  is  not  recommended  for 
clocking  the  DAC  because  of  phase  uncertainty  (jitter).  The  par- 
allel mode  timing  diagram  also  illustrates  the  timing  relation- 
ships relevant  to  capturing  the  output  data,  and  also  the  pipeline 
delays  associated  with  loading  a  new  frequency  word.  The 
curves  below  show  the  typical  propagation  delays  of  SIN[0:11] 
and  DRDY  vs.  temperature. 

SERIAL  MODE  OPERATION 

Serial  data  is  shifted  into  Pin  F31  on  the  rising  edge  of  the 
BRCLK.  The  setup  and  hold  times  shown  in  Figure  4  (Parallel 
Mode  Timing)  apply  to  loading  serial  data  as  well.  Thirty-two 
cycles  of  the  BRCLK  are  needed  to  shift  the  entire  frequency 
control  word  into  the  Frequency  Control  Word  Buffer  Register. 
Bits  are  clocked  in  ascending  order,  F[31],  F[30],  F[29]  .  .  . 
with  the  MSB  clocked  in  last.  A  HIGH  signal  on  the  FCLD  pin 
allows  all  32  bits  to  pass  to  the  Frequency  Control  Register  on 
the  next  rising  edge  of  the  CLK. 
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Applications  Information 

The  AD9955  can  be  used  in  digital  demodulation  applications  to 
provide  a  digital  frequency  reference,  or  combined  with  a  DAC 
to  provide  an  analog  frequency  reference.  In  the  latter  applica- 
tion, a  DAC  with  exceptional  ac  performance  is  required.  The 
diagram  below  gives  a  recommended  hookup  for  a  complete 
direct  digital  synthesizer  employing  the  AD9955  and  the 
AD9721,  a  10-bit  100  Msps  DAC. 

As  in  all  high  speed  applications,  proper  layout  is  critical;  it  is 
particularly  important  when  both  analog  and  digital  signals  are 
involved.  Analog  signal  paths  should  be  kept  as  short  as  possi- 
ble, and  properly  terminated  to  avoid  reflections. 

Digital  signal  paths  should  also  be  kept  short,  and  run  lengths 
matched  to  avoid  propagation  delay  mismatch.  In  the  diagram, 
series  resistors  (130  ohms)  are  inserted  in  the  connections 
between  the  SIN[0:9]  outputs  of  the  AD9955  and  the  data 
inputs  of  the  AD9721  (D,-Di0)  to  reduce  data  feedthrough 
effects  and  to  insure  that  the  setup  and  hold  times  of  the 
AD9721's  input  register  are  met  over  the  commercial  tempera- 
ture range  (0°C  to  +70°C). 

Layout  of  the  ground  circuit  is  a  critical  factor.  A  single,  low 
impedance  ground  plane  will  reduce  noise  on  the  circuit  ground. 
Power  supplies  should  be  capacitively  coupled  to  the  ground 
plane  to  reduce  noise  in  the  circuit.  Multilayer  boards  allow 
designers  to  lay  out  signal  traces  without  interrupting  the 
ground  plane,  and  provide  low  impedance  power  planes. 

Evaluation  Board 

An  evaluation  board  is  available  which  combines  the  AD9955 
and  either  the  AD9713B,  an  80  Msps  12-bit  DAC,  or  the 
AD9721,  a  10-  bit  100  Msps  DAC,  both  of  which  are  supplied 
board.  This  simplifies  the 


with  the  board.  This  simplifies  the  task  of  evaluating  and  char- 
acterizing the  DDS  synthesizer.  The  block  diagram  shown  in 
Figure  9  illustrates  its  operation.  Tor  more  information,  please 
consult  the  AD9955/PCB  i 
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Figure  9.  AD9955  DDS  Evaluation  Board  Setup 


□  □  n  (  ) 

□  □  □  w 

SPECTRUM  ANALYZER 

Table  I.  Recommended  Operation 


Input  Voltage 

Parameter 

Min 

Nominal 

Max 

+vs 

4.75 

5.0 

5.25 

CLK 

0 

TTL 

+vs 

BRCLK,  PSEL,  BREN, 

0 

CMOS 

+vs 

FCLD,  CIN,  TGLE, 

TCMS,RSTO,  F[0:31] 
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Figure  17.  AD995S/AD9721  Output  Spectrum 
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Figure  20.  AD9955/AD9721  Output  Spectrum 
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REV 


Power  Supplies 

Modular  AC/DC  Power  Supplies 


GENERAL  DESCRIPTION 

Analog  Devices  offers  a  broad  line  of  modular  ac/dc  power  sup- 
plies that  provide  both  OEMs  and  designers  a  reliable,  easy  to 
use,  low-cost  solution  to  their  power  requirements.  Models  are 
available  in  PC  mountable  and  chassis  mountable  designs  with 
5  volt  to  15  volt  (single,  dual,  triple)  outputs  and  current  ratings 
from  100  mA  to  5  amps.  Since  these  modular  supplies  are  fully 
encapsulated,  no  trimming  or  external  component  selection  is 
necessary;  simply  mount  the  unit,  connect  power  and  output 
leads,  and  you're  on  the  air!  Most  Analog  Devices'  power  sup- 
plies are  available  from  stock  in  both  large  and  small  quantities 
with  substantial  discounts  being  applied  to  large  quantity  orders. 

AC/DC  POWER  SUPPLY  FEATURES 

•  Current  Limit  Short  Circuit  Protection 

•  PC  Mounted  and  Chassis  Mounted  Versions 

•  Single  (+5  V),  Dual  (±15  V),  and  Triple 

(±15  V/+5  V)  Output  Supplies 

•  Current  Outputs: 

100  mA  to  500  mA  for  Dual  and  Triple  Output  Supplies 
1000  mA  to  5000  mA  for  Single  Output  Supplies 

•  Wide  Input  Voltage  Range 

•  Low  Output  Ripple  and  Noise 

•  Excellent  Line  &  Load  Regulation  Characteristics 

•  High  Temperature  Stability 

•  Free-Air  Convection  Cooling;  No  External  Heat  Sink  Required 


GENERAL  SPECIFICATIONS 

Power  Requirements 
Input  Voltage  Range: 
Frequency: 

Electrical  Specifications 
Temperature  Coefficient: 
Output  Voltage  Accuracy: 


105  V  ac  to  125  V  ac 
50  Hz  to  250  Hz 


Breakdown  Voltage: 
Isolation  Resistance: 
Short  Circuit  Protection: 


0.02%/°C 
±2%,  max 
See  Specifications  Table 
500  V  rms,  min 

50  Mn 

All  ac/dc  power  supplies 
employ  current  limiting. 
They  can  withstand  sub- 
stantial overload  including 
direct  short.  Prolonged 
operation  should  be  avoided 
since  excessive  temperature 


rises  will  occur. 

Environmental  Requirements 
Operating  Temperature 
Range:  -25°C  to  +71°C 

Storage  Temperature 

-25°C  to  +85°C 


■ 


- 


SPECIFICATIONS 

-  Typical  <a  +25°C  and  115  V  ac  60  Hz  unless  otherwise  noted 

* 

Output 

Output 

Line  Reg. 

Load  Reg. 

Output 

Ripple  & 

Voltage 

Current 

max 

max 

Voltage 

Noise 

Dimensions 

Type 

Model 

Volts 

mA 

% 

% 

Error  max 

mV  rms  max 

Inches 

\ 

902 

±15 

±100 

0.02 

0.02 

+300  mV 

0.5 

3.5x2.5x1.25 

-OmV 

•a 

Dual 

902-2 

±15 

±100 

0.02 

0.02 

+300  mV 

0.5 

3.5x2.5x0.875 

Output 

-OmV 

j 

920 

±15 

±200 

0.02 

0.02 

+300  mV 

0.5 

3.5x2.5x1.25 

i 

-OmV 

925 

±15 

±350 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.62 

Single 

905 

5 

1000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.25 

Output 

922 

5 

2000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.62 

Triple 

923 

±15 

±100 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.25 

1 

Output 

+5 

500 

0.02 

0.05 

±1% 

0.5 

Dual 

970 

±15 

±200 

0.05 

0.05 

±2% 

1 

4.4x2.7x1.45 

Output 

975 

±15 

±500 

0.05 

0.05 

±2% 

L  1 

4.4x2.7x2.00 

1] 

955 

5 

1000 

0.05 

0.15 

±2% 

2 

4.4x2.7x1.45 

Single 

976 

5 

3000 

0.05 

0.10 

±2% 

100  (p-p  typ) 

4.75x2.7x1.45 

Output 

977 

5 

5000 

0.05 

0.10 

±2% 

100  (p-p  typ) 

4.75x2.7x1.45 

•Consult  Analog  Devices  Power  Supplies  Catalog  for  additional  informa 

uon. 





Specifications  subject  to  change  without  notice. 


POWER  SUPPLIES  22-1 


Power  Supplies 

Modular  DC/DC  Converters 


■■Ml 


GENERAL  DESCRIPTION 

Analog  Devices'  line  of  compact  dc/dc  converters  offers  system 
designers  a  means  of  supplying  a  reliable,  easy  to  use,  low  cost 
solution  to  a  variety  of  floating  (analog  and  digital)  power  appli- 
cations. These  devices  provide  high  accuracy,  short  circuit  pro- 
tected, regulated  outputs  with  very  low  output  noise  and  ripple 
characteristics. 

Nine  models  are  offered  in  four  power  levels  of  1  watt, 
1.8  watts,  4.5  watts  and  6  watts.  Input  voltage  versions  include 
5  volt,  12  volt  and  28  volt  with  output  ranges  as  follows: 
+5  volt,  ±12  volts  and  ±15  volts  at  ±40  mA  to  1000  mA 
output  current  capability. 

Most  models  are  high  efficiency  (typically  over  60%  at  full  load) 
and  feature  complete  6-sided  continuous  shielding  for  EMI/RFI 
protection.  A  ir-type  input  filter  is  contained,  in  some  models, 
which  virtually  eliminates  the  effects  of  reflected  input  ripple 
current.  Most  Analog  Devices'  dc/dc  converters  are  available 
from  stock  in  both  large  and  small  quantities  with  substantial 
discounts  being  applied  to  large  quantity  orders. 

DC/DC  POWER  SUPPLY  FEATURES 

•  Inaudible  (>20  kHz)  Converter  Switching  Frequency 

•  Continuous,  Six-Sided  EMI/RFI  Shielding  Except  on  1  Watt 
and  1.8  Watt  Models 

•  Output  Short  Circuit  Protection  (Either  Output  to  Common) 

•  Automatic  Restart  After  Short  Condition  Removed 

•  Automatic  Starting  with  Reverse  Current  Injected  into 
Outputs 

•  Low  Output  Ripple  and  Noise 

•  High  Temperature  Stability 

•  Free  Air  Convection  Cooling 

No  external  heat  sink  or  specification  derating  is  required 
over  the  operating  temperature  range. 


GENERAL  SPECIFICATIONS  FOR  1  W  AND  1.8  W 
MODELS 

Line  Regulation  -  Full  Range:  ±0.3%  (±1%  max,  949) 
Load  Regulation  -  No  Load  to  Full  Load:  ±0.4% 

(±0.5%  max,  949) 
Output  Noise  and  Ripple:  20  mV  p-p,  with  15  u.F  tantalum 

capacitor  across  each  output  (2  mV  rms  max,  949) 
Breakdown  Voltage:  300  V  dc  min  (500  V  dc  min,  949) 
Input  Filter  Type:  it 

Operating  Temperature  Range:  -25°C  to  +71°C 
Storage  Temperature  Range:  -40°C  to  +  125°C 
(+100°C,  949) 

Fusing:  If  input  fusing  is  desired,  we  recommend  the  use  of  a 
slow  blow  type  fuse  that  is  rated  at  150%-200%  of  the 
dc/dc  converter's  full  load  input  current. 

GENERAL  SPECIFICATIONS  FOR  4.5  W  AND  6  W 
MODELS 

Line  Regulation  -  Full  Range:  ±0.07%  max  (±0.02%  max, 

960  Series)  (±0.1%  max,  943) 
Load  Regulation  -  No  Load  to  Full  Load:  ±0.07%  max 

(±0.02%  max,  960  Series)  (±0.1%  max,  943) 
Output  Noise  and  Ripple:  1  mV  rms  max 
Breakdown  Voltage:  500  V  dc  min 
Input  Filter  Type:  it 

Operating  Temperature  Range:  -25°C  to  +71°C 
Storage  Temperature  Range:  -40°C  to  +125°C 
Fusing:  If  input  fusing  is  desired,  we  recommend  the  use  of  a 
slow  blow  type  fuse  that  is  rated  at  150%-200%  of  the 
dc/dc  converter's  full  load  input  current. 


SPECIFICATIONS  -  Typical  (ffi  +  25°C  at  nominal  input  voltage  unless  otherwise  noted* 


Model 

Output 
Voltage 
Volts 

Output 
Current 
mA 

Input 

Voltage 

Volts 

Input1 
Voltage 
Range 
Volts 

Input 
Current 
Full  Load 

Output 
Voltage 
Error  max 

Temperature 
Coefficient 
l°C  max 

Efficiency 
Full  Load 
min 

Dimensions 
Inches 

943 
958 
941 
960 

5 
5 

±12 
±12 

1000 
100 
±150 
±40 

5 
5 
5 
5 

4.75/5.25 
4.5/5.5 
4.75/5.25 
4.5/5.5 

1.52  A 
200  mA 
1.17  A 
384  mA 

±1% 
±5% 
±1% 
±5% 

±0.02% 
±0.01%  (typ) 
±0.01% 
±0.01%  (typ) 

62% 
50% 

2.0x2.0x0.38 
1.25x0.8x0.4 
2.0x2.0x0.38 
1.25x0.8x0.4 

58% 
50% 

962 
966 
949 

±15 
±15 
±15 

±33 

±190 

±60** 

5 
12 

-5 

4.5/5.5 

11.2/13.2 

4.65/5.5 

396  mA 
710  mA 
0.6  A 

±5% 
±1% 
±2% 

±0.01%  (typ) 
±0.005%  (typ) 
±0.03% 

50% 

62%  (typ) 
58% 

1.25x0.8x0.4 
2.0x2.0x0.38 
2.0x1.0x0.375 

940 
945 

±15 
±15 

±150 
±150 

5  • 
28 

4.75/5.25 
23/31 

1.35  A 
'250  mA 

±1% 
±0.5% 

±0.01% 
±0.01% 

62% 
61% 

2.0x2.0x0.38 
2.0x2.0x0.38 

NOTES 

'Models  940  and  941  will  deliver  up  to  120  mA  output  current  (and  Model  943  will  deliver  up  to  600  mA)  over  an  input  voltage  range 
of4.65Vdcand5.5  V  dc. 

•Consult  Analog  Devices  Power  Supplies  Catalog  for  additional  information. 
"Single-ended  or  unbalanced  operation  is  permissible  such  that  total  output  current  load  does  not  exceed  a  total  of  120  mA. 
Specifications  subject  to  change  without  notice. 
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Package  Information 

Contents 


ADI  Letter 
Designator 

Side 


PMI  Utter 
Designator 


DIP  (Ceramic) 


YB* 
QB* 
XB* 

RB* 
VB* 

TB* 


D-8 

D-14 

D-16 

D-18 

D-20 

D-22 

D-24 

D-24A 

D-28 

D-28A 

D-40 

D-48 


Side  Brazed  DIP  for  Hybrids  (Ceramic) 

DH-24A 
DH-28 

Bottom  Brazed  DIP  (Ceramic) 

DH-40A 
DH-48A 

Leadless  Chip  Carrier  (Ceramic) 


E-20A 
E-28A 
E-44A 
E-68A 

Flatpack  (Ceramic) 

F-2A 

01-  cs 

Pin  Grid  Array  (Ceramic) 

G-68A 

G-100A 

G-223 

Pin  Grid  Array  (Plastic) 

223-PPGA 

Metal  Can 

H-02A 
H-03A 
H-03B 

H-08A 
H-10A 
H-12A 


RC 

TC 


H 

J 
K 


Package 
Description 


8-Lead 

14-Lead 

16-Lead 

1 8-Lead 

20-Lead 

22-Lead 

24-Lead 

24-Lead  (Single  Width) 
28-Lead 

28-Lead  (Single  Width) 

40-Lead 

48-Lead 


24-Lead 
28-Lead 


40-Lead 
48-Lead 


20-Terminal 
28-Terminal 
44-Terminal 
68-Terminal 


2-Lead 


68-Lead 

100-Lead 

223-Lead 


223-Lead 

2-  Lead 

3-  Lead  (TO-52) 
3-Lead  (TO-5  Style) 
6-Lead  (TO-78) 
8-Lead  (TO-99) 
10-Lead  (TO- 100) 

1 2-Lead  (TO-8  Style) 


MIL-M38S10 

Applicable 

Configuration 


Dl-3 
D2-3 
D6-3 
D8-3 


Page 


D10-3 


23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 
23-5 


23-5 
23-5 


23-6 
23-6 


C-2 
C-4 


23-6 
23-6 
23-6 

C-7  23-6 


23-7 


23-7 
23-7 


23-7 


A-2 


23-8 
23-8 
23-8 
23-8 
23-8 
23-8 
23-8 


'Special  order  only. 


PACKAGE  INFORMATION  23-1 


ADI  Letter 
Designator 

Plastic 

TO-92 

J-Leaded  Chip  Carrier 

J-28 
J-44 
J-68 

Metal  Platform  (DIP) 

M-40 
M-46 

Plastic  DIP 

N-8 

N-14 

N-16 

N-18 

N-20 

N-22 

N-24 

N-24A 

N-24B 

N-28 

N-28A 

N-40A 

N-48 


PMI  Letter 
Designator 


PC 
PC 


Plastic  Leaded  Chip  Carrier  (PLCC) 

P-20A 
P-28A 
P-44A 
P-68A 

Plastic  Quad  Flatpack 

P-100 


Cerdip 

Q-8 

Q-14 

Q-16 

Q-18 

Q-20 

Q-22 

Q-24 

Q-24A 

Q-28 


Z 
Y 

Q 
x 

R 

W 


Package 
Description 


3-Lead 


28-Lead 
44-Lead 
68-Lead 


40-Lead 
46-Lead 


8-Lead 

14-Lead 

16-Lead 

1 8-Lead 

20-Lead 

22-Lead 

24-Lead 

24-Lead  (Double  Width) 

24-Lead 

28-Lead 

28-Lead 

40-Lead 

48-Lead 


20-Lead 
28-Lead 
44-Lead 
68-Lead 


MIL-M38510 

Applicable 

Configuration 


- 

23-8 


23-9 
23-9 
23-9 


23-9 
23-9 


23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 
23-10 


100-Lead 


8-Lead 

14-Lead 

16-Lead 

1 8-Lead 

20-Lead 

22-Lead 

24-Lead 

24-Lead  (Wide  Body) 
28-Lead 


23-10 
23-10 
23-10 
23-10 


23-11 

D4-1  23-11 
Dl-1  23-11 
D2-1  23-11 
D6-1  23-11 
D8-1  23-11 

23-11 

D3-1  23-1 1 

23-11 

D10-1  23-11 


23-2   PACKAGE  INFORMATION 


ADI  Letter 
Designator 

Small  Outline  (SO) 

R-8 

R-14 

R-16A 

R-16 

R-18 

R-20 

R-24 

R-24A 

R-28 


PMI  Letter 
Designator 


SO-8 
SO- 14 
SO- 16 
SOL- 16 
SOL- 18 
SOL-20 
SOL-24 

SOL-28 


Shrink  Small  Outline  Package  (SSOP) 

RS-20 
RS-24 
RS-28 

Plastic  Quad  Flatpack  (PQFP) 

S-44 
S-52 
S-64 
S-80 
S-160 

Thin  Quad  Flatpack  (TQFP) 

ST-48 
ST-64 

Thin  Small  Outline  Package  (TSOP) 

U-32 

Leaded  Chip  Carrier  (Ceramic) 

Z-8A 

Z-16A 

Z-16B 

Z-16C 

Z-28 

Z-40 

Z-68 


Package 
Description 


8-Lead 
8-Lead 
14-Lead 
16-Lead 

16-Lead  (Wide  Body) 

1 8-Lead 

20-Lead 

24-Lead 

24-Lead 

28-Lead 


20-Lead 
24-Lead 
28-Lead 


44-Terminal 
52-Terminal 
64-Terminal 
80-Terminal 
1 60-Terminal 


48-Lead 
64-Lead 


32-Lead 


8-Lead 

16-Lead 

16-Lead 

16-Lead 

28-Lead 

40-Lead 

68-Lead 


MIL-M38510 

Applicable 

Configuration 


Page 


23-12 
23-12 
23-12 
23-12 
23-12 
23-12 
23-12 
23-12 
23-12 
23-12 


23-12 
23-12 
23-12 


23-13 
23-13 
23-13 
23-13 
23-13 


23-13 
23-13 


23-14 


23-14 
23-14 
23-14 
23-14 
23-14 
23-14 
23-14 


PACKAGE  INFORMATION  23-3 


| 
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23-4    PACKAGE  INFORMATION 


Package  Information— Outline  Dimensions 


■  ■ 


TTR 

1 

; 

Side  Brazed  DIP  (Ceramic) 

■** 

ADI  Letter 

PMI  Letter 

Product 

0.100  ( 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min  Max 

D-8 
D-14 

YB** 

8-Lead 
14-Lead 

0.512  (13.005) 

0.528  (14.41) 
0.785  (19.94) 

0.280  (7.11) 
0.290  (7.37) 

0.320  (8.13) 
0.320  (8.13) 

0.210  (5.33) 
0.200  (5.08) 

D-16 

QB** 

16-Lead 

0.840  (21.34) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

D-18 

XB** 

1 8-Lead 

0.960  (23.38) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

D-20 

22-Lead 

1.060  (26.92) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

D-22 

RB** 

20-Lead 

1.111  (28.22) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

D-24 

VB** 

24-Lead 

1.290  (32.77) 

0.590  (14.99) 

0.620  (15.75) 

0.225  (5.72) 

D-24A 
D-28 

TB** 

24-Lead  (Single  Width) 
28-Lead 

1.280  (32.51) 
1.490  (37.85) 

0.290  (7.37) 
0.590  (14.99) 

0.320  (8.13) 
0.620  (15.75) 

0.200  (5.08) 
0.225  (5.72) 

D-28A 
D-40 

28-Lead  (Single  Width) 
40-Lead 

1.480  (37.59) 
2.096  (53.24) 

0.290  (7.37) 
0.521  (13.23) 

0.320  (8.13) 
0.630  (16.00) 

0.200  (5.08) 
0.225  (5.72) 

D-48 

48-Lead 

2.376  (60.35) 

2.424  (63.57) 

0.520  (13.21)       0.630  (16.00) 

0.225  (5.72) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 

♦Special  order  only 


P1N1  L 

i 


Side  Brazed  DIP  for  Hybrids  (Ceramic) 


ADI  Letter 
Designator 


PMI  Letter 
Designator 


Product 
Description 


b* 


c* 


Min 


Max 


Min 


Max 


Min 


Max 


DH-24A 
DH-28 


24-Lead 
28-Lead 


1.212 
1.414 


(30.79) 
(35.92) 


0.590  (14.99) 
0.590  (14.99) 


0.620  (15.75) 
0.610  (15.49) 


0.225  (5.72) 
0.225  (5.72) 


*For  comph 


*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 

o  iftjiuhixi vfiiuu  U''tl!" 
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Package  Information— Outline  Dimensions 


Bottom  Brazed  DIP  (Ceramic) 


ADI  Letter 
Designator 

PMI  Letter 
Designator 

Product 

a*                                       b*                                         c*  d* 

Description 

Min  Max 

Min  Max 

Min  Max 

Min  M 

DH-40A 
DH-48A 

40-Lead 
48-Lead 

2.074(52.68)    2.116  (53.75) 
2.450  (62.23)    2.500  (63.50) 

0.89  (22.61)    0.91  (23.11) 
0.990  (25.15)  1.010  (25.65) 

0.225  (5.72) 
0.177  (4.50)    0.233  (5.92) 

1.08  (27.41)  1. 
1.287  (32.69)  1.: 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


Leadless  Chip  Carrier  (Ceramic) 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

E-20A 

RC 

20-Terminal 

0.342  (8.69) 

0.358  (9.09) 

0.342  (8.69) 

0.358  (9.09) 

0.064  (1.63) 

0.10( 

E-28A 

TC 

28-Terminal 

0.442  (11.23) 

0.458  (11.63) 

0.442  (11.23) 

0.458  (11.63) 

0.064  (1.63) 

o.iot 

E-44A 

44-Terminal 

0.640  (16.26) 

0.662  (16.82) 

0.640  (16.26) 

0.662  (16.82) 

0.064  (1.63) 

0.10C 

E-68A 

68-Terminal 

0.940  (23.88) 

0.965  (24.51) 

0.940  (23.88) 

0.965  (24.51) 

0.065  (1.65) 

0.102 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


Flatpack  (Ceramic) 


- 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

F-2A 

2-Lead 

0.250  (6.35) 

0.081  (2.06) 

0.093  (2.36) 

0.044  (1.12) 

0.066  (1.68) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


CERAMIC 


PLASTIC 


Pin  Grid  Array  (Ceramic) 


0.105(2.67) 
0.005(2.41) 

-H  K  1 

1  -A  0.105  (2.67) 
*y  0.095(2.41) 


M  G  F  E    D  C  B  A 


0.112(2.84) 
0.088  (2.24) 

■HK  ± 

.10.112  (2.84) 
»  T0.O 
11  T 


ADI  Letter 

PMI  Letter 

Product 

a* 

□♦ 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

G-68A 

G-100A 

G-223 

68-Lead 

lOO-Lead 

223-Lead 

1.080  (27.43) 
1.308  (33.22) 
1.844  (46.84) 

1.110  (28.19) 
1.332  (33.83) 
1.876  (47.65) 

1.080  (27.43) 
1.308  (33.22) 
1.844  (46.84) 

1.110  (28.19) 
1.332  (33.83) 
1.876  (47.65) 

0.123  (3.12) 
0.138  (3.51) 

0.164  (4.17) 
0.169  (4.29) 
0.164  (4.17) 

♦For  complete  package  dimensions  see  reference  manual  or  data  sheet. 

Pin  Grid  Array  (Plastic) 

ADI  Letter 

PMI  Letter 

Product 

a^ 

b* 

c* 

Designator 

Designator 



Description 

Min 

Max 

Min 

Max 

Min 

Max 

223-PPGA 

223-Lead 

1.856  (47.14) 

1.864  (47.35) 

1.856  (47.14) 

1.864  (47.35) 

0.130  (3.30) 

0.166  (4.22) 

♦For  complete  package  dimensions  see  reference  manual  or  data  sheet. 

.»>  - 
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Package  Information— Outline  Dimensions 





2-LEAD 


8-LEAD 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

H-02A 
H-03A 
H-03B 

2-  Lead 

3-  Lead  (TO-52) 
3-Lead  (TO-5  Style) 

0.209  (5.31) 
0.209  (5.31) 
0.335  (8.51) 

0.230  (5.84) 
0.230  (5.84) 
0.370  (9.40) 

1.125  (3.17) 
0.115  (2.92) 
0.165  (4.19) 

0.150  (3.81) 
0.150  (3.81) 
0.185  (4.70) 

H-08A 
H-lOA 
H-12A 

H 

J 

K 

6-Lead  (TO-78) 
8-Lead  (TO-99) 
10-Lead  (TO- 100) 
1 2-Lead  (TO-8  Style) 

0.335  (8.51) 
0.335  (8.51) 
0.335  (8.51) 
0.592  (15.04) 

0.370  (9.40) 
0.370  (9.40) 
0.370  (9.40) 
0.615  (15.62) 

0.175  (4.45) 
0.175  (4.45) 
0.175  (4.45) 
0.148  (3.76) 

0.230  (5.84) 
0.230  (5.84) 
0.230  (5.84) 
0.226  (5.74) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 

■ 

■ 


i9fir«n  - 


Plastic 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min  Max 

Min 

Max 

Min 

Max 

TO-92 

3-Lead 

0.170  (4.32)         0.210  (5.33) 

0.175  (4.45) 

0.205  (5.21) 

0.125  (3.18) 

0.165  (4.19) 

♦For  complete  package  dimensions  see  reference  manual  or  data 


J-Leaded  Chip  Carrier 


ADI  Letter 
Designator 


PMI  Letter 
Designator 


Product 
Description 


b* 


Min 


Max 


Min 


Max 


Min 


Max 


J-28 
J-44 
J-68 


28-Lead 
44-Lead 
68-Lead 


0.498  (12.65)  0.491  (12.47) 
0.680  (17.27)  0.700  (17.78) 
0.980  (24.89)        1.000  (25.4) 


0.489  (12.42)  0.491  (12.47) 
0.680  (17.27)  0.700  (17.78) 
0.980  (24.89)       1.000  (25.4) 


0.100  (2.54) 
0.100  (2.54) 


0.125  (3.18) 
0.135  (3.43) 
0.135  (3.43) 


*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


Metal  Platform  (DIP) 


mtttttttttttttmffliT-  T 

-HI* 

0.1IH[2J») 
0.W.R4.) 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

M-40 
M-46 

40-Lead 
46-Lead 

2.145  (54.483) 
2.380  (60.45) 

1.145  (29.083) 
1.580  (40.13) 

0.19  (4.83) 
0.231  (5.87) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


Package  Information— Outline  Dimensions 


Plastic  DIP 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

N-8 

P 

8-Lead 

0.348  (8.84) 

0.430  (10.92) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-14 

P 

14-Lead 

0.725  (18.42) 

0.795  (20.19) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-16 

P 

16-Lead 

0.745  (18.92) 

0.840  (21.34) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-18 

P 

1 8-Lead 

0.845  (21.46) 

0.925  (23.49) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-20 

P 

20-Lead 

0.925  (23.50) 

1.060  (26.90) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-22 

P 

22-Lead 

1.020  (25.91) 

1.080  (27.43) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-24 

P 

24-Lead 

1.125  (28.58) 

1.275  (32.39) 

0.300  (7.62) 

0.325  (8.26) 

0.210  (5.33) 

N-24A 

P 

24-Lead  (Double  Width) 

1.150  (29.21) 

1.290  (32.77) 

0.600  (15.24) 

0.625  (15.88) 

0.250  (6.35) 

N-24B 

24-Lead 

1.185  (30.10) 

1.205  (30.60) 

0.330  (8.40) 

0.346  (8.80) 

0.142  (3.60) 

0.162  (4.10) 

N-28 

P 

28-Lead 

1.380  (35.10) 

1.565  (39.75) 

0.600  (15.24) 

0.625  (15.88) 

0.250  (6.35) 

N-28A 

P 

28-Lead 

1.440  (36.58) 

1.450  (36.83) 

0.594  (15.09) 

0.606  (15.39) 

0.200  (5.08) 

N-40A 

P 

40-Lead 

2.080  (52.83) 

0.580  (14.73) 

0.620  (15.75) 

0.200  (5.08) 

N-48 

P 

48-Lead 

2.385(60.58) 

2.480  (62.99) 

0.590  (14.99) 

0.630  (16.0) 

0.250  (6.35) 

*For  complete  ] 

package  dimensions  see  reference  manual  or  data  sheet. 

Plastic  Leaded  Chip  Carrier  (PLCC) 


ADI  Letter 
Designator 

PMI  Letter 
Designator 

Product 

a* 

b* 

c* 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

P-20A 

PC 

20-Lead 

0.385  (9.78) 

0.395  (10.03) 

0.385  (9.78) 

0.395  (10.03) 

0.165  (4.19) 

0.180  (4.57) 

P-28A 

PC 

28-Lead 

0.485  (12.32) 

0.495  (12.57) 

0.485  (12.32) 

0.495  (12.57) 

0.165  (4.19) 

0.180  (4.57) 

P-44A 

44-Lead 

0.685  (17.40) 

0.695  (17.65) 

0.685  (17.40) 

0.695  (17.65) 

0.165  (4.19) 

0.180  (4.57) 

P-68A 

68-Lead 

0.885  (22.48) 

0.995  (25.27) 

0.885  (22.48) 

0.995  (25.27) 

0.169  (4.29) 

0.175  (4.45) 

♦For  complete  package  dimensions  s 


I  or  data  sheet. 


Plastic  Quad  Flatpack 


ADI  Letter 
Designator 


PMI  Letter 
Designator 


Product 
Description 


b* 


Min 


Max 


Min 


Max 


Min 


Max 


P-100 


100-Lead 


0.897  (22.78)        0.903  (22.94)       0.897  (22.78)        0.903  (22.94)       0.160  (4.06) 


0.180  (4.57) 


*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 
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Cerdip 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min  Max 

0-8 

Z 

8-Lead 

0.405  (10.29) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-14 

Y 

14-Lead 

0.785  (19.94) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-16 

Q 

16-Lead 

0.840  (21.34) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-18 

X 

1 8-Lead 

0.960  (24.38) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-20 

R 

20-Lead 

1.060  (26.92) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-22 

22-Lead 

1.175  (29.85) 

0.390  (9.09) 

0.420  (10.67) 

0.200  (5.08) 

Q-24 

W 

24-Lead 

1.280  (32.51) 

0.290  (7.37) 

0.320  (8.13) 

0.200  (5.08) 

Q-24A 

24-Lead  (Wide  Body) 

1.280  (32.51) 

0.590  (15.00) 

0.620  (15.75) 

0.200  (5.08) 

Q-28 

T 

28-Lead 

1.490  (37.85) 

0.590  (14.99) 

0.620  (15.75) 

0.225  (5.72) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 
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Package  Information— Outline  Dimensions 





Small  Outline  (SO) 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Min 

Min 

Max 

Max 

Max 

R-8 
R-14 

SO-8 
SO- 14 

8-Lead 
8-Lead 
14-Lead 

0.1890  (4.80) 
0.1890  (4.80) 
0.3367  (8.55) 

0.1968  (5.00) 
0.1968  (5.00) 
0.3444  (8.75) 

0.1497  (3.80) 
0.1497  (3.80) 
0.1497  (3.80) 

0.1574  (4.00) 
0.1574  (4.00) 
0.1574  (4.00) 

0.094  (2.39) 
0.0532  (1.35) 
0.0532  (1.35) 

0.102  (2.59) 
0.0688  (1.75) 
0.0688  (1.75) 

R-16A 

R-16 

R-18 

SO- 16 
SOL- 16 
SOL- 18 

16-Lead 

16-Lead  (Wide  Body) 
1 8-Lead 

0.3859  (9.80) 
0.3977  (10.10) 
0.4469  (11.35) 

0.3937  (10.00) 
0.4133  (10.50) 
0.4625  (11.75) 

0.1497  (3.80) 
0.2914  (7.40) 
0.2914  (7.40) 

0.1574  (4.00) 
0.2992  (7.60) 
0.2992  (7.60) 

0.0532  (1.35) 
0.0926  (2.35) 
0.0926  (2.35) 

0.0688  (1.75) 
0.1043  (2.65) 
0.1043  (2.65) 

R-20 
R-24 
R-24A 
R-28 

SOL-20 
SOL-24 

SOL-28 

20-Lead 
24-Lead 
24-Lead 
28-Lead 

0.4961  (12.60) 
0.5985  (15.20) 
0.586  (14.88) 
0.6969  (17.70) 

0.5118  (13.00) 
0.6141  (15.60) 
0.606  (15.39) 
0.7125  (18.10) 

0.2914  (7.40) 
0.2914  (7.40) 
0.205  (5.21) 
0.2914  (7.40) 

0.2992  (7.60) 
0.2992  (7.60) 
0.221  (5.61) 
0.2992  (7.60) 

0.0926  (2.35) 
0.0926  (2.35) 
0.067  (1.70) 
0.0926  (2.35) 

0.1043  (2.65) 
0.1043  (2.65) 
0.089  (2.25) 
0.1043  (2.65) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet 

■ 


Shrink  Small  Outline  Package  (SSOP) 


hnnnnnnnnnnnoif. 

0.0256  (0.65)  BSC 


ADI  Letter 
Designator 

PMI  Letter 
Designator 

Product 
Description 

a* 

b* 

c* 

Min 

Max 

Min 

Max 

Min 

Max 

RS-20 

20-Lead 

0.271  (6.90) 

0.295  (7.50) 

0.205  (5.21) 

0.212  (5.38) 

0.068  (1.73) 

0.078  (1.98) 

RS-24 

24-Lead 

0.318  (8.08) 

0.328  (8.33) 

0.205  (5.21) 

0.212  (5.38) 

0.068  (1.73) 

0.078  (1.98) 

RS-28 

28-Lead 

0.397  (10.08) 

0.407  (10.34) 

0.205  (5.21) 

0.212  (5.38) 

0.068  (1.73) 

0.078  (1.98) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


■  ■ 


■ 


■ 


ic  Quad  Flatpack  (PQFP) 


ADI  Letter 
Designator 

PMI  Letter 
Designator 

Product 

a* 

b* 

c* 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

S-44 

44-Terminal 

0.390  (9.91) 

0.398  (10.11) 

0.390  (9.91) 

0.398  (10.11) 

0.096  (2.44) 

S-52 

52-Terminal 

0.390  (9.91) 

0.398  (10.11) 

0.390  (9.91) 

0.398  (10.11) 

0.084  (2.13) 

0.094  (2.39) 

S-64 

64-Terminal 

0.787  (20.0) 

0.551  (14.0) 

0.122  (3.10) 

S-80 

80-Terminal 

0.7834  (19.90) 

0.7913  (20.10) 

0.6948  (17.65) 

0.7145  (18.15) 

0.1338  (3.40) 

S-160 

160-Terminal 

1.098  (27.89) 

1.106  (28.09) 

1.096  (27.84) 

1.106  (28.09) 

0.160(4.06) 

*For  complete  r 

ackage  dimensions  see  reference  manual  or  d 

ita  sheet. 

I 

I 

1 
O 

1 


Thin  Quad  Flatpack  (TQFP) 


-HK 

0.031  (0.80)  BSC 


ADI  Letter 
Designator 

PMI  Letter 
Designator 

Product 

a*                                           b*  c* 

Description 

Min  Max 

Min  Max 

Min  Max 

ST-48 
ST-64 

48-Lead 
64-Lead 

0.272  (6.91)          0.280  (7.11) 
0.547  (13.89)        0.556  (14.12) 

0.272  (6.91)         0.280  (7.11) 
0.547  (13.89)       0.556  (14.12) 

0.067  (1.70) 
0.063  (1.60) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 


r-o 

CO 


Package  Information— Outline  Dimensions 





■ 
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Thin  Small  Outline  Package  (TSOP) 


£  (0.50) 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

U-32 

32-Lead 

0.720  (18.30) 

0.728  (18.50) 

0.307  (7.80) 

0.323  (8.20) 

0.037  (0.94) 

0.0410  (1.04) 

*For  complete  package  dimensions  see  reference  manual 
Z-08,  Z-16A.BC,  Z-28 


r 


or  data  sheet. 

Z40 


0.360  ' 
(9.89) 


Z-68 


BOTTOM  VIEW 


0.055(1-40) 
0,045  (1.14) 


G;iriru|i] 


T 

b 
i 


Leaded  Chip  Carrier  (Ceramic) 


-H  c  k 


ADI  Letter 

PMI  Letter 

Product 

a* 

b* 

c* 

Designator 

Designator 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

Z-8A 

8-Lead 

0.250  (6.35) 

0.260  (6.60) 

0.250  (6.35) 

0.260  (6.60) 

0.018  (0.46) 

0.098  (2.49) 

Z-16A 

16-Lead 

0.442  (11.23) 

0.458  (11.63) 

0.442  (11.23) 

0.458  (11.63) 

0.103  (2.62) 

0.133  (3.38) 

Z-16B 

16-Lead 

0.542  (13.77) 

0.558  (14.17) 

0.542  (13.77) 

0.558  (14.17) 

0.113  (2.87) 

0.143  (3.63) 

Z-16C 

16-Lead 

0.391  (9.93) 

0.405  (10.29) 

0.2  (6.3) 

0.260  (6.60) 

0.018  (0.46) 

0.098  (2.49) 

Z-28 

28-Lead 

0.710(18.03) 

0.730  (18.54) 

0.490  (12.45) 

0.510  (12.95) 

Z-40 

40-Lead 

2.074  (52.68) 

2.116  (53.75) 

1.079  (27.41) 

1.101  (27.97) 

0.217  (5.51) 

Z-68 

68-Lead 

0.940  (23.88) 

0.960  (24.38) 

0.940  (23.88) 

0.960  (24.38) 

0.092  (2.34) 

0.118  (2.997) 

*For  complete  package  dimensions  see  reference  manual  or  data  sheet. 
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APPENDIX  24-1 


INTRODUCTION 

This  Ordering  Guide  should  make  it  easy  to  order  Analog  Devices  products.  It  will  help  you: 

1.  Find  the  correct  part  number  for  the  options  you  want. 

2.  Get  a  price  quotation  and  place  an  order  with  us,  or  one  of  our  authorized  distributors. 

3.  Know  our  warranty  for  components  and  subsystems. 

For  answers  to  further  questions,  call  the  nearest  sales  office  (listed  on  pages  24-16  and  24-17)  or  our  main  office  in  Norwood, 
Massachusetts  U.S.A.  (617-329-4700). 

MODEL  NUMBERING 

In  this  reference  manual  many  of  the  data  sheets  for  products  having  a  number  of  standard  options  contain  an  Ordering  Guide.  Use 
it  to  specify  the  correct  part  number  for  the  exact  combination  of  options  you  want.  Two  model  numbering  schemes  are  used  by 
Analog  Devices.  The  first  model  numbering  scheme  is  used  for  designating  standard  Analog  Devices  monolithic  and  hybrid  products. 
The  second  scheme  is  used  by  our  Precision  Monolithics  Division  (formerly  PMI)  as  designators  for  its  product  line. 

Figure  1  shows  the  form  of  model  number  used  for  our  proprietary  standard  monolithic  ICs  and  many  of  our  hybrids.  It  consists  of 
an  "AD"  (Analog  Devices)  prefix,  a  3-to-5-digit  number,*  an  alphabetic  performance/temperature-range  designator  and  a  package 
designator.  One  or  two  additional  letters  may  immediately  follow  the  digits  ("A"  for  second-generation  redesigned  ICs,  "DI"  for 
dielectrically  isolated  CMOS  switches,  e.g.,  AD536AJH,  AD7512DIKD). 

Figure  2  shows  a  different  numbering  scheme  used  by  our  Precision  Monolithics  Division.  This  numbering  scheme  starts  with  a  pre- 
fix which  designates  the  device  type  and  model  number.  It  is  then  followed  by  a  suffix  consisting  of  alphabetic  designators  (as  appli- 
cable) to  indicate  additional  functional  designations  or  options  and  packaging  options. 


[NANN] 

AD  XXXX  A  Y 


ANALOG  DEVICES 
PREFIX 


THREE-TO-FIVE 
DIGIT  NUMBERS 


1  OR  2  LETTERS  PROVIDE 

ADDITIONAL  GENERAL  INFORMATION 

A:  SECOND  GENERATION 

DI:  DIELECTRICALLY  ISOLATED 

Z:  OPERATION  ON  ±  12V  SUPPLIES 


PERFORMANCE  TEMPERATURE 
RANGE  DESIGNATOR1 

INCREASING 


-25°C  OR  -40°C 
TO  +85°C 


-55CTO+125°C 


,  PARAMETRIC 
'  PERFORMANCE 


BEST  OVERALL 
PERFORMANCE 

INCREASING 
r  PERFORMANCE 

BEST  OVERALL 
PERFORMANCE 

INCREASING 
PERFORMANCE 


U      BEST  OVERALL 
PERFORMANCE 


PACKAGE  OPTIONS: 

D  HERMETIC  DIP,  CERAMIC  OR  METAL 

E  CERAMIC  LEADLESS  CHIP  CARRIER 

F  CERAMIC  FLATBACK 

G  CERAMIC  PIN  GRID  ARRAY 

H  HERMETIC  METAL  CAN 

J  J-LEADED  CERAMIC 

M  HERMETIC  METAL  CAN  DIP 

N  PLASTIC  OR  EPOXY  SEALED  DIP 

P  PLASTIC  LEADED  CHIP  CARRIER 

Q  CERDIP 

R  SMALL  OUTLINE  "SO"  PACKAGE 

RS  SHRINK  SMALL  OUTLINE  PACKAGE  (SSOP) 

S  PLASTIC  QUAD  FLATPACK 

ST  THIN  QUAD  FLATPACK  (TQFP) 

T  TO-92  STYLE  PACKAGE 

U  THIN  SMALL  OUTLINE  PACKAGE  (TSOP) 

W  NONHERMETIC  CERAMIC/GLASS  DIP 

Y  SINGLE-IN-LINE  "SIP"  PACKAGE 

Z  CERAMIC  LEADED  CHIP  CARRIER 


EXAMPLES: 

AD521 KCHIPS 
AD7524AD 
AD536ASH/883B 
AD7512DIKD 


MONOLITHIC  CMOS  CHIPS  IN  THE  AD75XX  SERIES 
WERE  FORMERLY  DESIGNATED  AD75XX/COM/CHIPS 
AND  AD75XX/MIL/CHIPS  AND  MAY  APPEAR  ON  PRICE 
LISTS  WITH  THOSE  DESIGNATIONS.  CONSULT  ANALOG 
DEVICES  FOR  CURRENT  PRICING  OF  AD75XX  CHIPS. 


Figure  7.  Model-Number  Designations  for  Standard  Analog  Devices  Monolithic  and  Hybrid  IC  Products.  S,  T  and  U 
Grades  Have  the  Added  Suffix /883B  for  Devices  that  Qualify  to  the  Latest  Revision  of  MIL-STD-883,  Level  B. 


*For  some  models,  the  combination  [digit]  [letter]  [two  or  three  digits]  is  used  instead  of  ADXXXX,  e.g.,  2S80. 
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DAC-XX   Bl    E     Q  /883 


DEVICE  TYPE  AND  MODEL  NUMBER 


DEVICE  TYPE: 

ADC  ANALOG-TO-DIGITAL  CONVERTER 

AMP  INSTRUMENTATION  AMPLIFIER 

BUF  BUFFER  (VOLTAGE  FOLLOWER) 

CMP  COMPARATOR 

DAC  DIGITAL-TO-ANALOG  CONVERTER 

JAN  MIL-M-3851 0  SLASH  SHEET 

LIU  HIGH  SPEED  SERIAL  DATA  RECEIVER 

MAT  MATCHED  TRANSISTOR 

MUX  MULTIPLEXER 

OP  PROPRIETARY  OPERATIONAL  AMPLIFIER 

PKD  PEAK  DETECTOR 

PM  SECOND-SOURCE,  INDUSTRY  SPECIFICATIONS 

REF  VOLTAGE  REFERENCE 

RPT  PCM  UNE  REPEATER 

SMP  SAMPLE-AND-HOLD  AMPLIFIER 

SW  ANALOG  SWITCH 

SSM  SOLID  STATE  MUSIC  PRODUCT 

TMP  TEMPERATURE  SENSOR 


BURN-IN  OPTION 
PMI  OFFERS  MOST  0770X,  -25°/+85*C  AND  -40°/+85°C 
DEVICES  WITH  BURN-IN,  PARTS  WITH  THIS  OPTION  ARE 
SPECIFIED  WITH  THE  LETTERS  Bl  ADDED  BETWEEN  THE 
MODEL  NUMBER  AND  THE  ELECTRICAL  GRADE.  FOR 
EXAMPLE,  TO  ORDER  DAC-08EQ  WITH  BURN-IN,  THE 
PART  NUMBER  IS  DAC-08BIEQ. 


ELECTRICAL  GRADE 
SELECT  ELECTRICAL  GRADE  FROM  DATA  SHEET. 


MIL-STD-883,  CLASS  B,  REV  C  OPTION 

PMI  -55  C  TO  +1 25  C  DEVICES  ARE  AVAILABLE 
WITH  MIL-STD-883,  CLASS  B  SCREENING  AS 
STANDARD  PRODUCTS.  TO  ORDER  AN  883  PART, 
SIMPLY  ADD  THE  DESIGNATION  /883  TO  THE  PART 
NUMBER.  FOR  EXAMPLE.  THE  DAC-08AQ,  SCREENED 
TO  THE  883  REQUIREMENTS  WOULD  BE  ORDERED 
AS  A  DAC-08AO/883.  CONTACT  FACTORY  FOR  883 
DEVICE  SPECIFICATIONS. 


PACKAGE  SUFFIX 


PACKAGE  TYPE: 

H  6-LEAD  TO-78  CAN 

j  8-LEAD  TO-99  CAN 

K  10-LEADTO-100CAN 

O  NOT  USED 

p  EPOXY  DIP 

PC  PLASTIC  LEADED  CHIP  CARRIER 

Q  16-LEAD  CERAMIC  DIP 

R  20-LEAD  CERAMIC  DIP 

nc  20-position  lcc* 

S  SMALL  OUTLINE  PACKAGE 

T  2 8-LEAD  CERAMIC  DIP 

TC  2B-P0SITI0N  LCC- 

U  NOT  USED 

V  24-LEAD  CERAMIC  DIP 
X  1 8-LEAD  CERAMIC  DIP 

Y  14-LEAD  CERAMIC  DIP 
z  8-LEAD  CERAMIC  DIP 

•  AVAILABLE  WITH  MIL-STD-S83  PROCESSING  ONLY. 


Figure  2.  Precision  Monolithics  Division's  Product  Designations 


ORDERING  FROM  ANALOG  DEVICES 

When  placing  an  order,  please  provide  specific  information  regarding  model  type,  number,  option  designations,  quantity,  ship-to  and 
bill-to  address.  Prices  quoted  are  list;  they  do  not  include  applicable  taxes,  customs,  or  shipping  charges.  All  shipments  are  F.O.B. 
factory. 

Eligible  customers  may  place  their  orders  through  our  regional  customer  service  centers  by  dialing  1-800-262-5645  (U.S.A.  only)  or 
through  our  representatives  or  authorized  distributors.  (The  telephone  numbers  for  our  representatives  or  authorized  distributors  are 
listed  on  pages  24-16  and  24-17.)  Analog  Devices'  minimum  order  value  is  $500.00. 


WARRANTY  AND  REPAIR  CHARGE  POLICIES 

All  Analog  Devices,  Inc.,  products  are  warranted  against  defects  in  workmanship  and  materials  under  normal  use  and  service  for  one 
year  from  the  date  of  their  shipment  by  Analog  Devices,  Inc.,  except  that  components  obtained  from  others  are  warranted  only  to  the 
extent  of  the  original  manufacturers'  warranties,  if  any,  except  for  component  test  systems,  which  have  a  180-day  warranty.  This  war- 
ranty does  not  extend  to  any  products  which  have  been  subjected  to  misuse,  neglect,  accident,  or  improper  installation  or  applica- 
tion, or  which  have  been  repaired  or  altered  by  others.  Analog  Devices'  sole  liability  and  the  Purchaser's  sole  remedy  under  this 
warranty  is  limited  to  repairing  or  replacing  defective  products.  (The  repair  or  replacement  of  defective  products  does  not  extend  the 
warranty  period.  This  warranty  does  not  apply  to  components  which  are  normally  consumed  in  operation  or  which  have  a  normal  life 
inherently  shorter  than  one  year.)  Analog  Devices,  Inc.,  shall  not  be  liable  for  consequential  damages  under  any  circumstances. 


THE  FOREGOING  WARRANTY  AND  REMEDY  ARE  IN  LIEU  OF  ALL  OTHER  REMEDIES  AND  ALL  OTHER 
WARRANTIES,  WRITTEN  OR  ORAL,  STATUTORY,  EXPRESS,  OR  IMPLIED,  INCLUDING  ANY  WARRANTY 
OF  MERCHANTABILITY  OR  FITNESS  FOR  A  PARTICULAR  PURPOSE. 

■ 


APPENDIX  24-3 


Product  Families  Still  Available 


The  information  published  in  this  Reference  Manual  is  intended  to  assist  the  user  in  choosing  components  for  the  design  of  new 
equipment,  using  the  most  cost-effective  products  available  from  Analog  Devices.  The  popular  product  types  listed  below  may  have 
been  designed  into  your  circuits  in  the  past,  but  they  are  no  longer  likely  to  be  the  most  economic  choice  for  your  new  designs.  Never- 
theless, we  recognize  that  it  is  often  a  wise  choice  to  refrain  from  redesigning  proven  equipment,  and  we  are  continuing  to  make  these 
products  available  for  use  in  existing  designs.  Data  sheets  on  these  products  are  available  upon  request. 


Model 

Model 

Model 

AC1226 

AD532 

AD2700 

AC2626 

■ 

AD533 

AD2701 

AD2S44 

AD535 

AD2702 

AD2S47 

AD545 

AD2710 

AD2S65 

AD545A 

■ 

AD2712 

AD2S66 

AD561 

AD5200  Series 

AD2S75 

AD562 

AD5210  Series 

AD2S110 

AD563 

AD7001 

AD203 
AD230 

AD567 
AD572 

AD7002 
AD7010 

AD231 

AD578 

AD7011 

AD231A 

AD579 

AD7110 

AD232 

AD582 

AD7118 
AD7228 
AD7237 
AD7240 
AD7245 

AD232A 

AD233 

AD233A 

AD234 

AD235 

AD611 
AD632 
AD639 

AD651 
AD675 

AD7247 

AD236 

AD730 

AD7248 

AD237 

AD741 

AD7341 

AD238 

AD773 

AD7371 

AD239 

AD774 

AD7501 

AD241 

AD796 

AD7502 

AD246 

AD803 

AD7503 

AD346 

AD805 

AD7506 

AD363 

AD880 

AD7507 

AD363R 
AD364 

AD890 
AD891 

AD7510DI 
AD7511DI 

AD364R 

AD891A 

AD7512DI 

AD365 

AD892T/E 

AD7520 

AD380 

AD896 

AD7522 

AD386 

AD897 

AD7523 

AD389 

AD899 

AD7525 

AD390 

AD1139 

AD7533 

AD394 

AD1154 

AD7534 

AD395 

AD1170 

AD7535 

AD396 

AD1315 

AD7536 

AD503 

AD1317 

AD7541 

AD504 

AD  1320 

AD7541A 

AD506 

AD  1324 

AD7542 

AD507 

AD507SH/883B 

AD1334 
AD1341 

AD7543 
AD7545 

AD510 

AD  1362 

AD7545A 

AD515 

AD1376 

AD7546 

AD515A 

AD1377 

AD7548 

AD517 

AD1378 

AD7549 

AD518 

AD1380 

AD7572 

AD521 

AD  1403 

AD7572A 

AD522 

AD2026 

AD7574 

Model 

AD7576 
AD7578 
AD7579 
AD7580 
AD7581 
AD7582 
AD7586 
AD7590DI 
AD7592DI 
AD7672 
AD7716 
AD7769 
AD7773 
AD7774 
AD7775 
AD7820 
AD7848 
AD7850 
AD9003 
AD9003A 
AD9005A 
AD9007 
AD9014 
AD9034 
AD9502 
AD9505 
AD9560 
AD9610 
AD9611 
AD9686 
AD9703 
AD22001 
AD22050 
AD22150 
AD75019 
AD75069 
AD75089 
AD75090 
AD79024 
AD  ADC71 
AD  ADC72 
AD  ADC80 
AD  ADC84 
AD  ADC85 
ADC170 
ADC908 
ADC910 
ADC912 
ADC912A 


Model 

ADC  11 30 

ADC1131 

ADC  1140 

ADC  1143 

AD  DAC08 

ADDAC71 

AD  DAC72 

ADEB770 

ADG221 

ADG222 

ADG445 

ADG506A 

ADG507A 

ADG526A 

ADG527A 

ADG528A 

ADG529A 

AD  OP07 

AD  OP27 

AD  OP37 

ADSP-1008A 

ADSP-1009A 

ADSP-1010A 

ADSP-1010B 

ADSP-1012A 

ADSP-1016A 

ADSP-1024A 

ADSP-1080A 

ADSP-1081A 

ADSP-1101 

ADSP-1110A 

ADSP-1401 

ADSP-1402 

ADSP-1410 

ADSP-3128A 

ADSP-3201 

ADSP-3202 

ADSP-3210 

ADSP-3211 

ADSP-3212 

ADSP-3220 

ADSP-3221 

ADSP-3222 

ADV101 

ADV453 

ADV471 

ADV473 

ADV475 

ADV476 
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Model 

ADV477 

ADV478 

ADV7120 

ADV7121 

ADV7122 

ADV7128 

ADV7141 

ADV7146 

ADV7148 

ADV7150 

ADV7151 

ADV7152 

ADVFC32 

AMP03 

AMP05 

BUF03 

CAV1210 

CMP01 

CMP02 

CMP05 

CMP08 

CMP404 

DAC01 

DAC02/03 

DAC05/06 

DACIO 

DAC20 

DAC86 

DAC88 

DAC89 

DAC100 

DAC210 

DAC888 

DAC1136 

DAC1138 

DAC1146 

DAC1408A 

DAC1508A 

DAC8012 

DAC8143 

DAC8212 

DAC8841 

DAS  1152 

DAS  11 53 

DAS  11 58 

DAS  11 59 


Model 

DRC1745 

DRC1746 

HDS1240E 

HDS1250A 

HOS050/050A/050C 

HOS060/060A 

HTC0300A 

HTSOOIO 

HTS0025 

IPA1764 

JM38510/11301/11302 

LIUOl 

MUX88 

OP01 

OP02 

OP04 

OP05 

OP06 

OP08 

OP09 

OPIO 

OP11 

OP12 

OP14 

OP15 

OP16 

OP17 

OP20 

OP21 

OP22 

OP32 

OP41 

OP43 

OP44 

OP50 

OP61 

OP64 

OP65 

OP80 

OP111 

OP  147 

OP  150 

OP  160 

OP166 

OP207 

OP215 


Model 

OP227 

OP260 

OP421 

OSC1758 

PKD01 

PM 108/208/308 

PM1 11/211 

PM119 

PM139 

PM  148/248 

PM155 

PM155A 

PM156 

PM156A 

PM157 

PM157A 

PM219 

PM239 

PM248 

PM308 

PM355 

PM356 

PM562 

PM725 

PM741 

PM747 

PM0820 

PM0828 

PM1008 

PM1012 

PM2108 

PM4136 

PM6012 

PM7224 

PM7226 

PM7226A 

PM7524 

PM7528 

PM7533 

PM7541 

PM7541A 

PM7542 

PM7543 

PM7545 

PM7548 

PM7574 


Model 


PM7645 


REF03 
REF05 
REF08 
REF10 
RPT82 
RPT83 
RPT85 
RPT86 
RPT87 

SDC1740/RDC1740 
SDC1741/RDC1741 
SDC1742/RDC1742 
SMP10 
SMP11 
SMP81 
SSM2013 
SSM2014 
SSM2015 
SSM2016 
SSM2018 
SSM2044 
SSM2045 
SSM2047 
SSM2100 
SSM2110 
SSM2120 
SSM2122 
SSM2125 
SSM2126 
SSM2131 
SSM2132 
SSM2134 
SSM2139 
SSM2210 
SSM2220 
SSM2300 
SW01/02 
SW201 
SW202 
SW75 10/75 11 
1B21 
1B22 
1B31 
1B32 


Model 

1B41 
1B51 
1S74 
2B20 
2B22 
2B23 
2B24 
2B31 
2B34 
2B50 
2B52 
2B53 
2B54 
2B55 
2B56 
2B57 
2B58 
2B59 
2S50 
2S80A 
2S81A 
2S82A 
3B  Series 
4B  Series 
5B  Series 
6B  Series 
7B  Series 
277 
281 
284J 
286J 
289 
290 
290A 
292 
292A 
310 
365 
429 
451 
453 
460 
741A 
755 
757 
759 
950 
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Analog  Devices  offers  a  wide  variety  of  high  performance  DSP  products.  These  products  are  not  included  in  this  manual  be- 
cause our  new  Digital  Signal  Processing  Reference  Manual  is  scheduled  for  publication  in  late  1994.  That  reference  manual  will 
provide  complete  data  sheets  for  the  design-in  products  listed  below. 


Model 

AD28msp01 

AD28msp02 

AD  1848 

AD  1849 

AD1851 

AD1856 

AD  1860 

AD1864 

AD1865 

AD1866 

AD  1868 

AD1878 

AD  1879 

ADDS-2100A-ICE 

ADDS-2101-EZ 

ADDS-2101-ICE 

ADDS-2111-EZ 

ADDS-2111-ICE 

ADDS-21msp50-EZ 

ADDS-21msp50-ICE 

ADDS-21xx-Software 

ADDS-21020-EZ 

ADDS-2 1  Oxx-Software 

ADSP-2100 

ADSP-2100A 

ADSP-2101 

ADSP-2102 

ADSP-2103 

ADSP-2105 

ADSP-2106 

ADSP-2111 

ADSP-2112 

incn  o  1  1  c 
A1JM  113 

ADSP-21msp50A 

ADSP-21msp51 

ADSP-21msp55A 

ADSP-21msp56A 

ADSP-21010 

ADSP-21020 
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Substitution  Guide 


The  products  listed  in  the  left-hand  column  are  no  longer  available  from  Analog  Devices.  In  many  cases,  comparable  functions  and 
performance  may  be  obtained  with  newer  models,  but — as  a  rule — they  are  not  directly  interchangeable.  The  closest  recommended 
Analog  Devices  equivalent,  physically  and  electrically,  is  listed  in  the  right-hand  column.  If  no  equivalent  is  listed,  or  for  further  in- 
formation, contact  your  local  sales  office. 


Closest 

Closest 

Closest 

Recommended 

Recommended 

Recommended 

Model 

Equivalent 

Model 

Equivalent 

Model 

Equivalent 

AD2S34 

None 

ADI  147/48 

AD669 

AD7527 

AD7548 

AD2S46 

None 

AD1175 

RTI870 

AD7530 

AD7533 

AD101A 

PM1008 

AD1321 

AD  1324 

AD7531 

AD7541A 

AD  108/208/308 

AD705 

AD  1322 

AD  1324 

AD7544 

AD7548 

AD108A/208A/308A 

AD705 

AD  1332 

None 

AD7550 

Consult  ADI 

AD1 11/21 1/311 

AD790 

AD  1408 

AD558 

AD7552 

Consult  ADI 

AD201A 

PM2008 

AD  1508 

AD558 

AD7555 

Consult  ADI 

AD206 

None 

AD1678 

AD678 

AD7560 

None 

AD293 

AD210 

AD1679 

AD679 

AD7570 

AD7579/AD7580 

AD294 

AD210 

AD  1779 

AD779 

AD7571 

AD7579/AD7580 

AD295 

AD210 

AD1885 

None 

AD7583 

AD7880+MUX 

AD301A 

PM3008 

AD2002 

None 

AD7772 

Consult  ADI 

AD345 

AD  1324 

AD2003 

None 

AD9005 

AD9005B 

AD351 

AD790 

AD2004 

None 

AD9006 

None 

AD362 

AD  1362 

AD2006 

None 

AD901 1 

AD9002 

AD367 

None 

AD2008 

None 

AD9016 

None 

AD368 

None 

AD2009 

None 

AD9020SE/883B 

AD9020SZ/883B 

AD369 

None 

AD2010 

None 

AD9020TE/883B 

AD9020TZ/88  3B 

AD370/371 

AD767 

AD2016 

None 

AD9028 

None 

AD376 

AD1376 

AD2020 

None 

AD9038 

None 

AD381 

AD744 

AD2021 

None 

AD9040 

AD9040A 

AD382 

AD744/AD845 

AD2022 

None 

AD9060SE/883B 

AD9060SZ/883B 

AD392 

AD664 

AD2023 

None 

AD9060TE/883B 

AD9060T7/883B 

AD395/883B 

AD394/883B 

AD2024 

None 

AD9300TE/883B 

AD9300TQ/883B 

AD501 

AD711 

AD2025 

None 

AD9521 

AD640 

AD502 

AD711 

AD2027 

None 

AD9615 

AD9611/AD9617 

AD505 

AD843 

AD2028 

None 

AD9630AQ 

AD9630AN 

AD506SH/883B 

AD42626 

AD2033 

None 

AD9630SQ/883B 

AD9630AN 

AD508 

AD517 

AD2036 

None 

AD9685 

AD96685 

AD509 

AD843 

AD2037 

None 

AD9687 

AD96687 

AD511 

AD711 

AD2038 

None 

AD9688 

AD9002 

AD512 

AD711 

AD2040 

None 

AD9712 

AD513 

AD711 

AD2050 

None 

AD9713 

AD9713B 

AD514 

AD711 

AD2051 

None 

AD9768JQ 

AD9768JD 

AD516 

AD711 

AD2060 

None 

AD9768SQ 

AD9768SD 

AD520 

AD524 

AD2061 

None 

AD9768SE 

AD9768SD 

AD523 

AD549 

AD2070 

None 

AD9950 

AD9955 

AD528 

AD7 11/744 

AD2071 

None 

AD75062 

AD530 

AD533 

AD3554 

None 

AD75068 

None 

AD531 

AD532 

AD3860 

AD567 

AD  ADC816 

AD7820/AD7821 

AD540 

AD544 

AD50 10/6020 

AD9000 

ADC8S 

AD673 

AD559 

AD557/AD558 

AD5201 

AD578 

ADC10Z 

AD574A 

AD565 

AD565A 

AD5202 

AD5212 

ADC12QL 

AD7578 

AD566 

AD566A 

AD5204 

AD5214 

ADC12QM 

None 

AD575 

AD573 

AD5205 

AD5215 

ADC12QZ 

AD574A 

AD583 

AD585 

AD5211 

AD578 

ADC  141/ 171 

AD1170 

AD612 

AD524 

AD5240 

AD  ADC85 

ADC16Q 

None 

AD614 

AD524 

AD6012 

AD565A 

ADC1100 

ADI  170 

AD674A 

AD674B 

AD7005 

AD7011/AD7013 

ADC  11 02 

AD7870 

AD682 

AD781 

AD7115 

AD7111 

ADC1103 

AD7572A 

AD689 

AD587 

AD7513 

ADG201A 

ADC1105 

Consult  ADI 

AD770 

Consult  ADI 

AD7516 

AD7510DI 

ADC1109 

AD7572A 

AD801 

AD711 

AD7519 

None 

ADC1111 

AD574A 

AD1145 

AD7846 

AD7521 

AD7541A               ADO  121 

AD7880 
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Closest 

Closest 

Closest 

|P  JL.  L-LmiLl.ILlLjl.ll.j1 

Recommended 

xvcLuiiiuieiiucu 

Model 

Equivalent 

Model 

Equivalent 

Model 

ADC  1123 

AD7880 

DAC1108 

AD568 

MAS1202 

AD9005B 

ADC  1133 

AD574A 

DAC1112 

AD667 

MAT01/883C 

MAT01AH/883C 

ADCQM 

None 

DAC1U7 

None 

MAT02BH 

MAT02AH 

ADCQU 

AD574A 

DAC1118 

AD767 

MAT02BH/883C 

MAT02AH/883C 
AD90 12/48 

ADDAC100 

AD561 

DAC1122 

AD7541A 

MATV0811 

ADG200 

None 

DAC1125 

AD7533 

MATV0816 

AD90 12/48 

ADG201 

ADG201A 

DAC1132 

AD667 

MATV0820 

AD9012/48 

ADLH0032 

None 

DAC1137 

None 

MCI1794 

AD2S80A/82A 

ADLH0033 

None 

DAC1408-6P 

DAC1408-8P 

MDA  Family 

AD9712B/13B 

ADLH0032G/CG 

AD843 

DAC1408-7P 

DAC1408-8P 

MDD  Series 

AD9713B 

ADLH0033G/CG 

AD9620/AD9630 

DAC1408-7Q 

DAC1408-8Q 

MDH  Family 

AD9712B/13B 

ADM501 

None 

DAC1408-GQ 

DAC1408-8Q 

MDMS  Family 

AD9712B/13B 

ADP501 

None 

DAC1420 

None 

MDS  Family 

AD9712B/13B 

ADREF01 

REF01 

DAC1422 

None 

MDSL  Family 

AD9712B/13B 

ADREF02 

REF02 

DAC1423 

None 

MOD  1005/20 

AD9020/60 

ADSHC85 

AD585 

DAC1508A-8Q 

DAC1408-8Q 

MOD  1205 

AD9005B 

ADSHM5 

HTC0300A 

DAS09 

AD8401 

MUX08AQ 

MUX08BQ 

AMP01BX 

AMP01AX 

DAS  1128 

AD1341 

MUX24AQ 

MUX24EQ 

AMP01BX/883C 

AMP01AX/883C 

DAS  1150 

None 

MUX24BQ 

MUX24FQ 

AMP05BX 

AMP05AX 

DAS1151 

None 

MUX16AT 

MUX16ET 

AMP05BX/883C 

AMP05Z/883C 

DAS1155 

None 

MUX16BT 

MUX16FT 

API1620/1718 

Consult  ADI 

DASH  56 

None 

MUX200 

None 

BDM1615/16/17 

None 

DAS1157 

DAS  1158 

OP01HJ 

OP01J 

BUF03BJ/883C 

BUF03AJ/883C 

DRC 1605/06/07 

Consult  ADI 

OP01HZ 

OP01HP 

CAV0920/1020 

AD9020/9060 

DRC 1705/ 1706 

Consult  ADI 

OP02BJ 

OP02AJ 

CAV1202 

AD9007 

DRC1765/66 

AD2S65/66 

OP02BJ/883C 

OP02AJ/883C 

CAV1205 

AD9007 

DSC  1605/06/07 

Consult  ADI 

OP02EJ 

OP07DJ 

CMP01Z 

CMP01J 

DSC  1705/1 706 

Consult  ADI 

OP02EP 

OP177GP 

CMP05BJ 

CMP05CJ 

DSC  1765/66 

None 

OP02EZ 

OP177GZ 

CMP05BZ 

CMP05CZ 

DTM1716/17 

None 

OP02J 

OP02AJ 

CMP05GJ 

CMP05CJ 

HAS0802 

HAS1202A 

OP02/883C 

OP02AZ/883C 

CMP404BY 

CMP404AY 

HAS  1002 

HAS1202A 

OP04DY 

OP04CY 

CMP404BY/883C 

CMP404AY/883C 

HAS  1202 

HAS1202A 

OP04GBC 

OP04NBC 

DAC02ACX1 

DAC02CCX1 

HDD1015  AD9712B 

OP04Y/883C 

OP04AY/883C 

DAC05AX1 

DAC02CCX1 

HDD  1409 

None 

OP05Z 

OP05AZ 

DAC05EX1 

DAC02CCX1 

HDG  Series 

AD9701 

OP05/883C 

OP05AZ/883C 

DAC10BX 

DAC10FX 

HDG0805 

AD9701 

OP06BJ/883C 

OP06AJ/883C 

DAC10CX 

DAC10GX 

HDH0802 

AD9713B 

OP06EZ 

OP06GZ 

DAC10DF 

AD568 

HDH1003 

AD9713B 

OP06FZ 

OP06GZ 

DAC10H 

None 

HDH1205 

AD9713B 

OP08AJ 

PM1008AJ 

DACIOZ 

None 

HDL3805 

ADV453/ADV478 

OP08AJ/883C 

PM1008AJ/883C 

DAC12QS 

AD667 

HDL3806 

ADV453/ADV478 

OP08AZ/883C 

PM1008AZ/883C 

DAC12QZ 

AD667 

HDM1210 

AD668/AD9713B 

OP08CZ/883C 

PM1008AZ/883C 

DAC12M 

AD7845 

HDS0810E 

AD9712B 

OP08EJ 

PM1008EJ 

DAC14QM 

AD1139 

HDS0820 

AD9713B 

OP08EZ 

PM1008EZ 

DAC16QM 

ADI  139 

HDS1015E 

AD9712B 

OP09ARC/883C 

OP11ARC/883C 

DAC100AAQ7 

DAC100ACQ7 

HDS1025 

AD9713B 

OP09FY 

OP09EY 

DAC100AAQ8 

DAC100ACQ8 

HDS1250 

HDS1250A 

OP12BZ 

OP12AZ 

DAC100ABQ7 

DAC100ACQ7 

HOS100AH/SH 

None 

OP12CZ 

OP12AZ 

DAC100ABQ8 

DAC100ACQ8 

HOS200 

AD9620/30 

OP12GZ 

OP12FZ 

DAC100BBQ5/ 

DAC100ACQ5/ 

HTC0300 

HTC0300A 

OP14DZ 

OP14CZ 

883C 

883C 

HTC0500 

HTC0300A 

OP14GRBC 

OP14GBC 

DAC100BCQ7 

DAC100BBQ7 

IPA1751 

IPA1764 

OP14J/883C 

OP14AJ/883C 

DAC100DDQ7 

DAC100CCQ7 

IRDC1730/31/33 

AD2S80A/82A 

OP15BJ 

OP15AJ 

DAC312BR 

DAC312ER 

rvsioo 

None 

OP15BZ 

OP15AZ 

DAC888AX 

DAC888EX 

MAH0801 

AD9005B 

OP16BJ 

OP16AJ 

DAC888BX 

DAC888EX 

MAH1001 

AD9005B 

OP17BZ/883C 

OP17AZ/883C 

DAC1009 

AD767 

MAS0801 

AD9005B 

OP17CJ 

OP17AJ 

DAC1106 

AD568                     MAS1001  AD9005B 

OP17FJ 

OP17EJ 
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Closest 

Closest 

Closest 

Recommended 

Recommended 

Model 

Recommended 

Model 

Equivalent 

Model 

Equivalent 

Equivalent 

npi  7TJ7 
Ur  1  /rZ. 

OP17EZ 

^T-TA^ 

AD585 

VJ1  ZUCJ 

CT-TAd, 
J  flirt 

AD585 

146 

AD382 

Ul  Z  1  UtVDL 

Ul  —  I  V  J  1_> 

SHA5 

148 

AD549 
AD844 

Ul  Z  1 DI5J 

OP91  5AT 

SHA6 

None 

149 

UrZ  1  jDJ/OO  5Li 

OP9 1  SAT/RS^P 
ui  z  i  jrvj/ oojjvj 

cur  a  |  |  14 

AD585 

1D3 

AD517 
None 

npo  i  £;P7 

OP24  5AZ 

CT_T  A  1  1  -XA 

None 

1U  1 

U  r  Z 1  j  C  Z./  0  0  j  C 

OP9 1  SP.7/P.83 

CTJA  1  1  AA 

onni  iti 

None 

HPO  1  RT 
Ul  ZlDj 

OP91  AT 

ui  Z  IrtJ 

ATiSRo 

1  AS 
1  "J 

None 

OPO 1 R7 

OP91  A7 

Ul  Z>  1  AZ> 

SWMo/'ST-TMaTa' 
o  n  J. vi  j  1 o  n.  i  vi  j  in. 

None 

170 

Ul  Z1E.J 

0P21AJ 

OlVll  1  UD  I 

ciupi  oAY 

OlVll  1  u/i  I 

171 

None 

Ul  ZZUlSJ 

OP990.AT 

Ul ^tUAj 

ciufpi  nRV/ 

olVll  1  UD  I  / 

ciupi  HAY/ 

OJVll  I  uA  I  / 

1  OVJ 

AT)  OP07 

lWJ  U 1  \)  1 

HPOl  AT 
UrZZAJ 

nP99AT/RR^r' 

OOJVj 

00  ju 

1  ft^ 

1 0  J 

urZZriJ 

Ul  ZZAJ/OOjC 

CTJA  1  AflC 

aJrAloyj 

None 

1  QA 
104 

ATi7H7 

0"2  1D7 

Ul  jZ/YZ. 

1  lOZl 

AT\OCQAA/QOA 
AJJZOOUA/OZA 

oon 
ZZU 

None 

QMXOl 

None 

soC  1  1 622/23 

None 

oin 
Z30 

None 

RDC1725 

consult  AU1 

CTD  A  "3 

5>  I 1303 

None 

O^  1 

231 

None 

TA/'"*  1  O  O  £ 

RDC1726 

consult  ajji 

MM  oenes 

-  „  ,, ,  1  fr    A  T\T 

consult  AJJI 

o^o 
Z3Z 

XTrt«a 

None 
None 

T1TX/-^1  OOO 

RDC1728 

/"'nam-nl*  ATM 

consult  ajji 

CW7A  IDA 

aWOlrQ 

Z33 

RDC1767 

Pn«i\,iU   A  TAT 

consult  ajji 

CWJO  cinAA 

5>W7510AQ 

C\V7"7C  1  AC  A 

oW7510r,vi 

Z34 

None 

KDC1768 

PnnnnU     A  TXT 

consult  ajji 

CW7TC  1  nDA 

oW751UJ3Q 

oW7510rv2 

Z35 

None 

RSC 1 1 62 1 

A  lTIOOrt  A  /QO  A 

CW70  CI  1  AA 

oW751 1AQ 

ow1577dQ 

260 

AD707 

T»0"*TOO  A 

R I 1870 

in  one 

TTJA  TT  ■  ■■  ■  ;i. ■ 

1 HL  ramily 

H 1  C0300A 

261 

OP  177 

Rl 1980 

None 

TT_IC  X7A«n>1.F 

Ins  ramily 

T  ITT"  A  T  A  A  A 

ri  1  C0300A 

272 

None 

Rril200 

Kl  1  / 1 1  series 

TCI    1  C  1  o 

* .    *  TAT 

Consult  AJJI 

273 

None 

T)  TT  1  1 

Rl  11201 

TJT'T'7  1  1  Cafior- 

Rl  1  / 1 1  oenes 

1  MO/20 

A  TXOCOA  A  /OO  A 

AU25>ouA/ozA 

274J 

284J 

Rl  11202 

TJTT'7  11  CaM^ct 

Kii/1 1  oenes 

1 M  4/24/44/04/74 

A  TXOC  C3 

AU2oo3 

275 

A  T\0  1  A 

AJJzlO 

ti  t*t  i  o  o  a 

RTI 1 230 

None 

1S60/61 

A  TAO  O  O  A  A  lO  O  A 

AD25>80A/82A 

276 

None 

Rl  11231 

None 

2B30 

2B31 

279 

286J 

Tl  O^T  1  ^  O  O 

RII1232 

None 

2B35 

None 

280 

281 

RTI  1240 

None 

2S20 

A  IAACOA  A  /OO  A 

AD2S80A/82A 

28 2J 

292A 

RTI  1241 

None 

2S54 

Consult  ADI 

28 3J 

292A 

R1I1242 

None 

2S56 

Consult  ADI 

285 

-  -  - ■■          A  TXT 

Consult  ADI 

T~\  T'T  i  rt  Jo 

Rl  11243 

None 

2S58 

Consult  ADI 

287 

None 

IDT1!  1  OCA 
Rl  11250 

None 

5!wO/55w2 

A  TAOC7C 

AD2S75 

288 

AD210 

T'T  1  O  C  1 

R1I1251 

None 

AOOA/OI  VOO 

9S70/71/72 

None 

293 

AD210 

n  tt  i  o  c  o 

Rl  11252 

None 

AOOC  ZO£  /"7ft 

95>75/7o/79 

None 

294 

AD210 

nrrT1  OTA 

Rl  11270 

None 

40 

AD711 

301 

310  (Module) 

RIM  oenes 

consult  AJJI 

41 

AD515A 

302 

310  (Module) 

OACl  /DJ 

None 

A  O 

4Z 

AIJD4y 

31 1 

A  TXC  Aft 
AJJD4y 

oiJCJJl  OZ/D3/ 

43 

A  TT?  A  O 

35U 

None 

DO/D  f 

None 

44 

AJJo4!5 

/IOO 

4zz 

None 

Gf^TW  1  AO1! 

oCJjXlo23 

None 

45 

AD  7  44 

424 

AD534 

oCMlu  /  / 

None 

46 

AD844 

425 

AD534 

cnr1 1  a ao  /■a  /a 
OUCloUz/3/4 

Pnnpntt   A  TXT 

nonsuit  ajji 

47 

AD845 

426 

AD534 

CR/"1  1  OA  A 

MJC1700 

Consult  ajji 

48 

AD845 

427 

None 

oJJCl  /Uz 

Prtticult-  A  TXT 

consult  ajji 

50 

A  T~\0  A  A 

AJJ844 

428 

A  neio 
AD538 

ojjci  /U3 

consult  ajji 

51 

A  T^Q  A  A 

AIJ844 

432 

None 

oDCl  /U4 

consult  aijj 

52 

A  mm 

AJJ707 

433 

AD  5  34 

5r*f>  1711 
olJL  1/11 

None 

i  no 
1UZ 

AU045 

434 

AD534 

SDC1721 

None 

106 

AD711 

435 

AD734 

SDC1725 

Consult  ADI 

107 

AD711 

436 

AD734 

SDC1726 

Consult  ADI 

108 

AD845 

440 

None 

SDC1728 

Consult  ADI 

110 

AD845 

441 

None 

SDC1767 

Consult  ADI 

118 

AD711 

442 

None 

SDC1768 

Consult  ADI 

120 

AD844 

450 

AD652 

SERDEX 

None 

141 

AD711 

452 

None 

SHA1A 

AD585 

142 

AD845 

454 

AD537 

SHA2A 

AD781 

143 

AD845 

456 

AD537 
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.  .  . 


458 

602J10 

602J100 

602K100 

603 

605 

606 

610 

751 

752 

756 

901 

903 

904 

906 

907 


909 
915 
921 
926 
927 
928 
931 
932 
933 
935 
942 
944 
946 
947 

951 
952 
953 
956 
959 
964 
965 
967 
968 
971 
972 
973 
974 
977E 


Recommended 
Equivalent 

460 

AD524 

AD524 

AD524 

AD524 

AD524 

AD625 

AD625 

None 

759 

None 

9022 

905 

9022 

905 

None 

None 

None 

9022 

None 

None 

None 

922 

None 

None 

None 

None 

None 

None 

None 

Consult  ADI 

Consult  ADI 

None 

970 

966 

None 

960 

None 

940 

None 

945 

None 

None 

975 

None 

977 


! 
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Technical  Publications 


Analog  Devices  provides  a  wide  array  of  FREE  technical  publi- 
cations. These  include  data  sheets,  reference  manuals  and  cata- 
logs, application  notes  and  guides,  and  three  serial  publications: 
DSPatch™,  a  newsletter  about  digital  signal-processing  (applica- 
tions); Analog  Briefings'1',  current  information  about  products  for 
military/avionics  and  the  status  of  reliability  at  ADI;  and  Analog 
Dialogue,  our  technical  magazine,  with  in-depth  discussions  of 
products,  technologies  and  applications. 

In  addition  to  the  free  publications,  a  group  of  technical  refer- 
ence books  containing  a  wealth  of  tutorial  material  are  available 
at  reasonable  cost.  Subsystem  chip  sets  are  supported  with  hard- 
ware, software,  and  user  documentation,  at  prices  related  to 
content. 

An  overview  of  Analog  Devices  is  available  in  a  20-page  bro- 
chure entitled:  Analog.Digital.Solutions.  It  discusses:  a  vision  of 
the  future  and  the  key  role  of  signal  processing  using  analog, 
mixed-signal,  and  digital  ICs;  what  we  offer  electronic  OEMs  in 
standard-function  ICs  and  in  devices  for  such  specialized  mar- 
kets as  computers,  communications,  transportation  and  indus- 
try; as  well  as  our  capabilities  and  resources,  our  commitment  to 
customer  support  and  satisfaction,  the  global  scale  of  our  busi- 
ness, and  our  commitment  to  the  future. 

Brief  descriptions  of  typical  technical  publications  appear  below. 
For  copies  of  any  items,  to  subscribe  to  any  of  our  free  serials  or 
to  request  any  other  publications,  please  get  in  touch  with  your 
nearest  sales  office  or  the  Analog  Devices  literature  center; 
phone  (617)  461-3392;  toU  free  in  U.S.,  800-262-5643;  or  fax 
(617)  821-4273. 

REFERENCE  MANUALS  AND  CATALOGS 
Data  Acquisition  Products  Reference  Manuals 

These  databooks  contain  selection  guides,  data  sheets  and  other 
useful  information  about  all  Analog  Devices  ICs,  hybrids,  mod- 
ules and  subsystem  components  recommended  for  new  designs. 
In  the  current  series: 

AMPLIFIER  REFERENCE  MANUAL— 1992.  Data  sheets 
and  selection  guides  to  Operational  Amplifiers,  Comparators, 
Instrumentation  Amplifiers,  Isolation  Amplifiers,  Mixed-Signal 
ASICs,  Power  Supplies. 

APPLICATIONS  REFERENCE  MANUAL-1993.  A  1,344- 
page  collection  of  210  application  notes,  technical  articles,  and 
other  design  tutorials  on  such  topics  as  audio  and  video  circuits, 
A/D  and  D/A  conversion,  data  acquisition  and  signal  condition- 
ing, digital  signal  processing,  sigma-delta  conversion,  and  much 
more.  Cross-indexed  by  topic,  product,  subject,  and  application- 
note  number. 

SPECIAL  LINEAR  REFERENCE  MANUAL-1992.  Data 
sheets  and  selection  guides  to  Analog  Multipliers/Dividers,  Sig- 
nal Compression  Components,  RMS-to-DC  Converters,  Mass 
Storage  Components,  ATE  Components,  Special  Function 
Components,  Matched  Transistors,  Temperature  Sensors,  Signal 
Conditioning  Components,  Automotive  Components,  Digital 
Signal  Processing  Products,  Mixed-Signal  ASICs,  Power  Supplies. 

DATA  CONVERTER  REFERENCE  MANUAL-1992: 
Volumes  1  and  2.  Data  sheets  and  selection  guides  on  A/D  and 
D/A  Converters,  V/F  and  F/V  Converters,  Synchro/Resolver-to- 
Digital  Converters,  Sample/Track-Hold  Amplifiers,  Switches 


and  Multiplexers,  Voltage  References,  Data-Acquisition  Sub- 
systems, Analog  I/O  Ports,  Communications  Products,  Bus 
Interface  and  I/O  Products,  Application-Specific  ICs,  Digital 
Panel  Meters,  Power  Supplies. 

MILITARY/AEROSPACE  REFERENCE  MANUAL-1994. 
Information  and  data  on  products  available  with  processing  in 
accordance  with  MIL-STD-883.  Data  sheets  and  selection 
guides  on  Operational  Amplifiers,  A/D  and  D/A  Converters, 
Digital  Signal  Processing,  Instrumentation  Amps,  Multipliers/ 
Dividers,  V/F  &  F/V  Converters,  Switches  &  Multiplexers, 
Sample/Track-Hold  Amplifiers,  Voltage  References  and  Special 
Function  Components. 

POWER  SUPPLIES* -Linear  Supplies  «DC-DC  Converters. 
12-page  Short  Form  Catalog  listing  AC/DC  Power  Supplies, 
Modular  DC/DC  Converters,  Power-Supply  Test  Procedures, 
Transients,  Thermal  Derating,  Mechanical  Outlines  of  Packages 
and  Sockets. 

APPLICATION  NOTES 

Available  individually  upon  request: 

Accelerometers 

"Compensating  for  the  0-g  Offset  Drift  of  the  ADXL50 
Accelerometer"  [AN-380] 

"Increasing  the  Frequency  Response  of  the  ADXL50" 
[AN-377] 

"Mounting  Considerations  for  the  ADXL50"  [AN-379] 
"Reducing  the  Average  Power  Consumption  of  the  ADXL50" 
[AN-378] 

"Using  the  ADXL50  Accelerometer  in  Low-g  Applications" 
[AN-374] 

"Using  the  ADXL50EM  Accelerometer  Evaluation  Module" 
[AN-376] 

A/D  Converters 

"AD671  12-Bit,  2-MHz  ADC  Digitizes  CCD  Outputs  for 
Imaging  Applications"  [AN-298] 
"AD7672  Converter  Delivers  12-Bit  200-kHz  Sampling 
Systems"  [AN-294] 

"Asynchronous  Clock  Interfacing  with  the  AD7878"  [AN-291] 
"Bipolar  Operations  with  the  AD7572"  [E1010A] 
"Circuit  Delivers  for  16-Bit,  150-kHz  Multichannel  Sampling 
System"  [AN-341] 

"Evaluation  Board  for  the  AD7701/AD7703  Sigma-Delta  A/D 
Converters"  [AN-368] 

"Evaluation  Board  for  the  AD7711  24-Bit,  Sigma-Delta  Con- 
verter" [AN-366] 

"Evaluation  Board  for  the  AD7712  24-Bit,  Sigma-Delta  Con- 
verter" [AN-365] 

"Evaluation  Board  for  the  AD7713  24-Bit,  Sigma-Delta  Con- 
verter" [AN-367] 

"FIFO  Operation  and  Boundary  Conditions  in  the  AD1332 
and  AD1334"  [E1355] 

"How  to  Obtain  the  Best  Performance  from  the  AD7572" 
[E1038] 

"Implement  Infinite  Sample-and-Hold  Circuits  Using 
Analog  Input/Output  Ports"  [AN-284] 

Analog  Briefings  is  a  registered  trademark  of  Analog  Devices,  Inc. 
DSPatch  is  a  trademark  of  Analog  Devices,  Inc. 
*This  publication  is  available  in  North  America  only. 
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"Simple  Circuit  Provides  Ratiometric  Reference  Levels 
for  AD782x  Family  of  Half-Flash  ADCs"  [AN-299] 
"Simultaneous  and  Independent  Sampling  of  Analog  Signals 
with  the  AD1334"  [E1358] 

"The  AD7574  Analog-to-Microprocessor  Interface" 
[AN-293] 

"Using  Multiple  AD  1334s  in  Many-Channel  Synchronous 
Sampling  Applications"  [AN-295] 

Amplifiers 

"A  Balanced-Input  High-Level  Amplifier"  [AN-112] 
"AD9617/AD9618  Current-Feedback  Amplifier  Macro- 
Models"  [AN-259] 

"An  IC  Amplifier  User's  Guide  to  Decoupling,  Grounding, 
and  Making  Things  Go  Right  for  a  Change"  [AN-202] 
"An  Unbalanced  Virtual-Ground  Summing  Amplifier" 

"Precision  Surface  Measurements  Using  theAD2S58" 
[E1486] 

"Applications  of  High-Performance  BiFET  Op  Amps" 
[E727] 

"JFET-Input  Amps  Are  Unrivalled  for  Speed  and 
Accuracy"  [AN- 108] 

"Low-Cost  Two-Chip  Voltage-Controlled  Amplifier  and 
Video  Switch"  (AD539)  [AN-213] 

Analog  Signal-Processing  and  Measurement 

"A  Function  Generator  and  Linearization  Circuit  Using  the 
AD7569"  [AN-285] 

"RMS-to-DC  Converters  Ease  Measurement  Tasks" 
[AN-268] 

"Understanding  and  Applying  the  AD7341/AD7371 
Switched-Capacitor  Filters"  [AN303] 

Audio 

"A  Balanced  Mute  Circuit  for  Audio  Mixing  Consoles" 
[AN- 122] 

"A  Constant-Power  'Pan'  Control  Circuit  for  Microphone 
Audio  Mixing"  [AN-123] 

"A  High-Performance  Compandor  for  Wireless  Audio  Sys- 
tems" [AN-133] 

"An  Automatic  Microphone  Mixer"  [AN- 134] 

"A  Two-Channel  Dynamic  Filter  Noise  Reduction  System" 

[AN-125] 

"High  Performance  Stereo  Routing  Switcher"  [AN- 121] 
"Interfacing  Two  16-Bit  AD1856  (AD1851)  Audio  DACs 
with  the  Philips  SAA7220  Digital  Filter"  [AN-207] 

D/A  Converters 

"AD7528  Dual  8-Bit  CMOS  DAC"  [AN-318] 
"Analog  Panning  Circuits  Provide  Almost  Constant  Output- 
Power"  [AN-206] 

"Circuit  Applications  of  the  AD7226  Quad  CMOS 
DAC"  [AN-317] 

"Dynamic  Performance  of  CMOS  DACs  in  Modem 
Applications"  [AN-329] 

"8th  Order  Programmable  Low-Pass  Filter  Using  Dual 
12-Bit  DACs"  [AN-209] 

"Exploring  the  AD667  12-Bit  Analog  Output  Port"  [E875] 
"Gain  Error  and  Tempco  of  CMOS  Multiplying  DACs" 
[E630C] 


"Generate  4  Channels  of  Analog  Output  Using  AD7542 
12-Bit  D/A  Converters  and  Control  the  Lot  with  Only  Two 
Wires"  [AN-328] 

"Interfacing  the  AD7549  Dual  12-Bit  DAC  to  the  MCS-48 
and  MCS-51  Microcomputer  Families"  [E941] 
"Replacing  the  AD1145  with  the  AD7846"  [E1467] 
"Simple  Interface  Between  D/A  Converter  and  Microcomput- 
er Leads  to  Programmable  Sine- Wave  Oscillator"  (AD7542) 
[AN-319]  . 

"The  AD7224  DAC  Provides  Programmable  Voltages  Over 
Varying  Ranges"  [AN-316] 

"Three-Phase  Sine- Wave  Generation  Using  the  AD7226 
Quad  DAC"  [AN-321] 

"Understanding  and  Preventing  Latchup  in  CMOS  DACs" 
[AN-109] 

"Voltage  Adjustment  Applications  of  the  DAC-8800 

TrimDAC®,  an  Octal  8-Bit  D/A  Converter"  [AN- 142] 

ni  ?M30  atiinwste  isno  sw  uavj  lei's  b  on;  Isajre-lrennt 
Digital  Signal-Processing 

"Considerations  for  Selecting  a  DSP  Processor"  (ADSP- 
2101  vs.  TMS320C50)  [AN-233] 

"Digital  Control  System  Design  with  ADSP-2100  Family" 
[AN-227] 

"Implement  a  Cache  Memory  in  Your  Word-Slice®  Sys- 
tem" [E1062] 

"Sharing  the  Output  Bus  of  the  ADSP-1401  Microprogram- 
Sequencer"  [E1059] 

"Using  Digitally  Programmable  Delay  Generators" 
[AN-260] 

"Variable-Width  Bit  Reversing  with  the  ADSP-1410 
Address  Generator"  [E1061] 

Disk-Drive  Electronics 

"Microstepping  Drive  Circuits  for  Single  Supply 
Systems"  [AN-323] 

"Simple  DAC-Based  Circuit  Implements  Constant  Linear 
Velocity  (CLV)  Motor  Speed  Control"  [AN-324] 

Interface 

"ADM2xxL  Family  for  RS-232  Communications"  [AN-375] 
Modeling 

"AD9617/AD9618  Current-Feedback  Amplifier  Macro- 
Models"  [E1460] 

"OP42  Advanced  SPICE  Macro-Model"  [AN-117] 
"OP64  Advanced  SPICE  Macro-Model"  [AN-110] 
"OP260  Advanced  SPICE  Macro-Model"  [AN- 126] 
"OP400  SPICE  Macro-Model"  [AN- 120] 
"OP470  SPICE  Macro-Model"  [AN-132] 
"SPICE-Compatible  Op  Amp  Macro-Models"  [A" 

Practice 


An  IC  Amplifier  User's  Guide  to  Decoupling,  Grounding, 
and  Making  Things  Go  Right  for  a  Change"  [AN-202] 
"How  to  Reliably  Protect  CMOS  Circuits  Against  Power- 
Supply  Overranging"  [C1499] 


TrimDAC  and  Word-Slice  are  registered  trademarks  of  Analog 
Devices,  Inc. 
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Resolver  (Synchro)  to  Digital  Conversion 

"Circuit  Applications  of  the  2S81  and  2S80  Resolver-to- 

Digital  Converters"  [El  140] 

"Dynamic  Characteristics  of  Tracking  Converters" 

[AN-264] 

"Dynamic  Resolution-Switching  on  the  1S74  Resolver-to- 
Digital  Converter"  [E919] 

"Using  the  2S80  Series  Resolver-to-Digital  Conveners  with 
Synchros:  Solid-State  Scott-T  Circuit"  [AN-252] 
"Why  the  Velocity  Output  of  the  1S74  and  IS64  Series 
R/D  Converters  is  Continuous  and  Step-Free  Down  to 
Zero  Speed"  [E893] 

t  ttaim^Viori  jgnrashwm  ipacom  bna  Tttwb-wo  vmitvJ 
Sample-Holds 

"Applications  of  the  SMP-04  and  SMP-08/SMP-18  Quad  and 
Octal  Sample-and-Hold  Amplifiers"  [AN-204] 
"Applying  IC  Sample-Hold  Amplifiers"  [AN-270] 
"Generate  4  Channels  of  Analog  Output  Using  AD7542 
12-Bit  D/A  Converters  and  Control  It  All  with  Only  Two 
Wires"  [AN-328] 

"Implement  Infinite  Sample-and^Hold  Circuits  Using 
Analog  Input/Output  Ports"  [AN-284] 

Switches  and  Multiplexers 

'ADG201A/202A  and  ADG22 1/222  Performance  with 
Reduced  Power  Supplies"  [AN-248] 

"Bandwidth,  OFF  Isolation,  and  Crosstalk  Performance  of 
the  ADG5XXAA  Multiplexer  Series"  [AN-250] 
"RoN  Modulation  in  CMOS  Switches  and  Multiplexers; 
What  it  Is  and  How  to  Predict  its  Effect  on  Signal 
Distortion"  [AN-251] 

Temperature  Measurement 

"Thermocpuple  Signal  Conditioning  Using  the  AD594/ 
AD595"  [AN-369] 

"Use  of  the  AD590  Temperature  Sensor  in  a  Remote  Sensing 
Application"  [AN-273] 

V/F  Converters 

"Analog-to-Digital  Conversion  Using  Voltage-to-Frequency 
Converters"  [AN-276] 

"Operation  and  Applications  of  the  AD654  IC  V-to-F 
Converter"  [AN-278] 

"Using  the  AD650  Voltage-to-Frequency  Converter  as 
a  Frequency-to-Voltage  Converter"  [AN-279] 

Video  Applications 

"Animation  Using  the  Pixel  Read  Mask  Register  of 
the  ADV47X  Series  of  Video  RAM-DACs"  [AN-330] 
"Changing  Your  VGA  Design  from  a  171/176  to  an  ADV471" 
[AN-331] 

"Design  and  Layout  of  a  Video  Graphics  System  for  Reduced 
EMI"  [AN-333] 

"Improved  PCB  Layouts  for  Video  RAM-DACs  Can  Use 
Either  PLCC  or  DIP  Package  Types"  [AN-332] 
"Low  Cost  Two-Chip  Voltage-Controlled  Amplifier  and  Video 
Switch."  (AD539)  [AN-213] 

FREE  APPLICATION  GUIDES  AND  BROCHURES 

Amplifier  Products  Cross-Reference  Guide.  A  54-page  short  form 
guide  to  amplifier  selection.  Includes  selection  trees,  ordering 
information,  model  numbering  system,  and  package  informa- 
tion, cross-reference  to  amplifier  products  from  other  manufac- 


turers, and  military  amplifier  product  information,  plus  a  list  of 

sales  offices  and  distributors. 

■  .  - 

The  Anabg  Devices  family  of  high-speed  op  amps.  A  6-page  selec- 
tion guide  to  high-speed  op  amps. 

The  Analog  Devices  family  of  instrumentation  amplifiers.  A  6-page 
selection  guide  to  instrumentation  amplifiers. 

The  Analog  Devices  family  of  low-noise  op  amps.  A  6-page  selec- 
tion guide  to  low-noise  op  amps. 

The  Analog  Devices  family  of  precision  op  amps.  A  6-page  selec- 
tion guide  to  precision  op  amps. 

The  Analog  Devices  family  of  single-supply  op  amps.  A  6-page 
selection  guide  to  single-supply  op  amps. 

ATE  Components.  A  20-page  brochure  describing  Analog 
Devices'  capabilities  and  application-specific  standard  products 
for  pin  electronics  in  automated  testing.  Includes  descriptions  of 
Delay  Generators,  Pin  Drivers,  Active  Load,  Comparators, 
Parametric  Measurement  Components,  and  Level-Setting 
Components. 

The  Best  of  Analog  Dialogue,  1967  to  1991.  A  224-page  bonus 
edition  containing  52  articles  excerpted  from  the  first  25  years  of 
Anabg  Dialogue.  Included  are  articles  of  lasting  interest  on  prac- 
tice, techniques,  ideas,  and  applications,  as  well  as  articles  that 
introduced  landmark  products. 

ESD  Prevention  Manual— Protecting  ICs  from  electrostatic  dis- 
charges. Thirty  pages  of  information  that  will  assist  the  reader 
in  implementing  an  appropriate  and  effective  program  to  assure 
protection  against  electrostatic  discharge  (ESD)  failures. 

High-Speed  Op  Amp  Sliding  Selection  Guide.  A  slide  rule  for 
selecting  op  amps  by  bandwidth  or  viewing  characteristics  by 
model  number.  Lists  dynamic  specs  such  as  slew  rate,  settling 
time,  differential  gain  and  phase,  voltage  and  current  noise,  sup- 
ply voltage  and  current,  and  many  more. 

Instrumentation  Amplifier  Application  Guide,  by  Charles  Kitchin 
and  Lew  Counts.  Its  44-pages  include  basic  instrumentation- 
amplifier  ("in-amp")  theory,  design  considerations,  applications, 
specifications,  and  products— plus  a  brief  bibliography  and  two 
indexes  (by  topic  and  by  device  model  number). 

Multiple  Digital-to-Analog  Converter  Integrated  Circuits  Selection 
Guide.  A  32-page  guide  for  the  designer  who  wants  to  save  space 
and  cost  in  applications  calling  for  from  two  to  eight  or  more 
DACs  and  resolutions  from  6  to  18  bits.  Devices  include  triple 
6-,  8-,  and  10-bit  video  DACs,  dual  18-bit  audio  DACs,  8-bit 
octuples,  and  12-  and  14-bit  quads. 

New  Audio  Signal  Processing  Integrated  Circuits,  including  Op 
Amps,  DSP  microcomputers,  Codecs,  Line  Driver  &  Receiver, 
VCA,  Preamps,  Switches,  Decoders,  Asynchronous  sample-rate 
converters,  Stereo  ADCs.  A  12-page  brochure. 

Personal  Sound  Architecture.  An  8-page  brochure  describing  a 
programmable  architecture  for  integrating  sound  into  personal 
computers  using  software-based  technologies  and  IC  chipsets 
(including  Analog  Devices  DSPs,  codecs,  and  other  peripherals) 
for  sound  cards. 

RMS-u-DC  Conversion  Application  Guide  2nd  Edition  by 
C.  Kitchin  and  L.  Counts  (1986-61  pages).  RMS-DC  Conver- 
sion: Theory,  Basic  Design  Considerations;  RMS  Application 
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Circuits;  Testing  Critical  Parameters;  Input  Buffer  Amplifier 
Requirements;  Programs  for  Computing  Errors,  Ripple  and 
Settling  Time. 

Sampling  Analog-to-Digital  Converter  Integrated  Circuits— 1992 
Short  Form  Selection  Guide.  Its  28  pages  cover  35  different  mod- 
els with  resolutions  from  8  to  16  bits,  and  12-bit  resolution  up 
to  20  Msps.  Besides  block  diagrams  and  key  specs  of  each  prod- 
uct, the  booklet  includes  a  detailed  discussion  of  selection  issues 
and  a  selection  table  sorted  by  resolution  and  speed. 

Solutions  for  Cellular  Radio  Base  Stations,  6-page  reference 
guide— describes  system  architectures  for  cellular,  other  wire- 
less, and  satellite  VSAT  stations  and  lists  suitable  ADI  compo- 
nents for  each  stage  of  the  signal  chain;  includes  all-digital 
systems  using  DSP  technology. 

Surface  Mount  IC*  A  28-page  guide  to  ICs  in  SO  and  PLCC 
packages.  Products  include  op  amps,  rms-to-dc  converters, 
DACs,  ADCs,  VFCs,  sample-holds  and  CMOS  switches. 

A  Tutorial  in  AC  Induction  and  Permanent  Magnet  Synchronous 
Motors— Vector  Control  with  Digital  Signal  Processors.  An 
80-page  Guide,  including  Overview  of  AC  drives,  Synchronous 
machine  operation,  Induction  motors,  Pulse-width  modulation, 
Inverter  fed  drive  scheme,  Vector  control  of  AC  machines, 
Field-oriented  control  of  DC  motors,  Implementation  of  field- 
oriented  control  in  DSP,  and  References. 

TECHNICAL  REFERENCE  BOOKS 

Can  be  purchased  in  North  America  from  Analog  Devices,  Inc., 
at  the  prices  shown. f  If  more  than  one  book  is  ordered,  deduct 
a  discount  of  $1.00  from  the  price  of  each  book.  Price  of  the 
entire  set  of  13  books  is  $235.00— a  bargain  for  your  depart- 
ment's library  (in  effect,  the  Amplifier  Applications  Guide  and 
Digital  Signal  Processing  in  VLSI  come  free).  VISA  and  Master- 
Card are  welcome;  phone  (617)  461-3392  or  fax  (617)  821-4273. 
Or  send  your  check  for  the  indicated  amount  to  Analog  Devices, 
Inc.,  P.O.  Box  9106,  Norwood,  MA  02062-9106. 

HEW -APPLICATIONS  REFERENCE  MANUAL.  Nor- 
wood MA:  Analog  Devices,  Inc.  (1993),  1344  pages,  softcover. 
A  collection  of  210  application  notes,  technical  articles,  and 
other  design  tutorials  on  such  topics  as  audio  and  video  circuits, 
A/D  and  D/A  conversion,  data  acquisition  and  signal  condition- 
ing, digital  signal  processing,  sigma-delta  conversion  and  much 
more.  Cross-indexed  by  topic,  product,  subject,  and  application- 
note  number.  $9.95 

NEW-SYSTEM  APPLICATIONS  GUIDE.  Norwood  MA: 
Analog  Devices,  Inc.  (1993),  800  pages,  8  1/2"  x  11"  softcover. 
Precision  sensor  signal  conditioning  and  transmission;  multiplex- 
ing; programmable-gain  amplifiers;  high-accuracy  topics: 
sample-holds,  references,  conversion;  audio;  video;  high-speed 
topics:  signals  &  systems,  amplification,  ADC  selection,  inter- 
facing, performance  verification;  sigma-delta  conversion;  wide 
dynamic  range;  direct  digital  synthesis,  signal  computing,  motor 
control.  $30.00 

NEV/-ADSP-2100  FAMILY  APPLICATIONS  HAND- 
BOOK, Volume  I:  A  companion  to  the  ADSP-21000  family  of 
floating-point  processors.  Introduction;  Trigonometric,  mathe- 
matical, and  transcendental  functions;  Matrix  functions;  FIR 

■ 


and  IIR  filters;  Multirate  filters;  Adaptive  filters;  Fourier  trans- 
forms; Graphics;  Image  processing;  JTAG  downloader;  Index. 
Includes  33  figures,  14  tables,  and  61  program  listings.  $22.00 

ADSP-2I00  FAMILY  USER'S  MANUAL.  Englewood  Cliffs 
NJ:  Prentice  Hall  (1993).  A  comprehensive  reference  for  Analog 
Devices'  ADSP-2 100  Family,  an  architectural  and  code- 
compatible  set  of  16-bit  fixed-point  DSP  microprocessors  that 
offer  varying  levels  of  feature  integration.  Topics  covered  in  this 
manual  include:  Base  architecture— computation  units,  program 
sequencer,  data-address  generators;  Integrated  on-chip  peripherals 
—serial  ports,  timer,  host  interface  port,  A/D  and  D/A  convert- 
ers; System  hardware  and  memory  interfacing;  Programmer's 
model  and  instruction-set  reference;  System  design  and  pro- 
gramming examples.  $24.00 

AMPLIFIER  APPLICATIONS  GUIDE,  by  the  Applications 
Engineering  Staff  of  Analog  Devices  and  edited  by  Walt  Kester, 
published  by  Analog  Devices  (1992).  648  pages  of  timely  and 
practical  information  on  amplifiers— including  operational, 
audio,  instrumentation,  video,  and  log  amps.  Topics  include: 
Introduction;  Precision  transducer  interfaces;  High  impedance, 
low  current;  Single-supply,  low-power;  Audio;  Filtering,  Driv- 
ing ADCs;  Video  and  other  high-speed  applications;  Nonlinear 
circuit  applications;  Unusual  applications;  Subtleties;  Hardware 
techniques;  Simulation;  and  a  complete  Index.  $20.00 

ANALOG-DIGITAL  CONVERSION  HANDBOOK:  Third 
Edition,  by  the  Engineering  Staff  of  Analog  Devices,  edited  by 
Daniel  H.  Sheingold.  Englewood  Cliffs,  NJ:  Prentice  Hall 
(1986).  A  comprehensive  guide  to  A/D  and  D/A  converters  and 
their  applications.  This  third  edition  of  our  classic  is  in  hard- 
cover and  has  more  than  700  pages,  an  Index,  a  Bibliography, 
and  much  new  material,  including:  video-speed,  synchro- 
resolver,  V/F,  high-resolution,  and  logarithmic  converters,  ICs 
for  DSP,  and  a  "Guide  for  the  Troubled."  Seven  of  its  22  chap- 
ters are  totally  new.  $32.95 

DIGITAL  SIGNAL-PROCESSING  APPLICATIONS 
USING  THE  ADSP-2100  FAMILY,  by  the  Applications  Staff 
of  Analog  Devices,  DSP  Division;  edited  by  Amy  Mar 
(628  pages).  Englewood  Cliffs,  NJ:  Prentice  Hall  (1990).  Bridge 
the  gap  between  DSP  algorithms  and  their  real-world  implemen- 
tation on  state-of-the-art  signal  processors.  Each  chapter  tackles 
a  specific  application  topic,  briefly  describing  the  algorithm  and 
discussing  its  implementation  on  the  ADSP-2100  family  of  DSP 
chips.  Comprehensive  source-code  listings  are  complete  with 
comments  and  accompanied  by  explanatory  text.  Programs  are 
listed  on  a  pair  of  supplementary  diskettes— furnished  with  the 
book.  Application  areas  include  fixed-  and  floating-point  arith- 
metic, function  approximation,  digital  filters,  one-  and  two- 
dimensional  FFTs,  image  processing,  graphics,  LP  speech 
coding,  PCM,  ADPCM,  high-speed  modem  algorithms,  DTMF 
coding,  sonar  beam-forming.  Additional  topics  include  memory 
interface,  multiprocessing,  and  host  interface.  The  book  can 
serve  as  a  companion  to  Digital  Signal  Processing  in  VLSI.  Now 
in  paperback;  its  price  includes  a  diskette.  $30.00 

•This  publication  is  available  in  North  America  only. 

tOutside  of  North  America  consult  your  local  sales  office  or  distributor. 
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DIGITAL  SIGNAL  PROCESSING  IN  VLSI,  by  Richard  J. 
Higgins.  Englewood  Cliffs,  NJ:  Prentice  Hall  (1990).  An  intro- 
ductory 614-page  guide  for  the  engineer  and  scientist  who  needs 
to  understand  and  use  DSP  algorithms  and  special-purpose  DSP 
hardware  ICs— and  the  software  tools  developed  to  carry  them 
out  efficiently.  Real- World  Signal  Processing;  Sampled  Signals 
and  Systems;  The  DFT  and  the  FFT  Algorithm;  Digital  Filters; 
The  Bridge  to  VLSI;  Real  DSP  Hardware;  Software  Develop- 
ment for  the  DSP  System;  DSP  Applications;  plus  Bibliography 
and  Index.  $38.00 

DIGITAL  SIGNAL  PROCESSING  LABORATORY:  Using 
the  ADSP-2101  Microcomputer,  by  Vinay  K.  Ingle  and  John  G. 
Proakis  (Northeastern  University).  Englewood  Cliffs,  NJ:  Pren- 
tice Hall  (1991).  Contents:  Introduction  to  the  ADSP-2100/2101 
family;  ADSP-2101  instruction  set  overview;  Overview  of  devel- 
opment tools;  Getting  started  with  the  ADSP-2101;  Laboratory 
experiments  using  the  ADSP-2101;  FIR  filter  implementation; 
IIR  filter  implementation;  Fast  Fourier  transform  implementa- 
tion; Applications  in  communications;  Adaptive  filters  and  their 
applications;  References;  Index.  $24.00 

HIGH-SPEED  DESIGN  SEMINAR,  published  by  Analog 
Devices  (1990).  A  496-page  guide  to  the  practical  application  of 
high-speed  semiconductor  devices  in  processing  of  analog  sig- 
nals. Topics  include:  data  conversion,  digital  video  applications, 
high-speed  sample-holds  and  operational  amplifiers,  nonlinear 
signal  processors  (including  log  amps),  comparators  and  pin 
electronics,  time-delay  generators,  phase-locked  loops,  direct 
digital  synthesis,  computer  graphics  and  RAMDACs,  and  high- 
speed techniques.  $20.00 


MIXED-SIGNAL  DESIGN  SEMINAR,  published  by  Analog 
Devices  (1991).  Contents:  Introduction  to  mixed-signal  process- 
ing of  real-world  signals  and  signal  conditioning;  Linear  and 
nonlinear  analog  signal  processing;  Fundamentals  of  sampled- 
data  systems;  ADCs  for  DSP  applications;  DACs  for  DSP  appli- 
cations; Sigma-delta  ADCs  and  DACs;  Digital  signal-processing 
techniques;  DSP  hardware;  Interfacing  ADCs  and  DACs  to  dig- 
ital signal  processors;  Mixed-signal  processing  applications; 
Mixed-signal  circuit  techniques;  Index.  $22.00 

NONLINEAR  CIRCUITS  HANDBOOK:  Designing  with  Ana- 
log Function  Modules  and  ICs,  by  the  Engineering  Staff  of  Ana- 
log Devices,  edited  by  Daniel  H.  Sheingold.  Norwood,  MA: 
Analog  Devices,  Inc.  (1974).  A  540-page  guide  to  multiplying 
and  dividing;  squaring  and  rooting,  rms-to-dc  conversion,  and 
multifunction  devices.  Principles,  circuitry,  performance,  speci- 
fications, testing,  and  application  of  these  devices— contains  325 
illustrations.  $5.95 

TRANSDUCER  INTERFACING  HANDBOOK:  A  Guide  to 
Analog  Signal  Conditioning,  edited  by  Daniel  H.  Sheingold. 
Norwood,  MA:  Analog  Devices,  Inc.  (1980).  A  book  for  the 
electronic  engineer  who  must  interface  transducers  for  tempera- 
ture, pressure,  force,  level,  or  flow  to  electronics,  these  260 
pages  tell  how  transducers  work— as  circuit  elements— and  how 
to  connect  them  to  electronic  circuits  for  effective  processing  of 
their  signals.  $14.50 
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Worldwide  Sales  Directory 


North  American  Sales  Offices  and  Representatives 


Alabama:  '404-263-3719,  205-534-0044 
Alaska:  '206-575-6344,  '714-641-9391 
Arizona:  '714-641-9391,  '602-840-7238 
Arkansas:  '214-231-5094 
California:  '714-641-9391,  '408-559-2037 
Colorado:  '714-641-9391 
Connecticut:  '516-366-0765 
Delaware:  '215-643-7790 
Florida:  '407-660-8444 
Georgia:  '404-263-3719,  404-263-0320 
Hawaii:  '714-641-9391 
Idaho:  303-443-5337,  '206-575-6344 
Illinois:  '708-519-1777 
Indiana:  '219-489-3083 
Iowa:  '708-519-1777 
Kansas:  913-829-2800 
Kentucky:  205-634-0044 
Louisiana:  '214-231-5094 
Maine:  '617-461-3000 
Maryland:  '1-800-392-3780 

North  American  Distributors 

Alabama:  Alliance  602-483-9000;  Allied  205- 
721-3500,  205-476-1875;  Bell  205-837-1074; 
Future  205-830-2322;  Hamilton  Hallmark  205- 
837-8700;  Pioneer  205-837-9300 
Arizona:  Alliance  602-483-9000;  Allied  602-437- 
9080;  Bell  602-966-7800;  Future  602-968-7140; 
Hamilton  Hallmark  602-437-1200;  Wyle  602- 
437-2088 

California:  Alliance  602-483-9000;  Allied  AK- 
770-0590,  818-882-6981,  213-373-8828,  714-727- 
3010,  916-632-3104,  619-279-2550,  415-952- 
9599;  Bell  310-826-6778,  916-652-0414,  408- 
734-8570,  818-879-9494,  714-895-7801,  619-268- 
1277;  future  818-772-6240,  619-625-2800,  714- 
250-4141,  408-434-1122;  Hamilton  Hallmark 
818-773-4500,  714-727-6000,  619-268-1201,  408- 
432-4000,  916-624-9781;  Pioneer  800-535-1430, 
213-320-4820,  619-434-4107,  408-954-9100; 
Semi-Dice  310-594-4631,  714-952-2216,  408- 
980-9777,  800-325-6030  (in  CA),  800-626-4411, 
800-345-6633  (outside  CA,  MA);  Wyle  714-863- 
9953,  818-880-9000,  800-288-9953,  916-638- 
5282, 800-627-9953, 408-727-2500, 61 9-565-91 71 
Colorado:  Alliance  602-483-9000;  Allied  303- 
790-1664;  Bell  303-691-9010;  Future  303-421- 
0123;  Hamilton  Hallmark 303-790- 1662;  Wyle 
303-457-9953 

Connecticut:  Alliance  617-756-1910;  Allied  203- 
272-7730;  Bell  203-269-6801 ;  Future  203-743- 
9594;  Hamilton  Hallmark  203-271-2844; 
Pioneer  203-929-5600 

Florida:  Alliance  602-483-9000;  Allied  305-978- 
3008,  904-346-0761,  407-831-3331,  813-541- 
4660;  Bell  407-339-0078,  305-421-1997;  Chip 
Supply  407-298-7100;  Future  407-767-8414, 
813-530-1222;  Hamilton  Hallmark  407-830- 
5855,  305-971-9280,  813-541-7440;  Pioneer 
407-834-9090,  305-428-8877 
Georgia:  Alliance  602-483-9000;  Allied  404- 
497-9544;  Bell  404-662-0923;  Future  404-441  - 
7676;  Hamilton  Hallmark  404-623-4400; 
Pioneer  404-623-1003 

Illinois:  Alliance  602-483-9000;  Allied  708-91 8- 
0250,  708-535-0038,  708-860-0007;  Bell  708- 
640-1910,  217-328-1077;  Future  708-882-1255; 
Hamilton  Hallmark  708-860-3800;  fvewar*  31 2- 
784-5100;  Pioneer  708-495-9680 
Indiana:  Alliance  602-483-9000;  Allied  317-875- 
0448;  Bell  317-875-8200,  219-423-3422; 
Hamilton  Hallmark  317-872-8875;  Pioneer  317- 
573-0880 

Iowa:  Alliance  602-483-9000;  Allied  51 5-223- 
6488;  Bell  319-395-0730 

♦Analog  Devices,  Inc.,  Direct  Sales  Offices 


Massachusetts:  '617-461-3000 

Michigan:  810-615-4000,  "810-348-5795 

Minnesota:  612-835-9234 

Mississippi:  '404-263-3719,  205-534-0044 

Missouri:  314-521-2044,  913-829-2800 

Montana:  '714-641-9391 

Nebraska:  913-829-2800 

Nevada:  '408-559-2037,  '714-641-9391 

New  Hampshire:  '617-461-3000 

New  Jersey:  '516-366-0765  (north),  '215- 

643-7790  (south) 

New  Mexico:  '714-641-9391,  '602-840-7238 
New  York:  '516-366-0765  (metro),  716-425- 
9100  (upstate) 

North  Carolina:  '404-263-3719,  919-460-7771 

North  Dakota:  612-835-9234 

Ohio:  216-247-0060,  513-742-8447,  614-487- 

1882 

;  '214-231-5094 


Oregon:  '206-575-6344 

Pennsylvania:  '215-643-7790 

Rhode  Island:  '617-461-3000 

South  Carolina:  919-460-7771 

South  Dakota:  612-835-9234 

Tennessee:  '404-263-3719,  404-263-0320 

(east),  404-534-0044  (west) 

Texas:  '214-231-5094 

Utah:  '303-466-0691 

Vermont:  '617-461-3000 

Virginia:  '215-643-7790 

Washington:  '206-575-6344 

West  Virginia:  412-745-8441 

Wisconsin:  '708-519-1777 

Wyoming:  '714-641-9391 

Puerto  Rico:  '809-753-9811 

Canada:  905-821-7800,  613-564-0014, 

514-697-0801,  604-465-6892 

Mexico:  '617-461-3000 


Kansas:  Alliance  602-483-9000;  Allied  913-599- 
6227;  Hamilton  Hallmark  913-888-4747 
Kentucky:  Alliance  602-483-9000;  Allied  502- 
452-2293;  Bell  800-582-7492,  800-445-8795 
Louisiana:  Alliance  602-483-9000;  Allied  bOA- 
885-1195 

Maryland:  Alliance  602-483-9000;  AWied  301- 
381-1560;  Bell  410-290-5100;  Future  410-290- 
0600;  Hamilton  Hallmark  301  -988-9800; 
Pioneer  301  -92 1  -0660 

Massachusetts:  Alliance  617-729-5800,  617- 
756-1910;  Allied  508-667-7921,  617-255-0361; 
Bell  508-474-8880;  Future  508-779-3000; 
Hamilton  Hallmark  508-667-0902,  508-935- 
9777;  Pioneer  617-861-9200;  Semi-Dice  508- 
238-8344;  Wyle  617-272-7300 
Michigan :  Alliance  602-483-9000;  Allied  31 3- 
462-9300,616-949-8200;  Bell 800-582-7492,  313- 
347-6633;  Future313-261-5270;  Hamilton 
Hallmark  810-416-5800;  Pioneer61 6-698-1800, 
313-625-1800 

Minnesota:  Alliance  602-483-9000;  Allied  612- 
881-0838;  Bell  612-941-1493;  Future  612-944- 
2200;  Hamilton  Hallmark  612-881-2600; 
Pioneer  612-944-3355 

Missouri:  Alliance  602-483-9000;  Allied 314- 

291-  7031;  Bell  314-647-2355;  Future  314-469- 
6805;  Hamilton  Hallmark  314-291-5350; 
Pioneer  314-542-3077 

Nebraska:  Alliance  602-483-9000;  Allied  402- 
697-0038 

New  Hampshire:  Alliance  617-756-1910;  Allied 
603-883-3006 

New  Jersey:  Alliance  602-483-9000;  Allied 201- 
428-3350,  609-234-7769;  Bell  201  -227-6060; 
Future  201-299-0400;  Hamilton  Hallmark  609- 
235-1900,  201-515-3000;  Pioneer  201-575-3510 
New  Mexico:  Alliance  602-483-9000;  Bell  505- 

292-  2700 

New  York:  Alliance  617-756-1910;  Allied  516- 
248-2360,  908-572-9600,  914-452-1470,  716-425- 
3850;  Future  716-272-1 120,  315-451-2371,  516- 
234-4000;  Hamilton  Hallmark  716-425-3300, 
516-737-0600;  Pioneer  716-381-7070,  516-921- 
8700,  607-722-9300,  212-971-9560;  Semi-Dice 
516-234-7676 

North  Carolina:  Alliance  602-483-9000;  Allied 
919-876-5845;  Bell  919-821-4041 ;  Future  704- 
455-9030,  919-790-7111;  Hamilton  Hallmark 
919-872-0712;  Pioneer  704-527-8188,  919-460- 
1530 

Ohio:  Alliance  602-483-9000;  Allied  513-771- 
6990,  216-248-4200,  614-785-1270;  Bell  800- 


348-4619,  513-435-8660,  513-434-8231;  Future 
216-449-6996;  Hamilton  Hallmark  216-349- 
4632,  614-888-3313;  Pioneer  216-587-3600, 
513-236-9900,  614-221-0043 
Oklahoma:  Alliance  602-483-9000;  Allied  918- 
664-0844;  Hamilton  Hallmark  91 8-254-61 10; 
Pioneer  91 8-665-7840 

Oregon:  Alliance  602-483-9000;  Allied  503-245- 
4225;  Bell  503-644-1500;  Future  503-645-9454; 
Wyle  503-643-7900 

Pennsylvania:  Alliance  602-483-9000;  Allied 
717-975-3570,  412-367-4124;  Bell  215-953-2800, 
800-525-6666;  Future  609-596-4080;  Hamilton 
Hallmark  215-355-7300;  Pioneer  21 5-674-4000, 
412-782-2300 

South  Carolina:  Alliance  602-483-9000;  Allied 

803-  288-8835;  Bell  800-322-7908 
Tennessee:  Alliance  602-483-9000;  Allied  901- 
367-2895;  Bell  615-367-4400 

Texas:  Alliance  602-483-9000;  Allied  817-595- 
3500,  512-389-3771,  214-553-4370,  214-570- 
5196,  915-779-6294,  713-446-8005,  713-455- 
3993;  Bell  214-690-0466;  Future  713-556-8696, 
214-437-2437;  Hamilton  Hallmark  214-343- 
5000,  512-258-8848,  214-553-4300,  713-781- 
6100;  Pioneer  512-835-4000,  214-386-7300, 
713-495-4700,  512-377-3440;  Wyle  512-345- 
8853,  214-235-9953,  713-879-9953,  800-888- 
9953 

Utah:  Alliance  602-483-9000;  Allied  801-261- 
5244;  Bell  801-255-9611;  Future  801-972-8489; 
Hamilton  Hallmark  801-973-4737;  Wyle  801- 
974-9953 

Vermont:  Alliance  6 J 7-756- 1910;  Allied 

603-  883-3006 

Virginia:  Alliance  602-483-9000;  Allied 

804-  363-8862,  703-644-9S1S 
Washington:  Alliance  602-483-9000;  Allied 
206-547-2827;  Bell  206-867-541 0,  213-826-6778; 
Future  206-489-3400;  Hamilton  Hallmark  206- 
547-0415;  Wyle  206-881-1 150 

Wisconsin:  Alliance  602-483-9000;  A//ied  414- 
796-1280;  Bell  414-547-8879;  Future  414-786- 
1884;  Hamilton  Hallmark  414-797 '-7844; 
Pioneer  41 4-784-3480 

Canada:  Future  514-694-7710,  613-820-8313, 

604-  294-1166,  403-436-2858,  905-612-9200; 
Pioneer/Zentronics  403-482-3038,  604-273- 
5575,  403-295-8838,  905-507-4400,  613-226- 
8840,  418-654-1077,  204-694-1957,  514-737- 
9700,  905-798-7710,  905-507-2600 
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Product  Index 


Alphanumeric  by  Model  Number 

Model  Page* 

AC  1226   SL 

AC2626   SL 

AD1B60   DI5-5 

AD2S44  CI 

AD2S47  

AD2S65  

AD2S66  

AD2S75  

AD2S80A   

AD2S81A   

AD2S82A   DI  16-11 

AD2S83  DI  16-15 

AD2S90   DI  16-27 

AD2S93  DI  16-37 

AD2S99  DI  16-48 

AD2S100  DI  16-51 

AD2S110  CI 


 CI 

 CI 

 CI 

 CI 

.  .  .DI  16-7 
.  .DI  16-11 


AD28msp01   CI 

AD28msp02   CI 

AD202   DI  1 1-5 

AD203   D 

AD204   DI  11-5 

AD210  DI  11-12 

AD230   CI 

AD231  CI 

AD231A   CI 

AD232   CI 

AD232A   CI 

AD233   CI 

AD233A   CI 

AD234   CI 

AD235   CI 

AD236  CI 

AD237  CI 

AD238   CI 

AD239   CI 

AD241  CI 

AD246   D 

AD346   C  n 

AD363   CH 

AD363R   Cn 

AD364   Cn 

AD364R   C  II 

AD365   A 

AD380   A 

AD386   C  II 

AD389   C  II 

AD390   CI 

AD394   CI 

AD395   CI 

AD396  CI 

AD420   DI3-15 

AD503   D 


Model  Page* 

AD504   D 

AD506   D 

AD507   A 

AD510  D 

AD515  D 

AD515A   A 

AD517  A 

AD518  D 

AD521  A 

AD522   A 

AD524   DI  10-5 

AD526   DI  10-8 

AD532   SL 

AD533   D 

AD534   DI  17-5 

AD535   D 

AD536A   DI  18-5 

AD537   DI  4-5 

AD538   SL 

AD539  SL 

AD542   DI  9-19 

AD544   DI  9-19 

AD545   D 

AD545A   A 

AD546   DI  9-22 

AD547   DI  9-19 

AD548   DI  9-25 

AD549   DI  9-28 

AD557   DI  3-24 

AD558   DI  3-26 

AD561  CI 

AD562   CI 

AD563   CI 

AD565A   DI3-29 

AD566A   DI3-29 

AD567   D 

AD568   DI  3-35 

AD569   DI  3-38 

AD570   DI  2-17 

AD571  DI2-17 

AD572   CD 

AD573   DI  2-21 

AD574A   DI2-24 

AD578   C  II 

AD579   CH 

AD580  DI  8-5 

AD581  DI8-7 

AD582   cn 

AD584   DI  8-9 

AD585   DI  6-5 

AD586   DI  8-13 

AD587   DI  8-16 

AD588   DI8-19 


*A  =  Amplifier  Reference  Manual;  AV  =  Audio/Video  Reference  Manual;  CI  =  Data  Converter  Reference  Manual,  Volume  I;  C II  =  Data  Converter  Reference  Manual,  Volume  II; 
D  =  Data  Sheet;  DI  =  Design-In  Reference  Manual;  SL  =  Special  Linear  Reference  Manual. 


PRODUCT  INDEX  25-1 


Model  Page* 

AD589   DI  8-22 

AD590   DI  19-5 

AD592   DI  19-9 

AD594   DI  19-12 

AD595   DI  19-12 

AD596   DI  19-15 

AD597   DI  19-15 

AD598  DI  16-63 

AD600   DI  20-5 

AD602   DI  20-5 

AD603   DI  20-17 

AD606   DI  20-29 

AD607   DI  21-5 

AD608   DI  21-9 

AD611  D 

AD620   DI  10-11 

AD621  DI  10-15 

AD624   DI  10-19 

AD625   DI  10-22 

AD626   DI  10-25 

AD630  DI  21-13 

AD632   SL 

AD633    DI  17-9 

AD636   DI  18-8 

AD637   DI  18-11 

AD639   SL 

AD640   DI  20-40 

AD642   DI9-31 

AD644  DI  9-31 

AD645   DI  9-34 

AD647   DI9-31 

AD648   DI  9-37 

AD650   DI  4-7 

AD651  D 

AD652   DI4-10 

AD654   DI  4-14 

AD660   DI  3-42 

AD664   DI  3-54 

AD667   DI  3-59 

AD668   DI  3-63 

AD669   DI  3-67 

AD670   DI  2-28 

AD671  DI  2-32 

AD673   DI  2-37 

AD674B     DI  2-39 

AD675  C  II 

AD676   DI  2^*3 

AD677   DI  2-57 

AD678   DI2-71 

AD679   DI  2-76 

AD680  DI  8-24 

AD684   DI  6-8 

AD688   DI  8-27 


Model 


Page* 


AD693   DI  19-18 

AD694   DI  19-24 

AD698   DI  16-67 

AD704   DI  9-40 


AD705 
AD706 
AD707 
AD708 
AD711 
AD712 


.  DI  9^0 
.  DI 9-40 
.  DI 9-44 
.  DI 9-44 
.  DI 9-47 
.  DI  9-47 


AD713  DI9-47 

AD720   DI  21-16 

AD721  DI  21-16 

AD730   SL 

AD734   DI  17-11 

AD736  DI  18-14 

AD737   DI  18-17 

AD741  A 

AD743   DI  9-52 

AD744   DI  9-55 

AD745  . 
AD746  . 
AD760  . 
AD766  . 
AD767  . 
AD768  . 
AD773  . 
AD773A 
AD774  . 
AD774B 
AD775  . 
AD776  . 
AD779  . 
AD780  . 
AD781  . 
AD783  . 
AD790  . 
AD795  . 
AD796  . 
AD797  . 
AD800  . 
AD802  . 
AD803  . 


.  DI 9-58 
.  DI  9-61 
.  DI  3-71 
.  DI 3-83 
. DI 3-86 
.  DI 3-89 
....  C  II 
.DI  2-81 

 C  II 

.  DI 2-39 
.  DI 2-95 
DI 2-103 
DI 2-115 
.  DI  8-30 
.  DI  6-11 
.  DI  6-14 
.  DI 12-5 
.  DI 9-64 

 A 

.  DI 9-78 
.DI  15-7 
.DI  15-7 
 D 

AD805   SL 

AD810  DI  9-92 

AD811  DI  9-107 

AD812  DI  9-110 

AD813  DI  9-127 

AD817  DI  9-145 

AD818  DI  9-158 

AD820   DI  9-170 

AD822   DI  9-170 

AD826   DI  9-187 


*A  =  Amplifier  Reference  Manual;  CI  =  Dala  Convener  Reference  Manual,  Volume  I;  C 11  =  Dam  Convener  Reference  Manual,  Volume  II;  D  =  Dala  Sheel;  DI  =  Design-In  Reference 
V  SL  =  Special  Linear  Reference  Manual. 
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Model 

Page* 

Model 

Page* 

AD827 

 DI  9-200 

AD1851  

 CI 

DI  9—203 

ADI  RSfi 

P  T 

AD829 

AD1860   

AD830 

 DI 9-218 

AD1861  

 CI 

AD831 

DI 21-23 

ADl  ftfi? 

C  I 

DI 17—17 

Ani  Qfis 

..CI 

rtJJolU  .  .  .  . 



  ui y— £jj 

A  "Til  Qftft 

C  T 

t\LJOttl   .  .  .  . 

 ■  •  *  * 

 l-Ji  y-ijD 

Ani  QAQ 

C  T 

T"\T  Q  0-2Q 

ATM  Q7A 

AD843   

  DI 9-242 

AD1878   

 C  II 

AD844 

  DI 9-245 

AD1879   

 C  II 

AD845   

  DI 9-248 

AD2026   

 CI 

.  .  .  . 

.................. 

  ui  y— zj i 

AT"*77fift 

C  TT 

T~VT  Q  1ZA 

AT\07i*»1 

C  TT 

AD848   

 DI  9-258 

AD2702   

 C  II 

AD849 

  DI 9-258 

AD2710  

 C  II 

AD871 

. .  .  DI 2-121 

AD2712  . . 

 CI 

A  r\o  1  A  C  .  .. :  -  - 

r\ 

AD875  .  .  .  . 

■  .•  

 DI  2—1 56 

T~\T  f\  0£1 

AD876  .  .  .  . 



,                             DI  2—169 

a  mrirt  i 

f~-  T 

AD878  .  .  .  . 



 DI  2-173 

a  y\7  Ani 

4  T~\o  on 

A  ftQAAfl 

A  nonrt 

A  T^nn  i  ft 

AD891 



 SL 

A  T\or\  1  A 

AD891A    .  . 

*•■■■■■«  !  • 

 SL 



CT 

 oL 

OT 

A  T"\  1  1  1  1  A 

CT 

CT 

twjy  i  jy  .  .  . 

f  T 

A  T^700*1 

ami  t\A 

C*  TT 

A  F1700C 

Anii  7n 

f  TT 

A  T\70')C 

AT"il  ^1  ^ 

CT 

AT"i777Q 

f~-  T 

a  p\  i  -117 

CT 

A  T\7T)0  A 

ini  -ion 

CT 

A  T\T)11 

T~\  T    *%      -\  -i 

Aril  %0A 

CT 

A  n71Q  7 

A  "P»  1  'Z'JA 

r>  tt 

A  TNT1 1  *7  A 

r*  tt 

A  T\"71  A  A 

ATM  "2fiO 

tt 

A  T\71/1  o 

T— V  T    ^       1  O  O 

A  T\T^  >l  1 

AD1377 

C  II 

AD7244 

DI 3-133 

AD1378 

 C  II 

AD7245   

AD  1380 

 CII 

AD7245A   

DI 3-141 

AD1382 

 DI  5-20 

AD7247   

 CI 

AD1385 

 DI  5-24 

AD7247A   

DI3  127 

AD  1403 

 DI  8-38 

AD7248   

 CI 

AD1403A 

  DI 8  38 

AD7248A   

DI 3-141 

AD1671 

 DI2  177 

AD7249   

DI3  147 

AD1674 

 DI 2-188 

AD7306   

DI 15-18 

AD1848 

AD  1849 

 ,....D 

AD7371  

 CI 

M  =  Amplifier  Reference  Manual;  CI -Data  Converter  Reference  Manual,  Volume  I;C1I  =  Data  Converter  Reference  Manual,  Volume  II;  D=Data  Sheet;  DI  =  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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Model  Page* 

AD7501   C  II 

AD7502   CD 

AD7503   C  II 

AD7506   C  II 

AD7507  CII 

AD7510DI    CII 

AD7511DI   C  II 

AD7512DI   CH 

AD7520   D 

AD7522   D 

AD7523   D 

AD7524   DI  3-159 

AD7525   D 

AD7528    DI  3-163 

AD7533   CI 

AD7534   CI 

AD7535  CI 

.A.D  /  ~)  3  6  0  I 

AD7537   DI  3-167 

AD7538   DI  3-173 

AD7541   D 

AD7541A   CI 

AD7542   CI 

AD7543   CI 

AD7545   CI 

AD7545A   CI 

AD7546   D 

AD7547   DI  3-167 

AD7548   CI 

AD7549   CI 

AD7564   DI  3-177 

AD7568   DI  3-185 

AD7569   DI  2-196 

AD7572  CII 

AD7572A   C  II 

AD7574   C  II 

AD7575   DI  2-202 

AD7576   D 

AD7578   C  II 

AD7579   C  II 

AD7580   C  II 

AD7581   C  II 

AD7582   C  II 

AD7586   C  II 

AD7590DI   C  II 

AD7592DI   C  II 

AD7628   DI  3-191 

AD7669   DI  2-196 

AD7672   .  C  II 

AD7701   DI  2-206 

AD7703   DI  2-212 

AD7710  DI  2-218 

AD7711  DI  2-244 


Model  Page* 

AD7711A   DI  2-265 

AD7712  DI  2-218 

AD7713  DI  2-244 

AD7714  DI  2-271 

AD7715  DI5-28 

AD7716  DI  5-40 

AD7721  DI  2-287 

AD7716  (AD79024)  CII 

AD7769   :  C  II 

AD7773   C II 

AD7774   C  II 

AD7775   CII 

AD7776   DI  5-54 

AD7777  DI  5-54 

AD7778  DI  5-54 

AD7804  DI  3-195 

AD7808   DI  3-195 

AD7820   C  II 

AD7821  DI  2-295 

AD7824  DI  5-64 

AD7828   DI  5—64 

AD7837  DI  3-205 

AD7840    DI  3-209 

AD7845   DI  3-213 

AD7846  DI  3-217 

AD7847   DI  3-205 

AD7848   CI 

AD7849   DI  3-221 

AD7850   D 

AD7853   DI  2-299 

AD7858   DI  2-299 

AD7868   .  .  DI  5-68 

AD7869   DI  5-72 

AD7870   DI  2-317 

AD7870A   DI  2-317 

AD7871  DI  2-323 

AD7872   DI  2-323 

AD7874   DI  2-329 

AD7875  DI  2-317 

AD7876   DI  2-317 

AD7878   DI  2-333 

AD7880   DI  2-337 

AD7882   DI  2-341 

AD7883  DI  2-353 

AD7884   DI  2-357 

AD7885     DI  2-357 

AD7886   DI  2-369 

AD7890   DI  5-76 

AD7891   DI  5-92 

AD7892   DI  2-375 

AD7893   DI  2-383 

AD7896   DI  2-393 

AD7943   DI  3-227 


*A  =  Amplifier  Reference  Manual;  CI -Data  Convener  Reference  Manual,  Volume  I;  CII  =  Data  Converter  Reference  Manual,  Volume  II;  D=Data  Sheet;  DI  =  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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Model 

AD7945   DI  3-227 

AD7948   DI  3-227 

AD8001   DI  9-265 

AD8002   DI  9-278 

AD8004   DI  9-291 

AD8036   DI  9-295 

AD8037   DI  9-295 

AD8401   DI  5-102 

AD8522   DI  3-241 

AD8582   DI  3-245 

AD8600   DI  3-253 

AD8842   DI  3-257 

AD9000   DI  2-399 

AD9002   DI  2-102 

AD9003   C II 

AD9003A   D 

AD9005A   C  II 

AD9007   D 

AD9012  DI  2-406 

AD9014  CII 

AD9020   DI  2-410 

AD9022   DI  2-114 

AD9023   DI  2-422 

AD9027   DI  2-429 

AD9032   DI  2-437 

AD9034   C  II 

AD9040A   DI  2-444 

AD9048   DI  2^55 

AD9050   DI  2-158 

AD9058  DI  2-461 

AD9060  DI  2-465 

AD9100  DI  6-22 

AD9101  DI6-25 

AD9300  DI  7-7 

AD9500   DI  21-15 

AD9501   DI  21-49 

AD9502   D 

AD9505  I  ...  A 

AD9560  D 

AD9610  A 

AD9611  S...D 

AD9617  DI  9-300 

AD9618  DI  9-303 

AD9620   DI  9-306 

AD9621   DI  9-309 

AD9622  DI  9-312 

AD9623   DI  9-315 

AD9624   DI  9-318 

AD9630   DI  9-321 

AD9631   DI  9-324 

AD9632   DI  9-324 

AD9686   D 

AD9696   DI  12-9 


Model 

AD9698   DI  12-9 

AD9701   DI  3-261 

AD9703   .  .D 

AD9712B   DI  3-264 

AD9713B   DI  3-264 

AD9720   DI  3-272 

AD9721   DI  3-272 

AD9768   DI  3-279 

AD9901   DI  21-53 

AD9955   DI  21-56 

AD22001   SL 

AD22050   SL 

AD22100   DI  19-31 

AD22150   SL 

AD75004   DI  3-281 

AD75019   CII 

AD75069   CI 

AD75089   CI 

AD75090   CI 

AD79024  (AD7716)   CII 

AD96685   DI  12-13 

AD96687   DI  12-13 

AD  ADC71   CII 

AD  ADC72   C  II 

AD  ADC80   C  II 

AD  ADC84   C  II 

AD  ADC85   C  II 

ADC170   CII 

ADC908   D 

ADC910   CII 

ADC912   D 

ADC912A  ...CII 

ADC1130   D 

ADC1131   D 

ADC1140   CII 

ADC1143   D 

ADDAC08  D 

ADDAC71   D 

ADDAC72   D 

ADDAC80   DI  3-285 

ADDAC85   DI  3-285 

AD  DAC87   DI  3-285 

ADDS-2100A-ICE   ....D 

ADDS-2101-EZ   D 

ADDS-2101-ICE  . .  D 

ADDS-2111-EZ   D 

ADDS-2U1-ICE     .D 

ADDS-21msp50-EZ   D 

ADDS-21msp50-ICE   D 

ADDS-21xx-Software   D 

ADDS-21020-EZ  SF 

ADDS-210xx-Software    D 

ADEB770   D 


-  Special  Linear  Reference  Manual. 


= Data  Sheet;  DI  =  Design-In  Reference 
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Model  Page* 

ADEL2020   DI  9-329 

ADG201A  DI7-10 

ADG201HS  DI7-14 

ADG202A  DI  7-10 

ADG211A  DI7-18 

ADG212A  DI7-18 

ADG221   CII 

ADG222   C  II 

ADG406   DI7-22 

ADG407   DI7-22 

ADG408   DI7-28 

ADG409   DI7-28 

ADG411   DI7-36 

ADG412   DI7-36 

ADG413   DI7-36 

ADG419   DI7-44 

ADG426   DI7-22 

ADG428   DI7-48 

ADG429   DI7-48 

ADG431   DI7-56 

ADG432   DI7-56 

ADG433   DI7-56 

ADG441   DI7-64 

ADG442   DI7-64 

ADG444   DI7-64 

ADG445   C  II 

ADG506A  C  II 

ADG507A  C  II 

ADG508A  DI  7-70 

ADG508F   DI7-74 

ADG509A  DI  7-70 

ADG509F   DI7-74 

ADG511   DI7-78 

ADG512   DI7-78 

ADG513   DI7-78 

ADG526A  C  II 

ADG527A  C  II 

ADG528A  C  II 

ADG528F   DI  7-74 

ADG529A  C  II 

ADG529F   DI  7-74 

ADM202   DI  15-26 

ADM203   DI  15-26 

ADM205   DI  15-30 

ADM206   DI  15-30 

ADM207   DI  15-30 

ADM208  DI  15-30 

ADM209   DI  15-30 

ADM210  DI  15-30 

ADM211  DI  15-30 

ADM213  DI  15-30 

ADM222   DI  15-40 

ADM223   DI  15^17 


Page* 

ADM230L  DI  15-47 

ADM231L  DI  15-47 

ADM232A  DI  15-40 

ADM232L  DI  15-47 

ADM233L  DI  15^7 

vADM234L  DI  15^7 

VADM235L  DI  15-47 

ADM236L  DI  15-47 

ADM237L  DI  15-47 

ADM238L  DI  15-47 

ADM239L  DI  15-47 

ADM241L  DI  15-47 

ADM242   DI  15-40 

ADM485  DI  15-57 

ADM663   DI8-40 

ADM663A  DI  8-46 

ADM666   DI8-40 

ADM666A  DI  8-46 

ADM690   DI  15-64 

ADM691   DI  15-64 

ADM692   DI  15-64 

ADM693  DI  15-64 

ADM694   DI  15-64 

ADM695   DI  15-64 

ADM696   DI  15-72 

ADM697   DI  15-72 

ADM698   DI  15-80 

ADM699   DI  15-80 

ADM1485   DI  15-84 

ADM5170  DI  15-91 

ADM5180  DI  15-95 

AD  OP07  A 

AD  OP27  A 

AD  OP37  A 

ADSP-1008A  D 

ADSP-1009A  D 

ADSP-1010A  D 

ADSP-1010B  D 

ADSP-1012A   .D 

ADSP-1016A  D 

ADSP-1024A  D 

ADSP-1080A  D 

ADSP-1081A  .....D 

ADSP-1101   D 

ADSP-1110A  D 

ADSP-1401   D 

ADSP-1402   D 

ADSP-1410  D 

ADSP-2100  D 

ADSP-2100A   C  I,  SL 

ADSP-2101    CI,SL 

ADSP-2102   CI,  SL 

ADSP-2103  D 


*A  =  Amplifier  Reference  Manual;  CI  =  Data  Convener  Reference  Manual,  Volume  I;  C II  =  Dam  Convener  Reference  Manual,  Volume  Us  D  =  Data  Sheen  DI  =  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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.VlOQci 

i  age 

i  age 

CMP04   

 DI 12-16 

ADSP-2106  

 CI,SL 

CMP05   

 A 

Ancpo  1  i  i 

p  T  CT 

l^ivll  uo   

 D 

ADSP-2112  

 CI,  SL 

DAC01   

...  D 

ADSP-2115  

 D 

DAC02   

 D 

ADSP-21msp50  

T  CT 

LH\\~.Vj   

ADSP-21msp51  

rt  ct 

  k-.  Ly  Ol_ 

ADSP-21msp55  



 D 

DAC08   

  DI 3-290 

:::::::: 

ADSP-3201   

DAC16   

  DI 3-293 

ADSP-3202   

 D 

ADSP-3210  

 L> 

DAC71/72  (see;  AD  DAC71/72) 

DAC80  (see  AD  DAC80) 

DAC85  (see  AD  DAC85) 

 D 

DAC86   

 D 

ADSP-3221   

DAC87  (see  AD  DAC87) 

 D 

ADSP-21010  

DAC89   

 .D 

ADV101   

T  V   A  /— N  f-\  i 

ADV453   

ADV471   

 CI 

DAC888   

 D 

ADV473   

 CI 

ADV475   



 CI 

ADV476   

 CI 

ADV477   

T~V  A       1  it  n  o  \ 

ADV478   

T~V  A  ^  i  cno  A 

DAC8012   

 CI 

ADV7121   

 CI 

DAC8043   

  DI 3-308 

ADV7122   

 CI 

DAC8143   

 CI 

ADV7128   

 D 

DAC8212   

 D 

ADV7141   

 CI 

DAC8221   

 DI 3-311 

ADV7146   

 CI 

DAC8222   

 DI 3-315 

ADV7148   

 CI 

DAC8228   

 DI 3-318 

ADV7150   

DAC8229   

ADV7151   

 CI 

DAC8248   

ADV7152   

 CI 

DAC8408   

  DI 3-329 

DAC8412   

  DI 3-333 

ADXL05   

DAC84I3   

 DI  3-333 

DAC8420   

DAC8426   

AMP01   

DAC8512   

  DI 3  356 

DAC8562   

AMP03   

DAC8800   

AMP04   

DAC8840   

  DI  3-393 

AMP05   

DAC8841   

 CI 

DAS1152  

 cn 

BUF03  

DAS1153  

BUF04  

CAV1210   

DAS1159  

 cn 

DRC1745   

CMP02   

DRC1746   

 cn 

*A  =  Amplifier  Reference  Manual;  CI  =  Data  Convener  Reference  Manual,  Volume  I;  CII  =  Dam  Converter  Reference  Manual,  Volume  11;  D  =  Data  Sheet;  DI  =  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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DSP  Software  Development  Tools   D 

DSP  Hardware  Development  Tools  D 

DSP  Support  Tools  Accessories  D 

DSP  Training  Courses  D 

HDS1240E  D 

HDS1250A   D 

HOS050A   D 

HOS060   D 

HOS060A   D 

HTC0300A  D 

HTS0010   D 

HTS0025   D 

IPA1764   CI 

JM38S10/1 1301/1 1302   D 

LIU01  CI 

LTS2020   D 

MAT01  DI  13-5 

MAT02   DI13-7 

MAT03   DI  13-10 

MAT04   DI  13-13 

MLT04   DI  17-23 

MUX08  DI7-87 

MUX  16  DI7-90 

MUX24  DI  7-87 

MUX28  DI7-90 

MUX88  D 

OP01    A 

OP02  A 

OP04  A 

OP05  A 

OP06  A 

OP07  DI  9-352 

OP08  D 

OP09   A 

OP10   A 

OP11  A 

OP12  A 

OP14  .A 

OP16  A 

OP17  A 

OP20  A 

OP21  A 

OP22  A 

OP27  DI  9-357 

OP32  ,   A 

OP37  DI  9-361 

OP41   .  A 

OP42  DI  9-365 

OP43  D 

OP44  D 

OP50  .....  A 

OP61  A 


Model  Page* 

OP64   A 

OP65  D 

OP77  DI  9-370 

OP80  A 

OP90  DI  9-375 

OP97  DI  9-379 

OP111   D 

OP113  DI  9-382 

OP147  D 

OP150  D 

OP160  A 

OP166  D 

OP  176  DI  9-397 

OP177  DI  9-415 

OP  183  DI  9-420 

OP200   DI  9-432 

OP207   A 

OP213  DI  9-382 

OP215  A 

OP220   DI  9-436 

OP221   DI  9-439 

OP227   A 

OP249   DI  9-442 

OP260   A 

OP270   DI  9-447 

OP271   DI  9-451 

OP275   DI  9-454 

OP279   DI  9^159 

OP282   DI  9-461 

OP283   DI  9-420 

OP285   DI  9-464 

OP290   DI  9^177 

OP291   DI  9-481 

OP292  DI  9-500 

OP295   DI  9-518 

OP297   DI  9-530 

OP400   DI  9-534 

OP413  DI  9-382 

OP420  DI  9-538 

OP421   A 

OP467   DI  9-541 

OP470   DI  9-556 

OP471   DI  9-560 

OP482   DI  9-461 

OP490   DI  9-564 

OP491   DI  9-481 

OP492   DI  9-500 

OP495   DI  9-518 

OP497   DI  9-568 

OSC1758   CI 

PKD01   SL 

PM108   A 

PM1 11/211   A 


'A  = Amplifier  ReferenuManualtC  I  =  Da,aConver,erReferenceManual,  Volume  I;  C  U  =  DataConverter  Re/erenceManual,  Volume  II;  D  =  Data  Sheet;  DI  =  Des,gn-In  Re/erenc 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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PM1 19/219   D 

PM139   A 

PM1 48/248   D 

PM155  D 

PM155A   A 

PM156  D 

PM156A  A 

PM157  D 

PM157A   V  A 

PM208  D 

PM211    A 

PM239  A 

PM248  D 

PM308   '.'  D 

PM355  D 

PM356   D 

PM562  D 

PM725   V  D 

PM741   D 

PM747   D 

PM1008   D 

PM1012   A 

PM2108   A 

PM4136   D 

PM6012   CI 

PM7224   CI 

PM7226   CI 

PM7226A   CI 

PM7524   CI 

PM7528   CI 

PM7533   CI 

PM7541   D 

PM7541A   CI 

PM7542   CI 

PM7543   CI 

PM7545   CI 

PM7548   CI 

PM7574   D 

PM7628   CI 

PM7645   CI 

REF01   DI8-52 

REF02  DI8-55 

REF03  C  II 

REF05  C  II 

REF08  C  n 

REF10  cn 

REF43  DI8-58 

REF19x  Series  DI  8-61 

RPT82  CI 

RPT83  CI 

RPT85  CI 

RPT86  CI 

RPT87  CI 


Model 


Page* 


SDC1740/RDC1740   CI 

SDC1741/RDC1741  CI 

SDC1742/RDC1742  CI 

SMP04   DI6-28 

SMP08  DI6-31 

SMP10   . .  CII 

SMP11  cn 

SMP18  DI6-34 

SMP81   D 

SSM2013  D 

SSM2014   D 

SSM2015  D 

SSM2016     A 

SSM2017  DI  14-5 

SSM2018  D 

SSM2018T  DI  14-8 

SSM2024   DI  14-12 

SSM2044   D 

SSM2045   D 

SSM2047   D 

SSM2100  .  .  .   D 

SSM2110  D 

SSM2118T  DI  14-8 

SSM2120  D 

SSM2122  D 

SSM2125  D 

SSM2126  .  .   D 

SSM2131  D 

SSM2132  D 

SSM2134  D 

SSM2135  DI  14-14 

SSM2139  D 

SSM2I41  DI  14-24 

SSM2142  DI  14-26 

SSM2143  DI  14-28 

SSM2160  DI  14-30 

SSM2161  DI  14-30 

SSM2210  D 

SSM2220  D 

SSM2300   D 

SSM2402   DI  14-34 

SSM2404   DI  14-37 

SSM2412  DI  14-34 

SW01  D 

SW02  D 

SW06  DI  7-93 

SW201  cn 

SW202   C  II 

SW7510  D 

SW7511  D 

TMP01   DI  19-57 

TMP03  DI  19-72 

1B21   SL 


*A  =  Amplifier  Reference  Manual;  CI -Data  Converter  Reference  Manual,  Volume  I;  C II  =  Data  Converter  Reference  Manual)  Volume  II;  D  =  Data  Sheet;  DI  =  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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Page* 

Model 

Page* 

1B22   

 SL 

922   

  DI 22-1 

1B31   

 SL 

923   

  DI 22-1 

1B32   

 SL 

925   

  DI 22-1 

1B41 

SL 

940 

DI 22-2 

1B51 

SL 

941 

. . DI 22-2 

1S74 

C I 

943 

DI 22-2 

2B20   

. .  SL 

945   

  DI 22-2 

2B22 

.  SL 

949 

DI 22-2 

2B23   

 SL 

950   

 D 

2B24   

 D 

955   

  DI 22-1 

2B31   

 SL 

958  

  DI 22-2 

2B34   

 D 

960   

 DI  22-2 

2B50   

 SL 

962   

  DI 22-2 

2B52   

 D 

966  

  DI 22-2 

2B53   

 D 

970  

  DI 22-1 

2B54   

 SL 

975    

 DI  22-1 

2B55   

 SL 

976   

  DI 22-1 

2B56   

 D 

977   

  DI 22-1 

2B57   

 v  ..D 

2B58   

 D 

2B59   

 D 

2S50   

 CI 

2S80A   

 CI 

2S81A   

 CI 

C  T 

 SL 

 SL 

 SL 

7R  purine 

<!T 

277  

 D 

281   

 A 

284J  

  A 

286J  

 A 

289  

 A 

290  .  

 ...D 

290A   

:    A 

292   

  D 

292A   

 A 

310   

 D 

365   

 D 

429   

 D 

AS.  1 

453   

460   

 D 

741A   

 D 

755    

 SL 

757   

 D 

759   

 SL 

902/902-2   

  DI 22-1 

905   

 DI22  1 

*A  =  Amplifier  Reference  Manual;  CI  =  Data  Convener  Reference  Manual,  Volume  I;  C II  =  Data  Convener  Reference  Manual,  Volume  B;  D  =  Data  Sheet;  DI  -  Design-In  Reference 
Manual;  SL  =  Special  Linear  Reference  Manual. 
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